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two objects originally formed one mass, which suffered disrup
tion owing to the vicissitudes encountered in planetary space. 

The average length of path of all the meteors registered is 
I0°'9· The average height of either fireballs or shooting-stars 
has been computed, from thirty-eight instances, to be-

Beginning height 7I ·r miles. 
End height 48·2 

From a comparison of a large number of other similar results, 
the following general average has been deduced :-

Beginning height ... 76·4 miles (683 meteors). 
End height so·8 , (736 ). 

If fireballs and shooting-stars are separated, the usual heights 
of disappearance are : fireballs, 30 miles ; shooting-stars, 54 
miles. A considerable amount of information as to the radiant
points, stationary and otherwise, has been brought together; 
and, with the catalogue, they render Mr. Denning's paper one 
of a very important character. 

BROOKs's COMET (a r89o).-The following ephemeris has 
been computed by Dr. Bidschof (Astr. Nac!t., 2970), and is 
in continuation of that previously given (vol. xlii. p. 138). The 
elements have been found from observations at Cambridge, 
March 2r, and Vienna, April r8 and May 24 :-

T = r8go June I'SJ6o Berlin Mean Time. 

w = 68 54 39 ·91 
.Q = 320 20 32·2 [Mean Eq. r89o·o. 
' = 120 33 5 '4 

log q = o·280524 

Eplzemeris fo•· Berlin Midnight. 

18go. R.A. Dec!. 
1 1 

h. m. s. 
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28 I4 58 29 
29 5 I 22 
30 44 38 
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PHOTOGRAPH OF BROOKS's COMET (a 1890).-A photograph 
of this comet was obtained at Algiers on May 22 by M. Ch. 
Trepied (Comptes rendus, June 9, No. 23). Two hours' exposure 
was found necessary. 

ASTRONOMICAL TELESCOPES_! 
BEFORE speaking of the enormous instruments of the present 

day, with their various forms and complicated machinery, 
it will be well to give some little time to a consideration of the 
principles involved in the construction of the telescope, the 
manner in which it assists the eye to perceive distant objects, 
and in a brief and general way to the construction and action of 
the eye as far it affects the use of the telescope, all as a help to 
-consider in which way we may hope to still further increase our 
sense of vision. 

I Discourse delivered at the Royal Institution on Friday, Th-fay 30, I8qo, 
by Mr. A. A. Common. 
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I will ask you to bear with me when I mention some things 
that are very well known, but which if brought to mind may 
render the subject much more easy. Within pretty narrow 
limits the principles involved in the construction of the telescope 
are the same whatever form it ultimately assumes. I will take 
as an illustration the telescope before me, which has served for 
the finder to a large astronomical telescope, and of which it is 
really a model. On examination we find that it has, in common 
with all refracting telescopes, a large lens at one end and several 
smaller ones at the other; the number of these small lenses varies 
according to the pnrpose for which we use the telescope. Taking 
out this large lens we find that it is made of two pieces of glass ; 
but as this has beeu done for a purpose to be presently explained 
which does not affect the principle, we will disregard this, and 
consider it only as a simple convex lens, to the more important 
properties of which I wish first of all particularly to draw your 
attention, leaving the construction of telescopes to be dealt with 
later on. 

Stated shortly, such a lens has the power of refracting or 
bending the rays of light that fall upon it : after they have passed 
through the lens the course they take is altered; if we allow the 
light from a star to fall upon the lens, the whole of the parallel 
rays coming from the star on to the front surface are brought by 
this bending action to a point at some constant distance behind, 
and can be seen as a point of light by placing there a flat screen 
of any kind that will intercept the light. For all dis taut objects 
the distance at which the crossing of the rays takes place is the 
same. It entirely depends on the substance of the leus and the 
curvature we give to the surfaces, and not at all upon the aperture 
or width of the lens. The brightness only of the picture of the 
star, depends upon the size of the lens, as that determines the 
amount of light it gathers together. If, instead of one star we 
have three or four stars together, we will find that this lens will 
deal with the light from each star just as it did with the light of 
the first one, and just in proportion to the distance they are apart 
in the sky, so will the pictures we see of them be apart on our 
screen. So if we let the light from the moon fall on our lens, 
all the light from the various parts of the moon's surface will act 
like the separate stars, and produce a picture of the whole moon 
(in the photographic camera the lens produces in this manner a 
picture of objects in front of it which we see on the ground 
glass). ·when we attempt to get pictures of near objects that 
do not send rays of light that are parallel we find that as the 
rays of light from them do not fall on the lens at the same 
angle to the axis the picture is formed further away from 
the lens. The nearer the object whose picture we wish to throw 
upon the screen is to the leus, the further the screen must be 
moved. If we try this experiment we will find, when we have 
the object at the same distance as the screen, the picture is then 
of the same size as the object, and the aistance of the screen from 
the lens is twice that which we have found as the focal length ; 
on bringing the object still nearer the lens, we find we must 
move the screen further and further away, until when the object 
is at the focus the picture is formed at an infinite distance away, 
or, what is more to our purpose, the rays of light from an object 
at the focus of a convex lens go away through the lens parallel, 
exactly as we have seen such parallel rays falling on the glass 
come to a focus, so that our diagram answers equally well what
ever the direction of the rays ; and this holds good in other cases 
where we take the effect of reflection as well as refraction. 

