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ship itself. When a ship heels over you can readily structions there is much argument between astrosee that her centre of displacement will shift, because nomers, and as each construction possesses peculiar
the shape of the water she displaces alters as her own properties when compared with the other, a decision
shape differs under water, according to the various is not likely to be arrived at; but the reflector is less
angles of inclination. Therefore in a shallow ship,
costly, and it is a significant fact that opticians of
where the centres of gravity and displacement are reputation have given the same test objects for equal
close together, the centre of displacement has to shift . apertures of the two forms.
very little to cause the vessel to capsize; but in a
The working of a perfect object-glass for a refractdeep boat it has to shift a great deal, since the two ing telescope of large aperture, will most probably
centres are further apart. So, then, in a model you always remain an intricate branch of practical optics;
must combine the qualities of a broad vessel and a and the manufacture of glass of the limpidity requisite
deep one; but take care not to get her too broad, for its construction is the acme of the glass-maker's
because the lines will not be fine enough in that case, craft. These facts place the refractor beyond the
nor must she be too deep, since the more surface a reach of the average amateur, the price of two 9 inch
boat has in the water the greater is the resistance discs of optical glass being from £25 to £30, while
caused by the friction of the water on her sides to her the completed lens, if worked by an excellent maker,
headway.
would cost, unmounted, at least £r 50 and probably
I am afraid space will not permit me to say more £200. A perfect speculum of similar diameter could
about designing, but practice will assist you more be purchased for one-tenth of the latter sum.
than anything else, and if you can reason a few points
The laws of refraction are somewhat abstruse
out for yourself, so much the better. About the centres when compared with those of reflection. For this
I shall have more to say further on, when we come to reason, and because one surface only requires to be
optically worked, a speculum is easier of construction •
building.
than an achromatic lens: but though the process of
(To be continued.)
construction is less intricate, it is more delicate, for a
:
=
deviation from the required curve which would be
imperceptible
in
the
performance
of
a
good
objectTHE REFLECTING TELESCOPE:
glass on a celestial body, would mar the definition of
ITS CONSTRUCTION AND MANUFACTURE.
the same object by a speculum.
By EDWARD A. FRANCIS.
F or ordinary terrestrial purposes refracting tele•
scopes of small aperture are commonly employed; but
I.-INTRODUCTION-THEORY-VARIOUS FORMS OF
astronomical observations require larger apertures,
THE REFLECTING TELESCOPE.
and these are furnished by the more perfect refractors
Y ..... : ":: T is not my purpose here to dilate upon
and by reflecting telescopes which have their specula
,.\::: . ~.' :: the pleasures attached to the study of formed of speculum metal, or of glass coated with
:
astronomy, but rather to remind those polished silver. It is intended to describe in these
who find the purchase of a large tele- papers the methods of constructing such' reflecting
scope an object beyond their attainment, telescopes. Before I proceed to do so, I must
that it is possible for them to imitate William (after- beg of those of my readers who would follow with me
wards Sir \Villiam) Herschel, who, when in a similar this interesting subject, to thoroughly master the
predicament, fashioned with his own hands that in- theory explained in this first paper. There are many
strument which he could not purchase. If these points in the working which could not be explained
papers should induce any of my readers to follow by writing, but which the amateur will readily undersuch a praiseworthy example, and prosecute that most stand when he knows the reason why any peculiar
interesting of studies, the science of astronomy, my curve is used for the speculum of a telescope. He
aim will be fully accomplished. For further encou- should also bear in mind that in the polishing of
ragement I will mention that several of the eminent specula the workman deals not with inches, but with
speculum makers of to-day originally worked not for thousandths of inches; that a variation of a thousandth
profit, but for pleasure.
of an inch from the proper curve will render an
There are two kinds of telescopes, refractors and otherwise perfect speculum useless, and that the
reflectors. In the former the light rays are refracted freedom from error and excellence of finish, which is
to the eye by transmission through one or more generally indicative of the work of a master-hand, is
len5'es; in the latter the same end is obtained by but the result of a precise attention 10 every detail of
reflection.
workmanship.
As to the comparative qualities of the two conTheory.-An object is said to be visible when the

I
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rays of light emanatcaused to enter itat C,
ing- or reflected from
the source of light
it, strike the retina of
would again be seen.
the eye and cause an
A concave spherical
impression to be conreflector of a diameter
veyed to the brain.
sufficient to reflect the
The rays of light
rays c, d, e, to a focus
from a luminous object
at C, as shown in
diverge in every diFig. 2, will form an
rection, expanding as
image of A at C ; and
their distance from
if the eye, provided
that object increases;
with a lens to render
and since the intensity
the concentrated rays
of a ray of light varies
fit for ordinary vision,
inversely in proporbe placed near to C on
tion to the area which
the line C A, the rays,
it illuminates, a dis- FIG. 3.-REFLECTION OF PARALLEL RAYS FROM SPHERICAL CONCAVE
C, d, e, will enter it
tance may be reached
REFLECTOR.
through the lens, and
where the intensity of the rays will be so weakened ! the point A will be rendered visible. It is evident
by expansion, as to produce no perceptible effect on that a luminous object not so distant as to be
the retina: the object will then be invisible. It will invisible, will appear brighter and consequently nearer,

FIG. I.-DIAGRAM SHOWING INVISIBILITY OF LUMINOUS OB.
JECT CAUSED BY DIVERGENCE OF RAYS.

be seen by reference to Fig. I that this invisibility is
caused by the limited aperture of the eye. Let A be
a point with rays of light il, b, c, etc., radiating from it.
An eye placed at the position B, will receive a limited
number of those
rays, represented
by the lines c, tt,
and e; when we
will suppose A to
be just visible.
Now remove the
eye to c, a greater
distance from i',
and, because the
rays of light have
expanded,a lesser
quantity will enter
the eye, and the
last-named point
will be no longer
visible. Obvious·
ly, if the rays
which entered the
eye at B could be
FIG. 4.-RAYS PROPERLY FOCUSSED

FIG.

2.-0BJECT RENDERED VISIBLE BY CONCENTRATING
R.\ YS IN CONCAVE SPHERICAL REFLECTOR.

by the use of a similar contrivance; and also, that the
brightness of the focal image, depending on the number of rays of light reflected, will vary with the area
of the reflecting SUI face.
The reflector B,
with the eye-lens,
constit utes a
simple reflecting
telescope.
The rays of
light which cause
a star, or other
heavenly body to
be visible, may
be considered to
reach the earth
parallel to each
other; {or though
when they started
on their journey
through
space
they
diverged
from one point,
the distance they
IN REFLECTOR OF ELLIPTIC SECTION.
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FIG. 5.-DIAGRAM ILLUSTRATING ACTION OF GREGORIAN TELESCOPE.

have travelled is so great, that when received on the earth their divergence
is practically nil. This is an important fact, for as will be seen, it decides
the curve of any reflector we may make for telescopic purposes. Parallel
rays reflected from a spherical concave reflector do not coincide, the rays
reflected from the centre forming a focus at a greater distance from the
mirror, than those reflected from the margin (see Fig. 3, where A B is a
spherical reflector, C., C its optical axis, and D E incident parallel rays): so
that if we consider the mirror divided into a number of concentric rings, each
ring will reflect a separate image of the object, and the general focus,

FIG. 6.-DIAGRAM ILLUSTRATING ACTIO?; OF CASSEGRAmIAN TELESCOPE.

instead of presenting one perfect image, will consist of a line of images superposed, each assisting to destroy the distinctness of the others. This effect,
or defect, is termed spherical aberration.
As the focal length of the reflector, when compared with its aperture, is
increased, the amount of curvature employed in the reflecting surface, the
spherical aberration, and consequently the amount of correction required to
perfect the mirror for the astronomical telescope, are diminished. Correction or alteration from the sphere is, however, in every case necessary;
and since we are debarred from using the spherical curve, let us consider FIG. 7.-DIAGRAM ILLUSTRATING
what other will be most suitable.
'ACTION OF NEWTONIAN TELESCOPF.

FIG. 3,-DIAGIL\M ILLUSTRATING ACTION OF HERSCHELIAN TELESCOPL.
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It is a peculiar property of the ellipse that lines
drawn from its two foci to meet at any point in the
curve, make equal angles with a tangent to the curve at
that point; or, dismissing geometry, if the section of
a reflector be part of an ellipse (see Fig. 4), rays of
light from the distant focus E, will be reflected to the
n ear focus A, and will all meet at that point exactly,
A reflector of elliptic section will therefore be perfect
for the telescope, if the object viewed form the distant
focus of the ellipse of which the section of the reflector is a segment. This is a step in the right direction, though we are not yet suited, for celestial objects
must be considered at an infinite distance from the
mirror.
Let us remove the focus B to an infinite
distance, so that rays from it will reach the mirror in
a parallel state; the curve c c will then be resolved
•
mto a parabola, for an ellipse with one of its foci infinitely distant from the other is termed a parabola.
If then a parabola be revolved on its principal axis, it
will mark out such a concavity, that parallel rays incident on any portion of its surface will be reflected
to one point exactly, the aberration of sphericity being
annihilated; and a mirror so worked, that a section of
its surface will be of a parabolic curve, will form a perfect speculum for astronomical purposes.
I have not attempted to indicate in an illustration
the difference between the three curves mentioned,
for so minute is that difference, that the finest line the
engraver could cut would be far too coarse for the
purpose
We have two other points to notice before reviewing the fonns of reflecting telescopes. The image of
a distant object formed by a concave reflector is inverted. The proof of this statement will be found in
any elementary text-book on optics, to which authority
the reader is referred; meanwhile he may practically
prove it with the aid of a pair of concave (short sight)
spectacles, by 1-e!fectingthe light from a lamp or window
on to a piece of writing paper, when an inverted image
of the object will be seen projected on the paper. In
one form of reflecting telescope, the image is reinverted or erected by a second reflection from a concave surface; but in the other forms it is viewed
inverted, unless the process of erection is performed
by a suitable arrangement of lenses.
\Vhen parallel rays impinge on a concave speculum, they are brought to a focus about midway between the centre of curvature and the reflecting surface,
as in Fig. 3, where F is the focus, and c the centre
of curvature. As the focal length of the eye-lens
is comparatively very short, the distance en F, may be
termed the focal length of the telescope of which the
reflector, A E, would form the principal speculum.
Practically-the focal length of a speculum ~'s one-half

of the radius 0/ its curvature.

The requisite qualities in a good telescope are
two-penetrating power and defining power. . The
first, that which renders faint objects visible, depends
on the area and polish of the reflecting surface; the
second, the definition of the focal image under various
magnifying powers, on the accuracy with which the
parabolic figure is imparted to the surface of the
•
•
mIrror.
It will be noticed on reference to Fig. 2, that the
observer at c would have to stand in his own light,
shutting off a valuable portion of the incident rays.
With a telescope of moderate aperture this could not
be tolerated, and although a modification in the construction of large telescopes permits direct vision, the
necessity for some method of examining the focal
image other than directly, led to the invention of
several distinct forms of the reflecting telescope, each
adapted for that purpose.
Common Forms of Rljlectinf{ Tdescopes.- The
Gregorian telescope was the first of these, being the
conception of Dr. James Gregory, a Scotch astronomer.
His plan was published in an optical treatise in the
year 1663, but was not practically tested till many
years afterwards, for although the inventor had the
specula for a telescope of this kind cast and ground
in London, pressing business permitted no actual
test, the reflectors being only roughly mounted without a tube.
The principal speculum, A E, Fig. 5, converges the
parallel rays to a focus at F, diverging from thence,
they impinge on the smaller ellipsoidal concave, c,
which has its optical axis common with that of A B,
one of its foci at F, and the other at f. A second
image is consequently formed at the latter point,
where a circular aperture in the larger speculum A B,
allows the observer to view it with the eye lens.
A study of the action of the two mirrors, A E and
c, will show that apparently any departure from the
parabolic and elliptic curves would cause confusion in
the image at;; by introducing spherical aberration;
but practically, either curve may be modified to
simplify the figuring, with good result. For example,
if the larger speculum were over-corrected for parallel
rays, i.e., figured beyond the parabolic to the
hyperbolic curve, the rays reflected from the margin
would be longer than those from the centre, the
reverse it may be noticed, of reflection from
spherical concave surface, and such an over-corrected
principal would require a spherical secondary
speculum, because the second reflection being from a
spherical concave surface, would tend to shorten the
marginal rays, and so reverse the error of the first
reflection.
The specula are placed at a distance apart, slightly
in excess of their joint focal lengths ; and any varia·

a
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tion of that distance, necessary to secure distinct same comparison to that of the flat, as the working
vision, is obtained by causing the smaller mirror to of an achromatic object-lens does to the working of
approach towards, or recede from, the larger, by a a speculum, I shall merely mention its existence here.
fine screw motion. Owing to the second reflection,
This form of telescope, the Newtonian, owing to
the focal image at f is erect, in the same position as the simplicity of its theory and construction, is that
the object.
which the amateur is recommended to adopt; and the
The CassegrainiaJt Form is the second in point of information specially necessary to the manufacture of
date. Its plan first appeared in a French paper about the Gregorian and Cassegrainian forms, will be rethe year 167I. It is illustrated in Fig. 6; A B is a served until the N ewtonian is finally disposed of.
parabolic reflector, which would converge parallel The great difficulty in the construction of the latter
rays to :it focus at./. but before the focus is formed, the forms, is the working of the small mirrors to the
converging rays are intercepted by c, a small convex required curves. This difficulty has led to the adopspeculum of a hyperbolic curve. This reflects them tion of a system of "matching" similar to that
less convergent, back towards the larger speculum, a suggested when describing the Gregorian telescope.
focal image is formed at F, and viewed with the eye The aperture in the large speculum, also slightly
lens, as in the Gregorian telescope. The second affects the prospect of a true curve being easily
reflection being negative, only one real focal image is obtained by an inexperienced operator.
formed, and that is inverted.
The Herschelian, the fourth form, was used by Sir
The remarks respecting the possible variation W. Herschel first in 1776, and finally adopted for his
from the theoretically perfect curves for specula of the great reflectors. In this telescope. the smaller mirror
Gregorian telescope, apply also to the Cassegrainian, is entirely absent, the large reflector A B, Fig. 8,
since the larger mirror of the latter may be of elliptic being tilted in its tube so as to receive the rays of
section (or under-corrected), and the smaller convex, light at an oblique incidence, and reflect them to a
spherical, with a resultant perfect image. The specula focus at the side of the tube, where the (inverted)
are placed apart, at a distance equal to the difference focal image is formed and viewed direct. This conof their focal lengths, thus rendering this the shortest struction is suitable only for large apertures, although
form of reflecting telescope. The aberrations of the it has been suggested by a good authority as that
two curves used in the specula of the Cassegrainian which an amateur should first attempt; for if the
telescope are of an opposite nature. "These princi- focus be greatly lengthened in proportion to the aperples," writes Ramsden, " made me prefer Cassegrain's ture, the angle at which the mirror must be tilted, and
construction of the reflecting telescope to either the the spherical aberration in the reflection are both
Gregorian or Newtonian. In the former, errors caused reduced.
by one speculum are diminished by those of the
Many attempts have been made to vary the forms
other ."
just described, and of these a combination of the
The third form is the Newtonian. It is a modifi- N ewtonian and Cassegrainian, by Mr. N asmyth, of
cation, by Sir Isaac Newton, of the Gregorian Manchester, might be noticed. A small plane retelescope. He first described it in a paper in the flector is placed in a Cassegrainian telescope near to
" Philosophical Transactions" for 1672, where the facts the large speculum, and the rays, after reflection from
which led to the invention are detailed. "I saw it the small convex, are diverted to a focus at the side
necessary," he writes, "to alter th e design . . . • of the tube, as in the Newtonian telescope. The
and place the eyeglass at the side rather than at the compactness of the Cassegrainian is thus combined
middle; " which alteration, as will be seen by reference with the comfort of the N ewtonian form, and as the
to Fig. 7, is still retained. The principal speculum, eye-piece tube in the inventor's instrument was placed
A B, is of parabolic curve.
A plane reflector c, is in the vertical axis of the mounting, the additional
placed at an angle of 45° with the optical axis of A B , ease of observation compensated, doubtless, for the
at some point between that speculum and its focus for introduction of a third reflection with its accompanying adjustments and loss of light. Occasionally in
parallel rays.
The small reflector is optically flat, and of such a this telescope, the plane reflector has a central apersize and shape, as to divert all the reflected rays to a ture, so that part of the light is reflected to a focus at
focus at right angles to their original course, where the side of the tube and the rest as in the ordinary
the observer may view the focal image without obstruct- Cassegrainian form. Two observers are then enabled
ing any of the incident rays other than those intercepted to view an object at the same time with the same
by the small plane mirror c, and its mounting. A instrument.
Focal Lengtlt.-This is much at the will of the
total reflection prism is occasionally substituted for the
plane reflector, but as its manufacture bears about the amateur, depending partly upon his taste, but mainly
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on his ability to correct the spherical aberration,
which has been shown to increase in proportion to the
amount of curvature employed in the reflecting surface; and the shorter the focus, the greater will be
the amount of curvature in a speculum of given diameter. Sir Isaac Newton recommended that the focal
length should be fourteen times the aperture, but with
modern methods of polishing and figuring, 9 to 12
times will be found sufficient up to 8 inches in diameter, the proportion decreasing beyond that with
increase of aperture. A focal length of 8 feet being
sufficient for a 12 inch speculum.
In the Gregorian and Cassegrainian forms the
large mirror may be made of shorter focus than one
of similar diameter for the Newtonian telescope. In
small instruments the focal length and aperture may
be in the proportion of four and one, increasing in
larger instruments to six or eight and one. The
size of the smaller mirror depends, as a moment's
reflection will show, on its focal length, and can be
easily determined: the proportions of the focal
lengths of the larger and smaller specula, varying
between six and one and eight and one. The aperture
in the principal speculum should be slightly less in
diameter than the small reflector.
The focal length of a speculum for the Herschelian
telescope should be, as before stated, as great as is
conveniently possible, from 12 to 16 times the
aperture.
To simplify Figs. 5 to 8, a single eye-lens ha s been
substituted for the compound eye-piece commonly
used for astronomical purposes.
(To be continued.)
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MY REPOSITORY FOR NEWSPAPER
CUTTINGS.
By J. HALL RfCHARDSON_

•
E"i1 I RST of all, permit me to explain what it
was that induced me to make it. Its
object was to meet "a long felt want."
Some years ago an eminent editor advised me as a yOl!ng journalist to "collect
materia1."
I confess that inexperience led me to
disregard for a season the value of his counse1.
Where was the use of collecting material, was my
argument, when that work was done so much more
satisfactorily by the compilers of almanacs, guides,
histories, and directories annually published and highly
esteemed for reference purposes? But it was not long
before I discovered that admirable as these volumes
are they do not cover the whole of the ground, and
although indeed they preserve the bones, they make

----

~

scanty attempt to embalm the flesh of current information. Consequently, with scissors and paste brush
I set about repairing the deficiency by elaborately
cutting from the newspapers of the day, wells of
knowledge very seldom drunk dry. "I've not had
time even to read my paper," is a very common complaint in these days of high pressure, and no one
thinks of reading a journal two days old. And yet, as
is well known, the best efforts of leading literary men
frequently appear in the broad sheets, the life of which
has been averaged at barely eight hours. Often in
an obscure column may be discovered a gold mine
pushed out of sight by the sudden influx of weighty
intelligence which monopolizes the conspicuous places,
and dwarfs by comparison all contemporary contribu.
tions that, although greater in permanent interest,
have not the wonderful attractive quality possessed
alone by " news."
But my system of scissors and -paste soon broke
down. The collection grew too bulky and became
unmanageable. \Vhat service could a huge volume of
print serve me, carefully indexed though it was, when
I dared not cut its pages for the fear of spoiling the
whole? Then the labour of pasting in was irksome
and fiddling, and circumstances sometimes prevented
the work from being done at the proper time, and
so arrears accumulated. A more elastic system, under
better classification was evidently required, and an
opportune suggestion from an American friend gave
me a clue to the solution of the difficulty, resulting
My
in the construction of "My Repository."
sketches, with the few details added, will, I hope,
explain the method of making it; but a few words
may be allowed me to point out the use to which I
put this cabinet. For a cabinet, or nest of drawersit is, and nothing more-its contents being newspaper, magazine cuttings, and odd scraps of print.
When I see something bearing upon a special subject
in the paper I am reading, I snip it out, enclose it in an
envelope, and put it temporarily in the bottom drawer,
the smallest of the four which is without compartments.
At my leisure, or immediately, if the opportunity is at
hand, I write upon the left-hand corner of the envelope the title of the cutting enclosed, and in an index
I enter this title against a reference number, this
number then being marked upon the envelope. It is
now ready for deposit in its proper division of the
drawer, and it stays there until I am in want of it
again. Perhaps when almost all recollection of the
event chronicled has died out, and history repeats
itself, a cutting may come in handy as actual" copy,"
to be incorporated with the news of the day, or it may
form the theme of some suggestive leading article.
In neither case am I the slave of a big book, and my
pockets are not incommoded by voluminous prints.
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diagram like Fig. 9 (if there is room on your drawing
do it on that) full size, by drawing a line I'S inch
away from the keel line, and making a parallelogram
through the extreme points of the keel by the lines
AC,BD.

Now strike a curve with your spline and divide the
lower part of it by the line G H. Then, if you think
A, c, E is about equal in area to F, G, H, and E, F, D to
G, H, F, your keel curve will be about right, but if not,
you must alter it till you think these parts are equal,
making the keel rather larger than smaller, since you
can always trim a piece off but can hardly stick a
•
pIece on.
Now round your forefoot to fall easily into the
curve of the lead keel, and then you can set about
getting it cast.
Make a nice smooth pattern of it, and do not forget
to make about four holes at different places right
through, to admit of its being screwed on to the boat.
If you go in for casting yourself, all the better, if not,
'. get a founder to do it for you. 'When it is cast, weigh
it, and I daresay it will not be very far out in its
weight.
Take off any superfluous weight with a
spokeshave, and then trim it up nicely with a rasp,
taking care to keep the surface which joins the boat
flat and square with the centre line.
With a little putty underneath, screw the keel well
home to the bottom of the boat with suitable screws,
. having first ascertained that it stands upright. or
.···rather straight with the centre line of the boat, because a crooked keel is out of the question.
I shall give you in my next, how to find the real
weight of the keel, as I think, for this month, you
have quite enough to do.
(To be continued.)
:
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THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By EDWARD A. FRANCIS.

•
II.·-METHODS OF WORKING-(A) BY HAND.

S a rule in the mechanical arts, the march
of time has been attended by radical
improvements in the peculiar methods
of working. Machinery has superseded
hand labour, and the time required for
manufacture has consequently diminished.
The working of specula for the reflecting telescope,
··.lea fine rather than a mechanical art, presents a curious
ij~ception to this rule. This is in consequence, most
fllJr0bably, of the fact that the only method of produc!~ a truly spherical concave or convex curve, is by
ipinding two flat or irregularly curved surfaces to-

I;

·Yl'o

gether, until the irregularities are removed, and that
this method was adopted by the earliest opticians.
The material used in the construction of specula
has varied, and the style of mounting has vastly
improved; but the method of forming the curve has
remained unaltered. Pitch, the medium adopted by
Sir Isaac Newton, is still used in the polishing of
glass specula; the isolated post or bench also remains
in requisition by the practical optician, when specula
of moderate size are to be worked by hand. Even
the use of paper in the polishing process, which one
would be inclined to consider a modern innovation, is
taught in La DiojJtrique Oculaire, published in Paris
in 1671.
In one respect alone have we really advanced, and
that is in the manner of testing, or the means of
ascertaining at any moment during the process of
polishing, the precise nature of the curve which we
have communicated to the surface of the speculum.
This advance has been necessarily attended by a
more deliberate method of working, than that used by
the old telescope makers, when, to quote a writer of
their time, " perfection, to the most experienced and
expert optician, was always accidental."
The application of machinery to this art might also
be considered an advance, but that it simply imitates
the movement of the hand on a larger scale, and
appears to me an invention necessitated by the
attempts to construct giant reflectors, and therefore
one that would have followed in the natural course of
events. In addition to this, we must remember that
the finest specula are still figured by hand.
When a speculum is ground and polished without
the use of a machine, it is almost invariably inverted on
the tool: as illustrated in Fig. 9, of which Fig. 10 is a
sectional view.
M. Lean Foucault, who introduced the modern
silvered glass speculum, and who invented a method
of testing-to be hereafter described-polished his
specula face uppermost, using small polishers. The
motion of the hand, when a large polisher is used, is
not rigid enough to prevent the pressure falling
heavily on the edge of the speculum, so destroying
the accuracy of the curve. For this reason neither local
polishing nor working with the speculum in an uninverted position can be recommended for small
specula; though such, undoubtedly, must be and is
the method adopted in figuring those of great size
and weight, which are ground and polished in situ.
It may interest my readers to know that the largest
perfect silver-an-glass speculum is that belonging to
Mr. A. A. Common, of Ealing. It is 37 inches in
diameter, 4! inches in thickness, and weighs with its
cell I1 cwt. It was with this instrument, which is of
about I S feet focal length, that the celestial photo-
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graphs exhibited at the Inventions Exhibition at South
Kensington were obtained.
A private manuscript, the
authorship of which is attributed to Mr. Nasmyth, of
selenographical fame, teaches
a method (presumably that
followed by its writer), in
which the intended mirror,
after being ground and fined
in the inverted position, is
polished face uppermost with
a light full-sized polisher of
wood coated with pitch. Evidently, this method of polish- FIG. n.-FIRST TOOL USED
ing would slightly flatten the
spherical curve, which the speculum is supposed to
possess when the last grinding with the finest emery
is completed, and very goo 1 results might be obtained;
especially since, if I remember rightly, the worker is
ins t r u c te d t 0
avoid
pressing
upon the polisher,
or carrying it at
any time far over
the edge of the
speculum, lest the
overhanging portion pressing
downwards
FIG. 9.-SPECULUM INVERTED ON TOOL.
should turn back
A, Speculum; B, Tool; C, \Vooden
the
edge
of
the
Handle turned to Screw into D; D.
curve too much.
Metal Face-plate cemented to A.
\Vith a machine
circumstances are altered, for the polisher being
almost uniformly controlled from beginning to end
of the stroke, this turning back of the edge is avoided.
The same end, a moment's reflection will show, can
be obtained with less trouble
and far greater certainty by
working the speculum over the
tool, when the tendency, unless
the tool be greater in diameter
than the speculum, is to deepen
not flatten the curve.
The methods pursued by
the old masters varied but
slightly from each other, being
generally different applications of the same principle by
private individuals; indeed, it
may be borne in mind that we
are indebted almost entirely
to amateurs (prominent among FIG. 12.-THlRD TOOL USED

whom are, Newton, Mudge,
Edwards, and W. Herschel),
for the reflecting telescope.
Had its improvement been
left to the professional optician,
there is little reason to think
that it would have attained its
present excellence; for while
an amateur will ungrudgingly
give his time, and often at
considerable expense subject
his plans to practical proof,
the professional optician depending on the economy of his
time for his income, cannot
IN GRINDING SPECULUM. afford to enter upon a series
of experiments which not unfrequently present no immediate promise of success.
The speculum metal (an alloy having a reflective
power when polished only second to that of pure
silver) having been cast into shape, was first smoothed
at a grindstone,
the edge of which
was suitably
curved, or ground
on a convex leaden or pewter tool,
grooved so as
to
allow
the
abrading material
to circulate. Such
FIG. 10.-SECTIONAL DIAGRAM OF SPEa tool is shown
CULUM INVERTED ON TOOL.
in Fig. 11. The References to Letters as per Inscription
roughly ground
to Fig. 9.
concave was then
worked upon a second tool similar in shape to the
first, but formed of brass backed with lead, and having
an unbroken surface, on which finer grades of emery
were used. A third tool (Fig. 12), formed of hones
cemented in small squares on
a convex marble or metal
base, was then brought into
action.
This removed all
traces of the marks left on
the brittle metal by even the
finest emeries, and the speculum was subsequently polished·
with Tripoli or rouge on the
brass tool, covered with a thin
layer of pitch.
Great virtue was commonly attached to the quality N'!
of the hones, special parts ofi! i
the country being celebrated~r~
IN GRINDING SPECULUM. for their production; and it;;t,~
:,::::'l",j;::
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required considerable skill
to use tbem satisfactorily.
The tools were in each case
larger than the speculum.
The first or grooved tool was
one-third greater; the second
(or brass) tool one-eighth
greater; the third (or bone)
tool one-fourth greater in
diameter, and the polisher
necessarily of the same size
as the second tool. In addition to these a concave
metal tool, similar in shape
to the intended speculum,
was used to true the other

obtained would, with care in
the working, be spherical,
tending only to shorten in
focus.
If the tool were
larger than the speculum,
the curve would be flattened,
which would in some degree
lessen the spherical aberraB tion. This fact was of the
first importance, at a time
when the modern direct testing of specula was unknown.
It is manifest that an elliptical tool would have precisely the same effect as the
larger circular ones pre-

a

FIG.

I3.-ELLIPTICAL TOOL

OR

POLISHER.

FIG. I40-CONVEX METAL TOOL.

A, Speculum and Face-plate;
B. B, Portions of Elliptic Tool,
showing how it exceeds the
Speculum in area.

FIG. I5.-CONCAVE METAL TOOL.

tools to tbe proper curve.
viously mentioned, with the advantage that a better
The necessity for the second tool was afterwards command could be obtained over the curve by
disputed, and the grinders and polisher were shaped confining the stroke for any given time to one direcnot circular but elliptical, the minor axis being the tion, that is, along the major axis of the tool to get
same as the diameter of the speculum, and the major greater wear on the edge of the speculum, and along
axis to the minor as 10 is to 9. Such an elliptical the minor axis to retard that effect. Any design,
tool or polisher, with a speculum of proportionate however, to obtain the parabolic curve during the
size, is shown in plan in Fig. 13, and was asserted to process of grinding must fail, the concave surface
cau<;e tbe completed speculum to assume the para- changing many times in the early stages of the
bolie curve, the assertion being supported by no less polishing.
an authority than Sir John Herschel: "In our own
Attempts have been made to obtain, without the
personal experience," he writes, "an oval polisher labour of grinding and figuring, a parabolic reflectfixed in position and guttered at 45" to the axis has ing surface. In one case the fact that a wetted cloth
given results so satisfactory, at least for specula of stretched over a ring assumes a parabolic curve, was
18~ inches, as to lead us to rest in that construction."
made the basis for experiments. In another it was
A precise inquiry into the action of the elliptical sought to communicate the required curve to the surpolis/lcr will be made in s u b - .
.
....
face
of
mercury
by
rapid
revo·
," ".<":< :>."'"".:" . :<.<.
sequent papers on figuring',
.'>"»'c:;:2'~~
.
lution. In each case only a
, ',o,,_',,:?/,
suffice to say here that a tool
/F//LCW/ Y.~~0 ,lW,
.
failure was recorded. The exso shaped would cause the specu". '. • ./.,."•••.
§§jj"·!;&::i0.'ic,>.,,>':2;>i::?·
perimenters neglected to take
]um at the end of the grinding
::,,~~~?t?~~}'::::~1~:i<?;~~\~\~~~~~:~<}::~~~~*~~~~~~~ into consideration, the infinite
to approximate to the parabola,
for if the speculum and tool
Secrecy was often maintained
were equal in size, the curve FIG. 18.- SPHERICAL FORMS OF DISCS OF
<«_'.•

',":C:.":

"'.»".

GLASS A AND B OBTAINED BY GRINDING.

{;':£;,\;\'yi/ii,;>>s,-',<'>>:k<:,>;';>;'<';-;';;->>;,:>,,>><O::>
:"<>,,,>"':-:>':"'\.'>~-:--::<"<:::"",':'_:-'-:>,>:;
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FIG. I6.-GRINDING WITH DISCS OF GLASS-DISC A EXACTLY ABOVE DISC B.
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FIG. I7.-THE SAME:, DISC A OVERHANGING DISC B.
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as to the methods adopted, and this was rendered
easy by the fact that while an ordinary machine or
implement may be dissected, and its plan and parts
imitated, no examination of a speculum will discover
the means by which it was formed. It can be proved
by observation that the curve is exquisitely perfect,
but how perfection was attained must remain a secret,
except the artist divulge his method of figuring.
So far from doing this, it is reported of "that
truly excellent artist," Mr. J. Short, of Edinburgh, one
of the old successful makers of Gregorian telescopes,
that before his death, he directed his founder, Mr.
Blackburg, to melt all his metal tools into or.e mass,
lest the secret of his success should pass into other
hands. Notwithstanding this, he forwarded a letter
under seal to the Royal Society, in which he explained
his method of giving the spherical curve to the surfaces of his lenses, which letter was to be opened
posthumously. It contained a rt1ethod perfect for its
purpose, and exactly simi12r to the modern method
of grinding specula. This madern method I will
now proceed to describe.
The glass disc is rougbed out to shape, on a
leaden or zinc convex tool beaten or cut to a curve
slightly deeper than that required in the finished
speculum, the wear in the process of grinding reducing the tool and, consequently, the concave glass to
the proper curvature. A pair of brass or soft iron
tools is then made, about one inch larger in diameter
than the intended mirror, the one convex (Fig. 14)
and the other concave (Fig. 15). The convex tool, if
above 8 or ID inches in diameter, is divided into a
number of small squares by a series of channels filed
or cut by a machine, to a depth of
or .1J of an inch,
and intersecting each other at right angles, so that
the finished tool presents a chequered surface like a
circular chess-board, only the squares are all one
colour and separated by the small grooves. These
grooves are cut to facilitate the equal distribution of
the grinding material over the surface of the tool, but
can be dispensed with as stated, if a small speculum
only is being worked. Each tool is accurately cut in the
lathe to a gauge, having the same radius of curvature
(double the focal length) as the desired speculum.
The convex tool is then fastened securely to a stout
post or bench, and the concave worked over it in all
directions, first with coarse, and after with fine emery,
until complete contact of the two surfaces has been
established. If necessary during this process, the
position of the tools may be reversed, to prevent the
curve deepening by the edge of the convex and the
centre of the concave wearing away more quickly
than other parts of the tools. This irregular action is
reversed, when the convex metal is uppermost.
The tools being ground to a true curve, the roughed

"6

out speculum, having a handle cemented to its' back
with pitch, is worked on the convex tool in precisely
the same manner as the concave tool was worked, but
with greater care. The curve of the convex tool is
meanwhile preserved, not by reversing the positions
of the tool and speculum, but by occasionally grinding the concave metal on the convex in place of the
speculum, so that irregularities in the latter tool
caused by the unequal wear of glass and metal may
be removed. The more often the convex tool is
applied, the more accmate will be the spherical curve
communicated to the glass concave; but if the worker
fails to use the correcting tool at all or applies it
insufficiently, the result will be unsatisfactory.
Emeries of increasing fineness are used until the
glass assumes a splendid fine ground appearance;
presenting, if viewed at a very oblique angle against
the light, a polished surface.
If without scratches, the speculum is then fit for
polishing. The polisher, a thin layer of pitch,' is
formed upon the. convex tool if the speculum is
polished face downwards; if the reverse method is
adopted, a light polisher of wood covered with pitch
must be constructed. The metal tools should be of
sufficient thickness to withstand without flexure the
pressure of the speculum during the grinding and
polishing; one inch at least, in thickness if small,
and if above 8 inches in diameter, strengthened by
projecting ribs at the back radiating from the boss
shown in the engraving. Indeed, this method of
construction may be with advantage adopted for
smaller tools, diminishing the thickness and the
weight. The boss should be drilled and tapped with
a coarse screw thread, conveniently of the s:!me
gauge as the mandrel screw of the lathe. A lathe,
however, is not absolutely essential in the speculum
grinder's workshop, but the tool should be capable
of being securely fastened to a stout bench screw.
The foregoing method is an excellent one, and if
the reader has the inclination and skill to construct
the necessary tools, nothin~ better can be desired;
but it necessitates special tools for specula of different
sizes-tools which would probably lie and rust on the
shelves after one speculum had been worked with
them.
A process which proved successful in the hands of
a friend, who has since equalled the best productions
of professional opticians, may be here mentioned.
A disc of lead cast roughly to a convex shape in
sand, was used to grind a concavity in a glass disc.
A piece of thick slate was then cut and filed convex
to the gauge, and when well dried, coated with French
polish with a brush. A number of small thin plate
glass squares were cemented with pitch on to the
convex slate, which had been previously well heated;
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making a tool, in many respects similar to the hone
tool of the old workers. On this tool the speculum
was ground and fined. For a general idea of the
appearance of it, the reader is referred to Fig. 12.
'Ve now approach a method which the reader,
having learned by the preceding part of this paper
exactly what is required to produce a concave spherical surface, will most probably adopt. \Vhile the
metal tools are necessary and economical when a
number of specula of a given size and focal length
are to be made, for the manufacture of a single speculum, the method about to be described is the simplest,
and in the hands of the beginner the most effectual.
If two discs of any material are taken, and one
constantly rubbed over the other in every direction,
with an abrading substance between the surfaces, all
irregularities will be removed; on the same principle
that applies, when the stones of the sea beach are
rounded by mutual action with the beach sand as the
abrading agent. Returning to our first statement.
The)ower disc under this treatment will finally assume
a convex spherical curve, and the upper become concave. This fact long known to mechanicians is, as
has been shown, the basis of all methods of specula
working. It remained for Professor Thomson to
apply it in its simplest form. Dispensing with all
tools of metal, he simply requires to grind a perfect
spherical concavity, two discs of glass of equal size.
It will be seen by reference to Fig. 16 where the disc,
a, rests exactly over b, that the pressure is
equally distributed. Let the upper disc be moved
forward as in Fig. 17. Part of a will then overhang
the edge of b, and the pressure will vary, being greatest
• at the centre of the upper disc and the edge of the
lower.
If now, sand or coarse emery be introduced between
the surfaces, and an oscillatory motion communicated
to a, they will be abraded with a varying degree of
action, greatest at the edge of the lower disc and the
centre of the upper, and least at the centre of lower
disc and the edge of the upper. This to-and-fro
movement being continued in an ever-varying
direction, the discs will speedily assume a spherical
section as shown in Fig. 18, and the desired end will
be obtained -a truly spherical concave surface. The
same reasoning applies during the use of the finer
emeries, except that the stroke is shortened when the
desired curve (as proved by the application of a
gauge) is obtained. A wide swinging stroke facilitates
the abrading action, and vice versa. It is convenient
to begin with flat surfaces, since the correct centring
of the curve-a matter of the greatest importanceis thereby ensured. The convex glass can be afterwards used to render a second or third .f1at disc concave, but experience has proved that such a course is

scarcely advisable, the concave showing a tendency to
depart from accurate centring, except special care be
taken to secure the opposite effect during the first
half hour's work.
For this method, the disc of glass for the intended
speculum, and that for the tool, should be of equal
diameter; the action being different from that
created when metal tools are used. In the latter case,
the glass speculum is forced to assume the curve of !l
convex tool larger in diameter, the curvature of that
tool being controlled and maintained by frequent
applications of a concave metal. With Professor
Thomson's method we have no concave, only the
speculum, and if that were less in diameter than the
tool upon which it was worked, the focus would rapidly
lengthen (the curve flattening) as soon as the long
swinging strokes of the roughing out were superseded
by the shorter strokes of the fining process.
During this paper, I have introduced the reader to
the grand influencing agent in speculum workinglengtlz of stroke.
From the time when fine emery is applied to the .
roughed out concave, until the silvered speculum is
finally fitted into its cell, the whole process is one study
of the effect of length of stroke. By varying this
length, the spherical mirror may be rendered elliptic,
parabolic or hyperbolic at will ; and the great secret of
parabolising lies in a nice perception of the exact
effect of lengthening or shortening the range of the
speculum over the polisher. Simple as the true
appreciation of the effect of any given stroke at first
view appears, practically it is extremely difficult to
decide. Often in the "small hours" has the writer
paused in his work, knowing that fifteen or even five
minutes' steady polishing would serve to perfect the
speculum then being figured, if only the exact stroke
necessary to produce the required effect were known.
It may be safely prophesied that many another will
be in the same plight until experience has given
power of judgment.
I t was originally intended to continue these papers
in one successive course, but as a composer introduces
into his song an interlude, that the listener and the
singer may not become wearied, so I have determined
to interlude those articles which are necessarily descriptive and theoretical, with those entirely technical
and practical. It is probable, too, that the reader will
better appreciate an explanation of the effects of variation of stroke if he has first handled the rough
speculum and tools. Let him then select a method,
and in the next paper we will enter the glass grinder's
workshop, and examine the requirements that belong
to it, and the various fittings and appliances that
must needs be found in it.
(To be continued.)
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than 2S. per square foot. Other colours may run to
about IS. 6d. per foot. Cathedral glass, which has a
dull greenish tint, and a somewhat waved surface, and
which is much used in house decoration at the present
day, both in plain pattern glazing and as a ground on
which to paint medallions, etc., will also cost I s. 3d.
to IS. 6d. per foot. The plain glass to be used as
white in stained work, is somewhat rough on the surface, and is known as ,. silver white;" this has a much
better effect than any smooth clear glass. The
general ground in enamel painting should be ordinary
sheet glass, of, say, about one-tenth of an inch in
thickness, and when cut, showing a green tinge in its
edges. I t will cost about 6d. per foot. Plate glass,
which is more costly, does not take colour well, and
is not suited for painting <-Ipon. At the more important glass warehouses, all the above kinds of glass
may be bought.
The lead used for fitting stained glass work
together is essentially the same as that seen in oldfashioned casement windows, but, narrower; it is made
in the same way- namely, by forcing pieces of cold
lead between rollers, from which they issue in long
strips of the required [arm, tbat is to say, much like
the letter H in section. The rollers can be set to
make it thicker or thinner, at the pleasure of the
workman; and the artist can, if he pleases, make the
lead lines in his design stronger or more delicate.
The cost of this material varies somewhat with the
market price of lead; we may set it down at about
3~d. per pound, "string" lead being somewhat dearer
that the other ,. sizes"
owin" to its takino-b more
' b
labour to make the pound of it. The solder used for
fixing the leads should be a fine one, that is one which
contains a large proportion of tin. Such a solder
might cost about 2S. per pound.
Some otber trifling and inexpensive materials will
be needed in leading up, such as resin, whiting,
linseed oil, and lampblack, which will cost but a few
pence at the oilman's.
Apart from the matting and tracing colour to be
presently described, two applied colours only are used
in stained glass work. These are cbina pink, with
which the faces, hands, feet, etc., in figure subjects
are tinted on a ground of plain glass; and gold stain,
which is a brilliant yellow wash, often found most
useful for picking out the letters in inscriptions, the
ornaments in borders, and for other purposes. His
gold stain, the operator may make for himself, by
dissolving silver to the extent of a half-crown piece in
a gill of nitric acid, and precipitating it with the addition of a handful of common salt. His china pink
he will buy from a professed glass painter, or at a
shop where glass painting materials are sold. All
such things are to be had from Messrs. Brodie and
•

