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cessful n?rcnot for a long th l e  he may become a great 
ancoot; this necessitates a period of fasting, and then, 
as the story goes, an ani~nalthey call nuzizr,ook (the 
same ivord is used for wolf, and for an animal irlrich 
is probably mythical, unless it cnll be a Gl/lo)comes 1 
into his llut alld bites tile illllllediately falls 
to pieces; his bones are then conveyed to the sea, 1 
where he lives for sollle time as a walrus ; he finally 
returns among his people, a nlan in appearance, but 
a God in power. 

~f prophecJ, of all nlrcoot does llot colne to pass 
as he had said. it ~ l ~ o ~ l l d ,  of nature, !, 

AIULTIPLE S P E C T R A 1  

111. 


I llave endeavored to sl~o\vin the previous articles that 
there are rnauy facts which justify the conclusion that the 
same elet~lentarysubstance in a state of purity call under 
clifl'erent conditions give us spectra different in Itind. T otllose spectm to 71icll special reference is nolr, made the 

of lilted alld P2{tedhare been given to marlr their 
chief point of difference, \vhich is that in lined spectra we 
deal with lines distributed irregularly over the spectrum ; 
\vhile in fluted spectra .ri7edeal with rythmical systems. 

This was the first point, and I sllolr,ed that the idea wasally ~ ~ l ~ e ~ ~ o ~ e l ~ o ~ ~s,~g~es tec ltllat the lined a~l t lfluted spectra, though pro-
as a halo, corona, auroi-a, etc., is sufficieslt to have 
broken the spell, and the oncoat loses notiring of 
reputation by tile failare, for it is tilen believed 

it llligllt have Ivas 'lot 

pleasing to Toriz,rrizi-suk. 
The people come to these soothsayers after all 

nlailner of information. \Ve knew of one case where 
a wonlall asked all n7Lcucit if her yet ullborll 
child would be a b ~ yor girl. H e  retired outside tile
hut for a few moments, and when he retur~ledhe said 
it would ' ( be  a b o y n ;  lie adds, ('If it is llot a 
boy, it will be a girl" ! F~~this illforlllatioll 
he "la%ed a As a gel1-
era1 thing, the ffncuutf are paid according to their 
reputatioil; still, it is very seldoill they refuse to give 
tllelll they ask for ill return for their 
services. 

The~rseem to have an idea of a future state, but 
what we dellonlillate as the region down below they 
co~lsideras thebest place. 111 Egede's Grelllands 
nye Perlustration, year 1741," is given a legellcl wllicll 
is allnost exactly tile sallle as olle that is foulld alllollg 
tile ~ ~ ~~ ~ ~ atb k ~ i ~ ~ l But~the daJ,. ~ 
Egede says, in the nallish trallslatioll, " Hilllmel," 
heaven, as though this was the eq~1i.i-dentfor the 
Greelllander's word ; tile Eskilllo of CulllberlaIld say" sillll'l~" "1)'" 'lo 'lot 

distiilguish a n r  difference in the soul's conditio~lafter 
death, or rather of the two places where they expect: 
to live hereafter; one differs fro111 the other olll~iill 
this wise, that if death is caused by certaill nlealls 
they go to the alld if they a llatural 
they go to the other. 

The follolving is their idea of the future : " In the 
spirit-land lvill have it as good or better than they 
had it eartll,.. yet desigrrate ti\.o illaces 
where " 

I duced by the saine substance, mere produced by that sub-
stance in a different nlolecular co i id i t io~~.  

I have llointetl out that botll in lined and fluted spectra
) talcen separately there was evidence of still further compli-

cation, that is, that a complete lined spectrutn of a suh-
stance and a coinplete fluted sl~ecti-urnof a substance, TVJS 
the result of the vibration not of one ltind of molecule only, 
but probably of several, 

SOthat in this vie'v we have to imagine a series, in solne 
) 	 cases a long serius, of illolecular simplifications brought 
I 	 about by the action of heat, and ascribe the spectral changes' to tllese siinp~ificatiotls. 
; To understand my contention, and one objection which 

11as been talcen to it, in the clearest way, let u s  suppose 
that there is a substance \vhicl~gives us, under different 
conditions, three spectra, ~vllicllwe will tern1 a,6, and c .  
My~.ie\vis that these spectra are produced by three distinct 
molecular groupings brought about by successive dissocia-
tions. On the other hand, it is objected that they are pro-
duced by aitc nnd tAr sniiie NIOI;~CLL~L' as mightstrucl;, a bkll 

be strttck, z'n d ~ f i l ~ u d 
ic1ay.i by the heat waves or the electric 
c l r sen t  passing alllong the 

