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ADDRESS O F  TH% CHAIRMAN O F  THE DE- 
PARTMENT O F  ASTRONOMY O F  THE 

BRITISH ASSOCIATION. 
IThas been decided to form a Depart-

ment of Astronomy under Section A, and I 
have been requested to give a n  address on 
the occasion. I n  looking up the records of 
the British Association to see what position 
astronomy has occupied, I was delighted 
to find, in the very first volume, A Report 
on the Progress of Astronomy during the 
Present Century,' made by the late Sir 
George Airy, so many years our Astrono- 
mer Royal, and a t  that time Plumian Pro- 
fessor of Astronomy a t  Cambridge. This 
report, made a t  the second meeting of the 
Association, describes, in a most interest- 
ing manner, the progress that was made dur- 
ing the first third of the century, and we 
can gather from i t  the state of astronomical 
matters a t  that time. The thought natur- 
ally occurred to me to give a report, on 
the same lines, to the end of this century, 
but a little consideration showed that i t  was 
impossible in the limited time a t  my dis- 
posal to give more than a bare outline of the 
progress made. 

At the time this report was written we 
may say, in a general way, that the 
astronomy of that day concerned itself with 
the position of the heavenly bodies only, 
and, except for the greater precision of ob- 
servation resulting from better instruments 
and the larger number of observatories a t  
work, this, the gravitational side of astron- 
omy, remains much as i t  was in Airy's 
time. 

What has been aptly called the New or 
Physical Astronomy did not then exist. I 
propose to briefly compare the state of things 
then existing with the present state of the 
science, without dealing very particularly 
with the various causes operating to pro- 
duce the change ; to allude briefly to the 
new astronomy ; and to speak rather fully 
about astronomical instruments generally, 

and of the lines on which i t  is most prob- 
able future developments will be made. 

I n  this report * we find that a t  the be- 
ginning of the century the Greenwich Ob- 
servatory was the only one in which ob- 
servations were made on a regular system. 
The thirty-six stars, selected by Dr. Maske- 
lyne, and the sun and moon were observed 
on the meridian with great regularity, the 
planets very rarely and only a t  particular 
parts of their orbits ; small stars, or stars 
not included in the thirty-six, were seldom 
observed. 

This state of affairs was no doubt greatly 
improved a t  the epoch of the report, but i t  
contrasts strongly with the present work a t  
Greenwich, where 5,000 stars were ob-
served in 1899, in addition to the astro- 
graphic, spectroscopic, magnetic, meteoro- 
logical and other work. 

Many observatories, of great importance 
since, were about that time founded, those 
a t  Cambridge, Ca,pe of Good Hope, and 
Paramatta having just been started. A 
list is given of the public observatories then 
existing, with the remark that the author 
is ' unaware that there is any public ob- 
servatory in America, though there are,' 
he says, ' some able observers.' 

The progress made since then is truly re- 
markable. The first public observatory in 
America was founded about the middle of 
the century, and now public and private 
observatories number about 150, while the 
instrumental equipment is in many cases 
superior to that of any other country. The 
prophetic opinion of Airy about American 
observers has been fully borne out. The 
discovery of two satellites to Mars by Hall 
in 1877, of a fifth satellite to Jupiter by 
Barnard in 1892, and the discovery of 
Hyperion by Bond, simultaneously with 
Lassall, in 1848, are notable achievements. 

The enormous amount of work turned 
out by the Earvard Observatory and its 

*Brit .  Assoc. Rqort, 1831-32, p. 125. 
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branches in South America, all the photo- 
graphic and spectr.oscopic work carried out 
by many different astronomers, and the 
new lines of research initiated show an 
amount of enthusiasm not excelled by any 
other country. A greater portion of the 
astronomical work in America has been on 
the lines of the new astronomy, but the old 
astronomy has not been at  all neglected. 
I n  this branch pace has been kept with 
other countries. 

From this report we gather that the 
mural quadrant a t  most of the observa-
tories was about to be replaced by the di- 
vided circle. Troughton had perfected a 
method of dividing circles, which, as  the 
author says, 'may be considered as the 
greatest improvement ever made in the art 
of instrument making. 

Two refractors of 11and 12 inches aper- 
ture had just been imported into this coun- 
t r y ;  clockwork for driving had been ap- 
plied to the Dorpat and Paris equatorials, 
but the author had not seen either in a state 
of action. 

The method of mounting instruments 
adopted by the Germans was rather se-
verely criticised by the author, the general 
principle of their mounting being ' tele-
scopes are always supported a t  the middle, 
not a t  the ends.' 

" Every part is, if possible, supported by 
counterpoises." 

('To these principles everything is sacri- 
ficed. For instance, in an equatorial the 
polar axis is to be supported in the middle 
by a counterpoise. This not only makes 
the instrument weak (as the axis must be 
single), but also introduces some inconveni- 
ence into the use of it. The telescope is on 
one side of the axis ;on the other side is a 
counterpoise. Each end of the telescope 
has a counterpoise. A telescope thus 
mounted must, I should think, be very 
liable to tremor. If a person who is no 
mechanic and who has not used one of 

these instruments may presume to give an  
opinion, I should say that the Germans 
have made no improvement in instruments 
except in the excellence of workmanship." 

I have no doubt that this question had 
often occupied Airy's mind, for in the 
Northumberland Equatorial Telescope 
which he designed shortly after for Cam- 
bridge he adopted what has been called 
the English form of mounting, where the 
telescope is supported by a pivot a t  each 
side, and a long polar axis is supported a t  
each end. This telescope is in working 
order a t  the present time a t  Cambridge. 

When he became Astronomer Royal he 
used the same design for what was for 
many years the great equatorial a t  Green- 
wich, though the wooden uprights forming 
the polar axis were in the Greenwich tele- 
scope replaced by iron. I t  says much for 
the excellence of the design and workman- 
ship of this mounting, designed as i t  was for 
an  object glass of about 13 inches diameter, 
when we find the present Astronomer Royal, 
Mr. Christie, has used i t  to carry a tele-
scope of 28 inchesaperture, and that i t  does 
this perfectly. 

Notwithstanding the greater steadiness 
of the English form of mounting, the Ger- 
man form has been aaopted generally for the 
mounting of the large refractors recently 
made. 

There is much interesting matter in this 
report of an historical character. 