Middleton, Lo1tK Acre, London, who are the retall
agents for the materials prepared by Mr. Hancock, of
Worcester. It may be mentioned that Hancock prepares a" flesh red," which some prefer to china pink,
neither is perfect, the first inclines to orange the
second to purpl~.
At a similar place, the matting, or tracing colour,
will have to be bought. By the use of this, whatever
lines or shadows are introduced into the work, will
have to be produced. In tracing colour, the colouring
matter is either an oxide of iron or of copper, ground
with a powdered glass, and some earthy substance,
such as ochre, to give it a body. At Brodie and
Middleton's it is to be had in various shades of
brown or black, in a powdered form; tracing brown,
raw umber, and tracing black, are oxides of iron,
ancient brown and jet black are oxides of copper.
The operator will choose his shades according to the
nature of his work.
The colours for enamel painting are made of
certain proper mineral pigments, fused with a kind
of soft glass, and afterwards ground to a fine
powder. These also will have to be bought as above,
and for a sovereign, the beginner in enamel painting .
on glass may buy a stock which wiJIlast him for some
time.
(To be Cl711tinued.)
:
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1Il.-THE SPECULUM GRINDER'S WORKSHOP (A)i
~~:::-~. . ERY few of the arts have been practised

under such varying circumstances as that
of speculum grinding. Its votaries have
included workers of all grades in Iifethose able to furnish and maintain a
well appointed workshop, and those scarcely able to
purchase the material wherewith to work. So that
the reader need not be downcast if fortune has denied
him a spacious sanctum. For the actual grinding and
polishing there is requisite no more room than will
suffice to accommodate a barrel of ordinary dimen-,
sions, and permit the worker to walk comfortably
round it. For the testing, a room or passage of a
length exceeding the radius of any proposed speculum
by three or four feet will be necessary. An ordinary
passage or pair of co,nmunicating rooms may be
pressed into service, and the late night being th~tiIne
most suitable for the prosecution of the mysteries !()f
testing, tremor in the house being then at itsmiIlimum, no objection is likely to be raised to the ()pej;ato~

,
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securing the lowest passage in the building for his
purpose. The presence of a fire in the workroom is a
matter of taste, but an equable temperature should
be maintained while the processes of polishing and
figuring are being performed.
The sketch that is given in Fig, 19 shows the writer's
workshop with a workman in position at the bench.
From a study of this the reader wiII discern that no
special or elaborate contrivances are required by the
speculum worker. To support the tool while working a
firm isolated bench, of convenient height, is needed. It
should be of dimensions such that wiII enable one to
work comfortably without stooping, and at the same
time to have a full command over the whole surface.
A tall square bench, having its supports firmly fixed
and strengthened by wide cross rungs Si) as to require
considerable force to move it, was used for some time
by the writer, but a barrel has been substituted for
this with considerable advantage, and a barrel or
cask firmly fixed to the floor, and weighted if necessary,
forms an excellent bench. That shown in the sketch is
immovable, being nearly filled with hard earth well
rammed down. Variations of the supporting bench
(such as a revolving post actuated by the feet, thus
dispensing with the necessity of walking round), have
come under my notice; but they are not to be
recommended, one becomes thoroughly accustomed
to the habit of continually moving round after a very
short time.
'With the old handworkers the bench or post was
marked round its edge into six or eight equal divisions,
and the support cemented to the back of the speculum bl::ing similarly numbered, the operator was
enabled to maintain a certain regularity in the revolutions of .the speculum over the tool. This is a
refinement, however, which can be dispensed with.
The tool or polisher may be fastened to the bench
in several different ways, considerable latitude as to
the method adopted being allowed: but it is
essentially necessary that the fastening should be
rigid and the tool evenly supported. Possibly, the
reader may have in his possession some combination
of screw or socket that may be adapted for this purpose. Lest he should not, in Figs. 20 and 21 are shown
two distinct methods, each perfect for the purpose. The
illustrations are almost self-explanatory. In Fig. 20,
the disc of glass for the tool is cemented to a metal
face-plate with pitch. The face-plate is then screwed
upon the bolt F, until it reaches the nut C, when
additional rigidity is given by tightening the butterfly
nut E. This contrivance is somewhat elaborate, but
that shown in Fig.21 cannot be surpassed for simplicity
and completeness, and as the excellence of the
speculum does not depend upon the complication of
the tools used in its construction, so that they only

answer their purpose; the second method may be
adopted with perfect safety by those of my readers
who study economy. A slight disadvantage attaches
itself to its use, owing to the fact that four screws
have to be removed to separate the tool and the
bench. In Fig. 2 I, A is the disc of glass for the tcol.
To this is cemented in the usual manner a wooden
disc of about equal diameter and thickness, to raise
it from the bench. To the wooden disc B is screwed a
square wooden baseboard c, which in its turn is attached by screws to the bench. It may be mentioned
that the top of the bench and the tool should be
carefully levelled before working, and the head of the
barrel should be strengthened and firmly attached to
its staves. By another method the tool is cemented
to a heavy iron block, which evidently would be
retained firmly upon the bench by its own weight.
If the process requiring metal tools is followed, it
is obvious that the bench screw first shown should be
used; but I shall, for the future, assume in these
papers - since the working in both processes is identical-that the reader is working by Professor Thomson's method.
TI,e specula of reflecting telescopes were originally
constructed of speculum metal. This metal was an
alloy capable of receiving a very high polish, and
its ingredients were often varied for special purposes, the chief portion being generally, however,
copper and tin. A typical composition for a seven
inch speculum is :-144 ozs. of finest copper; 680zs.
of grain tin ; 4~ OlS. of white oxide of arsenic. The
copper and tin combined gave a reflective metal of
extreme brilliancy, but brittle and porous. To remove
the former defect, brass was added, arsenic removing
the latter. Silver was occasionally used to add to the
whiteness of the completed alloy. For melting together these metals a special furnace was generally
constructed, and great difficulty was experiencecJ in
successfully casting a speculum, owing in part to the
different degrees of heat at which copper and tin melt.
When the casting was at length complete, it required
to be carefully annealed.
Notwithstanding this, a
more delicate and brittle metal could scarcely be obtained. A careless blow, or the expansion of a few
drops of water which might freeze under it, being
sufficient to break a large speculum. With these facts
before one, there is small wonder at the statement,
that except in isolated cases the use of metal for
specula has entirely died out.
About thirty years ago, M. Liebeg discovered a
chemical method by which an exquisitely fine film of
pure silver could be deposited on the polished surface
of glass. This film adheres firmly to the glass, and
micro3copically assumes the figure of the surface to
which it is attached, being, according to the late Dr.
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H. Draper, not more than a two
hundred thousandth part of an
1-------:------1 B
inch in thickness. The process
was immediately adapted to the
production of silver on glass """====", "'''''''''"
specula. The weight of glass is
from one-third to one-half that of -'""""'-"'-"==i::;::tf1
speculum metal. As I write
there are beside me two specula,
each st inches in diameter: the
FIG. 20.-GLASS DISC CEMENTED ON METAL
one of glass I inch thick, the other
FACE WITH PITCH.
of speculum metal but ,gths of an
inch in thickness; yet the latter A, Melal Support (Face Plate); B, Glass Disc for
Tool; C, Nut on Bolt F; D, Washer; E,\Ving
exceeds the former in weight, and
Nut on Bolt F; F, Bolt passing through
this is a disadvantage when the
Bcnch ; G, Bench.
time for mounting the completed
speculum arrives. But independent of the question of weight, a
A
silvered speculum of glass is far
r--;",f@i",i%",)fWS&:jiZriZr$;M~#!:#&#~;~i?&icB
preferable to a me- r-~ '~'===~71r=...J1..===~"",,"==""'~~t~~

preferable, for the glass being
polished on both sides a clear
disc can be selected, and the
polished back not only adds to
the general appearance of the
finished speculum, but is of slight
advantage when silvering.
In the first paper, the question
of spherical aberration was discussed, but when we come to the
selection of the glass we find
another cause ofaberration, which
however, is much more easily
disposed of. This cause is flexure.
If, for example, a 6 inch mirror
was constructed of glass only
one-quarter of an inch thick, it
would be difficult to support it
properly, either during the working or in the tele-
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tallic reflector, in "i)
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scope when comthat the figure im· L
pleted. The least
parted to the glass surface is,
SCCTTON.
bending of its surface would
throw the reflected rays out of
with ordinary treatment, permanent; the silver being renewed
e
0
their true paths, and so destroy
when the original coating has
C
the purity of the definition. To
tarnished, without any necessity
avoid all risk of error from this
for repolishing the glass. A metal
cause, it is only necessary that
speculum, on the contrary, once
A
we should secure glass of thicktarnished, requires the application
ncss sufficient to resist any slight
of the pitch polisher to restore it,
strain to which it may be suband, consequently, it has to be
jected, either in the processes of
re-figured. Lastly, the reflective
working or when completed; and
power of pure silver is much
for this purpose we cannot do
greater than that of polished spebetter than follow the same rule
culum metal, so that a good
as the professional artists. For
silvered glass Newtonian Tele- FIG. 2I.-ANOTHER MODE OF FASTENING DISC specula from 4! to 12 inches in
scope in perfect condition, will
TO PLATE.
diameter, it will be practically
reflect to the focus at the eye- A, Glass for Tool cemented with Pitch to B; safe to use glass in thickness not
piece, nearly five sixths of the
B, Disc of Wood to raise Glass from Bench; less than one-sixth of the diaC, \Vooden Baseboard screwed to Band
J
Bench;
D,
Bench.
,
D

e

e
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light incident on the principal speculum,
almost double the quantity which speculum
alloy would reflect under similar circumstances.
The glass for a speculum need not be
optically pure, as would be necessary if the
lenses of a refracting telescope were being
constructed; the reflection being only from
the first surface. It depends on the desire
of the worker whether the disc be cut from
commercial polished plate glass of the
FIG. 22.-WOODEN FRAME ON LATHE
or whether it be
BED. A, Glass Disc; B,B,B, Wooden requisite thickness,
F)"ame; C, Lathe Bed; DJ Hoop Iron. specially cast.
The former method is
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FIG. 23.-HOOP IRON
T-REST. A, Glass

Iron; C, Lathe Bed.
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FIG. Ig.-SPECI.:LI.:M GRINDER'S WORKSHOP WITH WORKMAN IN POSITION AT BENCH.
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meter of the speculum; above 12 inches, peculiar method of finishing is identical with that necessll.ryif '
methods of support, which need not be described here, the disc is treated by the amateur from the mofuent
are used, obviating the necessity for maintaining it leaves the glass-cutter's hand, I will describe it',
that proportion. According to the preceding rule, a
The artist has shown in Fig. 19 a disc roughly
6} inch speculum will require to be about one inch mounted in the lathe for grinding. This will givlt the
and a quarter in thickness. Should it be more con- reader a notion of the general arrangement, ~d I
venient for the reader to use thinner material, he may may mention here that it is advisable to use a~ old
safely venture upon the manufacture of a speculum of lathe in preference to a good one, and that the gearthat diameter, from glass, only three-quarters of an ings and parts of the machine not required for dne's
I
inch or an inch thick Special precaution, however,
immediate purpose, should be carefully prote,eted
should in the latter case be made to secure even from the wet emery. Procure a disc of wood about
support to both speculum and tool, and the metal 2 inches less in diameter than the glass disc. Screw
backing to which the former is cemented should be this firmly to a face-plate of convenient size, and
of the same diameter as the speculum. Still, it is roughly score a number of rings in the revolving,
advisable to place flexure at defiance by obtaining wooden surface to afford the cement (pitch) a strong
and using glass even thicker than that used by pro- hold. Take one cut across the scored surface to true
fessional opticians.
it, and then having covered it with successive layers
Plate-glass can be obtained from the manufac- of hot pitch to the depth of about ! inch, press it
turers either polished on both sides or unpolishec1, of firmly and centrally upon the glass, which should be
varying thickness, from! inch to It inches, so that up previously slightly warmed. The glass should be
to 9 inches in diameter the amateur may obtain his thorougl],ly dry and the pitch almost liquid, or they
supply from this source. Above that diameter the will not adhere one to the other. The centring of
disc may be specially cast.
For our 6t inch the glass should be completed in the lathe with care,
speculum, a disc I k inches in thickness should be but rapidly, before the pitch has set hard. It can be
obtained. In the cutting, a square piece of plate-glass at once seen through the glass if the pitch has adhered
having been selected, the required circle is marked at every part. \Vhen the face of the disc runs true in
on both sides with a cutting diamond, and the super- the lathe, it should be removed necessarily with the
fluous glass broken away. This leaves the edges rough face-plate, and set aside to cool for several hours face
and jagged, which would afford a resting-place for downwards.
..'''' "
The glass is cut by the aid of sand or efu-e;y. A
grit, and cause scratches in the working, so that they
should he at'once ground smooth. If the amateur material in which these substances can be embedded
has a lathe this can be easily done with a little is required, and for this purpose we will use soft iron.
labour, but if with the writer he objects to laborious There are several methods of placing the iron in
work, the glass merchant will grind the disc to a fair contact with the revolving glass, but the simplest aTl~
circle, and fine or polish it as desired upon his wheels. those shown below. I n the first instance a wood~,n
Care should be taken to paste on to the glass a paper frame, as shown in Fig. 22, is made to rest on the•
pattern 6t inches in diameter, for the glass grinder lathe-bed below. A piece of hoop iron about 2 inche~
works with a large stone wheel set on a vertical wide and of a suitable length, is well baked to softel)
mandrel, holding the glass in his hands, and merely it, bent to the required curve, and screwed to the
grinding it to an approximate circle, unless a definite wooden uprights A, B. It should be so placed tha~
pattern is given. Apropos of this stone wheel, it may that part of the edge of the glass most out of truth,
be mentioned that a large grindstone quickly reduces as ascertained by revolving the lathe slowly, will just
the edge of the glass to a smooth condition, so that touch it.
the worker may be his own rough glass grinder if
As the irregularities of the glass are cut away, the
circumstances permit. The glass disc for the tool iron is raised by the interposition of a thin wedge
should be treated in a similar manner to that intended between the wooden frame and the lathe bed. In the
for the speculum, except that it will require no fine second instance, Fig. 23, the hoop iron is hooked over
grinding.
and clamped to the T-rest of the lathe. The metal"
An excellent result can be obtained without further band is free at the other end, and will touch the glass
finishing the edge, but it is desirable to centre the disc for a very small distance, as shown.
in a lathe and grind it perfectly true. If the lathe be
If the disc is very rough, this method is perhll.p~
too small to take a disc 6t inches in diameter, the diffi- preferable to the former, for the iron may be allowed
culty may be easily overcome by reversing the head- to spring against the glass until the roughness-~
stock, so that the face-plate and glass may overhang reduced. On the contrary, however, if the edge i~[,'
the edge and run clear of the lathe bed. As the already ground by the glass grinder, the metal may
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be with advantage fixed. The curve in the metal at
1> allows the band to be occasionally raised to touch
the revolving glass, and so remove any surplus emery
which may have accumulated at B. At the latter
point the partly-used emery escapes, and a shallow
vessel should be placed below to receive it for immediate use again. The emery must first be soaked
with water, and should then be fed down regularly
between the glass and the metal in the direction indicated by the arrow.
When removing the rough edge, sand or very
coarse (40 hole) emery must be used, and the speed
of the lathe kept well under; but for finishing, it may
be run at a greater speed and a finer grade or flour
The sharp edge of the gla~s
emery applied.
should be slightly bevelled either by holding the metal
. band at an angle with the glass and using fine emery,
or by the use of a piece of sand-stone. If this is
done during the earlier parts of the process, it will
prevent the face of the glass chipping, an accident
not unlikely, otherwise, to occur. \Vater will be
required during the process, but as the demand will
vary according to the amount of moisture left on the
emery, it is best supplied from an ordinary oil can,
which, as it will be again required, should be purchased
and reserved for water only.
Avoid driving the lathe even for a few turns in a
reverse direction, or the face-plate by reason of the
weight of the glass attached to it may become unscrewed and fall.
By these methods the writer has obtained neatly
tined edges, a source of considerable gratification
when the speculum is completed. The glass disc
should never be placed on the small bench except
?'
there be ample room, but on some handy shelf
where its safety will not be endangered by the moveiUents of the worker.
In concluding this paper it may be desirable to
'"l.ty that the full-page cut in Fig. 19 has been repronced in fac-simile from a drawing* expressly executed
a friend of the writer to illustrate more especially
'e position of the workman, and how he should hold
.e disc when engaged in speculum grinding.
(To be continued.)
if--------... I desire to direct the attention of contributors to Fig. 19,
which allusion is mad,e here, and to the two illustrations
wn in Figs. 18 and 19, in "Etching on Copper," of which
latter have heen Ieproduced from :\lr. Chasemore's original
wings. I wish to illustrate the various papers in AMATEUR
K with the Oliginal drawings of their respective authors,
to this end I will he glad if wTiters Vi ho can draw will send
"h their articles diagrams and drawings, carefully executed in
and ink, for reproduction from the sketches themselves. A
)per or two will shortly appear on this subject, giving full
tmctions on the modus opewndi that must be adopted and
1""'ed,-Eo,
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CLOCK CLEANING AND REPAIRING
AT HOME.
By OLLA PODRIDA.

•
I.-INTRODUCTlON-THIRTY-HOUR CI.OCK-ANALYSIS
OF THE MOVEMENT-ALARUM.

..... EING but a humble amatenr under these
colours, it is with much fear and trembling
therefore that I venture to re-open a
subject long closed up, and only do so in
the hope that my limited experience
may prove to be some assistance in this line amongst
my brother amateurs.
Not being a "professional " man, the style of this
and the succeeding papers will necessarily be homely,
and free from exclusive technicality.
But this I
would point out is an advantage in speaking" ama·
teurly" one to another. The" professional" too often
overlooks the fact that bare technicalisms frequently
prove serious drawbacks to the acquisition of know·
ledge by amateurs. This it will be my object to
avoid, or if technical terms are employed, care will be
taken to ensure that they are well backed up with full
and simple explanations, so that every chance may
be given to the reader, thereby enabling him to
readily recognize the part under description.
Clocks, like the" plans of mice and men, gang aft
a-gley," the cause being frequently of a very simple
nature, which might, with a little knowledge, often be
prevented, or readily removed at home without calling
in the assistance of the" pro," who frequently makes
a good market on most slender foundations. This,
more especially amongst country. clocks, where the
itinerant clock-tinker rules and reaps a harvest. I
say" rules," because in the absence of any knowledge
to the contrary, his word is law. It is all very well in
the case of the regular caller, who is well-known and
is paid yearly for keeping the timekeeper in order,
but in the case of the" casual" it is different. Perhaps
the clock stops. Some trifle the matter. The" casual"
happens to turn up, and his proffered services are
accepted rather than wait for the "regular" man.
And the clock is seldom benefited greatly. And no
wonder. I have known some of these casuals to go
through a most pretentious examination accompanied
with a wonderfully limited amount of disintegration,
and after impartfng about ten minutes' worth of their
own superfluous energy to the pendulum, pocket
their fee, and quit "sharp" for" greener fields and
pastures new," wherein they may gull some other
guileless clock owner. As a matter of course, the
practical knowledge of such sharpers is lIil, or a
scanty smattering at the best.
But the greatest danger lies in the unscrupulous
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time, and involves some waste of lead; the latter is,
however, no serious consideration, as scrap lead can
always be sold at its market value.
Paintillg in Tracillg Colour.-For painting, the
easel should be placed before a light but not a sunny
window, for it is not from the light reflected from his
work that the operator sees it, as in ordinary painting,
but from that transmitted through it. Beside the
easel should be placed the cartoon, in such a position
that the operator can readily refer to it as occasion
may require. The colom to be used at present is
merely tracing-colour ground up with so much medium
only as wiII serve to attach it to the glass. So much
must not be put as will cause the colour to shell up
in flakes before the finger-nail. Some persons use
treacle as a medium, some gum, some gum with a
tenth part of glycerine added. The proper way of
mixing for lining (the work we have next in hand) is
to add the dissolved gum to the powdered colour, one
drop at a time, till the mass is coagulated, and then
to add water, one drop at a time also, till the mass is
of the consistency of treacle, and will drop very
slowly from the palette-knife. For washes, more
water has to be added, but still one drop only at a
time.
With the tracing-colour thus mixed, the operator
traces over the various lines of the design, using tor
the work such a brush as that given at C, Fig. 1. This
work is very simple, seeing that he has, as above
mentioned, all these lines before him on the easelglass, and has r.oerely to run his liner over them. His
chief difficulty at first will be, that with the opaque
Indian ink lines beneath, he may not see whether his
own lines have their due regularity and weight, and
the tyro might derive benefit from a little preliminary
practice in lining on a pl.lin sheet of glass with no
lines behind.
It is to be remarked that all lines should be drawn
in strongly and boldly, since in the finished work they
wiII certainly appear much fainter than they do at the
time of drawing.
\Ve are supposing that the work before us has
been matted, so that in putting in the lights and
shadows, which has next to be done, the operator
can avail himself of the mat. The lights are obtained
by scrubbing it away, wherever desired with the hard
hog-hair brushes (13, Fig. I). The shadows are made
by cross-hatching upon it, where required, with tracingcolour, and these may be further deepened by washes
of tar-spirit colour, described later on. In doing this,
some care is necessary lest the mat should be disturbed.
To fix the colour more firmly to the glass it is now
well to go over the whole surface with a clean, soft
brush, dipped in spirits of tar. When this has dried,

the work is looked over and touched-up where n~~$'~ .
sary. High lights are now obtained by scraping a\\'i~¥
the entire mat with a boxwood point, and lines ant:l
shadows deepened with more tracing-colour. This
colour should, however, for this purpose be mi'lied
instead of with gum water, or the like, with tar-spirit,
or what is better, if you can get it, with old fat tur.
pen tine, such as is to be found in the dregs of a
village huckster's turpentine can, or such as china
painters prepare by putting turps in a wide-necked
bottle, covering the opening with bladder pricked
with holes, and exposing the vessel to the sun for
some months.
The reason for thus washing over with tar-spirit,
and subsequently painting with colour mixed with
that or some kindred medium, is that the previous
work may not be washed up and injured, as it would
be by a medium of its own nature. After this, if
necessary, more gum-water colour may be laid on,
and the mediums may be thus alternated, and additional work laid on to any number of times in
reason.
( To be cOlltillued.)
:

THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By EDIVARD A. FRANCIS.

•
IV.-THE SPECULUM GRINDERJS WORKSHOP (continued).
"
T is necessary to have lying by one an
ordinary piece of coarse glass ground
on the convex tool, called a bruiser."
This instruction was written in a book
now onc hundred and fifty-nine years
old, but we shall still require to obey it. The art of
speculum working was then in its infancy, being in
the tender care of some of those amateurs whose
names were recorded in a previous paper. Fourteen
years after, in 1742, we are told that Mr. James Short
(before mentioned) made for Lord Spencer a grand
twelve-foot telescope, and later still another for Hi~
i\Iajesty the King of Spain, receiving for the latte!."
£ I 200. This he did without any exact method of test-,
ing to throw light upon the working of that art, which
in a more enlightened age we humbly seek to follow.
Let us honour those old workers, that with the mean~
at their hands they patiently achieved such successes.
But we must to work. Let us return to the prosaic
"bruiser." A whole description lies in the name. A
disc of glass in shape and preferably in size simi1a~.
to the speculum, the" bruiser " is used as a fore-runn~~
of that precious mirror. When we have placedt1l~
emery first upon the tool, and with our finger'sl\!~~>
:/'(.'i·i."'·'· .
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have carefully searched for treacherous grit, then,
before the yet unpolished speculum is applied to the
emery, the "bruiser" bruises the coarse emery to
fine. So when the mirror is ground, scratches, the
bane of the amateur optician, are avoided. Not that
they matter much, stopping as they do, but a very
minute portion of the incident light from being re·
flected, but they are at best unsightly, and one would
do well to avoid them. The bruiser is not required
in the earliest stages 'of the grinding, for then grit
which the fingers fail to detect may be safely allowed
to pass. A small bruiser acts perfectly well, and
although its use may be, and is, in some cases of experience scorned and dispensed with, I would advise
the use of one, in a case where the speculum does not
exceed 6 or 7 inches in diameter, nearly of the same
size as the speculum. It will be required each time
that fresh emery is brought into use during the finer
grinding. If the reader is rough grinding by Professor Thomson's method, he may gain some experience by first obtaining two small discs of glass, and
roughing out this" bruiser," for after all it is nothingli
more or less than a small unpolished speculum. If,
li on the contrary, metal tools are being used, and ttey
'U&',
hi
~' have been nicely cast and turned in the lathe to the
~,gauge (next to be described) ; have been worked one
~i upon the other as directed, and finally carefully scraped
and trued until contact is complete: then he may

i.
~l ;::;:rh;~otr~~srS:~~ht~; ~~~~~:u~a;;:~ l~;~~~~~

t*Mi

I"~ finer tools, and so gain similar experience.

Should
·f. the curvature of the leaden tool flatten while roughing
t out, it may be hammered on the back until the original
11' convexity is restored; but I suspect very few of my
readers will trouble about metal tools at all.
Lastly, for the benefit of those who suffer from
want of decision, I will say that the" bruiser" should
be at least 4~ inches in diameter for a 6,\ inch mirror.
It need not be of any special thickness, nor need the
ill edges be specially ground in the lathe.
•t
In the first paper of this series will be found inIlscribed " The .local length of a sjiCCululll is one-half of
radius of eurvature." I hope my readers have
,I I, '§et this fact to heart; if not, they had better refer to
h>'
\'

f;

lilt1ze
((.

'hi

,.

-

!;~a~~~c;~~\:~ ~::ep::;:l~a~~n~O~b~;ri~:a~~~:f~~

l'!~e
doubled length, and with their aid, strike an arc
:?'W':/i

'll:;,.hich will be the curvature required for the mirror.
1':i'!,I:.et us do this. The diameter of the proposed specu??< Ji(i:::,""
'11~um s~all be 6~ inches, the rea?er ?eing ~t. liberty:o
':«!!!I~e It larger or smaller to SUIt hIS ambItIOn or hIS
:1Ic;onvenience. The focal length shall be about ten
'il'~es the diameter (see first paper), or five feet. Again

i1

"'WAY).;::::·

icY>:>:

the reader may depart from the fixed length in proportion to his private appreciation of his own skill.
If that appreciation be great, he may lessen the focal
length-if little, extend it, when straightway the
difficulty of accurate construction will lessen. It will
be as well, however, to trust to perseverance, and
adopt the focal length of 5 feet, and the diameter of
M inches.
Twice five are ten. 'Whence can we obtain the
compasses with a stride of 10 feet? \Ve must abandon
the idea, and use a radius bar instead. Procure a
piece of deal, I I feet long, about 2 inches wide, and
,\ inch in thickness (Fig. 24). Any piece of wood of
dimensions slightly greater than these can be uti~ized.
A few inches from one end pass through the lath an
awl to form a pivot around which the lath may be
moved. At a distance of ten feet exactly from this
awl, fix in the deal a small steel rod or tool
sharply pointed, projecting about r inch on the under
side.
The gauges are two pieces of sheet metal, the one
having a convex, the other a concave edge. If the
radius bar above described be hung by the awl upon a
convenient wall, the steel point will describe part of a
circle, an arc of which will be the curve required for the
gauges. So a plate of metal (thin sheet zinc or brass)
about 7 inches square, carefully tacked under the steel
point, marked deeply with it, and finally cut to the
mark, will form the gauges. A convenient wall being
generally unattainable, a long room or a passage may
be pressed into service, as indicated in Fig. 24. The
metal plate is seen tacked (slightly only) to the floor,
and the lath with steel point, ready for cutting the
curve. In Fig. 25 the completed gauges are shown, as
also the manner in which the eclge is turned back
(when the metal is thin) to give rigidity to the whole.
Having cut the gauges, a true curve should be
obtained by the same process that we adopt in the
speculum grinding, by working the edge of the one
against the other with emery between them. To do this
conveniently and correctly, the gauges may be laid upon
a flat board wetted with flour emery and water, one held
firmly, and the other ground to it until they touch at
every part. Now bore a hole through each gauge,
and hang them carefully away lest they should
become lost when the working of the speculum is
advanced. The concave A held vertically over the
tool will indicate when the proper curvature is
reached. The convex B will similarly indicate when
the speculum is of its intended focus of 5 feet.
Some difficulty' will probably be found in making
, these gauges in thin metal, which difficulty can be
avoided if the reader possesses a glazier's diamond:
i for they can be formed of glass. A thin sheet of
I common window glass of the necessary size should be

";';1:::;--
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selected in place of the metal, and the cutting
diamond substituted for the steel point. The glass
gauges when cut must Le subjected to the grinding
process above described.
The steel point should not be diamond shaped,
but with a square edge (something like a tiny parting
tool), so that it will divide the metal by cutting a
narrow channel with perpendicular sides.
To summarize, we now have in our workshop: (a) a
bench or barrel; (b) a block upon which the tool
can be cemented; (c) two glass discs nicely edged,
the one for the tool, the other for the speculum; (d)
two smaller discs of glass to form the bruiser; Ce)
convex and concave gauges.
Add to these sundry bowls for clear water, a
Turkey sponge or two, and a few tiny boxes or jars or
bottles for the emeries and rouge.
Not a very expensive paraphernalia, when we
consider, that from one of those discs of flat glass, we
shall furnish a wondrous instrument of a size and
power that was unknown to the world, scarcely more
than two hundred years ago.
If the metal tools are used, the following list will
have to be substituted for the above. It is given for
comparison: (a) as before; (b) bench screw; (c)
large glass disc for speculum; (d) small glass disc
for bruiser; (e) as before; (I) convex and concave
metal tools; er:) convex leaden tool for rough grinding.
The speculum grinder's workshop is furnished,
except that he has yet to provide the materials wherewith he grinds--sand, emery, rouge. Sand-the
common fine quartzose river sand serves excellently
for this purpose. I t is similar to that used by the
mason for polishing his marble; perhaps, if a neighbouring polisher of marble of a genial disposition can
be found, the demand can at once be supplied. In
any case "sih'er sand" can be easily obtained. Be
careful that it is clean and even grained, and that any
grit is removed, preferably by the aid of a small sieve.
The manner of applying the sand will be presently
told. \Vhen sand is very fine it loses its cutting
power, and then the optician has recourse to emery.
Indeed, sand is used only for the roughest work as a
matter of economy; emery of a coarse grain serving
the same purpose, but being more expensive. The
emery during its manufacture is sifted through wire
sieves of varying grades, the degrees of fineness
depending upon the size,of the grains, which in their
turn are regulated in size by the :number of holes in
each square inch of sieve through which they have
passed. These grades are numbered, and we shall
require, using sand for the roughing out, forty, sixty,
and ninety-hole emery. In addition to this, for the
finest grinding, flour emery must be obtained. This
latter is of two kinds, washed and unwashed. By the

process of washing, matter other than emery is got
rid of, leaving the pure cutting mineral, and this is
consequently dearer. Let my readers, then, obtain
washed flour emery for the process I am about to
describe; and here a word of advice as to its selection
may be given.'"
Emery of good quality should present under
microscopic examination a uniformity of grain and
freedom from dirt. The larger qualities should be of
a dark brown, almost black colour, but washed flour
emery should be bright chocolate and present a clean
appearance. A comparison of samples of washed
and unwashed will indicate sufficiently my meaning.
Occasionally a yellowish-tinged sample may be
obtained and cuts very readily, but emery of a dark
slaty hue should be avoided since it is adulterated.
The optician requires, however, emeries of far
finer grain than the finest supplied by the emery
mills. To obtain this, the professional artist resorts
to a process of elutriation. He thoroughly washes
the emery mud which is the result of the rough
grinding with coarse emery, and from that obtains
the finer emeries required. An accumulation of such
mud, is, however, necessary, and for the reader it will
be safer to substitute for it washed flour emery.
The great requisite in eJutriation, as in all other of
the processes of speculum working, is care. Accord·
ing to the care (and cleanliness) with which the
washing is performed, will be the success in the
fining. Take two pounds of washed flour emery, and
mix it thoroughly in a vessel containing about one and
a half or two gallons of water. If rigid economy is
to be practised, a lesser quantity of emery will suffice.
Stir up the mixture thoroughly for a short time, and
then suddenly stop the agitation and watch what will
happen. The water gradually clears, while to the
bottom of the vessel fall the coarser grains of emery,
followed by those of medium size, until, when ten or
fifteen minutes have elapsed, a thick sediment has
deposited, and the water has become comparatively
clear. Yet in that water is held the most valuable
of the emeries that we require. It will be seen then,
that by drawing off the water at any given time we
carry with it emery of a given grade. This is the
process generally adopted, except that a little mucilage
of gum arabic is sQmetimes mixed with the water, to
cause it to retain the emery longer in solution.
Different workers have allowed the emery to

_
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• My readers will acquit me of any other desire than that of
studying their convenience when I tell them that Messrs.
Oakey and Son inform me that washed flour emery manufactured
by them, can be obtained in any town in the United Kingdom,
and would cost probably about IS. per lb. I have always paid
a much greater price than this myself, but a sample of the
above-mentioned which I have seen appeared to satisfy the
requirements of the speculum grinder,
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remain in solution for different periods of time, con- siphon) the water containing the suspended emery into
sequently obtaining different grades. The eminent a large shallow basin, where it is carefully covered, in
lense maker Mr. Ross used six grades, as follows;a clean room, to protect it from dust and grit. \Vhen
1, ten seconds; 2, thirty seconds; 3, two minutes;
a period of time sufficient to throw the finest emery
4, ten minutes; 5, twenty minutes; 6, sixty minutes. down has elapsed, the water will be clear and can be
Mr. Charles Tulley, of Islington, an optician of returned to the first vessel for use again. The thin
repute, also used six grades, namely: 1, one quarter coating of emery which is adhering to the inner surof a minute; 2, one minute; 3, two minutes; 4, six face of the basin is thoroughly dried, and then rubbed
minutes; 5, fifteen minutes; 6, thirty minutes.
";0~;,*;",
with the tip of the index finger. The powder at
Lastly may be quoted the grades ~sed by?!,,'• •;%
once leaves the glass (or finely-glazed
~rofessor H. Draper, of New York Umver~..
earthenware) surface, and accumulates
SIty, an amateur who devoted much~.§ff.'• •IJI.'~
at the bottom of the vessel, whence
time to the successful working
% J~
it is transferred to a small box
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that no partIcul~r ,tlInes are
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If care IS taken to slo:vly

thIS la~t rule IS l~peratlve If ~ap1d finmg IS
.• •
hn~ss of basm, finger~, and box, a ~e~and
to be msured, WIll be recognIzed when the
•
whIch my readers WIll have no difficulty
reader remembers that the work of each
in complying with. It may seem somewhat
grade is to remove the marks left bv FIG. 25·-THE CONVEX unnecessary to devote such care to wash.
AND
CONCAVE
GAUGES..
h
.
d'
.
I
b
'
h
Id
t h e prevIOus one.
Adding to each of
mg t e gnn mg matena, ut It s ou
the two latter tables a seventh grade of sixty-minute I be remembered that with the speculum worker the
emery, either of the three plans can then be selected sand, emeries, and rouge, by their grades represent a
to work by. The impalpable powder that remains in series of tools, each one of the series preparing the
. solution after one hour has elapsed may be wasted. glass for treatment with a finer tool. One grade is
It appears to have no effect upon a glass surface, and unf,itted to do the work of another. It would be imis excessively difficult to collect in the smallest possible to complete a speculum with one grade of
quantity. The water containing the suspended emery emery alone; only by working with a carefully promay be either siphoned off or decanted. Care must portioned set of emeries can success be attained.
be taken not to disturb the coarser emery that has Moreover, the presence of one grain of a coarse grade
subsided. The methods of collecting the fine powder in the emery used in the final process would necessitate
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~
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FIG. 24.-MODE OF CUTTING THE GAUGES.

~t

finally deposits varies. \Vhen a considerable
uantity of emery is elutriated at one time, the water
taining the suspended mineral is siphoned or
lilCanted into bottles, which each serve as a permanen t
~ptacle for a particular grade of emery, and from
'hich it is afterwards used in thick solution. But
.Il;ch a method is not advisable when the total quantity
.J:»tained of each of the two finer grades would
cely fill a teaspoon, as will be the case with the
all quantity of emery in question. Probably each
lum worker has his private process of collecting
sediments. That of the writer is to decant (or

regrinding. It has been mentioned that the quantity of
emery of the finer grades obtained would scarcely fill a
teaspoon. Nor is this a disadvantage. The small
amount of each sufficient to work a large glass surface
will give cause for surprise to the embryo optician.
Moreover, the use of a greater quantity would be
dangerous to his prospect of success. The closer the
surfaces of the tool and speculum can be worked
together, the better will be the curve obtained. The
lesser the quantity of emery upon the tool the more
evenly can it be spread, and its action on all parts of
the surface (independent of the natural tendency to
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excavate the speculum) tends to be more uniform.
But this will be seen when we come to the working.
"There is a thing," wrote one \Villiam Shakespeare, "which thou hast often heard of, and it is
known to many in our land by the name of pitch," and
none have better reason to know the fact than the speculum workers. Like a good-natured friend, pitch often
becomes useful when least expected and most wanted"
It is used for cementing glass to glass or any other
substance, and, as shown in Chapter I I., it is also used
for the polisher. So the reader must add this
necessary to the other articles in his workshop. The
manner of using it as a polisher will be hereafter
describei; in this paper we will regard it merely as a
cement. When cementing with pitch the articles to
be cemented will require to be fairly heated, so as
not to chill the adhesive surface of the pitch. It will
render this latter evil less likely to occur if the glas'i
is lightly brushed with spirits of turpentine (which
should be allowed to dry) before the pitch is applied.
Sifted wood ashes, mixed with the pitch in the proportion of about two parts of the former to seven
parts of the latter,~will absorb the essential oil and
render the cement less adhesive. This mixture is
•
used by the speculum grinder, only when very small
or delicate work is being done. For ordinary purpose'i
the native pitch suffices. To harden pitch, boil for
some time, or add resin; to soften it, add spirits of turpentine or tallow. To toughen it add wax. 'Vhen a
large surface of glass is to be cemented, as, for example,
the speculum to its backing, for the process of figuring,
or when the glass requires frequently to be removed, it
is occasionally found necessary to lessen the adhesiveness of the cement. Thisis done, not by adding wood
ashes, but by turning rings in the pitch surface to
which the glass is to be fastened, or by laying narrow
(~ inch wide) slips of paper over the same surface at
intervals. It will be seen that in either case the adhesive surface is reduced. Such precautions will be
unnecessary if the speculum be a small one, and the
glass of which it is constructed of the proper thickness.
To remove a disc of metal or wood from a speculum there is but one proper way. If the speculum is
small, hold it in one hand, and strike the disc of wood
or metal smartly with a wooden club. If tbe speculum is large, it may be beld with both hands or laid
face downward upon a pad, and the stroke given by
an as"istant. Superfluous pitch which may adhere to
the glass surface may· be removed by careful scraping
and the application of naphtha. \Vhen turning pitch
the fragments flying from the tool will adhere to the
flesh and are extremely hard to remove. Care should
therefore be taken to prevent them flying about. Melt
the pitch, if possible, in an oven. If the open fire

must be used, the greatest caution is necessary tg .lilI'~~ .
vent a conflagration. Finally, pitch suitable forljlll;r
purpose can be obtained in small boxes of one po~:n(1.
each, for about twopence each box.
The rouge is a mixture of the red and black oxid~s
of iron. The red is too soft to be of much value in
glass cutting, the black too hard. Rouge of the kind
proper for glass polishing has a purple tinge, and
costs about six shillings for a pound. Two ounces
only (probably less) will be required for the polishing,
the only process for which the rouge is required. It
is made- I write for those who find themselves unable
to procure it-by mixing filtered solutions of sulphate
of iron and caustic soda. The grey oxide of iron
which will be precipitated from the mixture is repeatedly washed and finally calcined at a dull red
heat in:an open crucible.' It passes first into red oxide
and finally into black. The intermediate or purple
stage is that required by the optician. I t should when
sufficiently calcinedbe ground to powder and elutriated,
and it will then be similar to that which can be purchased of the chemist.
I t commercially bears, I
believe, the name of" jeweller's rouge." The method.
of using it will be detailed when we are polishing
the speculum.
The workshop is now completely furnished. It
merely remains for me to direct the attention of the
reader to the engraving in the last paper, and to aSk
him to study the position of the workman represented
there. The" bruiser" is shown on the shelf to the
right of the picture. Let the intending optician also
study any book to which he has access in which the'
telescope is discussed or described, so that he may
work later on intelligently.
(To be continued.)
----~::>o===,..+!<==_:~----

SMITHING AND FORGING.
By GEORGE EDWINSON.
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I,-INTRODUCTORY,-THE SMITHY, FORGE, BELLOWS,
FAN r ETC,

EFOJzE concluding a former series of
articles on "Brazing and Soldering," in
Vol. 11., I had occasion to briefly mention the art of welding pieces of iron
together, and to show that this process
was closely allied to autogenous soldering. Brazing
together articles of iron and steel is a work also
closely allied with that of smith's work, and thus it will
be easily seen that one art or trade dovetails, so to .
speak, into another trade, and we can scarcely drawl!;
strict line of demarcation between them. New sub"
scribers to this journal will find it to their advanfaw~
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ITS CONSTRUCTION AND MANUFACTURE.
By EDWARD A. FRANCIS.
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V.-METHODS OF WORKING (colltillued)-BY MACHINE,

S has been stated in a previous paper,
the earliest specula were ground ani
polished by hand. No record of the
use of a machine for that purpose can
be found, until the time of the elder
Hersche1. The predecessors of the reflecting telescope-those aerial telescopes, which, with an aperture
of only 3 inches or so, had a focal length sometimes
no less than 300 feet-were indeed often constructed
with machine-worked lenses; but the early speculum
workers seem to have had a wholesome dread of
trusting to a "senseless machine" that delicate
figuring, which, to perform succes"fully with the unaided hand, required such vast experience. This was
all very well while one man was powerful enough to
do the work, and small specula only were being
ground; but when it was required to employ workmen day and night, in gangs of twelve, to relieve each
other' in the polishing of a large speculum (and Sir
\Villiam H ersche1 had to do this), there is little cause
for wonder in the fact, that that indomitable workman
began to exercise his great mechanical abilities, in the
planning and construction of a speculum-grinding
machine: which goes to prove my former statement,
that the adaptation of machinery to speculum polishing was necessitated by the attempts to construct
giant reflectors.
According to the statement of his admirable sister,
Caroline, Herschel succeeded in making a machine
fit for use, about the end of the year 1788. \Vere this
information wanting, as much could have been gathered
from another source; for, three years later, \Villiam
himself records an observation of the planet Saturn
. h " a new mac h'me-made most excellent specuWit
lum." Yet in 1857, a writer (Dr. Robinson) complains
that the apparatus in question had never been described, and suggests that a great boon would be
conferred on the scientific world if the Herschels
would publish the manner in which their excellent
specula were formed.
On the 22nd day of August, J822, died Sir \VilIiam
Hersche!. So that he appears to have imitated his
predecessor, James Short, in the secrecy with which
he surrounded his method of speculum working; and
we hear no more on the subject until the inventor's
son, writing for the "Encyclopa=dia Britannica," gave
therein a description of the machine and the manner
in which it was used. To that authority, accessible
to all of my readers within reach of a public library,
I refer those who may be curi01,js to ex~mjne the

details of the first speculum-grinding machine-'a:
machine in which the speculum was worked over the
tool and polisher, and the movements of the hand
imitated by ingenious but simple mechanism. For
the action of a speculum-working machine, be it'
remembered, is in every respect an imitation of the
action of the hand in hand polishing, the movement of·:
the rods and cranks of the machine representing the
movement of the workman's arms: only the human
mechanism permits of far greater adaptability to circumstances than the cranks of a machine.
\Vhile the "great astronomer" was secretly perfecting his invention, other brains and hands had been
at work. Lord Rosse (then L()rd Oxmantown) in J828,
and again twelve years later, published a description
and drawing of a machine (to be hereafter dF.scribed
in this paper), with which he had successfully worked
specula up to three feet in diameter, and by the aid of
which he finally completed the speculum (which
weighed three tons, and for dimensions yet remains
unrivalled) of his great six-foot reflecting telescope.
Before the end of March, J834, Dr. Richard Green
had also invented a machine, upon which specula of
excellent quality up to nine inches in diameter had
been worked, and for which he subsequently received
the gold medal of the Society for the Encouragement
of Arts. A full description of this machine, with plate,
will be found in the" Transactions" of that Society,
Part I., vo!. 50. In this case also the speculum was
worked over the polisher, and it is noticeable that the
wheels, with the exception of that forming the revolving table to support the tool, were vertically placed.
By this time Lord Rosse's machine had become
known, and Mr. William Lassell, an amateur optician,
failing to obtain good results with it, drew up an
entirely different and original plan. This plan he
handed to his friend, Mr. James N as myth the
engineer, who, on it constructed a machine, complicated indeed, but nevertheless one, which, when
certain additions suggested by experience were made
to it, was long considered the most perfect of its kind.
I t would require a skilled engineer for its construction
so that I have not considered it necessary to illustrate
it here; but must again refer those of my readers who'
may be specially interested, to a description of it,'
which appears in the article "Telescope," in the
eighth edition of the Encyclopa=dia before mentioned.
Another machine of simpler construction has since
been planned by the same amateur, specially designed
for the working of large specula. *
Passing over a first machine constructed byMr;
Grubb, of Dublin (a professional optician), the next anq
last one to which the reader's attention should be);,
I. of the ., Transactions of the Royal Society Ilif: '
London" for the year ,875.
.