We can also produce pictures by means of bright concave 
surfaces acting by reflection on the light falling upon them. 
Such a mirror or concave reflecting surface as I have here will 
behave exactly as the lens, excepting, of course, that it will form 
the picture in front instead of behind. The bending of the rays 
in the case of the convex lens is convergent, or towards the axis, 
for a!! parallel rays ; if we use the reverse form of lens-that is, 
one thicker at the edge than in the middle-we find the reverse 
effect on the parallel rays ; they will now be divergent, or bend 
away from the axis ; and so with reflecting surfaces if we make 
the concavity of our mirror less and less, till it ceases aud we 
have a plane, we will get no effect on the parallel rays of 
light except a change of direction after reflection. If we go 
beyond this and make the surface convex we then will have 
practically the same effect on the reflected rays as that given to 
the refracted ray by the concave glass lens. 

As regards the size of the picture produced by lenses or 
mirrors of different focal length, the picture is larger just as the 
focal length is greater, and the angular dimension is converted 
into a linear one on the screen in due proportion. Now, as we 



© 1890 Nature Publishing Group

NATURE [}UNE 19, 1890 

shall assume that the eye sees all things best at the distance of 
about nine inches, we may say that the picture taken with a lens 
of this focal length gives at once the proper and most natural 
representation we can possibly have of anything at which we 
can look. Such a picture of a landscape, if placed before the 
eye at the distance of nine inches, would exactly cover the real 
landscape point for point all over. A picture taken with a lens 
of shorter focal length, say four inches, will give a picture as 
true in all the details as the larger one, but if this picture is 
looked at, at nine inches distance, it is not a true representation 
of what we see ; in order to make it so, we must look at it with 
a lens or magnifier. With a larger picture one can look at this 
at the proper distance, which always is the focal distance of the 
lens with which it was obtained, when we will see everything in 
the natural angular position that we have in the first case. 

But if, instead of looking at this larger picture, which we may 
consider taken with a lens of say ninety inches focal length, at 
a distance of ninety inches, v. e look at it at a distance of nine 
inches, we have practically destroyed it as a picture by reducing 
the distance at which we are viewing it, and we have converted 
it into what is for that particular landscape a telescopic picture ; 
we see it, not from the point at which it was taken, but just as if 
we were at one-tenth of the distance from the particular part that 
we examine. A telescope with a magnifying power of ten, 
would enable ns to see the landscape just as we see it in the 
photograph, when we examine it in the way I have mentioned. 

Having thus seen how a lens or mirror acts, we will turn our 
attention to the eye. Here we find an optical combination of 
lenses that act together in the same way as the single convex 
lens of which we have been speaking. We will call this com
bination the lens 'f the eye. It produces a picture of distant 
objects which in the normal eye falls exactly in focus upon the 
retina. vVe are conscious that we do see clearly at all distances 
beyond about nine inches. 

At less than this distance objects become more and more 
indistinct as they are brought nearer to the eye. From v.hat we 
have seen of the action of the lens in producing pictures of 
near and distant objects, we know that some movement of the 
screen must be made in order to get such pictures sharply 
focussed, a state of things necessary to perfect vision. We might 
therefore suppose that the eye did so operate by incre::tsing when 
necessary the distance between the lens and ret in '• but we 
know that the same effect is produced in another way ; in fact, 
the only other way. The eye by a marvellous provision of 
nature, secures the distinctness of the picture on the retina of all 
objects beyond a distance of about 9 inches, by slightly but 
sufficiently varying the curvature of oue of the lenses; by an effort 
of will, we can make the accommodating power of the eye 
slightly greater, and so see things clearly a little nearer ; but at 
about the distance of 9 inches, the normal eye is unconscious of 
any effort in thus accommodating itself to different distances. 
The picture produced by the lens of the eye whose focal length 
we will assume to be six-tenths of an inch falls on the retina, which 
we will assume further to be formed of a great number of 
separate sensible points, which, as it were, pick up the picture 
where it falls on these points, and through the nervous organiza
tion, produce the sense of vision. Possibly when these points 
are affected hy light, there may be some connective action, either 
produced by some slight spherical aberration of the lens or 
otherwise ; but I do not wish to go any further in this matter 
than is necessary to elucidate my subject. What I am concerned 
with now is the extent to which the sensibility of the retina ex 
tends. Experiment tells us that it extends to the perception of 
two separate points of light whose angular distance apart is 
one minute of arc, or in other words at the distance we can see 
best, two points whose distance apart is about r/400 of an inch. 

