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N OTES ON METEORJTES. 1 

IX. 

DID THESE SWAR'I'IS OR COMETS ALWAYS BELONG TO THE 
SYST EM? 

MU ST we assume that th e members of the swarms to which 
we have referred and of all th e other swarms similar to 

it have always been thus crossing the earth's orbit periodically; 
that the November swarm, to take an instance, has always been 
crossing it every thirty-three years? Must they of necessity 
have started their existence with the planets and other more 
stable members of the system? 

This point has been well inquired in to, and it is certain that 
it is not at all necessary that such a statt: of th ings should have 
existed from a ll time. 

It is a matte r of common knowledge that all stars are in 
motion. T he so- called "fixed" stars are not reall y fi xed: they 
are only relatively fi xed. The sun is a star, and there rore like 
the other stars it is also in movement with its a ttendant bodies 
in space. 

If we have a swarm of meteorites moving in space, as 
the sun is doing, at a very considerable di stance from the 
sun, the directions of being not parall el but inclined to 
each other, a time will come when th e two bodies, taking the 
swarm as representing- one body, and the sun another, will hegin 
to have an. attractive influence on each other. If the attractive 
energy of the sun is considerable as compared with that of the 
swarm, the swarm will beg:in to ehnnge its direction obviously 
towards the sun. If, in changing its direction towards the sun 
and increasing its velocity in consequence of this increased 
gravitational stress, that swarm can get round the sun without 
any loss of momentum the two bod ies will say good-bye to each 
other and will go different ways ; but suppos ing there has been 
a loss of momentum the loss may mean that for the fu ture the 
swarm of meteori tes must perform its journey ,-ound the sun. 

It clo_es not therefore follow that when a particular group of , 
meteontes has been watched for 900 years that these meteorites 
which give rise to the appearance of shooting stars always formed 
part of the solar system. 'vVhat we do know is that at the 
.r•·esent moment this particular swarm to which the November 
meteors are clue and another swarm which is called the Biela 
swarm, to mention two instances, do really move round the sun 
in closed cometary orbits, and the chronicle of the appearances 
of both these swarms is so complete that very definite statements 
may be made about them. 

With regard to the November swarm it is k nown that a 
thousand millions of miles of its orbit have been pierced by the 
earth in it s successive passages through it since the year 902, 
each t1me the earth must have filch ed many millions of the 
small constituents of the swarm and used them up shooting 
stars, an,l yet the swarm does not seem to be very much the 
worse, and enormous though the numbers are, it is known that 
the distances between the meteorites is so considerable that no 
obvious mutual g ravitational effect can be noted, so that their 
combined or com>non movement is a clear indication of a 
C0111U1on origin. 

In the co.se of the orbit of the Biela swarm we know that 
more than half of it, or a length of 500 million miles, contains 
these meteorites; a long thin line, say a mile long and an inch in 
section, represents, according to Prof. Newton, the distribution 
of the meteorites along the orbit. 

The g reat Laplace was the first to suggest that many comets, 
especially those of high incl ination and great eccentricities 
represented introduct ions of matter into the solar system 
external space. But on this, as on many other points, we owe 
our present views chiefly to Schiaparelli, who, in 1867, attacked 

1 Continued from val. xxxix. p. 4 0 2 . 

the probkm 1 in connection with his researches on the November 
swarm. 

He commenced by referring to the point made by Laplace as 
to th e phenomena presented by cometary orbits, suggesting that 
the p lanets are truly indigenous to the system ; have always 
foll owecl the sun in his movement through space; and had taken 
part in all the evolutionary changes which have finally brought 
the Rolar system to its present condition. In these . characters 
common to planets the comets are lacking, while the eccen· 

