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,lensity of the stream diminish as its length increases, its inter­
lacing wreaths will give rise to a group of meteor-showers, more 
and more difficult to distinguish from eD.ch other, as their 
number becomes greater, until at last the condition of a 
meteor-belt so formed becomes that of innumerable meteor­
particles revolving in orbits apparently independent of each 
other, and intersecting each other in all possible directions 
within the general boundaries of the elliptic ring. The 
appearance presented by a meteor-group of this description, 
during its first encounters with the earth, will be a periodic star­
shower (like that of the November meteors), diverging, whenever 
it is visible, from a nearly exact and single radiant point. At 
the encl of a certain number of cyclical returns, the star shower 
will be annually visible on a particular date, di verging from the 
same, · or nearly from the same, radiant-point, but much less 
abundantly than at first ; and a twin meteor-shower with a time 
of maximum, and a radiant point closely adjacent to the former 
ones will, at intervals, make its appearance with the original 
shower. This also, like the latter, after an equal lapse of time, 
wilJ become annual; and both diminishing together will present 
the appearance of a double meteor-shower, appearing simultane­
ously, or very nearly together, with a double or twin radiant­
point ; while at· intervals, a third meteor-shower, of the 
same general features as the previous two, will begin to be 
added to the group. Proceeding in this manner, as the 
antiquity of the meteor-ring increases, the star-shower will 
re;olve itself into a more or less well -<lefined g-roup of slender 
streJ.ms, producing- alternate short lulls, and flight; of meteor, 
from a great multiplicity of radiant points, contained within a 
limited region of diffuse or multiple radiation. The ordinary 
appearance of the star-shower on the nights of the 9th and I 1th 
of August, answering very close!)' to the description of a meteor­
stream in an already far-advanced stage of its development, the 
much higher antiquity of the August than that of the November 
star-shower, already shown by its regular annual return, and by 
the ancient times in which it appears to have been recorded, 
must now also be regarded as satisfactorily confirmed by the fre­
quently-recorded multiple, and more commonly observed cliffLLse 
character of its rndiati-Jn, Among the star-showers of less 
ancient date, of which the November meteors appear to present 
a conspicuous example, Prof. Schiaparelli includes a meteor­
shower observed by Zezioli on October l z, and two others on 
N ovcmber IO, 1868 ; one star-shower on each of these dates 
radiating very exactly from points in the neighbourhood of the 
coostdlation Taurus, as well as the star-shower of October 1S, 
and zo, 1864 and 1865, the radiant point of which was very 
ex·actly marked in those years in Orion. 

Continued observations of the be;t-known star-showers be ing 
calculated to afford such important information on the present 
conditions, and on the probable antiquity of their connection 
wit:1 the solar system, the committee propose to re-examine the 
principal meteor-showers duriag the coming year, with suitable 
means for registering the meteors observed on each of the follow­
ing dates, viz., August 9 to 11, October 18 to 21, November 13 
to 15 (A.M. }, December II to 13, 1871_, and January 1 to 3,_ and 
April 19 to 21, 1872, and to detennme, as exactly as possible, 
the moments of maximum frequency, the rates of appearanc?, 
am! the principal points of radiation of the meteor, visible o:i 
those days. 

THE LATE REV. W. V. HARCOURT'S 
ON GLASS* RESEARCHES 

T HE subject of the preparation and optic~! properties of glasses 
of a great variety of chemical positions, formed, fornearly forty 

years, a favourite study with the late Mr. Harcourt. As stated 
in a report published in the British Association Reports for 1844, 
some experiments on the subject were commenced in 1834, which 
he was encouraged to pursue further by a request published in 
the fourth volume of the Transactions of the Association. A re· 
port on a gas furnace, the construction of which formed a pre­
liminary inquiry, was published in the reports, bnt the i'esults of 
the actual experiments on glass have ne:,rer yet been published. 

Mv own connection with these experiments commenced at the 
meetinrr of the Association at Cambridge in 186z, when Mr. 
H arcot~rt placed in my hands some prisms formed of the glasses 
which he had prepared, to enable me to detenmne their charac­
ter as to fluorescence. I was led iticidenlally to observe the fixed 
lines of the spectra formed by them ; and as I used sunlight 

* Paper read by Prof. Stokes in Section A1 British Association, 1871. 

which he had not found it convenient to employ, I was enabled 
to see further into the reel and violet than he had done, which 
was favourable to a more acc,1rate determination of the dispersive 
powers. This inquiry being in furtherance of the original object 
of the experiments, seemed far more important than that as to 
fluorescence, and the increased definiteness caused Mr. Harcourt 
to resume his experiments with the liveliest interest, an interest 
which he kept up to the last. Indeed, it was only a few days 
befo\l~ rhis death that his last experiment was rnacle. To show 
the extent of the inquiry I may mention that at least 166 masses 
of glass were formed, and cut into prisms for measurement, each 
mass doubtless involving in many cases several preliminary ex­
periments, besides discs and masses for other purposes. 

