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INTRODUCTION.

The following remarkable discourse was originally delivered in
Edinburg, November 18th, 1865, as the first of a series of Sunday
evening addresses, upon non-religious topics, instituted by the Rev.
J. Cranbraok. It was subsequently published in London as the
leading article in the Ffortuightly Review, for February, 1869, and at-
tracted so much attention that five editions of that number of the
magazine have already been issued. It is now re-printed in this
country, in permanent form, for the first time, and will doubtless
prove of great interest to American readers. The author is
Thomas Henry Huxley, of London, Professor of Natural History
in the Royal School of Mines, and of Comparative Anatomy and
Physiology in the Royal Colleze of Surgeons. He is also Presi-
dent of the Geological Society of London. Although comparatively
a young man, his numerous and valuable contributions to Natural
Science entitle him to be considered one of the first of living Nat-
uralists, especially in the departments of Zodlogy and Paleontol-
ogy, to which he has mainly devoted himself. He is undoubtedly
the ablest English advocate of Darwin’s theory of the Origin of
Species, particularly with reference to its application to the human
race, which he believes to be nearly related to the higher apes. It
is, indeed, through his discussion of this question that he is, per-
haps, best known to the general public, as his late work entitled
“Man’s Place in Nature,” and other writings on similar topics,
have been very widely read in this country and in Europe. In the
present lecture Professor Huxley discusses a kindred subject of no
less interest and importance, and should have an equally candid
hearing,

YaLe CoLLEGE, March 30¢4, 1869,




On the Physical Basis of Life.

In order to make the title of this discourse generally
intelligible, I have translated the term *‘ Protoplasm,”
which is the scientific name of the substance of which I
am about to speak, by the words “the physical basis of
life.” I suppose that, to many, the idea that there is
such a thing as a physical basis, or matter, of life may
be novel—so widely spread is the conception of life as
a something which works through matter, but is inde-
pendent of it ; and even those who are aware that mat-
ter and life are inseparably connected, may not be pre-
pared for the conclusion plainly suggested by the phrase
“ the physical basis or matter of life,” that there is some
one kind of matter which is common to all living beings,
and that their endless diversities are bound together by
a physical, as well as an ideal, unity. In fact, when first
apprehended, such a doctrine as this appears almost
shocking to common sense.  What, truly, can seem to be
more obviously different from one another in faculty, in
form, and in substance, than the various kinds of living
beings? What community of faculty can there be be-
tween the brightly-colored lichen, which so nearly re-
sembles a mere mineral incrustation of the bare rock on
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||‘ its display continued hour after hour. v ithout difference in faculty between the lowest plant and the"

(i : . 5 /ithout: : x corlieiape

I Pighok Wweakening, The Possible C(;m lexi Eese o ! highest, or between plants and animals. But the differ
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an interna out, upon the extent to which the principle of the divis-

I circulati ;
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1 exception, thatower Plants, it i shall advert more at length presently,) 1n l.hef acf -
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. T || studied, theyp CNomeng contraon.s . of the manifesta- h‘”“g things are fundamtiﬂt?“.\’ one. IS— . ?ILI.C :1el:iﬁe§
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SOmetimes into a w etimes into a pol ihe nettle arises
°T spiral vessell,)solmto its earliest state,
O¥ule.  Traced back to its ¢




16

. g1l
as the man does, in a Particle of nucleate| protopla

: st animals, &
And in the lowest Plants; as in-the lowest amnmlll(;lc
-4 7
single mass of such Protoplasm may constityte the “l "
: ; eus.
plant, or the protoplasm may exist without a nuc

. . sed, how
Under these Circumstances it may well be asked,
Is one mass of non-

nucleated protoplasm to be dlS“lne
guished from another ; why call one “plant” and t;n
other “anima] The only reply ig that, so far as for
is concerned, plants ang animals are pet separable, aP .
that, in many cases, it ig a mere matter of conventw;
Whether we a1 a given Organism an animal or a Plﬂ,nl;
i called thalim septicun, Whic -
Vegetable substances, and in g
of its forms, ig common ypqy the surface of tan pit*
In this Condition it is, to aJ] intentg the
E;;;a?:{l:bﬁzrrirl;\i);t:;as‘always Tegarded as sych ; but

AKes in soliq matters, upon whic :

ds, thus exhibitine the most Charactﬁl

1st{c feature of ammality Is thig a plant, or is it ffl

?mmal? s it h h, or is it neither Soxiie decide 1‘;

dﬂl:i; Iczf he last SuppOsition, and establish an intern;or
al£ the:’lg om, g Sort of biOlOgicaI No Man’s Land g
ImPossiT:lélltlsstllrihl Ormg, But, as it is admitte

any distinet

he o7
nd the ye s world® on the
and, or the animg] getable world o

th?
the other, it apear tome "
this » 1L appears .
o Proceediy rely doubleg the difficulty which,

s Was gle, )"Otoplasm
the format basi :

15 of a)1 life,

e
i yE
bomldar}r line bety _

) .\(] 1 |
» simple or nucleaﬂ'ﬂ;ﬁ i
tis the clay of the pot*™

17
it as he will, remains clay, sep-:
. . 'ntl h common-
which, bake it and pai e TroriHHE
. t by nature, lear that
artifice, and no : es clea
s IIJY e ciried clod. Thus it bec?lmliving torms
ick or sun- 5
elslt 11_3:‘}:: - vers are cognate, and that
all living powe l "l
1arac ) 55
are fundamentally of one ¢ e Iee pevaled a8
The researches of the chemist ha sition in living mat-
triking uniformity of material Compcﬁlqt chemical inves-
i - \mIgl serfect strictness, it 1 - di;ectl}’, of the com-
e ti . tell us little or nothing, such matter must
tigs 1 can te 2 g
lgq‘tl'm f living matter, masmudli upon this very ob-
p0511102'0 in the act of analysis, an f};s seem to me to
heeds die in the : Tich T confe iR
ject e drawing
i 5 b Cctlonsj W ‘ '[ to the N
1\:0% grol;ﬂd,fO_ Jolous have been raise(tl ¢ composition
€ Somew at inv 1 ) ine th
of mmw 1 lusions whatever respect! ;the dead matter
any conclusions ¥ Yo _ :
of "Lciualf 7 living matter from thato us. But objectors
of life wh}ich alone is accessf;bli that it is also, in strict-
? ¢ = - Y n
to reflec mpositio
is class do not seem ) t the co
o thlst Chs; t we know nothing abou
ness, true tha

bO }‘ V atever, as 1 5 I e 5 Ie]Ile t that 2
& a n
[ y a i 5 ]

lil'ﬂe; 18
nate of

£ eal ¢+ consists of carbo cesses,
Crystal of calc-spa

A 1o
: it we only mean that, b?r app?op:s:ie C};“i Cklifne'
qQuite true, it we 0“}1 into carbonic acid he very quick-
It may be relsol‘;;n; carbonic RCid- Overl‘;imte of lime
fi;}::;lhlizssoltjzined: you will Obtalnpocraan)f'thi“g Jilke 1
. B t be CalC'SPar’. lysis teaches
again ; but it will no id that chemlca! =i ? calc-spar ?
Can .it_. therefore, be ?j;mical cofnpositloln'opardly more
Nothing about the ofﬂd be absurd ; but Il:oljt the useless-
S;li:aisttﬁ(taezﬁ?f):e occasionally 11112?;?621 analysis to t}z
Nesg of applying the results 'Olfd(;d them. One fact, at,
Wing bodies which have yie




} = Iy I —

vl &

s
[ N
[

18
any rate, is out of reach of such refinements, and this
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of 40 degreeg. “oagulation at the temperatur®

I'eeg cents i =11
AStiffang, Plgrade, which has bee

"

Searcheg have pr :h thOUgh I{iihne’s beautiful ¢
many anq such s, , L CCurrence to take place in SO
to expect that the - }1:1 eings, fhat i’tis ]mr(]{}r 1‘:15]‘1
Perhaps, been said g > 800d for all.  Enough has
uniformjp, ; PEOVE {he eeic A

Y in th _ ¢ eXistence of 5 genel?
cal basig 5 ,Cllaract the 1y cofag hyst

‘ 10 Whatey Protoplasm, or phy:
may he studieq ;

L s A
group of lwmg beings !
® understogd 1y q¢ {his ger

'S excludeg any amount ©

x9

he
special modifications of the fundamental S_ubStal?scee'diyfer-
mineral, carbonate of lime, assumes an nmlnet under all
sity of characters, though no one doubts tmthinw.
these Protean changes it is one and the S; mr? at tl?e ori-
And now, what is the ultimah‘a fate, an “le~ ooy

gin of the matter of life? Is it, assonﬁhe universe in
Naturalists supposed, diffused g gu nchangeable in
molecules, which are indestructible a3 t111 - e
themselyeg ; but, in endless tmm@gra_ﬁo d’ forms of life
Numerable permutations, into th.e SIS Ced of ordinary
we know ? Or, is the matter O_fhfe o e in which its
matter, differing from it onl-\{r n ‘fhe m”‘?giginaﬂ’ matter,
aloms are aggregated? Isitbuiltupo hen its work is
“nd again resolved into ordinarymattEar i moment be-
done; Modern science does not hesltate_ z}tes over the
Ween these alternatives. Physiology wri
Portals of life, ”

% Debemur morti nos nostraque, oet attached
With a profounder meaning than the Ronla;leﬁ disguise it
to that melancholy line. Under wha'erm or man, the
takes refuge, whether fungus or Oaké-“gand is resolved
lving Protoplasm not only ultimately - but is always
IO its minera] and lifeless COnStlment?mnd could not
dying, and, strange as the paradox m?)’ts of;he “ Peau
live uplesg it died. In the wonderfuls fcfof a magical
de Chagrin,” the hero bCCOm?S i ans of gratifying
wild agg'g skin, which yields him the me the duration
all his Wishes. But its surface represents gatisfied de-
of the proprietor’s life ; and for ever'ytensit)’ of frui-
Sire the skin shrinks in proportion to the ]c?]:)readth of the
ton, until at length life and the last han
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“Peau de Chagrin,” dis

; co ot of
appear with the gratification
a last wish. Balza¢’

: i - wide
S studies had led him over a w g
range of thought ang Speculation, and his shadowing

forth of physiological truth in this strange story i
have been intentional,

ife 15
At any rate, the matter of life i
a veritable “ Peay de Chagrin,” anq for every vital act
is somewhat the

s ! n
smaller, AJ] work implies waste, 2
the work of life Tesults,

directly or indirectly, in thi
waste of Protoplasm, Every word uttered by a speak?
Costs him some Physical 1ogg ; and, in the strictest Sensef
he burng thyt others may Nhave light— so much e?o
quence, so much of his body 1
water and yreq. It is cleay that this process of expend_l'
tu forever,

1C
But, happily, the protoplas™

iffers Bom Ralparis t v Jacity ©

bein alzac’s in its cay :

grepalred, and brought back 1o its full size, afté
e\?ery Bxertlon - 4

its inte]] tual _rample, this Present lecture, “,l-cq
ectug Worth tg ; 5ica

= Lo X YOu, has a certain phy

& tome, which ; ) e I

Numbey 8raing o 5, Conceivabl}’, expressible _b)’ SL :
Stance wagtaq in .Pro‘tolplasm and other bodily in
it delwery_ Mmamtammg My vital processes cl{Uftl
Smaller 54 the o 3(; e g hagrin will be distmi1
€ginniy By-; d £ th 1scoyrge than it was at 16
to the ¢ bstap eﬂ by, shall PrObably have 1"3(:011“ .
POse of g tchimc?m only calleq mutton, for the lzlifv
muttop ne t{hl 72Ck to it Original size, NOW o
fied, of 4 other a:' iy Protoplasm, more or less $ili
15 ha Sam

a sheep,
Ted, not only

‘llﬁ . O

8

As I shall eat ltézi’
by death, but bys of
Perations iy the PTOCBS plt
» Whatever e their €¥

. icacldr |
resolved into carbonic acit
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its old func-
have not rendered it incompE’"E":"JE i 1‘§Slt'$:dltlsab0rator}’,
tions as matter of life. A slngﬂartli‘; por%ion of the
which T possess, will dissolve a ceroaformed will pass
modified protoplasm, the SOlume? Snces to which it will
into my veins ; and the subtle in utleead protoplasm into
then be subjected will convert the tiqte sheep into man.
living protoplasm, and teaueubsta ;1 thine to be trifled
Noris this all. If digestion wered the matter of life of
with, I might sup upon IObSter,- - same wonderful meta-
the crustacean would undergo the s T to return to my
morphosis into humanity. And w_erf:' ck, the crustacea
own place by sea, and undergo shlp\; ree Co,mp“ment’ and
Might, and probably would, retumbt-] turning my proto-
demonstrate our common B Oyth'mc better were tO
Plasm into living lobster. ?:1;111:2 :vith m;re breadg an(c)lnI
be had, I might supply my W ‘heat-plant to be co-
should fing t%] e protoplasm of the \\EE}E lt)han that of the
Vertible into man, with no more tlro n that of the 10b5ter:
sheep, and with far less, I fancy, tha oreat moment what
Henc:e it appears to beam atter ofnol?tribution for proto-
animal, or what plant, I lay Hdet CDfDr the gener:ﬂ ider}—
plasm ’and the fact speaks V?l.ume]ieing& 1 share this
tity of’ that substance in .all 11‘\‘{111;1{1,’ other animalsl,l antlﬁi
Catholici assimilation . 1y well on
whic?:,l Cs?fa: is we know, could tflrwf_ eg:zn}}i plant 5 but
Protoplasm of any of their fellog’vf{;animal world ce.ase.
s the assimilative pOWe;]Sthin *:mter with an infEl’fﬁl’
A i f smelling-salt . atters, CODEET
ima] Zc;lol:(l)c;rtlioon zf some otber Sah?:r ?r:to the compost”
al] the elemental‘}’ bodies wthh:el; hardly Sa%; a hogs-
tion of protoplasm ; but, as e
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133 nereased a million-folds
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1ginally possessed; in thig way building uP
ife, to ap Indefinite Extent, from the com”
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plex Substanga of deaq Protoplasm to the
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and Complex substances;
L . X monia—yq 1ha same sta
plant ;IEOP;OLOI-) a?-m’_lf 1ot to the Same level, But the
ample, appear toS Ii:malt' ome of the fungi, for .er
and ng known la ligher “OMpounds to geart withs

elementg of proto I °an live upon the uncompounded
50, hydrogey, ozyas;l' P30t supplied with pure il
_th', and the Jjjq 7t ang Nitrogen, Phosphorus, sul”