In  my nlen~oii-entitled "Discussion of the Working 
II~.potllesis that the so-called Elenlents are Com1)ound 

1 	 Bodies," I relllarlced as follo\vs :-
( " I was careful at the very commencement of this paper to 
, 	 point out the fact that the conclusions I have advanced are~ ~~ ~ lI 	 based upon the analogies furnished by those bodies \vhich, 

by coinrnon consent and beyond cavil aud discussion, are 
compound bodies. Indeed, had I uot been careful to urge 
this point, the remarl; tnight have been nlade that the vari-
ous chat~gesin the spectra to ~vhichI shall draw attention 
are llot the resll]ts of successive dissociatiolls but  are efrects

I d u e  to puttillg the sallle Illass into different iilldS"f vibra-
tion or of producing the vibration in different ways. T h u s  
the many high notes, both true and false, which can be pro-
d ~ t c e dout of a bell with or without its fundalneutal one, 
1nig11t have been put forward as analogous with those spec-
tral lines which are produced at different degrees of tem-

1 	 perature with or ~vit110~1t to each substancethe line, due  
I ~ v h e nvibrating visibly wit11 the lolr.est temperature. T o  '	 this argument, however, if it were brought forward, the 

reply would be that it proves too much. If it den~onstrates 

1 that the A hydrogen line in the sun  is produced by the same 
goes after cleath, viz : Sollle go ; I ,olecular groupings of hydrogen as that which gives u s  

others far down illto the earth." But the lower place 
is considered preferable. This is ~lescrib~clas a 
beautiful land, Tl~itlleverlasting sulls~lille,Trllere 
seal alld reilldeer abo,llld ill quantities, alld 
food is consequentl~iabundant. T o  this latter place 
go only such as are killed by other Eskimo, wonlell 
who die ill child-birth, sucll as drowll ill sir)twater, 

they beillg better place, 
it is a sort of recolllpellse for the suffering they under-
went 011 earth; all the rest go up. 

111 this connectioa, n7ewill rnentioll that tile Cum-
berlancl F,skilllo think the borEnlfi is tile 
spirits of dead Eskilllo dallcillg alld a good 

time generally. I t  has even co~lsiderableinflueilce 
over them, and they are well pleased to  see a bright 
nurora. The Greeillailders, on the other hand, say it 
is the spirits of dead Eskin1ofi:yhtiic~. 

t l ~ ogreen lines only when the weakest possible spark is 
taliell in hydrogen inclosed in a large glass globe, it also 
proves that calcium is identical with its salts. For we can 
get the spectrutn of any of the salts alone without its conl-
moll base, calcium, as we can get the green lines of hydro-

T 7 i t ~ l o ~ ~ tthe red one. 
'11submit, therefore, that the argument founded on the 

over-notes of a soundi~lgbody, such a s  a bell, canllot be  
urged by any one who believes in the existellce of an!. 
conlpound bodies at all, because there is no spectroscopic 
bl-,,l: llet\veell c o m ~ ~ o u n d ~  tile SLIP-a c s ~ ~ 0 7 , 1 e , i g ~ d  alld 
posed ele~nentarybodies. The spectroscopic differences 
between calcium itself at different temperatures is, as I shall 
show, a s  great as  when we pass from known c o n ~ ~ ~ o u n d sof 

: calcium to calci~uinitself. There is a perfect continuity of  
phenomena from one end of the scale of teluperature to the 

i otller,o 
~ o tI only is ~ v h a tmay be termed thc bell hypothesis op-

1 Continued from p, loi 
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posed to the law of continuity, a s  I endeavored to show in 
the last paragraphs quoted, but  it appears n e i e r  to have 
s truck the objectors that it is also opposed to tlie theory of 
exchanges as  it is generally enunciated, on  xvliicli tlie xvliole 
of our  supposed kno~vledge  of extra-terrestrial niatter de-
pends. If vapors, wlien relatively cool, d o  not absorb the 
same \\rave-lengths wl~icli they give ou t  when relatively hot, 
mliat becomes of some of the inos! noted exploits of o u r  
nineteenth-centun). science ? 