It is well known how difficult it is, in working on a small 
scale, to make glass which is free from strire and imperfections of 
the kind. Of the first group of prisms, 28 in number, ro only 
showed a few of the principal dark Jines of the solar spectrum ; 
the rest had to be examined by the bright lines in artificial 
sources of light. These prisms seemed to have been cut at ran­
dom by the optician from the mass of glass furnished to him. 
Thebry and observation alike showed that strire interfere com­
paratively little with an accurate determination of refractive in­
dices when they lie in planes perpendicular to the ecle;e of the 
prism. Accordingly, in the rest of the research the pri~ms were 
formed from the glass mass that came out of the crucible by cut­
ting two planes passing througl1 the same horizontal line a · Jittle 
behind the surface, and inclined 22r right and left of the vertical, 
and polishing the ~nclosed wedge of 45°. In the central portion 
of the mass the stme have a tendency to arrange themselves in 
nearly vertical lines by the operation of currents of convectioi1, 
and by cutting in the manner described the most favourable 
direction of the strire is secured for a good pa.rt of the prism. 
This attention to the direction of ctttting, combined no doubt 
,vith increased experience in the p~epara tion of gla,s, was attended 
with such good results that now it was quite the exception for a 
prism not lo show the principal dark lines. Some of the !SJ.test 
prisms were almost equal to prisms of good optical glass. 

On account of the difficulty of working with silicates, arising 
from difficult fusibility and the pasty character of the glasses, 
Mr. Harcourt's experiments were carried oa· with phosphates, 
combined in many cases with fluorides and sometimes with 
borates, tUJ1gstates, molybdates, and titanates. The glasses 
formed i,wolvecl the elements potassium, sodium, lithium, barinm, 
strontium, calcium, gludnium> aluminium, magnesium, ~:inga­
nese, zinc, · cadmium, tin, ;lead, thallium, nickel, cl1romium, 
uranium, bismuth, antimony, tungsten, molybdenum, titanium, 
vauadimn, phosphorus, fluorine, boron, and sulphur. A very 
intm~sting Sllbject of inquiry pn~sented itself collaterally with the 
original object, m.mely, to ascertain ,vhether· glasses could be 
formed which would achromatise each other so ?S to exhibit no 
secondary spect-rnm, or a single glass which would form with 
crown and flint a combination achromatic in that sense. This 
inqnfry presentecl considerable difficulties. The dispersion of a 
medium is small compared with its refraction, and if the dis­
persion be regarded as a small quantity of the first order, the 
irrationality between the two media may be regarded as depend­
ing on small quantities of the second order. If stri re and imper· 
fections of the kind present an obstacle to a very accurate deter­
mination of dispersive power, it will readily be understood tbat 
the errors of observation thus occasioned go far to swallow up 
the small quantities, in the observation of which the determi­
nation of irrationality depends. Accordingly little succe~s 
attended the attempt to draw satisfactory conclllsions as to irra­
tionality from the· direct observation of refractive i11dices ; but 
by a particular mode of compensation, in which the experimental 
prism was achromatised by a prism built up of a combination of 
slender prisms of crown and flint, I was enabled to draw trust­
worthy conclusions as to the character, in this respect, of these 
prisms, which were good enough to show a fe\v of the principal 
dark lines of the solar spectrum. 

