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received a strong impulso i a new darection 3 and no longer finding the
grasp of hier powers restricted to the weighing of suns mud planets, and
to the incasuring of their distances, sho now aspires to a lofticr aim,
and hopes she 13 heneeforth permitted by the Supremo Wisdom to under-
stand sote hitle of tho processes from whenos aro elaborated the hieat
and the light ot the sun, and what are tho sources of cven those paler
fires wluch come spangling to us from the more distant stars.

Tho means by which this uncxpected accession to onr knowladge has
been obtmned, the long tran of ingenions experiments (those question-
s of Nature) and the logieal deductions therefrom, wluch enable us
to sny with undoubting contidence, * In yonder star there exists iron at
a burning heat; i another, there 1s ancandescent vapour ot lime, in
abinost ail of them there are strong evidences of tho eaistenco of magnesia
atud salt, and the recent sudden outbuest in the reiuarkable stur of which
we havo spoken, was owing, in part at least, to the sudden combustion
of Aydrogen gas ;' theso things—we may almost call them wonderful
thmgs—we shall now procced to lay before the reader.

In so doing, wo fear we shull of nccessity make n scrious call wpon
his attention ; but, in return, we promise hitn o rich reward for his ex-
creise of patience.  On the other hand, out of hundreds of thousauds
who will read these lincs, there are probably some few who are as
fumiliar as the writer with the simple but beautiful experiments we shall
find it necessary to describe.  But, oven to these fow, it can scarcely fail
to be pleasant to travel once again over fields which, after all, presentan
mexhaustible varety ; for there arc visions of glory which never satiate,
and there are truths the centenplation of whose comprehensive simpli-
city siever palls.  Among such, wo venture to beliove, are the laws of
mteraction which the Supretne Wisdum has impressed upon the material
clements which are scatteved in alimost unbroken continuity through the
universe of things.

o strongly advise tho great majonty of our renders to repeat the
experiments we shall detml.  Wath this end an view, we shall deseribe
them simply and fully ; aud, moreover, wo shall intentionally sclect
such a3 require no great degree of shill, and wvolve no apparatus be
?oud such us 15 utterly inexpensive, and can now be procured in most
uses and every village.

Let tho reader, then, who desires to follow the tram of our reasoning,
take n piece of cardboard or stff paper, about a fuot or cighteen inches
square; any colour 13 somewhat better than wlite, and it must be im-
pervious to bight.  In the middle of tlus carcfully cut a clian and even
straipght slit, parallel to one of the sides, not morc than the twenticth of
an inch wide, and aboutan mch and a half long.  Tix ilus upugue paper,
with wafers or otherwise, against a clean pane of glass m the \Hln‘u\v of
n room, so that the thin sht shall be vertically upragln, and at a height
from the floor cqual to the height of the observer’s cye.

Now let lnm take a glass lustre oft & chandalier. It will bo best for
him to select two or three, without veins, if such can fortunately be
found, and much the better »f the shape of the glass pendant happens to
be, 1 section, an equlatoral triangte ; but m modern fashion these glass
pendants for the most part have two or three faces perpendicnlar to cach
other.  ‘Through this rectangular edge vision is impossible, nnd the
reader must avoud it Now let him stand with his right eye exactly op-
posite 10 tho sht, and if he can, through the slit, sce & bLright white
cloud, that will boin his favour : his distance from the slit may bo cight,
or ten, or twelve foet, or even uore.  The lustre is to be hield with one
of its acate edges (not the rectangular edge, if 1t has onc) vertically up.
right, and therefore pavallel to the slit and close to his right cye, and
with this cye he s to look throngh the Jeft hand face of the glass,  The
dircction nlso i wlichho must look must he towards the left, and, as it
were, to some place on the leftnot qte so far from the shit as heis himself
distant fromat. He will then see the thin linc of hight from the slit spread
out into n nbbon colourcd with a varicty of successive colors, T'he red
colour will be ncarest to theslit, on the right; and theblue will be farthest,
on theleft.  'To see this ribbon of coloured lights will require patience
and some humouring of the glass lustre; but to the writer, who, never-
theless, bears in mnd Columbus’s cgg, the whole actual manipulation at
thns moment has occupred less tme than the deseription.  The reader
may consider himselt’ fortunate if his own sucgess roquires twenty
minutes to achieve. Probably he may sce o varicty of beautiful colored
bands flitting about, but what he seeks 1s the ribbon, which procceds
from the hght of the slit, and this he may distingnish from all the others
by requesting an assistant to cover over the slit itself with a finger, from
time to time.