* See Part
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is the second machine formed by that gentleman for the purpose of working the specula of the
great Melbourne Cassegrainian Reflector. I t is of the
simplest construction, and apparently any desired
form of stroke can be obtained from it. *
\Vere any apology necessary for introducing this
subject at length, I would direct the attention of the
reader to the fact, that with the exception of that of
Mr. Grubb, all the machines of which I 'can find a
record, have been the outcome of purely amateur
research. A wide field is thus opened for those who,
in addition to an intention to construct a telescope,
possess constructive engineering abilities and tastes. A
few other machines have been described in English
periodicals during later years, but have in most cases
been, as Dr. Greene would have said, "the offspring of
a heated imagination, too generally failing shortly
after their premature birth when subjected to the
severe test of practical application."
My preliminary discourse is ended, and now the
description of two typical machines, shall form the text
for a full investigation into the kinds of stroke; the
necessity for a sound understanding of which is
shown in the last paragraph but one concluding the
second paper on this subject (page 52), which paragraph must be considered as part of the present article.
The reader should by this time have provided himself with the two glass discs necessary for the tool and
speculum. Let him bring them forth: he will then be
. able to demonstrate from my description the different
kinds of stroke, with much benefit to himself when the
actual working begins. For although this paper is
entitled and nominally treats of working by machinery,
that title is merely being used as a foil, which shall
show up with greater distinctness the use and effect
'. of the movements necessary in hand-working.
To secure equality in the abrading action, either
when hand or machine-working, it is indispensable
that the tool or polisher and the speculum should be
and remain in a horizontal position while action is
proceeding. It would be useless, for example, to
attempt to work a speculum if it was rotating verti~lly in the lathe, as the writer lately discovered an
amateur astronomer, who possessed considerable
theoretical knowledge of optics, preparing to do.
Small lenses are occasionally so worked, but it is imdra\O'11,

,. The late Prof. Henry Draper, of New York, in I857, and
.ilnbsequent years, produced several machmes specially adapted
.;Ilr the working of glass specula, some of which are illustrated
'Md described in " Smithsonian Contributions to Knowledge,"
l'art I80 (Washington, I864). Space will not permit me, to
'describe or illustrate them here; hut those of my readers who
~nd to pursue the art of speculum working by machine would
'•!. io well to obtain that publication, if possible, through some
eign bookseller.

2
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possible to truly form any spherical surface of
moderate dimension in that position.
Place the glass discs, one upon the other, on a
table or bench (as in Fig. 16, page 57)-the lower one
fixed, perhaps, sufficiently by its own weight. The
upper disc should be lying centrally over the lower, the
worker remaining in one fixed position (A, Fig. I) with
respect to the bench. The open hands should rest
upon the back of the upper disc, as in the sketch
accompanying the third paper, so as to secure control
over any movement it may be desirable to give to it.
Let the worker now push the upper disc in a direct
line from him, until its cen tre is almost on that edge
of the lower most distant from him, and the discs are
in the relative positions shown in Fig. 17, page 57.
Then, reversing the direction, pull it back past its
ariginal position until its centre is again on the edge
of the lower disc, but this time near to the worker, A.
The centre of the upper wiil then have moved in a line
over the lower glass, very similar to that shown by the
solid line in Fig. 26, marking out part of a very irregular elongated ellipse. This motion we will term for
further reference straz;Eilzt stroke, for the reason that
it is simply reciprocal motion in a series of almost
straight lines. Such a movement could be obtained in
a machine by a crank motion, as in the mechanism of
the driving-wheel of a locomotive.
But if the upper disc in the process of grinding
were simply moved to and fro in the direction indicated by the solid line, the resultant concavity in it
would be irregular, owing to the excess of action on
the line A B over that near the edges a b. In order to
equalise this action, the stroke should be given in an
ever-varying direction, as indicated by the dotted
lines. To insure this, either the workman at A should
move around the bench, giving each stroke of the
upper disc across the lower from a different point in
the circumference to that of the preceding one, or the
lower disc should revolve, and by presenting a
different diameter of its surface to each direct stroke
produce the same effect.
When hand-working, the former method is followed ; in machines the latter
To cause the lower disc to revolve in a machine, it
merely requires to be supported upon a horizontal
wheel. So that we have already two essentials for
a straight stroke machine-to wit, a crank motion to
give the stroke, and a revolving table to carry the
lower disc. To these movements two others are
added. Referring to the first figure, it will be seen
that the lines all meet at the centre of the disc. In
the rough grinding with plain tools this causes excess
of action at that point, by reason of the abrading
material collecting there; and when working with a
faceted tool, or polishing with a faceted polisher,
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FIG, 28,- LORD ROSSE'S STRAIGHT-STROKE MACHINE-PLAN,

rings of unequal wear are caused if the centres of the
tool and speculum coincide at every stroke, as I have
shown in the diagram.
A third motion has therefore to be introduced to
neutralize those errors. This third motion is a lateral
or "side motion," causing the upper disc to pass
always a little to the right or left of its preceding position on the lower. The object of the speculum grinder
being to distribute the action as evenly as possible
(as soon as the roughing-out is accomplished) over
both concave and convex surfaces, the upper disc is
also allowed to revolve. In a machine it does this, if unconstrained, without any special adjustment for the
purpose, by reason of its stickage to the lower rotating
disc, but in hand-working, it is obtained by a certain
automatic action of the muscles of the hands, of
which I shall have more to say later on.

c
o
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modified, and in section, Lord
Rosse's straight-stroke machine,
of which Fig. 28 is a plan, drawn
simply to show the manner in
which the rod J J is rigidly connected with the ring, embracing
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FIG. 30 -REV. W. HODGSON'S SPECULUM GRINDING MACHINE FOR SMALL
SPECULA, ADAPTED TO A LATHE HAVING OVERHEAD MOTION.
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FIG. 27.-LORD ROSSE'S STRAIGHT·STROKE MACHINE-SECTION.
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the polisher c. A table, f f f f,
is vertically pierced by five
spindles, Il, b, c, d, and ", with
their pulleys. The speculum
A B is resting face uppermost
upon its revolving table. 1\ly
readers should clearly understand, that the effect produced
is the same when the speculum
is being worked face downwards
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over the tool (as by hand) and
the tool revolves, as when the
tool is being worked over the
speculum (as in this machine),
and the sjJeculum revolves. The
first movement requisite is most
evidently a straight stroke. This
is obtained by the adjustable
eccentric D, and the jointed
crank H J J, which is caused

K

c
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FIG. 3I.-PATH TRACED
BY CENTRE OF SPECULUM OVER TOOL IN
ROSSE MACHINE.
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FIG. 32. ISOMETRICAL
VIEW OF MII. GRUBB'S
l?OLISHING MACHINE.
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to make a perfectly direct stroke by passing through
the fixed guide F.
The second motion, rotation of the speculum, is
obtained by a series of pulleys connected by bands
from K, where the force enters the machine, through
111 and 0 to Q. The latter pulley Q is on the same
spindle that supports the table of the >peculum.
Side motion, the third requisite, is caused by the
adjustable eccentric E actuated by the pulley R. This
eccentric carries a guide G, through which the rod J J
passes, and which is capable of rotating on its axis,
which it would necessarily do every time the wheel
E completed one revolution.
When this guide is
specially adjusted, it causes the rod J J, together with
the polisher, to oscillate from side to side as much
as may be required.
The rotation of the polisher, the motion which completes our list of requirements, occurs without any
mechanism, since it lies rerfectly unconstrained in
the ring which expands from the rod J J. The
polisher is loosely connected with one ann of the lever
5, which, having its other arm weighted, allows the
pressure of the polisher 'on the speculum-or the
speculum on the polisher, if the positions are reversed,
as would be almost advisable for a beginner-to be
increased or diminished at will.
The dimensions following are those of a machine
for a speculum 3 feet in diameter. By maintaining
the same proportions a smaller machine may be
accurately constructed: Pulley L, 30 inches in diameter; Ill, 7 inches; N, 18 inches; 0, 9 inches; P,
18 inches; Q, 36 inches; R, 30 inches.
The whole of the machine may be successfully
formed of hard wood, if the ends of the spindles and
the bearings are protected by thin brass tubing. Fig.
29 illustrates the path of the centre of a speculum over
the tool in a Rosse machine, and a comparison of
that figure with Fig. 26 will at once show the manner in
which the wear is distributed by a combination of the
movements which I have demonstrated to be
necessary.
A still simpler adaptation of the straight-stroke
machine, suitable for attachment to the lathe, is shown
in Fig. 30. It bears the name of the Rev. W. Hodgson, of Brathay. Probably it has been used only for
very small specula three or four inches in diameter,
the absence of any arrangement to create side-motion,
rendering it unsuitable for larger sizes. But though
that effect could be rectified by any skilful mechanic, it
is only as a pattern of a lathe attachment for small
specula working that the machine is here presented.
The polisher A tits in a ring, as in the Rosse
machine, but the ring here is joined to a strong catgut band B B B. To the overhead motion of the lathe
is attached an eccentric pulley c, over which a final

loop of the gut-band works. Evidently, as the
eccentric rises and falls, the band B B will rise and fall
with it, and, passing around the grooved pulleyD, this
vertical action is converted into a horizontal one.
At that end of the band most distant from the eccentric is a steel• spring E, which, acting in opposition to
the pull of the eccentric, gives a continual straightstroke motion to the polisher. The second requisite
motion, rotation of the speculum, is obtained by means
of a tangent screw running between the centres of the
lathe, and working in an endless screw cut in the
edge of the table carrying the speculum. This table
revolves in a socket in the casting F, which is bolted to
the bed of the lathe.
The third or side-motion is, as before noticed, unprovided for: but it may be observed that the standard carrying the grooved pulley D could be easily
modified, by providing it with an adjustment such, that
the worker (who must in any case be present during
the whole time of the polishing) might by a slight
movement create the required variation in the direct
stroke.
For the fourth motion the polisher rotates automatically in its ring. The terms "straight stroke,"
"side-motion," and" rotation" of the speculum and
of the polisher have been explained. If at any part
that explanation is obscure, the writer must plead the
difficulty of attempting to teach by description that
which actual experiment can alone properly teach,
and must request the reader to study the paper carefully through once again at a future time when the
results of actual experiments are fresh in his mind.
There remains to explain one other term to which
we shall frequently have to refer, namely, curved stroke.
The difference between curved and straight stroke
will be evident from a comparison of Fig. 26 and Fig.
31. Any attempt at minute explanation of this stroke
must fail. Having the discs before you, place the
centre of the upper disc slightly out of the centre of
the lower (e.g., the point A in Fig. 3 I) ; then with one
hand only resting on, or rather grasping, the upper,
move it in a line over the lower disc, similar to that
shown in the figure, walking slowly round the bench
meanwhile. It will be necessary to partly support the
body by resting the unoccupied hand upon the edge
of the bench. To perform the circular stroke properly there should be cemented to the back of the
speculum a handle small enough to be grasped by the
hand (see Fig. 18 et seq., page 57).
A speculum can be excellently polished by this
stroke alone: witness Lassell's machine, which gave
a continuous series of curves somewhat smaller than
those of Fig. 31. But the second machine of Mr.
Grubb is that which has been selected as a typical
curved-stroke machine.
It is shown, with certain
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detail unnecessary for small specula omitted, in
Fig. 32.
The speculum A rotates on a vertical spindle, which,
passing through the casting N, is connected with and
actuated by the wheels E, E, and those wheels are
connected by means of a belt with the shaft F. The
power is applied by the belt (or by hand in a machine
of smaller proportions) to the wheel D, which gears
into E. The cogwheel E drives the shaft F, which is
connected at each end by two equal bevel wheels, with
the spindles of the eccentrics G, G. The rods H, H,
working from the pins of the eccentrics, are, with the
latter, adjustable, so that the polisher I can be moved
in a great variety of curves over the speculum. As in
all cases where the tool is very large, it has to be
relieved of a part of its weight, and this is etTected
here by the rod K, which is counterbalanced by a
lever, as in Rosse's machine. The mechanism at L is
self-explanatory, being simply for the purpose of
raising the speculum from a horizontal to a vertical
or any intermediate position to facilitate the
testing.
It would not be necessary in a small, machine, but
has been permitted to appear in this illustration as a
refinement which would always be useful.
The iron framing M, M, which carries the working
parts can be raised or lowered with respect to the other
parts of the machine to admit specula of different
thicknesses to be worked.
The machine when complete would cause the
centre of the tool to traverse a line over the speculum
very similar to that in Fig. 3 I, except that the curves
would be less Iikel y to overlap.
Taking Fig. 32 as a guide, and rejecting all parts
not absolutely necessary, a machine as simple as that
of Lord Rosse, but ;>dmluing of a far greater variety
in stroke, might easily be constructed.
\Vith respect to the use of a machine in amateur
speculum working there is one important item-the
cost of labour-to be taken into consideration. If
the amateur is incapable of preparing the patterns
and finishing the castings, it is very, probable that
the payment of labour to construct a machine similar
to that in Fig. 32, would exceed the cost of a speculum
of the required size by a known maker. On the contrary, if the amateur optician is also an amateur
. engineer or a skilful wood-turner, the careful construction of the mach ine would furnish a pleasing occupation. But let him not think that, by forming a
machine he escapes the necessity of thinking; for a
complete knowledge of the varieties of stroke and the
manner in which they influence the figure, are as
necessary to him as to the hand-worker, and in one
l;ense more difficult to attain, for he must learn by
experience the exact effect on the curve of any given

alteration in the position of the eccentrics that govern .
the length and the description of stroke.
My final advice, then, is-if a single speculum
only is required, work by hand; if the manufacture
of more than one is intended, and you have the
necessary inclination to construct the machine, by all
means construct it; but, in any case, a beginner should
work his speculum, face downwards, by hand, and so
discover exactly what a machine has to do.
From this time forth-for we begin work in earnest
in the next paper-the worker should keep a written
record of his working, so that in the end the means
of obtaining any required effect will be simply a matter
of reference. Nor think, that in advising this, the
writer is becoming too exacting. \Vas it not he whose
example was quoted in the opening lines of the first
of these papers, who was able, "by a long induction
from innumerable experiments, al/7Ilinlttely recorded,
to communicate at pleasure an elliptic, parabolic, or
hyperbolic form to his specula, or to change any of
those forms at will"? And can we do better than
follow in his footsteps?
(To be continued.)
:
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GLASS PAINTING AND DECORATIVE
GLAZING.
By L. L. STOKES.

•
IlL-APPLIED COLOUR-BITING IN-FIRING-RE~
TOUCHING-LEADING.

::.:
,.:.,"
PPLIED COLOUR-It is now ' if the
.: :,' .
;-:'
"
::. subject demands them, that applied
colours are to be used. In figure subjects it is usual to make the faces, hands,
and any other flesh which may show, of
plain white glass, and these have now to be brought
to the proper flesh tint with china-pink or flesh-red.
The tracing colour is allowed to become thoroughly
dry, and the red, ground up with spirits of tar, is then
brushed on. This operation must be done quickly, or
there will be danger of softening and brushing up the
mat. It is not well to lay on the flesh tint too
heavily; the effect of too high a colour is cheap and
poor. If a deep or sun-burnt complexion is required,
it is better to reinforce the pink with tracing colour
than to try to gain the desired effect by excessive use
of the pink alone. J n using this tint, as in all applied
colours, the tyro will at first be perplexed and misled
by the difference of effect produced by it before and
after firing. But on this point he will presently gain
that insight from experience which he can derive from
nothing else.
'
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scheme, and with a strong suspicion that the Professor is playing hankey pankey, I observe his movements. He fetches a tumbler, which he wipes inside
with a damp rag wrapped round the end of a stick-he says, "to make sure that it is quite clean and free
from any trace of whis-, I mean grease." He then
pours a few drops of some liquid from what he calls a
" crystal vial "-to my unsophisticated eyes it looks'
like a glass bottle-on to a handkerchief. He does
this to render the fabric air-tight, 1 am told. He then
cover$ the tumbler with the handkerchief, and makes
wild dashes into the air with his hands, grasping, it
seems to me, at nothing, which, when caught, he carefully places under the handkerchief. This appears
very funny, so 1 ask what he is doing. He says,
l<Catching and condensing the smoke in the tumbler."
He shortly lifts the handkerchief, and I see with surprise that the tumbler is full of a dense white smoke.
r suspect a trick, and remind him that the carbon is
still in the form of smoke. The explanation is that
the thin smoke in the room is only partially condensed in the tumbler, but that further compression
would have resulted in the production of solid carbon.
Thus, concludes the Professor, will London be freed
from fog. The scheme does not commend itself, and
I· offer to tell him the old fable of the mountain in
labour. He does not want to hear it, as "it can't
possibly have any reference to the demonstration
which has just been made.'; Perhaps not; I, however, respectfully but firmly decline to take shares in
a proposed company to be named the "Prevention
and Abolition of Pea Soup Fog Company, Limited."
My notion is that the Professor, instead of cleaning
the tumbler, rubbed it with a rag moistened with
muriatic acid. He certainly handled the rag very
carefully, as if afraid it would burn his hands or
clothes. The liquid poured on to the handkerchief no
doubt was ammonia. Anyway, the mingled fumes of
this and muriatic acid do form a dense white smoke
just such as was in the tumbler, as anyone may
prove for himself.
The Professor is by no means offended at my
scepticism as to the success of his fog-clearing scheme,
but converses with his usual affability and volubility,
so that it is some time before I can explain the object
of my visit. Several pieces of apparatus are shown
me, but they are not quite what I want. One little
box which has just been finished attracts my notice as
being something fresh, and I take it up with a view to
explaining its construction in these pages. I am informed that its object is to cause money te vanish wiIh
rapidity and without leaving any trace of its presence.
The contrivance of such a box appears to me to be a
misapplication of ingenuity, as I have never heard of
anyone experiencing a difficulty in disposing of coin

of the realm in the ordinary way, so I reject it a$'tlb...
suitable.
(N.B.-Conjurors generally borrow the
money they want in the performance of their tricks,
and perhaps are at times so overburdened with that
useful commodity that a mechanical means of getting
rid of it may occasionally be necessary to them.)
I suggest to the Professor that I should much
prefer a box that would cause money to appear. This
he has not got-not yet! If, however, I would like
something that will produce not money but poultry,
why, he had got the very thing. This seems better,
so I examine one. It is a small square cage or box
with wire door in front, and nothing inside but a
perch. 1 make sure that it is otherwise empty, and
hand it back to the Professor.• who covers it with a
handkerchief. This is promptly removed, when, behold! three or four canaries have somehow or other
made their appearance inside the box. This will do ;
so as time is up, I arrange for a further interview with
the Professor, whose explanation of the trick, with the
necessary diagrams for the construction of the box,
I hope to give in a future number of AMATEUR
WORK.

In case any reader wishes to take lessons in conjuring, I can recommend Professor Enrique, Il,
Champion Terrace, Gr07/e Lane, Cambtrwell, S.E.}
who is not only a conjuror, but also a maker of conjuring apparatus. As such he will be very useful to
amateurs who wish assistance from a practical man.
(To be continued.)
o
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THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By ED WARD A. FRANCIS.

•
Vr.-THE SPECULUM GRINDER'S WORKSHOP (continued)
-ROUGH-GRINDING, TRUEING J AND FINING
THE SPECULUM.
;===.=
. ."'.'"<l. O\V

that the actual working is reached, my
readers will, in all probability, be astonished at its apparent simplicity.
They will question perhaps why this
present paper was not the first written.
Let me hasten to assure them that when the grinding
herein described is completed, the polishing yet
remains, and that when the polishing is, in its turn
also completed, then it is that their skill in and
knowledge of practical optics will be found all too
small to bring that final figuring, which is the consummation of speculum working to a successful issue.
They may be sure, too, that even the grip.ding, being
as it is the foundation of the finer working, is not so
simple as it appears by description: and therefore was
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it that this paper was not the first written-it would
be almost useless without its predecessors.
This chapter may be appropriately opened with an
explanation of the terms short stroke and long stroke.
When short stroke is written, it is intended to indicate
that the distance which the speculum traverses oyer
the tool at each movement, is short, varying from oneeighth to one-third of their diameters. A reference
to Fig. ID, page 56, will render this explanation
clearer; the speculum is there shown in section, at
the completion of a short stroke. By long stroke is
meant any movement by which the speculum traverses
from one-third to one-half of the tool. The completion of such a movement is illustrated in Fig. 17, page
57. In critical moments during the figuring it may be
necessary to be more exact, but the general terms
"long" and" short stroke" will otherwise be used.
The disc of glass which is to form the convex
tool, and which shall be hereafter known only as the
"tool," should be rigidly fastened by one of the
previously described methods, to the bench, and fairly
leyelled. It is easier to level this disc while it is still
flat than when it becomes the curved " tool;" and with
ordinary care it can afterwards be removed and re·
placed as often as is desired, without seriously altering
its truth in this respect. The metal face-plate may
be cemented to the other glass disc-for the future
the speculum-and it is advisable if the polish on the
back surface of this glass is to be retained immaculate,
that a piece of paper or linen should be cemented
over it to protect it from the sand and emery, which
will otherwise undoubtedly scratch it.
'Ye are now 'prepared completely for the rough
grinding. Place a handful of the moistened coarse
sand or emery upon the tool, and taking up the
position indicated by the sketch in the third paper of
this series, begin working. \Vith a speculum of the
diameter selected, 6J inches, the open hands will
naturally fall into the attitude indicated in the sketch
herewith, Fig. 33. This is a sketch of a workman's
hands when they were actually in position, and it
consequently presents them as seen by a second
person. If, however, the reader will invert the page,
the drawing is so arranged that it will then present
such a view of the hands as would be seen by the
workman himself.
The constant rotation of the
speculum is obtained by pushing the edge of the glass
round with the lower part of the left hand, and pulling
it with the upper part of the right hand. It will be
seen that these parts of the hands overhang the edge
of the speculum, it being of small size, and grasp it,
50 that the handle necessary, when a larger one is
being worked, can be dispensed with.
This subject of the action of the hands, which
ad:ion would vary more or less, according to the

dimensions of the speculum, has been thus minutely
entered into, because of its importance during the
finer.working, and it is hoped that with the aid of the
sketch, the reader will experience little difficulty in
acquiring the babit, of giving, almost unconsciously,
all the required movements to the speculum; for
the mechanical part of the working becomes an
almost automatic action after a short time.
The speculum should perform part of a rotation at
each stroke. The stroke used in the first grinding is a
straight one, simply moving the speculum to and from
the worker, except that at the:outset a few circular
strokes may be given to more eyenly spread the
abrading material.
Delicacy of movement is not
specially required as yet, but a free and swinging
delivery, so as to induce the san<1 to cut rapidly. The
object of the working, the production of a hollow in
the upper disc, should be continually borne in mind,
and every stroke should tend to it. One should not,
•
for example, raise the speculum each time the stroke is
completed, but should keep it well depressed so that
it may be the sooner hollowed out. Half stroke, as in
Fig. 17, will be about the best for the purpose.
Very soon the sand grains will become pulverized,
when both tool and speculum should be cleansed with
a sponge, and a fresh supply of the sand obtained.
The workman should continually walk round the
bench during the whole process of grinding and
polishing. *
At this first roughing out, no side stroke should
be introduced or there may be a danger of the
speculum being ground out of centre, to avoid which
danger the centres of the speculum and tool should
coincide at each stroke.
The term" wet" is a technical one applied to each
fresh application of grinding material, and it will
serve to remind the reader, that water is used during
the whole process of speculum grinding and polishing.
The sand or emery, when coarse, should be well
soaked, and the superfluous water being poured away,
any required degree of moisture -and the best degree
will be soon ascertained by the worker-can be produced by using the saturated sponge as a reservoir
from which water may be forced on to the tool. This
only for the rough grinding: for the finer, the small
" oil-can" mentioned in Paper 3 will be brought into
requisition.
About three hours' constant work will suffice to
rough out a 67 inch speculum of 5 feet focal length,
.. - - - - -..

-- - , . , - - - - - - - -

------"-

• It may be mentioned here, that, if because of insufficient
accommodation or of any other reason, it is found inconvenient
to walk round the bench employed, the necessary purpose may
be served by fastening the tool to a very heavy block, on a
firm table, and frequently turning the block during the grinding
and polishing of the speculum.
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but the reader is advised to take it in stages; for seded by the smaller pits of this second grinding,
assuredly roughing out a speculum by hand in this The cleansing process must then be repeated, and
fuanner, though not particularly laborious, is so the first stage of the trueing will be over. For this
purely mechanical that to one of ordinary tempera- first trueing the stroke should be shortened to about
ment, it becomes after the first hour positively irksome. one·third, so as to equalize the abrading action. It
bnly the keenness of the pleasure and the feeling of may be found necessary to shorten the stroke even
power which one has in the final working, where more, so as to reduce the wear on the centre of the
mechanical labour is entirely subordinate to skill, speculum, for the following reason.
When the first rough grinding is proceeding, the
fully, atone for the monotony of the roughing out.
The progress of the grinding can be traced from sole aim of the operator is to dig out the speculum to
time to time by the vertical application of the convex a certain definite curve. In order to do this rapidly
gauge to the ,concave speculum, or of the concave and yet correctly, he abstains from using side stroke.
gauge to the convex tool. Vertical application is The result is, that when the required curve is obtained,
necessary, because if either of the gauges incline to the action has been so concentrated on the centre of
one side or the other when testing, the curvature of the speculum, that that portion is cut away slightly
the speculum, or of the tool cannot be accurately more than is necessary for an accurate curve, and this
measured. The gauges should be applied exactly has to be allowed for in the earliest stage of the
across the centre of the glass disc. When the specu- trueing. This defect is, I am inclined to believe,
peculiar to Professor Thornturn and gauge coincide, the
tough grinding which will by
son's method of working.
that time have reached the
The irregularity can be
edge of the glass, may be diseasily seen by the amateur
continued, and the tool, specuoptician, if immediately the
lum, bench, and :lll that aprough grinding is completed,
he works for five or ten
pertains thereto, scrupulously
cleansed from the coarser
minutes with flour emery, after
grinding material.
cleansing, and then holds the
The working just described
speculum obliquely to the light
in the manner shown in Fig. 34.
is Indeed a roughing out. eel'The part of the surface acted
tainly it leaves us a nicely
hollowed out speculum, but
on by the emery will then apc10stl examination reveals the FIG. 33.-POSlTION OF THE HANDS WHEN GRIKDING pear to be semi-polished, while
fact that the glass surface i,
THF. SPECULUM.
in contrast the centre upon
which the fine emery has not
full of little pits and totally unreflective. It may appear somewhat paradoxical to acted, will remain roughened and unreflective.
speak of a speculum as zmrefledi'Z!e; but my readers
The working with the second emery should be
will remember that the word speculum is being used continued until by the use of short strokes and the
here, merely as a distinguishing term for the upper introducti0n of side motion, the central depression, if
disc of glass. It shall now be our endeavour to work any, has been corrected, and every pit of the roughing
the concave surface we have obtained, to as true a out has been removed. The grinding material must
spherical curve as possible, at the same:time reducing then be changed for flour emery, the specially washed
these tiny pits until the glass is suitable for polishing. emeries, be it remembered, are not yet to be touched.
For this purpose must first be used emery finer It should be constantly borne in mind that short
than the sand and afterwards flour emery; not touch- strokes tend to lessen the curve, while long strokes
ing yet the grades specially washed out for the fining. deepen it, consequently if short strokes have to be
" Trueing" shall be the title given to the next pro- continued for any length of time, it will be necessary
cess, for it works the rough hewn concavity to a true to work afterwards for a period with long strokes again,
curve. The fact of the speculum being hollowed out in order to recover the original curve. This would
ensures correct centreing for the remainder of the only be necessary if any particular focal length is deworking, so that side motion, which was shown in sired. When the flour emery is being used, very little
the last paper to be so necessary if we desire to will be required for each" wet," a quantity which could
obtain a spherical curve, may be safely introduced.
,be carried on a farthing being more than sufficient. It
With the finer of the coarse emeries, or a very fine should be uniformly moistened (with the aid of the
sand, continue working until all the marks of the before-mentioned oil-can) into a paste. Too much
first grinding are removed, they being entirely super· moisture is bad. The emery may be spread carefully
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over the tool with the finger, which should immediately it will reflect the rays back * until they meet at the
detect and remove any grit or large grains. Then focal point, in exactly the same manner that the reflecwith the bruiser (if one has been made) by a few tor A B reflects the rays D E, in Fig. 3, page 8. It will
circular strokes distribute the wetted emery evenly over be seen that we are reducing the theory of the first
the surface of the tool; on which the speculum should chapter to practice. The sunlight reflected from the
be then centrally placed as in Fig. 18, page 57. Do not speculum on to a paper or card will appear an irreguslide or draw it on. If the speculum be now pressed lar patch of light, larger or smaller as the speculum
down close, it will secure any coarse grains, which have is moved to or from the paper. When this light
escaped the finger and the bruiser, being crushed be- patch (virtually an image of the sun) is smallest, the
fore the work begins: thus no scratches will be made. paper will be exactl y in the focus of the speculum,
The grinding can now be proceeded with until the and the distance between the centre of the latter and
emery turns from brown to black, and
the paper is the true focal length.
becomes of a greasy consistency.
A convenient method of making
It must then be no longer used,
this measurement, is that of
but removed by washing.
fixing the speculum in the
The number of "wets"
proper position in the sun·
required of this flour
light, and then placing
emery depends upa thin rod agqinst
on the state of the
the centre of it.
surface after the
receiving the re.
rough grinding, but
flected light rays
the trueing should
upon a small piece
be continued with
of card slidingone-third
stroke,
along the rod. The
and a slight (about
end of the roe!
I inch) side stroke,
which would touch
until an evenly
the mirror should
grained surface is
be padded, and the
obtained. A small
card must be moveq
magnifying glass
along until the exact
may be convenifocus is found. It
ently used at this
should be remem.
•
stage to exam me
bered that all parts
the surface. It may
of the surface of
now be ascertained by
the speculum would se.
a more critical test than
parately reflect the light to
/f 0
the application of the conthe same focal point, and
vex gauge, whether the curve
that, therefore, it is of no matter
/
obtained is that required for a
if part of the light is cut off by
speculum of five feet focal length.
the paper or the rod used in
Although practically a difference
FIG. 34.-EXAMINING THE SPECULUM.
testing.
of a few inches more or less would
If the focus be too great the
be of little consequence, it is as well to be precise in second stage of the rough-grinding with long strokes
the measurement, and precision can be best secured must be again resorted to until the error be cor.
on a bright sunshiny day-somewhat of a rarity at this rected; if, on the contrary, the focal length be too
season of the year in our unstablf climate.
short, the worker may either prepare himself for the
When the speculum is held Jwards the window, exercise of unlimited patience in the final figuring, or
as pictured in Fig. 34, it presents .i semi-polished sur- he may adjust the difference, perhaps, without resorting
face, but when viewed directly, it will be seen that the to rough grinding, by working the speculum and tool
polish is insufficient to reflect even direct sunlight for a time in reversed positions, that is, the speculum
..
to concentration; which it is required to do for this
•
Much
in
the
same
mar.ner
Ihat
the
schoolboy
throws
present purpose. So to give to the surface a false
with a piece of looking-glass the reflected sunlight on to the
reflective power it should be wetted. If now the
wan or ceiling, only in our case the reflected rays are converging
wetted speculum is placed so that its optical axis (see to the focal point, while those reflected from the boy's mirror
Fig. 3, Chapter 1.) is pointing almost directly to the sun, are parallel.
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over the tool. This flattens out the curve, lengthening the focus. Only short (one-third or under) strokes
should be used for this correction.
Neither of these faults having been discovered, or
when being discovered they have been amended, the
" fining" may be proceeded with.
The" fining" merely consists of the proper use of
the specially elutriated emeries. Referring to Paper
4, it will be assumed that Dr. Draper's table of grades,
with the addition of a "sixty minute" emery, has
been adopted. Take first the" three second" grade,
. which is the coarsest, and placing a portion upon the
tool, work it in every respect similarly to the manner
in which the flour emery was worked in "trueing."
Repeat the" wet" three or four times with the same
emery, working each" wet" for about fifteen minutes.
By that time the grain left on the surface by the flour
emery will have given way to that of the "three
second" grade. Owing to the fact that this latter
emery merely consists of the coarsest grains of the
flour emery, the difference in the surface will be so
slight as to be practically unnoticeable.
The grade next finer should now be applied in a
•
similar manner three or four times, and then the
speculum and tool ha \'ing been thoroughly cleansed,
working should be continued with the same precautions
until the finest or "sixty minute" emery has been
reached. Of this as of the others of these elutriated
emeries, only the smallest quantity will be required for
each" wet." 1t is a good plan to work the emeries
of the last three grades for fifteen minutes, and then
instead of cleaning off at once, wash the tool only,
leaving it wet, and without applying fresh emery, work
on for a few minutes with that which remains adhering to the speculum: this adds to the ultimate
fineness of the grain given to the glass surface.
Apropos of washing the speculum and tool, it may
be mentioned that there is no necessity at any time
during the grinding to dry them, only wipe them perfectly clean with a damp sponge. Do not lift the
speculum off the tool when the grinding is nearing
perfection, that is, during· the trueing and fining.
Such a proceeding is liable to cause the edge of the
speculum to chip by reason of the adhesion of it to
the tool. The proper method is to slide the speculum
off with the right hand, placing the left hand underneath the glass to support it, and not lifting at all until
it is completely freed from the tool.
If any of the emery is worked too fine or too dry,
the speculum is liable to adhere firmly to the tool.
Should such an accident occur during the grinding, do
not attempt to part the glasses by force, but simply
plunge them in water, allowing them to remain there
until they can be easily separated. The speculum
should not be left unguarded upon the tool, for it may

slide off on to the bench and be damaged. At the
end of the trueing the pressure of the hands should
relax, merely grasping the speCUlum so as to have it
completely under control, and during the remainder
of the working no pressure is needed.
The amount of care which is required during
this" fining" cannot be over-~stimated. U pan the
manner of its 'accomplishment it depends, whether the
polishing can be at once proceeded with or whether
one of the earlier stages of grinding must be returned
to, for the purpose of correcting some error. If the
instructions have been intelligently followed, the glass
surface produced should be one that has been aptly
described as "exquisitely fine," and "semi-transparent" " appearing as if covered with a thin film of
milk." Viewed obliquely, as in Fig. 34, the surface
should appear beautifully polished. Moreover, the
concavity will be almost spherical.
How to remove the film and polish the glass to
perfect limpidity, it shall by my duty to instruct the
reader in a future chapter.
(To be continued.)
:
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THE ART OF PAINTING ON THE PHOTOGRAPHIC IMAGE.
By JOSEPH HARRIS.

•
VII,-DRAPERIES AND ACCESSORIES.
=="""~.=.;"i.. HAT a striking similarity there exists in
the accessories which almost invariably
accompany the photographic portrait.
There is the same chair, the same table.
with its very inappropriate table-cover,
the same ferns growing out from the top of a pedestal,
the same extraordinary combination of form in pasteboard which does duty for a rock to the photographer
in search of the picturesque, but which aforesaid
photographtr appears singularly destitute or uncertain
of the means whereby the best to secure his aim.
And this similanty of accessory or aid to pictorial
effect is by no means confined to the photographs
of English productions.
Frenchman and Russian,
German and New Yorker alike seem imbued with the
idea that the most natural thing for an individual to
do when he or she requires a portrait is to make as
rapidl y as possible for the table, the chair, the rock,
or the fern, and then-touch it with one hand! The
remaining digital member-what a mercy for the
photographer, the sitter possesses no more than two
hands to be posedr-the remaining digital member
invariably dangles by the side of the body in the
limpest of forms, as if in bewilderment at its unobtrusive position, and evidently desirous to share in
the prominence possessed by the hand whic}:l is
holding the back of the chair,

•
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night, no matter what, he must make the piece A of a
circular form, and pierce it with thirty-six holes, three
between each figure, in order to be roused at the
quarters, half-hours, and hours.
It is now several months since I first began to use
my electric alarum, and I can assure my readers that
it has never failed to fulfil the injunction which may
be read around its face.
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THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By EDWARD A. PRANCIS.