I his by, A Would-5 infallibly die as the animé
tounded |, lt.’»melh salts, ough it would be sur
7 all” the COnstityen; of Protoplasm, Nofs

ionsg

niain itseif i vigor, but,
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. = cation Of ve
indeed, need the process Of Sl-mpgfder to arrive
food be carried so far as this, in

oy,
limit of the plant’s thaumz_ﬂur:i_rd all the other needill-tl
. ] cid, 5 ordl-
Let water, carbonic a s monia, and an
constituents:be supplied Wlth;;t ::l manuf{acture protc.)-
: : na v it
- will still be u : s we Lknov
T;{:)’m})lal};hus the matter of life, so fa.1:;>aother) breaks
S, - eculate on any Lo
. re 1o right to sp i h which is t
(anc} . ha\ee uenc: of that con_tu?ual °deatcarbonic s
. ill'l"conosfc%ts manifesting Vitaht‘}': mtoossess no prop-
Cén. mon1 ammonia, which certainly Pnd st these
¥ a?(—,r, ;n; those of ordinary matter ; ;i m none which
:rtu—:s folims of ordinary matter anF}d I'EP 41l the proto-
s : S
1:‘“‘3_‘ ipler, the vegetable world bul ooing. Plants are
Dlasm awhich keeps the animal world ag nimals distribute
il s Jators of the power which a
e accumu
L mat-
and disperse. the existence of t¥1e ;
But it will be observed, that existence of certain com
ter of life depends on the preIE)LIS € ter, and ammonia.
Pounds, namely, carbonic acid, water,
UU( y <l ?

d all
from the world an
Withdraw any one of these threz frOThey are related to

the protoplasm of the

getable
at the

. ‘0 an en
Vital phenomena come to 2

as :
thee protoplasm of the pli?;i Carbon, hydrogen, oxy
I S
Plant is to that of the ani

. ese, car-

en, and nitrogen are all lifeless bomes.tiox?:vfafgd u’nder
Eon,;r?d oxygfﬂ unite in cerltam Pror%c:nic acid ; hydro-
Certain conditions, to give :ts; Ton?frogen and h{i?gtﬁz
e o T compon
Elemel;tar}c: bodies of which they a:'eo‘zzwi under certaint
€8S, But when they are brought tog
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i
Y give rise to the still more complex body

- end
¥ Protoplasm exhibitg the phenom
feakin thig se

Dy and T o unab]
h is applicable tq

» conditions the
Protoplasm, and t; 5
of life. T gea nob ties of steps in mOlecue
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We think fit
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; : facets of the cry
particles to their places 1n1 thaf‘ frost. On the contrary,
a . 104ar- . =
amongst the leaflets of 11.13 the faith that, by the advance
we live in the hope and 111l Il by-and-by be able to see
of molecular physics, we sha tituents’of water to the
our way as clearly from the cons ' able to deduce the
erties of water, as we are now af its parts and the
e tions of a watch from the form of i IE the case in
operation logether. i
panner in which they are put by id, water and ammo-
. ray changed when carbonic amd’ the influence of
i ;':-a}’ )e'],l‘b'(lﬂd in their place, un : e-rlentweightofthe
ma“c 1_521.1)} ;i\:ino' protoplasm, an equiva is true that there
Preexl‘st?ﬁfe ma?{es its appearance ? It'lsS of the compo-
Tnattel O.t of parity between the pl-opertlebm neither was
Y SOI:I the properties of the resulta?tr true that what
is also £
e 'anl case of the water, Itisa reéxisting living
there in t 16} f as the influence of pr ijut does any
I have spoken o ite unintelligible ; :
; te umntellg ' of an elec
3 1nethlng qui randi o
TaLer > Socomprehend the modus 0{‘2};}""311 and hydro-
e ixtur
b?cly qu.l-t hich traverses a mixture o \ f;r the assump-
tric spzul;i W L stification is there, ther ,r of a something
! What ju s tte G
i “} : xi]stence in the living ma]-elative in the not
t101.1 of thee resentative or‘ cor hat Bittet philo:
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livi tter which gave rise K han “ aquosity 7y
wing ma has «vitality ” tha fate than the other
; tter fa
sophical stﬂf“_S lity" hope for a better tinus Scriblerus
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2 certain meet language is to p
Ney? If scientific lang
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eonstant signification whenever it is employed, it seemd
to me that we ar

¢ logically bound to apply to the proto-
plasm, or physical basig of life, 1

he same conceptions as

s those which are held {5 be legitimate elsewhere, If the
Phenomeng exhibiteq by water are its Properties, so are
those preseateq by Protoplasm, living o dead, its prop-
crties.  If the Properties of water may
to result frop, th J

€ Nature anq
nent mo]ecules, I can fing no i

fusing o say that the proj

from the nature an¢ disposit
bid you beware (],

be properly said
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oplasm result
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tmatter of life
€T vita) Phenomena, Past
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‘tai at, when
i leads me to be tolerably certain that, =
experience lea ‘ L i
thep propositions I have just place_cl.bcfoua}?wm iy
ible to public comment and criticism, tl,ci\- AN
e ‘persons 1 perhaps by
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few of the wise and thoughtful. I should n.ot v s i
s terialism” were the mildest phra
“ gross and brutal materic e et
i tal rters.
lied t 1 certain qua os!
applied to them 1 ‘ g
dialubtr:dly the terms of the propositions are iin : thi
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materiz ; _ _ A oot
: that I hold the statements to be &-,ubstfmt.n ¥ 3
e her, that I, individually, am no materialist, but, on
;i , e s -ave philo-
the contrary, believe materialism to involve grave |
sophical error. . e
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This union of materialistic ter mmo.(])g} i
iati ialistic phi are w
diation of materialistic philosophy I 511 —
1 ] am ¢ .
the most thoughtful men with w hollln ks o
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And, when I first undertook to delix e e
course, it appeared to me to be a fitting of [ Ay
’ . . 115
explain how such an union is not only con; ?O e
3 k y cop t
but necessitated by sound logic. I purpos = i pe
: erritor vital phenomena
through the territory ?f v ﬁni}_mmd\'es me b
ialisti in which you : g
rialistic slough inw W
d then to ;oint out to you the sole path by rreu;ce
an i . ) y . o ,
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] b

: ‘e last night,
- I my arrival here
Pl 7as unaware untl =
of which I WS ) t singularly opportune
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2 L = " . =
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ers 1 sy
1 . OT\I}’ argument, also, turns upon this very |
aay, My a =4
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quiry
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am?f t ; they observe, first, that one hdu is fact has
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: : anished wit 1) v
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Lhere is much. here that i be meant the spirit
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:’lit;zieig:::enth century—even though that century pro‘

: not come to Scotland to vindi-
produced. My lJu;i(:*l;SftI-lf3 greatest men she has ever
only way of escape ong Sf”’ to point out to you that %he
We just now landeq .o OF the erass materialism i which
out of the v rF ]§ the adoption and strict working
up to reprobat}ifoi,mmples which the Archbishop holds

et us SuppOSe tha_
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one who is acquainted with the history of science will
admit, that its progress has, in all ages, meant, an'd now
more than ever means, the extension of the province of
what we call matter and causation, and the concomitant
gradual banishment from all regions of human thought
of what we call spirit and spontaneity.

I have endeavored, in the first part of this discourse, to
give youa conception of the direction towards wl:uch moFl-
ern physiology is tending ; and Task you, what is the dif-
ference between the conception of lifeas the product ofa
certain disposition of material molecules, and the old no- :
tion of an Archxus governing and directing blind mat-
ter within each living body, except this—that here, as
elsewhere, matter and law have devoured spirit and
spoutaneity?  And as surely as every future grows out
of past and present, so will the physiology of the ‘fu.tulze
gradually extend the realm of matter and law unt‘:l it is.
coéxtensive with knowledge, with feeling, and Wlﬂ} ac-
tion. The consciousnes®f this great truth weigh‘s like a.
nightmare, I believe, upon many of the b.est mmdsttlali
these days. They watch what they conceive to be1 =
progress of materialism, in such f'.::‘,'c].I‘ and poter ;m :
anger as a savage feels, when, during an echp‘sle, »
great shadow creeps over the face of the sun. -'1 e E]ls :
vancing tide of matter threatens to drc.)wn their sjo;le,
the tightening grasp of law impedes their freedom ; y

. are alarmed lest man's moral nature be debased by the

increase of his wisdom. )

If the “New Philosophy” be worthy of the reprobf.O
tion with which it is visited, T confess their fears seer;iuld
me to be well founded. While, on the contrary, ©
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In itself it is of little moment whether we express the
phenomena of matter in terms of spirit, or the phenomena
of spirit in terms of matter ; matter may be regarded as
a form of thought, thought may be regarded as a property
of matter—each statement has a certain relative truth.
But with a view to the progress of science, the material:
istic terminology is in every way to be preferred.  Tor it
connects thought with the other phenomena of the uni:
verse, and suggests inquiry into the nature of those physi:
ical conditions cr concomitants of thought, which are
moré or less accessible to us, and a knowledge of Iwhich
may, in future, help us to exercise the same kind of con-
trol over the world of thought as we already possess in
respect of the material world ; whereas, the alternative,
or spiritualistic, terminology is utterly barren, and leads
to nothing but obscurity and confusion of ideas. Thus
there can be little doubt that the further science ad:
vances, the more extensively and consistently will all the
phenomena of nature be represented by materialistic
formulee and symbols. But the man of science, Who,
forgetting the limits of philosophical inquiry, slides from
these formule and symbols into what is commonly un-
derstood by materialism, seems to me to place himself
on a level with the mathematician, who should mistake
the x’s and 3's, with which he works his problems, for
real entities—and with this further disadvantage as com-
pared with the mathematician, that the blunders of the
latter are of no practical consequence, while the errors
of systematic materialism may paralyze the energies and
desfroy the beauty of a life, '
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: i
ON THE |

. N |
HYPOTHESIS OF EVOLUTION : |

!
[
PHVSICAL AND METAPHYSICAL. i

“Man shall not live by bread

alone, but by every word that pro- |
| ceedeth out of the mouth of God shall man live,” |

=S - There is apparently considerable repugnance in the
he year 1870, by minds of many f:xcellent people to _the acceptance, or |
i o, . €ven consideration, of the hypothesis of de\fclopmelff, -
SR R Ce s & Washington. D. G 1§ or that of the gradual creation by descent, with modifi-
=—--___.‘_ éon,_';_ﬁ, . cation from the simplest beginnings, of the different
S forms of the organic world, This objection probably
results from two considerations: first, that the human
species is certainly involved, and man’s descent from |
an ape asserted ; and, secondly, that the scheme In
general seems to conflict with that presented by the
Mosaic account of the Creation, which is regarded as
communicated to its author by an infallible inspiration.
As the truth of the hypothesis is held to be infinitely
probable by a majority of the exponents of the natural
sciences at the present day, and is held as absolutely
demonstrated by another portion, it behooves those in-
terested to restrain their condemnation, and on the
other hand to examine its evidences, and look any con-
| sequent necessary modification of our metaphysical or
s Sl gy theological views squarely in the face.
o7, A, " e

”
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observe in defining species is a clear consequence of
such a state of things. It is not amount and degree of
difference that determine the definition of species from
species, but it is the permanency of the characters in all
cases and under all circumstances. Many species of
the systems include varieties and extremes of form, etc.,
which, were they at all times distinct, and not connected
by intermediate forms, would be estimated as species by
the same and other writers, as can he easily seen by
reference to their works.

Thus, species are either “restricted” or “protean,”
the latter embracing many, the former few variations
and the varieties included b}-‘ the protean :-;pecieg are
often as different from each other in their typical forms
as are the “restricted” species. As an example, the
species Homo sapiens (man) will suffice. His primary
varieties are as distinct as the species of many well-
known genera, but cannot be defined, owing to the ex-
istence of innumerable intermediate forms between
theam.

As to the common origin of such “varieties’ of the
protean species, naturalists never had any doubt, yet
when it comes to the restricted “species,” the anti-de-
velopmentalist denies it # fofo. Thus the varieties of
most of the domesticated animals are some of them
known—others held with great probability to have had a
common origin. Varieties of plumage in fowls and
canaries are of every-day occurrence, and are produced

under our eyes. The cart-horse and racer, the Shet-

land pony and the Norman, are without doubt derived
from the same parentage.
ducks are of the same kind, but not every one is aware
of the extent and amount of such variations.

The varieties of pigeons and

The
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The Vertebrates approach the Molluscs closely at tlu_a
lowest extreme of the former and higher of the 1atFe1_.‘
The lamprey eels of the one possess several Chamc,t_el:b
in common with the cuttle-fish or squids of the latter.
The amphioxus is called the lmvfesft Vertebratc.:,.z‘t.nd
though it is nothing else, the definition of. the division
must be altered to receive it ; it has no brain !

The lowest forms of the Moluscs and Articulates are
scarcely distinguishable from each other, so far as adhe-
sion to the “plan” is concerned, and some of the lat-
ter division are very near certain Echinodermata. ) 1?&5
we approach the boundary-lines of the two lowest divis-
ions, the approaches become equally close.

More instructive is the evidence of the relation of
the subordinate classes of any one of these divisions.
The conditions of those organs or parts which deﬁ‘ne
classes exhibit a regular relation, commencing with
simplicity and ending with complication ; ﬁrstl asso-
ciated with weak exhibitions of the highest functions of
the nervous system—at the last displaying the most ex-
alted traits found in the series. ]

For example: In the classes of Vertebra.tes WS
the lowest nervous system presents great simplicity—
the brain cannot be recognized ; next (in lampreys), the
end of the nervous axis is subdivided, but scarcely aio
cording to the complex type that follows. Inl fishes t 1el
cerebellum and cerebral hemispheres are m}nute; ianc
the intermediate or optic lobes very large: in _the rep-
tiles the cerebral hemispheres exceed the optic l_obeiin
while the cerebellum is smaller. In birds the celeb.e :
lum becomes complex and the cerebrum grez}tly in

-eas als the cerebellum increases 1n com-
creases. In mammz . N e i,
plexity or number of parts, the optic
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Selecting the Vertebrates again as an example, the high-
est form of mammal—e. g., man—presents in his earliest

“stages of embryonic growth a skeleton of cartilage, like

that of the lamprey: he also possesses five origins of

the aorta and five slits on the neck, both which charac-

ters belong to the lamprey and the shark. If the whole

number of these parts does not coéxist in the embry-

onic man, we find in embryos of lower forms more

nearly related to the lamprey that they do. Later in

the life of the mammal but four aortic origins are found,

which arrangement, with the heart now divided into two
chambers, from a beginning as a simple tube, is charac-
teristic of the class of Vertebrates next in order—the
bony fishes. The optic lobes of the human brain have
also at this time a great predominance in size—a char-
acter above stated to be that of the same class. With
‘ddvancing development the infant mammal follows the
scale already pointed out. Three chambers of the
heart and three aortic origins follow, presenting the
condition permanent in the batrachia ; and two origins,
with enlarged cerebral hemispheres of the brain, resem-
ble the reptilian condition. Four heart-chambers, and
one aortic root on each side, with slight development of
the cerebellum, follow all characters defining the croco-
diles, and immediately precede the special conditions
defining the mammals.
root from one side, and the full development of t1_1e
cerebellum : later comes that of the cerebrum also in
its higher mammalian and human traits.