o_f their generally is great that the greater part 
of their JOurney 1s performed outs1cle the known limits of our 
system. Schiaparelli considers that these facts demonstrate that 
the comets were not members of the sola r system during its 
early stages, but that they are really messengers from the stellar 
void. Cloucllike masses wandering in parts of space where 
there was no star sufficient to dominate them have fall en gradually 
under the empire of our own by the effect of their movement rela­
tively to our system. This movement, combined with the accelera­
tion produced by the large mass of the sun has determined the 
relative orbits of these bodies in relation to the sun, which is very 
different from their absolute orbit in space. He next examined all 
the circumstances of the movement of th e external mass under 
these conditions. First,. there is no doubt that the movement 
of the solar system in space is comparable to that of the 
planets in their respective orbits, while it is possible-indeed 
certain-that many of the stars are in more rapid movement 
than our Run. Hence when it is affirmed that the relative 
movement of the sun and of other bodies disseminated through 
space is comparable in rapidity to the orbital movement of the 
planets, th <!. statement is not a surpri sing one. 

That bemg so, let us next supp :Jse that one of these 
cloudl ike masses- let us call them external swarms-wander­
ing in space in consequence of its initial movement, penetrates 
eventually into a region where the att ract ion of the sun is 
much greater than that of any other star. It might be situatett 
at a very great distance from the sun, where the annual 
parallax is only a small number of seconds. The relative move­
ment will take place in a conic section. To define it, let us 
suppose the sun stopped, and let us give to the comet, instead 
of its real velocity in space, its relative velocity to the sun; and 
let us further imagine a perpendicular dropped from the sun in 
the direction of this relative velocity. It is evident that the area 
described by the comet round the sun in unit time will be 
equal to the half of the product of this perpendicular by its 
relati ve velocity. 

Now as in general this velocity is of the order of planetary 
velocities, and since most frequently the perpendicular in question 
will be very much greater than the distance of the planet from the 
su n, we must conclude that the areas described by the comet round 
the sun in unit time will be incomparably greater than the 
corresponding areas described by the planets. But when many 
bodies move in conic sections round a central body, the areas 
described in unit time are, among themselves, as the square 
roots of the parameters of their respective orhits ; therefore, the 
ratio of the parameters of cometary orbits to those of planetary· 
orbits will be much greater than the ratio of the areas described 
by comets to the areas described hy planets in unit time. 
'vV hence it follows that, in general, cometary orbits will have 
enormous dimensions in every direction, and that b odies which 
describe them will remain perpetually invisible to us, in con­
sequence of their enormous distance. Nevertheless, among the 
infinite combinations possible in cometary orbits, there are two 
which may bring the cometary cloud within our ken: one, when 
the comet is moving directly towards the sun , describing a 
hyperbolic orbit very little different from a right line ; and the 
other> when the relative movement of the comet and sun is 
almost zero, that is, when the two bodies are moving through 
the stellar space along parallel lines with nearly equal velocities. 

Schiaparelli then goes on to show that when these cosmic 
clouds are attracted by the centre of our system, the con· 
stituent particles of the cloud must be drawn out into a para­
bolic current; thus, for instance, supposing n cosmic cloud equal 
in volume to the sun and at such a distance that its apparent 
diameter is !', the sun's attraction upon. this would result in the 
format ion of a parabolic chain or stream of such a length that 
it would require 636 years to pass through perihelion. When 
the centre was close to the sun, the beginning and the end of it 
would be distant from it 263 times the earth's distance from the 

1 Les 1Tfondes, vol. xiii. p. 147 . 
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sun. There are nebula: of which the apparent diameter is greater 
than that of the sun. If we assume such a nebula, with the 
sun's apparent diameter, I924", it would be transformed into 
a parabolic chain which would require 2o,ooa years to pass 
perihelion, its transversal dimension still being such that the 
earth could traverse it in one or two days at the most. In this way, 
then, Scbiaparelli shows not only that external swarms can be 
attracted from external space into our system, but that when so 
drawn out their constituent particles must take the form which 
we know such swarms as that of N ovember to possess. 