As I have already said, the new as-
tronomy, as  we know iG, did not exist, but 
in a report * on optics, in the same volume, 
by Sir David Brewster, we find that spec- 
trum analysis was then occupying atten- 
tion, and the last paragraph of this report 
is well worth quoting : "But whatever 
hypothesis be destined to embrace and ex- 
plain this class of phenomena, the fact 
which I have mentioned opens an extensive 
field of inquiry. By the aid of the gaseous 

* Byit. ASSOC.Rep., 1831-32, p. 308. 



absorbent we may study with the minutest 
accuracy the action of the elements of ma- 
terial bodies in all their variety of combi- 
nations, upon definite and easily recognized 
rays of light, and we may discover curious 
analogies between their affinities and those 
which produce the fixed lines in the spectra 
of the stars. The apparatus, however, 
which is requisite to carry on such in-
quiries with success cannot be procured by 
individuals, and cannot even be used in 
ordinary apartments. Lenses of large di- 
ameter, accurate heliostats, and telescopes 
of large aperture are absolutely necessary 
for this purpose ; but with such auxiliaries 
it would be easy to construct optical com- 
binations, by which the defective rays in 
the spectra of all the fixed stars down to 
the tenth magnitude might be observed, and 
by which we might study the effects of the 
very combustion which lights up the suns 
of other systems." 

Brewster's words are almost prophetic, 
and i t  would almost appear as if he un-
knowingly held the key to the elucidation 
of the spectrum lines, for i t  was not until 
1859 that Kirchhoff's discovery of the true 
origin of the dark lines was made. 

Praunhofer was the first to observe the 
spectra of the planets and the stars, and to 
notice the different types of stellar spectra. 
I n  1817 he recorded the spectrum of Venus 
and Sirius, and later, in 1823, he described 
the spectrum of Mars ; also Castor, Pollux, 
Capella, Betelgeux, and Procyon. 

Praunhofer, Lamont, Donati, Brewster, 
Stokes, Gladstone, and others carried on 
their researches a t  a time when the princi- 
ples of spectrum analysis were unknown, 
but immediately upon Kirchhoff7s discov- 
ery great interest was awakened. 

With spectru~n analysis thus established, 
aided as it was later by the greater devel- 
opment of phohography, the new astronomy 
was firmly established. 

The memorable results arrived a t  by 

[N. S. VOL. XII. NO. 303. 

Kirchhoff were no sooner published than 
they were accepted without dissent. The 
works of Stokes, Foucault, and Angstrom a t  
that period were all suggestive of the truth, 
but do not mark an epoch of discovery. 

Astronomical spectroscopy divided itself 
naturally into two main branches, the one 
of the sun, the other of the stars, each 
having its many offshoots. I shall just 
mention a few points relating to each. The 
dark lines in the solar spectrum had al- 
ready been mapped by Fraunhofer, and 
now i t  only needed better instruments and 
the application of laboratory spectra with 
Kirchhoff7s principle to advance this work 
still further. 

Fraunhofer had already pointed out the 
way in using gratings, and these were fur- 
ther improved by Nobert and Rutherfurd. 

1Circhhoff1s' Map of the Solar Spectrum,' 
published in 1861-62, was the most com-
plete up to that time ;but the scale of refer- 
ence adopted by him was an arbitrary one, 
so that i t  was not long before this was im- 
proved upon. Angstrom published in 1868 
his ' Map of the Normal Solar Spectrum,' 
adopting the natural scale of wave-lengths 
for reference, and this remained in use until 
quite recent times. 

The increased accuracy in the ruling of 
gratings by Rutherfurd materially improved 
the efficiency of the solar spectroscope, but 
i t  was not until Professor Rowland's inven- 
tion of the concave grating that this work 
gained any decisive impetus. The maps 
(first published in 1885) and tables (pub- 
lished in the years 1896-98) of the lines of 
the solar spectrum are now almost univer- 
sally accepted and adopted as a standard 
of reference. These tables alone record 
about 10,000 lines in the spectrum of the 
sun, which is in marked contrast to the 
number 7 recorded by Wollaston a t  the be- 
ginning of the century (1802). Good work 
in the production of maps has also been 
done in this country by Higgs. 
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Michelson has also recently invented a 
new form of spectroscope called the Eche-
lon,' * in which a grating with a relatively 
small number of lines is employed, the dis- 
persion necessary for modern work being 
obtained by using a high order (say the 
hundredth) into which most of the light 
has been concentrated. 

Besides lines recorded in the visual and 
ultra-violet portions of the solar spec-
trum, maps have been made of the lines in 
the infra-red, the most important being that 
of Langley's, published in 1894, prepared 
by the use of his ' bolometer.' Good work 
had, however, been done in this direction 
previously by Becquerel, Lamansky and 
Abney ; the last, indeed, succeeded even in 
photographing a part of it. 

The recording of the Fraunhofer lines in 
the solar spectrum is not all, however. The 
application of the spectroscope to the sun 
has several epoch-marking events attached 
to it ,  notably those of proving the solar 
character of the prominences and corona, 
the rendering visible of the prominences 
without the aid of an eclipse by the dis- 
covery of Lockger and Janssen in 1868, the 
photography of the prominences both round 
the limb and those projected on the solar 
disc hy the invention of the spectro-helio- 
graph by Hale and Deslandres in 1890. 

Success has not yet favored the many at- 
tempts to photograph the corolla without 
an eclipse by spectroscopic means ;but even 
now this problem is being attacked by Des- 
landres with the employment of the calorific 
rays. 

Spectroscopic work on the sun has led to 
the discovery of many hundreds of dark 
lines, the counterparts of which it has not 
yet been possible to produce on the earth. 

But besides those unknown substances 
which reveal their presence by dark lines, 
there were two others discovered, wbich 
showed themselves only by bright lines, the 

* Ast. Phys. Joum. ,  Vol. V I I I . ,  1898, p. 37. 

one in the chromosphere, to which the name 
of Helium was given, and the other in the 
corona, to which the name of Coronium was 
applied. 

The former was, however, identified ter- 
restrially by Ramsay in 1895, though the 
latter is still undetermined. The revision 
of its wave-length, brought about by the 
observations of the eclipse of 1898, may, 
however, result in this element being trans- 
ferred from the unknown to the known in 
the near future. 

The study of stellar spectra was taken up 
by Huggins, Rutherfurd and Secchi. Ruth-
erfurd* published in 1862 his results upon 
a number of stars, and suggested a rough 
classification of the white and yellow stars ; 
but Secchi deserves the high credit of in- 
troducing the first systematic system of dif- 
ferentiation of the stars according to their 
spectra, he having begun a spectroscopic 
survey of the heavens for the purpose of 
classification,^ whilst Huggins devoted him- 
self to the thorough analysis of the spectra, 
of a few stars. " 

The introduction of photography marks 
another epoch in the study of stellar spectra. 
Sir William Huggins applied photography as 
early as  1863,f and secured an  impression of 
the spectrum of Sirius, but nearly another 
decade elapsed before Professor H. Draper fj 
took a photograph of the spectrum of Vega 
in 1872, which was the first to record any 
lines. With the introduction of dry plates 
this branch of the new astronomy received 
another impetus, and the catalogues of 
stellar spectra have now become numerous. 
Among them may be mentioned those of 
Harvard College, Potsdam, Lockyer, Mc- 
Clean, and Huggins. The ' Draper Cata-
logue ' / I  of the Harvard College, which is a 

* A m .  Journ., V o l .  X X X V . ,  1862, p. 77. 

t ComplesRendus, T .  L V I I  , 1853. 