T a k e  the case of s o d i u ~ ~ i .Three distinct spectra have 
been mapped for it. Tlicre is first tlie yelloxv line seen in 
a Bunsen flame, then the green line seen alone in a vacuum 
tube when the vapor is illunlinated 11)- an electric glow, anel 
again there is the fluted nbsorptinn spectrum, without any 
lines, seen ~vl ien sodium is gently lientecl in liydrogen in a 
glass tube. If we l~rive here the same molecule agitated in 
different ways, I ask ~vliich is tlie t rue spectrum of s o d i u n ~ ?  
And wliat riglit Iinve me to say that sodium exists in tlie 
sun  because the yellow line is represented ? 1LThy d o  xve 
not rather say tlint socliu~n does ~ z o texist in tlie s u n  because 
tlie fluted spectrum is I Z U ~represented. 

r i d c f j i i l I 
/ . 

1A / 

- ---- -- - -.--

YIG. ].-A. Highest temperature. C .  Lowest temperature. 

I t  is not necessary to enlarge upon tliis point because 
tlie difficulty in~ \~ l i i c l i  tlie theory of exchanges is thus landed 
is o i~v ious ,  ml~i lc ,  if me ac1;nowledge different molecular 
groupings in  the vapors of the sanle chemical substance,  
and apply tlie tlieory of exchanges to ~ 9 n r i  . y o z l j i ~ z f ,tlien the 1 
tenchings of tlint tlieory become niore numerous and  i ~ n -  
portant t l ia~i  before. 

I t  is of course of the highest importance to see \rlietlier / 
tlierc is any ~ ~ ~ ~ ~ l - i i i ~ e i z t z z c i u  niode of 1c~-zuis-any inqui~-y-by 
\vliicli tlie theory can l ~ e  settled one  way o r  the other. 

I of cxperilllellts on fol. 
collsideratiolls to  he  accepted as tllro\l,iIlg 

light on  the question. 
I .  A t  different t en~pera tu res  the brilliancy of the spectral I 

lines of the s:xme substances as  ordinarily observed clianges I 
enormously. See if tliese changes can be produced n t  the / 
S ~ Z N L C~ ~ ~ ~ Z ~ ~ by enlploying tliose ~ Y Z ~ Z L I ~ ~ ~ experiluental condi-C I 
tions mliicli will be ~ i los t  liltely to bring about  different 
molecular conditions if such exist.  

2. A t  a low temperature some substances give us  few 
lines \vliile at a liiyli one tliej- give us  many. Vapors, 
therefore, already glon-ing \i,itli full lines at a low tempera- 
ture, say in a tl:i~nc, should give us all their lines wlien the 
vapor is suildenly subjected to n liigh one,  saj- by the 
11assage of a liig-11 tension spark.  011  the I ~ e l l  liypotliesis 
tlie spectl-11m sliould cliallge \\,it11 tlie nlode of striking. On 
the dissociation hypothesis this should only happen foi- tlie 
lines of those niolecular groupings ~vliicli are  /C7*o/i~oth~7' 
coizsid~i*~rtioizsheld to be  Illore simple. If tlie flame lias 
b r o ~ i g h tthe s u b ~ t a n c e  to its lowest state, tlie passage of tlie 
niost po~re r fu l  spark sliould not cause the flame spectl-um 
to vary. 

xow are tile otller above referred ,
1 1  

to ? This  necessitates a slight digression. 

tary, tile explanation generally given and  accepted was tliat 
the short lines mere PI-oduced by a more complexvibration 
imparted to the " a t o m "  in the region of grcatest electrical 
excitement, and tliat tliese vibrations were obliternted, o r  
lxevented fl.0111 arising, 11j- cooling or  adinixture w.it11 dis-
similar " atoms." 

Subsecl~ient xvorl;, ho\vever, lias shown' that of these 
short lines soiiae are conlmon to two or  more spectra. These  
lines I have called basic. A m o n g  tlie short  lines, tlien, w e  
have some w.hic11 are basic, ancl sollie ~rl i ic l i  are  not. 

T h e  different behavior of these basic lines seemed,  tliere- 
fore, to suggest t h a t  ?rot a l l  (~Ytt i ie  s/ioi.t liizrs ofspcctl-iz . i~!elr ,  
i f z  reuli tv .  f i - ~ ~ c  t e i i ~ ~ ~ ~ i ~ u t ~ ~ i . e .d~-odzzccls o f  ~ E : ' / L  ,, 2 - - z 

That  some mould be thus producad rind \vould therefore 
11e comnion to tmo or  nlore spectra we could ui~clerstaiid 
bj- appealing to Ne~vton ' s  rule : " Causas relunl natu-
ralium lion pluses admitti debere quam q u z  et v a r z  sint et 
earulu phrenomenis explicandis suficiant ,"  and imagining 
a higher dissociation. It became, liowever, necessary to  
see if the others would also be  accoullted for. 