This marvellous power can be better appreciated when we re
member that the actual linear distance apart of two such points 
on the retina is just a little more than rj6ooo of an inch. 

In dealing with the shape of small objects the difference be
tween a circle, square, and triangle, can be detected when the 
linear size of either is about 1/2000 of an inch. It may be 
therefore fairly taken that these separate sensible points of the 
retina are somewhere about I/I2,ooo part of an inch apart 
from each other. \Vonderfully minute as must this structure be, 
we must remember, as we have already shown, that the actual 
size of the image it deals with is also extremely small. This 
minuteness becomes_ apparent when we consider what occurs 
when we look at some well-known object, such as the full moon. 
Taking the angular diameter of the moon as 30 minutes of arc, 
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and the focal length of the eye at six-tenths of an inch, we find the 
linear diameter of the picture of the full moon on the retina is 
about rfzoo of an inch, and assuming that our number of the 
points in the retina is correct, it follows that the moon is subject 
to the scrutiny of zSoo of these points, each co pable of dealing 
with the portion of the picture that falls upon it. 

That is to say, the picture, as the retina deals with it, is made 
up of this number of separate parts, and is incapable of further 
divbion, just as if it were a mosaic. I think this is really the 
case, and as such a supposition permits us to explain not only 
what occurs when we assist the eye by means of the telescope, 
but also what occurs when we use the telescope for photographing 
celestial objects, we will follow it up. 

In the case of the eye we suppose the image of the moon to 
be made up through the agency of these 28oo points, each one 
capable of noting a variation in the light falling upon it. In 
order to make this rather important point plainer, I have had a 
diagrammatic drawing made on this plan. Taking a circle tore
present the full moon, I have divided it into this number of 
spaces, and into each space I have put a black dot, large or 
small, according to the intensity of the light falling on that part 
of the image as determined by looking at a photograph of the 
moon, You will see by the picture of this moon the effect pro
duced, It represents to those who are at a sufficient distance 
the moon much as it is really seen in the sky. 

vV e can now with a lens of the same focal length as the eye 
obtain a picture of the full moon exactly of the size of the actual 
picture on the retina, and if we take a proper photographic pro
cess we can get particles of silver approximately of the same 
sizes as the dots we have used in making our diagram of the 
moon ; the grouping is not exactly the same, but we may take 
it as precisely so for our purpose. I have not any photographs 
of the full moon of this size, but I have some here of the moon 
about five, seven, and eight days old, which give a good idea 
of what I mean by the arrangements of the particles of silver 
being like our diagram. 

It is now quite apparent that if we can by any means increase 
the size of the picture of the moon on the retina or make it 
larger on the photographic plate, we would be able to employ 
more of our points or particles of silver, and so be able to see 
more clearly just in proportion as we increase thP. size of the 
picture in relation to the size of the separate parts that 
make it. 

Now the telescope enables us to do this for the eye, and 
a longer focussed lens will gh•e us a larger photographic 
picture. 

Let us assume that by means of the telescope we have in
creased the power of the eye one hundred times. The picture 
of the moon on the retina would now be one-half inch diameter, 
and instead of employing zSoo points to determine its shape, 
and the various markings upon it, we should be employing 
28,ooo,ooo of these points ; and similarly with the photograph, 
by increasing the size of our lens we will obtain a picture made 
up of this enormous number of particles of silver. But we can 
go further in the magnification of the picture on the we 
can also use a still longer focus photographic lens. 

A power of magnification of one thousand is quite possible 
under favourable circumstances ; this means that the picture of 
one two-hundredth of an inch would be now of five inches in 
diameter, so we must deal with only a portion of it. Let us 
take a circle of one-tenth of this, equalling one-hundredth of our 
original picture, which in the eye, unaided by the telescope, 
would have a diameter of one two-thousandth of an inch, or an 
area of less than one five-millionth of a square inch. This means 
that with this magnification, we have increased the power so 
enormously that we are now employing for the photographic 
picture two thousand eight hundred million particles of silver, 
and in the eye the same degree of increase in the number of 
points of the retina employed in scrutinizing the picture piece 
by piece as successive portions are brought into the central 
part. 

Photography enables me to show that the result I 
given of the wonderful effect of increasing the optical power IS 

perfectly correct as far as it is concerned. We will deal with a 
part only of the-moon, representing, as I have just said, about 
one-tenth of its diameter, or one-hundredth of its visible sur
face. Two such portions of the moon are marked, as you see, 
on the diagram. I have selected these portions as I am able 
to show you them just as taken on a large scale by photography 
so that you can make the comparison in the most certain manner; 
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but let us first analyze our diagrammatic moon-let us magnify it 
about ten times, and see what it looks like. 