$Phil. Trans., 1864, p. 428. 

8 A m .  Journ. of Sc. and Arts, V o l .  X V I I I . ,  1879, 


p. 421. 

j j  Annals Harvard Coll., V o l .  X X V I I . ,  1890. 




.spectroscopic Durchmusterung, alone con-
tains the spectra of 10,351 stars down to 
the 7-8 magnitudes, and this has further 
been extended by work a t  Arequipa, whilst 
Vogel and Muller, of Potsdam,* made a 
spectroscopic survey of the stars down to 
7.5 magnitude between - lo and + 20° 
declination. This has again been supple- 
mented by Scheiner ? ('Untersuchungen 
uber die Spectra helleren Sterne '), and by 
Vogel and Wilsing J: ('Untersuchungen 
uber die Spectra von 528 Sternen ') . Lock-
yer s in 1892 published a series of large- 
scale photographs of the larger stars, and 
more recently McClean 1 )  has completed a 
spectroscopic survey of the stars of both 
hemi~pheres down to the 3% magnitude. 
For the study and investigation of special 
types of stars, the researches of Dun& on 
the red stars made a t  Upsala, and those of 
Keeler and Campbell on the bright line 
stars made a t  the Lick Observatory, de- 
serve mention. For the study of stellar 
spectra the use of prisms in slit or object- 
ive prism spectroscopes has predominated, 
though more recently the use of spec-
ially ruled gratings has been attended by 
some degree of success a t  the Yerkes Ob-
servatory. 

Several new stars have also been dis-
covered by their spectra by Pickering in his 
routine work. of charting the spectra of the 
stars in different portions of the sky. The 
photographic plate containing their ,peculiar 
spectra was, however, not examined in 
many cases until the star had died down 
again. 

Spectrum analysis also opened up an-
other field of inquiry, viz, that  of the 
motion of the stars in the line of sight, 
based on the process of reasoning due to 

*Astro-Phys. Obs. zu Potsdam, Vol. III., 1882-83. 

t Ibid., Vol. VII., 1895. 

2 Ibid., Val. XII., 1899. 

3 Ph,il. Trans., Vol. CLXXXIV., A, 1893. 

[I Phil. Trans., Vol. CXCI., A, 1898. 
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Doppler, and accordingly named Doppler's 
Prinsiple.* 

The observatories of Greenwich and Pots- 
dam were among the first to apply this to 
the stars, and more recently Campbell at 
Lick, Newall a t  Cambridge, and Belopolsky 
a t  Pulkowa have made use of the same 
principle with enormous success. 

I t  was also discovered that there are cer- 
tain classes of stars having a large com- 
ponent velocity in the line of sight, which 
changes its direction from time to time, and 
in many such cases orbital motion has been 
proven, as  in the case of Algol. 

Another case of binary stars has also 
been discovered spectroscopically and ex-
plained by Doppler's principle. I refer to 
the stars lrnown as spectroscopic binaries, 
in which the spectrum lines of one luminous 
source reciprocate over those from the 
other source of light, according as one is 
moving towards or away from the earth. 
This displacement of the spectrum lines 
led to the discovery of the duplicity of P 
Aurigie, and C U r s s  Majoris by Pickering.Jf 

Several other such stars have now been 
detected, notably P Lyrze, and lastly Capella 
discovered independently by Campbell J: a t  
Lick, and Newall 3 a t  Cambridge. 

The progress of the new astronomy is so 
closely bound up with that of photography 
that I shall briefly call to mind some of the 
many achievements in which photography 
has aided the astronomer. 

Daguerre's invention in 1839 was almost 
immediately tried with the sun and moon, 
J. W. Draper and the two Bonds in  
America, Warren de la  Rue in this coun- 
try, and Foucault and Fizeau in France, 
being among the pioneers of celestial photog- 

* < Ueber dm farbige Licht der Doppelsterne,' . . . 
Abktandl. der K. Biihdsehen Ges. d. Wiss. V. Folge, 
2. Bd. 1843. 


t Am. Jowr. (3),39, p. 46 (1890). 

$ Astro-Phys. Jour., Vol. X., p. 177. 

&MonthlyNotices, Vol. LX., p. 2 (1899). 
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raphy ; but no real progress seems to have 
been made until after the introduction of 
the collodion process. Sir John Herschel 
in 1847 suggested the daily self-registration 
of the sun-spots to supersede drawings ; and 
in 1867 the de la Rue photo-heliograph was 
installed a t  Kew. From 1858-72 a daily 
record was maintained by the Kew photo- 
heliograph, when the work was discon-
tinued. Since 1873 the Kew series has 
been continued a t  Greenwich, which is sup- 
plemented by pictures from Dehra Dan in 
India and from Mauritius. The standard 
size of the sun's disc on these photographs 
has now been for many years 8 inches, 
though for some time a 12-inch series was 
kept up. 

The first recorded endeavor to employ 
photography for eolipse work dates back to 
1851, when Berowsky obtained a daguerreo- 
type of the solar prominences during the 
total eolipse. From that date nearly every 
total eolipse of the sun has been studied by 
the aid of photography. 

I n  1860 the first regularly planned attack 
on the problem by means of photography 
was made, when de la Rue and Secchi suc- 
cessfully photographed the prominences and 
traces of the corona, but i t  was not until 
1869 that Professor Stephen Alexander ob- 
tained the first good photograph of the 
corona. 

I n  recent years, from 1893 up to the 
total eclipse which occurred last May, 
photography has been employed to secure 
large-scale pictures of the corona. These 
were inaugurated in 1893 by Professor 
Schaeberle, who secured a 4-inch picture of 
the eclipsed sun in Chili ; these have been 
exceeded by Professor Langley, who ob-
tained a 15-inch picture of the corona in 
North Carolina during the eclipse of May, 
1900. 

Photography also supplied the key to the 
question of the prominences and corona be- 
ing solar appendages, for pictures of the 

eclipsed sun taken in Spain in 1860 termi- 
nated this dispute with regard to the prom- 
inences, and finally to the corona in 1871. 