Xom if not all but  only soiize of tlie short lines are  pro-
ducts  of high temperature, xve are  bound to tliinl; tliat tlie 
o t h e ~ sare r e ~ n n a n t s  of tlie spectrii of those molecular g1-011p- 
ings first to disappear o n  tlie application of lieat. 

A t  anv particular heat-level, then, some of the sliort lines 

I adxniced a year ago," 
both these results are  anticipated, and  are  easily explained. 
Slightly varying Fig. z of that paper, x7e 111ny imagine furn-  
ace A to represent tlie temperature of the jar spark,  H that 
of the Bunsen burner, and C n tempernturc l o ~ r e r  than tliat 
of tlie Hunsen burnel- (Fig. I.) 

~l~~~ in light of 13xI,er the lilies b alld \\,auld be 
trulJ- by of tlie lliy]lest temperature,
would lIe and migll t  lIe lIasic, ,rllile of the lilies lLand  
v z ,  w s  would be short and could not be  basic, becnuse it is a 
relnIlant of spectrlllll of a lomer  telnperature, 

So  much tlien by way of explanation ; it is clear that to 
niake this reasoning valid we m1lst s h o ~ r  tlmt the sparl;, or  
better still the arc, provides us  ~ v i t h  as  umm:itioil of the spec- 
tra of various molecular groupings into 77-hich the solid 
nactul whir i t  wc use  a s p o l e s  is successively broken u p  by the 
actioll of lieat, 

we not limited to solid metals ; may use 
salts. case it is sllo~\,ll ill the before referred 
to" that in very cases tile spectr l~lni s  one mllcll less 

in lines, 
T h e  exp~:rimental work has fol lo~ved two distinct lines. 

I shall refer somew1i:~t in detail to tlie I-esults o l~ ta incd  along 
each. T h e  first relates to the estraordinarj- and l~eaut iful  
phenoniena and  changes observed in tlie spectra of vapors 
of tlie elementary bodies wlien volatilizetl at different tern-
peratures in vacuum tubes. AIany uf t l ~ e  lines thus seen 
alone and of surpassing brilliancy, are tliose seen as  sliort 
and  faint in ordinary methods of ol>servation, and the cir- 
cumstances under  ~vliicli they ai-e seen suggest, if we a g a i ~ i  
apply Xewton's rule, tliat many of tlienl are  produced by 
complex ~nolecules .  

I n  tliis case the appeal lies to the pl ienomen:~ produced 
~ r h e norganic bodies are  distilled at 7-arj-ing teniperatures ; 
the simplest bodies in l i o m o l o g o ~ ~ s  series are tliose volatil- 
ized at the lowest temperatures ; so that on subjecting a 
mixture of two or  more liquids to distillation, a t  tlie begin- 

PALL,T f o r  ~ ~ ~ ~ . ning a large proportion of the niorc volatile body conies~ I gave an ~ l ~ s t o r i c a ~ a c c o u l l t ,  
showing I i o ~ r ,  ~ r l i e n  n liglit soul-ce sucli a s  a spa11; o r  an over, and so on.  
electric arc is nlade to throw its image on tlie slit of a spec- T h e  novelty of tlie nietliod consists in tlie use of tlie 
troscope, the lines liad been seen of diSferent lengths, and I luminous electric current a s  an explorer and  not as  an 
also shon-eel by means of photog-raphs horn very defi~l i te  ' agent for  the supply of tlie vapors untler examination ; 
these phenomena were. It was afterwards demonstrated 
tliat f o r  equal temperatures chemical co~ubinat ion or  
mechanical mixture gradually reduced tlie spectrum by sub-  
tracting tlie shortest lines, and  leaving only tlie long ones. 

O n  the hypotliesis that the elements were t ~ u l y  elemen- 
.-

Phil. Trans. ,  1873,  p. a j q  

that is to say, tlie vapors are first produced b!- an external 
source of heat, and are tlien rendered luminous by tlie 
passage of tlie current. T h e  length and bore of the tube 
tlierefore control the phenomena to a certain extent. 