•
VII.-THE POLISHER FOR THE SPECULUM.
C"5'E=."".""'.., N the summer of the year 1782, William
Herschel visited the metropolis, his fame
as a telescope maker having preceded
him to the Court. That the brilliancy
of the new society into which he was
suddenly plunged offered to our astronomer·optician
no peculiar attraction, will from the following extract,
be evident :-" I pass my time agreeably enough," he
wrote to his sister on the 3rd of June, " but am rather
at a loss for work I like. Company is not always
pleasing, and I would much rather be polishing a
speculum."
This expression shall be the motto of our seventh
and subsequent chapters, wherein the reader may
learn whether he will be at all likely in the future, in
a moment of cynical humour, to make a similar statement; for the grinding, the trueing, and the fining
have each been accomplished in turn, and the consummation of our speculum working is approaching.
It will be remembered that the concave glass
surface should now present an" exquisitely fine, semi.
transparent 'I appearance, the result of the minute
scratches made during the last grinding with the
sixty-minute emery. The polishing, which is but a
still finer scratching process, must be performed with
the aid of a more delicate abrading material.
That material, which has been referred to in a
previous paper, is rouge. Against the rivalry of oxide
of tin (putty powder) and other substances, rouge has
maintained, and appears likely to maintain, a premier
position as a polishing medium for specula. The
style of working, too, must be changed. It has
hitherto been performed upon a rigid tool-surface; it
is now necessary that a softer surface should be
employed, one into which the microscopic grains of the
polishing powder may imbed. Cloth and paper serve
this purpose efficiently when the optician is lense
polishing: but for specula, pitch has been and is
almost invariably used: which fact was before cited as
a sample of the conservativeiom of the art of speculum

working, pitch being the substance selected by the' .
very earliest of the imakers of reflecting telescopes'
The pitch has not been selected for this purpose only
because it presents a surface in which the rouge grains
may ,become imbedded - many other substances
satisfying that requirement-but also because of its
peculiar inelastic pliability.
In the first chapter it was shown that the curve
which it would be absolutely necessary to communicate
to the great speculum of a perfect Newtonian
telescope was a parabolic one. Wanting this curve,
the light from the object would be irregularly
reflected, and the telescope would fail in its intended purpose for lack of defining power. While
ever the grinding is continued with rigid tools, as for
example, those of glass or iron, only a spherical concavity can be obtained: the pitch, on the contrary,
by reason of its pliable inelasticity, will assume under
skilful hands any peculiar curve, and, moreover, maintain that curve for a time sufficient to communicate
it to the surface of the speculum.
This may be better comprehended, if the infinitesimal difference between the spherical and the parabolic
concave, between the perfect and almost perfect mirror, is constantly kept before one. The amount of glass
removed by a few dozen strokes with a pitch polishing
tool would be, it may be thought, totally inappreciable,
yet would it make a perceptible difference in the
figure of a perfectly polished speculum.
Attempts have been made to substitute other, and
apparently more suitable substances, for pitch, but
only in rare cases has the ultimate success equalled
that obtained with the old-fashioned polisher. From
this summary may, perhaps, be excepted resin; which
possesses in its transparency a certain advantage over
its opaque relation, but it appears to lack somewhat
that peculiar pliability which is inseparable from good
black pitch. Lord Rosse, when he required for his
polisher a surface harder than a pitch surface, satisfied
the requisition by the construction of a polisher
having, as it were, a double skin. The base, or first
coating, was composed of a comparatively soft resin,
and the surface of a harder quality, toughened by the
addition of wheaten flour. This addition was necessary
to prevent small pieces of the resin from becoming
detached from the somewhat brittle facets, and rolling
about between the polisher and the speculum, and
interfering seriously with the proper action of the
polisher.
So that if the reader finds it impossible to obtain
pitch of a suitable nature, a moderately soft resin will
serve the requisite purpose.
In shape the polisher has been subjected under
different hands to many variations, a description 'df
which, and any discussion as to their effect on the
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figure of the speculum, will appear more legitimately
in the chapter on figuring. Here, only, shall be described the construction of a pitch polisher of that
form which was adopted by the writer as the best,
after a series of experiments with a variety of forms.
Having as its base the glass tool, it is necessarily circular, and of the same diameter as the speculum.
The pitch of which it is composed is known commercially as " best black pitch"; and is substantially
the same as that used by the professional speculum
workers in England and America. It is epclosed in
small wooden boxes containing I lb. each, and costing in London at the oil and colour stores twopence.
It must be absolutely free from dirt or grit, and it
generally is so: in order, however, to be assured of
the fact, it is advisable to strain it, when melted,
through muslin. A convenient, and at the same time
safe, method of doing this is to break the pitch into
small pieces, and place it in an earthen jar in an oven,
until it is completely fluid, when it may be strained
through distended muslin into a second receptacle,
which in turn should be consigned to the oven when
required.
While the pitch is being melted it is essential that
it should be protected from dust and dirt, and alsoand this is of the first importance-that it should not
be allowed under any circumstances to boil. The
action of boiling would generate air bubbles which it
would be almost impossible to remove, and which,
unless removed, would spoil the polisher; any variation of the temperature of the polishing room affecting
the enclosed air and causing an elevation or depression,
as the case might be, on the surface of the polisher.
The pitch may be occasionally gently stirred while
melting to increase its homogeneity; indeed it must be
stirred, if resin, wax, or spirit of turpentine (for the
purpose respectively of hardening, toughening or
softening) be added to it.
It will be noticed from Fig. 2, that the pitch is
attached in small squares or facets, each facet being
separated from its fellow by a narrow channel. This
formation is necessary for several reasons. The virtue
of the polisher lies in its pliability, and this pliability
is increased if each separate facet has space on every
side to expand under the pressure of the speculum.
If the pitch is of a proper consistency, very little expansion should occur; indeed, a serious diminution of
the width of the channels is an evidence that the
pitch of which the polisher has been composed is
too soft for its purpose, and a new polisher of
similar pitch with the addition of a certain quantity
of resin would be required to be made. Again, it is
necessary to the perfection of the polishing that the
polishing material should be evenly moistened and
(listri!?Uted, and for this reason the channels h<J.ve a

complete intercommunication, so that the liquid which,
as it were stores and moistens the rouge, may be regularly distributed. Furthermore, were these channels
absent, the atmospheric pressure would offer a serious
obstacle to ease of polishing, for the air being unable
to reach the under side of the speculum would cause
it to adhere to the pitch, with the result that the
polisher would be spoiled.
The proper hardness of the pitch must be made a
matter of experiment, many effects preventing the
definition of any arbitrary test, but it should yield
when cold to a moderate pressure of the thumb-nail.
To proceed with the construction of the polisher.
Every appurtenance of the grinding, and every trace
of emery should be removed from the bench, together
with the glass tool. The latter, after washing and
drying should be placed upon a level table or upon the
bench, and should have fastened around its edge a strip
of stout paper forming a rim about l inch in height, to
prevent the melted pitch from escaping. The paper need
not be cemented to the edge of the glass, but only
gummed slightly where it overlaps, this permits it to
be easily removed. The precaution of providing this
paper rim, may, it will be found, be dispensed with
when a little experience in the construction of pitch
polishers has been gained, for the workman then
learns to distinguish when the pitch is of a proper
consistency for pouring, and has poured the necessary
quantity, rapidly moulded it to shape and stamped the
facets, without permitting it to run down over the
sides of the tool.
The sponge which has been used during the grind
ing processes must be placed aside, and a new one
obtained, for even an elaborate cleansing may fail to
remove some :urking grit from its recesses.
A portion of thp. rouge should be placed in a
covered phial or wide-necked bottle, and water added
to make a thick solution. To apply the rouge a
camel's-hair brush, preferably flat and about t inch
across, may be used. It is imperative that this rougepot should be covered when not in use, to exclude grit
frClm it. The speculum, together with a dish of clean
lukewarm water in which it can be partially immersed
in a case of emergency, should be at hand.
The tool ~hould be now gently warmed, and the
surface kept perfectly dry; the inside of the paper
rim only being wetted to prevent its adhesion to the
pitch. The pitch should be poured gently on from the
centre, until the convex glass surface is covered to the
depth of a little less thal1c%a l inch. If the pitch be
not of sufficient liquidity to spread rapidly to the
paper rim, it may be poured on by a spiral motion
from the centre to the edge. As soon as a sufficient
quantity is poured, the speculum previously wetted
with the rouge brush on every part of its COIl cave SlIr·

..
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face, should be laid centrally on the pitched tool and
quickly removed; this moulding to be repeated until
the pitch has assumed a convex surface of the same
spherical curve as that of the speculum. The paper
rim may now be torn away, and the superfluous pitch
at the edges may be cut off, the speculum centrally
placed on the tool forming a guide for
the knife. Each time the speculum
is used for moulding, it should be
wetted, to prevent adhesion to
the pitch, and for the same
reason the time that it is
allowed to remain in
position should be
very short.
The pitch, as stated, should be poured
on to the thickness
of about a l inch,
rather less than more.
The thickness of the
pi tch coating is a
somewhat important
point. Primarily, it
must be of uniform
thickness, for if, for
example, the tool
were so tilted that
the thickness of the
pitch at one side was
FIG. 33.
TilE POLISIlE:R OF PITCIl.
much greater than
Sc~llej half size, or 6 in, to I ft.
that at the other, and
the after moulding
with the speculum
failed to correct the
error, the thicker
parts of the polisher
would be more pliable than the thinner,
the polish would be
irregular, and the
figure of the speculum would be spoiled. The liability of
any appreciable error
from such a cause,
evidently decreases with the thickness of the pitch.
On the other hand, unless the pitchy coating is of a
certain thickness, the pliability which is the special
virtue of the pitch would be comparatively lost. For
a speculum of the size with which we are dealing, a
thickness of l inch has been proved by experience
to be very suitable; and although it is less than is
generally advocated, the reader is advised at the
beginning to have his polisher, with respect to this

.

standard, slightly thinner rather than thicker.· If 'a
reflector of larger dimensions were being figured, it
is advisable to increase the thickness in proportion.
We have now a pitch tool, correctly formed, but
not faceted. As a matter of fact, faceting, when
produced by stamping, can be accomplished before
the pitch has thoroughly cooled; but,
to simplify matters, the pitch surface of this, the first polisher,
shall be warmed and softened
again, in order to allow the
grooves to be formed.
From Fig. 35 the arrangement of the facets C'in be seen; and
Fig. 36, which is a
sketch of a portion
of a typical pitch
polisher, shows the
facet in relief. It is
plainly evident from
the latter sketch, that
if each facet could
be separately cemented to the convex tool,
the pouring and
spreading of the pitch
which has just been
described might be
dispensed with. This
is sometimes done,
the facets being cast
from molten pitch, in
little moulds, and afterwards attached to
the curved surface of
the tool, upon which
the places they were
to occupy had been
previously marked.
Or the pitch is rolled
into a strip of uniFIG. 38.
form thickness, and
ST AMP FOR FORMING PITCH
the facets cut from
FACETS.
the strip.
The first process
is one to be recommended, but it entails considerable labour j practically, neither is advisable when
the surface to be covered is so small as that with
which we have to deal. Moreover, we have the
pitch, before use, in a solid sheet, and we have only
two other methods left to select from: these are cutting and stamping. In the former, the facets being
carefully marked out. the grooves are either sawn otl't
with a very fine saw, or CUt with a sharp chisel, wi~h
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be our endeavour in
thellccompaniments
the polishing; for if
of chips of pitch, and
the risk of damaging
once we lose control
the facets: therefore
over its regularity,
it cannot be recomwe may very possibly
mended. With the
have to regrind the
stamping there are
glass to regain the
no chips whatever.
lost curve. For the
•
and no danger of
curve to remam undamaging the polishaltered while the
ing surface.
glass is being cut
The method of
away, it is plainly nestamping will be evicessary that the surdent from a short
face must be equally
study of Fig. 37 : the
abraded or polished
actual
instrument
-a point of perfecused is shown in Fig.
tion much easier to
38. We will term it
conceive than to
FIG. 36.-POR1ION OF PITCH POLISHER SHOWING FACETS IN RELIEF.
the stamper. It conreach; and the arsists of two small sli ps of wood each 7 inches long, rangement of the facets has a great deal to do with
its ultimate attainment. If one facet were placed
I~ inches wide, and about .i inch thick: the harder
the wood the better. A third slip of wood, of the exactly in the centre of the glass tool, and the
same length, but of a width equal to that decided others were geometrically arranged round it, perupon for the facets, is placed between the former two, fection, as far as appearances go, would be reached;
and the three pieces are firmly screwed together, as but a slight investigation would lay bare the fact
indicated in section in Fig. 37. The upper edges of all that the tool would then consist of rings of pitch
three are rounded or finished in some other manner; concentric with the tool. The application of a pair
but the 100ver edge of the central piece is left square, of dividers to Fig. 35 will at once indicate what is
and those of the others slightly bevelled, in order meant. The dividers should be centred on the centhat the base of the facet shall be wider than the top. tral point of the central facet (which, be it noted, is
The edges should also be curved in a manner similar 1Iot the white point); and then if a series of circles
to the concave gauge.
be drawn, certain of them will be seen to be enIt has been stated that the stamping of the polisher tirely on the black facets, and others almost entirely
should be performed between the moment of pouring on the white channels. So that the surface of the
out the filtered pitch and its cooling, but that, as the speculum, if centrally worked, would be irregularly
worked, rings of unequal wear forming.
making of the polisher is a very important
The same test applied with the
part of the speculum worker's business,
the pitch may be softened again, in order
dividers centred on the white spot, which
that the stamping may be a complete
is really the centre of the polisher, will
success. To effect this, the polisher may
demonstrate by the aid of a little research
be simply held before a fire; but it is
that the arrangement of facets given in
likely to soften irregularly. It is best to
Fig. 35 is almost perfect ; as a matter of
l}ave recourse to an oven, which being
fact, it even allows side motion to be disbut moderately heated, should soften the
pensed with occasionally in the figuring.
pitch equally throughout. One other
For, be it remembered, side stroke is
thing may be considered before the
. only introduced to neutralize errors (such
stamping
beas those rings
gins. The figure
of unequal wear)
which the conwhich are causcave has, is, we
ed by the con•
•
hope,
truly
stant COIDCIspherical:
to
dence of the
that
preserve
centres of the
figure in all its
tool and specuregularity must
lum, and here
FIG. 37.-STAMP FOR TURNIl-lG PITCH FACETS, IN SECTION.
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when the discs of tool and speculum coincide the
actual working centres do not.
The size of the facets is another point which must
be considered. Those shown in Fig. 35 are onehalf of the most suitable size, unless the squares are
to be again subdivided by smaller channels.
To return again to the stamping. The pitch
having been heated to a proper pliability, the stamper
which should have been well soaked in water, should
be smeared on its lower edges with the rouge-brush,
and the centre of the blank pitch tool and the position of the central groove being marked, the little instrument should be placed in position, and firmly
pressed down, forming two grooves, which we will call
a and b, that nearest the centre of the tool being a.
The stamper being then moved until that lower edge
which formed groove a is in groove b, pressure should
be again supplied, resulting in the formation of
another groove. This action should be repeated until
the pitch has cooled, by which time the polisher will
have probably received the impression of one set of
parallel grooves. A second series, at right angles to
the first must then be stamped in a similar manner,
The polisher will then present the appearance of Fig.
35, but the grooves will require to be perfected. To do
this, place the speculum in a vessel partly filled with
lukewarm water, and slowly raise the temperature by
the addition of hotter water until the speculum is
moderately heated. The heat should be very slowly
raised or the glass may break. The surface of the
speculum being smeared with rouge and water, it
must then be placed over the pitch facets, to bring
the surface of the polisher into exact conformity with
the concave glass. The pitch tool may also with advantage be suspended for a few moments in warm
water, and then the heated speculum prevents the
pitch from quickly setting while the weight of the
heavy disc of glass shapes the surface. The speculum must not be allowed to dry, or remain long
in one fixed position during the short tin'.e that it
is on the polisher. 'lVhen this has been don e the
channels will, in all probability, have slightly closed,
and an elevation will be observed at the edge of
each facet, where the thickness of the pitch has increased as a necessary consequence of the formation
of the grooves. The softening, stamping, and moulding must be continued until the two effects abovementioned are no longer noticeable, the grooves
presenting a clean and regular appearance. It is
essential that they should intercommunicate freely.
The facets may, finally, if extreme precision be
desired, be trimmed off with a fine edged chisel or a
razor.
Cover now the whole polisher with a single coating
of rouge, and rest' the previously-sponged speculum

upon it for a moment. Each facet should leave an
imprint in rouge upon the glass concave, otherwise
the pitch is irregularly moulded and will require
further attention. Lastly, the polisher may be rinsed
in tepid water, and replaced in a rigid position upon
the bench, and the speculum, being placed centrally
upon it should be allowed to remain so, with the exception of slight movements to prevent adhesion, for
fifteen or twenty minutes. At the end of that time
the pitch and glass surfaces will be in complete con·
tact, and the polisher making will be finished.
The glass is polished by moving it to and fro in a
manner precisely similar to, but far more deliberate
than, the grinding movement.
It was intended to completely dispose of the
polishing, as distinguished from the figuring, in this
chapter, but the inexorable fiat of space forbids the
completion of that intention. Enough has been
written, however, to initiate the reader into the manufacture of the polisher; that manufacture he may
practise, although it is doubtful whether he will construct as many as did the writer for ltis first speculum,
which, and herein rests a moral-slipped when completed off the polisher on to the stone floor of the
workshop with disastrous results. Under no circumstances, when experimenting in the construction of
polishers, leave the speculum unguarded.
Above all, do not attempt to actually polish until
the next chapter has been read; for the unwise
polishing of an hour will necessitate a return to the
earlier processes.
(To be continued.)
=

GLASS PAINTING AND DECORATIVE
. GLAZING.
By L. L. STOKES.

•
V.-ENAMEL PAINTING ON GLASS.-PLAIN PATTERN
GLAZING.

NAMEL PAINTING ON GLASS.-In
dealing with stained glass work, we have
seen how in that branch of our art the
effect as regards colour mainly depends
upon the original stain of the material,
and that applied colour,apart from the means employed
for producing light and shadow, is merely an occasional
and accessory thing. In that branch with which we
have now to deal, we shall see that applied colours
are everything, the glass used being of the ordinary
colourless kind.
Since in enamelled work the designs are carried
out on large and regularly-shaped sheets of glass, the
designer is enabled to work with far greater freed,om
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cold drawn brass wire to form a spiral spring half an
inch in length.
Bore the hole in the steam block F, Fig. 30, a tritle
larger than D, Fig. 28, so that the piece of screwed
wire will pass through it easily, yet without having
much room for play.
Tap the ends of the steam ways at the sides of the
steam block for steam and exhaust pipes respectively.
Now give the cylinder face and surface of steam
block a final rub with a little oil upon a good tlat oilstone to take off the burrs at the edges of the drilled
holes, etc. Probably no great difficulty will be experienced in getting the surfaces true and tlat. To
ascertain whether you have succeeded in obtaining a
good fit, you have but to smear one of these surfaces with a little red lead and then press the other
•
•
agamst It.
Screw the piece of wire into its place in the bearing face of the cylinder, push it through the hole
bored for it through the steam block, pass the spiral
spring over the end of the wire projecting on the
other side of the steam block and screw on the small
milled nut. It will be seen that by means of this nut
the tension of the spiral spring can be altered, and
the surfaces of the cylinder face and steam block
brought together with more or less pressure as required.
The crank casting may now be bored and tapped,
and the shaft cut off to project ~ of an inch beyond
its bearings, and one end screwed to take the crank.
The crank pin is formed of a small piece of steel
wire, ! or ~ of an inch long, one end being screwed to
fit the casting.
Now bore a piece of brass measuring about ~ X l
of an inch with a hole a tritle larger than crank pin.
File up this piece of brass square, or, if preferred, it
may be turned off. a piece of rod in the same manner
as the tension nut was formed. Drill a hole in the
edge, and tap this to take the top of the piston-rod,
which must also be screwed to fit, after it has been
cut off to the right length. This may be ascertained
by a reference to the working drawing.
Now the steam block may be placed in position
upon the bed plate, with the crank upon the shaft,
and the head of the piston-rod upon the crank pin;
and taking care that the centre upon which the
piston works is directly under and parallel with the
shaft of the tlywheel, mark the position for the holes
in the bed plate which are to receive the screws by
which the steam block is to be held in place. It will
probably be found that the steam block comes partly
between the legs of the front standard.
The holes in the bed plate are now to be drilled,
and the steam block bolted down to it. It may
probably be found necessary to make the heads of

the bolts which secure the steam block very shallow,
so that they may not interfere with the screwing in of
the steam and exhaust pipes.
The piston must be packed with a little tow and
oiled; and now, with a little oil upon the shaft of the
tlywheel and on the cylinder bearings, our engine
stands complete and in working order, as shown in
Fig. 32, where it will be observed, however, that part
of both standards has been omitted in order to exhibit
the tension spring with greater clearness.
:
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•
VIII,-THE POLISHING OF THE SPECULUM (continued).
CONTEMPORARY of James Short,
Mr. John Mudge, leaves it on record
that he polished his specula always in
spring or autumn. The summer he
found too hot to permit the pitch to
maintain a desirable condition; the winter, for the
same purpose, was too cold. A slight consideration
will show that the workroom warmed to summer heat
would render winter no obstacle, while the use of a
harder kind of pitch would enable one to work in
summer. On one occasion the writer completed a
mirror on Christmas Eve, and the pitch, although in
a room without a fire, was perfectly pliable, but then
the eve of Christmas in England has often more
of the traits of the opening, than of tlie final season
of the year.
At the end of the last chapter the speculum was
left resting upon the newly-formed polisher. It is
possible for several things to be wrong with the
polisher; if any of them be, or not, will be very evident
at the first attempt to polish. Accuracy in every
detail will result in the speculum moving with an easy
regular motion over the polisher, very soon after the
workmal} .begins to polish; inaccuracy will cause
adherence, not absolute, but intermittent and tantalizing. If the channels between the facets be too
narrow (i.e., if they have been cut smaller than was
directed), if the pitch be too soft, or too hard, or not
homogeneous, or badly moulded, the speculum will
refuse to work properly. This should result in the
would-be optician taking a cool survey of his position,
and deliberately deciding to which of the above causes
the error is due. If the channels be too narrow, widen
them to the directed size. If the pitch be too soft, as
will be evident from the tarry appearance on the glass
surface, and a general tendency of the facets to
expand, scrape it off, and construct a new polisher;
there is no other cure. Is the pitch too hard? (it
•
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should yield to a gentle pressure of the thumb nail), tained by flattening the edge, and so lessening $ligh~Jy
resort to the same arbitrary remedy. Bad moulding there the angles of incidence and reflection. -The
can be amended by warming a part or the whole of manner of procuring either of those alterations of
the polisher and remodelling it.
figure shall be hereafter explained j it is qecessary
All being well, the polishing may be proceeded first to enquire into the method by which we are ~o
with for about the space of half an hour, confining tell whether the glass speculum is of a parabolic figure
the movements, however, to one-third straight stroke or not, and, if not, what parts of the surface should
and a very slight side motion. The elbows should be be specially acted on to obtain the desired curve.
The methods of testing the figure of any speculum
kept well to the sides, and the whole body swung
gently to cause the stroke, maintaining always con- were, previous to the year 1858, very primitive, being
stant rotation of the speculum under the hands, and chiefly confined to the examination of a watch dial, or
walking round the bench slowly. Very slight down- some similar object, placed at a considerable distance
ward pressure will be required, the hands merely from the telescope, or of a star. The tests were most
generally based upon the fact that an accurately
guiding the glass in its path.
It is now necessary to indulge, for a time, in one polished parabolic concavity will reflect an image of a
of those theoretical dissertations which the reader star to a focal point equi-distant from all parts of the
was spared in the opening chapter, and which will reflecting surface. A reference to Fig. 43-a sketch of
require for its easy understanding a reference to the Mr. Mudge's testing apparatus-will show the manner
illustrations of the first paper.
in which this peculiarity was pressed into the service
After thirty minutes' work the polish will have of the optician. The outer circle, A, B, C, is intended
begun to appear on the glass with a rapidity which to represent an end view of the telescope tube. Into
will, most probably, surprise the workman. From the tube was fixed a wooden cross-bar D, carrying a
that time until the finish it will be necessary that he flat ring E, formed of pasteboard. The ring E, cut
should continue, not with a helpless dependence on off the light from a part of the speculum between the
chance, but with a knowledge at any moment of the centre and the edge, which part was assumed to be
perfect. A small disc F, and a larger flat ring G, were
precise figure of the glass under his hand.
It was demonstrated, see pages 7 et scq., that the also prepared to cut off the light when required from
curve required for the great speculum of a Newtonian the central and extreme portions of the speculum
telescope is a parabolic curve. To change a spherical respecti'fely.
If the telescope, being completed, but having the
to a parabolic curve it must either be deepened at the
centre or f1attened at the edge. Let this be illustrated ring E, and the disc F, fixed to shut off all the light
by an anecdote. \Vhen Lord Rosse, in the year 1828, from the central parts of the speculum, were turned
was experimenting at Parsonstown, he knew nothing on a distant object, an image of that object would be
,
of the direct method of figuring. What he did know, formed by the outer portion of the speculum only, and
was that which has just been stated, the difference might be carefully focussed with the eye-piece. It has
between a sphere which he could obtain, and a para- been stated that the reflected image is in a perfect
bola, which, of course, was what he required. Knowing speculum equi-distant from every part of the reflectthis he constructed a 6-inch metallic mirror, of 2 feet ing surface, and therefore, if the ring G and the di:;.c
focal length, in two parts, the central part about three F were swung round upon the pivot H, so as to cover
inches in diameter, separate from the outer part, and the outer part of the speculum and leave the central
to the complete metal he communicated a spherical part exposed, the reflected image formed by the
figure. A reference to Fig. 3, page 8, will show how newly exposed surface, should occupy precisely the
the central part of a spherical speculum reflects the same place as did the previous image. If it did not,
rays to a greater distance from the mirror, than does an adjustment of the eye-piece would be necessary for
the outer part. So Lord Rosse made the inner por- distinct vision, and it was the profession of ,the
tion adjustable by a very fine screw motion, and then optician to determine partly, from this adjustment, the
very delicately withdrew it with respect to the outer amount of deviation of the curve of the speculum
ring until the images reflected by both portions coin- from the true figure, and the manner of remedying
cided, when necessarily the spherical aberration to it. The reader should understand that placing the
was greatly reduced; but the experiments were screens at the mouth of the telescope tube would be
abandoned. Very evidently then deepening the centre equivalent to placing them immediately in front of
is one way of correcting the sphere, a careful study of the speculum.
Mr. John Hadley, about the year 1720, made a
Fig. 3 will show that the same result could be ob-~"--""-"---- ---------------~step in advance in the method of determining t1J,e " See Chapter I,
c;:onfiguration of any concave surface. I~ will ber:e.
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membered that that end of the radius of curvature * further than that which could be tested for, would be
most distant from the speculum is called the centre of necessary to perfect the parabolic figure. This test
curvature. Rays of light emanating from the centre in a modified form, may be occasionally called in to
of curvature of a concave mirror will be reflected our aid.
The third system, it is, however, upon which the
exactly back again to that point. Mr. Hadley placed
a candle having a punctured screen before it at the method about to be described is based; by it the
centre of curvature, and then examined the reflected speculum may be completely finished without leaving
image of the aperture with an eyeglass, as in Fig. 40, workshop and testing room.
and by the distinctness with which its rugged edges
The reader may glance at the sketch herewith,
were pictured, and by the appearance of the converg· Fig. 39- In it the artist has depicted a testing room t
ing and diverging rays on either side of the focal in all its simplicity. No elaborate instruments can
point, the quality of the reflecting surface was dis- there be seen, no other appliances being required than
covered, and to one experienced in mirror working, the mirror, a lamp, a metal shade for lamp, and a thin
the procedure necessary to improve that surface was metal screen.
indicated.
The mirror will require no special preparation.
Until the year 1857 those two methods separately When it is removed from the polishing it should be
and combined, or occasionally entirely modified, were allowed to dry and then be lightly polished with a
used, but in February of that year, M. Lean Foucault soft chamois leather, to remove the rouge. The box
communicated to the Academy of Sciences in France shown in the sketch, for supporting the mirror while
a new method of examining the surfaces of specula, it is being tested, shouid be of stout seasoned wood.
The lamp with its shade is illustrated in Fig. 41.
in part similar to that of Mr. Hadley but capable of
The kind of lamp used is immaterial, indeed, for the
far more certain and delicate application.
The Foucault system, really embraced three word lamp, light may be conveniently substituted, for
separate tests. With the first of these it is not pro- from a rushlight to the oxyhydrogen or electric light,
posed to deal, it was merely the substitution of a thin anything will do. The shade is cylindrical and is formed
lath having parallel sides (as a flat wooden measure) of thin sheet metal, tin, or brass. It should be of a
for the candle flame. By viewing the reflected image size sufficient to permit it to be slipped on over the
of such a lath it is possible to judge. of the general candle or lamp glass, so as to imprison all the light
save that which escapes through two holes punctured
accuracy of the curve of the reflecting surface.
The second method is beautiful in its simplicity, in it, in a position which would be exactly opposite the
and it can be described far more easily than it could brightest part of the lamp flame. Of the holes, the
part of an inch in diameter
be adapted: since it would require for its application one should be about
a testing room of very considerable dimensions. A . the other about 3 ~o t of an inch. The former may be
parabolic speculum will reflect rays received from an drilled or punched out; to form the latter, procure the
object infinitely distant, so as to form a perfect image very finest sewing needle, and file away the surface of
at the principal focus, which is half way between the the metal cylinder in the selected spot, with a fine cut
speculum and its centre of curvature. Conversely, file until the metal is very much reduced-as thin as
light rays from an object placed at the principal focus the paper upon which this is printed. Then slip the
would be reflected so as to form a perfect image at an cylinder over a metal rod (the lathe mandrel for
infinite distance. Remembering this, M. Foucault first example) and with the needle punch a tiny hole, the
placed a luminous point at the centre of curvature (as needle point just piercing the metal. The shade
did Mr. Hadley) and polished the speculum until the should be so arranged, when on the lamp (or candle)
reflection was perfect. Then he moved the source of as to permit free ventilation. The rays of light then
light nearer towards the mirror (and consequently rushing out of the tiny holes are to be used for artifi·
towards the principal focus) and polished until the cial stars; and the brighter and smaller they can be
formed the more delicate and more accurate will the
reflected image was again perfect.
Then the light was approached to the speculum testing be.
The arrangement of the metal screen will be
still more, and, of course, the reflected image rapidly
retreated and became indistinct, only to be perfected better understood when its use is defined hereafter;
again by further polishing. It is evident that the indeed, if the reader will but study to master the use of
application of this method would only be limited by the simple apparatus used in testing, he will see that
the length of the apartment, and that a little experi- no special method of construction need be followed.
ence would indicate to the workman what correction
t See the opening sentences of Chapter lIl.

:0

•

.. The radius ?f curvature is twice the focal length, m our
case, .5 by 2, or la feet. See previQus papers.

t

M. Foucault required the smaller aperture to be /. mille·
metre, or about 3 ~ s' of an inch in diameter.
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The screen
is illustrated
in Fig. 42,
and
could
be formed
easily from
a block of
wood or metal, and an
old table
knife. It is
only absolutely necessary that the
knife should
be fixed verticalIy in the
block, and
should have
its
edges
straight and
parallel.
For
the
rest of the
description it
will be assumed that
the reader is
•
m a room
•
preparmg to
test, and that
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FIG. 42.METAL
SCREEN FOR
TESTING.

the
writer
with him is
•
occupying
his
customary occu·
pation 01
mentor.
The diagram, Fij{.40,
is a plan of
the testing
apparatus
=
figured in the
sketch, Fig.
1. Themirror is indicated at A B,
-= the lamp at .
; c, and the
screen near
FIG. 41.to the obLAMP WITH
CYLINDRICAL
server's eye
SHADE.
at D.
Place the
lampcat ten
feet (or whatever distance
is proper if
the reflector
has been
madeofmore
o

,
\

\

'

-'--=r~. ..

~.'
..
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FIG. 43.MR. M\JDGE'S
TESTING Apa
PARATUS.

FIG. JO --D!A(;R AM SHOWING SECTIONAL VIEW OF ARRANGEMENT IN FIG. 39.
al!:~:A B, 1\lirror; C, Lamp; D, Reflected Image and Observer's Eye~

FIG. 39.-SKETCH SHOWING GENERAL ARRANGEMENT OF SPECULUM AND APPARATUS WHEN TESTING.
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may be removed and the lamp
be taken in the right hand at
the level of the table, the eye
being brought down beside
the lamp as when testing. On
approaching to within a dis·
tance of a few feet from
the speculum, an erect and
slightly magnified image of
the lamp will be visible in
the concave surface. On retiring from the speculum this
image will be seen to enlarge.
In order to keep the image

or less than five feet focal
length) from the speculum,
which has been placed in its
box on edge on a firm table,
the centre of the speculum
and the artificial larger star
of the lamp being in one
straight line. The rays proceeding from the lamp c will
impinge on A B, and be re·
flected back exactly to C again.
But if c be moved slightly
towards the right (as in the
figure) the reflected image D

FIG. 44.-APPEARANCE
OF MIRROR SURFACE
WITH TESTING
SCREEN
BETWEEN
CENTRE OF CUR VA·
TURE AND MIRROR.
Arrow indicates dIrec·
tion in which screen
is advanced from left
to right in this and
other size.

I

FIG. 46.-APPEARANCE OF MIRROR SURFACE WITH
TESTING SCREEN BETWEEN CENTRE OF CURVA.
TURE AND EVE. Arrow shows direction of advance of screen from left to right.
FIG. 47.-SHOWING AC·
TION
OF
TESTING
SCREEN ON RAYS RE.
FLl':CTED FROM SPE·
CULUM IN TESTING
TO PRODUCE APPEARANCE INDICATED IN
FIG. 8.

FIG. 48.-SPHERICAL APPEARANCE OF MIRROR
SURFACE WITH TESTING SCREEN AT CENTRE OF
CURVATURE. Arrow shows direclior. of advance
of screen from left to right.
FIG. 49.-SHOWING AC·
TION
OF
TESTING
SCREEN ON RAYS REFLECTED FROM SPECULUM IN TESTING
TO PRODUCE APPEARANCE INDICATED IN
FIG. 10.

will move a similar
in one position with
distance towards the
regard to the eye, it
left, and thus the
may be found necesobserver will
be
sary to raise or lower
FIG. 45.-SHOWING AC.
enabled to view the
the lamp above or
TION
OF
TESTING
reflected image withSCREEN ON RAYS RE·
below the level of
FLECTED ~ROM SPEthe
tablp.
;
in
which
out intercepting any
CULUM IN TESTING
portion of the inciTO PRODUCE APPEAR.
the
mirror
case
ANCE INDICATED IN
dent light with his
should
be
adjusted
FIG. 6.
by means of a thin
head. To determine
simply the position which the
wedge
inserted
underneath
lamp should occupy on its
the front or• the back of the
table, the cylindrical screen
box, until the lamp can be
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carried completely back and placed in position upon
its table without the workman losing sight of the .
reflected flame, which at that distance wiII flood the
speculum with light.
A piece of card may now be held up beside the
lamp c, and shaded from all but light reflected from the
mirror, when an image of the flame inverted should
be plainly pictured upon it. The screen may then be
placed upon the lamp having its largest aperture,
fuIly illuminated, turned upon the speculum. That
aperture is ;0 of an inch in diameter, and
a little circle of reflected light of that size should
appear on the card in place of the flame.
So far, Mr. Hadley's or Foucault's second method,
for here a suitable eye-piece could be applied, and if
the mirror were accurately 'spherical, the aperture
would be exceIlently defined in its minutest details,
but we wiII not pause to discuss the completion of
the eye-piece test just yet.
The reader may now darken the room slightly,
draw up his chair, take his little metal screen, and
receive an elementary lesson in shadow testing.
The distance between the lamp and the reflected
spot of light should be just sufficient to prevent the
workman's head touching the lamp shade. The lamp,
it has been said, should be to the right, therefore, the
right eye can be placed so as to receive the whole
of the rays which form the little reflected disc of light;
and since those are all the light rays reflected from
the mirror, the latter will appear to be brilliantly
illuminated like the moon at fuIl.
In a case where the workman is in the habit of
using his left eye, the position of lamp and screen
may be reversed, and the screen moved from right to
left, but in such it case Figs. 44 and 46, and others
which may follow, would require to be inverted.
The use of the metal screen may now be demonstrated. Fig. 49 illustrates the path of the rays
reflected from a spherical surface, the screen is used
to shut off from the eye any part of this reflected
light. It should be raised to such a height that the
reflected spot of light would about bisect it. If the
w
observer place his right eye so as to receive all the
reflected rays, and then while watching the illuminated
mirror passes the screen slowly with the fingers across
the reflected light cone (to the right) the speculum
wiII appear to darken. We will assume for the moment that the concave surface has polished accurately
spherical, and that the opaque edge cuts the rays
exactly at the centre of curvature, then the speculum
wiII darken evenly all over, because the smallest point
of the reflected disc is formed by rays from eve ry
part of the reflecting surface. The mirror will then
present the appearance indicated in Fig. 48, and ex·
plained in Fig. 49. It is far from probable that the

-.

surface wiII have polished to the assumed curve, and
there wiII most likely be visible, just as the light is
fading out, much irregular shading; of such shading,
the means whereby the errors of curve are discovered,
we wiII at present take no further notice.
Again, the chances are a good many against the .
screen being placed at the exact centre of curvature
immediately. Perchance it wiII be placed too near
to the reflector, in which case the speculum will
present the effect shown in Fig. 44 for the reason
plainly indicated in Fig. 45. To reach the centre of
curvature the screen must then be moved back towards
the eye, until the effect illustrated in Fig. 48 is produced.
Or, the screen may in the first instance be placed
too near the eye, when an opposite effect, Fig. 46,
for the reason shown in Fig. 47, will result, and an
opposite action to that mentioned above should be
resorted to as a remedy.
As before written, the room for testing must be
free from tremors-one of the leading telescope.
makers, indeed, removed 'from London to avoid the
tremor prevalent there, which though it would
scarcely interfere with the working of our small
surface, would seriously impair the chance of success
in the manipulation of a great speculum.
The method of supporting the speculum which has
been here given is merely that resorted to by the
writer; almost any convenient mode of support would
answer. The mirror is in some cases supported against
a wall by a flexible band.
The reader having learned how to discover, by test,
the centre of curvature, should now be in a position to
follow me farther, in the next Chapter, into the
mysteries of testing, by a path somewhat difficult per- "
haps, but certain in the fact that it leads to success.
I inadvertently omitted to state at the end of
Chapter V. that Fig. 30 was reproduced from Holtzapfel's "Turning and Mechanical Manipulation."
(To be conti1tued.)
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work is going to be held. It is the same width as
the jaws, F, F, and long enough to allow one to be
firmly fixed on each side, especially the hinder one,
which, from constant springing, is apt to work loose,
unless made quite fast. It should also project below
the bottom of F, F, by at least the thickness of A,
thus forming a tenon for which a corresponding
mortise is cut in the seat. This joint should be
wedged up tightly. If needed, F F may be further
secured by the triangular blocks shown on Fig. I.
L is simply a stay to prevent the front F giving when
the jaws are pressed tightly together. K is a movable
arm hinged at the bottom end to the seat, A. The top
end, which should be rounded, rests against the
hinder F. It should be I inch stuff, and about a couple
of inches wide. Length must be regulated by height
of F, and the distance of hinge. I think the illustration
shows sufficiently clearly what is needed. The foot
lever, N, is hinged to the lower cross stretcher E. A
piece of board, sufficiently wide and long enough to
rest the foot on, is all that is required. About 3 inches
from the top of K, bore a hole through it, and perpendicularly below it one through the bench and one
through the foot lever. Through these holes pass a
piece of strong string, or preferably wire, fastening it
at top and bottom. See that the long arm oflever N is
high enough to allow of sufficient depression to cause
the jaws to firmly hold anything put between them.
The donkey may now be considered complete. The
narrow part is sometimes padded, to form a more
comfortable seat than the bare wood, which should
have the edges neatly rounded off if a cushion be not
used. The wide part of the bench forms a very convenient place to lay the various pieces of veneer as
they are cut in marquetry work, and it may be further
improved by having a rim nailed round it. Not the
least merit of this form of donkey is that it allows of
very large panels being cut in it. The cost also of the
•
materials is a mere trifle, and the construction so
simple that the roughest wood-worker can make it.
For those who want something still simpler, I give an
illustration (Fig. 7) of another form of donkey equally
effective in action, but having no bench room, and
not admitting of such large work being done on it.
Amateurs, however, are not likely to attempt large
marquetry panels, and the small space occupied by
this form of donkey will recommend it to some. The
seat is a plain plank, with a support as before at back.
The front leg, widened at bottom to give stability, is
fastened on to the other end of seat, and forms also
the fixed jaw of vice. A small block like that in the
other donkey is screwed to this, and holds movable
jaw. A piece of string attached to the latter goes
through ho~es in the fixed support and seat to the
lever. Various other forms of donkeys are made,

but having specified two, which I consider respectiveIt .~
the best and the simplest, I will not presume to hint by ;(
further instructions that you, dear reader, are a third!':~
If, however, I have not been sufficiently explicit fOf 1
you, by referring to my nom de plume you will see i
you may be reasonably assured of fraternal sympathy., :
and that any doubtful points will be explained in .
" Amateurs in Council."
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IX.-POLISHING THE SPECULUM (tontinued)-TESTING.
•... :...; HIS chapter, the ninth, is certainly the
C"
•
most difficult to write, and will probably
require more study for its complete
understanding than any other of the
series, yet is it the most valuable of
them all. It will be useless to attempt to master it
until what has preceded it has been mastered. Bearing in mind, however, the purpose for which these
papers are printed, the writer has confined himself
rather to a simple description of effects that may be
observed in speculum testing than to any attempt to
account theoretically for such effects; and the slight
theoretical reference indispensable has been couched
in elementary terms, and has been elucidated by selfexplanatory diagrams.
It will be assumed in this, as in the last chapter, .
that the process of testing of M. Foucault there introduced, is being practically investigated in the
testing-room. It was there discovered how one
might detect the centre of curvature of any concave
spherical mirror, by the regular and even fading away
of the light of the illuminated surface, under the
action of the screen. That the experimenter should
learn to detect accurately when the screen is at the
centre of curvature, is of the utmost importance; it
is not easy to do so, when any figure other than a
spherical one has been communicated to the speeulum. However irregularly the light and shadow may
be distributed over the illuminated disc, if the sereen·
be at the general focus, the mean centre of curvature
-the shading will appear simultaneously (albe~t'
in different degrees) on the whole surface. It willn<>t •.!
advance either way in a solid wall as in the illustra.":·
tions of the last chapter.
The term" general focus" is used because it m1l.~'t'P
be completely understood that in any other curveth~
a sp~erical one, the rays reflected from thecen~!~l;
portIOn of the speculum, and the'rays reflectedf~j"
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the portion of the speculum close to the circumference, have each a distinct focus, as has any zone between the centre of the speculum and its edge. The
"general focus," or more truly the mean centre of
curvature, is assumed to be midway between the
focus of the centre and the focus of the edge of the
speculum, for if the screen be placed at that point
the contour of the concave will be accurately seen.
By this time it should be apparent, that the quality
of any curve is distinguished by the arrangement of
light and shade upon the glass surface, when the
screen is passed over before the eye at the centre of
curvature. Before we proceed to treat of the possible
curves, it may be as well to ascertain what may be
read from the appearance of the shading on a speculum, without considering for the moment, the cause of
such shading. In the long shadows of these July
afternoons an analogy may be seen. Hill, bush, anything which rises above the common level, casts a
darkness upon the greensward away from
the sun,
.and were we raised high in the air, although it would
not be actually evident that the hill or the bush rose
from the earth, we might demonstrate from the patch
of shadow:beside each, that such indeed was the case.
In like manner, when we study the surface of the
moon, we tell by the shadow alone where some vast
range of high land is reared up, or where the plain
sinks far below the general level.
Looking at the speculum from our position beside
the lamp, we must imagine the light to stream ob
liql1ely from the right to the left hand, an opposite
direction to that from which the screen advances.
Wherever a deep shadow is seen, there we may
know there is an elevation to cause such a shadow;
wherever is seen a patch of especial brightness, there
we may know that the glass rises again to catch the
light.
Let us, remembering this, read Figs. 5I, 55, and 59,
each of which is a sketch of a mirror of some
peculiar curve under test. The first (Fig. 51) exhibits
no irregularity of light and shade, it is even and un·
broken, and the solid which the speculum presents
is that ofa perfectly plane surface, as shown in section
in Fig. 53.
The second sketch, Fig. 55, departs considerably
from uniformity of shading; the curve is not spherical. Reading from the right hand to the left, the
direction opposite to that indicated by the arrow, we
may draw a section of the solid. A patch of darkness, to cause which there must be a depression, down
hill as it were; let this be drawn. The darkness
passes away gently into light; the side of a
central hill, the other side of which is plunged into
shade: mark down a central hill. Beyond the second
earkness, light again, the curve rises: so draw it, and
'~

we get the apparent solid, shown in section in
Fig. 57.
The third illustration, Fig. 59, which, be it noted,
is the e.xact reverse of Fig. SS, shall be left for the
reader that he may test his newly-acquired know.
ledge, it will be found to yield the section shown in
Fig. 61.
It matters not how irregularly distributed the
shading may be, even if the resulting section be but a
sinuous line, the exact curve can be read off, remembering always that the screen must be placed at the
mean centre of curvature. The more intense the
contrast of light and shade, the greater will be ~he
departure of the actual curve from the sphere.
It will be noticed that the spheric speculum (Fig.
SI) appears in solid (Fig. 53) as a level surface. The
other solids, Figs. 57 and 61, merely represent their
relative curves as compared with (or projected on)
radius.
.
The
necessary
treatment
a sphere of'.. siJ;nilar
,
to be adopted to bring either of 1;,1:),ose
mirrors to that
.
spherical curve is plainly indicated. In. Fig. 57 if the
centre hill of the speculum were worked down and
the edges also lowered, the section would be that of a
level surface, and the mirror would be of a spheric
curve; the same end would be obtained with Fig. 61
by polishing down the glass, midway between the
centre and the edge; of this more hereafter.
In the other illustrations where the arrangement
of the reflected light-rays at the centre of curvature
is shown, the lines merely indicate the direction in
which a pencil of light would be reflected. When a
line is shown to be obstructed by the screen, it must
be considered that the portion of the speculum which
the line indicates would appear darkened to the eye;
and if the screen is shown as cutting the junction
point of two lines, the parts of the speculum surface
from which the two lines spring would be simultaneously and equally shaded.
Should the reader experience any difficulty in
comprehending the meaning of Figs, 50, 54, and 58, he
is recommended to construct them on paper for him.
self in the order which the various parts are mentioned in the descriptive letterpress, for it is essentia
if he would work intelligently, that he should corn·
prehend them.
There are five curves, anyone of which the glass
concave may assume as the result of the polishing.
The whole art of speculum-making lies in the capacity,
firstly, to detect which of the curves has been obtained, and, secondly, to so dispose the length of stroke
and method of working, that may, with that curve
certainty, be changed to anyone of the other curves.
The five curves referred to are: (a) the oblate
spheroid, (b) the spheric, (c) the elliptic, (d) the
parabolic, (6') the hyperbolic. These may be sub·
.
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FIG. 50. -

DIAGRAM SHOWING CAUSE OF

ACTION OF SPHERIC CONCAVE MIRROR
AT CIi:NTRE OF CURVATURE.