More recently this subject has been treated by Prof. H. A. 
Newton, and some results at which he arri ved have been thus 
stated by Prof. A. S. Herschel :-1 

"The evidence so strongly and distinctly shown in favour of i 
the theory of the original motion of most, if not of all, of our : 
recorded comets in spaces far external to the nebula, rests. : 
upon the assumption that the comet-yielding matter of the 
primitive nebula, if it existed, was confined, like that which 
formed the planets, to the neighbourhood of the ecliptic plane. 
This ground for the conclusion may admit of an exception that a 
similar distribution of the inclinations of the orbits to that which 
Laplace's hypothesis requires, would have been produced were 
this matter otherwise spread uniformly on a very distant sphere, 
instead of in the distant portions of a disk or annulus. But the 
plane of the planetary motions in the system, and the 
analogy which they present to spiral and di sk-like nebula: in the 
heavens, scarcely allows us to as, ume with reasonable probability 
such a different disposition of th e ma tter of the outer part of the 
nebula from what the courses of the planets show us must have 
been its original mode of distri bution a nd of gradual contrac­
tion near the centre; and wi1h no evidence before us of the past 
or present existence of a distant spherical envelo;:>e of nebular 
matter inclosing the solar system, we may- certainly prefer to 
accept, wi th Prof. Newton, the much simpler conclusion to 
which he is finally con<iuctecl by his well-executed labours, that, 
with the exception of a few, perhaps, of the zodiacal comets, 
and comets of the shortest periods, all th e comets which have 
been recorded are originally denizens of the interstellar spaces, 
pursuing unknown orbits like the stars, and separated at least 
and di ssevered in their primitive astronomical relations from any 
connection with the nebular matt er which, in the process of 
concentration supposed by the nebular hypothesis, formed the 
sun, the planets, and the asteroids.'' 

MOST COMETS HAVE O NCE EXIST ED AS E XTERN AL NEBULAl. 

We now come to an important questi on: we have noted the 
extreme probability that the comets which now form part of the 
solar sys tem did not always belong to it, but that they were 
drawn into it by the sun's attractive energy in its course through 
regions of space which contained the meteorites of which they 
are com posed. 

Then, instead of considering the ca.se of a cloud of meteorites 
at a great distance from the sun, we have to consider one moving 
in an ortit ronnel it; and we must attempt to inquire into the 
conditions of that cloud, both befo re and a ft er it began to fall 
under th e sun's attraction. Into what conditions must we in­
quire in order to compare comets with external swarms? They 
are mainly these-

( I) It is agreed that a comet is a swa rm of meteorites, each 
meteorite being on an average far from its neig hbours. This 
follows from a n inquiry into the masses o f comets. These are 

small , for they have never been known to appreciably 
disturb any of the planets, or even the satellites, by their 
gravitati onal attraction. 

In I 776, Jupiter and !Jis satellites were entangled in a comet, 
yet the satellites pursued their courses as if the comet had no 

The comet itself, however, was thrown entirely out 
of Its course by the gravitational influence of the enormous mass 
of Jupiter, and its time of revolution changed from a long period 
to a short one of twenty years or so. 
. Biela's comet, first seen in I8z6, appeared as a double comet 
m I845. The extreme lightness of the two portions was shown 
by the fact that their mutual attraction was imperceptible, and 
each performed its revolution independently of the other. 

(2) 'We next assume that a comet's luminosity is to a large 
extent produced by collisions of meteorit es. 

It is certain that one of the principal causes of the increase of 
temperature of a comet during its approach to perihelion is the 
increa> ed number of collisions due to the greater tidal action 
which tak es place. Hence the larger the swarm, the greater the 
difference between the attractions of the sun upon opposite sides 
of it, and therefore the greater the disturbance set up. Also, 
the shorter the perihelion distance, the greater fraction of it is 
the diam eter of the swarm, and the great er therefore the 
differential attraction. · 

The initial movements of the individual members of the 
swarm, and the<e superadded by tidal action, may be defined as 
producing internal work. 

If all the hea t of a comet is produced by such internal work, 
it is clear tha t the temperature of the comet will depend (I ) upon 
the velocity of orbital motion of the particles, (2) upon the size 
of the swarm of which it is composed, and (3} upon its perihelion 
distance. It will practically be independent of the velocity of 
the comet in its orbit round the sGn. 