.-

1 Pr-oc,R.S.,vol. rxviii .  p.  ~ j p .  V ~ i . o c .R.S.,vol, xxviii. p, 162. 
" /'hi/. T~mns.,1873, p. 258. 
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'
A form of apparatus Trllich I llavc found to answer \ c . ~ J -

well is shomn in the accoml~nnying noodcut  [Fig. 2 ) .  
A is the tube or  retort cont:iininp the nietnl txljc~inlcniccl 

o n  in its lolver extremity, :ind l iavi~ip :I pl;rtin~im \I-irc sealed 
into it at a distance of a l ~ o u t  t ~ v o  inches f rom tlie lower 
end ,  the other end being dra\rn out  ant1 connected 11y n 
mercury joint to an ortlin:l~y Gcisslcr tulle, ~vllicll is con-
nected by another 111crcury joint to tllc S p ~ c n g c l  pump ( ' .  

Another  fo rm of tubc n ~ l l i c l ~  I llavc usetl is prcl ja~ct l  1,) 
inserting two platinum poles into 3 of~ ~ i e c e  com1,t~stion 
tubing sealed at  one end,  a n d  :ifter i n s c r t i n ~ the. met:ll ti] 
be  experimented on ,  cl~awillg (out tile ~1:ii.s betmeen tlie 
p la t inu~ns  to a capillary tulle. 

I hnvc nlso tricd inserting tllc platillurn pole :it tllc eud ' of the retort,  S O  that tlle sparlc ~ ~ n s s c s  oiel on^ the s ~ i ~ f a c c  
the itlcxtal, bu t  this LII-rangement dicl not answer at all. 1 

Sonle other niodiiications have Ijcen tried, but  the first 1for111 I have descrillecl is that iiliich I 11:i~r.lolinil to i n s ~ v e ~  

oii. can I I C  f o u ~ ~ d  	 cap i l l a~yIly cznmining t11c spectrum of t h i ~  
tt~lje. 

I now give :in account of the phenon~ena  ollserved when 
we wele \vorl;ing with soriium, in order  to ~ h o m  the kind 
of phenomena and tlie changes ollserved. 

After a vacuum has Ixen  ohtainetl the retort is heated 
grndtial1~-. 'I'l~e pump :111nost inlmediately stops cliclting, 
and in :i short time l ~ e c i ~ ~ n e s  near l~-full of liydrogen. T h e  
iljectrum o f  the caljill:i~y then sho\vs the hydrogen lines 
intensely l~l igl i t .  After some tinic tlie g:ts conies oii' far 
less freely, nncl nn :ippvoacli to :I vacuum is again obtained. 
ilnotlier phenomenon now hegins to shorn itself : o n  pass-
ing the current a J T ~ ~ ~ J Wglow is s r r n ,  ~vliicli g rad i~a l ly  fills 
the \vlioie sp:lce Ijetwecn i l ~ c  l,ole in the retort and the 
niet:il ; its s l )ectrun~ consists of tlic lilies of hydrogen and  
the yellow line of sodium, the red and grcen line Ircing 
both nljsent until the experinient 11:1s gone on fol- some 
time. 

best,  s o  far a s  the trials have yet gone. , A s  the distillntion goes on ,  the J-el lo~v glo\r increases in 
D is the spectroscope. bl-illiancy, 2nd extends to  a greater distance above the pole,  
E is the lens used for focussing the inlnge of the Geisslcr and the red and green lines presently mnke tl~eii-apper~r:%iice 

tube  011the slit. a s  very faint lines. 

FII. 2.-Distillation Apparatus. 

F is the spirit 1a1iip for  lieatilig tlic retort, 
H is the battery. 
K and L are the ~ v i r c s  connected with tlic coil. 
I n  the second cut  (Fig,  3) tlic nictliotl of oIjsel.ving tlic 

spectrum of the vnpours close to the surface of tllc nictal 
is indicntcd : tlie same letters apply, D' lrcing, liolrex-el-, in 
this case n tlircct-vision spectroscope, n.11icli n-ns sonietinies 
employccl for  convenience. 

F o r  determining t l ~ c  exact posi t io~ls  of tlie lines in the 
spectrum of tlic vapor in any part of the retort, a larger 
spectroscope, \vith its illuniinated scale, n-as t~secl i l l  the 
place of tlie direct-vision spectroscope. 

T h e  secondary \ ~ i r c s  of the coil were connectetl,  one  ~vitll  
the pole in the upper  bulb at 13, and tllc other with tlie pl:rti- 
nu111 at A. 