Thus we see the order already pointed out to be .tl‘ue,
and to be an ascending one. This is the more evident
as each type or class passes through the conchtlons: of
those below it, as did the mammal; each scale being

LY

These are, the single aorta
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salamander at that time, because, among other things,
the skeleton is represented by cartilage only, and the
salamander’s is ossified. This relation is therefore an
Imitation only, and is called #nzexact paraZ{e[z':m. ‘

As we compare nearer and nearer relations—». ¢., the
genera which present fewest points of difference—we
find the differences between undeveloped stages of the
higher and permanent conditions of the. lower to grow
fewer and fewer, until we find numerous instances where
the lower genus is exactly the same as the undeveloped
stage of the higher. This relation is called that of
exact paralielism.

It must now be remembered that the permanence of
a character is what gives it its value in defining genus,
order, etc., in the eyes of the systematist. So long as
the condition is permanent no transition can be seen:
there is therefore no development. If the condition is
transitional, it defines nothing, and nothing is deve‘l—
oped ; at least, so says the anti—developmentalist.. It 1s
the old story of the settler and the Indian: © Will you
take owl and I take turkey, or I take turkey and you
owl ?”

If we find a relation of evact parallelism to exist b.e—
tween two sets of species in the condition of a certain
Organ, and the difference so expressed the only 'on.f}
which distinguishes them as sets ?rom each other—i
that condition is always the same in each sejt_—-w? call
them two genera: if in any species the condition is va-
riable at maturity, or sometimes the un.developed. co.rf—
dition of the part is persistent El]fld sometimes tmnSlt?.I}'i
the sets characterized by this dlfferenlcc must be m.ntel;
by the systematist, and the whole is called a sing
genus,
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in higher groups, as orders, etc., may be ac.counte.d for‘.
The theory of homologous groups furnishes impor-
tant evidence in favor of derivation. Many orders of
animals (probably all, when we come to kn.ow them) are
divisible into two or more sections, which [ have ca.d.led
homologous. These are series of genera or families,
which differ from each other by some marked character,
but whose contained genera or families differ from each
other in the same points of detail, and in fact corres-
pond exactly. So striking is this correspondence that
were it not for the general and common character sepa-
rating the homologous series, they would be regarded as
the same, each to each. Now it is remarkable that
where studied the difference common to all the terms of
two homologous groups is found to be one of wmexact
paralielism, which has been shown above to be evidt‘a?ce
of descent. Homologous groups always occupy cl;tfc%'-
ent geographical areas on the earth’s surface, and their
relation is precisely that which holds bct\.\ree}1 sucees-
sive groups of life in the periods of geologic time. |
In a word, we learn from this source that distinct geI-
ologic epochs coéxist at the same tnpe on the em.tl.l.. -
have been forced to this conclusion® by a study of the
structure of terrestrial life, and it has been l'enmrk?,bly
confirmed by the results of recent dccp-sea‘v dljt::dgggff
made by the United States Coas’E Sm.-vey in m?l tt
Stream, and by the British nntm'a_hsts in the Ncn.t‘l_;
lantic. These have brought to light type‘s of Tenflary
life, and of even the still more anrrclent Cr.etazt.aousvff
riods, living at the present day. F.hat this 115(:0 re):
invalidates in any wise the conclusions of geology

# Origin of Gensra, Pages 79, 77 79
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th;[]:: af;zef ?)f c'.“x?ad pm'aZZ{Zz'sm we reasQr}ably sup.pgjse
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has been opened, which marks one of Niutr?s.%;ii:
transitions, such as have been called ¢ Expres

intg "0gTESS. :
poi;}tfat Eiii;ozf progress in such a history would '1C-_
count for this accession of the powers gf the hu_man m
telligence ? It has been answered, with CC?D.SId&lEﬂ?I&
confidence, The power of spee(?h Let us picture 1113_11
without speech. FEach generation \.vc?uld. learn nothlmg
from its predecessors. Whatcverlorlg.mahjcy or c{!Jselea—
tion might yield to a man would die with him. . Each in-
tellectual life would begin where every other life began,
and would end at a point only differing with its original
capacity.® Concert of action, by which man’s power
over the material world is maintained, would not exceed,
if it equaled, that which is seen among the bees ; and
the material results of his labors would not extend be-
yond securing the means of life and the employment of
the simplest modes of defence and attack.

The first men, therefore,

are looked upon by the de-
velopmentalisys

ly embryonic in all that char-
acteri‘zes humanity, anq they appeal to the facts of his-
tory in suppert of this view. 1f they do not derive
much assistance from

: written history, evidence is found
in (Lfle more e.nclm'ing relics of humap handiwork.

The OPPOSING view is, that the races which present
or have presented thig condition of inferiority or sav-
agery have reached it by o process of degradation from
a higher ?tate——as some Dbelieve, throug?l moral delin-
‘quency.  This position may be trye jp certain cases,
which represent perhaps a condition of senility, but in
general we believe that SAIVAZCrY was the condition of

the first man, which has in SOIME races continued to the
bresent day.
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bodia, Nineveh and Egypt, represent th.e. I?iznodTl?i
Sreatest display of architectural expenditure, o
Same amount of human force has perhap_s never bLf,ll
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loaded with absurd ornament, and deformed mtc_m ‘rl.lght_.
ful asymuictry, in compliance with the Lll.il’]lmll[.l-:_'t'i_fh:;:::i
mperious mode,  In later days we I'IR’L\’:,‘ thn. b-l 1, .
Ventionalized figures of the palaces of Nl.ﬂt_‘.\ c-li-‘“_I;‘
the temples of Igypl, where Ll'.u-: 1'L5111'L:S_L:!JLLL1I}J-1\ c.)11 1(:1]H
has somewhat improved, but is too often distortec ;
false fashion or imitation of some unnatural standare )
real or artistic. This is distiuguishm.l as tln_:‘ day of
archaic sculpture, which disappeared .\\'1Lh the Etrascan
nation.” So the drawings of the child, when he aban-
dons the simple lines, are stiff and awlkward, ;1_n<'1 but a
stage nearer true representation ; and thi often LlUL.:n
he repeat some peculiarity or absurdity of his own! So
much easier is it to copy than to concelive.

‘The introduction of the action and pose of life into
sculpture was not known hefore the carly days of
Greece, and it was there that the art was brought to
perfection. When art rose from its mediseval shumber,

much the same succession of development may be dis-
covered.  First, 1]

and  cylindric
churcl

1e stiff figures, with straightened limbs
clrn.pcr_\:, found in  the old Northern
1es—then the forms of life th

at now adorn the
porticoes and p

alaces of the cities of Germany.

& Rationale of the Developimens

of Intelligence.
The

history of material development shows that the
transition from stage to stage of
enced by the most perfect forms of animals and plants
in thejr growth from the primordia] cell, is similar to the
succession of created beings which the guo]f‘:g‘iml
epochs produced. It also shows that the slow nﬁsump-
tion of main characters in the line of succession in

development, experi-
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j’hié. is in acecordance with the ge‘ncral‘ 131‘1112:1313,1j11:§§
high development in intcl};CEH?LIRIEEF;.\I.S;::.QS éf e
by rapidity in traversing a8 pr ary L,b, e
ri}orit;? cou}nnon to all, while low clle\-'cl‘ol-)::;;1;11315,;:h;_
sluggishness in th.r-tt progress, and a corresj g
enti [ inferiority. o
te‘};‘g: ?iuch' meaning may we not see, from this .Stlc'l?tt
point, in the history of the intelligence of clm{ ,11 »
ones! First they crawl, they w‘rﬂ.k on all four s.. j\. 111 :
they first assume the erect ‘pompon they are g{.ni\‘t? n)l
speechless, and utter only 111;1‘1'tlcul;1te s‘ounds.. ' {u_,]It
they run about, stones and dirt, the ol)Jcctfi that u_.s‘
meet the eye, are the delight of their awakening powers,
but these are all cast aside when the boy ohtams. '1115
first jackknife. Soon, however, reading and writing
OPen a new world to him ; and finally as a mature man
he seizes the forces of nature, and steam and electricity
do his bidding in the a
better and higher ends,
So w

ctive pursuit of power for still

ith the history of the species :

first the quadru-
ane—then the speaking m

an, whose humble industry
was, however, confined to the objects that came first to
hand, thig b{:ing the “gone age

When the yse of metals was discoveru(.l, the range of
industries expanded wondert‘u]ly, and the “iron age”
Saw many striking effortg of human power. With the
mtroduction of letters it became possible to record
and the
reatly Increased,
takes of ignorance correspon
fields of the world’s activity.
From the first we see i
knowledge gained by the

m

of pre-historic time,

events and experiences, spread of knowledge
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tion is also a quality of impressibility, and, associated
with finesse, is apt to degenerate into duplicity and un”
truthfulness—a peculiarity more natural to women than
men.

The third qua.lity’is different. It generally appears
at a very early period of life. Who does not know how
soon the little girl selects the doll, and the boy the toy-
horse or machine? Here man truly never gets beyond
undeveloped woman. Nevertheless, “impressibﬂity”
o with this quality also.

seems to have a great deal to d
f the sexes would

Thus the metaphysical relation o
appear to be one of iexact parallelism, as defined in
Sect. I. That the physical relation is a remote one of
the same kind, several characters seem to point out.
The case of the vocal organs will suffice. Their struc-
ture is identical in both sexes in early youth, and both
produce nearly similar sounds. They remain in this
condition in the woman, while they undergo a meta-
morphosis and change both in structure and vocal
Power in the man. In the same way, in many of the
lower creation, the females possess a majority of embry-
onic features, though not invariably., A common
€xample is to be found in the plumage of birds, where
the females and young males are often undistinguish-
able* But there are few points in the physical struc-
g R i I . ' BN

* Meehan states that the upper limbs and strong laterals in coni-
ferx and other trees produce female flowers and cones, and the
lower and more interior branches the male flowers. He calls the
former condition one of greater wyigor,” and the latter onc of
gues that the vigorous condition of growth pro-
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flict,”) or in the power of an interior spiritual influence
.(“h- » .
armony,”) or both.

p. Ewvidence Derived from History.

We trace the development of Morality in—First, the
family or social order; second, the civil order, or gov-
ernment,

Whatever may have been the extent of moral igno-

fance before the Deluge, it does not appear that the
carth was yet prepared for the permanent habitation of
the human race. All nations preserve traditions of the
dl'OWI'ling of the early peoples by floods, such as have
occurred frequently during geologic time. At the close
of each period of dry land, a period of submergence
has set in, and the depression of the level of the earth,
nd consequent overflow by the sea, has caused the
death and subsequent preservation of the remains of
the fauna and flora living upon it, while the elevation of
the same has produced that interruption in the process
of deposit in the same region which marks the intervals
between geologic periods. Change in these respects do
ot occur to any very material extent at the present
time in the regions inhabited by the most highly cle\tel-
oped portions of the human race ; and as the last which
occurred seems to have been expressly designed for the
Preparation of the earth’s surface for the occupation of
organized human society, it may be doubted whether
many such changes are (o be looked for in the future.
The 1ast great flooding was that which stratified the
drift materials of the north, and carried the finer por-
tions far over the south, determining the minor topogra-
phy of the surface and supplying it with soils.
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them into earlier conflict with the antagonisms and con-
tradictions of the world. Here is a beautiful example
of the benevolent principle of compensation.

L. Dnnocence and the Fall. If physical evolution be a
reality, we have reason to believe that the infantile
stage of human morals, as well as of human intellect,
Was much prolonged in the history of our first parents.
This constitutessthe period of human purity, when we
are told by Moses that the first pair dwelt in Eden.
But the growth to maturity saw the development of all
the qualities inherited from the irresponsible denizen of
the forest. Man inherits from his predecessors in the
creation the buddings of reason: he inherits passions,
Propensities and appetites. His corruption is that of
his animal progenitors, and his sin is the low and bestial
instinct of the brute creation. Thus only is the origin
of sin made clear—a problem which the pride of man
would have explained in any other way had it been
Possible,

But how startling the exhibition of evil by this new
being as compared with the scenes of the countless ages
already past! Then the right of the strongcst. was
God’s law, and rapine and destruction were the history
of life, But into man had been “breathed the breath
of life,” and he had “become a living 5501._11.’.’ 'l.'ha: law
of right, the Divine Spirit, w.as planted.wlthm h.lIll-, :'md
the laws of the beast werc 1 antagonism to that .ijw.

The natural development of hi‘s‘ inhgritcd qua_htles
necessarily brought him ini:o collision with that higher
standard plsmtecl within him, 5.11:.‘1 .Lhat. war was c_om—
menced which shall never ccase till He hat,h put a.ll
things under His feet.” The ﬁrst. acF of man's chbol_atﬂ—
dience constituted the Fall, and with it would come the
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Entire obedience to the lower instincts of our nature
eénsures destruction to the weaker, and generally to the
stronger also. A most marked case of this kind is seen
where the developed vices of civilization are introduced
among a savage people—as, for example, the North
American Indians. These seem in consequence to be
hftstcuing to extinction.