If the luminosity be clue entirely to internal colli sions brought 
about by the increase of solar action, then large comets, 
or those best visible, should begin to be brilliant long before 
smaller or more distant ones. But thi s does not seem to 
he so . Mr. Hind has pointed out th at prox imity to the 
earth is n ot so important a condition for visib ili ty of a comet 
in the daytime as close approach to the stm (NATURE, 
voL x. p. 286) ; and M. Faye is the authority for the statement 
that no comet has been seen beyond the orbit o f Jupiter (ibid. 
p. 228). " It is assuredly not on accoun t of their smallness. 
that they thus escape our notice in r egions where the most dis­
tant pl anets, Saturn, Uranus, and N eptune, shine so clearly with 
the lig ht which they borrow from the sun ; th is is because the 
rare and nebulous matter of comets refl ects muc h less light than 
the solid and compact surfaces of the planets of which we speak, 
much less even than tbe smallest cloud of our at mosphere." 

On the latter part of this quotation it may be remarked that it 
is not n ecessary to assume that comets at a great distance from 
the sun, any more than nebula:, are visible by means of reflected 
light. 

Another possible cause is that of collisions with bodies external 
to the comet_ If external work is clone on a comet by meteorites 
in space-that is to say, ifthere are collisions with external bodies 
-the velocity of the comet must he consid ered in the first place, 
and the equal or unequal distribution of the masses which it 
encounters can be tested by the phenome na observed. 

The discussion of the recorded observations shows, indeed, 
that in addition to the constantly increasing action which takes 
place in a comet during its approach to perihelion passage, there 
are at times temporary increases in temperature. 

We know that meteorites are scattered through space, and 
here and there are gathered into swarms. It is only to be ex­
pected, therefore, that at times a comet will meet with such 
swarms just as our own planet does, and in that case its tem­
perature would be increased by the collisions which would occur. 
The increase of temperature would depend upon ( I } the dimen­
sions and density of the swarm; and (2 ) upon it s velocity. The 
larger a nd denser the swarm the m ore collisions would be likely 
to occur, and the greater the velocity of the comet, the greater 
the amount of kinetic energy available for tra nsformation into 
heat energy. 

If we assume that the increased brightness of comets as the 
sun is approached depends to any extent on collisions with 
meteorites external to the swarm, we must co nclude that such 
meteorites e xist nearer together nearer the sun . This we should 
expect. A test of this view would be great a nd iiTegular varia­
tions of intensity, as we know that th e meteorit es which the 
comet is liable to meet are not equally distributed. Such a 
variation was noticed in Sawerthal's comet in 1888, amounting 
to three magnitudes (NATURE, vol. xxxviii. p. 258) in two days, 

Such variations, however, would be more likely t<> be observed 
in the tails in consequence of the enormous dimensions of some of 
them ; and indeed they have been observed from the time of 
Kepler. 

The fact that these variations so str0ngly resemble at times 
auroral displays is an additional argument in favour of the 
meteoric origin of the latter. 

The mass of a comet probably never exceeds I/5000 of that of 
our globe . The meteorites composing them must therefore be 
very far apart, see ing that thi s sma ll mass is di stributed thrmwh 
spaces rniflions of m iles in extent "' 

r Jlfon tlt!y Notices, vol. xx xix. p. 279. 

Another result of a different order produced by a comet moving 
through a meteoric pl enum would be the g radual shortening of a 
comet 's periodic time, and this sho;·ten:ng should not be abso· 
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lutely regular, as in a homogeneous gas, for the reason that the 
'meteorites are not equally distributed. 

That there is such a shortening was proved by Encke for the 
comet which bears his name, as the following table will show :-

R eturns of Encke's Comet, showing Reduced Period of 
Revolution. 

Observed Period Difference. of Revolution. 
days. h, m. h. rn. 