H is an ordinary Gcissler tubc wit11 two l lu l l~s  bcpnratcd 
by a capillarj- tube. Tlic great aclx-antnge of this arrange- 
lncnt is that this capiI1~1-!. portioii c:\li 11e used forascertain- 
ing ~ r l i a t  gases or  vapors ai-e cai-ried over 1ly the p u n ~ p  
without an!. interference ~vitli  t l ~ e  retort, both wires lreiny 
connected mith the Geisslcr tube. If,  for exnmplc, we are 
morlci~ig ~vitli  so t l iu~n  mllicli contains nu impurity of l~yclro- 
carbon, the moment  at which it begins or  cea.;es to come 

, T l ~ cupl~erljouiitlar)- of t11c yc l lo~v  is quite sharp, thcl incs 
ant1 Autetl spectrum of hyt l roge~i  appearing above it. 

After the 1-cllo\v glom-giving vapor (\vhich clocs not at-
tnclc tlie glass) has been risible for solnc time, tlie pump is 

, stoppctl ancl tlic nlctal /Ictrtt,ii ~ t o i ~  O n  passing the st i .o~z&~. 
' 	 currcnt n little n.liile a f t c r~mr t l s ,  a very 1,rilliant leaf-green 

1.apol- is seen underlj-ing the J e l l o ~ r  one,  :\nil connected 
\\sit11 it 11y a sap-green 7-apor. T l ~ espectra thc11 \risible in 
t l ~ ctulle at the snliie time :>re- 

Leaf-gstmi . . .  

SnlI.grecll . . .  

Yel lon  ... ... 
Hluisll.greell 

(;reen n~icl red lines of sodiulii ;\lid C of 
l ~ y t l ~ o g c ~ i; D :lljsent. 

(;leell, lecl, ;\lid yellom sodiulll lints of 
equal b~i l l inncy alicl C of hydrogen. 

D alone and C .  

C F :,lid 1lydrogen structure. 


T o  observe tlic green sodiuni line alone it is nccessarj. to 
point tlie di~ect-vis ion spectroscope just allove tlic surf:rcc 
of the nietnl \vllcre tlie green is strongest. It is also neces- 
sari- to eiinltl against internal ~c,tiections fro111 the glass, a s  
this ninJ- sometinlcs c:ruse tile D line to Ire seen by re-
flection from the surface, 
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T h i s  metliod of incjriirj- lias Iiecn trietl :rlzo ~vi t l i  porn\siulli ,  
cniciruli, a n d  some  otlicr ~ i ~ e t r r l s ,  :r~itl wit11 nietnllic salts.  

Wit11 potass ium a n d  cnlciuni \ r e  s e t  the  saliic iii\.ersioii 
of plienoniena, t he  j.cllo\r--green lilies of p o t n s s i u ~ ~ rI~ci l ig  
seen ~vit11oi:t the  recl ; \ r l ~ i l e  ill t he  c:isc of cnlcit~lli  the 11lue 
l ine  nlonc was  seen.  

T h c  fact  that  in t i ~ c s e  cuper iui~ents  w e  get ,  a s l x i o ~ ei n e n  
t ioned,  vapors  mhicll nt o n e  r r ~ ~ t l  tlif-tlie sanle tilne e\liiIlit 
ferclit colors  anti tlifrcrcnt spectl:i  ;It tliliirclit le\ .els ill tlic 
t ube ,  nt olicc s u g g c ~ t s  t he  l ) l ~ c l i o l ~ ~ c n n  of fr:rctional t1istill:i- 
t ion. 

I t  is a lso  sriggostctl, :rs :I resrilt of the  npplicntion i ~ f  this , 

nclr  met i iod,  tlint in tlic c:ise of  a considera1,le n u m l ~ c r  o f  
clielnical s u l ~ s t a n c c s  not on ly  the  l ine  s l ~ c c t r i ~ n i  is c o n -
p o u n d  in its or ig in ,  a s  I s~iggestecl  l n a i ~ y  years  ago ,  I~rrt  that 
a large  lirimber of tile l i l ies i s  clue to ~ n o l e c ~ i l a r  g r o ~ i p i n g s  

FIG.3.-Position of Sprct:oscope for 

of  c o n s i d c ~ a b l e  coniples i ty ,  ~ r l i i c h  can be k e p t  ou t  of rc-
act ion 1,y careful low tcmperntrlre distil lation. 

S o  ~nr tc l i  then for  o n e  nictliod. No\\, for  tlic otlicr. 
111 th is  I have nttelnpted to gain  nelv evidellce in tlic re-

quilecl d i rect ion by  adop t ing  a nletllod of worlc wi th  n sparir 
311d 3 B u ~ i s e n  tlnnie, n-liich Col .  Donnel ly  sriggested I 
sliuulci u se  mitli n sp:~rIc :tnd a n  electric arc. Tliis c o ~ i s i s t s  
in r -o l a t i l i~ ing  tliosc su l~s t r inces  wliich give :is flame spectra  
in n B u n s e n  flanie a n d  pnss ing a s t rong  spal-lc th lor igh the  
i l a ~ n e ,  filst du r ing  tlie process  of rolntil izrit iol~, and then 
aftel- the  tempel-atul-e of the tlamc has  111-oclucctl all tlie s i n -  
p1ific;ztion it is capable of p roduc ing .  