But a system or a circuit of existence has been
allotted to the civil associations of the animal species
Man, independently of his moral development. It may
be briefly stated thus: Races begin as poor offshoots or
eMigrants from a parent stock. The law of labor de-
velops their powers, and increases their wealth and
Mungbers, These will be diminished by their various
Vices ; but on the whole, in proportion as the intel-
®Ctual and economical elements prevail, wealth will in-
‘Tease ; that is, they accumulate power. When this has
}_J“e” accomplished, and before activity has slackened
its Speed, the nation has reached the culminating point,
and then it enters upon the period of decline. The re-
?traints imposed by economy and active occupation be-
g removed, the beastly traits find in accumulated
Power only increased means of gratification, and indus-
try and prosperity sink together. Power is squandere‘d,
little is accumulated, and the nation goes down to its
extinction amid scenes of internal strife and vice. Its
cycle is soon fulfilled, and other nations, fresh fro;:n
scenes of labor, assault it absorb its fmgmel}ts, anc! it
"dies. This has been the world’s history, and it rema'ms
to be seen whether the virtues of the nations now exist-
ing will be sufficient to save thc:m from a l?kc fatf:. _

Thus the history of the animal mm“—l .111 nations I.S
wonderfully like that of the type or families of the ani-
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mal and vegetable kingdoms during geologic ages:
They rise, they increage and reach a period of mul-
tiplication ang POWer. The force allotted to them be-
coming exhausted, they diminish and sink and die.
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THE ACTION OF

T eee | | Natural Selection on Man.

i THE DEVELOPMENT OF HUMAN RACES

N H“‘““-x\\\ UNDER THE LAW OF NATURAIL S5L-
- i [H““‘HH____ LECTION.
- Loy L e e e,
i r,(a T CUUI(-\ A
o "1 Gty ok PRINT, mong the most advanced students of man, there
R - BTRER Yo b . i ..
: Ew vy, C‘T‘_‘ELT, EXists a wide difference of opinion on some of the most

Vital questions respecting his nature and origin.  An-
tlll‘opologists are now, indeed, pretty well agreed that
man is not a recent introduction into the earth. All
who have studied the question now admit that his anti-
qQuity is very great ; and that, though we have to some
extent ascertained the minimum of time during which
he muss have existed, we have made no approximation
towards determining that far greater period during
/' which he smay have, and probably Zas existed. We can
With tolerable certainty affirm that man must have in-
habited the earth a thousand centuries ago, but we can-
not assert that he positively did not exist, or that there
1S any good evidence against his having existed, for a
period of ten thousand centuries.  We know positively
that he was contemporaneous with many now extinct

Animals, and has survived changes of the earth’s sur-
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tion of nature and her products, have discovered that
all bodues can exist in three distinct states, namely, 23

| ‘or i id ice

solids, liquids, and gases: Tor instances as solic a;
s : ance M

liquid water, and gaseous steam. All Subsmnr ol

ids, ot 5olids, by adding =

rtit

be converted into gases: liqu :
solid ice to conve

removing heat. We add heat to e
into water ; we add heat to Jiquid water to make it
add heat enough 10 iron We

gascous steam ; and if W€ ]
I e W
can turn it into vapor. There 138 1O substance

¢ i ; i ) rted into vapor s
cannot, if we heatit Lufficiently, be cont erted P

: . ; . ub-
and we have reascotl to believe that there 15 1101 15 )
: . o s ; not
stance, which, if we could cool 1t suﬂ-uncntly, woulc

7 i has not yet

both be liquified and solidified, thoug .
been in all cases offected. There are many gases \‘-’_1“5 )
we haye not yet been  oto o 1iquid Of
a solid ; but if we were
of cold, or rather to abstract en
1)0(11‘35, we have every reason o helicve th
be convertible into golids and liquids.

conditions of matter qre what we may term
the temperature ; that is to sy, they depel

able fo condens

able to apply @5
ough heat,
at they woulkd

These thiee
functions of
d entirely

fficient degree




e € here
tter thanp anythin

S "|_r1-

hp<. . [ProfeSSO
3pring in r
a piece
this o

¥ Of pl—o )
dUCln .
8 we kng g a high temperatur®,
Ro W, excepting th i
the he scoe co g the electriC
of ting at of the ele r-lsulnt::d a piece of watch-
ver T, the coppy Ctric lamp as though it were
meta] intDY'bretty expe lSCation of the sparks making
Vapor ¥ me fment.] T can a t‘ 1 ; 6
¥ meay : ctua urn
ot brijriff the electric lamp Ywhich
<tur : by 1
hav; ny & [ leb‘ light but an exceedingly
Ia-Vlnry b Pon the IIl]a_ge N & 5 )
: ten 1 sere of a piece of b
tight gy Placeq 1, en, and 2 small b of carbon
a small bit of silver

volatilj real Stveey ¢
z e -
showip i i _f. 1€ silye poles of the lamp, the

Visible.] .
) (& i A = I mig n
Peratyra int at a r of illustrac ght .go 0
I stat Vapor odieg o ations of this sort
this sp ed at the b- an be converted by tem-
€Ctry Cerlp:
Toa m gp. S0
pos?tlon of q 11]cll}-sis 1 ng th;]_t we hav
Mmeans thopep - SR ar ' Means of detec by means of
Sk but( etecting the com-
. 3
1e Uning the oo we have also the
mposition or chent-

I)e}
yond
any Car
.AHO“" me t}ou-llng " H With g ¢
egree of accuracy

1 ust v Chemps
Tate 1. Mg ;
i : eote this ¢, ts previously possessed
r . 3 :
works UPPose e Moy egy you n another and famil-
porati at Wooq leg 1‘ - to vy I_Ilu-"‘trations are often the
ation _ ac ; 151t ; ;
of thig 'ty, Whice are the Manchester water-
ang 50 credi
5 citable t B
ow 4 © beneficial ¢ ’llblc to the cor-
al to its inhabitants
L L2

that Car

. Wate tlog

a ater c d .

- mlﬁcations Tl cheq of salt into the clear

Y one why £ us, after passing through
f=1

he g
dre o i
fank the wfply pipes, T do not think
ter would be conscious by

1C7
cal IlE'l.tL]re "

1ar way, ang
€st,

and were ;

Water, W.heno tas
all the r
that

enough to detect the presence Y
salt; but the chemist has other methods plﬂced at his dis-
Posal, far more ddlicate than an taste, for d?ted-
ing the presence of salt.
salt, and put it into this large
quite inappreciable O the tong
a more delicate test
8 Fracticn of a grainof
tity of nitrate of gilver, ¢
I placed the salt, and ¥
b‘f‘mi“g magnesiumm wire
visible ; whereas in the ©
pl_‘“:ed no salt, there 8
wise add nitrate of silver:
common illustration of this fact, &
that you appreciate. Now let me
Pose a chemist had so small 2 quantity ©
in this bottle {hat his test with nitrate of s
give him any reactions he rnight say there was
there ; but now gpectrum analysis steps in and shows
us that all our chemical reactions have hitherto been
only rough approximations to the truths and ?!.rc clan b?
Spectrum analysis show the presence © salt in this bm‘—
tle. Thus the minutés can be made Vs

ble ; . . nxture
¢ in this non-Juminots i

put this case "

ilver failed 0
no salt

t trace of salt
flame composed of a
and there 18 probably, a smal
foating in the atmosphere:
e flame ; those

If 1 only rub

of .
common gas and A3

c{:l-‘mt‘t}’ of salt even now |
ou notice certain yellow specks in th
Speck : is sal i
; ¢s show that there 15 sai
Y

1y hands which have touched the galt, or €
arceive the ¥

my coat over the 1amS you P

)y -

: L\ .
- s — i i T
T - = e’ ) .
i \
. i f
S i
‘upon the t bectrum Analysis. - ' !I.
we can bf mperature. Tor; [\*I Vi) Speclrint Analysis. 65 |
b rani Instan |
S Plece of j ce, I can show : ) -
e = when \:.’e h . 101“ - that its taste that a cartload of salt had been rumbled into the
ave t 3 . - .
o o reservoir. In other words, ouT palates arelnot clel'l.can,f
of this gmall quantity ©




66
. Spg{f
lndicﬂ.ti Xum A?,'QZJ 1

°g th . [vir

0 e pr
at I salteq iesence gt o
5 - You must not suppose

we have coat
the megypg b&forehand_ (Alaugh) H
: ere

ﬂlﬂ col
Or which Etectj
. i
Pufrﬂw let ug f01t1hey impgrg t:)] %1 substances by means of
™ a};ose I must Cil)\v this oyt - a;ne.
Compg han ittle further
or, and for that

¢ m}r i
exali?;ni-of view, and ask you
light ofy o efsfancflln angd otha ion as to the nature of
% Forthls gas fly What mkzr Eod‘@S, in order that
i i o oKes the di ;
trie lamy, tls PUrpose y when SUbshf difference in the
wi b dllCes ar '
\ ”.agam g re burned in
Vant tg 1 C€ of i“’ tite light of use of the elec-
of which is du
e to

ertie a ? p Cea

] % You €5
of thjg i litr atte _ionof carbon, or was cha ]
e i to E rcoal.

me in

- We
i tl
Colors ; the Iscg o tis ).e characteristic prop-
€nted witrjl this_white\fr O the to Sir Isaac Newton
thi 1 sunf; 1z} . pecll]iar .
Heqils om, }11 ; ir Tsage Nez:::lnieme:t
: xperi-
thl’ou to it | Mugt ; Cannot command sut {J'crht
or ' 11i
sha]] gee triang can, .- Panufacture a light:’he
Wopnga, o ot isu AT Pieceg or Poos this white light
Ceive Sed the uilt of glass, call -
that , ligh P of differe ,t e e dl
and 3 roy erent ¢
and, gy 't Makes o S0 the priSmsOIorfl' I have
, and you per-

e SCre
en g -
a bIIghtly colored

Spleng; s 1
o s o 5 de
. ¥, compositi
of varyiy, " tl_bc' ) S 1;{;6 White H;I:?F‘mo“ ik e
; ; 1s 1 i i
ue, ang w'o]ent § Tangi, that white ;Pht bt
Ddrew v fom red tolghtlls .
ntig, yellow, orange
1at 4] -
- 1 i
A nﬁ begmning of the lecture
s cture
o E Ance - )‘ust m three states : and
ght Uch are solids al] ive nﬂ-
were to take a I?ilcve Of
“ce o

Yy - |

1x] Spectrin Analysis. 67
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vapor of iron and many other metals, all producing
lines of different degrees of breadth and luminosity:
Sllectrum analysis enables us to test it the
light of the fixed star$ alghough they are at such an

inconceivably much greater distance thad the sun. I
discover the yellow in the starlight, L infer the pres

I. saw this yellow 1
lfne, I should infer tha
lines existed in the sub-

he same Wway

line 10
It does not ma
y €Y

which T analyze is five inches from ™ .
or five millions of MileS or five millions of millions
of millions of millions of miles ! If1can by means qf
ain well-known lines, 1.am justi-
cientific certalntys the presence

1 say T am as certain

{ am of an¥ other

::zll?fisim perceive cert
in inferring, -with 3
of the corresponding gubstances.
of my conclusion in this case 5
question in natural science: I apply certain 1estS s
mineral sent to me {rom New Zealand, and I come to the
conclusion that the mineral 18 iron ; and nobody doubts
it. But somebody might 52¥ that if other tests had been
applied, I should have found that the mineral was not
iron.  Still, having applied all the means in my poweD
:_[ find that the effects correspond with those produceld by
ifon, I am scientifically logical in asserting that the
Substance really 18 ;ron, and so for the existence of iron
l.n the sun, all I'can 52¥ is that if 1apply these tests 2
ﬁ:’ result js invariably <how the presence of thies
es of light, : ndicating the existence of jron .1

hilosophically and scienti

sun, T am as p
exists in the sun ¢

in . >
" my inference that 1ron
ad seen and handled it.
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Let me now try

sunli to explaj
Igat. plain to you what we see in the

Tllis Wi
a vill be
SES I shall not detaip .fhe second part of my lecfurt
to I\I;Iy making this pa) ‘:U much longer, because 1 am
; ; .
we - Huggings - wh of my lecture introductory
not.sﬂe the same by, htat Cllo we see in the sunlight? DO
diﬁ}ced here ? Nog uninterrupted band ih:t we have
erent, .J cammt’ :;;i“crlo not ; we have comething
you sunlight
ght now, but I

will try

I} tO ex 1 .

when we looki:m what it is we. see in tl liel
.see in the sunlight;

\ .
have he 1t thl’o
e a ¥ ugh a .
show the 1 Picture, or g; n accurate instrument. I
the ¢o kind of thin dlagram, which will serve t0
Picturemﬂf;} means ofgﬂ:ve see in the sunlicht. I use
COIOret; biy ch is roughle Mmagic lantern tg show this
% COlol’:ed FIEwill serye ¥ prepared and i fectl
Spectrum band, from You that the sol mpeLies ‘Y
, but “’ith.‘th' ‘re % Bl _Ill spectrum fb
ines, Thels additigp Jtl s in the electric
sedark .. hat it is intersected
ir gmil;es are always present in
‘GerDn did not see them.
er - s
o ;(man optician, named
obody 1 nown as Fyaunhofer's
v i e a dhew what qunhc;fer‘s
: n ;
in dirgeg denoted Tne“' Wwhat 1} of sphinx amongst
L hey e 1;:55 black lines in the
always found whether

ec-e(
F supl;

eny the 1. nlig}
Y enus, 1€ light og 1tt}, whether in the lieht of
1&¢ moon
, or the planets

se |;
N yearg ago nes g
: n
&Y we

at alt} 1, 1 o Wl
althgy o 1 Vhlc i
1.0 not I:fh there 1:“&' ago :1311,8})0[1 know, reflect the
10 in 2 dayl 1- 1819 Fr:
ght ag ; unlt ” n"ll lineg il? strw'nhOfer found
Y their gy 1. 9 Uiihey g o TIEAE, yet they
1 lig and proportion in star-

arg glhs

Shini

'IErefoll-l:ng’ as you are aware,
came. to the conclu-
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ere caused DY gomething

sl ;
on that these dark Jines W
he stars, and was not due

which existed in the sun and t

to anything in our air, else why was starlight different

from sunlight, both having 1 pass through our &ir ?

ing made by Fpaunhofer, exhibiting

I there are thousands in the sun-
s of the sun-

g more than part
ind of light is wanting, and

.:vd: show you a draw
lble black lines, of whic
ight, and they are nothin

light where a particulal k :
therefore there is 2 black space oF line ; and these 1ines
hey appeal neatly to fill up the

thin that they do not
otal amount of light that

are so numerous that t
whole space, and ar¢ yet s0
appreciably detract {rom the t
comes to us.
.Whaf causes thes
dlSCD\rery of the cause O

e shades i
f thes

a German, Professor Kirchhoff. In 1 i
we have been very much indebted t0 the Germans; -
Jabors W€ shou

but for their laborious and intellectual
aluable discoveries:

I s
be wanting in many v
Jead in war ast

have been taking the
In their knov § mnature.

vledge © : i
working quietly itl’l his y at Helde‘lberg,‘-
a,ble to explain this enigma of the
light, He discover® is long-kept secre
and told us what thes®
found on examining the
correspond exactly W
which I have endeavou®
I_‘Ie observed that evely
1{“35 in the iron SP®
l]_lne in the sunlight-
lines all exactly €0l

You the correspondence

t of natlre,
Kirchhoﬁ

L
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: . i There ! these aré
sun with the bright lines of the iron. There!