F rom 1786 to 1795 three times. 1212 IS 7 3 7 1795 1805 
" 

1212 12 0 JI 1805 1819 four !212 0 29 II 

1819 r822 15 so 8 39 ············ ··· 1211 
38 1822 1825 2 

··············· !211 13 12 
38 r825 !829 2 . . . . . . . . . . . . . . . . . 121 I 10 34 2 53 !829 1832 ......... ............... 121 l 7 41 2 24 ISJ2 1835 ....... .... .......... ... I2II 5 17 2 39 !835 !838 ......... ...... ......... !2!1 2 38 

r838 !842 1210 23 31 3 7 .................... .. .. 2 24 !842 1845 ........ ...... ...... .. 1210 21 7 38 184S !848 r8 2 
········· ··········· ···· !210 29 I 27 !848 r852 ..... ........... ....... 1210 17 2 

5 45 r852 r855 ..................... ... !210 I I I7 21 36 1855 r858 ........................ 1209 IJ 41 

H ere, then, we have three possible sources of collisions. In 
any case, if any light be produced hy collisions, we have the 
spectroscope as a sure guide to enable us to determine its 

, chemical origin. 
vVe have already seen that the telescopic appearance of a 

comet when far away from the sun and when close to it are very 
different. \Ve must now introduce the verdict of the spectroscope. 
It was observed by Dr. Huggins in the comets of r866 and 1867 
that when they were very far away from the sun the spectrum con­
sisted chiefly of a line seen in the spectrum of those nebuL-e which 
he had up to that time examined. Unless, then, Dr. Huggins 
has withdrawn this observation, there is a spech·oscopic connection 
between and comets away frnm the sun. 

The phenomenct of comets revealed by the telescope show, 
8S we have seen, that as a mat te r of fact a good many of them 
:;eem to be connected in some way or other with the production 
o f luminous concentric or eccentric envelopes. 

In the case of a comet gradually getting nearer the sun, and 
-getting very exc ited as it gets there, we pass from the spectrum 
a lready desc ribed to a very different one. There is a consider­
able change simi lar to that observed in experiments with 
meteorites, the spectrum of carbon produced from some com­
j)Olmd of carhon or another. In nineteen cases out of twenty 
when the comet gets ncar the sun and near enough to the earth 

, ior us to have a good look at it, thG spectrum is a spectrum of 
carbon. 

On its first appearance in a cometary :<pectrum, carbon is re­
presented by the lhLtings which are special to low temperatures. 
In the most visible part of the spectrum these Autings differ very 
little in position from those which appear at a higher tempera­
tme, but in the blue there is a low- te mperature fluting about 
wave, Jength 483, whilst the neares t high-tem perature Auting is 

. 474, If, the refore, this flu ti ng he obse rved, the presence of cool 
carbon may be safely inferri!d, a lthough it would not be quite 
-safe to infer its presence from observations of the green flutings . 
This has certainly been observd in two comets-namely, 
' Vinnecke's comet (r868) on June 17 (the perihelion passage 
occurring on June 24), and in Brorscn's comet ( 1879) on March 
25 (the perihelion passage occurring on March 30). The limited 
namber of recorded appearances of cool carbon in comets is doubt­
less due to the same cause as in the case of the line near 71, 500, 
which Dr. ascribed to an unknow'n form of nitrogen, 
while I ascribe it to magnesium, since we know that there is 
magnesium in meteorites, and we do not know that there is an 
unknown form of nitrogen. The reason is that the temperature 
being low, the light is excessively fe eble and observations therefore 

, difficult. 'When nearer perihelion passage, the comets get hotter, 
and the spectrum of cool carbon is replaced by that of hot carbon. 
Under these conditions of increased temperature, comets lend 
t hemselves best to srectroscopic study, and hence it happens 
that in the majority of cases the spectrum of a comet (if the 
temperature be increasing) has not been observed until it has 
ani ved at this stage. 

Manganese is the r:ext substance which writes its record in the 

spectroscope. It is first represented by a fluting at 558, 1 which is 
the brightest fluting in its spectrum at a low temperature. 
This fluting is very persistent, and becomes visible even when 
there is on ly a very small percentage of manganese present in 
the substance examined. The fluting is always seen before the 
iron lines in the spectrum of ordinary iron at the temperature of 
the oxyhydrogen flame, and this is the case even with the purest 
specimens of electrolytic iron which has yet been prepared. The 
effect of the addition of this fluting to the spectrum of carbon 
is to modify the appearance of the citron band in the cometary 
spectrum in a very definite manner. 