T l ~ eresul ts  have been vcrj. s t r i l ~ i l ~ g  ; tllc puzzles wllicli a 
comparison of flnmc spec t r a  ant1 the t ' r : i t~nhofc~ l incs  h;rs 
presentcil  11s find, I t h i ~ r k ,  a solut ion ; nl l i lc  tlie genes i s  of 
spcctrnis  n lade 1nuc11 lrlore cle:rr.! 

-- -~ -
1 I allude more espec~ollyt o  the  production oi  triplets, their chanue 

illto quar te t>,  alld in ;ill illto ilutlngs, to the vtillishilla o c  , 

flutings into line>, by increasing the  rate of d i s i o i ~ a t ~ o i l .  , 

T o  tal;c :rn inht:rnce, the  tirime spec t rum of sod ium gives  
(is,  a s  i ts I l r ig l~est ,  a yel low l ine ,  \ r l ~ i c l ~  ofis a lso  niarlced 
impolt:rnce in tile solar  s j ~ e c t r u m .  Tl ic  d a m e  sljcctrrr of  
l i thiuni anti potass iuni  give u s ,  a s  t l ~ c i r  briglitest,  l ines  in 
the  red ~ r h i c h  have liot nn!- r e p r e ~ e l i t a t i \ ~ c sa m o n g  the  
Fraiinllofer lilies, n l t l lor~ph otlier l iucs  seen wit11 higher  
tc lnpcrntures  :ire p rcz tn t .  

\\'licnce .irises this 111ar1;c~tl [ l i f ~ c ~ . c ~ i c e  I~e l i av io r?of 
l'rom tllc sinlil : lri t~. of tlic t1:ilne spcctl-riln to tli:rt of tlie s u n  
in o n e  care ,  nlitl f k m  the  ilissi111i1:irity ill the  o the r ,  Jve may  
in1:iqinc tli:it in tllc fo l . n~e r  cnsc-t11;lt of sotliunl-\re a r c  
ilealing ~vi t l l  :I iiotlj- casily l;riikeu u p ,  ~vlr i le  l i t l l ium a n d  
pot :~ss ium a rc  niore resistant ; in o t l ~ c r  morils,  in the  case  
of  sodiuln ,  nntl tle:rlinq onl j -  ~rit11 lilies rccognizcd gencr-
ally :IS s o t l i ~ ~ n i  lilies, the I1:inic liris d o n e  the  ~vol-1; of d isso-  
ciation a s  conlpletclj-  a s  tile s u n  itself. S o \ v  it is easy to 

test th is  point by the  nletliocl n o w  u n d e r  consitlcrrition, fo r  
if this I;e so  then ( I )  tlic chief lilics and  flutings of s o d i u ~ n  
shoulcl Ijc seen in the  f lame itself, and  ( 2 )  the  spa rk  s h o r ~ l d  
pass  t l i ro~tyl i  tlic vapor  after completc  volatilizntion has  
been effected wi thout  any  r-isilile effect. 

(.)bservntion anti  esper i lnent  linvc largely colihrnletl these  
predictions. i 'sirig two p r i s ~ l ~ s  60" ;rnd n higli-pomcrof 
cj-epiecc to cnlee1)le the  i:ontil~ltoris spec t rum of tile d e ? t ~ ~ , ~ t  
zrir#o;- ji-oi2'zta~ir' nt (7 high tt'ii/i)~,;~ril/fi', t l ~ c  green 1 incs ,  t l ~ e  
ilutings recor(lcd 11)- nndRo,ccoc nncl S c h ~ ~ s t c r ,  ano the r  

conlser  system oi tlutings, s o  far  a s  1 l cno~v  not  yet dc- 

sci-il~etl.rile I )e :~ut i rul lyseen.  I sciy largely, a n d  not  corn- 

pletelj,, 1jec:illse tlic d o u l ~ l c  red l ine  rind tlie l incs  in tile 

l ~ l u ehave not  yet 11ccn seen ill the  ll;ilne, e i ther  wit11 one,  

two,  o r  four  psisins of Oo", tllijugh tile l ines a l e  seen d i ~ y i j ~ y  