I n  1875, in addition to photographing the 
corona, attempts were made to photograph 
its spectrum, and at  every eolipse since then 
the sensitized plate has been used to record 
both the spectrum of the chromosphere and 
the corona. The spectrum of the lower 
layers of the chromosphere was first suc- 
cessfully photographed during the total 
eolipse of 1896 in Nova Zembla by Mr. 
Shackleton, though seen by Young as early 
as 1870, and a new value was given to the 
wave-length of the coronal line (wrongly 
mapped by Young in 1869) from photo- 
graphs taken by Mr. Fowler during the 
eclipse of 1898 (India). 

Lunar photography has occupied the at- 
tention of various physicists from time to 
time, and when Daguerre's process was 
first enunciated, Arago proposed that the 
lunar surface should be studied by means 
of the photographically produced images. 

I n  1840 Dr. Draper succeeded in impress- 
ing a daguerreotype plate with a lunar im- 
age by the aid of a 5-inch refractor. The 
earliest lunar photographs, however, shown 
in England were due to Professor Bond, of 
the United States. These he exhibited a t  
the Great Exhibition in 1851. Dancer, the 
optician, of Manchester, was perhaps the 
first Englishman who secured lunar images, 
but they were of small size.* 

Another skillful observer was Crookes, 
who obtained images of 2 inches diameter 
with an 8-inch refractor of the Liverpool 
Observatory. I n  1852 de la Rue began ex- 
perimenting in lunar photography. He em- 
ployed a reflector of some 10 feet focal 
length and about 13 inches diameter. A 
very complete account of his methods is 
given in a paper read before the British As- 
sociation. Mr. Rutherfurd a t  a later date 
having tried an ll+-inch refractor, and also 

*Abney (Photography ). 
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a 13-inch reflector, finally constructed a 
photographic refracting telescope, and pro- 
duced some of the finesf pictures of the 
moon that were ever taken until recent 
years. Also Henry Draper's picture of 
the moon taken September 3, 1863, re-
mained unsurpassed for a quarter of a cen- 
tury. 

Admirable photographs of the lunar sur- 
face have been published in recent years by 
the Lick Observatory and others. I myself 
devoted considerable attention to this sub- 
ject a t  one time ; but only those surpassing 
anything before attempted have been pub- 
lished in 1896-99 by MM. Loewy and Pui- 
seux, taken with the Equatorial Coud6 of 
the Paris Observatory. 

Star prints were first secured a t  Harvard 
College, under the direction of W. C. Bond, 
in 1850 ; and his son, G. P. Bond, made in 
1857 a most promising start with double- 
star measurements on sensitive plates, his 
subject being the well-known pair in the 
tail of the Great Bear. The competence of 
the photographic method to meet the 
stringent requirements of exact astronomy 
was still more decisively shown in 1866 by 
Dr. Gould's determination from his plates 
of nearly fifty stars in the Pleiades. Their 
comparison with Bessel's places for the 
same objects proved that the lapse of 
s score of years had made no difference 
in the configuration of that immemorial 
cluster ; and Professor Jacoby's recent 
measures of Rutherfurd's photographs taken 
in 1872 and 1874 enforce the same conclu- 
sion. 

The above facts are so forcible that no 
wonder that a t  the Astrophotographic Con- 
gress held in Paris in 1887 it was decided 
to make a photographic survey of the 
heavens, and now eighteen photographic 
telescopes of 13 inches aperture are in 
operation in various parts of world, for the 
purpose of preparing the international as- 
trographic chart, and i t  was hoped that the 

catalogue plates would be completed by 
1900. 

Photography has been applied so assid- 
uously to the discovery of minor planets 
that something like 450 are now known, 
the most noteworthy, perhaps, as regards 
utility, being the discovery of Eros (433) in 
1898 by Herr Witt at  the Observatory of 
Urauia, near Berlin. 

With regard to the application of photog- 
raphy to recording the form of various 
nebulz, i t  is interesting to quote a passage 
from Dick's Practical Astronomer,' pub- 
lished in 1845, as opposed to Herschel's 
opinion that the photography of a nebula 
would never be possible. 

'' I t  might, perhaps, be considered as be- 
yond the bounds of probability to expect 
that even the distant nebula might thus be 
fixed, and a delineation of their objects 
produced, which shall be capable of being 
magnified by microscopes. But we ought 
to consider that the ar t  is only in its in- 
fancy, and that plates of a more delicate 
nature than those hitherto used may yet 
be prepared, and that other properties of 
light may yet be discovered which shall 
facilitate such designs. For we ought now 
to set no boundaries to the discoveries of 
science, and to the practical applications of 
scientific discovery, which genius and art  
may accomplish." 

I t  was not, however, until 1880 that 
Draper first photographed the Orion Ne- 
bula, and later by three years I succeeded 
in doing the same thing with an  exposure 
of only thirty-seven minutes. I n  Decem- 
ber, 1885, the brothers Henry by the aid 
of photography found that the Pleiades were 
involved in a nebula, part of which, how- 
ever, had been seen by myself* with my 3- 
foot reflector in February, 1880, and later, 
February, 1886, i t  was also partly discerned 
a t  Pulkowa with the 30-inch reflector then 
newly erected. 

* Monthly Notices, Vol. XL., p. 376. 



Still more nebulosity was shown by Dr. 
Robert's photographs,* taken with his 20- 
inch reflector in October and December, 
1886, when the whole western side of the 
group was shown to be involved in a vast 
nebula, whilst a later photograph taken 
by MM. Henry early in 1888 showed that 
practically the whole of the group was a 
shoal of nebulous matter. 

I n  1881 Draper and Janssen recorded the 
oomet of that year by photography. 

Hugginst succeeded in photographing a 
part of the spectrum of the same object, 
(Tebbutt's Comet, 1881,II.) on June  24th, 
and the Fraunhofer lines were amongst 
the photographic impressions, thus demon- 
strating that a t  least a part of the contin- 
uous spectrum is due to reflected sunlight. 
H e  also secured a similar result from Comet 
Wells. -f 

I propose to consider the question of the 
telescope on the following lines : (1) The 
refractor and reflector from their inception 
to their present state ; (2) The various 
modifications and improvements that have 
been made in mounting these instruments, 
and (3) the instrument that has been lately 
introduced by a combination of the two, 
refractor and reflector, a striking example 
of which exists now a t  the Paris Exhibi- 
tion. 

At a meeting of the British Association 
held nearly half a century ago (1852, Bel- 
fast) Sir David Brewster showed a plate of 
rock crystal worked in the form of a lens 
which had been recently found in Nineveh. 
Sir David Brewster asserted that this lens 
had been destined for optical purposes, and 
that  i t  never was a dress ornament. 