- : oW
maps of sunlight uncolored, for we only — btc: tslllese
now the position and breadth of space occupied }bel‘ o
dark lines. Below these you will see a num bright
smaller lines which .indicate the position of the rears
iron lines. T was fortunate enough myself Som.e,-Teged
ago to see thig thing with my own eyes. I am prvl

i intimate
to reckon Kirchhoff ang Bunsen among my
friends, and T

,'nﬂ'
ere making
a8 visiting them when they werc 1 this
these Interesting discoveries. When they Showclc CRE
- - . e 181
thing to me it flagheq upon my mind at once—1

oht
thing brigh
]‘.ron in- the sup ! —because for every one ph e ;
Iron lines there W

: ; gen 1
h 452 corresponding dark one S kable
t e splar spectrum, Understanding this remars:
Colncidence, the o

slc 15—
nly Question y sed w to ask
: is i ; ve need no 5
How is 1t that if there ig ion tn the sun we (6 fiok 5e
these lines bright bt darp
Only DOint w

: ? MHow iy that? Thatis thﬁ
endeavor tg ich noy Temains o be answered. 1 \‘:(lm
40 experiment to prove “_j )_
€ bright lines dark, and I will ’LYJ;
DTE:[&IUZ?n lnake artiﬁf_‘,iﬂl S'L'l.n].ight 50 f_:[al;:;n
8etin place fthey » O_f one black line, and that - line.
can on] V'8ht yellow sodium line a black 1it

Show you

Make theg,
you th

that We can
to show

15

me

b0l D the cage of sodium, but the sam
ne

bur a little sofdc?r “l the other metals, I am going

: i . chaton
1_}'[(‘1 PATt of 1o 501’({:1’ “d Twant you to notice thq;ine
o ol in itg " Where you saw the yellow 1
Ment Nave 3 blace 2 black one. By that expert
’ '

tureq Sunlighy 1 Tude apg imperfect way, manufac

the two yellow o,

. ones,  J%U See the black line between
sodium ought ¢ e 1ere {5 4 black line where th.c
15 that black banq “’fn S that absorbs the sodium, it

Hich APpears in the sunlight. The
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Y y '].Il -
It 5&61‘1‘-5 \-r, £=3
B 1 S pl’lC n the SLln.
i LI [t
me tllln” iE el Ty 8 o

sves off 2
ich gives
the sodium VAR w?ilrrht;b and ¥
1 I
11€'¥rhttlﬁlzthould absord }eum:nbr: Jikely
i, Yty is more true, OF i
1’ rean S
accordance with maﬂn{ as ) Lo
Now, we know fro eratur 1id and ligul
tions that the tGTT.‘P ;
high. Things whic )
are in the sun‘gﬂscj?on .
wonder at finding ! of the sun ! g
g re ’ ark,
3 remperati . tric SP - o
for the te tl re of this elec ' diron just n_o
the tempcfrlﬂ ‘-‘e in which I burn
hydrogen flam

a Stﬂte
i
this iron and sodiu

8

: iy xact
and oth :

er Q
.o the POV
of vapor which have tl ! ;

ol see
iv ) < thie sun Y
. s i which they 8tV Tines in :
S B hlfcl owing bright i JJanation stl
. . B 51 Lt X by
15 that instead O £ to render this e\lhelped —
1 ;

dark ones. As s

5 four acceptanc® sC 1
casy o : -~
a tecent discovery 1t g

eclipse- hen t
sun during a ko tthemselves when

a le
hall be
; istmas Is the
appearances P“i’“’ene that after CT;E’ o JEOERIEOD,
i op ihall have ¢
eclipsed,and I b 4t we sha
tha

to announce to YOU ¢ the sun from
forthcoming eCIiP(feﬂZmCs or promin
extraordinary I€

out 'flmm the sun are )
many of us are g?:::
phenomenon. Thes gas, 1
ignition of hydrog®” exs
lnstead of dark one®

the screen. Thest lrle
90,000 miles above “

" sa“t on
O,OOO 4R

and they 2¢
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ue to the .

fo show yE;eSZ;;iOf glo.\ifing hydrogen. 1 am going
in this glass tube h dglowmg hydrogen. I have here
an electric current y TOBER gas, and when I heat it by
10 the glowing h’-}lou will see the beautitul colors due
s S Prom?( rogen, and identical with those of
my right is the COIH(’-I‘ICQS' That beautiful red colof on

OT We see in a total cclipse when the

red promi
InlnenCe
s
shoot out. These red prominence?

thEn consi
sist of glow
And now, g ng hydr()gen'

suppos ;
How much better shinyou ask me— What of all this?
all we be for knowing that there arc

theSE‘.n
ew el@me .
everywh ntsin the g ; :
ywhere, or that irop alith, or that lithium 18 prcsent
andg ;
in

t\i:.isl‘m and stars
Alme”_egin by tellin
rican h. 1
the fabloq pyerss
dOWn to ¢

What 5 h.ydrogen are contained
g you ;ﬂ I to say toyou? Wwhy, I
pher, Be o~ iy of that good old
fometheys of Njamin Franklin, who, fike
was askedhe Carth by thold, {irst brought iightning
nnswered, uji}“f' Question zf Str.mg of his kite: He
e e e s e
whe + €ither yoy » the infant ¢rut nt. Make 1

’ : ruths must be made 1S¢”

ful,
s but tha "
r -
Perhaps can see the /ow OF the

il
18 mq the time by

St C‘b
5C
% Daty C?me at any moment when
Eneﬁies secrets shall at once
froe 13 Stienee cOf mankind, no one who
me%a? togs | mp \TEtOl( tl"ltt?ll for one instant doubt:
- Lh t .
5 should hy 1en tley X he discovery that a dead
led iy ;l”fe touched by two different
L3 & e K
Clrie te e w short years to the dis-
n bc el cglaph? Who could have
the gl'e;tt t ‘-Vomlpound, a few years ago
5t ooy scientific chemists, should
¢ver bestowed by science

Scarcely kngy,
turn ot
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We all now know the value
ight go on through a.ll

unfolding to YO in
es of the direct
hasbeen
{ science

upon suffering humanity ?
and uses of chloroform. Solm
the different branches of science
endless variety and number, instanc
benefit of scientific discovery: Enough, Ul
said to satisfy you of the national importance ¢

and of scientific research.

i in the sensé
But apart from the usefuiness of sc1e['1ce 1;! lrlnzm o
which 1 have here employed—2 whl(:hf . R
application to raising the material welfare o I
there is another and 2

namely, to enlarge the un
Tothe gtudy of matur
unalloyed en]oyment,

ich never gatiates.
1 life, who

hearts of men.
look as a source of pur®
which is never dry, 2 food wh
gives zest and spirit 1O that poor W&

; g work
walks for miles after y's WO a oy
do— to secure a raré fern, or find 2 new €of .
Does he carn a farthivg more? Will his mas

' " n honest
him more wages? Or can he thereby ©tart a

" i oftier
Penny,” as it 1s termed ? Not he. His aims aré 1
and nobler. Ilisprizé and paymentis afa

d and 2 peaceful heart. His

H .

that of an enlarged M™% - 6t e s
i : e a

th‘l‘ughts are raised above the mere strugs . nd

lives quietly and contentedly,

nd study of natt

such studies cah give.
be induced 10

have beel
power

and position. He
finds in the pursuit

happiness which alone
It is with the hope that somé few may

take up scientific pm‘SUitS that these lectures
Aranged. We all know how in Eng
1s gradually being tr:meerred to the masses
Whether that transference prov

es a blessing 0
depends on the PeC

of the people.
r a cursé

ple themselves. A people whose

)y W
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Spe. ]
masses are pectrum Analysis. |scxt
higt e without k -
C;;ll:r thlngs than tFOWIedge and “’itllout tastes fOI’
Sessioome to no good 1‘C:Tlmere struggle for existence
n“’iu Iet 2 1e ed . i
m 3 us ucation b
peeont1s of. educqtioﬁopis secure for every ﬁiﬁlljgsjec} las't
¢ i 1e rudl-
whiEhe}nzl sk men 1::.,:21 e;e"ate the tastes of the
i i | of the ehasing are t :
3 ection in whyj m are chained agd e 1he: habits to
e and hap ich they must 1’: I 1_30 point out the
tedious tagk Py men— this is e read in order to be
o ven a more di
evei tl-ns course of ore difficult and
e In the 51igl1ts
1 greatest necoset
abors of th cessi

CienCe
e to advance this, perbaps

ty of
B our
e wh land and of our timeé; the

Y
e bee r
n bestowed . e engaged T e

; In vaip, giving them 1will not

SPECTRUM AN

ALECT
ECTURE BY WILLIAM

ITS APPLICA-

ALYSIS, IN
BODIES.

TION TO THE HEAVENLY

HUGGINS, LL.D, D.C.L F.R.5.

of the most
knowledge
have been

mf_mkind.

imf);:tl:st to describe, this evc‘ir}ing, some
of tha;; . of the recent .adchtlons t0 (?ur
in a] a::t array of luminous orbs which
Last wezl,s ; ‘?Ca}tty.land a myste;'y to
gave in th‘;:{y dlstmgmshed friend, 11'0lfes'sor Ro;coe,
New method 1?D-m alllﬂCCF)UIIt of the prmcxple.s ) t.hc
may be said 0'_ 111VCSt1$?J.t10D, spectrum analysis, wl'nch
bor i a , with but little exaggeration to have gven
the Seal'ch':iw sense. Bu‘E great as i the v:d.ue 0
2pplied to seo‘pO\fer Oi this method ({f analysiss 21‘5
been reveal Clilﬁlstual su strm'ces, by w]n:ch there have
'.dle metaisc _ ]‘JO i four eetwely new kinds of .maftter,
B 4 s ru 1d'1um., ceesiuim, thallium, and .mdlum,
this method ?;Pphcatmn to the heavenly Tbodies that
able result ? r e arch has prOduE:ed th.e m'ost .remark-
H?Lrly e s )tS.l .['hls new mode of investigation l.s pecu-
only requlis_letc kg Fhe needs qf the astronomer, SinCe the
distance th..l? 11—5 light ; and it matfers not ho:.\r great the
Upon 1tg w;.; ’ .lg:‘nt has come, nor how lof1g.1t has been
Certain kno}“i e SpeCthCOPE.plaCGS within his 1€28¢
ledge on many points on W

We could hich before all
d hope for was & mere probability of conjecture
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; itution, &
The chemical nature, the physical corrllsdtltthc densitys
within certain limits, the temperature, a} J— dista{lt
and the motion of the line of sight of tl-nvestig‘clted in
parts of the visible universe can now be 1 of the heav”
the observatory ; angq in respect of some

{aine
talaln
; i as been Ob
enly bodies, considerable information has
on-these points, .

Before describing
analysis ig applied
recall to your recol]
the principleg of thi
this room last wee
enables us tq see,
the different kind
in the radiationg ¢
the intervention 0

upon the g
sion.

1
)ectrull
the results obtained when s

1
: would_
y lies, 1 .
to the heavenly bolf 1‘; possibles
S $ as :
ection, in as few “‘,Orc Ctplaiued n
$ method of analysis, as ¢ {roscope;
k. The prism, or the sp‘?? riminate
in Succession, and so to (.htfctorrethef
S of light which may exl?ll wti'thollt
fa lumingyg Body, and \.Vhlclthl"leo:“lsly
f the Prism would fall simult impres
Y&, and g, be Iost in a common ther in
These differen kinds of light, existing toge thus
the radiatiop oL 2 lumingyg body, when they are Py
S€DParateq by the prism 50 that the ey can discriml |
them, {4, ! ) he differen
" l, M the SPectrum of that light. ~ All the Jumi-
8. 9F SPectra whicp are observed from o three
S May he very Conveniently arranged in nt-
; NOW exyilye ectrum represe
g each qns exhibit to i hibit-
s ON€ of thege three classes ; but hefore ex il
upgonultjlon e Teen the first spectrum, T wish o7 1111&
lig] '¢ Sereen the luminous source from which
120t hag Come, rpp .. % his case the
lum 1at is of Importance. In thi d
Noyg g Urce ip 1 - bon rendere
incande‘;cent b © B0 pieces of carbo f the
e]ectricit g A Meang of electriCitY- Part -D ce
e Ji'b 15 CGnverted into heat by the reswtanl
_ - on: 18 carboy is not burning ; it is merely
rendereq white hat, - © now see upon the screen

ysis 83
wlria Analysis. )
xxv] Spectri

icces of carbon rendered “"hife
the images of two small pie At the present time the’le
hot by the electric current. G:)]'D‘COUS colors of the rain-
are upon that screen all themb :‘,Nh)’? Hecausehey .aH
bow, hut you cannot see thtc}w-samﬁ spot ; they all entc;‘
fall together exactly upon impression that we FECCLWC ]d
the eye together ; and the I lat the same moment, :11}1.
thag of all the colors toge.th&r o white.” NO.W t];tf:
Such a compound impresslloci’- 1;\113011 that screen wr.ll ,0-]?
Same light which is falln‘"rter having PFISSCCI‘ thtw;:d
IIHOWI} Abon Ehis SIC.I'fsusze this beautimll?bfac\’; the
Lo prisms. 30}1 e l better if we C_Ou; rther, and
You would see it muc s lowered still 7 :wd.]
Yoom darker, [ The gas “‘colors thereby helgl;ten on
Ehe beautiful effect ?f (t:};i)rs on this Sc;'eell)rti;?] has
there are not m;nedifference is that t;?ﬁél‘ent parts
the other ; the on y so that they fall on di succession,
Separated the COlflﬂsl’e eye can view them Ifﬂliqht- o
Of the screen, a?-;w the different ]<1|1d5‘0u_:comp]ete
thus dlst:runll.l:l l-[bt spectrum the C‘OIO%S (-efol'e called
berceive that.m 11-? I]jgluc, and it is 111?% m indicates
from the red to tl_elm ol suslea spcclmnt solid or
a “continu?us 51_3‘3‘321}_i‘,-:3cl from incﬂmd_t‘scéL the source
that the l.Ight ]S.cilsaw was the case w‘heg,lcrcen. We
liquid bo‘dle-‘:‘, 2 }O;hyo\‘“q on the Othe; same points
of the light was the other screen “?f e electricity
will now throw Uponbut before allowing Llll quantity of
of carbon as before, we will place a sma nolw see that
to pass thro_ugb theT’onc of them, and y?u: chloride of
chloride of lithium O? sarated, because tlbl’atilized: and
the points can be bf’-lltqnd {he lithium vok or between
lithium is c‘lccom%noi’e;fc‘ of red luminous ‘:l.Pn is simply
¥ou have a beau%lyfll;e iithium is not burning;
the two points.
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convert, >
ed int
be a Ovg DO
cor;llumlnous. Inlthr—’ and the vapor become so hot as
e 15 -
S from the Jyp,; case nearly the whole of the light
Inous vapor, There will now be

thrO\v

1 upon ¢}

he ot

from the lum: other Scree 1o
- n the spectrum of this light

that nous v

we vapo e

trum, Tshall have anp ’ f}f lithium, and you will s€€ .
here vy entirely different form of spec

that ill b :
you s; ealj
Present AW before, b ttle of the continuous spectrim
are 'Icljl'and though | Cause the carbon points are also
Nearly ‘tllng a certaip s Intensely Iuminous, sltiII they
’ 1€ whole of admount of light. You see€ that
one in » two in t:;e light now consists of thre®
: he .
Whiettreme bluler_l, one in the green and
ch ¢ g, T
APOr that 4 togethey " These colors represent
Vas ntered the eye from the