FIG. 51.-

APPEARANCE OF SPHERICAL SPECULUM
UNDER TEST.

N.B.-The

Arrow in this

and oIher Diagrams indicates direction in
which Screen is moved from left to right
hand.

FIe;. 52.-SHOWING

TESTING SCREEN ON

ACTION OF

RAYS RliFLECTED

FROM SPECULUM IN TESTING TO PRODUCE
APPEARANCE
FIG.

53. -

SI.

INDICATED

IN

FIG.

APPEARANCE

OF

SPHERIC

SPECULUM IN SOLID, OR IN ELEVATION.
FIG. 54.-D1AGRAM SHOWING CAUSE OF
ACTION

OF OBLATE SPHEROIDAL

CAVE MIRROR AT
TURE.

FIG.

CON-

CENTRE OF CURVA-

55. -- APPEARANCE

OF

OBLATE SPHEROIDAL SPECULUM UNDER
TEST.

FIG.

TESTING

56. -

SHOWING ACTION OF

SCREEN ON RAYS REFLECTED

FROM SPECULUM TO PRODUCE APPEARANCE INDICATED IN FIG. 55.
APPEARANCE OF

OBLATE

FIG. 57.-

SPHEROIDAL

SPECULUM IN SOLID, REPRESENTING RE·
LATIVE CURVE IN RELATION TO SPHERE
OF SIMILAR RADIVS.
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divided, so far
•
•
as testmg IS
concerned into
three di vi•
slons :(a.) TIle Oblate Spheroid.
(b.)
Tile
Spheni:.

(c.) The Elliptic, Para6olzi:, and HyiJerbolk.

For the oblate
spheriod has
an
arrangement of light
and shade peculiar to itself,
as has also
the
spheric
curve; but the
shades of the
elliptic, parabolic, and hyperbolic curves
present
the
same general
character, and
glide, like the
different grades of intensity in
an exquisitely shaded drawing,
almost imperceptibly one into the
other. The difference between
any of the curves is absolutely
inappreciable, so far as measurement of thickness of the glass
is concerned. Con:;equently, with
the exception of the drawings
indicating the appearance of the
several curves under the test, the

FIG. 58.-DIAGRAM SHOWING CAUSE OF ACTION OF MIRROR OF ELLIPTIC, PARABOLIC,
OR

HYPERBOLIC SECTION

CURVATURE.

FIG.

59. -

AT

CENTRE

OF

APPEARANCE

OF

HVPERBOLIC SPECULUM UNDER TEST.

FIG.

60.-SHOWING ACTION OF TESTING SCREEN
ON RAYS REFLECTED

FROM SPECULUM TO

PRODUCE APPEARANCE INDICATED IN FIG.
59.

FIG. 6r.-APPEARANCE OF HYPERBOLIC

SPECULUM IN SOLID, REPRESENTING RELATIVE CURVE IN RELATION TO SPHERE OF
SIMILAR RADlL"S.
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effects illustrated by the diagrams in this
paper are
greatly exaggerated, and
the diameter
and focal
length of the
speculum are,
as will be immediately evident, entirely
out of proportion to each
other. \Vere it
not for this it
would be impossible to illustrate
the
•
•
microscopic
irregularities
in the p:lths of
the reflected
light rays.
We will first
compare the
curves, considering their
action at the
centre of curThe spherical mirror
vature.
may be taken as a standard-a
kind of zero, ranged on either
side of which lie the other curves.
The rays of light reflected from
it are of equal length (see Fig.
52), and meet, consequently, at
one and the same point.
Above zero, as it were, is the
oblate spheroid, the rays reflected
from which tllcrease in lengtll
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from the edge to the centre (see Fig. 56), so that for. The centre of curvature of the outer portions 1J ri
those from two or three inches of the centre of a Z c, would be discovered at a, and there an image
speculum would meet and form an image more would be formed; but the centre of curvature of the
distant from the glass surface than would those from other portion x, y, z, would be discovered farther
the edge.
away at a", because the arc x y z is part of the circle
Below zero may be grouped the third division-the having its centre at a". The procedure necessary to
elliptic, parabolic, and hyperbolic curves (see Fig. 60), reduce such a curve to a sphere is indicated in the
where the rays decrease in lengthfrom the edge to tIle figure. Either the edges b x, Z c, must be reduced to
centre; and where the central part of the speculum 'the solid line so that the whole surface will have its
would reflect an image nearer to the surface of the centre of curvature at a~ or the centre between x and Z
mirror than would the outer rays.
must be polished down to the dotted line, so that
Now to consider each curve separately and exthe common centre of curvature shall be at a". In
haustively:the first case the mean focus will be increased ; in the
latter case decreased. An intermediate course may
The Sphere .. (Figs. 50,51,52, and 53).-The peculiar property of this curve should be by this time well be adopted, that of polishing away part of the edge
known to the reader. If a circular knife were rotated and part of the centre, when the centre of curvature
against a block of any soft substance, a concavity, would be represented in the diagram by a point mid·
circular in section, similar to the speculum b d, c d, way between a and a".
Fig. 50, would be dug out. Such a concavity, if reIt may be interesting to compare this figure with
flective, would form a spheric speculum. In Fig. 50, a the section of the solid at Fig. 57, so as to see how
is the centre of curvature, to which the light (from theory and practice entirely agree, for the apparent
the testing-lamp) is reflected directly and perfectly, solid (Fig. 57) would require treatment identical with
forming there olle image of the source of light. This that just enunciated, to make the section that of a
.is the curve which the optician should strive to obtain, level surface, and the mirror spherical.
The appearance of an oblate spheroid at the
for the difference between it and the required parabolic curve, is so excessively minute, that the most centre of curvature is sketched at Fig. 55; the cause
difficult part of the work is done when the sphere is of the shading will be evident from an examination
attained.
of Fig. 56. The rays c f are reflected from the edge
Under test, it appears to the eye as in Fig. 51, a of the speculum, de from the more central portions.
regularly shaded, apparently flat surface. The reason The screen S is advanced in the direction of the
of this will be evident on an inspection of Fig. 52, arrow from left to right, first encountering d f at the
where it may be seen that the screen S cuts off the point of junction. Consequently, the parts of the
light from every part of the speculum a b, evenly, speculum to which those lines relate, will appear to
allowing none to escape past into the eye. The be darkened. The rays represented by the lines c e
apparent solid, read as previously indicated, appears escape past the screen, and enter the eye; consequently, the parts of the mirror indicated by those
in Fig. 53.
Tile Gliate Spheroid: (Figs. 54, 55, 56, and 57).- lines will still be illuminated.
The section of the apparent solid is shown in Fig.
In Fig. 54 let that part of the dotted circle between the
lines b d and c d be a section of a spherical mirror, 57, the procedure necessary to transform such a curve
then a will be its centre of curvature. Light rays into a spherical one has already been indicated.
The Hyperbolic Cur7.Je.- This, the most extreme
proceeding from a to any part of the dotted mirror
section will be exactly reflected to a again. But if, of the three other curves which have been classed
instead of receiving such a spherical curve, the together, will best serve to indicate the peculiarities
speculum has been polished to a section represented common to all.
Fig. 58 is a diagram rather more complicated:thal1
by the shaded portion of the diagram, and bounded
by the part dotted, part solid curve, b, x, y, Z, c, a line either of the others. The shaded solid b d, cd, is;J
formed partly of a curve of the radius a,y, and partly section of a speculum, the central part x y z of which
of a curve of the radius a", y, then the resulting is formed of the curve c having its centre of
tureat a, to which the light rays are reflected, but
speculum will he part of an oblate spheroid.
For the words oblate spheroid literally mean, outer parts b x and z c have polished part of the
flattened sphere, and very evidently, the solid line curve A having its centre at a", and consequently,
x y Z appears as if the dotted curve below had been reflected from those outer parts, form an image .."
pressed up or flattened toward its centre, as the earth greater distance from the speculum, than do the inn,';
is flattened at the poles. So that the difference in rays. The general curve of the mirror' will be'tb~
the length of the reflected rays is at once accounted indicated by the line b :t Y z c, in which it will tie'

-

~

GLASS PAINTING AND DECORATIVE GLAZING.
noticed that.x and z are two hills above the general level,
and this will be made more evident, if a third circle
B which shall cut the centre and edge of the speculum,
and which shall have its centre at;; be drawn. This
last circle will represent the sphere to which the
speculum would be polished by reducing the hills x and
3, that is, by polishing away especially a zone between
the centre and the edge of the speculum.
The reason why the outer rays are longer than the
inner, in a mirror of this curve, is so evident from the
figure, that no further explanation will be required.
The appearance of a hyperbolic mirror at the
centre of curvature is shown in Fig. 59, for the reason
illustrated in Fig. 60. The screen s, intercepting the
rays c e, but permitting d f to pass directly to the
eye. The apparent solid (similar to the curve b x,
y zein Fig. 58) is drawn in section in Fig. 61. To
reduce the speculum to a sphere, the zone x x will
require to be polished down.
We will consider theory no farther in this paper,
but will conclude with a few general remarks. )\[ost
probably the amateur will be somewhat astonished
when he first begins to test, at the manner in which
the atmospheric agitation is projected on the illuminated speculum surface. The air is seen to be in a
constant state of motion, and any variation in temperature, the lighting of a gas jet near to the glass,
or the opening of a window, will cause most tantalising
effects. Therefore was it that he was recommended
to work late at night, and in the lowest part of the
house. The room should be without a fire, there is
then less likelihood of air currents becoming obnoxious. The delicacy of the test may be proved in a
simple way, and at the same time a useful lesson may
be read. Having placed the speculum in position,
and having everything prepared for testing, place one
finger on the glass surface for a minute, and then
retire to the testing table and witness the result-a
tiny hillock. Moral: Do not handle the surface of
the speculum when working, for such a hillock takes a
considerable time to cool down, and if the polishing
were proceeded with before it had cooled down, it
would be polished away, and then when the speculum
came to its regular temperature, a hollow would be
the result.
One more sentence.-In a previous paper, Mr.
Mudge's habit of polishing in spring and autumn was
quoted. Here is a warrant for working in another
seasl?n: "In the long days of the summer months,"
wrote William Herschel's sister, " many ten and seven
foot mirrors were finished; there was nothing but
grindmg"and polishing to be seen." Thus we have
the hest authOritY for polishing during at least threefourths of the year, if not for all the year round',
(To be continued.)

GLASS PAINTING AND DECORATIVE
GLAZING.
By L. L. STOKES.

•
VI,-PLAIN PATTERN GLAZING (continuedj-REPEATING
PATTERNS-CONCLUSION,
-::' N this, our 'final chapter on ornamental
glass work, we have to revert to the
subject of plain pattern glazing, of
which the present Number contains
some additional examples.
A more intricate design than those last given, but
one which, if well carried out, would have an effect
scarcely less rich than that of stained work, is to be
seen in Fig. 32. It is intended for three tints of
glass. As the ornament of the central part repeats,
it may be applied to windows of longer or shorter proportions. Fig. 33 is a running border, which will
admit of working out in various schemes of colour.
As regards arrangements of colour in plain pattern
glazing generally, it may be observed that it is not
well to indulge largely in such strong and decided
hues as can be freely used in stained glass work; for,
without the softening and combining influence of the
painting employed in the latter, there is danger of producing a vulgar and glaring result. It is better taste
to keep the colours moderately Iow in tone, and not to
make too liberal a use of the primaries. As has already
been said in connection with some of our illustrations, much may be done by a judicious varying of
different tints of the same colour, and by making
harmony rather than contrast the leading motive in
the composition. Cathedral glass, with its waved
surface and Iow neutral tints, may be freely used to
good purpose. In this, too, the various shades of
tone-the absolutely white, and those inclining towards yellow and green-afford means of gaining
variety without danger of anything like garishness.
Somewhat akin to this, and capable of adaptation
to similar use is another material which in country
districts may often be had for, so to speak, an old
song. This is "Cottage Glass," a glass of uneven
surface, and generally of a dull, greenish hue, with
which cottage windows were formerly glazed-for in the
old days of high glass duties it was exempted from
taxation as being specially a manufacture for the poor.
At the present day it is constantly being removed, to
make way for clear, cheap modern glass. Country
glaziers throw it away, and may be induced to collect
and dispose of it for a mere trifle. It is only to be
had in small pieces, but for plain pattern work this
matters little.
Though neglected at present, it is quite possible·
that itit"he may come when this material'trll{y"be iri·
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** For Instructions to Correspondents,
see page

44

of this Volume.

The Refiecting Telescope.
'.' ERRATA.-In page 377, at end of in.
scriptions to Figs. 45, 47, and 49, for It Fig.
6," H Fig. 8,u H Fig. 10," read H Fig. 44,"
H Fig. 46/' le Fig. 48,"
respectively. And
Figs. 45, 47, and 49 hf>ve accidentally been
inverted.

Henry's Patent Sash Line Fastener.
'.' The following remarks of W. H. F.,
R builder, on my notice of Henry's Patent
Sash Line Fastener, in U Notes on Novel.
ties'-' page 327 of this Volume, and Lieut.•
Col.Henry's reply thereto, will be useful to
all who are interested in this subject.
W. H. F. writes :-" Having been a suhscriber from tbe first to your admirable
Journal, and ha ving seen some good thinKS
therein, I wish to offer a few criticisms DU
your article, No. 30, in • Notes on Novel.
ties,' on Henry's Sash Line Fastener, as if
the patent is put on the sash as explaiued,
the whole thing will have to be gone
through as in the old way. Not one sash
cord in a hundred breaks where it is nailed,
nearly all go just where the cord rests 011
the pulley. You say, 'Attach the sash line
to thc fastener, and put the sash back in
its proper position, and pass the other end
of the rope over the pulley and fasten to
the weight.' This cannot he done, especially
where the weights are lurge, as some are
3 inches or 4· illches above the pocket piece.
Theu you advise to take the portiou off the
pocket piece that is behiud the parting
bead, which should not be done in any case,
as this is what holds it in, and prevents it
from warping; also, in the best windows
the pocket is ent out of the centre of
pulley. Still I fail to see the advantage iu
them, ouly saving nails, and the best sasbes
are bored down with a bit to receive the
sash cord, ouly 11 knot being required. You
say that a considerable saving will be effected by it. I fail to see this, as any orlli.
nary joiner will put all four cords in a
window in about an hour. You say they
are 8t inches long: this is too short for any
sash, as if properly hung, the sash cord
should be fasteued in the centre of the
height of the sash. Also, great care is re.
quired in putting' sash cords in so that the
cords are neither too long nor too short,
and that the cord is properly stretched before beiug put in. Having beeu in the
trade for above tweuty years, I write just
so that some may not be misled, but not in
any way to run the article down which you
have so ably written upon it.'·
Before replying myself to the strictnres
which W. H. F. very properly and aptly
makes from his point of view on my criti·
que, I thought it better to give Lieut.·Col.
Henry an opportuuity of replying direct to
my correspondent. He has done so, and as
his answer is possessed of far greater
authority thau anything I might say could
be, and will be of use in correcting any
erroneous ideas that may have arisen in the
miuds of readers regarding his sash fas.

tener, I give a copy of his letter to
W. H.F. here:LUUT.·COL. HENRY writes :-" The Editor of AMATEUR WORK has sent me your
letter with remarks on my Sash Line Fastener. I am always glad to hear the criti.
cisms of practical persons like yourself,
and will endeavour to meet them by explaining as far as possible on paper, and
with the aid of the diagram what may
make IDJ' invention appear more useful.
Yonr first remark is perfectly true. Every
cord breaks from friction over the pulley,
but no matter where it breaks, in the old
pIon you must take out the sash and part.
ing beadings, and both sashes when cord of
top sash is broken. I always fasten the
new rope first to· the weight before cutting
off the exact length, the cord having been
passed down over pulley in the nsual way
with a mouse. Then measure length of
cord required, leaviug plenty of space below
weight for stretching of cord (wh.ich, as
you say, should be first stretched); then
fasten end of corel that would in the old
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plan be nailed to sash to the fastener by
thc three piuch screws. Having done that,
slip fastener and attached rope down groove
of sash, and screw down to top bar of sash.
Of course, the first time a fastener is put
in it must be made a nice fit in the existing
groove, and the short arm of fastener recessed into the top bar. After that is once
done, whenever a rope breaks, no matter
where, all you have to do is to unscrew the
fastener, draw it out, then take old rope off
weight, and replace rope as first explained.
You say you cannot fasten cord to large
weights as they are 4 iuches above the
pocket piece. 1'he opening of pocket piece
should,' in my humble opiuion. be always at
least 6 inches higher than the weight when
it has fallen down after a rope breaks,
otherwise how are you to pass rope
through eye of weight to knot. With the

fasteners you can fix the rope 1lrst tOi~~,
weight, a great advantage, as the rOPe:!!,'
then be easily cut to exact lengtll,
wasting any. Several carpenters whohw,;,
put them in say they find this a grelll;,i(,'
vantage. Cutting off i inch from one eti!."
of pocket piece cannot possibly malte tlt,
pocket piece warp. Generally they :lit 'ell'
tight that no fastening is required. "'.
fact, in this house, and two or three othetl!L
in this part of London (S.W. postal MI!~'
trict), where the fasteners have been :lixed,
the pocket pieees are put in without M.Y
screw. Thus in Fig. I, m which A is elevlI'
'XhFF
tion, and B section, s a small brass screw'
through top lap, holds the pocket piece
quite firm. Where the pocket piece is h,eld.
in place by the parting b.ad between the
sashes, which I find is very seldom the case,
the ouly plan is to cut the parting beRd ill.
two, leaving upper portion as a fixture, and
only move lower or smaller portion to take
out pocket piece, as shown in Fig. 2. There
is a house in the London square in which '"
live done like that, and the carpenter telle"
me it is very unusual and only in old houses.
Once fitted, five minute. suffices to put in a
cord instea I of half an hour; besides, iftlle
back sash cord is broken, in the old pla,,,,
both sashes must b. moved, parting beads,
etc., and no carpenter will do this underR'"
hour, to say nothing of the mess, discOUlfort, etc.) particularly in winter, in bavitlg
your sashes out. Carpenters always (gene.
rally, not always-ED.) put ill new cords all
round when one is broken; that is, if One
cord is broken, the other one is always
taken out and a new one put in-a great
waste of time and cord. Again, 8i inchesi$ "
quite long enough for ordinary windowe.
All you require is to have the first nail Qr
screw holding rope 2 inches below centre of
pulley wh en sash is up. This is shown ill.
Fig. 3, ill which A is frame of window, llth'L
pnlley i5 mches below frame, and c finger
screw or nail 2 inches below pulley. This.,'
distance between pulley aud screw will
throw any sash clean up to top of frame"
Fastening the rope lower down is waste of
rope and of no use. I hope I have made'
myself clear, but it is hard to do so 0", "
paper. Some of the largest buildersiri;
London ha.ve seen my fastener, and find no',
fault in its construction, but I s.m very!!,
much obliged to you for your practical
marks."

Photo-Zincography,
J.H.B. (P8nzance).-I have given you tH:,
best possible answer to your query by ha.nd"
ing your letter to Messrs.Pornot andDo~g!!!l;;
Photo.zincographers,I, Macl<a"'. Buildings'
New In" Squa1'e, Fleet Street, E.G., fro#l:
whom, long before this meet. your eye,yo~
will have received a communication OD th:~
subject.

Wheels for Electric Clock.

""'.' . .

A. W. writes :-" I am making an elec~'
clock, and got my wheels c~t by
Franklin, I, Garnault Place, Clerke"'lJel
E.G. He also does rackwork, bevel wb,ee
spnr wheels, etc., up to about 18 inchee.

Tricks of the Stage"

./

STAGK MAN"GER.-A paper shall b,,~
on what you term" tricks of the stRll;e"
DO distant date.

,
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blending it into a pearly grey over L, L, G, for the
mountains of Lebanon; soften this into a somewhat
darker green at the sources of the rivers L, G, and
carry the green east and south over the space
L, G, H, L, marking the great plain of Damascus.
Work a tone of warm brown (umber) from H, L, I,
following the course of the river as a boundary. This
will indicate the hilly district of Bashan. The triangular space I, M, ], may be done in sober grey to
mark the mountains of Moab, and the desolate region
east of the Dead Sea. The remaining space south of
N, M, ], K, K, should be washed in with Roman ochre,
to accord in some measure with the tone of tbe
Idume'an Desert. Be careful to blend all colours into
each otber at their lines of junction-this may be
easily done when your colours are wet; if allowed to
dry before doing this, the matter will be much more
difficult. If there is notbing very artistic in the
colouring we have proposed, at least we shall avoid
some of tbe absurdities of the old methods.
The reader will, we think, now require instruction
on only a very few points besides the preparation of
the grey tints, For pearl greys, mix Prussian or
cobalt blue with a small proportion of crimson lake.
For other greys: Indigo with sienna, umber, sepia, or
Indian ink. Practice with these on blank paper, and
you will soon obtain almost any tint you wish for.
If you use carmine instead of crimson lake and
make an error therewith, you will have to expunge it
with solution of chloride of lime, as simple water has
no effect on carmine. Prepare the solution thus:
Put a teaspoonful of ordinary chloride of lime in a
three-ounce bottle of pure water, cork down, shake
well, and after a few hours shake again; do this
several times, as the lime is not very soluble. In
using, touch the spot you wish to expunge with the end
of a bone penholder or a piece of white rag dipped in
the chloride of lime, the colour will vanish immediately. Wash off instantly with clean water repeated
two or three times, or the lime will attack and damage
the paper. Never use brushes or sponges in chloride
of lime or they will be ruined.
It will be well, after finishing your maps, to pile
them as at first, and let them remain an hour or two
under the pressure of a smooth piece of board
weighted with books or something heavy; a towelpress is very useful here. Never dry your work by
the fire nor in the sunbeams, or they will ., cockle,"
i.e., wrinkle in an unsightly manner.
\Ve have in this article described what is known
as "Atlas work." "Book.work," i.e., maps to illustrate
books, is done in the same manner. \Vall and library
maps, charts, globes, etc., with methods for mounting
and varnishing, will be treated in our next paper.
(To be continued.)

THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTUl<El
By EDWARD A. FRANCIS.

•
X,-THE POLISHING OF THE SPECULUM (continuet/):.
" " E will resume the subject of figuring:
',:): the art of communicating to the Cl:} '"
cave glass surface, the parabolic curv,
or figure.
The reader will recognit:
during these experiments in testing, tl'!'Y
effect of the air currents which rise twisting an
twirling before the front of the mirror. It is iT
possible to avoid them in an ordinary apartment, bu,
the experimenter will soon learn to disregard theL.
presence, to look through them at the shadows 0
the illuminated surface of the speculum.
There is one other effect, too, which will b
noticed during the earlier stages of the polishing!
and that is the appearance of the emery marks, i:
the polish has not begun equally on the whol~
surface. These marks, at the beginning, form a;
valuable ([uide showing at once in what part of thel
speculum the greatest amount of action is taking
place, and thus indicating whether the stroke in use
is that proper for our purpose. A casual survey after
the first few minutes' polishing, will render apparent'
which part of the concave surface of the glass ha$
been most worn away.
It has already been pointed out that the shadows)
are reduced to three great orders-those of a, the:
oblate spheroid, Fig. 55 ; b, the sphere, Fig. 51 ; c, the,
hyberbola, Fig. 59, which latter includes the ellipse
and parabola. A speculum must present one of thoseY
three appearances, disfigured with other irregula
shadings it may be, but still being evident as th
underlying principle. It is important to remember
this; for if, during the figuring, irregularities-centra
depressions, or narrow ridges-appear, the strok
may be slightly altered to remove them, but must stU
have for its purpose the maintenance (or correction
as the case may be) of the foundation figure.
Remembering that the curve at which we aim is:
the sphere (it is comparatively easy to form from a
perfectly spherical mirror one that shall be parabolic>i
let us consider the general procedure of figuring.
\Vere we treating of the construction of ,an"
ordinary piece of mechanism, it would only b
necessary to lay down a code of rules (based on th
theory of the last chapter) and then adhere strictI
to them, to have a certain result-the workman b~in
only required to blindly follow those rules, wi!ho~
any especial exercise of his intelligence. But thisi
just what one cannot do in the figuring of t
speculum, or the comm ~nication of a paraboliCC:Ilir'
"
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to the mirror must ever be the result of deliberate
individual reasoning.
It may be safely asserted, that if twenty amateurs
were employed to construct twenty specula, of the
score of curves so obtained before the actual figuring
commenced, not two would be exactly alike, and,
consequently, the process of completion would vary
in each case.
One or two very general instructions may, however, be given as to the order of action to be adopted
in the process of figuring a concave speculum.
(a.) Having brought the grinding to a high
state of perfection, polish for half an hour with
a stroke of about one-third of the diameter of
the speculum. This will fit the surface for
examination at the centre of curvature, and the
stroke (one-third) is that best calculated to maintain the curve-the result of the grinding *unaltered. The speculum may then be taken to
the testing room.
At the first testing, practically made immediately
the glass surface is at all brightened, it may be
decided to which of the three divisions the rough
figure communicated to the speculum belongs: upon
that decision the rest of the working must be based,
so that the curve of the speculum may from the
beginning be kept well under control.
•
(b.) If, when first tested at the centre of
curvature, the curve indicated be very distinctly
hyperbolical (i.e., if the shadows [Fig. 59J be
very dark), the final fine grinding should be
returned to for half an hour or so, working
with very short strokes; for this hyperbolic curve
is the most difficult to deal with, and regrinding
with short strokes, is the most rapid method of
correcting it to a spherical concavity.
But, if the shadows which indicate the
hyperbolic curve be very faint indeed, so that
the departure from the sphere is slight, the
polishing may be proceeded with; the stroke,
however, being immediately reduced until the
curve becomes spherical.
It would be well to draw a full-sized section of
the apparent solid (see previous chapter); then the
best stroke to change the hyperbolic to a spheric
curve would be one of a length equal to the distance
from one end of the section line to the top of the
ridge nearest that end. Several methods of drawing
such a sketch will suggest themselves to the reader;
a strip of common glass, for example, of a width
equal to one-half of the diameter of the speculum,
and divided by black lines into inches, etc., would,
when rested against the illuminated mirror (the
'" If the grinding has been carefully performed, the curve
should be spherical.

observer being at the centre of curvature), serve the
purpose of a guiding scale.
(c.) If, on testing, the curve of the glass
appears to be that of an oblate spheroid, Fig. 55,
or of a sphere, Fig. 5 I, the polishing may be
continued with the same (one-third) stroke. The
amateur may congratulate himself on his skill,
if he preserve either of those figures until the
polishing has been completed.
From what has been just written, a fourth rule
may be deduced.
(d.) To make a spheric mirror hyperbolic,
lengthen the stroke: to make a hyperbolic mirror
spheric, shorten the length of stroke.
So far, the rules are rigid; but no farther. From
this point (for the amateur) there will be nothing but
a constant resort to testing and the adoption of that
stroke, which the result of each testing indicates to
be the most suitable.
Here shall be extracted from the author's private
notes, a rough record of the process of the completion of a speculum from the first testing; thus, the
reader will have presented to him a typical procedure, which (although it is unlikely that his own
speculum will require a similar course of treatment)
will serve as a sample of the deliberate reasoning,
by which the shadow test is made to indicate the
requisite stroke..
The speculum in question was ground and
polished in a manner identical with that described in
these papers. It was formed of plate glass, polished
on both sides, and was I ~ inch in thickness. The
diameter was 6~ inches, the focal length 5 i feet. The
polisher was formed of best black pitch, and was
divided into facets i inch square separated by intersecting channels, the facets being arranged as in
Fig. 35.
After the preliminary polishing, the speculum presented under test, an almost spherical figure, free
from any irregularity (save that it was evident that
the polish was incomplete), there being no dark unpolished patches of emery marks such as would have
indicated inequality in the action of the polisher.
So the working was continued with one-third stroke
and a very slight side motion (testing at intervals)
until the polish was nearly complete, when the final
testing indicated a tendency of the speculum to assume a hyperbolic curve. Consequently the stroke
was shortened to barely I inch, and the polishing was
continued for fifteen minutes. At the end of that
time the mirror indicated the effect illustrated in Fig.
62, an almost spheric curve with a tiny depression in
the centre, and a depressed ring near to the edge.
These irregularities are the inevitable result of an
extremely short stroke (without side motion) on a
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faceted polisher; to remove them and give to the
speculum the parabolic curve (shown under test by the
faintest possible indication of hyperbolic shadow,
Fig. 64), the stroke was lengthened to I t inches, and
the working again maintained for fifteen minutes.
The speculum then presented an appearance
almost identical with that shown in Fig. 64. Had the
polish been complete it would have been advisable to
test the mirror in the telescope before proceeding
farther, but it was deemed necessary to continue the
polishing, and the stroke was shortened again to I
inch for fifteen minutes.
As was anticipated, this shortening of stroke resulted in the re-appearance of the central depression
(as in Fig. 62, but without the ring near to the edge), so
that for the next period of fifteen minutes the I &inch
stroke was resumed with I inch side motion, so that
the centres of speculum and tool should not be coincident at each stroke. At the conclusion the testing
presented the appearance indicated in Fig. 63. The
curve appeared to be almost perfect.
Subsequent test in a telescope proved it to be
slightly over-corrected,* and it required a little judicious retouching with short strokes to perfect it. The
final appearance is indicated in Fig. 64.
A few comments on these notes of actual working
may be here made.
With regard to the time requin:d for polishing.
This will vary according to the degree of perfection
to which the glass surface has been brought in the
fine grinding. The writer has always made it the
rule to carry the last grinding to the highest pitch of
excellence possible, so that five ruinutes' polishing has
had a perceptible effect upon surfaces he has prepared.
Any irregularity visible on the surface should call
forth careful investigation, so that the stroke may be
amended at once if r.ecessary, and it will be of great
after-service to the amateur if during the earlier
stages of the polishing, he experiments a little as to
the effect of the different strokes, working (for example) with a very short stroke for five minutes, and
then gradually lengthening it to bring the curve back
to its former condition-constantly testing.
By
such means only will he obtain that full control over
the working, which is indispensable to rapid success.
The record of figuring just presented to the reader
is the simplest record the writer has made; the final
retouching of a mirror, often occupying many hours
or days, in one case nearly a month.
The time is occupied, not in perfecting the polish,
* When the figure of a srceculum is parabolic, it is said to

be corrected for the reflection of parallel rays; if spheric, it is
under-corrected; if hyperbolic, over.corrected.

but in obtaining the exact curve; and to do thisi~
often found necessary to silver the mirror, place if'
the telescope, decide from the appearance of astll;,
in and out of focus, the quality of the glass-thenti
clean the silver off with acid; work, silver, and test th
glass again, several times before the absolutely perfect
stage is reached.
The following extract will point the moral,
the extreme delicacy of manipulation required,
better than a page of platitudes: "I had an eight'
inch speculum," wrote a correspondent of thle!'
author's, " in beautiful order, but thought it necessary
to give it a few minutes' more polishing. So I cleaned
off the silver, warmed the glass in water, worked
carefully for two minutes, and then tested. I was
astonished to find a fearfully overdone (hyperbolic)
figure. So without thought, in a kind of nervous despair, I proceeded to bring the figure back (by shortellill.£: the stroke). When I had worked for a little time,'
and reason began to operate again, I saw that it was
the effect of the heat that had made it appear so
over-corrected. But, alas! in the meantime I had
lost my beautiful figure. I do not like to think of the
time it took me to recover it, fully two hundred hours,
probably more. Deep scratches disappeared little by
little, absolutely polished out."
So that it is very evident how necessary it is Jo
avoid carelessly handling or heating the speculum
during the final figuring; indeed, the stroke ought to
be very slow indeed to avoid all chance of error.
l'v1 y readers will remember that the longer the
focus of the speculum is, with regard to its diameter, .
the nearer the curve approaches the sphere, and,
consequently, the more delicate will the shading be..
Conversely, the shorter the focus of the speculum in
proportion to its diameter, the more marked will the
shadows visible on the completed mirror be. In our'
case, the perfect mirror tested at the centre of curva·
ture should present no decided figure at all, but should
be a "study in greys "-a uniformly illuminated
ground, having superimposed upon it the faintest
possible indication of the hyperbolic shadows, Fig. 64.
Finally, one should not keep mechanically to an .
exact stroke, but should strive, while preserving thle!'
general class of stroke, to vary it in every possible
way between small limits, so as to prevent the forma·
tion of rings of unequal polish.
In Fig. 62 there is shown a slight central de-!
pression, the result (granted that the polisher is
properly constructed) of a con tinued short stroke.
If the mirror be otherwise perfect, such a depression
may be allowed to pass as of no consequence, the
central inch or so of surface in a parabolic reflector,

or

* Alter rules to be hereafter noticed.
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not being used; it is covered over
are found to be one inch shorter
by the shadow of the smaller
than the outer; the mirror placed
•
mIrror.
in the telescope again would
A speculum by one of the best
reflect all the rays of the same
artists, labelled by him" absolute
length and would be of a para.
perfection," and proved by use to
bolic curve.
merit the label, had such a deTo state the same fact in other
pression. An attempt to remove
words. If a concave speculum,
it would probably have spoiled
capable of defining celestial
the exquisite figure.
objects perfectly in the telescope,
\Ve have now to consider
were taken out, and tested at the
other facts and resources, which
centre of curvature, it would be
may aid us in figuring. The first,
found that the rays from the edge
is that of working by measure·
would be longer than those from
ment; the testing at the centre of
the centre; and if the difference
curvature being the means by FIG. 62.-APPEARANCE OF SPECULUM UNDER of length * were carefully mea·
TEST. CEl'<TRAL SHADING INDICATES A
which the measurements are
TINY DEPRESSlON. RING SHADOW NEAR sured, and a mirror precisely
FDGE INDICATES SLIGHT DEPRESSION similar in dimensions worked
made. Although a knowledge of
THERE ALSO.
the principle is very desirable,
until its amount of aberration
and, indeed, necessary to the amateur optician, it is ! equalled that of the perfect mirror, the newly formed
not likely that mathematical measurement will ever
mirror would also be perfect. " But," asks the reader,
supersede
"not
pos•
the neces,ity
sessmga perfect 6} inch
for
experispeculum of
ence, and ex5 feet focal
perienced
length, how
opticians do
•
IS one to
not depend
upon matheascertain the
matical meaamount
of
aberration? "
surement.
Ifaspheri.
Easily. Given
the
cal mirror be
tested at the diameter and
centre of cur· focal length
vature, the of any proFIG. 63--APPEARANCE OF SPECULUM UNDER rays will be posed mir· FIG. 64.-APPEARANCE OF PERFECT SPECU• •
TEST. SHADOWS INDICATE AN OVER-COR.
LUM
UNDER
TEST.
DIAMETER,
6~ INCHES.
found to be ror, It IS posRECTED (HYPERBOLIC) FIGURE.
FOCUS, 5 FEET.
all of the sible without
same length. If the same mirror be carried out and any extensive knowledge of mathematics to calculate
placed in the telescope, the rays from the central part the exact amount of aberration, which should be the
peculiar property of a perfect
of the reflecting surface will be
mirror of similar dimensions.
found to be longer than those from
The formula is, lite sellli-diametet
the edge, because the incident light
of the speculum squared, divided by
is composed of parallel rays (see
eight times the principal focal length.
Chapter 1.) The distance between
Where the diameter is 6~ inches,
the foci is called the longitudinal
and the focal length 5 feet (60 inches)
aberration. If, then, we measure the
the aberration should be
distance between the focus of the
inner and the focus of the outer rays
= .022 ....
in the latter case (finding it to be,
for example, one inch), and then
60 X 8
returning to the workshop, work the
or rather more than ;0 of an inch.
speculum until when tested at the FIG.65.-PASTEBOARD SCREEN FOR TEST.
centre of curvature, the inner rays ING BY MEASUREMEKT OF ABERRATION. * The longitudinal aberration (see Chap. L)
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F or measurements of this kind it is necessary to
mount the block of the screen for cutting off the rays
at the centre of curvature, upon a slide graduated to
the one-hundredth of an inch. Then placing a cardboard disc, as in Fig. 65, before the speculum, find
first the exact focus of the central portion (A), and
mark the position occupied by the screen, that is the
focus of the centre rays. The screen should then be
adjusted until the light vanishes equally from the exposed ring at the edge (B) that will indicate the focus
of the outer rays. The distance between the two
positions of the shutter will be the amount of aberration possessed by the speculum that is being tested,
and in our case that distance should be just over onefiftieth of an inch.
\Ve will suppose that when tested, instead of the
outer rays being just about one-fiftieth of an inch
longer than the inner (as they should be), the inner
rays are found to be longer than the outer by 2 inches
or 3 inches (which is quite within the range of possibility, and, indeed, very desirable, as will be seen
hereafter), then we should polish so as to deepen the
centre of the speculum until the inner rays by measurement were found to be sufficiently shortened. Or
if the outer rays were 2 inches or 3 inches longer
than the inner, then we should know that the mirror
was hopelessly over-corrected, and we should return
to fine grinding; but the ordinary shadow testing
should have shown us that before.
The delicacy and uncertainty of this system of
measurement in the hands of a beginner, can
scarcely be appreciated. The writer remembers a
speculum being constructed on this plan by one who
had but a very faint knowledge of the art of testing.
Certainly the speculum was of a very long focus, and
consequently the aberration was proportionately
small, but at last it was concluded that the exact
amount theoretically required was obtained. \Vith
triumph the result of the workman's labour was
directed to a star-to his intense mortification he
found the mirror required considerable retouching
to perfect it. Every precaution was made to secure
accuracy of measurement, yet it was only by taking
the mean of several readings that the exact focus
of the exposed parts of the speculum under test
could be discerned (as the experimenter will soon
discover). Not because of a difficulty in measuring,
but because of the difficulty of determining
within a fiftieth part of an inch the exact position
at which the screen cuts off the light from the
inner or outer parts uniformly. The inadvisability of
the amateur relying entirely on such a process is
evident. The proper method is to thoroughly master
the principle of the shadow test, and the effects of