That the ancients were acquainted with 
the powers of a magnifying lens may be in- 
ferred from the delicacy and minuteness of 
the incised work on their seals and intagl- 

*lLLonthly Notices, Vol. XLVII., p. 24. 
t Proc. Roy. Soc., Vol. XXXII., No. 213. 
$Rep. Brit. Aesoc., 1882, p. 442. 

ios, which could only have been done by 
an eye aided by a lens of some sort. 

There is, however, no direct evidence 
that the ancients were really acquainted 
with the refracting telescope, though Aris- 
totle speaks of the tubes through which the 
ancients observed distant objects, and com- 
pares their effect to that of a well from the 
bottom of which the stars may be seen in 
daylight.* As an  historical fact without 
any equivocations, however, there is no 
serious doubt that the telescope was in-
vented in Holland. 

The honor of being the originator has 
been claimed for three men, each of whom 
has had his partisans. Their names are 
Metius, Lippershey and Janssen. 

Galileo himself says that it was through 
hearing that some one in France or Holland 
had made an instrument which magnified 
distant objects that he was led to inquire 
how such a result could be obtained. 

The first publisher of a result or dis-
covery, supposing such discovery to be hon- 
estly his own, ranks as the first inventor, 
and there is little doubt that Galileo was 
the first to show the world how to make a 
te1escope.j- His first telescope was made 
whilst on a visit to Venice, and he there ex- 
hibited a telescope magnqying three times; 
this was in May, 1609. Later telescopes 
which emanated from the hands of Galileo 
magnified successively four, seven and 
thirty times. This last number he never 
exceeded. 

Greater magnifying power was not at-
tained until Kepler explained the theory 
and some of the advantages of a telescope 
made of two convex lenses in his Catoptrics 
(1611). The first person to actually apply 
this to the telescope was Father Scheiner, 
who describes i t  in his Rosa Ursina (1630), 
and Wm. Gascoigne was the first to appre- 
ciate practically the chief advantages by 

"De Gen. Anipalium, Lib. V. 
t Newcomb's Astronomy, p. 108. 
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his invention of the micrometer and appli- 
cation of telescopic sights to instruments of 
precision. 

It was, however, not until about the mid- 
dle of the seventeenth century that Kep- 
ler's telescope came to be nearly universal, 
and then chiefly because its field of view 
exceeded that of the Galilean. 

The first powerful telescopes were made 
by Huyghens, and with one of these he dis- 
covered Titan (Saturn's brightest satellite) : 
his telescopes magnified from forty-eight to 
ninety-two times, were about 24 inches 
sperture, with focal lengths ranging from 
12 to 23 feet. By the aid of these he gave 
the first explanation of Saturn's ring, 
which he published in 1659. 

Huyghena also states that he made ob- 
ject-glasses of 170 feet and 210 feet focal 
length; also one 300 feet long, but which 
magnified only 600 times ;he also presented 
one of 123 feet to the Royal Bociety of Lon- 
don. 

Auzout states that the best telescopes of 
Campani a t  Rome magnified 160 times, and 
were of 17 feet focal length. H e  himself is 
said to have made telescopes of from 300 to 
600 feet focus, but i t  is improbable that 
they were ever put to practical use. Cas-
sini discovered Saturn's fifth satellite 
(Rhea) in 1672, with a telescope made 
by Campani, magnifying about 150 times, 
whilst later, in 1684, he added the third 
and fourth satellites of the same planet to 
the list of his discoveries. 

Although these telescopes were unwieldy, 
Bradley, with his usual persistency, actually 
determined the diameter of Venus in 1722 
with a telescope of 212 feet focal length. 

With such cumbersome instruments many 
devices were invented of pointing these 
ae~ial  telescopes, as they were termed, to 
various parts of the sky. Huyghens con- 
trived some ingenious arrangements for 
this purpose, and also for adjusting and 
centering the eyepiece, the object-glass and 

eyepiece being connected by a long braced 
rod. 

I t  was not, however, until Dol1ond:s in- 
vention of the &chromatic object-glass in 
1757-58 that the refracting telescope was 
materially improved, and even then the dif- 
ficulty of obtaining large blocks of glass free 
from stria limited the telescope as regards 
aperture, for even a t  the date of Airy's re- 
port we have seen that 12 inches was about 
the maximum aperture for an object-glass. 

The work of improving glass dates back 
to 1734, when Guinand began experiment- 
ing with the manufacture of optical flint 
glass. 

H e  conveyed his secrets to the firm of 
Fraunhofer and Utzschneider, whom he 
joined in 1805, and during the period he 
was there they made the 9.6 inches object- 
glass for the Dorpat telescope. 

Merz and Miidler the successors of Fraun- 
hofer, carried out succesefully the methods 
handed down to them by Guinand and 
Fraunhofer. 

Guinand communicated his secrets to his 
family before his death in 1823, and they 
entered into partnership with Bontemps. 
The latter afterwards joined the firm of 
Chance Bros., of Birmingham, and so some 
of Guinand's work came to England. 

At the present day XIM. Feil, of Paris, 
who are direct descendants of Guinand and 
Messrs. Chance Bros., of Birmingham, are 
the best-known manufacturers of large 
discs of optical glass. 

I t  is related in history that Ptolemy 
Euergetes had caused to be erected on a 
lighthouse at  Alexandria a piece of appa- 
ratus for discovering vessels a long way off ; 
i t  has also been maintained that the instru- 
ment cited was a concave reflecting mirror, 
and i t  is possible to observe with the naked 
eye images formed by a concave mirror, 
and that such images are very bright. 

Also the Romans were well acquainted 
with the concentrating power of concave 
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mirrors, using them as burning mirrors, as  
fhey were called. The first application of 
a n  eye lens to the image formed by reflec- 
tion from a concave mirror appears to have 
been made by Father Zucchi, an Italian 
Jesuit. His work was published in 1652, 
though i t  appears he employed such an in- 
strument as  early as 1616. The priority, 
however, of describing, if not making, a 
practical reflecting telescope belongs to 
Gregory, who, in his 'Optica Promota,' 
1663, discusses the forms of images of ob- 
jects produced by mirrors. H e  was well 
aware of the failure of all attempts to per- 
fect telescopes by using lenses of various 
curvature, and proposed the form of reflect- 
ing telescope which bears his name. 

Newton, however, was the first to con-
struct a reflecting telescope, and with {t he,  
could see Jupiter's satellites, etc. Encour-
aged by this he made another of 6$ inches 
focal length, which magnified thirty-eight 
times, and this he presented to  the Royal 
Society on the day'of his election to the So- 
oiety in 1671. 

To Newton we owe also the idea of em-
ploying pitch, used in the working of the 
surfaces. 

A third form of telescope was invented 
by Cassegrain in 1672. H e  substituted a 
small convex mirror for the concave mirror 
in Gregory's form, and thus rendered the 
telescope a little shorter. 