I now show you a picture of this part of the diagram, in
closing the portions I wish to speak about, magnified ten times, 
so that you can see that about twenty-eight of our points, and by 
supposition twenty-eight of our particles of silver on the photo
graphic plate, make up the picture. You will see that these dots 
vary in size ; the difference is due to the amount of light falling 
within what we may call the sphere of action of each point, and 
should represent it exactly. The result can hardly be called 
a picture, as it conveys no impression of continuity of form to 
the mind. We have got down to the structure or separate parts, 
and to the limit of the powers of the eye and the photographic 
plate, of course on the assumption we have made as t'o the size 
of the points in the one case and the particles of silver in the 
other. I will now show you the same parts of the moon as re
presented by the circles on our diagram exactly as delineated by 
photography. You now see a beautiful picture giving mountains, 
valleys, craters, peaks, and plains, and all that makes up a 
picture of lunar scenery. We have thus seen how the power of 
the eye is increased by the enlargement of the picture on the 
retina by the telescope, and also how, by increasing the size of 
the photograph, we also get more and more detail in the picture. 

We know we cannot alter the number of those separate points 
on the retina which determine the limit of our powers of vision 
in one direction, but we may be able to increase enormously the 
number of particles of silver in our photographic picture by 
processes that will give finer deposits, and so, in conjunction 
with more perfect and larger photographic lenses, we may 
reasonably look for a great improvement in our sense of vision
it may be even beyond that given by the telescope alone; al
though it always will be something in favour of the telescope 
that the magnification obtained in the eye is about fifteen times 
greater than that obtained by photography when the image on 
the retina is pitted against the photograph of the same size, 
unless we use a lens to magnify the photograph of the same focal 
length as the eye, in which case it is equal. But we may go 
much further in our magnification of the photographic image. 
In other ways there is great promise when we consider the 
difference in the action of the eye and the chemical action in 
the sensitive film under the action of light. As I pointed out in 
the discourse I gave about four years ago in this theatre, the 
eye cannot perceive ohjects that are not sufficiently illuminated, 
though this same amount of illumination will, by its cumulative 
effect, make a photographic picture, so that there are ways in 
which the photographic method of seeing celestial bodies can be 
possibly made superior to the direct method of looking with a 
telescope. 

With some celestial objects this has been already done: stars 
too faint to be seen have been photographed, and nebulre that 
cannot be seen have also been photographed; but much more 
than this is possible: we may be able to obtain photographs of 
the surface of the moon similar to those I have shown, but on a 
very much larger scale, and we may obtain pictures of the 
planets that will far surpass the pictures we would see by the 
telescope alone. 

I have mentioned that the distance at which the normal eye 
can best see things is about nine inches, as that gives the greatest 
angular size to the object while retaining a sharp picture on the 
retina; but, as many of us know, eyes differ in this power: two 
of the common infirmities of the eyes are long- or short-sighted
ness, due to the pictures being formed behind the retina, in the 
first case, and in front of it in the other. Towards the end of the 
thirteenth century it was found that convex lenses would cure the 
first infirmity, and, soon afterwards, that concave lenses would 
cure the second, as can be easily seen fron1 what I have said 
about the action of these lenses ; so that during the fifteenth and 
sixteenth centuries the materials for the making of a telescope ex
isted ; in fact, in the sixteenth century, Porta invented the camera 
obscura, which is in one sense a telescope. It seems very strange 
that the properties of a convex and concave lens when properly 
arranged were not known much earlier than r6o8. Most prob· 
ably, if we may judge from the references made by some earlier 
writers, this kno" ledge existed, but was not properly appreciated 
by them. Undoubtedly, after the first telescopes were made in 
Holland in r6o8, the value of this unique instrument was fully 
appreciated, and the news spread rapidly, for we find that in 
the next year "Galileo had been appointed lecturer at Padua 
for life, on account of a perspective like the one which was sent 
from Flanders to Cardinal Borghese." As far as can be ascer-
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tained, Galileo heard of the telescope as an instrument by which 
distant objects appeared nearer and larger, and that he, with 
this knowledge only, reinvented it. The Galilean telescope is 
practically, though not theoretically, the simplest form. It is 
made of a convex lens in combination withe a concave lens to 
intercept the cone of rays before they come to a focus, and 
render them parallel so that they can be utilized by the eye. 
It presents objects as they appear, and the picture is freer from 
colour in this form than in the other, where a convex eye·glass 
is used. It is used as one form of opera-glass at the present 
time. Made of one piece of glass in the shape of a cone, the 
base of which is ground convex, and the apex slightly truncated 
and ground concave, it becomes a single-lens telescope that can 
be looked upon just as an enlargement of the outer lens of the eye. 

Galileo was undoubtedly the first to make an astronomical 
discovery with the telescope: his name is, and always will be, 
associated with the telescope on this account alone. 