different lengths of stroke, and then to use themell-;'
surement, if at all, as a convenient adjunct.
It was just written that to find the central rays to
be two inches or so longer than the outer, would be
very desirable. This, for the following reason :-It
will be noticed that such an effect would be the
property of an oblate spheroidal figure, the section
of the apparent solid of which shows a central hill.
Such is the best figure for the beginner to work from.
All that has to be done, is to reduce that hill as
much as is required, polishing the speculum most at
the centre and least at the edge until the hill is lowered
and the whole surface of the speculum is of the same
focus (spherical) ; and then a few minutes' cautious
work on a precisely similar plan will shorten the
central rays to the required length and make the
speculum parabolic.
And how would one work to deepen the centre?
A very short stroke would do this, polishing most
at the centre and least at the edge; but there
is another method-namely, that of graduating the
pitch facets from the centre to the edge. Leave the
central facet untouched, but diminish the others gradually until those at the edge are only one-half of their
original size. By this process, the deepening of the
centre is very soon performed. There is every reason
to believe it is the method adopted by one of our
most eminent speculum makers.
The lines for diminishing the facets should be
carefully marked on the pitch with a straight-edge
and a lead pencil; and then, the cutting carefully
done, not vertically, but at an angle, so as to leave
each reduced facet of its original size at the base.
I t has been suggested by some workers, that by
the judicious carving of the polisher, into different
shapes in this manner as circumstances demanded,
any figure might be communicated to a speculum with
ease. From a number of experiments, the writer has
arrived at the conclusion that except in the case just
stated, the best polisher to work with is one perfectly
whole, as in Fig. 35; for any mutilation of the
polisher introduces irregularities into the figure, which
render it impossible to perfect the speculum without
re-figuring it on a full-sized and perfect polisher.
Many who have read these papers may possibly lay
them aside with the impression, not to say conviction,
that the work of speculum grinding and polishing is
one that is far too difficult for an amateur to accomplish, and that it will, therefore, be as well for him to
let it alone altogether. I do not hold this opinion in
any way: what man has done man can do,. and what
I have accomplished as an amateur, it is possible for
others of my class to accomplish. Bear in mind that
to him who will persevere nothing is insuperable.
(To be cOlZtz"lZued.)
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rings or it will prove a difficult job to get them on
afterwards.
The stiffening for the bottom will be cut as if for a
Carpet Bag. Fig. I I represents the stiffening for the
gussets, and is cut from a board half the thickness
of that used for the bottom.
The linings may be cut from the outside patterns
by reducing them the I t inches allowed for covering
the frame, and k inch for each welt. A lining of
scarlet or blue roan greatly adds to the appearance
and durability . of a bag. A skin larRe enouo-h
for a
b
14 Inch or 16 inch will cost about 3s.
Cow-hide for the outside is sold at IS. 3d. per
square foot, but the leather-sellers frequently have
pieces large enough for making a bag which they will
sell at a slight reduction, and which answers this
purpose as well as cutting a hide. In seaming the
bag take care not to wrinkle it in the clams. The
welts in this must reach only to the frame, the same
as in the Carpet Bag, the rest of the seam must be
neatly closed and rubbed down so that it will not be
lumpy on the frame. Before turning the bag warm it
before the fire, especially if it is cold weather. Glue
in the bottom stiffening first, and then the ~ssets,
rubbing them well down with the bone. \Vhen these
are set, prepare for the operation of framing. Fold
one of the sides to get the middle of it, cut a hole
forthe lock barrel about Il inch from the edge, and
press it over. Be careful not to cut it too large or
the hole will show. Pierce a hole through the leather
for the lock plate, press this tightly on the frame, and
clench the clams underneath to hold it securely.
Make holes for the handle plates and fasten them on
in a similar manner. Two slits must be cut near the
middle of the other side of bag, about :'I: inch from
the edge for the hasp to go through. This bag must
be sewn to the frame all round, and care must be
taken that a sufficient fnlness is allowed in the middle
of the gusset to enable it to close easily round the
joints of the frame. A thumbpiece must be sewn on
the bag at the hasp to open it by. The lining of this
bag is sewn through the frame all round in the same
manner as the side linings of the Carpet Bag.
I hope my readers will not think that I have gone
too much into details. It is in small things that so
many failures take place. As it is much easier to do
anything when you are shown than when so much has
to be guessed, it is my desire to make the road for
beginners as smooth as possible, which must be my
excuse if any is required. It is as well that those who
intend to turn their attention to working in leather
should begin by making a bag: the experience
gained in cutting, fitting, putting together, and finishing will be useful when larger and more difficult
pieces of work are undertaken.
~..
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XL-THE POLISHING OF THE SPECULUM COMPLETEDTHE PROCESS OF SILVERING THE GLASS.
.:. c " " : N the last chapter it was shown how to
:-..
deepen the centre of a speculum for the
purpose of shortening the inner rays, by
cutting away the pitch towards the edge
of the polisher. Some remarks were
also made as to the inadvisability of 'm utilating the
polisher for any other purpose. This leads us to
consider another system of figuring-" local polishThe term is self·explanatory. If instead of
ing."
graduating the polisher from centre to edge, all the
pitch except the half-dozen central facets was removed,
and the polishing then continued, the glass would
only be cut away in the locality of the centre, and the
same effect would be produced as if the speculum
were placed face uppermost, and a little pitch
polisher were rubbed over it near to the centre. Or,
again, if a mirror were ascertained by testing to
possess an hyperbolic curve, having a section similar
to Fig. 66, it would be necessary, as indicated in
the last chapter, to polish away the hills A, A, until the
section was nearly flat and the mirror parabolic.
And If Fig. 67 be taken to represent the concave
face of such a mirror not under test, it would be
necessary to polish for the time being mostly on
the darkened portion.
Following our ordinary
method, we should move the mirror over a complete polisher with a stroke of a length equal to
the distance A, B; but, if instead of so doing, we
were to cut away the pitch from the polisher, so that
the only part left untouched would be a ring of pitch
occupying a similar position on the glass base of the
polisher to that occupied by the shading in Fig. 67,
the hills would be polished down more quickly. A
polisher so prepared would present a section similar
to Fig. 68, and it may be easily seen that if the
speculum were to be moved with short strokes over
such 3. polisher, the part of the mirror represented by
the shaded zone in Fig. 67 would alone be polished
away.
Similarly the polisher could be altered-by either
reducing the size of, or entirely removing, certain
facets-so as to polish only any given part of the
mirror. Such would be local polishing. To reduce
the hills A, A (Fig. 66) for example, a smaller polisher
would require to be made of a diameter about equal
to the width of the zone, and the speculum having
been placed face uppermost upon the bench, strokes
WO~lld be takep wjth the small polisher, in strai~ht
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lines across the zone to be reduced in every possible
direction, so as to equalize the abrading action. This
would have a similar effect on the curve to the device
shown in Fig. 68.
Or if it were required to parabolize a spherical
mirror (by deepening the c~ntre) by this process of
local polishing, several polishers would be made.
The first one about 3 inches, the second about 4:r
inches, the third about 6 inches in diameter. They
would be used in order of size, being moved in straight
or nearly straight strokes, over every diameter of the
speculum, which, of course, would be lying face
uppermost. The smallest polisher would act most
on the centre, the larger one would carry the correction a little farther, and the largest would complete it
to the edge. The great danger in this local polishing
is, that when the polishers overhang the edge of the
speculum they may, by reason of their weight, unduly
wear it away, and so cause the mirror near to its
edge to be useless. The base of these small polishers
may be made of metal or of glass, or of two discs of
wood screwed together with the grain crossed, and
then turned to the required curve on one surface, a
little handle being attached to the back.
This method of working is not to be recommended for a bei;inner, or in any case for a small
surface: it requires a considerable practical knowledge of the art of speculum polishing; but should
it be deemed advisable to attempt it, or if in any
other way the general truth of the curve of the speculum is disturbed, it can be regained by reworking the
speculum face downwards on a complete polisher
made after the fashion of Fig. 35. It should be remembered that the shadow test would indicate where
the local polishing action should be applied.
My readers should be cognizant of as many
direct methods of figuring the speculum as possible,
so that they may have a greater chance of first success; therefore)his study of polishing shall be concluded
with a short description of the process followed by
a successful speculum-maker, who lived before the
modern silver-on-glass reflector was known.
Mr. John Mudge, one of the amateurs who
fostered the art of reflecting telescope making in its
infancy, obtained a parabolic figure to his mirrors by
the following plan. Firstly, he worked with very
short circular strokes.
These short strokes, he
noticed, always caused the polish to begin in the centre
of the metal, because the pliable polisher assumed a
curve of a smaller sphere than that required in the
speculum. The fact of the polish beginning in the
centre first, proved that the speculum was being
worn away most at the centre, and it has been
shown that to deepen the centre of a spheric mirror
in a very slight de~ee is to render it para-
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bolic. So that Mr. Mudge continued working inthi~!J.
".",\",.".)
manner with short circular strokes until the poliS'\"'1!~
was complete, when experience told him that by tha;~!if
time he had deepened the centre too much. He theI)!i!iil"
resorted to short straight strokes to bring the curv~!!li
back again to the sphere. Having attained that ob.{!~
ject (experience was his only guide) he resorted a gaiI\ll!
to the short circular strokes for two minutes, by!!~
which time he considered the spherical concave hadil!J
again been worn down centrally, sufficient to make'!
;;:tm
the curve parabolic. He has left on record the fact Ijl
that the short circular strokes never caused the ''i~I'!
speculum to ~ove m?re tha:! ~ inch or t inch over the 1~I.i
edge of the pitch pohsher.
!i,
Of the elliptical polisher which was used right up ~l
to Sir John Herschel's time, there is little to say.
The reader will readily see (referring to Fig. 13) that I,M
<:H
if a stroke be given during the polishing, which
would on an ordinary polisher produce a sphere; on 'Ill
such a polisher as that indicated in the figure it would '1/
31;
produce a parabola, for the excess of polishing sur-,~
face at B, B would abrade the glass a little more:!'1
.'}\
towards the edge than at tae centre, and so lengthen Al
',I
the outer rays and form the parabola.
~
The same end would be obtained if, as is often!!
done at the present day, the pitch polisher be madell
circular, but very slightly lar~er in diameter than the I
.'J
speculum i s . ' i l
The figuring is now completed. There are one orMj
two minor tests which we shall consider when the!II"
telescope is mounted; but first we must discuss the
process of covering the polished glass with silver, andjj
the manufacture of the little plane speculum. A rough,!!
.
•
'i~
and ready mountmg may then be deSCribed, and the 11
construction of the eye-pieces, in order that our,~
specula may be put in use while the more elaborate,l"
mou~ting necessary to work rOIJifortably is being,1
'"
conSidered.
Perhaps it may be said, however, that if during the!
shadow testing a low power eye-piece mounted upon,,'
a suitable stand be substituted for the metal screen'
(Fig. 42), the curve of the speculum may be roughl
ascertained by the appearance of the image of th,
tiny apCirture in the lamp shade when examined wit
the eye-piece. If the mirror be truly spherical, th
magnified image of the artificial star will be perfectf'
defined, and it will be capable of being sha
focussed. (It must be remembered that the eye-pie,
is simply a microscope by which the image of t '
aperture is magnified.)
If the mirror has an oblate-spheroidal curve,'
illuminated aperture will not admit of fine definiti
but will be surrounded by a halo of false light, wi
halo, however, will be sensibly diminished if thej:!
•
•
piece be moved slightly towards the 111lrror•
:':,';"

I
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The same appearance will be noticeable if the were indebted to the inventor of the shadow test for
speculum be of an elliptic, parabolic or hyperbolic the adaptation of this chemical silvering process to
curve, but the eye-piece will then have to be slightly the production of silver-on-glass reflectors, and we
movedfram the mirror to reduce the halo of light shall not inquire farther into the history of the many
which surrounds the image at the point of best de- processes (each a different variation of the original)
finition.
that have been published since the discovery was
One other fact may be stated. If the experimenter first made by M. Liebig.
watches the surface of the mirror when the screen is
An ordinary plate-glass mirror is silvered on the
being moved across the rays at the centre of curva- back, and the film of metal (silver or mercury, as the
ture, he will be enabled to indicate the paths of the case may be), is protected with va~,nish from the air.
rays on paper, and so prove his deduction of figure.
But the reflection. of any object is seen through a
If, for example, in Fig. 69, A B, be taken to be a sec· stratum of glass. Glass specl.la do not permit of a
tion of the
similar treatmirror under
ment. The
A
A
•
test, and S to
silver,
in•
be the screen
stead of
half
when
r 1<056
being depoway across
sited on the
o
the cone of
o
b a c k,
is
c
G
rays at the
placed upon
centreofcurthe front survature, and
face, and the
light is rec, C, parts of
flected
dithe concave
B
fiG 71
rectly from
surface apthe
silver
pear shaded,
surface, the
it is a proof
FIG 69
glass formthat the rays
ing simply
from c,c are
fI a 6&
an accurate
cut off' from
F"I G 67
5 ---+:,\
~~iri
base for the
the eye by
B
\
metal. Nor
the screen,
is this film
I \,
as
drawn.
c
I
'
so liable to
Similarly beI
\
I
\
destruction
cause D, D,
as it may at
other parts
FIG. 66.-SECTION OF MIRROR POSSESSING HYPERBOLIC ERROR. FIG. 67.-CONCAVE
FACE OF DITTO. FIG. 68.-SECTION OF POLISHER PREPARED TO CORRECT ERROR.
first be conof the surFIG. &f.-DIAGRAM EXHIBITING PROOF OF TEST BY SCREEN. FIG. 7o.-SPECULUM
sidered. So
face, remain
(A) SUSPENDED BY WOODEN ROD (B) IN GLASS OR GLAZED EARTHENWARE DISH
(c) CONTAINING SILVERING SOLUTION. FIG. 7I.-TEST TUBE WITH TUFT OF COTTON
long as it
bright, it is
WOOL INSERTED.
is left unevident that
the rays from those parts escape past the screen into touched, being simply protected from the air by a
the eye, and if these latter rays be indicated it will cover when not in use, it will retain its brilliancy and
be also evident that the outer rays are longer than perform properly in the telescope for several years.
There are, as has just been stated, several different
the inner, and that the mirror is possessed of an
hyperbolic curve, as the shading will prove, if the processes. "Ve shall consider that which is the most
reader sketch <out an imaginary front view of a specu- modern, and, moreover, that which the writer has
lum under test, having the portion C c shaded and used with perfect success. It was first given to the
world several years ago by an American optician, Mr.
D D bright. This is a crude example, but it "iill
Brasheur, and it has now almost superseded other
serve to elucidate the method.
"Ve have now to consider the process of covering methods.
Pure silver is used, not quicksilver, but the exthe polished glass surface with a microscopically fine
film of chemically pure silver, which film when duly pense of silvering is very slight, and it shall be depolished with a soft chamois leather will reflect for use scribed so simply that no knowledge of chemistry
whatever will be required to perform what would be
nearly the whole of the light which falls upon it.
It has been mentioned in a previous paper that we in any case a very pleasing chemical experiment.
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inches each side, as in Fig. 70, where a is thel)'l~'
b the speculum, and c the silvering dish. Ther·
should then be carefully cemented with pitchtdtn';
back of the speculum, as in the figure.
Now procure a test-tube, and with cottonwdQ
make a kind of rough pad, as in Fig. 71, or the tub
may be dispensed with, and the pad formed in sdm~
other convenient way. Lay the mirror face upward
upon the table, and pour into the concavity a small qua~
tity of nitric acid. With the pad (beware of permitting
the acid to touch the skin) wash the speculum, front'
and sides, with the acid, and rinse well under an ordi~
nary tap, finishing with distilled water. Take one of"
i
the clean silvering dishes, and suspending the specu..s
lum over it, as in Fig. 70, pour in sufficient distilled
water to immerse the mirror to the depth ofabout kinchi
l\Iovethe mirror to and fro slightly in the clean water,
and then raise it for a moment and examine the sur-,
face. If the glass is entirely covered with a film of\
water, it is chemically clean, and may be replaceclB
until required; but if, on the contrary, the water fihn'.
in some places refuses to adhere to the glass, it is
evident that the cleansing process must be repeated.
If the glass is greasy it may be necessary to wash it
in a strong solution of potash before applying the acid.
Assuming that the cleansing has been successfull~l'~;i
we will leave the speculum suspended in the distilleq.'ill\'
water while we prepare the silvering solution.
Firstly, pour about onc-tenth part of solution 1)
(silver) into a small bottle; we shall require it pre.il
sently. Next drop aqua ammonia: into the main"
silver solution, until the precipitate which first forms}
disappears. Then add the potash solution, when ai.'
precipitate will again be formed, and will require to?'
be removed by a further addition of ammonia. The
ammonia must be added drop by drop, not using one
drop more than is necessary to restore transparency'
to the solution.
Now add the reserve silver by drops, constantl
ao-itatinothe solution with a little glass rod, until tb·
b
b
whole assumes a clear saffron tint. This tint ,t
essential to perfect success. If by error, a little t6
much of the reserve silver has been added, the sol,
tion will become slightly turbid, and it may then p;,;
filtered through a glass funnel in which a little cot~~··
wool has been inserted, or the sediment which,
caused the turbidity may be allowed to settle, and.~,
clear liquid drawn off for use.
.'
The solution may now be poured into the eIl1j:
( (or second) silvering dish, and distilled water ,ad'4i
to make up a sufficient quantity of solution top~t
the speculum to be immersed, as in the other·¥~.~
to the depth of about t inch, leaving at least Ii~~ll
depth of solution between the polished glass'k£Qi
chemists at a nominal price. In the country pure (filtered)
and the bottom of the dish.
rain water may be used.

"Ve will first consider the apparatus necessary, and
I would have the reader remember throughout that
although proper apparatus for the purpose may be
purchased from any optician who sells reflecting telescopes, elaborate apparatus will not imure success,
and homely substitutes which will suggest themselves
to the intelligent workman may be used in place of
those about to be given.
We shall require (a) Two glass or earthenware
dishes one inch or so larger in diameter than the
speculum, and at least 2k inches in depth; (b) chemical scales and weights; (e) a five-ounce glass
measure; (d) one or two pieces of glass rod, some
cotton wool (best purchased from the chemist), and a
piece of the very finest wash-leather.
Of chemicals we shall requirePotash,pure, prepared
Nitrate of Silver.
by alcohol.
Distilled Water.
Aqua AlIllllOllitZ'.
Pure Loaf Sugar.
Nitric Acid.
Alcohol.
The nitric acid, besides being used in the preparation
of the reducing solution, is essentially necessary fur
cleansing, for the great rule in silvering is cleanliness,
and by the aid of the acid it is possible to render the
speculum chemically clean.
The reducing solution will flrst require to be
made; the older it is the better. The proportions
given below are for 25 ounces (fluid); the proportion
for a lesser quantity may be ascertained by a slight
calculation. 840 grains loaf sugar dissolved in about
300 grains of distilled water,* 39 grains of nitric acid,
25 drachms alcohol; dissolve these, and make up to
:I 5 ounces with distilled water. This forms the reducing solution.
For the other solutions for our 6 7 inch mirror dissolve 50 grains silver nitrate (crystals) in 2 ounces of
distilled water, 50 grains potash (pure by alcohol) in
:I ounces distilled water. \Ve shall then be dealing
with three solutions: (a) reducing solution, (b) silver
solution, (e) potash solution; to these add a fourth,
which is purchased from the chemist ready made,
namely, (d) aqua (or liquid) (1IllIJL01Ziuc. The silver
and potash solutions may be made Just before using.
Now for the process.
We will assume that the dish to hold the main
solution has been well cleansed, and is standing
ready; the mirror only remains to be prepared. "Ve
require to suspend it face downwards in the dish provided, in such a manner that its concave surface shall
be about I inch from the bottom of the dish. To do
this a wooden lath about 2 inches by I inch, should
be cut of such a length that when rested across the
diameter of the silvering dish it will project a few
* Distilled water can, in town, be obtained from the
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Add now four drachms (fluid) of the reducing
solution, and thoroughly stir the whole with a glass
rod. The solution will very shortly begin to turn to
a pinkish colour; when the mirror may be lifted from
its temporary immersion in the distilled water, and be
quietly inserted in the prepared solution. It should
be lowered in a slanting position so as to prevent the
formation of air bubbles. If the mirror is found to
be immersed too far, it may be raised by slipping
wedges between the projecting ends of the wooden
support and the sides of the dish.
The solution will continue to darken from pink to
brown, from brown to black. A heavy film of silver
will be thrown to the surface, being at the same time
deposited upon the glass. Finally, in a space of time
varying from a few minutes to half an hour, according
to conditions of temperature (the silvering is best
performed in summer) and of solution, the fluid will
:l.gain change colour to a turbid brown, as may be
seen if the silver film be moved with the glass rod.
The speculum must then be removed, and well swilled
with ordinary water, and finally with clean distilled
water, when it may be set on edge in a safe place lo
dry, the water draining off on to a pad of blottingpaper. The silver surface should not be tampered
with until it is thoroughly dried, when the wooden
support may be knocked away from the back of the
•
mIrror.
. Two rubbers of finest chamois leather padded
with cotton wool should now be prepared from pieces
of leather about 4 inches square. The cotton wool
should be laid in the centre of the square, and the
edges of the leather gathered up and tied round,
forming a kind of cotton wool dumpling. One of the
rubbers will be used without any polishing powder,
for the other a small quantity of rouge should be
prepared by levigation between two sheets of glazed
writing paper.*
The speculum, having dried, may be placed upon
a flat table, and any dust which may have accumulated, lightly brushed off with a tuft of ne\v cotton
wool. The plain rubber should then be moved in an
endless stroke of tiny spirals over the whole surface,
making the wear as equal as possible. This is done
to consolidate the silver film. The other rubber
should then be slightly touched with the prepared
rouge, and used in a similar manner to polish the
silver surface, which should receive in ten or fifteen
minutes a beautiful black polish. The mirror is then
absolutely completed, and in that state, but screened

* In

practice, the finest rouge for this purpose may be
obtained by wiping it from the centre of the mirror with the
leatber pad when the final polishing is interrupted for testing;
but care should be taken not to take the rouge from near the
qefor fear of taking grit at the same time.

from dust and damp, we must leave it while we arrange in our next paper, the smaller flat speculum,
and a rough and ready mounting for both.
A friend of the writer (before mentioned) has
found that a hard brilliant film is obtained by
dividing into two equal parts the solutions just given,
and really silvering the mirror twice, one coating
immediately over the other.
The process, save that all solutions are divided, is
identical with that just described, but when the mirror
is moved from the first dish of distilled water in the
silvering solution, a second silvering solution is prepared in the former dish, the distilled water being reserved in another vessel for rinsing purposes. \Vhen the
first solution has turned black, and the silver has been
deposited, the reducing fluid is added to the second
silver solution, and the mirror inserted in the newly
prepared bath, where it receives its. second coat. By
this modification it is found that thirty grains of silver
will deposit an excellent film on a 6~ inch mirror,
thus allowing the experimenter to economise in the
most expensive item, the nitrate of silver. \Vhile in
the first bath the silvering dish is itself coated wherever
the solution reaches with a thick coating of silver, in
the second bath the silver seems to deposit almost
entirely on the already silvered speculum.
To command success, in addition to the cleanliness, which, it has been before remarked, must be
observed, it is advisable to keep the mirror, the
silvering dishes, and the chemicals together with any
water it is intended to use, in the same apartment for
at least twenty-four hours before silvering. If the
mirror and the solutions are of unequal temperature
there is great risk of entire failure.
It will be found that the silver film, although apparently opaque, is in reality slightly transparent.
The thickness of the metal has been calculated by
Dr. Draper to be about one two hundred thousandth
part of an inch. The question of the preservation of
this beautiful surface must be left to be considered
in another place.
Such a thickness as the one two hundred thousandth part of an inch is so slight as to be inappreciable by our minds and senses of perfection, which are
accustomed to deal with thicknesses of far greater
magnitude, and are accustomed to consider the sheet
of paper on which this is printed as being extremely
thin. Yet two hundred thousand of these sheets
placed one on the other would together constitute a
thickness of several yards; I do not attempt to calculate how many. Readers who are curious in the
matter may be left to do this for themselves; I only
wish to call attention to the almost infinitesimal thinness of the deposit.

(To be continued.)
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crank, C, by two screws, the ends of the pieces being
halved so as to drop into one another and form, as it
were, a continuous connecting rod. A balance wheel, G,
9 inches in diameter, is placed on the s]Jindle R to the
left, and to the right a small pulley wheel, 3 inches
in diameter, round which, and the driving-wheel H, is
the driving belt or cord. The driving-wheel, H, and
and the treadle are left untouched, and remain precisely the same as they were in the machine wh en it
was a sewing machine.
In Fig. 3 is given a side view of a guide, which I
have for steadying the saw arm or bracket at the
back. The guide itself is shown at I'd *; z is merely
a piece of wood underneath the table, and of sufficient length to bring the upright I'd close to the back
of the bracket arm, the top and bottom of which are
shown at F, F. K is the knitting needle, which is
fixed in the head of the bracket frame above the saw
clamp_ The clamps themselves holding the saw
being hidden in Fig. 3 by the block x and upright B.
If the guide I'd was made of iron, and reached
forwards to K, with a hole in it for the knitting needle
to work in, the bar A A, shown in Fig. I, would not
be
,
required. The dotted line Y indicates what I mean.
I tried a wooden one, but found it was not rigid
enough. The under guide, instead of being made of
a bicycle treadle and knitting needle, would be much
better made with a square steel rod working within a
steel square.
--------:-:=="l-}-==-e:---
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ITS CONSTRUCTION AND J\IANUFACTURE.
By EDlVARD A. FRANCIS.

•
Xll.-DETAILS OF SIMPLE METHOD OF MOUNTING
INSTRUMENT.
1G~~~fi1 ERY many years ago, the

son of' an
American portrait-painter, having heard
or read of the old method of making
metallic reflecting telescopes, begged
for his father's help to cast a speculum
for a little telescope he would have made. The father
gave the required help, relinquished portrait-painting
as a profession, and, instead, began to study the manufacture of telescopes. He was over forty years of age
when first he practised the art, yet he became the most
eminent optician of America, and one of the greatest
in the world-Mr. Alvan Clarke.
Twelve months have elapsed since first the writer
had the pleasure of addressing his readers in these
pages. The actual making of the great speculum of
.. This, as shown, is not very clear. but I imagine M is either
grooved for the arm to work up and down in, 0: that it is
uble. i.e., two rods between which the arm works.-ED.

a reflecting telescope has been completely considered. ,
Yet a glance back through some of the latter papers is
likely, as was before suggested, to dissuade the amateur
with only a very modest trust in his own powers, from
attempting the manufacture of an instrument, the
construction of which is apparently so full of diffi,culties. To him we would say: "Disregard, if you
please, the theoretical papers (except the first) altogether. Follow out only those practical chapters
which simply explain the method of working. Work
honestly, truly, and carefully. Polish your mirror
(without testing, if you will) upon a polisher one-half
of an inch greater in diameter than the speculum
itself, following rather the footsteps of Mr. Mudge
than the more modern method. Mount the speculum
so constructed in the manner just about to be described. The result of its direction to the surface of
the moon, even if the speculum be unsilvered, cannot
fail to inspire you with a confidence in your own
powers, and a longing for greater excellence of work.
manship, which will send you back with renewed
vigour to master those theoretical papers, the study
of which alone can ensure complete success." This
to the faint-hearted : the true amateur will need no
such address.
As this paper is being written, the thermometer
0
registers 80 in the shade, and folks are assuring ea.ch
other that it is the hottest day they have known.
Such weather puts the astronomer almost out of work:
the nights are so short and light, and the face of the
sky, comparatively speaking, is so uninteresting.
But by the time this reaches the reader in
print, things will have changed-for the better
for our amateur astronomer, for the worse for most
other people. November will bring with it short
days, and, perchance, cold, at any rate, long nights.
The giant planets will be gracing the midnight sky
with their presence, while Orion, the matchless con-,
stellation of the heavens, will be rapidly attaining a
position that will throw its beauties open to the Eng.
lish observer. So we must hasten on with oU]:'
instructions, that the amateur may not have to wait.
another long year for a glimpse of the chief beautieS' •
of practical astronomy.
\Ve shall, therefore, not consider in this chaptet"
the making of the small plane reflector.* '
That mirror, which in our case will have a surflidi:!>
scarcely two square inches in extent, will require tob
prepared with the sameaccuracy and patience whi~,
was before bestowed on the preparation of the prin~l
pal specult: m. F or the labour of forming its optica~
flat surface, the professiona.l"telescope maker demaJ1C
about twenty shillings per inch for small" flats," :$.""

* See Chapter L. page-g. Fig.7, where the general arra1j?
meDt of the mirrors of a Newtonian reflector is shown.
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a higher rate as they increase in size (the measurement being taken across the minor axis of the
elliptical mirror). Notwithstanding this, it is unhesitatingly advised, that those of my readers who can
conveniently spare a sovereign for the purchase of a
professionally worked flat, should do so. There is a
risk that ncitlzer of the mirrors may be perfectly constructed, but, if the experimenter be confident
that the smaller speculum is perfect, he may
immediately set himself to discover the error in the
greater speculum. If, on the contrary, he cannot
vouch for accurate workmanship in either case, he
may be for some time at a loss to decide which of the
specula it is that is incorrectly figured. My duty
here, however, to my readers, is to place' at their
disposal such instructions as shall enable them to
personally construct each separate part of the instrument. Therefore, though we shall not consider
here the process of manufacture of an optically flat
surface, we shall do so in another paper, where a
simple method of testing shall be taught, by which
the amateur may discover if his workmanship be
perfect or not; and if not, how to detect by actual
experiment which of the two specula may be the
cause of any defect.
Two courses then are here open to us. The
first is to purchaoe the small mirror completed; the
second, to cut the oval glass required from the best
commercially polished plate glass that can be procured,
and use it temporarily without further treatment. In
pursuing the latter course, the amateur will not be
desecrating the traditions of practical optics 50 much
as might be at first thought. Dr. Draper, of America,
for some time, used in his great telescope such a
piece of glass-of no less than five inches in its
major diameter-not specially prepared, but cut from
the centre of a large looking-glass, which had been
accidentally broken.
The Rev. Cooper Key and other gentlemen amateurs on this side of the Atlantic, have also left it on
record that during preliminary experiments they
have resorted to the same device. The reason why
this glass may perform well will be at once discovered
if the reader will investigate the method of its manufacture, when he will find that the grinding and
polishing of plate glass, even on a wholesale scale, is
a more delicate operation than is commonly imagined;
•
each sheet being specially ground and polished by
experienced artificers.
It will be seen, by reference to the diagram referred to in the footnote, that the plane mirror c has
its silvered surface placed at an angle of 45°, with
the axis of the greater speculum or with the side of
the tube. It will also be noticed that the light, after
reflection from the great speculum, forms a cone,

which is cut by the "flat," as the small plane mirror
is technically termed.
A cone cut across near to its apex in the manner
indicated in the diagram, must, as will be seen from the
little sketch, Fig.72, present an elliptical or oval section,
and a flat, which would reflect all the light of the cone
and yet have no superfluous surface, must be of such
a shape. Therefore, the small mirror is not cut to
a circular plan, as the greater speculum was, but to
that of an ellipse having its major to its minor axis, as
seven is to five, as shown in Fig. 73, which is a sketch
of a completed unsilvered flat, for a telescope having
a concave speculum 6~ inches in diameter and 5 feet
in focal length.
Having procured several pieces of glass, rather
larger than Fig. 73, and cut, if possible, from near to
the centre of a sheet of best polished plate glass,
the telescope maker may proceed to reduce them to
the required shape; and this can be done, to a certain extent, with a good diamond. The glass may,
however, be conveniently nibbled to the required
shape by the aid of a small parallel vice or screwhammer. A little practice with a piece of waste glass
will very soon indicate the method of proceeding.
The jaws of the vice or hammer should not hold the
glass at all, but simply fit it loosely, when by an
upward or downward pressure the edge of the glass
may be crushed, as it were, away. The instrument
used by the trade for this purpose is known as a pair
of "shanks," and consists of two rods of soft iron
about half an inch square and 7 or 8 inches long. These
rods are loosely pivoted together at one end, and at
the other are provided with handles, so that they
present the appearance of a long pair of scissors
without any blades. The glass is nibbled away by
these exactly as it would be between the jaws of a vice.
Having roughly brought the glass to shape, it is then
edged in a manner precisely similar to that previously
described for the larger speculum: but it will be seen
by reference to Fig. 74, that its edges are bevelled off,
in order that it may be truly fitted into the brass tube
that forms its mount. How to obtain this exact bevel
will be shown.
A rod of wood, 6 or 8 inches long, is turned up in
the lathe to a diameter equal to, or slightly less in
length than the minor axis of the ellipse of the intended
flat. Around this rod (while in the lathe) and near
to its centre, two lines should be marked exactly as
far apart as the rod is thick. The rod should then be
cut across from one line to the other at an angle of
45°, and the roughly-cut glass cemented with resin or
hard pitch between the two pieces A and B (Fig. 75)
so obtained. When returned to the lathe, if the
wood and glass have been properly cemented together,
. the latter may be cut to a shape precisely similar to
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FIG. 72.-DIAGRAM SHOWING SECTION OF CONE AT RIGHT ANGLES TO AXIS TO BE AN ELLTPSE. FIG. 7~.-SKETCH 011 .
COMPLETED UNSILVERED FLAT FOR 6~ INCH REFLECTOR-FuLL SIZE. FIG. 74.-SECTION OF FIG. 74 .A.LON(];
MAJOR AXIS A B, SHOWING BEVELLED EDGES. FIG. 75.-MoDE OF MOU:-lTING ROUGHLY CHIPPED GLASS FOR\.
SMALL FLAT MIRROR TO CUT EDGE TO PROPER BIi:VEL-A. B, Portions of Wooden Rod Mounted between L!ltb~\.
Centres; C, Flat Cemented between A and B. FIG. 76.-TELESCOPE ROUGHLY MOUNTED-A, B. Foundation Board.sl\!
C. Block to raise Mirror Cell; D, Mirror Cell or Box; E, E, AdjustmR Screws; F. Speculum; G. Box covering F!~
Mount and carrying Eye-piece Finder; H, Eye-piece; I, Flat Mount; K, Finder. FIG. 7T-BACK VIEW OF MIRR().~!
CELL, SHOWING POSITION OF ADJUSTING SCREWS. FIG. 78.-SECTIONS OF FLAT MOUNTING. FIG. 79.-B«:>
CARRYING EYE-PIECE AND FINDER-G, Box; H. Eye-piece Mount; K, Finder.
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FIG. Bo.-MoUNTING FOR SMALL MIRROR-A, Inner Tubing; B, Outer Tubing accurately fitting round Flat and Inner
Tubing; C, Flat; D, Projecting Cap. FIG.8r.-DIAGRAM SHOWING HOW BRASS TONGUES F, F, SOLDERED ON TO
INNER TUBING A, A, ARE TURNED DOWN TO PREVENT MIRROR C FROM SLIPPING OUT. FIG. 82.-RACK-WORK
FOCUSSING ApPARATUS FOR EVE-PIECE IN SECTION. lI'ote.- The Eye-piece is carried in Inner Tube A, A; the focus~ing is performed by turning Ivlil1ed Disc B, when Tube C, C, operated by means of Rack and Pinion, moves within
Fixed Tube D D. FIG. 83.-SIMPLE SLIDING TUBE ADJUSTMENT FOR EYE-PIECE. Note.-Tube A, A, carrying Eyepiece slides within B, B, attached to Telescope by Collar C, C. FIG. 84.-SIMPLEST METHOD OF FIXING EYE-PIECEA, A, Wooden Disc pierced in centre to receive Tubing B, B, which carries Eye-piece. FIG. 85.-DIAGRAM SHOWING
RELATIVE POSITIONS AND DISTANCES OF GREATER AND LESSER SPECULA AND EYE.PIECE.
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that indicated in Fig. 73 and of any required size. In
the absence of a lathe, a rod of the requisite diameter
may be easily obtained, marked and cut, and the
glass being cemented between the two pieces
may be edged by grinding on an ordinary grindstone.
In the lathe the soft iron band which was used to
trim the disc of glass for the large speculum, may be
dispensed with, a band of stout sheet tin or copper
being substituted for it.
To prevent chipping during the grinding, it is
advisable that two or more flats should be cut at the
same time, the glasses being cemented together with
Canada balsam. If three discs are cemented together,
namely, A, Band C, B being centrally placed, it is evident that any chipping during the rough grinding
would ta1<e place at the outer edges of A and c, while
B would remain whole. There is no reason why A
and c, under such circumstances, should not be of
common glass and simply used as shield to the true
flat cemented between them.*
In describing a rough mounting, it must be
understood that the form suggested may be
varied as circumstances and the materials at hand
demand. It is my opinion that there are really only
two methods in which it is worth while to mount
reflecting telescope.
The one is, to mOllnt it in
the manner first about to be described, on a plank;
the other, to mOllnt it thoroughly on properly-turned
bearings, with a heavy counterpoise weight. In the
first case, one is prepared to experience great
obs~acles to complete ease of observation, and is,
consequently, also prepared to encounter and overcome
them. In the latter case, comfort is assured. But if
any intermediate style of mounting is aimed at, the
prospect of easy observation is encouraged only to
meet with a tantalising disappointment.
A tube (commonly considered an indispensable part
of every telescope) is not necessary to f1ne definition.
Good work has been done and good instantaneous
photographs of the moon obtained with specula
mounted on a stand similar to that illustrated in
Figs. 76 et uq. The fact of these papers being written
for the instruction of all those who are determined,
by necessity or choice, to construct the telescope for
themselves, sufficiently justifies the action of the
writer in suggesting a comparatively crude contrivance
which shall enable them to test their handiwork by
practical application, meanwhile the proper mounting
is in course of preparation. The experience gained
in the arrangement of a primitive form of mounting
is peculiarly necessary to him who would construct or
* The glasses can be separated when finished, by carefully
.h.~~~ them and the superfluous cement

of methylated spirits.
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removed by the aid

have constructed for him, the more advanced ma
chinery.
The base then consists of two boards (Fig. 76),
each 6 feet long, one inch or more in thickness, and!
about 9 inches wide. Sound, seasoned, and screweC!!
together by as many screws as may be thought nece!'isary, they should not be afterwards found to warp to
any appreciable extent. The general arrangement of the ,
parts in their relation to each other will be evident
from a study of Fig. 76. At that end of the base
which supports the mirror F in its cell D, is screweC!!
a block of wood c, some 3 inches square and 8 or 9
inches long, its pm'pose being merely to raise the
mirror cell and its adjustments from any danger of
disturbance when fixing the instrument into position.
The mirror cell, D D, may consist of a square box
(shown in section in the diagram) of such a size that
the speculum may be easily removed from and placed
in position. It may be made of wood about one inch
thick, the speculum resting in it upon a bed of several
thicknesses of thin flannel or of felt. The back should
be pierced by three thumb-screws, occupying the
positions indicated in the plan, Fig. 77. These
thumb-screws serve to adjust the speculum, as it will ,
afterwards be found necessary to do. The cell must
be fixed perfectly vertical to the base-board; and,
moreover, at a right angle with the edges of that
board.
A simple method of mounting the smaller mirror
is shown in Fig. 78. The flat having been cut to the·
required size, a visit to the brassfounder's should be
made, for the purpose of procuring a length-say,
8 or 10 inches-of best tubing, of such a size that the
flat will easily fit inside. Great care must be taken
in the fitting; indeed, a dummy flat should be used, .
for if once the glass becomes fixed in a piece of tub.
ing too small in diameter or ill-shapen, it is certain to
be badly chipped in the attempt to withdraw it..
Having selected a length of tubing of the necessary·
size, a second length of a smaller size, which will·
exactly fit and slide within the former, should b~
obtained, and a short length (two or three inche!'i~
which will fit outside of all. So that we have thre~:
sizes of tubing. The first of an external diamete~'L
equal to the minor axis of the flat; the seconC!!j
of such a size as will exactly fit over the fir~:
tubing; the third (a short length) which will fit ov~
all.
The stouter, but narrower tubing, which is to for
the support of flat and mount, a modified form
which may be purchased ready made, will not reqtl)~:\.·
any farther explanation than that given i n f
diagrams. The thumb-screw F, which secures,~\
inner tube in position, may be dispensed with,ifC
fitting of the inner into the outer tube, i!'i p~i~
,',
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enough to cause the former to remain in any position
in which it may be placed.
The mounting may be done without the aid of a
lathe.
Take the tubing smallest in diameter and cut from
it a length of not less than six inches; it will be seen
from the figure that the actual length within an inch
or so is immaterial. Cut or file one end of it straight
across, and the other end (A, Fig. 80) to an angle of
45° . This forms a base upon which the flat may
rest, and if it has been accurately done, the oval
glass when placed upon it, would appear so far as
dimensions are concerned, a mere extension of the
tubing. But the flat would fall off; to prevent this, a
length of two or three inches of the tubing second in
diameter, should be cut in exactly the same manner,
and slipped on over A A, so as to form a little wall of
brass all aroundlthe flat, see Fig. :3 1. If then, two
little slips of brass, F, F, be soldered on to B B as
indicated, to prevent the glass slipping out in front,
it will be found that the little mirror will be securely
held in position. The respective tubes are secured
by the small screws, E, E.
A second length of the tubing B, about 2 inches
long, should then be cut flat at each edge, and
soldered, as shown, to the little casting G, which
should have been previously prepared with a circular
file to a proper curve. The apparatus shown in
Fig. 78 will then have been cnmpleted; it only remains to solder on to one end of the short length
of tubing which fits over all, a small brass disc
making an air-tight joint, and we have the protecting
cap, D D, Fig. 80, to slide on when the telescope is
•
not m use.
There are several defects in this arrangement,
which we could not tolerate in a perfectly mounted
instrument. For example, the adjustments necessary
are obtained by sliding or rotating the tube A,
carrying the flat, inside the short tubing c,
consequently, tbe placing on of the cap, D D
(Fig. 80) would throw all out of adjustment. But, in
any case, a fresh adjustment would be necessary in
such a rough and ready mounting for each new series
of observations, and so easily can it be done, tbat it
is not advisable to secure stability at the expense of
complication, by making of the small length of tubing, C C (Fig. 78), a split collar actuated by an adjusting screw. The adjustments necessary, as will be
afterwards shown, are of extreme simplicity.
The next point of consideration is the box, which
carries finder and eye- piece. As will be seen, it is
simply a neatly-made square box, open at two
opposite sides, and of the same external dimensions as the mirror cell. I t is shown in section in
Fig. 79, where G is the woodwork-H, the rackwork
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arrangement for carrying the eye-piece-I, the fiat
mounting-and K, a finder; the latter of which we will
soon separately describe.
The box is shown
in the diagram strengthened with interior brackets.
F or the focussing apparatus for the eye-piece, there
is nothing more easily adapted than the brasswork of
an old-fashioned half-plate photograph lens, which
can be obtained from any dealer in optical sundries
for two or three shillings, while to have a similar one
made would cost at least ten shillings. It is illustrated in Fig. 82.
Should it be found impossible to obtain such a
piece of apparatus, an ordinary' length of tubing one
inch and a half in diameter, and working in a brass
collar, as in Fig. 83, may be substituted, or, as a last
resource, the tubing may be worked in a well black·
leaded circular aperture in a small square piece of
hard wood, as suggested in Fig. 84.
The relative positions of the various parts will be
readily seen from Fig. 85, and with that figure we
must close this chapter.
(To be cOlltimtecl.)
----Qo-===~:_==""'o~---

COLD SOLDERING, BRAZING, AND METAL
INLAYING.
By GEORGE EDWINSON.