Short also, from 1730-68, displayed un-
common ability in the manufacture of re- 
flecting telescopes, and succeeded in giving 
true parabolic and elliptic figures to his 
specula, besides obtaining a high degree of 
polish upon them. In Short's first tele- 
scopes the specula were of glass, as  sug- 
gested by Gregory, but i t  was not until after 
Liebig's discovery of the process of deposit- 
ing a film of metallic silver upon a glass 
surface from a salt in solution that  glass 
specula became almost universal, and thus 
replaced the metallic ones of earlier times. 

Shortly after the announcement of Lie- 
big's discovery Steinheil *-and later, in- 
dependently, Foucault t-proposed to em- 
ploy glass for the specula of telescopes, 
and, a s  is well known, this is done in all 
the large reflectors of to-day. 

I now propose to deal with the various 
steps in the development of the telescope, 
which have resulted in the three forms that 
I take as  examples of the highest develop- 
ment a t  the present time. These are the 
Yerkes telescope a t  Chicago, my own 5-foot 
reflector, and the telescope recently erected 
a t  the Paris Exhibition, dealing not only 
with the mountings, but with the principles 
of construction of each. When the tele- 
scope was first used all could be seen by 
holding i t  in the hand. As the magnifying 
power increased,some kind of support would 
become absolutely necessary, a8nd this would 
take the form of the altgtude and azimuth 
stand, and the motion of the heavenly 
bodies would doubtless suggest the paral- 
lactic or equatorial movement, by which 
the telescope followed the object by one 
movement of an  axis placed parallel to the 
pole. This did not come, however, imme- 
diately. The long focus telescopes of which 
I have spoken were sometimes used with a 
tube, but more often the object-glass was 
mounted in a long cell and suspended from 
the top of a pole, a t  the right height to be 
in a line between the observer and the ob- 
ject to be looked a t  ; and i t  was so arranged 
that by means of a cord i t  could be brought 
into a fairly correct position. Notwith-
standing the extreme awkwardness of this 
arrangement most excellent observations 
were made in the seventeenth century by 
the users of these telescopes. Then the 
achromatic telescope was invented and me- 
chanical mountings were used, with circles 
for finding positions, much as we have them 
now. I have already mentioned the rivalry 

* Gas. Univ. d'Augsburg, March 24, 1856. 
f Compte8 Rend., Vol. XLIV., February, 1857. 
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between the English and German forms of 
mountings, and Airy's preference for the 
English form. The general feeling amongst 
astronomers ha,s, however, been largely in 
favor of the German mounting for refract- 
ors, due, no doubt, to a great extent, to the 
enormous advance in engineering skill. We 
have many examples of this form of mount- 
ing. A list of the principal large refract- 
ing and reflecting telescopes now existing is 
given. All the refractors in this list, with 

Refractors 15 inches and upwards. / Inches. 

Paris (Exhibition) ................................. 

Yerkes............................................... 

Lick ................................. ............... 

Pulkowa............................................. 

Nice..................................................; 

Paris ..................................................i 

Greenwich.. ....................................... 

Vienna ............................................... 

Washington, U. S. ................................. 

Leander, McCormick Observatory, Vir. ..... 
Greenwich.. .......................................... 

Newall's, Cambridge ............................. 

Cape of Good Hope ................................., 

Harvard.. ............................................. 

Princeton, N. J., u. s.....................,...,..
1 
Mount Etna ......................................... 

Strassburg ...............................,......... 

Milan. ................................................ 

(Dearborn) Chicago .............................. 
Warner Observatory, Rochester, U. .S........ 
Washburn Observatory, Madison, Wis ....... 
Edinburgh. ..........................................! 

Brussel~.............................................. 

Madrid ................................................ 

Rio Janeiro ......................................... 

Paris ................................................... 

Sir William Huggins .............................. 

Paris ................................................ 


Reflectors 2 feet G inches and u~wards.  / Ft. In. 

Lord Rosse ....................................,...... 

Dr. Common ....................................... 

Melbourne. .......................................... 

Paris.. ................................................. 

Meudon. ............................................... 

South Kensington ................................. 

Crossley (Lick).  .................................... 

Greenwich ............................................ 

South Rensington .................................. 


the exception of the Paris telescope of 50 
inches and the Greenwich telescope of 28 
inches, are mounted on the German form. 

Some of these carry a reflector as well as, 
for instance, the telescope lately presented 
to the Greenwich Observatory by Sir Henry 
Thompson, which, in addition to a 26-inch 
refractor, carries a 30-inch reflector a t  the 
other end of the declination axis, such a s  
had been previously used by Sir William 
Huggins and Dr. Roberts ; the last, and 
perhaps the finest, example of the German 
form being the Yerkes telescope a t  Chicago. 

The small reflector made by Sir Isaac 
Newton, probably the first ever made, and 
now a t  the Royal Society, is mounted on a 
ball, gripped by two curved pieces attached 
to the body of the telescope, which allows 
the telescope to be pointed in any direction. 
W e  have not much information as to the 
mounting of early reflectors. Sir William 
Herschel mounted his 4-foot telescope on a 
rough but admirably planned open-work 
mounting, capable of being turned round 
and with means to tilt the telescope to any 
required angle. This form was not very 
suitable for pieking up objects or determin- 
ing their position, except indirectly ; but 
for the way i t  was used by Sir William 
Herschel i t  was most admirably adapted : 
the telescope being elevated to the required 
angle, i t  was left in that position, and be- 
came practically a transit instrument. All 
the objects passing through the field of 
view (which mas of considerable extent, as 
the eye-piece could be moved in declina- 
tion) were observed, and their places in 
time and declination noted, so that the po- 
sitions of all these objects in the zone ob- 
served were obtained with a considerable 
degree of accuracy. I t  was on this plan 
that Sir John Herschel made his general 
catalogue of nebulre, embracing all the 
nebula he could see in both hemispheres; 
a complete work by one man that  is almost 
unique in the history of astronomy. 

Sir William Herschel's mounting of his 
4-foot reflector differs in almost every par- 
ticular from the mountings of the long-
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focus telescopes we have just spoken of. 
The object-glass was a t  a height, the re- 
flector was close to the ground. There was 
a tube to one telescope, but not to the other. 
The observer in one case stood on the 
ground, in the other he was on a stage a t  a 
considerable elevation. One pole sufficed 
with a cord for one ; a whole mass of poles, 
wheels, pulleys and ropes surrounded the 
other. I n  one respect only were they alike 
-they both did fine work. 

Lassell seems to have been the first to 
mount a reflector equatorially. He, like 
Herschel, made a 4-foot telescope, and this 
he mounted in this way. Lord Rosse 
mounted his telescopes somewhat after the 
manner of Sir William Herschel. The 
present earl has mounted a 3-foot equa- 
torially. 