Very soon after the introduction of the Galilean telescope, the 
difficulties that arise from the coloured image produced by a single 
lens turned attention to the possibility of making a telescope by 
using the reflecting surface of a concave mirror instead of a lens. 
Newton, who had imperfectly investigated the decomposition of 
light produced by its refraction through a prism, was of opinion 
that the reflecting principle gave the greatest possibilities of in
crease of power. He invented, and was the first to make, a 
reflecting telescope on the system that is in use to the present 
day; thus the two forms of telescope-the refracting and re
flecting-came into use within about 60 years of each other. It 
will be perhaps most convenient in briefly running through the 
history of the telescope, that I should give what was done in 
each century. 

Commencing, then, with the first application of the telescope· 
to the investigation of the heavenly bodies by Galileo in r6og, 
we find that the largest telescope he could make gave only a 
magnifying power of about 30. 

The first improvement made in the telescope, as left by Galileo, 
was due to a suggestion-by some attributed to Kepler, but 
certainly used by Gascoigne-to repl,.ce the concave eye-lens 
that Galileo used by a convex one. Simple as this change Iooh, 
it makes an important, indeed vital improvement. The tele
>cope could now be used, by placing a system of lines or a scale 
in the common focus of the two lenses, to measure the size of 
the image produced by the large lens ; the axis or line of colli
mation could be found, and so the telescope could be used on 
graduated instruments to measure the angular distance of various 
objects ; in fact, we have now in every essential principle the 
true astronomical telescope. It is useless as an ordinary tele
scope, as it inverts the objects looked at, while the Galilean 
retains them in their natural position. The addition, however, 
of another lens or pair of lenses rein':erts the image, and we 
then have the ordinary telescope. It was soon found that the 
single lens surrounds all bright objects with a fringe of colour, 
always of a width of about one-fiftieth of the diameter of the 
object·glass, as we must now call the large lens ; and as this 
width of fringe was the same whatever the focal length of the 
object-glass, the advantage of increasing this focal length and 
so getting a larger image without increasing the size of the 
coloured fringe became apparent, and the telescope therefore 
was made longer and longer, till a length of over one hundred 
feet was reached; in fact, they were made so long that they 
could not be used. A picture of one of these is shown, from 
which it can be easily imagined the difficulties of using it must 
have been very great, yet some most important measurements 
have been made with these long telescopes. Beyond the sug
gestions of Gregory and Cassegrain for improvements in the 
reflecting telescope, little was done with this instrument. 

During the eighteenth century immense advances were made 
in both kinds of telescopes. "With the invention of the achromatic 
telescope by Hall and Dollond, the long·focussed telescopes 
disappeared. 

Newton had turned to the reflecting telescopes believing from 
his investigations that the dispersion and refraction were constant 
for all substances ; this was found not to be so, and hence a 
means was possible to render the colonred fringe that surrounds 
bright objects when a single lens is used less prominent, by 
using two kinds of glass for the [ens, one giving more refraction 
with somewhat similar dispersion, so that while the dispersion 
of one lens is almost corrected or neutralized by the other, there 
is still a refraction that etJables the combination to be used as a 
lens giving an image almost free from colour. 
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In 1733, Hall had made telescopes having double object-glasses 
Dn this plan, but never pulilishecl the fact. Dollond, who had 
worked independently at the subject, came to the conclusion 
that the thing could be clo:>e, and succeeded in doing it ; the 
invention of the achromatic telescope is with justice, therefore, 
connected with his name. 

Although this invention was a most important one, full advant
age could not be taken of it owing to the difficulty of getting 
disks of glass large enough to make into the co:npound object
glass, disks of about four inches being the largest diameter it 
was possible to obtain. 'With the reflecting telescope, unham
pered as it always has been by all except mechanical difficulties, 
advance was possible, and astronomers turned to it as the only 
means of getting larger instruments. Many most excellent 
instruments were made on the Newtonian plan. The plan pro
posed by Gregory was largely used, as in this instrument objects 
are seen in their natural position, so that the telescope could be 
employed for ordinary purposes. 

Many were also made on the plan proposed by Cassegrain. 
The diagrams on the wall enable you to at once see the 
essential points of these different forms of reflectors. 

About 1776, Herschel commenced his astronomical work; 
beginning with reflecting telescopes of six or seven inches, he 
ultimately succeeded in making one of four feet aperture with 
these instruments. As everyone knows, most brilliant discoverie:; 
were effected, and the first real survey of the heavens made. 