When the expernnenter has at Jast caught the sight of this beantiful
coloured ribbon, or spectrum, as we shall now call it, he will find that, as
he humors the glass (always holding its edge vertical) the spectrum it-
sclf will greatly vary in lengzth and in its distauce to the left of the slit;
he must then s0 place the glass as to obtain thoe shortest spectram he
can, and then he must gradually open it out a little. If he has sue-
ceeded, and unless the glass be very unevey and full of veins, he will
now sce something not very dissimilar to the following :—At the right
edge of tho slit, a red color, a little way to the Ieft it becomes orange,
then aslight ycflow, and then groen, and & little to the left of the centre
of theslit the colour is blue.

But what he is especinlly 10 look for (and what, in fact, is th:e object
of the whole experiment), is the presence of one, or two, or three, or
four, Ylack vertical lines, between the colors.  The writer Inmsclf, after a
carcless experiment Jike the one deseribed, at this moment, on a dull day,
sees two lines.  As we have already said, the sight of these dark linesis
the objec’ of the search.  ‘I'hey are not to be scen without patience: few
philosophers ave even now aware that they can be scen at all with so
rude an apparatus; and when they were for the first time observed by
our great countryman Dr. Wollaston, in 1802, they immortalized the
discoverer.

Thirteen years after this, Fraunhofer, at Munich, by diminishing tho
breadth of 610 slit, by reflecting tho divect sun-light through it from a
lookinﬁ-glass outside, by then using a prism of pure glass, and, lastly,
by lookingat the slit through the prism, not with the naked cye, bnt
with a small telescope, observed and accurately measured the position of
many hundreds of these lines.  Without & telescope, if the reader pos-
sesses @ tolerably good prism, he may readily sce more lines thon heéan
count. Theso lines have henceforth been ealled Fraunkofer’s Lines, In
fact of priority they arc Wollaston’s ; but, unfortunately, our country-

man did not & uce seo the importance of his discovery, and he dropped
the subject, Nowton also, who acentury before Wollaston first observed
and stuttiod the spectrum, Jost the fame of his discovery from the simple
fuct of not putting the prism close to his cye.

Strange to say, these durk lines cuntain the key to the enigma of the
| material constitution of a star, and of our sar , and tha is the reason
} why wo have been thus particular in describing the casiest and most

simple way of sccing o fow of the most conspicnous nmong them.

The reader will probably have little or no difticulty in undertsanding
that tho coloured rivboen ot hight, called the spectrum, is nothing more
i than the thin lino of heht i the slit, sproad out.  1lo may conccive this
y Line to resembls a bundle of innsmerable coloured faggots, and that the
+ glass or Frism. through which they huve passed, has “arrauged them alt
| in an onderly manner. But then «. ™es the question, What is the sig-
{ nifteance of the dark interruption ? Lo the « Mours which would other-
wisc properly belong to these darh spaces, not « st in the nature of
things 7 Or do they nut cxist in solar light?  Or av *hey in reality
exist iu light emanating trom the sun, but subscquently i ve been ab-
sorbed somehow aud somewhere?  Lhese are matural, inc . itable ques-
tions oceurring in relation to Fraunhofer’s lines, Wut for upwards of
fifty years these lines remained a {mplcxing mystery. The Sphinx bad
spoken, but (Edipus was not.  Who could have perceived that the truo
solution lay in the existence of hieated terrestrial snustances dispersed in
the sun and throughout the universe ? *

In 1832—that is just thirty years after their discovery hy Wollaston—
Dr. Brewster, by a very simple expe.iment (which we advise our readers
to repeat, however roughly) demonsteated that those dark lines are pro-
duced by the absurption of_thuse particular colored Jines which, in the
gpectrum, the]y displace.  Let the reader take a candle or a lamp, and
in front of it Jet him place the narrow slit as before, and let him as be-
forc obtain the spectyim of the Jight; he will then see the smme sort of
beautiful colonred ribbon with whicl by this time hie must be famniliar ;
but hie will sce no dark lines, it will be continuons and uninterrupted.