Case tf
1€ s een
se Pectryp - SPon the :
ca?lz?tedi andum noi n the other screen. In thS
-
the cola Spectrun: D we hsmmhouﬁ"; the colors are
i v L
slit inomd bangs . Night Iine such a spectrum it 1%
3 es, b s
the fye € a €pen , because the width of
suc}?nght linel;parat“s- ds upon the narrowness of the
a5 Wo ith the
f bectr " best arrang 1ts
infthe light _of rigliitlll narrower. Wh 11Demler‘e
or 1 : it * en we hav
n les, we k
of ast 1Noye ’ now that the .
theg Weel, U5 Yamist B Bae that the source
See theyg in Ch terpagip gas. As you were
Cen—aimb Dafticlle Decylj strial substance gives a set
va that 4. 2T lin ar o itself -
POr of .- '€ Soy ©S Upon ¢ ; so that when we
T 1€ screen
, we know for

bl’ight Hnels ]11eta1 lit ‘0 the T h
: S g t . 1 3“_ is the incandescent
ese by, U the n this way, when certain
we thep ivenn ines Spectra of the heavenly
Present .k“O\v hat . Jy.'tcolnclcle with the set of
: It 4 thy any terrestri

thoge disths terrestrial HEStH) sybstaics,
ang Odiesa ;Ubstance is really

- The third
class of

lum
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hich have been modified, or altered
a_nd changed, in some respect, on their way to us. The
light at its origin would be from an incandescent solid,
‘fmd would give contintous light ; but the light on
iUs way te us has passed through 2 certain vapor,
say sodium, and that yapor Stops out a certain portion

?f the light, and the part of the light which it stops out
is of a particular coloh f the same part

is precisely 0
of the spectrum which godium would emit if sufficiently
heated. To show this, there W upon the

il be thrown
screen the continuous gpectrum of the carbon poil_itS;
and Professor Roscoe Will kindly convert small P‘__Cce
of sodium into vapor, and cause the vapor of the sodium
to come upon the screct and the result wil

spectra are specira W

1 be a black
peen if the

}lue where the yellowW point would have -
Uminous vapor of sodium  had heen employed: e
shows that the

darl lines
its way 0 u
hrough 2 certain vaper
) to the pright
the set of
¢ stars

Spectr iw
Dectrum containing these
s, and has

light has been modificd On
suffered absorption by passing_t
55 this dark line corresponds 1n positior
line from sodium, it is €45Y by comparing
dark lines as scen in the spectrumof the sun 0
with the set of bright lines given out by any tcrr?stfﬂll
Substance, to dctc?m'me whether that 5ubstanCF€ is one
of the vapors or gases through which the light .lms
Passed. If the dark lines coincide with the bright
lines, we then know that the Absorbing £a5 js the vapor

der examt

of the terrestrial substanc® which we have un
estigation tO {he sun;

this inv

1 b e i .
lation,  Kirchhoff ﬁppll{:‘d 0
Ain knowledge of the cons

a -1

n(.] he gave us the first cert o the %0
tution of that body: chowing that . consists © e
‘ the carth, and that at 50
15 asiroms

sy X ;
Imilar to that which exists upon

higl : , :ckel, mag-
gh a temperature {hat such meta ;
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This was ?;mc exist there in
Spectroscop he state of i a state of gag or vapor.
tha . 15 T E et 3 =
Y when in ,gg, 3 newly-born science of
X d friend. p, m_lcflnjtmction with my
i 0 extend] thiga g “f*llham Allen Miller, T
sented {ly nd here S0 nalysis to the other heavenly
very briﬂemsel\-‘es_ 'I‘he formidable difficultics pre:
enters t‘]:;m}' n the g ough the stars appear to shine
o 5Ky, 1 ¢ i
Was ther(:(t: €ve from 'a.}’ iEt the amount of light which
ore star ig B
amoypt Necessyy 1s exceedi
; ary ingly small. It
. of light wp; Y by some mea s 1
—— ich enterg ¢ ans to increase the
wholep ?hed by the e eye from the stars
1 € Ol the j use of ’
ght he : a laree telescop€
Incheg : ({é_'llt which falls up;n the objit,
. lameter, is e
Fight Point » 18 gflthered up and
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actly i, € bangy . ave it presented was
o on the diagram. You

th& co 10 i 12 g
Met ; gpe. o+ Vith lee ;econd spectrum coincide
1 anq enimls in the spectrum of
reSIJectaz )the same part, and
parf ;. . COmet eems to be complete
hig I olafiy and the light obtained
l.suthgas_ It seems almost
leg ‘,:IECOF Shibgm Aopso-
- IS present N a gas is viewed
on °- this com'et Now‘ the obvious
; 11is, . consisted of lumi-
On, Owever, is an exceed-

t'.':li 1

1e1re ar
re ms:
many reasons

a

XL} Spectrieht Analysis. 101

to be the €asé un
r form Of allotropie

why we can hardly conceive such less
carbon exists there in SOME othe
state to that in which we know it upon the earth.

In the next diagram you have the appearance pre-
sented when the head of th f 1838 was
f"it‘wcd in the telescope- And this is of at interest
in connection with the point upon which I am now
speaking. Thatis the head of the great comet ©
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and the wodus zyﬁercm{ff geems L0 pe that a8 ! ¢
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| i 'l! hope the differe 3 : > e' lor would oceur in the light of thels Zr
i it b cmrs ]n_ulce of pitch will be heard by ih?s no f:hr-mge of color e avEs had been exaltec ° ‘]
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| for the ea " g A fce‘es Seczell wash other ?D Shown upon the scre‘e the proper motion © da smal .li i
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Shows £l
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series of exper-
at as this narrow line is con-
y alteration in pressuré of
at is, equally 01
to say that the-
the line of the

was i : .
as in this rarified gas. I then made 2

Iments by which I found th
verted into this broad 1iné b
the hydrogen, it rose synunetrical!y——th
both sides ; therefore we had a right

want of coincidence really indicated that

star had been shifted o @ gmall degree by the motion

of the star. The next poinh therefore, was t0 determil'le
What velocity in the star would be required to cause this.

It was found that about 4° miles in @ second *’wou!d be
fequired. But at that time the earth was moving in 113

orbit from the star with 2 yelocity of about T miles pet

cecond, leaving, therefore; 29 miles per gecond as indicat-
:on of the star: There would

it :
;g the velocity of the recessio T as
also have to be deducted about four miles per secOn’

due to the motion of the st leaving about 25 miles per
second as the rate of he recession of the staf from us,l
Iy observation that

It :
t] had been found befores bY ordina
\e motion of a star at Tight angles
was fr .

as from 3o to 35 miles PEF second.

0
f a star would therefore be compounde(

Parts. At present this method has not !
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any of the other stars; for it involves €X

 very fine state of the atmosphere, and pow
Ments, I hope that after a time weé sha
apply it to other stars:
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1_ have not time to go into it properlys
tion of this method t0 the visibility of the
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_—that these flames consisted of
y would give 2 '

ed of gas, the
Put the light coming to us

reflected solar light, and we
sts of all colors; therefore, if

::l(l:t ?11:13111.&1 the spectroscope the prism ‘wolul‘d s:pread
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tious close to the sull, called the prominences,

the “ chromosphere,” 0 Jccount for and also the irregy
lar ring of light and nding further outside
ght ¢

those rays exte
than the chromosphere itself does.
Now what I have to do to-night is tO
much as T can of the manver in which S
have attempted to attack these questions, and ‘ED
you as fairly and as honestly as I canl what 1 believe to
be the conclusions they have arrived at. Now you wil
see in a moment that tO do anything at all with tl}e sun,
Separating a spot, a3 from the facul®; 0¥ separalins the
outside p;u-[ of th;g sun f the 5111, or
the region outside the sun from the body of Fhe sun
itself, we rcally must no longer be satisfied with th.e
method adopted by Kirchhoff and Bunsen, or.\\’olhlstou,.
and the rest of thems Of Jealing merely with 2 solat
beam, but we must jiterally, take the sun 1o bits; W€
must deal with here a little and there a little 5 W€ must use
this mﬂgniﬁcent illi—}ll’ument: the SPBCtFDSCOPC, which, 11
the hands of Kirchhoff, a5 Professor Roscoe told }"Ofl.so
truly and so well, has worked wonders, which I)I%S gl:le.‘;
s the largest crop of facts that we have got dmmgr 2
Century ; we must, 1 $2% take this spectroscope e

hings, whit

tell you just as

pcctroscopists
give




m
Oment, 1 say,
aStronomersg Wwas Pliigy,
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nstead of dealjy
the light from th
work at it Jigle
the sun we deal

fs\:::qlh“fl“ the light from a star, or all
by liltlee m,u‘St take the sun to bits, and
with th(; 1 e smaller the portion of
Now }’;u \r‘lifilter will be the result that
imple {{ff wee h(_)w this is to be done.
. len Kirchhoff and Bunsen

. e the g i
bl b Sun, they immersed their speclro-
ot sunlight, i, the g

did, ang ¢
3 at pav
upon the a\'erig‘ee.tlhem the light of

2 bright cloud ;

ame way as Newton
S We get it v th(.a Su.n, 50 to speak,
etwﬁen the 1: n Open davl; when VI&:;‘Wlng the -suu or
sun 1 light g ylight, making no difference
1l ’]ﬂndt e light wpy: ! comes from the outside of the
\visghltoPOrtioF._ ‘Butﬁt(}:ll? Comes from g2 spot, or from 2
troScop:«‘met 1€ 3 pary (‘)3 Method will not suffice if We
form 4y, ; 1I bis cqge etle sun by means of the Spec-
Matters 4, ag the gy, 'lmust first get a telescope tO
Part of th, . 1€ light 1ilc‘lhd then we must so arrange
Y€ Wish g excon.-les from that particular

; AMmine shall alone enter the

mstrument .

Irst g,
The ugleat facts revealed to us by
help yg O;in 118 (0 4o : 8¢ of facts in astronomy, a3
Pened thq¢ € path U notions of things, and to
telescope “? owleg "owledge, Now, it so hap-
Kirchhoﬂf’“s fremep, Ous}g the sun, obtained by the
the t; > 10 whicj Y upset b BEaT f
by rtlme that Kirchh1 fr €ssor l{oscoy ullle ;IIZCO‘E;Y fo
ne ) SCoe a .

ans of g | £ ade that Wonderfsl( z‘iperimpcnt
0 1ng, ame, which showed us that

surr hde owed Us
Oundeq ,, Cjcent, that is, a terribly hot
S00ler atmosphere—up to that
s S, - a very large number of
illiam Herschel had an-

Ihe sun “«'as

bOdy}

the o
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entury—that the sun itself might

nounced in the last € :
e like ourselves

be a cool, habitable globe, in which peopl. ,
might H\':: and movf and have their b'emg; thdat t;l;;:;
might be beautiful fields, high mountalns, cIqu{ifcihoﬁ_,
and the like, exactly as we have.here;: I)u:hin ‘. thé
with his spectroscopé gaid that it }\'ab no heagtf o
kind, that there must be 2 state of mtensr;e nds 4
sun, and that, therefore, the sun could not i et
Sir William Herschel accounted for the Sp{i;’},ou P
regions of the sun which 1 have spokoafnme i
by supposing that the brighter part ©

ras broken
atmosphere of cloud which hereé andftliir: S\;:;Sitself o
open, allowing the cool, dark bot.l)’ ° ino how he €x-
be seen. I need not g0 into deta;ls.sho‘“ : 11 our light
plained that that envelope which gives us ) lcas:.nt
and heat should have been tendetsd ﬂ?thzgi;ifﬁ below
thing than otherwise to the people who ¥ “ 1510:. But
it. k'l"hat is not necessary on the present O'i;:;ration con-
I wish to show you oneé jmportant con:nle 5, neld
nected with Kirchhoff’s theorys ‘-\.hg,_by tn] atmosphere
that sun spots were clouds ﬂoutmg—m %wanted some-
above the photosphere- He, as }f'Ou‘]\nov., Spectrum"'l
thing solid or liquid, giving 2 C011[IHL1UL|5tSide that he
Quote Professor Roscoe’s “'OI.IdS_-m,ld Oltilttle and there
Wanted an atmosphere absorbing here E-11]1\3 Fraunhofer
a little light in the spectrum, 59 thet in the solar
lines—those dark 1in®s which ¥ Seel.\Tow I think I
Spectrum—should b€ ?cwun:led“_}fzgl say that Kirch-
am g o ond the mars w . ame to
hoff E:n%;j;;]f?a:ily all those who follo-.v%‘clolfnm, can
the conclysion that the real atmospherc {he SCreen;

i ou ot
e just shown ¥
i You know

the sun was

the corona which I s
1 1 .
as reyealed to us during an €¢ P

yy -
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cause it €en A domparar: ¥ >
Was essentj Paratively cool atmospl b}
1 a sphere be-

Cooler th al that
an the ‘that the a
Flot ha\re the Fr;-];dErlyII]g Subst"[ngzospherc ShOllld be
lgough]}’ explainn;iiofef lines at all , j:]lel?e }’(1311 o
ut let p ;and I . 1at has been
e neec
l'l‘!etho now SI C
quest'd of t:lking the 1OW you how admirably th
told 100 once gpq % SUn 1o bits enabl ablyi £ B
/ . or i dDIEs us e
that 3&0:, Sir William ;I“ by a single obs e””ff{ Seflchth?
whic} U0 spot was r. erschel came to th(; on ] -5
st eally 3 Lole g c?nc usion
see the dur the sun’s clouds,
ark body of the sun. Now

not go into it.