Herschel's larger telescopes were mounted by swinging them 
in a surrounding framecl.scatfolding that could itself be rotated. 
The smaller ones were mostly mounrecl on the plan of the one 
now before us, which the Council of the Royal Astronomical 
Society have kindly allowed me to bring here. The plan nearly 
always used by Sir William ·Herschel was the Newtonian, 
though for the larger instruments he used the plan proposed 
years before by Le Maire, but better known as the Herschelian, 
when the observer looks directly at the large mirror, which is 
slightly tilted, so that his body does not hinder the light 
reaching the telescope. In all cases the substance used for the 
mirrors was what is called speculum metaL 

During the present century the aperture of the refracting 
telescope has increased enormously ; the manufactnre of the 
g:lass disks has been brought to a high statp of perfection, par
tiCularly in where more given to this manu
facture than m any other country. -Early in the century the 
great difficulty was in making the disks of flint glass. M. 
Guinand, a Swiss, beginning in 1784, succeeded in 1805 in getting 
disks of glass larger and finer than had been made before, and 
refractors grew larger and larger as the glass was made. In 
1823 we have the Dorpat glass of 9·6 inches, the first large 
equatorial mounted with clock-work; in 1837 the 12-inch 
Munich glass; in 1839 the IS·inch at Harvard, and in 1847 
another at Pulkowa; in 1863 Cooke finished the 25-inch refractor 
which Me Newall gave, shortly before his death last year, to the 
Cambricle:e University. 

This telescope the University has accepted, and it is about to 
be removed to the Observatory at Cambridge, where it will be 
in charge of the Director, Dr. Adams. In accordance with the 
expressed wish of the late Mr. Newall, it will be devoted to a 
study of stellar and astronomical physics. There is every pro
spect that this will be properly clone, as Mr. Frank Newall, one 
of the sons of the late Mr. Newall, has offered his personal 
services for five years in carrying on this work. Succeeding 
this we have the 26-inch telescope at Washington, the 26-inch 
at the University of Virginia, the 30-inch at Pulkowa, and 
the 36-inch lately erected at Mount Hamilton, California
all these latter by Alvan Clark and his sons. By Sir Howard 
Grubb we have many. telescopes, including the 28-inch at 
Vienna. Most of these telescopes have been produced during 
the last twenty years, as well as quite a host of others of 
smaller sizes, including nearly a score of telescopes of 
about 13 inches diameter by various makers, to be employed in the 
construction of the photographic chart of the heavens, which it 
has been decided to do by international co-operation. 

The first of these photographic instruments was made by the 
Brothers Henry, of the Paris Observatory, who have also made 
many very fine object-glasses and specula, and more important 
than all, have shown that plane mirrors of perfect flatness can 
be made of almost any size ; the success of M. Lcewy's new 
telescope, the equatoriai coude, being entirely due to the 
marvellous perfection of the plane mirrors made by them. 
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The reflecting telescope has quite kept pace with its elder 
brother. 

Lassell in 18:ao began the grinding of mirrors, he like Sir 
William Herschel working through various sizes, finally com
pleting one of 4 feet aperture, which was mounted equatorially. 
Lord l{osse also took up this work in 1840 ; he made two 
3-foot specula, and in 1845 finished what yet remains the 
largest telescope, one of 6 feet aperture. All these were of 
speculum metal, and all on the Newtonian form. In 1870, 
Grubb completed for the Melbourne Observatory a telescope of 
4 feet aperture, on the Cassegrain plan, the only large example. 
This is of speculum metal. In 1856 it was proposed by Steinheil, 
and in 1857 by Foucault, to use glass as the material for the 
concave mirror, covering the surface with a fine deposit of 
metallic silver in the manner that had then just been perfected. 
In 1858, Draper, in America, completed one on this plan of 15 
inches aperture, soon after making another of 28 inches. In France 
several large ones have been made, including one of 4 feet at 
the Paris Observatory: in England this form of telescope is 
largely used, and mirrors up to 5 feet in diameter have been 
made and mounted equatorially. 

Optically the astronomical telescope, particularly the refractor, 
bas arrived at a splendid state of excellence ; the purity of the 
glass disks and the perfection of the surfaces is proved at once 
by the perform'lnce of the various large telescopes. No limit has 
yet been set to the increase of size by the impossibility of getting 
disks of glass or working them, nor is it probable that the limit 
will be set by either of these considerations. We must rather 
look for our limiting conditions to the immense cost of mounting 
large glasses, and the absorption of the glass of which the lenses 
are made coming injuriously into play to reduce the light-gather
ing power, though it will be probably a long time before this 
latter evil will be much felt. 