•
~~·~.. ~"'C~': ERSONS only slightly acquainted with
.' c,
the art of electra-deposition, and having
only a small knowledge of the chemistry
of metals, at times fondly hope to effect
a revolution in practical metallurgy by
the discovery of a process for uniting metals firmly to
each other by means of acids, electricity, or some
other agent than fire. Skilful metal-workers have also
given the subject their close attention, and have
stimulated the hopes of others by their partial
successes; but cold soldering and brazing is at best
only a "will 0' the wisp" to those who seek by its aid
a perfect substitute for the process of soldering and
brazing by heat in the ordinary manner. If a good
sound joint has to be made in metal work-a joint
that will stand wear and tear, blows and strains, such
as the seam of a copper or brass boiler or pipe, or
the cog of a wheel, or the joints of a bicycle-we must
have recourse to the old method oL uniting the parts
by the agency of fire, since none other will make it
equally strong. I write thus to prevent sanguine
amateur metal workers from wa sting their time and
material in attempting to apply any of the pro·
cesses hereafter described, where heat , alone should
be employed. Some of the processes have been _
invented to meet cases of necessity, and others have
been discovered Whilst searching for Other things,
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manner as the one for holding bits, with the addition
of a metal washer nailed or screwed on the back to
shoulder against the collar or spindle. After it has
been faced and turned in place, a small hole suitable
for a /'0 inch or ~ inch wood screw must be bored in
the centre, and the screw, which should be about one
inch long, driven in from the back until it projects
beyond the face of the chuck about half an inch. Two
of these chucks will be handy, one about three or four
inches in diameter, and the other about eight inches.
Vvith the latter, a round table top 2 feet in diameter
could be o·gee'd or moulded on the edge, and the
sand-papering and polishing carried out with ease.
If the amateur likes to fit this end with grinding or
polishing apparatus, it can easily be done, but I cannot advise the use of such. The bearings would suffer
heavily, and once they became badly worn, constant
trouble would ensue.
If a cast iron flywheel can be obtained, so much
the better. One suitable for a flat belt would be preferable, but failing that, a grooved one may be used,
the only objection to the latter form being that the
table would have to be raised higher to clear the cone
pulley while cross-cutting timber of any length greater
than the table width, and the attendant disadvantage
of this would be a reduction of the effective depth of
saw.
In conclusion, I may add, for the benefit of those
who may undertake the construction of the machine,
that I shall be happy to supply any further assistance,
should it be required, and this at any time through
the medium of" Amateurs in Council."

,
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THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By EDTV.1RlJ A. FR.lNcrs.

•
XIII.-AN EASY FORM OF MOUNTING THE MIRRORSTHE CONSTRUCTION OF THE EYE-PIECES.

:::......
N these pages, where so many excellent
.:'::;': .: lessons in carpentring have been given,
it would be superfluous for the writer
of this paper to instruct his readers in
the art of fitting together the various
•
parts of the easily constructed mounti ng described
last month. He will content himselt with recommending that the diagrams in the last issue should be
carefully studied, in conjunction with the brief details
of construction and engravings of certain portions
of that mounting which are now about to be placed
before the reader.
First shall be completed the box (Fig. 79) which is
to carry the eye-piece and the arrangement for focuss-

ing.· This box may be made of four pieces of weUseasoned wood, free from knots or defects. When
completed it should be about nine inches square.
The general appearance of the completed mounting is shown in Fig. 86, and as the relative positions
of the various parts were before given in Fig. 85, no
difficulty whatever should be met with in its completion.
The grand aim of the constructor should be to
secure certain conditions, to wit: First, that the
mirror cell should be so placed that the speculum
will lie vertically to the surface, and at right angles
to the edge of the base-board; second, that the tube
containing the flat should be fixed concentric with the
circumference of the great speculum; and, third,
that the eye-piece tube should be fixed exactly at right
angles to the eye of the base-board, and exactly
opposite the flat, which latter, by the way, will, if
properly fixed, appear as a circle when viewed without any eye-piece through the eye-piece tube.
I t is very possible that some slight adjustment in
the position of that tube will be afterwards found
necessary. To provide for this, it is advisable to cut
a larger aperture in the side of the box than is absolutely necessary-say, one of 3 inches in diameter.
The eye-piece tube may then be separately mounted
on a square piece of b inch mahogany, which may be
secured to the box by four ordinary screws, as in Fig. 87.
By this means, having first by measurement fixed the
speculum and flat in their correct relative positions,
the wooden slab containing the eye-tube may be
adjusted centrally with the flat (that is, with the eyetube pointing directly at the flat), and so fixed. Any
slight adjustment may then be made by loosening the
necessary screws and packing the mahogany slab up
with a thin slip of wood or card.
It is evident that it may be necessary to vary the
size of the aperture for the eye-tube according to
diameter of the collar in which that tube slides; and
here it may be mentioned that the diameter of the
outermost eye-tube need not exceed It inchesindeed, if the primitive focus sing slide indicated in
Fig. 84 is to be adopted, the aperture will only need
to be of the same measurement as the external
diameter of the tube that is to work in it.
The method of fixing an eye-piece into the eye·
tube so as to secure correct centring is shown in
Fig. 88, in which A A is the sliding tube of the focus·
sing apparatus; B B a ring of wood turned to rec:eive
about two inches of the tubing into which the eyepieces will slide (the tubing equal to D, in Figs. 89aJld
92); and C c, an eye-piece in position. Even when
expense is no object, it is convenient to fit each eye·
piece into a short length of tubing of a given. siz~,
which will slide easily into a fixed tube (as ~,Jrig.
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88) in the focussing mount; by this means, one eyeexplained in Figs. 90 and 93 may be followed,
•
piece may easily be substituted for another in the although no special advantage will accrue therefrom.
darkness-a positive advantage on frosty nights, when 'When purchasing the lenses the reader should be
quite sure that they are edged correctly, that is, that
the fingers are numbed with cold or enveloped in
the edges have been ground away in a lathe truly,
• thick gloves.
Having arranged all this, the eye-piece box may and, if possible, vertically to the plane side of the
be placed temporarily in position, the flat mounting, glass.
Fig. 78, being fixed within it, equidistant from either
\Ve will describe fully the construction shown in
side, and pointing straight down the base-board to the
Fig. 89, assuming first that the amateur is aware that
great speculum. It is essential that the centre of if brass tubing cannot be obtained, a tube formed of
major axis of the elliptical mirror shall be, when all successive layers of paper cemented around a wooden
things are completed, exactly as high above the base- rod of the required diameter, and when dried, slipped
board as the central point of the speculum.
off the rod, may be substituted.
The adjusting screws in the back of the speculum
The two lenses, A A (Fig. 89), should be purshould be carefully rounded at the points, so that chased, each I inch in focal length, and about! of an
they may work easily and freely on the back of the inch in diameter. Next obtain a length of brass
speculum, which they should touch through three
tubing, B B, of such a size that the lenses will exactly
holes of any convenient size cut through the felt bed fit it, and also a second length of smaller tubing, C c,
upon which the mirror rests. If required, the cell which will fit tightly, telescope fashion, inside B.
might be made with a closing lid to protect the Cut off from the tubing, B, about I~ inches. All the
mirror when it is not in use; otherwise, the latter will cutting must be truly performed, so that the edges
require to be removed after every series of observations. may be perfectly flat and form a right angle with the
The speculum may be secured in its cell by pack- side of the tube. From the smaller tubing, c, cut
ing with folded paper, but it should be held only just away three rings, the first t of an inch, the second
tightly enough to prevent side movement.
; of an inch, and the third as the first, about l of an
If all has been correctly attended to, and the inch in depth.
reason of things considered during the manufacture,
The depth of the second ring it will be noticed is
the telescope should now be ready for use, save that equal to two-thirds of the focal length of either lens,
the eye-pieces are missing. These we will now show so that, if placed between them it will separate them
how to construct, abstaining, however, from all to the required distances. The tubes may be nicely
theory, since the lenses may be purchased very cleaned up, and the interior of the smaller ones
cheaply indeed.
blackened, the interior edges of the t of an inch
A simple astronomical eye-piece costs. if pur- length being slightly bevelled to set against the convex
chased at a trustworthy optician's, from fifteen to surface of the lens.
twenty-five shillings. Those we shall describe, costing
Into one end of the tube B, fix the first quarter
but two or three shillings, and demanding only exact inch length of smaller tubing, having its edges cut (or
attention of the very simple rules of construction, will ground) perfectly true and flat. This may be either
perform equally well with the best ordinary eyc- soldered or cemented in position. Upon the edge
•
pieces.
formed by this combination, place one of the lenses
Two forms will be considered, the two most plane side downwards. The two-thirds length of tubing
common forms, both of which retain the names of slipped in next will retain the lens firmly in position.
their respective inventors. They are the Ramsden and Now drop in the second lens, convex side downthe Huyghenian eye-pieces. The former is shown in wards, and upon its plane side rest a disc of card
section in Figs. 89 and 90, the latter in Figs. 92 -equal in diameter to the lens, and having a central
and 93.
circular aperture of about '"0 of an inch (E, Fig. 91).
The Ramsden eye-piece is composed of two plano- Finally, the insertion of the other .: inch ring of
convex* lenses of equal focal length, placed at a tubing will complete the construction of the eye-piece,
distance apart, cf one-third of that focal length, and which will correspond exactly with Fig. 89. If all
oonnected by a tube. Such lenses as will be required the cutting has been carefully performed, an excellen t
be obtained at prices varying from sixpence to eye-piece will have been made at a minimum cost.
shillings, according to the whim of the seller, and To adapt such an eye-piece to the eye-tube of the tele<:an be very easily mounted in the manner indicated, scope, a narrow collar, D, of a still larger sized tubespecially if the amateur possesses a lathe. Indeed, ing should be soldered on to B as shown. A corn·
if the latter be the case, the plan illustrated and parision of Figs. 88 and 89 will then indicate how the
adaptation is performed.
,. Flat on one side and curved on the otber, as A. Fig. 9I.

-
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The professional method of mounting is indicated
in Fig. 90, and that so distinctly as to require little
comment here. The greatest skill is requisite in
preparing the ledges in the castings B B, on which the
}Jlane side of the glass is bedded.
The lens is
retained in position by a thin wall of brass which is
first cut around the ledge, and then burnished over
while the glass is held in position.
The Ramsden eye-piece is in reality a small
microscope of considerable power, as may be easily
c'emonstrated by the curious reader. I t is known
commonly, as the positive
eye-piece. In the Huyghenian eye-piece the image
viewed is formed between
the lenses, in the Ramsden
outside them, and thiS fits
the positIve eye-piece for
many uses, to which the
other form (called the negative) cannot be adapted.
If for example, two spider
lines or hairs be placed
crosswise and fixed at such
a distance from the cyep:ece that they may be
v'ewed distinctly, they will,
\\ hen the eye-piece is used
in the telescope, appear
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pOl·tant measurements can be made. Of this, more
will be said when the construction of the finder is
bting described.
As it is desirable to have the lenses of an eyepiece as thin as is consistent with perfect action, and
as the thickness dEpends upon the diameter, the first
or eye lens, the Ramsden, may be of a lesser diameter than the field lens (about one-half of the
latter), in such a case, the method of mounting the
C) e lens will be similar to that shown in Fig. 92.
The magnifying power of any Ramsden eye-piece
rilries with the foca1 length of its component lenses~

where/-the focal length (equal) of the lenses, and a
the distance between them. . In our eye-piece just
constructed this becomes

.,

1-

~..
2 X 1-

t

--

I
I!

--

t of an inch.

So that an eye-piece formed of two lenses each of
one inch focal length, placed at a distance from each
other equal to two-thirds of that focal length wOI,J\d
be equivalent in magnifying power to a single lens
of ~ of an inch focal length, and on our 5 fqOtreflector would magnify 60 .;- i, or eighty tit»es.

The same ntl~ aPl?lies re~l:lrdl~s,~ q( v?triatjon iq tAl}
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focallengrh of the component lenses, so long as they
are equal in that respect. If for any experimental
purpose it is desired to foml a Ramsden eye-piece of
two lenses of unequal focal lengths, the equivalent
single lens may be ascertained by substituting the
follo\9ing formula for that previously given:
{I X/2

~

.... _.....

--,--_'~'~.

/1 +/2-(l
In this case the terms have the same relation as

The single lens breaks up the light rays and
refracts them, so that a star appears as a brilliant
chromatic coruscation, and any larger object distorted
and fringed with colour. The same effects are slightly
observable at the edge of the field of view of an
ordinary compound eye-piece, and more so in the
Ramsden than in the Huyghenian. For this reason
the latter is often spoken of as the achromatic eye· piece.
Latterly, opticians have constructed eye.pieces in
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FIG. 83.-:MoDE OF FIXING EYE-I'IECE TO SECURE CORRECT CENTRING.-A, SectIon of TUbing; B, Section of Wooden Ring;
C, Eye-piece; D, Fixed Tubing for Eye-piece C. FIG. 8g.-RAMSDEN EYE.PIECE SIMPLY MOUNTED. FIG. gO.-RAM"DEN
EYE-PIECE COMPLETELY MOUNTED.-A A, Lenses in B B, Brass Mounting; C C, Metal Di£c with Eye-hole; D D, Sunglass
Cap, containing E, Sunglass. The whole combined by Main Tube, F F. FIG. gI.-HuYGHENIAN EYE·PIECE.-A, B, Sec·
tions of the Lenses; C, D, E, Perforated Disc of Card or Metal. FIG. 92.-HuYGHENIAN EYE·PIECE SIMPLY MOUNTED
(SECTION). FIG. 93.-HuYGHENIAN EYE-PtECE COMPLETELY MOUNTED \SECTlON).-A A, Lenses in B B, Brass i\!ounting;
C C, Metal Disc WIth Eye·hole; D D, Sunglass Cap containing E, Sunglass. The whole combined by Main Tube, F F.
G G, Perforated Metal Disc to lImit Field.

previollsly,/ I and /2 being the foci of the two lenses,
and (l the distance of separation.
It will be seen that the amateur now has it in hiS
power to construct a Ramsden eye-piece of any given
strength, by working backwards as it were, and this
remark well applies also to the Huyghenian eye-piece,
the construction of which w'" will now consider.
It may have been mentally asked, "vVhy should
we not use a single lens?" and the answer would
be, "For much the same reason that we should not
view through a common prism any object which we
wished to distinctly define."

which each lens is in itself compound and achromatic, but the construction of those we shall not
consider-indeed, the common compound eye-piece
is that most generally used; and if carefully made,
it furnishes excellent definition.
The lenses of the Ramsden eye-piece were of
equal focal lengths, those of the Huyghenian are
unequal in this respect. -Whatever those focal lengths
may be, if they preserve in their relation to each
other the ratio of 1 '3, and are separated by a distance 2,' the resultant eye'piece will be a success.
PIano-convex lenses must again be used.
VOL. VI.-C
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For example, if an eye-piece be formed of a small
lens of one inch focal length, and a larger one of
3 inches focal length, and the two glasses be
placed 2 inches apart, a good Huyghenian or
negative eye-piece will be the result.
The lenses of the Ramsden it will be remembered,
were placed with their convex sides turned towards
each other; in the Huyghenian the plane side of
each lense is turned towards the eye. Let us proceed
to construct an eye-piece of this kind. Obtain two
lenses, the one of one-half inch, the other of one inch
and a half focal length. These will require to be
placed one inch apart. The longer focussed or field
lens, may be about three-quarters of an inch, the
shorter but little more than a quarter of an inch in
diameter.
Tubing, such as was used for tbe
Ramsden, will be required. Of the tubing E, cut I!
inch length; of the tubing c, wbich fits with E, cut as
follows: One piece .: inch deep, two pieces:) inch deep,
and one piece of the depth of -il, of an inch.
Procure, also, four discs of good black cardboard
or soft brass, less than -h inch thick, and of tbe
same diameter as the larger lens. In two of these
(B c, Fig. 91) cut or drill central circular apertures of
the exact diameter of tbe small lens; in the tlllrd
(D, Fig. 91), an aperture slightly Uti inch less); and
in the fourth (E, Fig. 91), drill a tiny hole scarcely
more than ~ inch in diameter. The lenses (A A) are
also shown in Fig. 91.
In addition, a ring of the tubing D should be cut.
The eye-piece may tben be constructed by referring
to Fig. 92. To the tube B first solder the collar D.
Next solder into position the smaller .: inch interior
collar, which should be bevelled slightly on its interior
edge to accommodate the convex glass. The field
lens may next be placed, convex side downwards,
upon the bed thus prepared for it, and secured into
position by the insertion of one of tbe k inch lengths
of tubing, c. Next drop in disc B, Fig. 91, and here
it may be observed that the greatest care should be
taken to have the central aperture of this disc clean
cut. The insertion next of tbe second! inch length
of tubing c, will rer-der all, so far, secure. Now place
in disc D, Fig. 91, and upon tbe bevelled edge of its
central aperture rest tbe convex side of the small eyelens. The fixing of disc c will centre tbat lens
with respect to the tube. Finally, tbe last disc E may
be placed over tbe plane side of the small lens, and
the whole beld in place by fixing the remaining piece
of the smaller tubing in position. It may be necessary to cement this latter to the outer tube. The
eye-piece is now finished.
Looking through this eye-piece, apart from the
telescope, the aperture in E E, Fig. 92, should be
beautifully defined. If this is not so, the section of

tubing c, between that stop and the eye-lens may
require to be removed, slightly cut down, and replaced.
The power of the single lens equivalent to any
Huyghenian eye-piece may be found by the use of
the second formula quoted for the Ramsden~eyepiece. If the proportion one and three is maintained
in the focal lengths of the lenses employed, the power
of any Huyghenian eye-piece or any telescope may
be roughly ascertained by dividing the focal length
of the great mirror by one-half the focal length of the
field lens of the eye-piece.
A little careful manipulation may be necessary to
fix the small lens satisfactorily. Any soldering that
may require to be done should be completed before
the lenses are placed in position.
The perforated disc E E, Fig. 92, was not necessary
in the construction of the Ramsden eye-piece, because
in that eye-piece, as already stated, the focal image
in the telescope is magnified outside of the eye-piece;
whereas, in the Huyghenian, the image is formed between the lenses, and the stop E E is used to limit the
field of view to a circle of good definition. The
eye hole, F F, Fig. 92, is used in both cases. It simply
directs the eye-how it may be placed at once in the
most advantageous position for viewing any object.
The adjustment of the telescope, without which it
is useless, but which is very easily performed indeed,
I will describe in my next paper.
One word of warning must be given to any inquisitive amateur who may seek to test his telescope
meanwhile, and that is, not to turn it on to the sun.
No common dark glass will serve to shield the eye
from the sunlight concentrated in such a large instrument. The method of using the telescope for sun
work will be hereafter briefl y touched on.
With reference to the eye-piece mounting. If the
telescope-maker is a clever fitter, he may make the
eye-tube slab so that it may be fitted on either side of
the box. This will save him from having to assume
,
some awkward positions when observing-for the flat
can be easily rotated, if truly mounted, so as to reflect
the cone of light in any direction.
The professional form ot mounting the Huyghenian eye-piece is shown in Fig. 93, and is selfexplanatory.
I do not think that anyone who goes to work
with a will, and a desire-nay, a determination to
succeed-will find much difficulty in' mounting the
telescope and in makinge.nd mounting the eye-pieces
described in this paper. I can only say, as before,
that my services, through the Editor or in Amateurs
in Council, are always at the disposal of amateurs
who may require further aid.
(To be continued.)
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interfere with the working of the reflector. About
a ~ inch of the edge of the reflector is left flat, and a
small piece is cut off the bottom and sides to let it fit
into the grooves. Of course, only the front (concave
side) of the reflector requires to be plated. As a
rough and ready means of determining the concavity
I may mention that the centre should be sunk about
-Is inch below the sides.
Cut out a piece of glass to form a window for the
front frame, and a piece of talc to put in front of the
reflector in the back frame; then get a short length of
brass tubing, fitted with a screw-cap, and solder it in
the hole in front of the reservoir; and, lastly, hinge the
dome on to the support in front. The hinge is made
of a piece of brass or copper, 3! inches by I inch, one
side is turned over a wire to form a tube, which is
then sprung over the wire of the support and soldered;
the other side is riveted to the lower part of the
bridge.
\Ve have now only to make the chimney, which is
easily done. You can use sheet iron, tin, brass, or
copper for it, and you must cut out three pieces, two
for the chimney itself, and one for the top, as it is
made on the telescopic principle for convenience in
packing, and one of the tubes must be somewhat
smaller than the other to slide within it. The lower
tube fits on to the top of the dome, and slides within
the upper one. They are both 5 inches long, and the
upper one is 3§: inches by Ij inch in width. You
should cut out a piece 1 I 1 inches by 5t inches for it,
which will allow inch edge to be turned down at
top and bottom, and leave about ~ inch to overlap at
the side. The other piece may be about i inch
shorter. An edge should be turned over at the lower
end of the smaller tube, and at the upper end you
must
make two i inch cuts at each side about I ~ inch
,
apart, and bend out the piece between the cuts so as
to form a sort of catch on each side of the tube. At
iiikabout half-an-inch from the lower end of the upper
tube you make a groove or indentation about 2 inches
long on either side of the tube for the two catches
which thu~ keep the upper tube in its place, as shown
in Fig. 19 The top is a piece of the same metal,
71 inches ong by 2!} inches wide in the middle,
tapering to I ~ inch at the two ends. It is fixed on
"
Jo the upper tube with two rivets at each end. Our
lamp is now ready for use. Fig. 20 shows the finished
i'lantern.
, Thus far, then, have we proceeded to~ether in its
~!»nstruction; and the result is an instrument, which,
tolerably inexpensive to make would be dear to
I 'ufo If the parts have been properly put together it
j will be suitable for every purpose for which a lantern
9f this kind may be required.
\\i

I'

(To be continued.)

12 7

THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By EDlVARD A. FRANCfS.

•
XIV.- ADJUSTING THE MIRRORS - THE FINDERTHE TELESCOPE IN USE-DEFECTS AND THEIR
REMEDIES.
ET us take the roughly-mounted telescope,
which the completion of Chapter XIII.
left in the possession of our readers,
away into the open air. Not at night-time
first, for the adjustments have yet to be
completed, but in the daylight. We may hope that
the moon will be well up, and in a good position, later
in the evening; for after twelve months' work the
result of our labour is to be tested. Success or failure
-which will it be?
And first, as to the support of the mountingboard. Well, anything will do. Years have elapsed
since the writer worked with such a mounting
himself-it is lying by somewhere or other now,
a reminiscence of past struggles; but he can well
remember the ease and comparative comfort with
which he manipulated it, as it rested upon the
back of an ordinary Windsor chair: that, too, when
using the mirror it contained to photograph the
progress of a lunar eclipse. Anything, then, from the
garden fence to a common tressel or a huge ball and
socket joint, will serve to elevate the eye-piece end of
the instrument from the ground; but the amateur
who cannot devise some means to support it steadily
while it is directed towards any object, had better not
read these papers.
We mentioned just now certain necessary adjustments : let us think for a moment about them. The
greater speculum, it will be remembered, acts in the
same manner as a great burning-glass: it concen.
trates the light and heat incident on it to one point.
That point is the focal point, and will be in our case,
about 5 feet distant from the great mirror. Now, the
simplicity of the adjustments may be noticed. It will
be evident that a slight inclination of the mirror surface in any direction would cause the position of
focal image to move also, so that by adjusting the
chief speculum in its cell, the patch of light reflected
from it may be thrown upon any given place. Very
good. Let us remember this while we attend to the
small mirror.
The eye-piece tube (H, Fig. 79, VoJ. V., P.553)
being centrally placed and firmly secured, the small
mirror should be so adjusted that it will appear as a
circle concentric with the eye-piece tube when viewed
through the latter without an eye-piece; that is to say,
that the edge of the eye-tube farthest from the eye
will present a circular field (A, Fig. 94), in which the
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circle of the flat (B, Fig. 94) will appear to be cen- seen reflected in the mirror (c, Fig. 94) as a small
trally placed.
round spot. With the eye at the eye-tube, it may be
The state of adjustment having been obtained, the noticed which part of the mounting is seen reflected in
flat should then (being placed at right angles with the the circle c ; and this will serve to guide the amateur
axis of the instrument) reflect through the eye-tube a as to the direction in which the great mirror is to be
picture of the
moved, and,
larger mirror
consequently,
(c, Fig. 94).
which of the
This
intro a d jus tin g
duces a third
0
screws recircle, and if
quires to be
the eye-tube
turned.
and flat are
The Fig~.
both properly
94, 95, 96 represent replaced,
this
FIG. 9+. - APPEARANCE OF FIG. 95. - APPEARANCE OF FIG. 96.-APPEARANCE OF
third
circle
EYE _ TUBE
WHEN
MIREYE -TUBE WHEN GREAT
EYE·TUBE WHEN FLAT S P e C t i vel y
should be con·
RORS ARE PERFECTLY AD.
MIRROR REQUiRES ADJUST.
AND EYE· TUBE NEED (Fig. 94) the
JUSTED.
MENT.
ADJUSTMENT.
centric with
appear!nce
the other two. Thus the circles appear. Outside through the eye-tube when the mirrors are in
of all (A, Fig. 94), the inside edge of the eye.tube, perfect adjustment; (Fig. 95) when the great mirror
next (B, Fig. 94) the ellipse of the tht projected as a requires to be adjusted, the reflection of the flat not
circle, and innermost (c, Fig. 94) the great speculum. beIng centrally placed; and (Fig. 96) when the flat,
If the latter circle be not concentric with the others, and possibly also the eye tube, will require to be
the adjustment of the flat, and
":adjusted, in order to cen'
-=:::3
tralize the reflection of the
possibly that of the eve-tube I:
J
I
I
also, may be required to be B e D
E
F
larger speculum.
altered. It may be observed
It will be seen that when
that a little experiment with
these adjustments are once
the different movements of
completed, the eye·piece may
which the flat is capable will B e D
F remain fixed: it will not resoon cause the amateur to
I
\
.. '
quire to be moved again. In
understand which of those
A
a roughly.mounted instrument,
movements may at any time
FIG. 98.-EYE-Plf:CE FOR FINDER.
however, the other adjustments
be required to secure concentricity of the three circles -those of the flat and great speculum-may require to
concerned.
be attended to each time that it is intended to use the
We will now imagine for a moment that the tele- instrument. A completely mounted instrument having
scope is directed towards the moon. Somewhere been once adjusted may not require readju!;tment for
near to the flat there will be a space in which, if a many months. Daylight being unattainable, the telepiece of card
B
scope should
be held, an
F'
•
F'
•
be directed to
image of the • .
ji - -- /ox--· .. ---_._..;)
~
-.. c;.~ .._..
an illuminated
moon would
be projected D
I"a
.
on to it by the
r
great mirror.
When the instrument
is
completely adFIG. 97.-SECTION
justed, that space will be occupied by the flat. The
great mirror then has to be slightly inclined, one way
or the other, by means of the little screws at its back,
until the focal image of anything towards which the
telescope is directed is thrown exactly upon the small
mirror, and so reflected out through the eye-tube.
This state is obtained when the flat (D, Fig. 94) is
'-0
I

•

l_

0

wh:te surface
A
a few
feet
distant from
I
the mouth oJ
B
the instrument. A small
OF THE FINDER.
contrivance,
made as follows, is useful to secure exact adjustment:
Procure a piece of tubing of the same diameter as that
used for the eye-pieces, and about 3 inches in length,
and also two pieces l inch and t inch respectively
in depth, that will fit tightly inside it. Into one end
insert the t inch length to form a ledge upon which
(from the other end) a perforated metal disc, similar
I

I
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to E, Fig. 91, but with scarcely more than a pin-hole
Take the 7 inch length of tubing, c, and the
aperture, may be dropped, being secured in place by 2~ inch length of tubing, B. Insert one end of the
the ~ inch length of tubing. If this contrivance be former I inch within the latter (see Fig. 97), and
placed in the eye-tube, and the mirrors viewed through secure it by soldering or with three small screws.
the pin-hole, the adjustment may be very correctly Upon the ledge so formed place the little achromatic
performed. The perforated disc must
A
lens, flattest side downwards. The 1
necessarily be of the same dimension as
inch length of tubing, c, serving to hold
the internal diameter of the long (3 inch)
the lens in position. If now an eye-piece
tubing first mentioned.
be fitted into one end of the foundation
The telescope may now be directed to C
•
0 tube and the object lens, and its mountthe moon-not at full, for then a somewhat
ing, just completed, into the other, it will
experienced eye would be required to
be found that a small astronomical teleThe
scope has been constructed-the finder.
detect any fault in definition.
Distinct vision is obtained by sliding
pointing may be done by resttng the
side of the head upon the base-board,
B
tube C within tube B, and not, as in the
and pointing the tube of the flat mount- FIG. 99· - CROSS WIRES ON ordinary form, by sliding the eye-piece
RING FOR FINDER.
ing as truly as possible; but a more
to and fro.
But we must now describe an important little
precise method is required. This is obtained by
mounting a small finder upon the eye-piece box, as addition to the eye-piece, upon which the value of
shown at K, Fig. 79. The construction of the finder small telescope, as a finder, depends. The eye-piece,
shall be treated of in the literally simple manner as just stated, should be of the Ramsden construction,
resorted to when we were considering the making of and, therefore, the focal image formed by the achrothe eye-pieces. The materials requisite are :matic lens when properly defined, would be outside
A, a common achromatic lens of about I ~ inch in
the eye-piece. What we have to. do is to cross two
diameter and 13 inches in focal length-cost not more hairs, or silk strands, or exquisitely fine wires, and fix
than 3S., most probably less,. B, 13 inches of mandrel- them as diameters of the field of view, at such a disdrawn brass tubing, of such a diameter that the lens, tance from the eye-piece that whenever we view an
which should be first procured, will
.r
object these cross-wires will appear in
the field, their point of intersection innicely fit inside; c, 8 inches of similar
dicating its centre. By moving the
tubing of such a diameter that it will
slide tightly within tubing, B; D, a
telescope until the object we are deRamsden eye-piece of very low power,
sirous of viewing is at that point, we
formed, for instance, oftwo pIano-convex
may thus be enabled at once to direct
the instrument accurately.
lenses, each of I inch in focal length.
The finder eye-piece, otherwise, is
(See Chapter XIII.)
identical with that given in the last
Divide tubing, B, into t\yo lengths of
IO~ inches and 2! inches respectively.
chapter, except, perhaps, that the outer
If possible, a lathe should be used, but
F
tube (A, Fig. 98) should be fully 2 inches
it is not necessary. The greater length
long. It would be as well to begin its
A;
manufacture from the eye-end as follows:
of tubing, that of lOt inches, is the
First, in the outer tube, A, fix the small
foundation tube of the finder. (See
C
Fig. 97·)
E
E
ring :of tubing, B, then a perforated
The tubing,
disc for the eyeC, should also
hole; next, plane
be divided into
side downwards,
D
two lengths, of
the eye-lens. To
7 inches and I
keep the latter
in. respectively.
FIG. loo.-FINDER SUPPORT WITH ADJUSTING SCREWS.
in position, and
It is imperative in this matter, as previously in that of at the proper distance from the field lens, the tubing,
the eye-pieces, that the edges of the tubing should be c, being just a shade less than I inch in length and
flat and true, so that if the length oftube were placed on bevelled at its inner edges, may next be placed in
edge on a levelled surface it would be perfectly vertical position. Then the field lens, convex side downwards,
with that surface. This, so that the lens which rests and finally tubing, D, about one·half of an inch in
upon a ledge formed of the edge of the inner tubing, length, should be fitted close up to the field lens.
may ae accurat~ly placed.
A perforated disc of thin brass, of the same diaVOL. VI.-I

I
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meter exactly as the field lens should now be obtained. It must be similar to Fig. 99; the width of
the flat ring of metal being about one· eighth of an
inch. Two tiny holes, each just large enough to permit a hair or very finely-drawn wire to pass through,
should be drilled at A and E, and two others at c and
D. The holes must be so placed that the stretched
wires will be at right angles to each other, and will
meet exactly in the centre of the disc, dividing the
space into four equal divisions of 90° each. The
wires should be secured in the holes with little plugs
of wood.
This ring is to be placed in position at E, Fig. 98,
having the strained wires next to the field lens, and
the whole eye-piece completed and rendered secure
by the fixture of the tubing, F.
If it has been properly constructed, upon being
held up towards the light the brass ring, E, will be
seen through the lenses, limiting the field of view, and
the cross-wires will be plainly defined, so that any
dust or irregularity on them will be exactly visible.
If this be not so-if, on the contrary, the wires and
ring border are ill-defined-then the tubing, D, must
be taken out and slightly cut or ground away, so that
the ring, E, may be moved nearer towards the field
lens. A little experimenting will very soon set all
right. The eye-piece should then be fitted into its
proper position (D, Fig. 97). Evidently the easiest
manner of so doing is to first fit it into a short length
of tubing (E, Fig. 97), and slide this into A ; unless, as
is probable, the size of the lenses permits of the outer
tube (A, Fig. 98) being directly formed of tubing of
the same kind as E, Fig. 97.
This finder, polished and lacquered, if the amateur can so do, is finished. \Ve have now to form
the apparatus for connecting it to the main instrument.
First, for the benefit of those who, shrinking from
the labour of manufacturing a great reflecting telescope, would yet like to possess an instrument that
would show to them" sun-spots, the lunar mountains,
the moons and belts of Jupiter, the rings of Saturn,
and the double stars and nebula:" (we quote now
from the prospectus of a popular five-guinea telescope),
we will mention a few facts.
A good achromatic' object lens for a refracting
telescope, 2 inches in diameter and about 24 inches
focus , will furnish sufficient light to show all these
things. It should cost at the utmost 1 Ss., and may
possibly be obtained for less. The writer once obtained an excellent 21 inch lens for half-a-guinea;
but possibly that was a chance bargain-it might
have been a bad one; but if a 2 inch lens be purchased at the price named from some responsible
optician, the method of mounting just described for

the finder may be followed out, only that the body
tube of brass should be in one piece, the eye-piece
being carried at the eye-end of the telescope by a
draw-tube like unto Fig. 82 or Fig. 83. The eyepiece should be made as in Chap. XII I., but the component lenses might be of a lesser focal length than
those there given. Thus, at a cost of less than 30s.
an instrument that would be no mere plaything would
be obtained-one with which valuable work might be
done, and which would, at any rate, demand many a
night of star-gazing before its capacities would be
exhausted. An ordinary knuckle joint would be required for mounting the tube upon a post or stand;
but no more need be here said, save that in this, as
in all other matters pertaining to the making of the
telescope, the advice and experience of the writer
are at the service of any reader who may wish to
use them,
\Ve return to the method of mounting the
finder. Many an astronomer has worked with a
finder bound to his instrument by wire and adjusted
each night before use: we shall describe the proper
form of connection.
The finder is supported by two rings, F and F,
fitting it as shown in section in Fig. 97. The first of
these is further illustrated in Fig. 100; the second
is like to the first, but has not any adjusting screws: it
simply fits the finder tube exactly at one edge, and is
slightly bevelled away towards the other.
In Fig. 100 we have assumed that the finder is to
be fastened to a telescope tube of sheet metal, and
we have indicated the method of attaching it. This
is done to save repetition hereafter. In our present
case, as we shall only require it temporarily, it wiII be
advisable to make it as shown, but dispensing with D
and substituting common wood screws for those
shown at E, E. The shaft, A, is an iron screw about a
quarter of an inch in diameter and two inches in
length. I t passes, as shown, through a piece of brass
tubing ~ of an inch outside diameter. The screw, A,
is threaded into Band C. The ring B, formed of a
section of stout tubing, about half inch greater in
diameter than the finder, is pierced in three places
and drilled to receive the adjusting screws, F, F, F ;
one of these latter to be at the top and the other two
equidistant from each other and from the uppermost
screw. The plate, D, shown inside the telescope tube,
G, is of the same size as c, and is drilled and tapped
to receive the screws, E, E, which pass through c. The
second support is similarly constructed, except that the
internal diameter of its ring should be only just such
as to receive the finder tube-without side shakeand should be slightly bevelled inside from one edge
to the other.
To adjust tht;l finder,, set the screws, F, F, F, cen.
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traIly, point the main instrument with the unaided
eye to some distant object, or the moon. Then place
the finder in position, packing ~it up, if necessary,
beneath either support until the lunar disc is seen
intersected by the cross wires, when the supports may
be screwed to the eye-piece box. Any subsequent
adjustment, and this in a temporary mounting such
as that we are discussing, requires to be attended to
every time the mirrors are adjusted, may be made
by the means of the screws, F, F, F.
In this finder, the amatecr has every opportunity
to construct a pretty well finished little instrument,
and that without any other than the simplest tool.
It is to be hoped that he will succeed in so doing.
The completed telescope may now be taken out
into the open, and if the moon be well up-we will
assume that it is so-it shall be the first object to
which our instrument shall be directed. To place
the telescope in position, the finder may be used.
Move the base-board of the rough mounting upon
whatever is being used to support it, until the moon's
disc is seen in the finder, centrally placed-that is,
divided into four equal parts by the cross-wires. Then
armed with an ordinary eye-piece proceed to the eyetube-the moon should be found in the field of view;
if not, the finder is not properly set. The lunar disc
will appear through the eye-piece as a great hemi·
sphere more than filling the field of view, and more
or less perfectly defined. One edge of it-the straightedge at first quarter, for example-should be found,
and the shadows and irregularities carefully scanned.
If all be indistinct, and nothing can be seen save a
glare of light, move the focussing tube slowly inwards
or outwards. A position will soon be found when any
black marks (the shadows thrown by high ground)
on the moon's surface will appear more black and more
finely defined than with the eye-piece in any other
position. If the mirrors even approach to accuracy
the sight should be a splendid one, and that more
especially if the amateur has taken a little trouble to
discover-in astronomical works-what he should
see, and why the appearances he discerns are as
they are.
Most probably, as was just said, the lunar definition, even if the mirrors be not quite perfect, will
be very good; in which case the next object upon
which we will test the instrument should be one of
the planets-Jupiter or Saturn-preferably the latter.
Any error of construction will now be very apparent.
Prismatic colouring around the focal image, general
indistinctness of definition-flares or wings of false
light round the planet-or the image may be totally
misshapen. Let us at once proceed to discover the
cause of these errors.
The appearance of prismatic colouring must be

the result of an error in the construction of the eyepiece, for the action of mirrors, however badly they
may be figured, will not cause colour; reflected light
is not broken up as is refracted light. Therefore,
this defect may be remedied by looking to the making
of the eye-piece, or if more than one eye-piece was
made, by using the second.
The false light and flares, if any be apparent, will
be the result of want of adjustment in the telescope.
Remove the eye-piece and examine adjustment. In
exceptional cases the great mirror has been known
to perform best when slightly out of adjustment;
experiment with the adjusting screws; and, lastly,
rotate the flat a very little, or otherwise move it, while
watching the effect of such movement at the eyepiece. A totally misshapen image will be the result
of extreme want of adjustment. Do not judge your
instrument too quickly; leave it in the air for an hour
or so (protecting the speculum), so that it may get
of the same temperature as the air itself; or, at
least, try it again on a future night, before seriously
interfering with the mirrors.
\\'e have disposed of the defects which are capable
of being cured without repolishing the mirrors. Next
month we shall treat the defects which require for
their remedy that the mirrors should be retouched.
(To lie continued.)
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PATTERN MAKING FOR AMATEURS.
By A. J. SCOTT.

•
IlL-CORE PRINTS.
IFE~"EE·.•"iI. AVIN G in my two previous articles de·
scribed the tools necessary for pattern
making, and also how to plane a length
of timber up pretty true, I will now
endeavour to initiate the amateur or
novice into some of the mysteries of this branch of
wood-working, which, I might go so far as to say, is
generally unknown outside of the foundry or pattern
shop. I shall presume the amateur knows how to use
his tools, and to keep them in order; also, that he is
not incapable' of drawing a little, which latter, if he
be proficient, will very greatly assist him. In corn·
mencing any kind of work it is always best to make a
full-size drawing if it is anyways possible; by doing
so you will get the correct angles and sizes of whatever timber you require to get out; also any mistakes
or little points not easily seen in the small drawing to
scale now being magnified full size, is very much more
easily detected. In putting patterns together it must
be borne in mind that patterns of castings are not
furniture; therefore it is not required of you to hide all
screws, nails, etc., as the holes being filled with putty
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not required very deep over the flanges, it can be
turned out of a solid piece, except the loose flange
A, shown more clearly in Fig. 62; it would be
better to turn this ring the first, then you can turn
the full pattern to suit for diameters. \Ve will take
the other case, supposing it to be pretty deep over
the flanges, you would best, in that case, get a piece
of wood the diameter and the thickness of plate,
and build up the rim on it, made from segments
glued and nailed into place; for the boss you will
need no building in that case as an ordinary round
piece glued and screwed is the best. To chuck work
of this description, and to turn up the opposite side, a
good plan is shown in Fig. 6w by four loose pieces
being fastened on face-plate A, and turned on their
inside edge so as to form a recess to drop the pattern
into, which can then be secured firmly and true.
In Figs. 63 and 64 we have some views of a chain
pulley, the centres on Fig. 63 marked pitch, representing the pitch of link in the chain. The method
of making is precisely similar to Fig. 45, excepting
the alternate recesses for the chain. To make it-turn
the pattern groove like Figs. 64 and 64a, afterwards
set out and pare the alternate recesses out with
carving tools, and afterwards finishing with glass.
paper. You must not forget in this case, with the
groove being alternately recessed, that you will require
in the pl<;<te·joint an additional dowel to prevent
one half shifting out of its position with the other; and
in your setting out you will require the groove very
accurately set out; if not, your chain won't coincide
in the same ratio. To work the recessed portion, get
a small cranked gouge of small sweep, and work down
within the lines, taking out to depth required; then
take off lump in centre with a paring-chisel.
In Figs. 65 to 67 we have three views of rope
pulley whose groove requires coring out. \Ve first of
all build up a rim with segments, and turn to section
shown in Fig. 65, making templet for turning as at
Fig. 65a. The method adopted of building up will be
described in detail later on. \Ve next want a core box
whose exact distance from A to B must make equal distance all round the circumference of the circle, no
matter how many times it may di vide it, the one shown
representing a fourth. According to the number of
divisions in the circumference is the number of cores,
and vice versa>, so that when the number of cores has
been made and dried, they being laid round the
mould shall make a complete circle, unbroken in any
part. To make the box we will refer to Fig. 67, A
and D showing the sides of box, Band C the two
pieces of wood which make up the groove. Joint
these together, and after working the ends to the
correct angles at A and B, Fig. 66, set out the groove
on end, take to pieces, and work to templet after the
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same fashion as shown in Fig. 49. After working
groove fasten on one of the sides and screw the ends
E and F in position, afterwards closing up box by
fastening the last side on which will finish core box.
In Figs. 60 and 60a, I show two views of core boxes
hitherto spoken of in connection with rope pulley at
Fig. 45, to enable those amateurs who are not so well
up in woodworking the simplest methods they can
make the box. It is made out of three thicknesses,
as shown in Fig. 60, paring each piece separately,
afterwards fastening a bottom piece on as at B, Fig.
60a, to hold them all together.
Now to pass on to a very handy strap pulley,
shown at Figs. 68, 69, 70. \Ve make this pattern out
of a solid piece, carrying the centre a little in to allow
for facing, as shown at A, Fig. 68, the centre hole you
may cut out if not chambered straight through. If
so, you will require one of the facings loose, secured
by screws as shown at A, Fig. 69. You will perceive
the bolting flange is recessed down from boss to rim,
as shown at B, Fig. 69; this will require cutting out
in pattern. You will now want a core box of the
form of Fig. 70, made in two halves dowelled together,
the depth of box, being from midrib to outside of
rim plus thickness of print; the holes are shown in
the bolting flange, but they are really drilled.
In Figs. 71 and 72 we have two views of a plate
pulley whose plate A, in Fig. 71, is level at one of the
edaes
of rim. To make thiS it will be at once obvious
b
that it would be very foolish to make a wooden
pattern like casting; the better plan would be to
make a core box like Fig. 72, built up out of segments
as shown in section-A showing print for centre core,
the distance from A to B in Fig. 7 I and 72 being
equal in both cases. In Fig. 73 we have a view of
pulley which would be very awkward to leave its own
core at A, so we make a core box in halves for this,
along with a centre core, and then we obtain a casting
the section what we require.
(To be continued.)
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THE REFLECTING TELESCOPE:
ITS CONSTRUCTION AND MANUFACTURE.
By EDWARD A. FRANCIS.