\ enableq o,
entirc]y ox

that
Wasg
; Kir, plod
c e .
ﬂccoulszf’s diSCoil; by Kirchhoff’s discovery-
Afreq t-fOr a sup ery there were two reasons
¢ Wilh gqqy, Ouspot which you will see do
]ilnself 1er, or with the etp]'ln'ltion
a ; _ . i dllc
0 be}/e, Said lhatA distinguished TFrench-
cay; ere \a sun spot was seen by
W T3 -
Whergag I un, anq goe lost the light from the
Nglish g}, Slowing fHite ] but a feeble radiation
-
Yers, and amon gaISES of the sun;
3e] ayve g them Dr, Stewart;
3 and Ver . 3
out g 1t ang hel - ¥ good reasons why this
to g °T8; as eye heat, a sun spot was black be-
Peaj Ywhere ich the sun m o
re i else, had 1 ust be giving
the Wrone to g, 4 een gobbled up, 59
5 e Side of t!heo that it came with a
entag; account. N :
SCope ag ative e sort _ . Now let me
35 applieq ! ey of thing which we have as
language of the spectro-

il
We ;
€ are looking at ¥ takirag ¢
: h
y € sun to bits, In this case

a
Sun spot, 1 Orang
. sl portg
afrg bortion of the spectrum of

that tyy;

at tt i

ou wily be:-s W.JH require some little
ar with me one moment [

ex lan']tlon b”t 1! 3
= p S 2
)

A
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o make it clear to you. You all

know what that wonderful double line D means; it is
the absorption line of sodium seen in the solar spectrum.
Now hera is the double line D, as seet in a spot spec-
trum ; and I beg you to observe that along the spectrum
we have a shade, showing {hat the spectrum there is

tlenfeeblccl all along its length ; and if the screen were
arge enough for me t0 have a diagram giving you the
spectrum as seen from the red to the extreme yiolet, you

Would find that you would get that general enfeeblement
general enfeeblement of

all along. In addition to the :
s light, you get a wonderful thickeniqg ou‘t of this.
classical double Jine D- There, you S€& it widens out
gradually ; there it widens out suddenly: .
Now what does all this mean? Allow me t0 recapit
ulate what has been told yoU pefore, that solid, liguid,
and densely gaseous Of yaporous bodies give U® a ol
Iet me show you what
Mr. Harrison will now be goo
a spectrumi which I am
he peautiful gpectrum
I may tel
pefore your
om-
As

think I shall be able t

1 mean by @

Hnuoys spectrum.
continuous spectrum.
anough to throw on t
sure most of you will recoguize
Which you have seen before in
YOu. that the great point 1 wish t0
Notice, in the first ipstance, 15 that the s

5] . .
Plete from red to the extreme Jimit of t
i‘Ou see it on the screeth nothing could be mor 1 ’
’ en, W
ul T am sure you will all acknowledge: Here, theth ¥

have what is called the £ Continuous” spec
to say, there is no Jeaving off of the light;
gaps. Now that is the sort of light W€ get
Or a liquid, or a densely gaseous or vapory s

whether it 15 a
whether it is cO

he screen
ast
the rainbow.
bring
pectrum is¢

w
tvlhate“'el‘ it is;
18 Gipa

& interior of the sub;
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and as long ything—ie goy [LxvIil
as w that same sort of
of spectrum ;

kn
OW what the pe have that sort of
ot speciru
trum, we do not

only k arti
5, now tf ICUIaT
Ty L subst:
Baseous or atlt isq ¢ .bst‘mce is that eives i
vapor, olid, or a liq 'd‘ B
& uid, or a densel
OU see at gpee € Bet someth; But if we deal with i
: that the momte:;t']gl perfectly different.
th T
e slit is narrowed,

are il‘l
tha eal wi
enti lamp ith the
Nrely’ i D, that we 41y gases and vapors whicl
ow get a digeomi: ter the conti pors whichl
efine f want you ¢ Continuoys or | tinuous spectrut®
i 0 - - brok '
y T im S en or
1amsuc Portant ki king enouch t 1€,
I P, is call rangementllngs_ The S .0 allow me to
0 g . v .
W tl s as Mr, H“i;glg Iout of h;g,ht
: n has in that

0 tho, - atio
1 5 i hat gz, % of lighe, I
I wa @ giving ! want you to
g out Oflight ::genem]

ut Of
]
t]ank
Y ch 5 You ¢
5 odas o let
SO wel], Srrlson for U see I]O“L l(l;e call that giving
ot a oW disconti,
hat e YL eNabling u {;wm’z;z;zam, and I
see these things
gs

that «
that “selecti it
elective radiation.”

gener, v
a] “1 ln
Vapors s and g, f solj gf.lt may be of .
Ut of wh - Clive § $, liquids, o i two kinds,
4] dl e , or der '
Noyw I] 3 OF g ot are dealino w;f]e gases 0L
i T & ) gases O
B g £, 0 fon—gy) So much for ug
exact] ¢ the I ngt this W he giving
¥ . on . 'ay o "
good ¢ h Mp Pping o Iy with e ot lrEmmder.-
the I, oy ht . Hal'l‘ic: fl]ghl s s giving out of
Smo]\lght SW;S ieab?n has (,Iohe( I will tell you
wh ed £gla l as he Piece Ofglas-' He has been
Erever tp Can by i s, and he will stop
Passin thinj SATE of thab. piace Of
all of you piece 0
can see that

g thro
lIo-h 5
t all 1f e
he Stopping h OUten smoked, we o _
g of the : all alem , get the light
g the spectrum. In

'ght ]
lere |
¢ Is as general as the

factJ

=T o 0
= i i

W
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first case, so that we match
1 absorption. Now if M.
instead of using

stance as red glass,

ivi :
giving out of light was in the
general fali
Ha . radiation by genera
arris r
son would be good enough,

smok

e o g
or a d glass, to give us such a sub
any simi . .
y similar substance which we know has a peculial

j_—

a:tls:c';mf’lrlight,' you will see something very different

have nc;tt here 1s'red glass. You See thﬂ.‘t now we

St o deal with what Wwe had to deal with befc.:re

o ase Of‘ smoked - glass, W€ have not to deal with

have t‘“g Whlcl?. stops out all the light equally, but we
o deal with something which stops out all the

li tof
ght except the red, exactly as in radiation W€ had to
aave out @ line here and there

deal with things SBlhs
:;f did not give us light all over the spectrum- Thi.s
all only shows why red glass is red glass pecause 1t
ows the red kind of light to pass; t shows that
diation palanced by

we have general and selective T2
general and selective absorption: Here again " you see
absorption due, not t© red glass, 85 pefore, but £ a dif
'ferent substance ﬂltogether-—to hlorophyli pd now
Itis the green part of the Spectrum which 15 4 lone 1eft,
and not the red. SO that whep W end light th_roglg
bodies we have 2 Kind of action whi€ s exactly sim! ir
to the kind of actio” which W get o we have lliIg t
coming to us from brilliantly incan 'ent })o {es. Now
ot place 1P this picter® of the
first 0

no incﬁcation,

you will see, in the r
Spectrum t we have
of a spot tha \ ;
PP s is @ faithful cOPY of natur®
Here,

es at ath

o bright lin
i ever of the

all, of bright Jines:

and you see there af

then, is a single © ervation disposing for eve

¥ t was due to the radiation from
know

I do not

French idea that? sp
 arjor solar gas
: But now let

an intensely heated 1

whether 1 have made ™




c]ear, becal Vhat I
thol‘ollgh]y I-S 1
trum of [helnto
of U’le SpOtg
of the br-iqll

f=3
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S e
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us sea h
oW it h
ear
S on DI'. Stequ -
art’s idea, These hori-

iCh }.'
ou s
. a mg see here are
The genery) quem’ Indications are, as you will under-
or denge vapo SOrption is, no ;’ of gencral absorption.
:\rere;ntehse] ‘I'S, which, a; 1 ICOubt, due to dense gases
rum, g ¥radiag 8 I have just told you, if t
at ng, w d you, if they
ation j a dense » Would give S -
s 13 continy £3s, make it . continuous SPec-
een, anq ; Ous. Getg g incandescent, and its radi-
putity Instea] £nse oas as - .
e Stween yq of radiatiy gas as you haveiton the
mﬁbsormion w'?[ e Subst-:' malke it absorb the ligh®
iz i ance which i s
With O?tai ands ¢ Conlfnllouce which is radiating, and
: a o 5.0
is somgsorpliou dtao, they sho So that so far as these
3 be 210w you ;

Do detise “a&is we have to deal
ry gases or vapors. Lhere
Apor wh: apors. 1

A ey wh - .
thing. bat ig (Ia”,e dpogs ich is cutting off from
Y That is is, and that is one reason
that g, 2 I\t-I;f plain English of the
x 3] i1}l V1
lingg OtJ Y and g of the now draw your atte’”
; Y, t sodi :
dark pe Sl E‘nab, 12t that th dium lines. I shall
les g to thickening of the sodium™
ler ¢ S Some dSa}, that the sun spot 19
0 Cnse 2
paralle] g, & Mose Sy thay ““’C vapors there, but it
trum, iJut]Iat in "ADorg e 1€ sun spot is dark be-
: a sodi :
OF my pyy aye take of other 1 W waper: might
e > 4
very Curioupose for ]n the cqge olfnes in the solar sPet
1 : 5 e oy = sodi .
eCtion i, At whigy Dresent Ngodium as sufficient
1 i ow there i
> s another
€ it ig ; ve SLE {}’om. attention to in COM”
11 aqd ; ¢
ourhportant t!;qrtmd I hope have been
fae mj at you sl ;
acylgy s nds, should get this
~that ;. 1Nsteaq ofIf we observe thge spec-
5 observi :
1 ; 3er
lest pi say, if 1 ving the spectrum
St 3 we observe tl
0 that w he spectrum
we can find, instead of

Cause am‘o
i

tof

5 TN

=

abs i i
_ absorption stretchin
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e can find, we shall discover
wo reasons ; frst;
eneral kind, 00
hat hori-
all the
rina

1.119. blackest bit of sun W
that that bit of sun is ‘brighter, for t

th 2 .

ere is no absorption at all of the g
g along the spectrum int
here ; and secondly,

Z0 . y
ntal way which you se€ t
pot are thinne

lines which are thickened in &%
facula, ;

And now I come to 2 Pt
flbly may slartle you, if you ar
it. I have shown you that there arc
round the sun which W€ do not see
eclipsed ; and you will take it for granted, 1 dare say
that the new method of taking the sutl to bits, as 1 have
called it for simplicity’s sake, has pothing whatever t0
Flo with those things which we s€& outside the sub dur-
ing an eclipse. Nothing of the kind. The gpectroscore
has a good deal to say 10 those things: 1007 and YO«
will say how? well, 1 will tell you- What 1s the rea-

SO ot W Won'tyses THES things €
cegion of out atmosph

which prob-
familiar with
ings
7 s

t of my subject

o not already
a good many th

except the SUI

ng an
ere near

eclipse? Because the %5
the sun’s place is lighted up by the sun 5° prightly that
o than we ¢ gee the stars:
that

} any mor
f L W

but we know that th are the wc. kno
there, for pight comes
ind moon

these  things round the sun
and swe see the stars and now and then the k
comes and cuts off the sunlight, and then We can see the
things round the sui- But the gpectrosco
hately does come [0 our assistance if, for one mo
we are willing to agree that those thi

1'lgS
a - ‘
re not liguid, solid, of densely gaseo

us, but aré
which are sO Jittle dense t
es. And for

(his reasom
a solid, tha

W
e canuot see them,
re, and

e gfars
are

of
" gases or vapors
an o . :
) n give us bright 1
e
8et the spectrum ©

t continuous 5
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whi '
ch you haye already seen 1

n the screen, we o

» PTIsSm after prism, ma
¥ou can harq at

ost beautifully represented
an, by adding prism after
ke that spectrum so dim
the case of (6 cgnty' See itat all. We might say that, in
her light, she e émfo‘*s spectrum, nature is prodigal of
N8, weakens i :;3 Sitall over the place, and by spreffd‘
Stead of 5 COH’tii Ut now, mark what happens if, 1

el Spectrum, we have what I have

Ventured ¢,

cal] ) .
of “,higle selective spectrum, the spectrum, for
three Jipeg, tall the light consists of one, tw0s OF

» In ?hat case, by adding on prism®
g ;n’:;t—-it Is still one, two, of t{il‘fe
SPectrym | Place in 5; We use, and it is not SP! i
» Which o, me way that the continuol”
N red g o CWW was complete along th?
see iy gy . c CXtreme limits of the violet
lgh.t Which y; éclipse we have the moon cutting
armed ‘.v.Iri;]. g an ecli; SZ these solar appendages from us
same th,., _a_ drge :11;:“1 We‘have the spectrOSCOPICé
and the mb > kil I atr O{Drlsl,ns= doing exactly th
Up in g oor . Mospheric light in one Cﬂfif"’;
is eclipse v ﬂtirow- the atmosphere to b€ ’1
we shoura . Vhether we ! either case, whether the s'!
that the,, o € @ Powerfal spectroscoP®
You the ; uilt 5 83 round the sun if we assume
Artificiy)) : ru_ment by whf-?aSe.s or vapors. I will show
will seg ; €clipse (e S ich i has been attempted t©
see is gy I: % Momep 101 ' this way, and I think yo!
{0 you, .- STstem op - € thing works, Here yoU
X ; ‘]itl .“:’ms as I have just mentioned
T el ire 10 the gy, end € spectroscope, and th'rt'.ﬂlgIl
S throwy |, of the telescope the image

Othe slit, Tpe light is taken up

€5 np¢
ther, :

; €re jg
this apergy

P 111
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it is brought
by that instrument which yousee there, and it 18 broug

round and turned, and twisted through all thesiss}i;?{
prisms, till it ties a true lover's .knot,. and dco‘;rrlll g
again crossing its own path, zm.d is clrwefnl \?inrf hinkio
€ye of the observer. So that ms.tcaq ° Jinel:ent, we
two prisms, as Mr, Harrison has in 11.15 arra Thﬂ e
have no less than seven prisms t0 d]spet‘ISt?mn o1l you
Pheric light. And as a matier of facF,f t;,-, that no
that the action of the prisms is SO Salilst[:ﬁt ilzstrumcnt
atmospheric light whatever gets thmugll'lr Well, then,
to the eye when the sky is Perfe[:tl.)I ¢ &ro’und the sun?
you will ask, How about the ti0ES T gt
Well, the things round the sun ar¢ easlly

Strtument, Tet me show you llOW.lhe:;'J app
Mmust, however, tell you tl'l‘flt this ©
Prominences without an eCh_PSe
Janssen the day after the eclipse “tl o
India, in the year 1868. .Let o h,clathod, an
of thing that we get by tS new tm

this large dispersion. YO! mus o
the slit of the spectroscoP® =g <
Sun’s image falls on the shi So that heré
the image. (See Fig- 1) " e sun;
SPectrum of the extreme® edgs {he sub-
have whatever we can
have we got? There 15 °
Ways see round the sun > i tell you that itis
the sun to bits ;and I necd nolse i
iney dye to hydrogen ; becat -
You about the solar P X Myine €
ne C (and this is nothing B pectrum)
Spectrum—in the red € Nothing
the absorption of the

imagine
t, and ha

le'ld here we
Now what

ne o

hydrogen-
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could be more beautiful 1,
by this accuracy of every
ers had predicteq with re
It was Impossible ip th
to put the syp and the
Instrumeng in the v
the hydrogen of th

forded
an the absolute Ljfoofﬂfi?rjgl_
thing which Kirchhoff an ol
gard to the reasons for the hem
¢ then state of science for e
hydrogen absolutely i miu it
ay it is done here ; but here ¥

(e 10
: g 154
€ sun absolutely where thel,l behind
hot syp behing it, or, I should say, a hotter sut
1, giving you a dayk line.
It

orel
i ¢ G rdlog
haq time T could show you the other ]‘}}k how-
1 i 1

lineg which are Seen by thig new method. T think,

ever, yoy will :

: hat just{cc
now at Ohce appreciate with w
those who
“re

un
first nameq those strange things round _th(il?cif
p_rornineuces” angq « red ﬂﬂ]ﬂes,” came LO'S ["LOt
gard color ; although that lbceu
s Seeing ¢hq+ prominences havell_lt is
; EVery color of the rainbow ; and { ‘u i
bich 1 Shall be able to explain zon}f\vj”
. i sl wan :
show Youthe in;v?g tlli? 3:11(1;1111%1) tibe. I doﬂzt.
HOW whethe, You cay see it gfqixml}f but if it were PZU
sib] s unde{j ‘ )rOl;Cr conditions, }'j(
Yould seq 10 only that ¢, as ih the tube is itself rbff”,
}Jut t?mt thel Spectrypy, \‘.’hicf we get from the hYdrolgich
ey €I Exactly 4y,

" the hy
that i woulg

Proof of ¢y,

with ra
as it seemg
1

€ same as the spectrum ‘li}no\‘-'
‘0gen in the sun. I do not incing
Possible o have a more conv“witll
futh What Kirchhoff has told us hat
“°83d to the St this point Assuming, them, t] at
e have hyqp, °R generally round. the sun, and th5,
it 13 always Prege, L let me tirl] ou what next hallpe,?u
Into thig hydrogen are ejecteg in the most beautihe
order, wheneyer therg i4 A storm, underlying vapors;

A

\5IS.
1 Spectrun: Analys i i
LxXv 2rally sec 2
snerd
f which vapors W& gcncﬂnt} We take for
bright lines of wh ow thal.

ou foll tis aca
: hope ¥ the spo r‘
0t spots %c evidence, th_at lace filled with
granted, on te1e5c013l t the spot1s & P 1 on the screen
: hen, tha wed you eral
We assume, Ll. ;rs which I S.ho hce, by that gcn{ion
these denser V]ﬂpin (he first mslﬂt Sé]eCti“e abSOI.p o
b indlcatefi then again by lh?[ told you that ItLL;I
:Lbsorptlon, e dium vapor; an(’ {he matter G_fo ap
in the case of 50 11 these cases it you see golngt b
: : 1ply en ¥ isturb-
beasibls g mids pd)ium ; and u oreat state of El'l st
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: Ved '| = C_L‘,h.()r

duration of a sing h
Problem only g "
Proved tha
me the

] sefore we separate, but i
in 1-1‘:3 110Cturc will permit me to attack qng
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lights, \whose lambent fames 427 B 5
Quivering needle.