But now let him procure a small uncut glass tumbler, in it let him
place some small copper coin, and upon it let him, with all necessary
caution, tPom' as mnch aquafortis (or nitric acid) as will just cover the
coin, and immediately place a paper cover on thetop, in order to confine
the orange coloured vapours of uitrous gas which will presently i)l tho
glass.  This glass i3 to be quickly placed between the light and the stit,
and the speetruim is now to be observed. It as wo longer the bright un-
interrupted speetrum which he had seen from  the Junp before, but the
cvluttred ribbon is crossed with a multitude of lines, greatly resembling,
but not identical, with the lines discovered by Fraunhofer.  The experi-
ment, if well perforined, is estremely be: uttul, and one not Jikely to be
forgotten.  Here there is a demonstrazed fact, that media do exist capa-
ble of absorbing light, and of producing a phenomenon closely resemnbling
thie dark Jines in the solar spectrum.

But then comes the question, What is it that ahsorbs certain portions
of the solar light?  Is it something in the atmusphiere of the sun, or
something in the atmosphiere of the carth?  Thus the mysicry became
increased !

The next step in advance was tahen by Professor Wheatstone, about
three years after Brewster's discovery of the absorption of certain lights
by certain coloured vapours. By a process of considerable difliculty ho
contrived to render the vapours of the metals incandescent ; and then
viewing the light cmitted by these vapours throngh a slit and prism, as
before, hie found that the spectra did not consist of 1 continuous coloured
ribbun of light, but simply of a few detached Imght coloured lines.  ‘The
incandescent vapours of no two metals gave prccisclf' the same lines.
In fact, so extremely definito was the speetrn of each inetallic vapour,
that Profcssor Wheatstone did not hesitate to say that by this method
the presence of extremely minute portions of the metals could be de-
tected with greater certainty than by any other known process.

The 1cader may casily try the experiment on a small seale for him-
self, by burning a little magnesium wire (now, thanks to the wide diffu-
sion of scicntitic knowledge, so casily procured,) behind the slit, when
he will at once recognize a peculiar spectrum of certain bright greenish
lines.  Orif he drop a little sal¢ into the flames of a lamp or candle,
he will immediately sec a bright yellow line.

Ani further, if while hic is viewing a good speetrum of the light from
the candle, an assistant opens and shuts with some violence an old drsty
book closc to the light, he will probably see, for the moment, & vast
number of bright-coloured Jines suddenly start into existence through-
ont the specerum.  These lines arise from the vapourization and incan-
descence of a vast number of minute substances collected in the dust.

But theso lines in the spectra of metallic vapours—and the same re-
mark a})plics cqually to incandescent gases, such as hydrogen, &c.,—~are
all bright lincs, whercas those in the solar spectrum are dark.  What,
then, 1s the relation between the two 2

And now camc a varictr of guesses; onc might almost call then
divinations of the truth. The annals of Scicnce tel} us that such dunin-
ations of truth beforchand not rarcly precede the discovery of great,
comprchensive, pregrant truths.  “They preceded the discovery of the
Law of Gravitation; they preeeded the discovery of oxygen: they pre-
ceded the discovery of clectro-magnetism ; and cven now they seen to
Joom before the discovery of the yet uuknown cause of gravitation itself.
Newton divined the combustible nature of the diamond a century before
Allen and Pepys succeeded in showing it was nothing more than pme
crystalized carbou.

ut what is it—we may ask—what is it which, as it were, causes
coming and substantial discoverics so often to throw their shadows be-
forc them 2 Is it some single word, or some chance c.\('lprcssion, whicls,
as a winged sced falling from one mnaster mind, 1s wafted, like a rumows,
amongst other minds, until, at length, it finds a proper and kindred
home, aud then germinates and fructifics into the ripeness of some:
general truth? - Or is it that the minds of men, after some unknown
process, and in accordance with some magnificent pro-arrangement of
the Great Etcroal Mind, become, from time to time, by the interaction
of circumstances, polarized, and when the tension becomes extreme,
break forth at length into tho force and light of discovery ?

Bo this as it may, it is certain, that Professor Stokes, in England ;
Balfour Stewart, in Scotiand ; M. Foucalt,in France ; and M. Angatrim,
in Sweden, all assigned a probable cause for portions, at leest, of the