With the reflecting telescope the greater attention given to the 
working and testing of the optical surface has enabled the con
cave mirror to be made with a certainty that the earlier workers 
never dreamed of. The examination of the surface can be made 
optically at the centre of curvature of the mirror in the manner 
that was used by Hadley in the beginning of the last century, 
and revived some years ago by Foucault, who brought this 
method of testing specula to a high degree of perfection ; in fact, 
with the addition of certain methods of measuring the longi
tudinal aberrations we have now a means of readily testing 
mirrors with a degree of accuracy that far exceeds the skill of 
the worker. It enables every change that is made in the sur
face during the progress of the figuring, as the parabolization of 
the surface is called, to be watched and recorded, and the exact 
departure of any part from the theoretical form measured and 
corrected ; mirrors can be made of very much greater ratio of 
aperture to focal length. I have one here where the focal length 
is only 21 times the aperture: such a mirror in the days of specu
lum metal mirrors with the methods then in use would have 
necessarily had a focal length of about 20 feet. The difference in 
curvature between the centre and edge of this mirror is so great 
that it can be easily measured by an ordinary spherometer, 
amounting as it does with one of 6 inches diameter to 3/IO,ooo of 
an inch, an amount sufficient to make the focus of the outPr por
tion about 1 inch longer than the inner when it is tested at the 
centre of curvature. The diagram on the wall, copied roughly 
from one of the records I keep of the progress of the work on a 
mirror during the figuring, shows how this system of measure
ments enables one to follow closely the whole operation. 

The use of silver on glass as the reflecting surface is as im
portant an improvement in the a«tronomical telescope as the 
invention of the achromatic telescope. It gives a permanency 
to a good figure once obtained that did not exist with the mirrors 
of speculum metal. To restore the surface of silver to the glass 
speculum is only a small matter now. How readily this is done 
may be seen by the practical illustration of the method I will 
give. I have here two liquids-one a solution of the oxide of 
silver, and another a reducing agent, the chief material in solu
tion being sugar. I pour the two together in this vessel, the 
surface of which has been cleaned and kept wet by distilled 
water, which I shall partly empty, leaving the rest to mix with 
the two solutions; you will see in the course of about 5 minutes 
the silver begin to form, eventually covering the whole surface 
with a brilliant coating that can be polished on the outer surface 
as bright as that you will see through the glass. 

Reflecting telescopes have advantages over the refracting 
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telescopes in many ways, but in some respects they are not so 
good. They give images that are absolutely achromatic, while 
the other form always has some uncorrected colour. They can 
be made shorter, and as the light-grasping power is not reduced 
by the absorption of the glass of which the lenses are made, it 
is in direct proportion to the surface or area of the mirror. 
They have not had in many cases the same care bestowed upon 
either their manufacture or u 1 - '1 their mounting as has been 
given in nearly every case to the refracting telescope. Speaking 
generally, the mounting of the reflecting telescope has nearly 
always been of a very imperfect kind-a matter of great con
sequence, for upon the mounting of the astronomical telescope 
so much depends. To direct the tube to any object is not dif
ficult, but to keep it steadily moving so that the object remains 
on the field of view requires that the tube should be carried by 
an equatorial mounting of an efficient character. The first essen
tial of such a mounting is an axis parallel to the axis of rotation 
of the earth. The tube, being supported on this, will follow 
any celestial object, such as a star, by simply turning the polar 
axis in a contrary motion to that of the earth at the same rate. 
If we make the telescope to swing in a plane parallel to the 
polar axis, we can then direct the telescope to any part of the 
sky, and we have the complete equatorial movement. There 
are several ways in which this is practically done : we can have 
a long open-work polar axis supported at top and bottom, 
and swing the telescope in this, or we can have short strong 
axes. As examples of the first, I will show you pictures of the 
mountings designed for Cambridge and Greenwich Observa
tories some forty years ago by Sir G. Airy, lately and for so 
long our eminent Astronomer-Royal ; and as examples of the 
other form, amongst others, the large telescope lately erected at 
Nice, and also the larger one at Mount Hamilton, California, 
now under the direction of Prof. Holden. 

The plan of bringing all the various handles and wheels that 
control the movement of the telescope and the various acces
sories down to the eye end, so as to be within reach of the 
observer, is carried to the highest possible degree of perfection 
here, as we can see by an inspection of the picture of the eye 
end of this telescope. The observer with the reflecting telescope 
is, with moderate-size instruments, never very far from the floor, 
but in the case of the Lick telescope he might have to ascend 
some thirty feet for objects low down in the sky ; but, thanks 
to the ingenuity of Sir Howard Grubb, to whom the idea is 
due, the floor of the whole Observatory is made to rise and fall 
by hydraulic machinery at the will of the observer-a charming 
but expensive way of solving the difficulty, as far as safety 
goes, but not meeting the constant need of a change in position 
as the telescope swings round in keeping up with the motion of 
the object to which it is directed. The great length of the tube 
of large refractors is well seen in this picture of the Lick tele
scope ; it suggests flexure as the change is made in the direction 
in which it points, and the consequent change of stress in the 
different parts of the tube. 