At a still higher temperature, the radiation of lead is added 
to that of manganese and carbon, which still further modifies the 
appearance of the citron band. The brightest lead fluting is at 
wave·length 546, and when this is present in the spectrum of a 
comet the citron band has three maxima of brightness, one at 
564 (carbon), one at 558 (manganese), and one at 546 (lead). 

Afterwards, the temperature having increased, the radiations of 
manganese and lead give way to the absorption flutings of these 
substances, carbon radiation from the inters paces still remaining. 
The result is again a very definite modification of the appear· 
ance of the citron cometary band, the general effect being an 
apparent sh ifting of the carbon Auting from wave-length 564 to a 
more refrangible part of the spectrum-namely, to 558, when only 
manganese absorption is added, and to 546 when both manganese 
and lead absorptions are added. 

Until quite recently, the variations in the position of the citron 
band in different comets, or in the same comet at different 
periods, have been attributed to faulty observations, it being 
supposed that carbon pure and simple was in question. It is 
now certain, however, that this is not so in all cases. The 
variations are real, and are simply dependent upon the tempera· 
ture, or indirectly upon the distance from perihelion. 

In some cases iron fluting absorption has also been observed 
under these conditions of high temperature. 

The spectral conditions brought about in the comets which 
in our time have got nearest to the sun were very similar to 
those observed in the electric arc, and the recorded obser­
vations of the spectrum show that we were dealing with a 
considerable number of lines of iron, manganese, and other 
substances. 

Vve see in the telescope that a com et puts on the appearance 
of a central nucleus with surrounding envelopes or je ts, so that 
we must understand that in the spectroscope the spectrum of 
the nucleus is seen distinct from the spect rum of the envelopes 
and jets, because the former is m,lde to fall upon one part of the 
slit of the spectroscope and the lat ter upon another. 

'Vhen a comet approaches very near to the sun we get in 
acl<ii tion to the usual flutings of carbon , bright lines, especia!iy in 
the sptdrum of the nucleus, so that in addition to the long flutings 
of carbon as visible in the spectroscope we have short lines 
add ed along the nucleus in the reel, yellow, green, and so on. 

In those comets which have reached a very high temperature, 
like Comet '¥ells and the Great Comet of 1882, there is 
evidence of line absorption. At the same tim e there were 
bright lines, proceeding from the incandescent vapours driven 
away from the meteoritic nuclei by the solar repulsion. Without 

i this repulsion, it is highly probable that the re would be line 
absorption pure and simple, and this has to be taken into 
account in comparing the spectra of comets wi th the spectra of 
other meteor·swarms. 

During the passage of a comet from perihelion to aphelion , 
the temperature decreasing, these changes take place in inverse 
order. 

In spectral phenomena, then, we have another term of com­
parison to apply, and it may be stated that tiLe sequence of 
spectral changes are now known to us in a very definite way, so 
that th e chemical changes which take place in the composition 'bf 
the vapours of comets produced by collisions at various distances 
from the sun have been ascertained. 

\Vhether we take form, distance apart of component parts, or 
spectrum, there is now ample proof that the external bodies 
which supply us with these shreds and patches which we term 
comets are the nebuh-e. 

It has already been stated that if we can rely upon Dr. Huggins's 
obse rvations, in some comets at aphelion and in some planetary 
nebulre. we get a sing le line at the same wave· leng th, so that from 

I Students of spectrum analysis will understand that th is is a 'c short 
title," and does not represent the exaci wave-length, whit:h with adequate 
inst ruments might require something between ro and I OO numerals. 
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th is observa tion alone it wou ld seem ex tremely prot able that when 
a comet enters our system for the first time it simply means th'!t 
a swarm of meteorites in that part of space through which the 
sun was passing at the time began to feel the sun's attraction, 
and ultimately became a member o f our system, ar'd also that 
when we see the appearance which we call a nebula in space, 
since it s spectrum is the same as the spectrum of a comet, the 
nebula is simply a swarm of meteorites if it be true that a comet 
is a swarm of meteorites. 

These nebulous masses, visible in all parts of the heavens, 
but in some parts of the heavens very mu ch more numerously 
than in others, were very early observed and ima:;intd to be 
·.•ery different in nature from the so-cal led fixed stms. 