•
XIJ.-THE CORRECTION OF ERRORS IN THE COM·
PLETED SPECULUM-MOUNTING THE INSTRUMENT
EQU ATORIALLY-CONCLUSION.

(For Figs.

106-110, see

~

Folding Sheet issued wit!. this Part.)

SSUMING that the speculum performs
improperly, we have now to discover
whlilre the figure of it is at fault. Three
shapes of cardboard, or sheet zinc, Figs.
101,102 and 103, should be prepared. The
dotted line in those figures indicates the size of the
';cv.., , '"
;; . ' .

•
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-----testing purposes. The eye-tube may be
speculum; the solid ring and disc the
/","
- ............ ,
/
,
set at the best focus, and its position.
shapes above referred to.
I
,
I
\
I
\
marked
by
a
line
scratched
around
it.
The reader will remember that in a
I
\
\
It may then be pushed inwards until
perfectly-made telescope, the rays re- (I
1
I
the expanded disc is of a certain size
flected from the central portion of the II
I
mirror surface are exactly as long as
\
' -determined, let us say, by a thread
stretched over the eye-piece field out of
\\
those reflected from the other part, so
I
\
I
centre. It can be easily seen when the
\
I
that all the reflected rays come to a
\
/
, '......
'
margin of the light disc touches this
focus at one position. Now it will be
....../
thread. When it does so,
seen that if Fig. 10! be
FIG 101
,."'"
....... ,
mark the tube a second
placed centrally on the
/
,,
I
,
time. Then pull the tube
speculum, any error pecuI
\
\
right out again-past the
liar to the part of reflect- / /
\
\
point of best definition,
ing surface so covered will II
I
I
until the enlarged disc
cease to be noticeable in II
I
I
outside
the
focus
touches
the focal image. So with I\
/
/
the thread-when its poFigs. 102 and 103. If the \ ,
I
,
,I
sition should be a third
image is examined through
,,
,
,/
time marked. If the spethe eye-piece, using the FIC.I02 ...... -..
whole reflecting surface, FIGS. IOI, 102, I03.-DlSCS TO RECTrFY FAULTS IN SPECULUM. culum is truly figured, the
centre line should be
and the best position of
the eye-piece ascertained, and then, when Fig. 101 is equidistant from the other two. If this is not so
so placed as to cut off the central rays, it is found a small diagram of imaginary ray paths will soon innecessary to push the eye-piece inwards to get the dicate the reason.
Again, if the dark centre is only visible when the
best image, it will be evident (see Fig. 54) that the
central rays are too long; and the curve of the mirror eye-piece is pulled out, but is replaced by a bright
must be a little, very little-deepened to correct this centre spot when the eye-piece is pushed inwardsfault: its figure is that of an oblate-spheroid. Or if, the mirror is of elliptic section. (See C1}apter IX.).
on the contrary, the eye-piece has to be pulled out, it The reverse appearance indicates the hyperbola.
I t will thus be seen
shows that the speculum
that there are several
has a hyperbolic figureways by which the shadow
outer rays longer than
inner (Fig. 58, etc.), and
test reading may be conthe treatment indicated
firmed, let not therefore
on page 403, Vol. V., must
a speculum be hastily
be applied.
\Ve have assumed that
Next to form a perfect
the definition is very bad;
" flat" or smaller mirror.
if it is fair-tbat is, if the
FIr;. I04--DIAGRAM SHOW- In the trade method, three
ING BANDS OF COLOUR ON
image is at all steady, and
heavy
discs
of
cast
iron
UPPER SUR~ACE OF TWO
not working like a tiny
are turned and faced upon
DISCS OF GLASS.
white chromatrope-let it alone.
a self-acting lathe, and then
Begin another speculum of the
ground together alternately, until
same size, and test one against
an y error of surface is corrected.
the other, working on carefully
The amateur may substitute three
discs of stout plate-glass. They
until perfection of .figure is
reached.
should be 4 inches in diameter,
It will be seen that when the
and at least ~ inch thick. Edge
eye-piece is moved either way, so
them on lathe, or have them
as to throw the image out of focus,
trimmed by glass-grinder. Let
the light disc expands, and a tiny
them be called A, B, and c.
FrG. I05. - DIAGRAM SHOWING
black centre is seen; tbis black
\Vork
one
upon
the
other
alterRELATION
OF
DISCS
OF
centre is the result' of having to
nately with fine flour emery; that
GLASS TO INClDENT RAYS
use the little flat mirror, but the
is, A should be worked over
OF LIGHT.
size of the disc may be used for
c, cover B, B over A, until

"
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FIG. III.-BACK VIEW OF MIRROR CELL-A, Mirror Cell; B, Forging to connect it with C, which is a ring at bottom of
Telescope Tube. FIG. II2.-ARRANGEMENT FOR ADJUSTING MIRROR CELL AND SPECULUM-A, Mirror Cell; B, Threearmed Forging (see Fig. IH) ; C. Ring- at End of Telescope Tube; D. Threaded Rod or Screw; E, Speculum in Cell; F. F',
Nuts working on D; G, Cover for Speculum Cell.

the polish is quite removed. The greatest care must
be observed in the stroke, so as not to form a curved
surface. This may evidently be avoided by taking
care to have no given disc face upwards twice in succession during the \vorking. Obtain next a carefully
edged piece of ~ inch plate-glass 3 inches in diameter.

\Vith flour emery, work this on A, B, and c in succession, on each for a very short time, and then repeat
the first process of grinding A, B, and c together. Continue working the flat on the discs, and the discs on
each other until the polish is off the glass selected for
the flat. Then proceed with like care to "fine" it
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FIG. II3.-THE SUPPORT FOR FLAT MOUNT-A, Brass Centre Piece, about!• inch thick; B, B, B, Steel Band; C, Short Length
(~ inch), of Brass TUbe; D, Nut with Milled Edge working on E, Squared Rod, with Screw Thread cut on end.
FIG. H4-FLAT MOUNT-A, Outer Tube to take Flat; B, Inner Tube or \Vooden Block to hold Flat in Position; C, Screwed Rod,
fitting tightly into G, and loosely into D. a liTetal Disc pierced for three Milled Head Screws; E, see A, Fig. H3; F, Leaden
Counterpoise screwing down Rod, C, and fastening whole Mount rigidly to Brass Centre, E; G, Brass Disc drilled and tapped
for E, and carrying the Inner Tube, B.
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(see Chapter VI.) Lastly, make up a polisher of l inch
pitch on disc A. The pitch must be perfectly uniform
in thickness and rather hard: the addition of resin
secnring the la;ter condition; the pitch surface being
levelled by the aid of discs Band c. The small
mirror should be polished with rouge for a very short
time, when the polishing surface may again be
levelled with Band c, and a little more polishing
done. No pressure or damp, other than is absolutely
necessary, should be used; and, of course, the polisher
should be faceted. By this means, a good optically
flat surface may be obtained. The faceting of the
polisher may be conveniently performed by the edge
of a steel" rule."
The flat, when complete, is cut out from the centre
of the selected glass, by the means described in
Chapter XII.
Of course, if the great speculum is perfect, the
best test of all is to put the flat in the telescope and
try it; but in any case the amateur is advised at least
to construct three flats, for a reason now to be shown.
If two optically flat surfaces of transparent glass
be placed one upon the other, as in Fig. 104, and
there is no dust between the adjacent surfaces, broad
bands of colour will appear projected upon the upper
surface, A, as indicated by the shading in Fig. 104.
By means of this colour flat surfaces are tested, and
three at least should be made to secure accuracy,
for
•
it is evident that if B were just so much concave as C
were convex, the coloured bands would still appear;
for, without entering into the theory of the presence
of these faint bands of colour, we may state for the
guidance of the experimenter that their appearance
depends upon the thickness of the air film between
the glass surfaces. If this film is uniform in thickness,
then it is evident the glasses must be flat, optically,
and in that case the colour would either be uniform
or in parallel bands. If, however, by reason of irregular working, tbe bands appear broken up, like tb e
marbling on the edges of an account book, the film of
air is proved to be of varying thickness and the flat
imperfect. Great care must be observed in placing
the polished surfaces together. The method of procedure shall be detailed.
Having worked tbe surfaces of the selected glass
as accurately as possible, cut from out the centre of
each a rough circle, slightly larger than the major
diameter of tbe flat, say 2t inches; remove every
visible speck of dust from the discs, and slightly
polish the prepared surfaces with a fine chamois
leather. Take then one in either hand, and holding
them opposite to each other, about an inch apart,
blow swiftly between the surfaces, and very soon place
them together. Any lingering speck of dust will thus
be removed. The joined discs should then be held

'. ">/'"

or placed so that they will have the same relation ~().
incident light and the eye as that indicated in the..
sketch, Fig. IOS. To see the bands perfectly, the eye
need not be very far away, but should be almost in
the same plane with the upper surface of the upper
glass, which surface the experimenter should look
along. If nothing can be at first seen, the glasses
may be pressed slightly together, but should the
fingers be used, the heat consequent should be allowed
to pass away from the glass before the testing is decided. The eye, of course, should be moved slightly
to ascertain the best position.
This test is somewhat difficult until the colour is
once seen, when all difficulty vanishes. The principle
involved is the same as that by which "Newton's
rings" are seen, and the latter experiment is described
in most test-books on optics. A number of flats
should be worked until one good one is secured. Do
not attempt to re-work a bad one.
We have lastly to consider the mounting. In this
matter it is proposed to direct the amateur in the
general construction of a stand, rather than to enter
into the mechanical details of metal turning. If the
reader be an experienced metal turner, he can satisfactorily construct patterns for a stand from the designs herewith given; but the ordinary amateur will
find it more economical to have the metal work
properly fitted by an engineer. The cost of su~h a
stand as that shown in Fig. I06 should be not more
than fifty shillings. One other method of action is
open, and that is for the reader to carefully study the
principle of Fig. I06, and then construct a stand aftel
a similar pattern from hard wood and metal.
The only perfect stand for a reflector of any size
is an equatorial stand. If an ordinary turntable were
placed in the open, and the telescope were to be
fastened upon it, the latter could be swung round so
as to sweep the horizon, and the pivot upon which it
moved would point straight overhead.
Now the Polar or North Star is well known.
Imagine your turntable tilted until the pivot of it
pointed to the pole star, then the telescope when
swung round would sweep always the equator of the
heavens, an imaginary line dividing the northern and
southern celestial· hemispheres. The stand (formed
of the turntable) would then be an equatorial stand.
Let us apply this to Fig. I06, which is an enlarged
and simplified section of the mechanism of Figs. 108
and IOg. The pillar A forms a base to which the
mechanism is bolted. The casting, D, is the turntable
referred to, which, it will be seen, is tilted so that the
bolt or pivot, F, points to the pole star. This pivot
is called the polar axis. The other axis, E, known as .
the declination axis, is a long shaft working in sockets
cast in D at right angles with the polar axis,
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The use of the instrument is as follows :-Owing
to the movement of the earth all the stars appear to
move in great circles, having the pole star as a centre,
and they never move out from those circles. Now
by means of the declination a.xis, the telescope is
pointed until it is on the circle in which any
given star moves; and then, by means of the turntable, D, the whole apparatus is turned until the star
is in the field. Evidently, all that is necessary afterwards to keep it in the field is to move the mechanism
round on the turntable just so fast as the star appears
to move. If this proves difficult to understand, read
up the apparent movements of the stars in any
astronomical book.
Fig. 107 displays the various parts of Fig. 106 ;
and Fig. 110 shows the method of securing the declination a.xis. The casting, E, is hollow and almost
tubular, see Fig. 109.
The angle which the turntable, D, should make
with the level of the supporting column, A, depends
upon the latitude of the place of observation-the
polar axis being elevated to that latitude. For example,
. the latitude of London is 5 I to, then the angle which
the bolt, F, makes with the base, A, must be 5 I 10 ;
but the actual measurement given will be found satisfactory. Some dimensions are stated from which the
others may be worked out. The counterpoise weights,
G, may be of lead or iron; they will require in our
case to weigh at least forty or fifty pounds.
The turntable in Figs. 108 and 109 is cut round
its edge to an endless screw, and actuated by a worm
worked by the handle shown: This refinement,
although very desirable, is not indi spensable.
The cradle carries the body tube; it is shown in
Fig. 106. The tube of the telescope is fastened by
tiny bolts to the ring, M, which are recessed in the
lathe and move smoothly upon the rings, L. The
latter are fastened to a bar of wrought iron, H, which
is in turn bolted to the declination axis flange as
shown. The cradle will not come in centre of tube,
but nearer to the bottom (see Fig. ro8), for the tube
must be balanced.
The telescope tube may be formed of very stout
zinc, and should be at least one inch greater in diameter than the speculum cell. The completed tube
is well shown in Fig. 109, except the mirror cell,
wbich we will now describe.
The cell may be of iron or brass, made just to fit
the speculum. It is secured to a forging of the shape
shown in Fig. II I, which is a back view of the cell.
A stout ring of brass or iron is bolted to the lower
end of the telescope tube. It is shown in section at c,
Fig. II2. This ring carries at three equidistant points
:t inch screws, one of which is seen at D. Each screw
carries two nuts, F and F F. Between these nuts the

forging is supported, and by their aid the mirror cell,
and, consequently, the speculum also, is properly
adjusted thus: The first nut, F, being screwed right
up, the forging is slipped on, being supported by the
second nut, F F. The position of the latter may be
varied until adjustment is secured, when the nut, F,
being brought down, renders the whole secure, and
prevents the state of adjustment being destroyed. Of
course, as before stated, as there are three arms to
the casting, there must be three tapped holes in the
ring, and three sets of screws and nuts.
The flat mount has last of all to be illustrated. It
is shown in Figs. 116 and II 7. It will be seen that
the one arm is no longer used, but that the mounting
is supported on three stretched arms of steel spring.
As these are stretched edgewise to the incident light
rays, very little light is cut off.
Fig. 1 13 is self-explanatory. The ring shown is
the ring immediately over the eye-piece in Fig. 109.
The holes in the ring and the brass end-pieces to the
steel spring, are sqnared to prevent twisting during
the process of adjustment by the screws.
Fig. II4 gives a general view of the method of
mounting the flat. A full description is appended,
but it should be noted that the flat is adjusted by two
movements. The one is the tilting of it in any desired
direction by the screws in the disc, D, . which work
through tapped holes in that disc press on the other
disc, G ; the other movement is around the rod, c, as
an axis. It will be evident that the whole mechanism
can be detached from the telescope tube by simply
unscrewing the counterpoise, F, and sliding the rod, c,
and all it carries, out of the central hole in A, Fig. II3·
F or further general details of material, etc., see
Chapter XII.
\Vith the mounting of the finder, the particulars of
which were previously given, the telescope is completed, and the intention of the writer is accomplished.
It remains but to state that Fig. 109 is a photograph of a perfect instrument under an observatory,·
the whole of which, with the exception of the metal
turning and the eye-piece lenses, was constructed by
the writer, in whose workshop the professional
optician, or brass-worker, or carpenter, has never yet
entered.
Those of my readers who have followed me
throughout, and who are still working or interested,
may consider my experience and advice entirely at
their service, either to direct them where to procure
material, or how to proceed if they are at a standstill
in the mazes of the finer working, or what books to
refer to for a more complete knowledge of the
subject.
F or test objects, and general directions as to the
use of the instrument, the best book for the amateur
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to obtain is "Half Hours with the Telescope," by
R. A. Proctor. The catalogue of one of our greatest
speculum makers, namely, that of Mr. G. Calver, Hill
House, Widford, ClzelmsjlJrd, may also be purchased
with advantage. Its cost is IS. ; or a similar work,
originally issued by Mr. Thornwaite, can be obtained
from Mr. E. G. Wood, of C!zeajJside.

( Concluded.)
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HOW IT WAS MANAGED.
A SERIES OF PRACTICAL HINTS, SUGGESTIONS, AND WRINKLES.
FROM AMATEURS FOR AMATEURS.

•
XXXI I.-MY OWN ELECTRIC ALARUM,
[From IlARE'S FOOT.]

presenting another alarum to the readers of
AMATEUR ,VORK, it is not, I hope, too
much of a sameneos. In making it, as will
be seen from the sketch, the merest amateur
may hope to be entirely successful.
It has also, it may be said, just the appearance of an
ordiuary clock, as there is no distigurement of dial, the line
wires being all to tell that it is an alarum, the wood holding
the disc and the conuection·rod seems only to be a bell ;
the connection· rod is not seen when not in use. I bought a
small clock, which cost me 55. 3d., but would cost 75. 6d.
retail; a Leclanche medium battery at 35. 6d., the price of
which would be Ss. 6d. ; an electric bell at Ss., small wire,
gutta·percha-covered, at a penny a yard; these being bought
I proceeded to fix it up.
I tnrned a piece of hardwood to
put in the right·hand corner of clock·case, and a metal disc
to cover the face of the wood, which must lie close to the
case, and almost in the opposite place of a bell in an ordi·
nary alarum clock; the wood, shaped like Fig. 2. Fig. 3
gives the metal disc, which just covers the wood; the wood,
I may say, is fixed to the back of clock·case by two screws,
Fig. 6. The disc is also tixed with two screws, the
holes of which will be seen on referring to Fig. 3; you
will also notice a centre hole, making three holes, this is to
receive the terminal Fig. 4, which is riveted to back of
disc, so that it will revolve, care being taken that it does
not do so too freely; also, run a small groove down the
back of disc half· way, which holds the wire when the disc
is screwed to the wood, making a connection without solder
or a terminal for wire.
Fig. 5 shows the connecting·rod
coming from the terminal of the disc to the face of the
clock, where it lies so that the minute hand will clear it,
the hour hand making the connection. These being made,
you will now proceed to tix it up. Screw the turned wood
to the back of clock· case in the right.hand corner, bore two
holes in top of case [or thc wires, now put in its place
(mine is on an overmantel in a bed-room), then fix your
bell to the hcad of bed, keeping it in the centre, and not

too low down. The disc I silver-plated, and gilt the terminal and round·headed screws, also the connection,rod,
Fig. 5, which is round wire to fit hole of terminal, which
allows of its being shifted up or down; the terminal, as seen,
revolves, allowing it to be moved to the part of the dial
where you want it to ring, which it will do till you rise and
stop it, by lifting it over the hour hand, when it lies up the.
side of case, not being seen when the door is shut.
I may, if the terminal is stiff, stop the hour hand but not
the clock. The terminal may be just slack enough for the
hand to move it without stopping the hour hand, when it
will ring until it has freed itself, which it will do as the
hand moves in a circle. Now take the wire and coil of
small spiral round a spindle or piece of wood, leaving a
straight piece to come down the right·hand hole in top of
case, previously bored. Fig. I shows spirals nnd wire
going through case. Strip and scrape the straight end of
wire, which should come half. way down the wooden block
already screwed to case. Take the disc with the terminal
riveted on and screw it tight to the wood, thus clamping
the scraped wire to it. Bend the wire for connecting the
face of clock and terminal, Fig. 5, so that it will ring at the
time you want it to alarm. ,Vhen you have it adjusted,
screw the male screw down on it, shift it to the side of case,
and close the cloor. N 01V lead the wire with the spiral at
the clock to the left· hand terminal of bell, where fix by
turning up a loop. Cut the wire and scrape the loop and
screw it down, now lead a wire from the right·hand terminal
of bell to the left· hand one of battery, another wire from
the right· hand one of battery to left·hand of clock, to fix
which take off dial of clock, and you will see that it is
hstened by four screws, unscrew the left·hand one at the
top, loop the end of your wire and scrape as before, then
screw the clock and wire to case, keeping the wire between
the screw and movement. You have an alarum easily put
together, and that will ring without stopping the clock,
although it may the hour hand if the terminal is too stiff.
The line wires are held straight by small staples, Fig. 7,
as seen across the lines.
J\Iine has been in use for years, and many of my friends
have had them fitted up for themselves, and have found
them to answer admirably the purpose for which ,~ My Own
Electric Alarum" is intended.

XXXIlI.-MY OWN HELIOGRl\PH.
[From W. S. M.]

originally written to you on the subject of
Heliographs for Amateurs, I send an account of how I made
one, to be used from windows. Having obtained a round
glass and made a hole in the centre of the back, I cut out of
a plank a U frame, and hung the glass in it. I then turned
two pieces of oak to fit accurately, the one, E, Fig. I, into
the other, A; and let the U frame into A at X, this requires
care so that it should be perfectly square and upright. I
screwed B on to a platform (c, Fig. I) obtained from the
wood cut out of the U, so that it should turn stiffly. Then
made a sight arm (B, Fig. 2) of three slips, having at the
end a white cardboard sight (E, Fig. 5), and let it in flush
HAVING
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Fo/' If Instructions to Contributors and
Correspondents," see page 44 of this
Volume, or Part 60, page 44.
Address Wanted.
Co. CAVAN.- Please favour me with your
name and address, as I have a letter to for.
ward to yoU.-ED.
Silver and Brass Plating.
C. B. B. H. (Ballyhaunis.)-Articles ou
Electro-plating at Home," from the pen
of Mr. George Edwinson, appeared in Vol.
I. of this Magazine. When he is more at
leisure he will write further on plating in
gold and nickel. A l,aper describing an
'I Electro Motor for Revolving Vacuum
Tubes," appeared in Vol. IV., page 316
(Part 42). Mr. EdWlU"On has a paper in
hand on the method of making an Electro
Mot"r.
Equatorial Mounting of Reflecting
Telescope.-Folding Sheet in Part 63.
.,.* I have to offer sillcere apologies to
my readers. both 011 my own aecouut and
for the Publishers, for an error in this
Sheet which, in all probability has beeu
noted and understood. Although the Sheet
was prepared by myself. and given out on
December 15,1886, there was so much delay
in ODe way or another J that proofs of the
whole Sheet were Dot submitted to me
until January 20, when it was too late to
send any instructions respecting it, except
by telegram. The error is that the two
blocks of which Fig. 106 is composed are
not properly fitted together. This defect
was duly .noticed aud poiuted out to the
printer at the publishing office, but, un.
fortunately J the instructions given were
not perfectly understood. It is only just
and fair to the printers of this Magazine
to say that it was not printed by them.
All readers and correspondents who may
write to me on this subject will kindly ac.
cept this as a reply to their communications,
of which it will be unnecessary to take
further notice.-ED. A. W., Jan. 27, 1887.
Imperfect Sound of Harmonium
Reeds.
B. H. J. writes :-" I am makiug a Har.
monium with two rows of reeds, 8 ft. and 4
feet, for which I want to put 4 stops-8 ft.
treble, 8 ft. bass, 4 ft. treble, aud 4 ft. bass.
The reed boxes being made by the same di.
mensions as in the AlexRndre Harmoniums,
the difference being that I have conveyed
the wiud from bellows to reed-boxes by a
trunk, size 5i by li in. (inside). My stops
act upon four round holes on the bottom of
the reed.boxes J the same as in harmoniums.
Valve holes, It inches diometer; the pallets
fit on the underneath of the valve holes,
being, of couxse. inside the trunk. Fonr
small pull-down wires act on the valve.
worked upon by the stops. The 8 ft. answers
all right, except the bottom G sharp and A,
which will not speak properly; G sharp
will speak a harmonic note, and A ",ill
speak as if overblown (a kind of muffied
sound but if the stop be pushed in until
hole is almost closed, both notes

will speak perfectly. Why won't they
speak the same as the others when the stod
is all the way out? The 4 ft. goes wel
except One note-the bottom C. This note
goes all right while the 4 ft. is being used
alone, but as soou as the 8 ft. stop is drawn
the 4 ft. bottom C will not go right; it
speaks as if overblown. I have tried a dif·
ference in the weight of wind, but it only
amollnts to the same, and I have also taken
the corresponding reeds from an Alexandre
HarmoniUlIl, but when fixed, they act
exactly the same as the others: that is im·
perfectly. The most curious part is, that
if the partition be taken out of the 8 ft.,
thus uniting treble and bass, and bringing
them under control of one stop or valve,
the whole of the 8 ft. will go as even and
correct as possihle, the G sharp and A fol.
lowing as perfect as the others.
[1 have
given B. H. J.'s inquiry above in extenso,
that amateur harmonium-builders may per6
fectly understand the nature of his query,
and the followiug reply.-ED.]
W. D. writes, in answer to B. H. J. :_u 1
have never before known a case of imperfect
sound in harmonium reeds, such as you de·
scribe. I have had notes speak overblown,
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WOOD TO BE PLACED OVER VALVE HOLE.

A, Plan; n, Section; C, Valve Hole.
and have cured them by inserting a thin slip
of tin or brass between the reed and soundboard, thus diminishing the area of mortise
through the latter at the heel of the note,
and also by altering the pallet so as not to
allow so much wiud to escape. The fact
that the reeds from another instrument
speak in the same faulty manner seems to
clear the reeds from blame, or I should
have thought they were most probably in
fault; but, as it is, 1 am inclined to ascribe
the fault to the winding of these notes.
Firstly, I wonld advise you to see if there
is any flaw or defect in the soundboard,
then to take notice of the mortise, if the
vibrator, when blown, touches the wood at
any place; does the recd lay well and truly
over the mortise? aud then, though a most
unlikely place, see if the pallet is in perfect
order.
Then take a piece of wood,
1 in. thick by 2\ in. square, as illustration,
and bore a small hole in each corner, also
take four pieces of wood in. or ! in. thick,
with ll. hole through each. Fit this over the
valve hole, as in the annexed illustration,
the collars preventing it from closing the
valve hole up-one )lllder each corner. The
wind will thus be deflect.,d, and will strike
the reeds obliquely. Should this fail, cut
some strips of wood, 31 in. long, "' or i in.
wide, and -h or t in. thick, and fix them
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edgewise between the reeds, projecting dpwn
into the trunk, thus enclosing each ;rell~
and separating it from its fellOWS, 1Vl>~
dmitting the wind in perfect freedom. I
cannot make any other suggestions without
seeing the instrument, but hope that Y01l.
may find some one or other of these eXPe'
dients, all of which I have myself used,may
prove successful," [Reader. interested in
Harmonium Building will be pleased to see
that I have at last been able to place on my
staff a contributor who is both competent
and willing to write on the subject, and who
is under engagement to write a series of
papers on it.-ED.]
Permanent on Paints in Tubes.
ART STlJDENT.-You will find all the in.
formation you ask for, and much more, in
the t, Artists' Manual of Pigments," price
2s. 6d., from Crosby Lockwood and Co"
Stationers' Halt G01",t. However, for the
benefit 016, yourself aud others who may
desire information on this subject I give
a list of permanent oil colours, arranging
them alphabetically :-Aureolin, Blue black,
Burnt Roman ochre, Burnt sienna, Burnt
umber, Cadmium yellow, Cerulean, Chinese
white, Chromium green oxide, Chromium
transparent, Cobalt blue, Constant white,
Cyanine blue, French blue. Gamboge,
I ndian red, Ivory black, Lamp black, Light
red, Madder carmine, Madder red, Mars
brown, Mars orange, Mars red, Mars violet,
Mars yellow, Permanent yellow (New•
man's), Raw sienna, Raw umber, Sepia,
Smalt, Strontian yellow (pure), Terra
verte, Ultramarine blue, Ultramarine ash,
Ultrama.rine grey, Ultramarine artificial,
Vandyke brown, Venetian red, Vermilion,
Yellow ochre, Zinc white. It should be
remembered that the permanency of ;pig.
ments is ouly a relative quality-for ex.
ample, a pigment that is permanent under
one condition, is often impermanent under
other conditions of mixture and employ.
ment. These precise conditions are set
forth in the above work.-H. C. S.
Dressing Skins.
H. H. B. C. S.-You will find full in.
structions for dressing skins in Mr. George
Warden's papers, entitled, "How to Stuff
and Preserve Birds and other Animals, in
Vol. Ill., pp. 466 and 507, or otherwise,
Parts 33 and 3~ of this Magazine.
Fixing Electric Bells.
G. G. (Gatfo'·d).-Fix the bell where you
can best hear it when it is rung. Onawooden
partition in hall. corridor, or passage.
is an excellent position, because the sound
is conveyed by wood. Have the battery in
a cellar or similarly cool place. Run a wire
from bell to battery, from this to the push,
from push back to bell again. The pnsh
should be placed just where you want it.
Do not inconvenience yourself by putting
the push in an awkward spot to save wire.
Wire is cheap, and a yard or two, more or
less, will not seriously affect the ringing of
the bell. The Leclanch6 cell is a good One
for bell ringing, so is the Applegarth cell of
corrugated carbon. Two cells holding a
pint of Iiqnid in each cell, will form a bat.
tery strong enough to ring an ordinary bell,·
Messrs. H. and E. J. Dale, 4, Little Brit• .'
E.G., supply materials for electric bells•.,..
G. E •
U
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Organ Building.
H. W. (Glasgow).-There should be no
leakage at the pallets. Your bellows is
large enough, but the rise should not be
less than 8 inches, and 10 inches would be
better. There must be an escape of wind
somewhere, possibly at the valves, if joints
are sound, or the wind would not exhaust
itself in ten seconds when no notes were
played. It ought to take nearer ten
minutes than ten seconds for a fully in·
flated bellows of that size to exhaust itself.
I cannot recommend a thick coating of
tallow over the brass plate in the windchest
through which the pull downs pass, as it
would be apt to clog the action, especially
in cold weather. The fault here undoubt·
edly is that the holes are too large, they
should only be just large enough for the
pull downs to pass. A strip of leather
over the brass plate would be best, pierced
just sufficiently to admit the passage of
the pull downs.-M. W.
S.mausoPHoNE.-Your letter refers to an
answer given to 11 correspondent in Vo!. lI.
At this distance of time I am unable to
recall the specificatIOn referred to.-M. W.

Electro Gilding.
GROOVED BARREL.-Mr. Edwinson will
supply some papers on this subject as soon
as his engagemeuts will permit.
EngraVing.
W. H. (South Hackney) .-There is no
book that I can confidently recommend ou
engraving OD wood, but I hope that instructions on this subject will appear eventually
in AMATEUR WORK. Your question is some·
what vague, as you ask if I know 11 cheap
book on engraving, as far as regards writ..
ing.and if it is very difficult to do." Write
agaiu, and specify the kind of engraving
you want to do, whether on wood or metal.
If you wish to have your signature or any
piece of writing, such as a Circular, produced, from which to print as letterpress,
it can be done by aid of pbotographyand a
chemical process, by which a block with
writing in relief is obtained.
H

Typefounding.
W. H. (South Hackney).-Amateul's can
manage typefounding, but the process is
tedious, to say the least of it. Articles on
the subject, entitled, "Typefounding at
Home," wlll be found in Val. IV., pp. 371,
414, otherwise Parts 43 and 44, which may
be had for 6d. each. All parts of the Maga.
zine are always kept in print and on sale.
Colouring Photographs for Magic
Lantern.
H. S.-The best way for you to colour
your slides in oils will be to firstly varnish
them with a clear white varnish, and then
colour with transparent oil colours on the
protected film.
The "Four Dollar" Chuck.
Messrs. CHARLES CHURCHILL &; Co. write:
_ H We notice your correspondents have
referred to the American 'Four Dollar'
Drill Chuck, and you say you don't. know
why we don't keep it. We have sold this
ohuck for ten years under the name of the
'1876 Drill Chuck,' It was brought out in
1876, and called the 'Centennial Drill
Ohuck,' in America. We called it the
'1876 Drill Chuck,' It has been improved

some in the time, out our 1876 Drill Chnck
is the one your correspondents refer to."
[yes, bnt if the makers send out an article
under two different names, and correspon,dents write about it under one name and
you sell it under another, yon caUllot be
surprised at my remark, seeing that the
name "Four Dollar does not appear in
your catalogne.-ED.]
U

Another Hand Planer.
H. H. D. B. writes :-" I beg to call your
attention to a mistake on page 190 in the
present volume, in which the hand planer
drawing, sent by me, is designated as a lathe
planer, whereas it has nothing to do with a
lathe, except as regards the slide-rest, and
that is only used temporarily. The pur·
pose for which I designed it for was to
prevent the wear and tear of the lathe·
bed, which most lathe planers occasion,
and also to show how a planer might be
cheaply made by anyone possessing a good

!
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END VIEW OF PLANER.

lathe and slide-rest. I fail to agree with
Mr. Balck's statement that it is costly; it
is. in fact, quite the reverse. I also do not
see that the round slide bars, if made stont
enough, would S})ring much, and if they
di,1, that could be remedied by placing two
straight edged bars, A, A, as shown in accompanying sketch, parallel with the round
bars, and fasteued to the bed of the planer,
the planer table resting on the top of these
oors, as well as the round ones. These
bars A, A, could be cast with the bed, if it
(the bed) is made of cast iron. Their top
edges would not be very hard to file true,
as they would not be wider tban ! inch at
the most. In the accompanying engraving
the bars A, A, are shown cast with the bed
D, D, which latter is on the horizontal
engine bed pattern, as suggested by G.M.B.,
for whose comments I am much obliged.
It will be seen that the bars A, A, hEve
bosses cast on them, to serve as bearings
for the traversing spindle, K."
STADT DRESDEN writes in comment on
this to H. H. D. B. :-" Unless you hEve a
large slide lathe, a co~modity few ama·
teurs possess, yon will find the bars more
•
troublesome to fit than a cast iron bed with
squate edged slides. V edged slides are un·
uecesi::lary, al1d more difficult to make when
everything has to be filed. Bars 3 feet long

"
would hEve to be not leBS thEn 2 inc)J.~i11>
diameter. Such a size would uiake an awk· .
ward clumsy machine. Nothing but the .
lightest cuts could be taken, and cast iron
would reqnire thorough annealing before it·
could be planed. Even then the bars would
vibrate, and the action of the pinion on the
rack would spring them npwards or (if~the
rack was below the pinion) downwards.
The ouly way bars could be used with any
satisfaction would be by giving them a sup.
port in the middle. But, after all, a planer
is a troublesome and difficult thing to
make, and if it is worth while undertaking
at all, the little extra trouble required to
fit the table on the slides is amply repaid
by the superior work produced. It may be
possible to make a wooden planer, but at
the best it will only be a botch,"
Photographic Enlarging Camera,
Mr. C. A. PARKER writes in reference to
commnnication from A. K. (Bourn.mouth),
page 239 :-" I am very glad to hear of your
success in making the eularging apparatus
described by me, but you must surely make
a mistake in the cost of the condenser,
Messrs. Lancaster or Marion's list prices
both being 4Os. for this size. Your first
results being very good is fully explained
when it is stated that EastIDan's Permanent Bromide Paper has been employed
for eularging upon. The camera made by
Messrs. Reoken, Son, and Rayment, bear...
ing the trade mark of 'Optimns: is a
patent of Mr. Rayment, therefore I cannot
describe how to make it; but if you are in
want of an extension camera, I will, if
desired by the Editor, furnish papers on
the construction of a half'plate one, with
a reversing frame, and all other necessary
improvements. If an elastic mould is immersed in a depositing solution without
being properly protected, it will naturally
absorb the water and swell considerably;
this may be prevented by immersing it in
the M.tk in a weak solution of bichromate
of potash, and afterwards drying it in the
sun, thus providing it with an insoluble
coating; or another plan may be adopted,
thoroughly incorporate with the hot mixture ~ parts of tannic acid to each 100 of
glue, which will render it insolnble."
Garden Frame.
TOLLy·OLLY.-You will find a paper on
the construction of .. Portable Garden
Frames," by the Rev. A. Thorold, in Vol.
V., page 255, of this Magazine, otherwise
Part 53, which will, I think, give you all
the information you require. If, however,
the style of frame described does not meet
your views, write again and state the kind.
of frame you wish to make.
Refiecting Telescope.
H. C. (Manchest.,·).- You are to be con.
gratulated on the possession of a 13 inch
"With" speculum. To obtain steadiness
is the grand aim in constructing the
stand, and I should therefore advise Yol1i .
to make the plates D, D, in .Fig. 106 (Pari
63, Supplement), fully 12 inshes
The polar axis would also require to ib!!;, 'Y
lengthened abont 6 inches. Yon wiIlll!!.!1W··
considerable difficulty in following a ; .
or planet comfortably with so large ~!;
strument however, unless you atta.llli.n·

acroll!li.ii.
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apparatus t<> the stand for the application
of the slower drawing power, which appears
both in Fig. 108 and 109. The accompany·
ing drawings show the method of attaching
it. In Fig. 1, A is c, Fig. 106. B is D, Fig.
106, in different section. c is a piece of
steel, about 11 inches wide, through which
passes the centre pivot, and 11, a clamping
screw. D, a carefully turned gunmetal (or
brass) ring, having cut around its outer
edge an endless screw (female); this ring
is entirely separate from B and c, but B is
recessed, as shown, to receive it. B, the
clamping screw. F, projection cast on tOG.
Q, a worm wheel driving the ring D.
The manner of uiing the stand is as
follows:-The casting, B, which supports

FIG. IO.-SHED FOR TELESCOPE--OPEN.

Hook's joint to a long handle. This is iIlus·
trated in Fig. 5. By means of this joint
the handle can be used at any angle conve·
nient. The following will explain the parts

I

shown in Fig.5,whileFig. 7 is also attached
to Fig. 6 by the rivet c. Fig. 7 is bored
square at B to fit on the squared end of the
worm screw in Fig. 4. Fig. 9 shows com.
pleted joint.
I am sorry that I cannot recommend any
special tradesman. Nor do I quite understand whether H. C. intends working his
casting up himself or not. I should advise
consultation with anyreapectable mechanic,
whose estimate should be compared with a
second, and perhaps a third. Do not trust
to any but a capital workman. If you
must make it yourself, and expense is a
serious consideration, application to the
Editor will result in your being presented
here, in Amateurs in Council, with in·
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FIG. I.-ATTACHMENT OF APPARATUS TO STAND. FIG.2.-PROJECTION CARRYING WORM SCREW. FIG. 3.-PLAN OF METAL
TONGUE. FIG. 4.-ARRANGEMENT FOR CARRYING WORM DRIVING SCREW. FIGS. 5, 6, 7,8, g.-DETAILS OF A HOOK'S JOINT.

the polar axis, works loosely upon the gunmetal ring, so long as the screw :B is not
tightened; for the piece of metal, c, lies
loosely, and moves around under D. But
directly the screw E is tightened, c (by
raising D) clamps Band D together, and the
telescope (which B carries) can then be
only moved by the worm at G. If the
counterpoise weights have been carefully
h!Janced, the slightest t = of the screw G
"fl"fl"f"f wiIllltlffice tD move the whole mass of the
nsl;rnm€,nt with astDIDshing ease. It will
noticed that the little projection, P, to
(xelm the worm screw should be cast on to
as shown in Fig. 2. Fig. 3 is a. plan of
metal tongue, c. Fig. 4 gives a view of
arrangement for carr;ring the worm
rivlin screw. The screw ill worked by
of So r _ d by attached by a

and construction of the Hook's joint, shown
in Figs. 5-9 :-Fig. 5 is a brass casting
fixed to long wooden handle. Figs. 6 and
8 show a piece of stout brass tubing, length
as breadth, carrying two rivets, Band c;
the rivet B fastens Fig. 6 to the casting

structions for a much simpler mounting.
The pattern of the casting B, Fig, 1, which
carries the polar axis, remains as shown in
Part 63, Fig. lOO, where it is lettered D.
As for the observatory. The Editor
already has invited me to write thereon,
and as soon as my pen is sufficiently
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FI(',I I.-SHI!:D FOR TELESCOPI!:- CLOSED.

disengaged, I will do so: meanwhile
remember this, that, for a reflector, the
model observatory would be onc which
permitted the freest circulation of air, so
tbat tube, mirror, man, and air would be as
nearly as possible of equal temperature.
Any rongh.and.ready contrivance, such as
the shed shown open and closed in Figs. 10
ar.d H, which will shelter the instrument
from rain, and the roof of which might be
thrown back or removed, will serve capi:
tally for a temporaryobservatory.-E. A. F.
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