The mounting of the reflector has been treated, if not so suc
cessfully, with more variety than in the case of the refractor as 
we shall see from the pictures I will show you, especially where 
the Newtonian form is used. The 4-foot reflector at Melbourne 
is mounted on the German plan, in a similar way to a refractor, 
and an almost identical plan has been followed by the makers of 
the 4-foot at the Paris Observatory. Lassell, who was the first 
to mount a large reflector equatorially, used a mounting that may 
be called the forked mounting, the polar axis being· forked at its 
upper end, and the tube of the telescope swinging between the 
forks: a very excellent plan, dispensing with all counterpoising. 
Wishing to obtain certain conditions that I thought and think 
now favourable to the performance of the reflector, I devised a 
mounting where the whole tube was supported at one end on a 
bent arm ; a 3-foot mirror was mounted on this plan in 1879, 
and worked admirably. The Newtonian form demands the 
presence of the observer near the high end of the telescope, and 
the trouble of getting him there and keeping him safely close to 
the eye-piece is very great. As we see from the various photo
graphs, several means have been employed to do this, none of 
them quite satisfactory. 

All the refracting telescopes of note in the world are covered 
by domes that effectually protect them from the weather; these 
domes are in some cases comparable in cost with the instruments 
they cover. It is not surprising, therefore, that efforts have been 
made to devise a means of getting rid of this costly dome and 
the long movable tube. 
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It was suggested many years ago that a combination of plane 
mirrors could be used to direct light from any object into a fixed 
telescope. This idea in a modified form has often been used 
for special work, one plane mirror being used as we see in the 
p;cture on the screen to throw a beam of light into a telescope 
fixed horizontally; for certain kinds of work this does admirably, 
but the range is restricted, as can be easily seen, and the object 
rotates in the field of view as the earth goes round. The next 
step would be to place the telescope pointing parallel to the axis 
of the earth and send the beam of light into it from the mirror, 
which could now be carried by the tube so that by simply rotat
ing the tube on its own axis the object would be kept in the field 
of view. Sir Howard Grubb makes a small telescope on this 
plan, and some years ago proposed a somewhat similar plan. 
A sketch of this plan I will show you. You will see, however, 
that here again the range is restricted, and, to use the telescope, 
means would be required to constantly vary the inclination of 
the small mirror at one-half the rate of inclination of the short 
tube carrying the object-glass. 

By the use of two plane mirrors, however, the solution of the 
problem of a fixed rotating telescope tube placed as a polar axis 
is solved. By having such a telescope with a plane mirror at an 
angle of 45' to the axis of the telescope in front of the object
glass, we can, by simply rotating the telescope, see every object 
lying on the equator; and by adding another similar plane 
mirror at an angle of 45' to the axis of the telescope, as bent 
out at ''ZI{ht angles by the first plane mirror, and giving the 
mirror a rotation perpendicular to this axis, we obtain the same 
power of pointing the telescope as we have in the equatorial. 
The idea of doing this was published many years ago, but it was 
left to the skill and perseverance of M. Lrewy, of the Paris 
Observatory, to put it into practical use. He devised, and had 
made, a telescope on this principle, of inches aperture, which 
was completed in r882. It has proved itself an unqualified suc
cess, and many other larger ones are now being made in Paris, 
including one of 23 inches aperture, now nearly completed, for 
the Paris Observatory. 

A lantern copy of a drawing of this latter telescope will be 
thrown on the screen, in order that you may see what manifest 
advantages exist in this form of telescope. There is but one 
objection that can be urged-that is, the possible damage to the 
definition by the plane mirrors; but this seems, from what I 
have seen of the wonderful perfection of the plane mirrors made 
by the Brothers Henry, to be an unreasonable one-at any rate 
not an insurmountable one. In every other respect, except per
haps a slight loss of light, this form of telescope is so mani
festly superior to the ordinary form that it must supersede it in 
time, not only for general work, but for such work as photography 
and spectroscopy. 

ANNUAL VISITATION OF GREENWICH 
OBSERVATORY. 

THE Report of the Astronomer-Royal to the Board of 
Visitors of the Royal Observatory, Greenwich, was 

read at the Annual Visitation on June 7· The Report pre
sented refers to the year r889 May II to 1890 May ro, 
and exhibits the state of the Observatory on the last-named 
clay. 

With respect to astronomical observations it is noted that, 
at the request of Dr. Gill, special attention has been paid to 
the oppositions of the minor planets Victoria and Sappho. 
Victoria has been observed I 5 times on the meridian, and 
Sappho 9 times; while 244 observations have been made of 
41 comparison stars for Victoria, and 151 observations of 42 
stars for Sappho. At the request of Dr. Auwers, observations 
of the Sappho stars will be renewed in the autumn of this year, 
and an investigation made of the variation of personality with 
magnitude, for use in reducing the observations to a uniform 
system. 

The Lassell, south-east, Sheepshanks, and Shuckburgh equa
torials are in good working order. Great difficulty has been 
experienced at times in turning the south-east dome, and a 
careful examination shows that this may be largely due to the 
irregular shape of the cannon balls on which it rolls, and to a 
sagging of the dome curb in some parts. 

The tube for the 28-inch refractor, which is of special con
struction, has been made by Sir H. Grubb in preparation for the 
object-glass which is now being figured. The experimental 
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