Ptolemy was the first to point out, when he was making his 
map of the stars that there were ce rtain "cloudy " stars of 
which he gave 5 on his ma p, and T ycho Tirahc\ whose work 
was clon e before the invention o f the telescope, a lthough he did 
not noti ce any bodies which we now class as nehulx, was firmly 
convinced that that nebul ous luminos ity, which we call the 
Milky \ Vay, was something entirely rl iffere nt in its nature from 
the He imagined it to be what he called an ethere:cl 
essence, a so rt of fire mist , so that when in his time, in the year 
15P, a new star appeared, he supposed it to be a considerable 
agg lomeration of this ethereal fluid. Galil co was able to show 
that the Milky \Vay, the·" ethereal substance" of Tycho, was 
only an appe:1rance due to enormous numbers of stars lying in 
the same visual ray, the stars of which the Milky \Vay is 
composed can indeed be seen wi th very small optical power. 
lt was not ti ll 1612, a few years a ft er the introduction of the 
telescope, that we got the first re:cl defin ition of a body wh ich 
we now c:cl l a nebula. 

The first obse rvation "·e owe to Simon Marius, who stated 
that some of the bodies visible exact ly resembled the appearance 
produced by the flame of a candl e seen through horn. It wos 
not till 1656 that the nelmla in Orion was discovered, although 
now to the trained eye it is very easily visible, so that it seem s 
rather wonderlul that it w:os not discovered before. In r 714, in 
England , attention to by paid to th ese bodies, but it was 
not until the t ime of Sir \V m. Herschel that the most magnificent 
revelations were mac_le. lie was the first to construct very large 
telescopes, the functwn of very l::rge telescopes being to collect 
light, so that ohjec.·s which appear to the eye as exce.ssively 
di m may be brought into full visibility. 

A fte r not on ly S ir \Vm . H erschel hut his son, Sir Tohn 
H erschel , had accumulatecl vast stores o f facts, Lord f:osse 
took up the story, and made a·tclcscope very much mo,·e power­
ful than any which had been employed by the H erschels. ·H is 
tel escope h ;h a light-grasping power co .npared with the eye of 
130,000. One of the resul ts of L ord R osse's work to which we 
need here refer is the iclca that in a great many bodies whi ch 
had been classed as nebulze this enormous increase of op tical 
power suggested that we were only dealing with very distant 
clusters of stars. 

Lord Rosse w<Js able to get th e suggest ion of "resolvability" 
in so many lroclies which had been classed as nebulze by Sir 
vVm. Herschel and others, that gradua lly the id ea came to be 
held th"t the most nebulous nebula, if we could get sufficient 
optical powe r to bear upo'> it , wou ld be broken up in to stars, 
just as ce rtain ly as the :viilky \Vay had been. 

This would mean that the nebulre we re si mply clusters of sta rs 
so infini tely remote from our ke n that even wi th the power of 
Lord Hossc's instrument they put on the appearance of an 
ethereal essence . 

This was the general opinion in 1864, in the earl y days of spec­
trum analysis, when Ur. Huggins turned his spectroscope one night 
to one of the planetary nelmlx. At first he thought that something 
had ,;one wrong in the apparatus because he could only sec a bright 
line insteacl of the usual sort of spectrum obtained from a star. 
The spect roscope, however, was doing its level best, anrl the 
cause, the anomaly, was really that the nebu la gave out mono­
chro;Jmtic light. 

In some cases another line was seen, stated to be due to 
hydrogen. It now ap pears that the disper.)ion em ployed was so 
small that the discoverer had no right to allocate any line, so 
that it is fortunate that o:ber observers have since shown that 
there is another hydrogen line visible. 

Dr. Huggins came to the conclusion that the first line was very 
nearly, if not exac tly, in the position of the ch ief line seen in 
the spect rum of nitrogen , and the suggestion was therefore 
made that these nebulze were masses of ni troge n and hydrogen 

gases n1i xed , or, if not nitrogen , some constituent of nitrogen 
mixed with hydrogen. Tha t result made the idea of Lord 
Kosse concerning the possibility of the resolvabi lity o f nebulcc 
into stars untenable . \Ve had to consider from that time that 
the light of the nebulx came from a gas, and hence it was helcl 
that the nebul ::e were masses of gas. 