A 4-foot telescope was made by Thomas 
Grubb for Melbourne, and this he mounted 
on the German plan. The telescope being 
a Cassegrain, the observer is practically on 
the ground level. A somewhat similar in- 
strument exists a t  the Paris Observatory. 
Lassell's 4-foot was mounted in what is 
called a fork mounting, as  is also my own 
5-foot reflector, and this in some ways 
seems well adapted for re5ectors of the 
Newtonian kind. 

We now come to the Paris telescope. 
This is really the result of the combination 
of a reflector and a refractor. I cannot say 
when a plane mirror was first used to direct 
the light into a telescope for astronomical 
purposes. I t  seems first to have been sug- 
gested by Hooke, who, a t  a meeting of the 
Royal Society, when the difficulty of mount- 
ing the long-focus lenses of Huyghens was 
under discussion, pointed out that all diffi- 
culties would be done away with if, instead 
of giving movement to the huge telescope 
itself, a plane mirror were made to move in 
front of it.* 

The Earl of Crawford, then Lord Lindsay, 
"Lockyer, Star-gaaing, p. 453. 

used a heliostat to direct the rays from the 
sun, on the occasion of the transit of Venus, 
through rt lens of 40 feet focal length, in 
order to obtain photographs, and i t  was also 
largely used by the American observers on 
the same occasion. 

Monsieur LoGwy a t  Paris proposed in 
1871 a most ingenious telescope made by a 
combination of two plane mirrors and an  
achromatic object-glass, which he calls a 
Coud6 telescope, which has some most im- 
portant advantages. Chief amongst these 
that the observer sits in perfect comfort 
a t  the upper end of the polar axis, whence 
he need not move, and by suitable arrange- 
ments he can direct the telescope to any 
part of the visible heavens. Several have 
been made in France, including a large one 
of 24 inches aperture, erected a t  the Paris 
Observatory, and which has already made 
its mark by the production of perhaps the 
best photographs of the moon yet obtained. 
I have already spoken of Lord Lindsay and 
his 40-foot telescope, fed, as i t  were, with 
light from a heliostat. This is exactly the 
plan that has been followed in the design of 
the large telescope in the Paris Exhibition. 
But in place of a lens of 4 inches aperture 
and a heliostat a few inches larger, the Paris 
telescope has a plane mirror of 6 feet and a 
lens exceeding 4 feet in diameter, with a 
focal length of 186 feet. The cost of a 
mounting on the German plan and of a 
dome to shelter such an instrument would 
have been enormous. The form chosen is 
a t  once the best and cheapest. One of the 
great disadvantages is that from the nature 
of things i t  cannot take in the whole of the 
heavens. The heliostat form of mounting 
of the plane mirror causes a rotation of the 
image in the field of view which in many 
lines of research is a strong objection. There 
is much to be said on the other side. The 
dome is dispensed with, the tube, the equa- 
torial mounting and the rising floor are not 
wanted. The mechanical arrangements of 



importance are confined to the mounting of 
the necessary machinery to carry the large 
plane mirror and move i t  round a t  the 
proper rate. The telescope need not have 
any tube (that to the Paris telescope is of 
course only placed there for effect), as the 
flimsiest covering is enough if i t  excludes 
false light falling on the eye end; and more 
important than all, the observer sits a t  his 
ease in the dark chamber. This question 
of the observer, and the conditions under 
which he observes, is a most important one 
as regards both the quality and quantity of 
the work done. 

W e  have watched the astronomer, first 
observing from the floor level; then mounted 
on a high scaffold like Sir William Herschel, 
Lassell, and Lord Rosse ; then, starting 
again from the floor level and using the 
early achromatic telescope ; then, as these 
grew in size, climbing up on observing chairs 
to suit the various positions of the eye end 
of the telescope, as  we see in Mr. Newall's 
great telescope; then brought to the floor 
again by that excellent device of Sir Howard 
Grubb, the rising floor. This is in use with 
the Lick and the Yerkes telescopes, where 
the observer is practically always on the 
floor level, though constant attention is 
needed, and the circular motion has to be 
provided for by constant movement, to say 
nothing of the danger of the floor going 
wrong. Then we have the ideal condition, 
as  in the Equatorial Coud6 a t  the Paris 
Observatory, where the observer sits com- 
fortably sheltered and looks down the tele- 
scope, and from this position can survey the 
whole of the visible heavens. The comfort 
of the observer is a most important matter, 
especially for the long exposures that are 
given to photographic plates, as well as  for 
continued visual work. I n  such a form of 
telescope as that a t  Paris the heliostat form 
of mounting the plane mirror is most suit- 
able, notwithstanding the rotation of the 
image. But there is another way in which 
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a plane mirror can be mounted, and tha t  is 
on the plan first proposed by Auguste many 
years ago, and lately brought forward again 
by Mons. Lippman, of Paris, and that is 
by simply mounting the plane mirror on a 
polar atxis and parallel therewith, and caus- 
ing the mirror to rotate a t  half the speed 
of the earth's rotation. Any part of the 
heavens seen by any person reflected from 
this mirror will appear to be fixed in space, 
and not partake of the apparent movement 
of the earth, so long as the mirror is kept 
nioving a t  this rate. A telescope, therefore, 
directed to such a mirror can observe any 
heavenly body as if it were in an absolutely 
fixed position, so long as the angle of the mir- 
ror shall not be such as to make the reflected 
beam less than will fill the object-glass. 
There is one disadvantage in the ccelostat, 
as this instrument is called, and that is its 
suitability only for regions near the equator. 
The range above and below, however, is 
large enough to include the greater portion 
of the heavens, and that portion in which 
the solar system is included. Here the 
telescope must be moved in azimuth for 
different portions of the sky, as is fully ex- 
plained by Professor Turner in Vol. LVI. 
of the Monthly Notices and i t  therefore 
becomes necessary to provide for moving 
the telescope in azimuth from time to time 
as different zones above or below the equator 
are observed. No instrument yet devised 
is snitable for all kinds of work, but this 
form, notwithstanding its defects, has so 
many and such important advantages that 
I think it will obviate the necessity of build- 
ing any larger refractors on the usual mod- 
els. The cost of producing a telescope much 
larger than the Yerkes on that model, in 
comparison with what could be done on the 
plan I now advocate, renders it most im-
probable that further money will be spent 
in that way. I t  may be asked : What are 
the lines of research which could be taken 
up by a telescope of this construction, and 
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011 what lines should the telescope be built? 
I will endeavor to answer this. All the 
work that is usually done by an astronom- 
ical telescope, excepting very long-continued 
observations, can. be equally well done by 
the fixed telescope. But there are some 
special lines for which this form of research 
is admirably suited, such as photographs of 
the moon, which would be possible with a 
reflecting mirror of, say, 200 feet focal 
length, giving an image of some 2 feet di- 
ameter in a primary focus, or a larger image 
might be obtained either by a l'onger focus 
mirror or by a combination. It  might even 
be worth while to build a special ccelostat 
for lunar photography, provided with an 
adjustment to the polar axis and a method 
of regulating the rate of clock to correct the 
irregular motion of the moon, and thus ob- 
tain absolutely fixed images on the photo- 
graphic plate. 