The earth itself is a gred
1{:‘10‘-\’ 5 butwhat is a magnet?
given us bynatare. This ist
Stone (from the Saxon treden, t0 12
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Ohtuingd itc-‘md it gave jt the

Resian stone.

Of the earth, yor
hand as
Jeading

t magnet. .
1 hold on€ 1 H

he Jodestone (2),07
) SO calle ‘
: somehmcs

I
rm it Paimait
fdection for irony
m the prov-
ient reeks
f the Mag

]_Trt“,l'l‘:I
sa gtrong *

] onet?
¢ yet what #52 m:l\anl .
ﬁ - e
S0 : Lo but ¥eb W g e
g s Al s e .
o .llth o thIE’ ionis b . resolutiol o £
: ¢ it, ¢ A definit : esoltB00 it ‘
Wea inty the simple clement Whl(':l;(:a Cém,evc ‘fﬂ}i
¥ 500 - ide yed W7 o
= oy of the
- \ . : : 11‘ " -
case, the complexity g N

Name 5 . reases 1
{4 /H{Z.g',r(.ﬂz‘} so Inc men 50 1 1 t]ﬂ_t I “rlu

Properties, and the simpl® Jinary 0P8 ”
: y
aT¢ $0 far removed oM & questio iy ) its own
¢ forced pot to answer the seelf 1
ut allow enet 1
g .10\\ the mast™ [
"Miing on the wa
11 thg i
Will stand by and be 1t
Over the horizm‘ltﬁl o rrl;lSSPm )
Cfll lantern (3), I plac® 2.2 gou ObSEVE L 1 now
the 1 = i
| ime ol t 1o fall upP .. 1iamete
o me 1.15__1,111, to fal o BB in dliﬂn .
right circle of 0VE s, and = ’

acs

Place on the plate @ few L




Lhe Larth [
VIII

5.4

imghu cirele, eqel
- ac
uge black masg
circle |

: rcle is the lodes
acks rush

1 appear]
Wﬁilchm 1_17g over two feet long.  That
¢ you see slowly enteri
Ofie—sen | 5% 3 v entering the
to o o towards it, and o S 1t progresses, how the
another unt!] v observe also | :
stone, as it q: 1t now they for 10w they cling
. disappe ylorm a train:
fectiongte appears from view train and follow the
The lod‘egt w.  Surely it is “the af
. =Stone I
011 Zee oOWoyv oy
E:)r Uscc, now that 1 1, Verattracts steel as well as i
et & AvVe subetio as well as iron, as
on hoth o Apml.fhlummd these steel needies
i ] arently, the '
v, the lodest T
EXami e - one acts alize
PPer wire “;I'nme mto this, I have here 1
hic = aye here -
handle of : .Shorf Diece of thI am wrapping around onc
;. Wire soft i . e i
iron {} ])y whi ron. I "
- Vil T now hav ade ¢
Huge rrfolugh thesa irh I can draw the other cm 1dc] a
clean Tlﬂms on the °Il—ﬁ]ings, which . ?nd of the
“ track ¢ scree & 0 you observe as
Same through ¢ M. The ir
ne, byt sithem, 1 ...: on has plouthd A
You see ghoq i?mn draw it through the
1av - i Vi
y and v ave placed against 1"
b on from out} (-)L]l sge Thie flings crowd-
e L act Sicle - L
breadth of 4 ctually takep o the bright track,and
and goq: 1em noff the [af it e
; Again I dray have plate a considera-
bn'another ETirC(,t‘t the enq o lﬂdc?d aside the lodeston®
righ “tion - o 1C 1ron acr Tt ;
in i telean e '3 see, again it s
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T . :
hus we find that #ron 15 000 temporarily, bt steel @5
iy the  lodestone.

26‘-3?") ap e
manently magnetized 0J contact Wi
furth"r examination, that the

s i intion,
1as cendowed the steel with aZ/ of its mag-
therefore we canl now set aside the
these various steel bars and
venicnt forms, which we
ragnetisnl from contact

0 14
N its end. I pull off th

;ZL; DI'OPE‘l-tie_.q} :.md
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into 10 power to 1101;[ to the ground, fo 1 Uplpmtthun
- ]the solution, ] them up No’ Ilr the iron cores
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of the bar is { ],‘th mag : 1 down.
ar is of no N )
1 place this end up and the W c Let us ty- l\c_):
: : 2 i 1t 15
White end then have mn’ﬁ'ltﬂ‘lq - . needlc, D
i - g

: < weakening
Wi ey wealser 11 L o THISWES

_ vide Tl T d -

idently hut eark arth on there

an d y pu 5 ge
mg_gnetlt‘-i'ﬂ-
}-'Ct

ber that

etism.

- . e .

Yot of south mngﬂehsn:; qction of the © ding the D

evide, ag from t1E ¢ ile holdins =
atly comes { ;ppose Wi . 1y the hamme!

. v, SUPE o
Versed bar, Therefor® e it agaid W1
M this position, 1 St

—— 11T




234
The Earth [xxv1

what wil] }
. anpnpen ? *
to take the I;I;Li]-l i ll_lcrely a blow be sufficient
bar and to leaye tlmagnetlsm out of that end of the
more and replace ﬂ_le bar neutral, or, will it do evel
;tht.ﬂ' words, wil] itle south by north 111:1gnctism? In
: will test it, LoOl—reverSC the magnetism of the Dar?
s fixed position ;1 steadily zt the needle and observe
;lel keep your e,}; ile the end of the bar is neal it,
1e } ; T On E ¥ =
whatﬂto ?:'Di the ham the needle, and when you hest
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ace, T ha 2 :
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e struck the bar, and look, hoV
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e swi
Vings, and pow i
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the b
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ces as often as we wish ; butcal Wwe

mer -1 3
and ring of the bar, 0

not ¢
0 50m .
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ated bloy, gpos o1oC ?
ks ov.,. shalse (all _Cf’lll we not, b}'(lpropcrlyl’egu‘
d4fnetisy . OwWing 5 z # o
N entirp] g such a crude exprchIOH
an.
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1at the Io}w lut of the bar? Ithink we¢C
ver or white end is of north PP

position of the bar and the
e bhat,

E:i‘;;(now 11
y. I n-ow everse {he
I gt
stigi\?ta lljlow. I now test th
vhite epa ‘w.v‘llh too much force, for the
Iy slighy ,1? now sonth ; but feebly So:
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the Ubper T south Mmarnet] e .reverse the s ﬂ‘nc
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Its mar:; ehed. agaiI:n and test it; it has evident)y
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With my go, ¢ bar R e disappeared-
I statec-}lr HECrs.  See it e upright position and taP
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ch work ; we here repose on the

decision of an upright judge- We bring our doubts and

differences to the bar of nature, and the verdict is con-
1t is truth, which is the soul of science.

vincing to all

I think we can say that the experiments We have made
with these magnets have well directed us in the progress
of our experimental solution of the problem of Fhe
and this encourages me o examine
more minutely the manner 1 which these curious attrac-
tive and repulsive effects, which we call magnetisitly :11::
distributed over the surface of these mag We
can only thus hope to securt more 1ig i
further progress which seems here almost brough : .;
termination, But {rom eXPCriCnCC - knO\‘:’ thﬂlt' ; }n
generally only by the most cearching look int0 :;0;{:6
phenomena that we €20 obtain that
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ther (aTc . e an op
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filings,

You obs
i serve h x s o y 4
- ow they arrange themselves about

I nosww 2
o s wroll the bar over and over, and you 5¢€
Thomstoas: oi: 1311&11 before that #e attraction is localized:
S 1e bar has no filings adhering to it, but
iron filament ledends of the nmgnct' these radiating
5, and remark their o : ining
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1
1Iron graduauy d
m

2 } 1018
‘-1110\‘.5 [].0\\" LhL' me :’1 GHEG [}lf t
1
1 1'1111]1811(35 ilo”‘l - t ¢ 1
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I now mgg;
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Tays of light Eélb frm?] the ends E'IPP(:‘EIIil:“‘ to radiate k¢
while these, o - 'Dl?luts within which wz call #7¢ }j‘?‘/‘ﬁ’
Magnet, and iy, .dtlhg nearer its centre, bend over the
rlf I can give )’i;ﬁeefﬂl curves embrace it. Let me try
The plate sprinkle S0me insight into their significanc®
magnat gngd ed with iron dust was placed upon the
Temarkable appeared. Why? Sim-
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ause g7
MOLiONS g ghe ,‘p&ﬁ[mﬂw” 1z, without exccption, are cithel
: : resiiy A - : :
ITon partiele s of motion ; and no motions of the

. g s;;{c;uld'take Pblace until the plate was vibrated;
» While tha sam
and south Poles
over the plate -tlw
curves which ig tI;

gin

ﬂolhing

very iron grain magnetic by induc-
;3 directing principle joined their notth

hus, while in the air or when gliding
€y were deflected into those curiot
€ figure of their dance, These lnes
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hich act the combined
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te far moie than
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thus show the directions in ¥

Mmagnetic radiations from the two P

lines of magnetic force. They e hown you will
this ; but for the present what I have shown ¥

formed of
suffice. Now, if theseé curves areé actually

d
est 5¢ 11 1 5,
DS "hOSB gl CtheS lﬁl'lgtlls hE: mn the e [ ne an

: outl
whose contiguous ends are th. e : of the combined
these lines truly mark out the fef’f’lt:n S;mrrnetic necdle
i s 1415 L =] X
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£ ? e of these

Place its length in the direction Of i
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.. hence!
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there must be two

disc at whi

it is said tf’i ?1112 I;igf}le points towards its centre. AlSO

June, 183 1, the cel‘ :lel 1_1&5 tﬁ\yo such points, and when 12

Western coast of Bo(;)ﬂl:'imd Sir James Ross reached the

Pointing almoss direcu]m, and found the magnetic needle
¥ towards the centre of the earths

he iy
ferred 1]
s 1at he K 3
oz sto ; . .
drawn from the eariy od on the termination of a 1€
B T

to h?s feet, Thus
111:11'me1‘ undertagl.
ot a simjly 1
Succeede n re _[he Southern hemisphere, arid 10
18 south latitude 76°12', on e
that . Qﬁ:gee(?;;?_de &111.1111{3"10 of 88 40" \\"I.f.ll’ thtf
€ posit here ] rom this and other obsc{""ﬂ“oub
o e z;g' needle .\\.'OU.I(I be vertical ‘\!.-'215
i An;st.an.t. Frm_n .Lhese and dez
Outherp 1, ‘ﬂl.ctlc seas, 1L 1s supposed ﬂ?f}e
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exact pogit o lby our countryman Wilkes. The
ooy oo this Point, however, is not known, for
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You wi e 0
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Cw: i 4 5
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another ; g .
ther voyage of discovery 11 search
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. but are, however, nearer to that res
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pole at south latitude 70° and

W. 85°; and the other
< will be removed

one of these point

disc was magnctized
Doints of contact of .
two and a quarter inches %
Proximate 1'epl'esentﬂti0n o

lone. 122° east
fro;ljl the5 end ;f a diameter drawn from the ot{lju:r by
only 30° in longitude; which, on a'pal'allcl of 0% on?r
equals about 6oo miles, 50 that if the souihe.rn 'po e
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should be maved by ths quantity to ‘ ;—‘Boothiﬂ
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form-aroung thedige| Here are itspoles, fol_‘ 3'@“_01]35({;:1?
the Tines 4 leading ¢, these points within th-bts ;hC
circle of s magnet, and dircci']}’ over 1hust? pomHﬂrc?
nes tep( direcﬂ}’ to the centre of the d]S‘_?- P,,VEJC‘
however, at positiong On the circumference nud\‘mijucs
tween the Doleg ¥ou obserye that the course of Lhcf the
for a short distance jq barallel to the sul'—ﬁ’*_cc ° f its
Magnet, ang Placeg S0 situate determine pomnts @

Magnetic equator, Tig 6. licate
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bright Space Coverad y;
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1S
f
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(=] AT
3 e i ErVe
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i eth
. ; 20 thatitalw:lysstands \\.-idﬂ:LSIw,;nt
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a SUSpensiqgy, over ona 0;- these lincs you sce it sWills
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CI%SC' The Deedle jq NOW over the magnetic pole 0

: od
- , . freos 1 5 Sto
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Ha(g), g nowprogrESS southward, and obs
the enq ,,

s
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- edle is
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. ar be-
ircle. In like mannC: W
haves the needle “? '}rocrcssed S0 far_&'?mnfemncc of
you. Hcre‘we hi“'tehl)ﬂfaucl to the cm;d ——
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move |
mnav v
the @ vertical
nec e
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around {]
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s _ s j : ‘ .
18 a discrepancy gtliudway between these poles.  Here
Serve in tl Y, but yet a suffici ; .
q 1e brog a b[lﬂlclen 2 .
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