Another ex planation of the origin of the green line has 
already been given . If we study th e spect rum of mag­
nesium we find a very bight flutin g with it s less refrangible 
edge absolu tely i;:; the position of the grer:n line with the 
di spersion general ly employee!; in nebulze and in comets the 
same line appears, if, as l said before, Dr. IJ ,,ggins's observa­
tions are to be relied upon. 

\Vc are the refore justified in holding the view that nebulx, 
like th e comets, consist of me teorites. 

J. Loo"·ER. 

(To be continued.) 

- - ---·- ··----

THE ANNUAL VISIT/I TION OF JHE 
vVICH OESER VA T ONY. 

T HE Report of the Astronomer-Royal to th e Board of Vi,itors 
of the H.oyal Observatory, Greenw ich, w"-' received at the 

annual visitation on Saturday last, J nne r. 
As regards buildings, it is noted that the new 18- foot dome is 

completed, together with the photographic dark rooms, in pre­
paration for work with the I J-inch photog:aphic equa torial 
which is to be e rected this year. As rega rJs transit-circle 
observations, we read:-

"The regular subjects of observation wi th the transit-c ircle 
are the sun, moon, plane ts, and fund amental , tars, with othe r 
stars from a working catalogue, which includes a ll the stars in 
Groombridge's Catalogue and in the Harvard Photometry not 
observed since r867, and a selection from Pinzi's Catalogue" 
T en close circumpolar stars taken from the Co;maissallce d,.·: 
Temps, or from M. Lccwy's list of stars for lon,:i tucle dtletmina­
tions, have been observed regularly, in add i'cion to the four 
standard azimuth st'lrs. The observation of th ese close circum­
polars has been much facilitated by the adoption (since r889 
January 1) of the method used by the office r., of the French 
Service Geographique, which consists in making a number of 
bisections of the star with the H.. A. micrometer during its 
transit, the exact time for each bisection being recorded on the 
chronograph. The Anrmal Catalogue of stars observed in 1888 
contains about r 8zo stars. 

"Special attention has been given to the oL;;ervalion of the 
minor planet Iris and comparison stars in connection with the 
determination of its parallax at the late f[cvour:1ble op position, 
eighteen observations of the planet and 113 of twenty-eight 
comparison stars having been made last autumn." 

A s regards computations, the transits have been completely 
reduced so as to exhibit mean Right Ascension 1889 January 1, 
and also the circle ob>ervations to exhibit mean ]\' orth Polar 
distance for the same period. Two determinat; ,ms of the astro­
nomical fl exure of the transit-circle telescope have been made 
since the last R eport, the resulting values being o" o8 and o" ·s z. 
It has been fuund that the correction for discordance between re­
fl ection and direct observations of stars was erroneously applie<i 
in 1887, and hence the results for colatitude and for position of 
the ecliptic are also e rroneous. The correct values a re now 
given, with those recen tly found for 1888. 

The ecl iptic investigations from 1877 to 1886 have been re­
vised to reduce the results to the same system o; fl exure, R-D 
correction, refraction and colatitude; so the computat ions for the 
ten-year Catalogue, containing 4o,ooo observations of 4059 stars, 
are now practically complete. 

It has been found that the mean error of the moon's tabular 
place (computed from Hansen's lunar tables with Newcomb's 
correct ions) is + o·ogos. in H.. A., and + 1"·zr in longitude, as 
cleducecl from seventy-four meridian observations in r888. The 
mean error in tabular N.P.D. is - r" ·r g, indicating that the 
mean of the observed N.P.D. 's is too great. A number of 
altazimuth observations has been made and reduced to April 8, 
so as to exhi bit errors of moon's tabular R.A., N .l'.D., longitude, 
and E.N. P.D. 

The object-glass for the new zS-inch refracto r is now being 
worked, and , as it is to be of a special forn, , equally suitable for 
photographic and eye observations, an experim ental object-glass 
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