The advantage of large primary images 
in photography is now fully recognized. For 
all other kinds of astron6mical photography 
a fixed telescope is admirably adapted ; and 
so with all spectroscopic investigations, a 
little consideration will show that the con- 
ditions under which these investigations 
can be pursued are almost ideal. As to 
the actual form such a construction would 
take ; we can easily imagine it. The large 
mirror mounted as a ccelostat in the center ; 
circular tracts around this center, on which 
a fan-shaped house can be traveled round 
to any azimuth, containing all the necessary 
apparatus for utilizing the light from the 
large plane mirror, so as to be easily moved 
round to the required position in azimuth 
for observation. I n  place of a fan-shaped 
house movable round the plane mirror, a 
permanent house might encircle the greater 
portion round the mirror, and in this house 
the telescope or whatever optical combina- 
tion is uscd might be arranged on an  open 
framework, supported on similar rails, so 
as  to run round to any azimuth required. 

The simplicity of the arrangement and the 
enormous saving in cost would allow in 
any well-equipped observatory the use of a 
special instrument for special work. The 
French telescope has a mirror about 6 feet 
in diameter and a lens of about 4 feet. 
This is a, great step in advance over the 
Yerkes telescope, and i t  may be some time 
before the glass for a lens greater than 50 
inches diameter will be made, its the diffi- 
culty in making optical glass is undoubtedly 
very great. But with the plane mirror 
there will be no such difficulty, as 6 feet 
has already been made ; and so with a con- 
cave mirror there would be little difficulty 
in beginning with 6 feet or 7 feet. The way 
in which the mirror would be used, always 
hanging in a band, is the 'most favorable 
condition for good work, and the absence of 
motion during the observation, except of 
course, that of the plane mirror (which could 
be given by floating the polar axis and suit- 
able mechanical arrangements, a motion of 
almost perfect regularity). 

One extremely important thing in using 
silver or glass mirrors is the matter of re.  
silvering from time to time. Up to quite 
recently the silvering of my 5-foot mirror 
was a long, uncertain, and expensive proc- 
ess. Now we have a method of silvering 
mirrors that is certain, quick and cheap. 
This takes away the one great disability 
from the silver or glass reflecting tolescope, 
as the surface of silver can now be renewed 
with greater ease and in less time than the 
lenses of a large refracting telescope could 
be taken out and cleaned. It may be that 
we shall revert to speculum metal for our 
mirrors, or use some other deposited metal 
on glass ; but even as i t  is we have the sil- 
vered glass reflector, which a t  once allows 
an enormous advance in power. To do jus- 
tice to any large telescope i t  should be 
erected in a position, as regards climate, 
where the conditions are as Favorable as 
possible. 



SCIENCE. [N. S. VOL. XII. NO. 303. 

The invention of the telescope is to me 
the most beautiful ever made. Familiarity 
both in making and in using has only in- 
creased my admiration. With the excep- 
tion of the microphone of the late Professor 
Hughes, which enabled one to hear other- 
wise inaudible sounds, sight is the only sense 
that we have been able to enormously in- 
crease in range. The telescope enables one 
to see distant objects as  if they were at ,  say, 
one five-thousandth part of their distance, 
whilst the microscope renders visible ob- 
jects so small as to be almost incredible. 
I n  order to appreciate better what optical 
aid does for the sense of sight, we can im- 
agine the size of an eye, and therefore of a 
man, capable of seeing in a natural way 
what the ordinary eye sees by the aid of a 
large telescope, and, on the other hand, the 
size of a man and his eye that could see 
plainly small objects as we see them under 
a powerful microscope. The man in the 
first case would be several miles in height, 
and in the latter he would not exceed a 
very small fraction of an inch in height. 

Photography also comefi in as a further 
aid to the telescope, as it may possibly be 
to the microscope. For a certain amount 
of light is necessary to produce sensation in 
the eye. If this light is insufficient nothing 
is seen ; but owing to the accumulative ef- 
fect of light on the photographic plate, 
photographs can be taken of objects other- 
wise invisible, as  I pointed out years ago ; 
for in photographs I took in 1883 stars 
were shown on photographic plates that I 
could not see in the telescope. All photo- 
graphs, when closely examined, are made 
up of a certain number of little dots, as it 
were, in the nature of stippling, and i t  i s  a 
very interesting point to consider the rela- 
tion of the size and separation of these dots 
that form the image, and the rods and 
cones of the reckoner which determines the 
power of the eye. 

Many years ago I tried to determine this 

question. I first took a photograph of the 
moon with a telescope of very short focus 
(as near as  I could get i t  to the focus of the 
eye itself, which is about half an inch). 
The resulting photograph measured one 
two-hundredth of an inch in diameter, 
and when examined again with a micro-
scope showed a fair amount of detail, in fact, 
very much as we see the moon with the 
naked eye ; making a picture of the moon 
by hand, on such a scale that each separate 
dot of which i t  was made corresponded 
with each sepalrate sensitive point of the 
retina employed when viewing the moon 
without optical aid, I found, on looking a t  
this picture a t  the proper distance, that i t  
looked exactly like a real moon. In  this 
case the distance of the dots was constant, 
making them larger or smaller, forming the 
light or shade of the picture. 

I did not complete these experiments, but 
as far as I went I thought that there was 
good reason to believe that we could in this 
way increase the defining power of the eye. 
I t  is a subject well worthy of further con- 
sideration. 

I know that in this imperfect and neces- 
sarily brief address I have been obliged to 
omit the names of many workers, but I 
cannot conclude without alluding to the 
part that the Association has played in 
fostering and aiding astronomy. A glance 
through the list of money grants shows that 
the help has been most liberal. I n  my 
youth I recollect the great value that we 
put on the ' British Association Catalogue 
of Stars '; we know the help that was given 
in its early days to the Kew Observatory ; 
and the reports of the Association show 
the great interest that has always been 
taken in our work. The formation of a 
separate Department of Astronomy is, I 
hope, a pledge that this interest will 
be continued, to the advantage of our 
science. 

A. A, Coamo~.  