Theoretically any three different kinds of glass may be made to 
form a combination which shall be achromatic as to secondo.ry as 
well as primary spectra; but for a long time little hope of a prac­
tical solution seemed to present itself. A pr:~m containing molyb· 
dic acid was the first to give fair hopes of success. Mr. Harcourt 
warmly entered into the subject, which he prosecuted with un­
wearied zeal. - The earlier molybdic giasses prepared were many 
of them rather deeply coloured, and most of them of a perish­
able nature. At last, after numerous experiments, molybdic 
glasses were obtained nearly free from colour, and permanent. 
Titanium had not yet been tried, and about this time a glass 
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containing titanium was prepared. Titanic acid proved to be 
equal or superior to molybdic in its power of extending the blue 
end of the spectrum more than corresponds to the dispersive 
power of the glass ; while in every other respect-freedom from 
colour, permanence of the glass, greater abundance of the element 
-it had a decided advantage; and a great number of titanic 
glasses were prepared, cut into prisms, and measured. Some 
of these led to the suspicion that boracic acid had an opposite 
effect to titanic, to teEt which Mr. Harcourt formed some simple 
borates of lead, with very varying proportions of boracit acid. 
These fully bore out the expectation ; the terborate, for instance; 
which in dispersive power nearly agrees with flint glass, agrees 
on the other hand in the 1·elati ve extension of the blue and red 
ends of the spectrum "<¥ith a combination of about one part (by 
volume) of flint glass with two of crown. 

By combining a negative (or concave) lens of terborate of 
lead with positive_ lenses of crown and flint, or else a positive 
lens of titanic glass with negatives of crown and flint, or ·a posi­
tive of crown and a neg'ltive of low flint, achromatic triple com­
binations free_ from secoodary di:;persion might be fon'!Jed,. with­
out encountering formidable- curvatures, _and by ·substituting at 
the same time a borate of lead for flint glass, and a titanic glass 
for crown, the curvatures might be _a little further reduced. 

There is no advantage in using three different _kinds of glass 
rather than two, to form a fully achromatic- combina,tion, except 
that the latter course might require the two kinds of glasi;Jo be 
made to order, whereas with three we m;,.y employ for two of 
them the crown and. flint of commerce. · It _is probnble that 
enough titanium might be introduced into a glass to allow the 
glass to he properly achromatised by Chance's "light-flint." 

In a triple combination of lenses ihe middle )ens may be made 
to fit both the others, and be cemented. Terborate of lead, 
which is somewhat liable to tarnish, might thus be p,otectecl by 
being placecl in the middle. Even if two l, incls only of glass 
be used it is desirable to divide the concave lens into. two' for 
the sake of diminishing the curvatures. On calculating the-cur­
vatures so as to destroy spherical as well as achromatic aberra­
tion, and at the same time, to make the adjacent surfaces fit, 
very suitable forms were obtamed with the data furnished by Mr._ 
Harcourt's glasses. . .. 

After encountering great difficulties from strire, Mr. Haicourt 
at last succeeded in preparing discs of terborate of lead and of 
a titanic glass, of about 3 in. diameter, almost homogeneous, 
and with which it is intended to attempt the construction of an 
actual object glass, which shall give images free from secondary 
colour. 

This notice extends to a greater length than I had intended 
but still it gives only a me~gre ac~ount _of a research exteqding 
over so many years. It rs my mtentron. to d'raw up a· full 
account for presentation to the scientific world in another way. 
I need but say that the small grant made to Mr. Harcourt for 
these researches has been expended over and over again but it 
was his wish, in recognition of that grant, that the first n~tfce of 
the results he obtained should be !Ilade to the British Associa­
tion. 

THE BRITISH ASSOCIATION llfEETING AT 
EDINBURGH 

SECTION A. 

On the Recent and Coming S~lar Eclipses, by J. N. Lockyer, 
F.R.S. The substance of tlus has already appeared in these 
pages. 

Prof. Tait remarked, after the reading of Mr. Lockyer's paper 
that the photography which had been exhibited left no do\ibt i~ 
his mind !hat th~ greater part of tl1e solar corona is produced in 
the. earths a,rmosphere. The rays _are pretty obviously to be 
attnbuted to ice-crystals, and the vanous 1rregul_ar protuberances 
sometimes s~en may be due to germ~ and light particles blown off 
from meteontes before they become mcaiidescent which accord­
ing to a beautiful investigation of stokes, desce~d with' extreme 
slowness towards the earth. This simple consideration is snffi­
cient to show the utter absurdity of the sneers with which Sir W. 
Thomson's suggestion has been received, and to justify it as a 
scientific possibility-all it pretended to be. 

On the Coming Solar Eclipse, by M. Janssen. In the discussion on 
these communications, Sir W. Thomson said he joined warmly in 

what Mr. Locky~r and M. J~nssen had said. M. Janssen had 
asked that Bntam should JOlll France and Germany in their 
friendly struggle. There was a challenge from France and Ger­
many, and it would be a disgrace to England if it did not accept 
that challenge, and do its best to beat its rivals in the struggle. 

Report ef the Committee for discussin,[{ Observations of Lunar 
Oq;ects suspected of Change. 

Mr. \V. R. Birt, to whom the execution of the work was 
confided, read the report on behalf of the committee, consisting of 
Edward Crossley, Esq., and the Rev. T. W. Webb. The report 
stated th_at much attention having of late years been given to 
lunar obJects, the pmpose for which the committee had been 

·, appointee! woul:1 be best carried out by confining the discussion 
to th; observat10ns of a small but well-known portion of the 
moons surface ; and .as the spot plate had presented during the 
las~ two years a vanety of interesting and important features 
~h1ch lmd been well observed, it had been chosen as the most 
likely to yield results contributing to the advancement of seleno­
graphy. Time having permitted the discussion of the observa­
tions of the bright spots only, it was requested that a further 
grant of _zo!. s.hould be placed :it the disposal of the committee 
for the d1scu,s10!1 of the ob~er:,at10ns of the streaks and markings 
on the_ flo_or wl\1cl! were mt1mately connected with the · spots, 
Mr. But, m alluctmg to the work ,vhich he had executed on 
behalf of the committee, said that as his report was voluminous 
he wo_uld content hi:nself with a brief description of the result~ 
at _wlnch he had arnved. The area of Plato in which the spots 
extst measnrecl about 2,700 square miles; as many as thirty­
seven spots had been observed, but he wished it to be particularly 
understood that the whole had never been seen together· the 
g_reatest number observed on any one occasion was twenty-s~ven, 
toe n~ean or.average :1umber being not more than eight. ·with 
the aid of diagrams drawn on the black board, he showed that 
the mean number seen at intervals of twelve hours of the luni­
~olar day varied during the progress of the day, so much so as to 
md1cate that the number of spots visible at any given interval 
does not depend upon the angle at which the sun's light falls 
upon the floor of Plato . Some spots, he said, had been seeii 
more frequently at about sixty hours after sunrise upon the floor 
~f Plato than at any other portion of the !uni-solar day; the pos!­
hons of these spots on the floor were pointed out, and it was 
remarked that they w~re sit:1:ited in the western part of the 
7rater, and they agreed m havmg been more frequ(;ntly ob;erved 
m August 1869, than at any other period of the observations. 
Other s~nts were ~bserved more frequently at a later period of the 
observat10ns than m August 1869, and they had been seen more 
frequent!)'. at a later l?eriod of the clay, or after the st111 had passed 
the mend1".n. Daylight at the moon is equal to fourteen terrestrial 
d~ys and mghts. These fact, Mr. Birt argued were incompatible 
w:th the assumpti?n _that vai:iatio~s o_f aspect were entirely de­
pcnde'.1t upon van~tr?os of 11lummat1on, and rather pointed to 
the ex'.stence of act1v1ty on the moon's surface, the exact nature 
of which required further observations to elucidate. 

Report on Thermal Con,iuctivity of lwetals, by Prof. Tait. 
Pr?f. Ta!t, on th e part ?f the committee appointed to report 

on this subject, drew attent10n to the relation tha.t exists between 
electric _a!ld thermal conductivity of metals, and the effect 011 

conduct1v1ty of a very small amount of impurity. He also 
sketched the apparatus made use of in the determination, and 
said that, as a new gasometer had been introduced he had re­
commei1ced the whole of his investiaations under b;tter auspices 
and with hopes of very great accura~y. ' 

On a New Steam Gauge, by Prof. Zenger. 
_Experiments on V011ex Rings, by H. Deacon. 
Qbstrvations of Pai·al!ax of a Planetai-y Nebula, by D. Gill. 
Qn a New Form of Constant Galvanic Battery, by Latimer 

Clark. 
On a llfethod of Testing Submei·ged Electric Cabks, by C. F. 

Varley. 

Deso_-iptio_n of Experiments 1Jlade in the Physical Laboratory ef 
the University ef Glasgow to determine the Surface Conductivity 
for Hrat off! Copper .B_al!, by Donald M 'Farlane. The experi­
ments described m this paper were made under the direction of 
Slr W. Thomson_ during the summers of 1865 and 1871. A hot 
copper ball,_ havmg_ a thermo-electric junction at its centre, was 
suspended m the mterior of a closed space kept at a constant 
temperature of about 16° C. The other junction was kept at the 
temperature of the envelope; the circuit was completed through 
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