~~olirfilizafioic~if pirssed through the  flanle. 
a s p : i l k ~ l ~ c  Snb-

scquellt  incjuily 111:l). p e l h n l ~ s  s l 1 o \ ~  t1i:it this is drle to tile 

s h s r p  l;oulltl:ll!' of tile licntecl region,  a n d  to the  fact  

l ines  in clt~csticjn re1)lesent the v i l~ rn t ions  of 11lolec~~lar  
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groupings more complex than those ~ r l ~ i c l ~  the ~ e l -  tllal the fornls see11 in this deposit may have s i~gges ted  t h e  six-c u s  I 
low ancl green lines. 'I'he r is i l~i l i ty  of tllc green line,<, fol-111s of many of his appliances, a s  in it may be f o u ~ ~ d  
which n r e  .rhoi.t, in the flamc, taken in connection with tile models or almost all tile implements used by savages, 
fact that they ha\-e l ~ c e n  seen alone in a racullin tul~c,, is whether for m;,r, the cliase, or in clornestic life ; ~vi tness ,for 
e n o ~ ~ g l l  present pul-pose. arrow and spear heads,  knot ted for  1 1 1 ~  instance, his stone l~:r tc l~ets ,  

With reg:~rcl to the second point, the pn<qage from the 1 clubs, boomer-anys, Rc. ; a catalogue of such lnatters used 
heat-level of the fi:rme to that of the 5p:irlc after vo1:rtiliza- by civilized people mould emh&ce plates, dishes, cups,  
tion is conipletc, produces n o  \.isil)le effcct, inclicating that saucers, knives, forlts, scissors, balls, tops, spectacles, 
in nil 111-oli:rl~ilit!- tile cli'ects lleretofovc nscrii)etl to g ~ / i r l / f i Q  m:~tches, znchors, dumb-bells, cannon, coin, m u s ~ c a l  notes 
11n\-e been clue to the prcsence of the inoleciilzir g~.oupings and many otller articles ; tlie inve~t ign tor  being constaritly 
of greater complexity. Th t ,  1ii111, t h s l i>  is it, a'issnci'nfis, the startled hy the strange rescmblancc whicli hundreas  of 
N ~ L I I T  f i ~ i i ~ 'i.i i i ,yz f i ' :~! ifo fhi-(~/!gh f h ~ ,  series, njiif lht, 62fli~i. these ancient natur;ll forms bear to tliings i l l  every 
fhz$l.st sto,:rs nnJ  sce?a.-A:rfici.iJ. . O R Y L o  F day use. Certain varieties, however, predominate, a n d  

WW-- I their disttibution vnlics wirli lci,cl and  locality,
t h e  upper  poltion of the stratuni being com-

TI-IE RICH~:\IOND UlATOLIACEOUS EillZTH. 1 i~arnt ivelr  ;loor in forms, while t h c ~  increase in. 
T h e  stratum u ~ i d e r l y i ~ ~ gof fossilifcrous c:rrth tile cities 

of R i c h n ~ o n d  and  Petersburg, in T\7irgi~~ia,  first clis- when 
coverecl by PI-of. TVm. B. Rogers, in 1842, was s l ~ p p o s e dto 
be pecu:iar to tliose localities ; the further inv~s t rga t ions  of 
geologists have shown it to be a matcri:xl constituent in 
various parts of the great Tertiary formation ~\- l i ich bounds 
the continents of North and South A~ner ica ,  and,  perhaps, 
those of the Eastern I-lemispl~erc also. T o  M r .  Charles 
Stodder we are indebted for the i n t e r e s t i ~ ~ ga11d suggestive 
fact, that a stratum of infusorial earth, apparently t ~ c  same 
1s the Riclimorid deposit,  has  been struck at a d r ~ ~ t l l  of five 
hundred feet a t  Fortress ;\Ionroe, in  boring an Artesian 
well. 

T h e  deposit at Richmond has  long been famous with 
microgeologists for the great variety of beautiful forms it 
contalns ; tile illustrious Ehrenberg having ossigncd to it 
one  hundred and twelve species-nearly double [he  num- 
ber to be found at  any orher place on the Atlantic cuast ; 
and the subceqncnt rcsearclies of n;icroscopists have slio;vn 
it to be perhaps tlie ric1:est deposit of tlie k ind  in the 
world, every new prepamtlon of t l ~ e  earth revealili:: some 
for11is not before noticed, many of the most interesting re-
rnaining unnamed or  descl-ihed to the present day. ?'he 
stratum varies in  t1iicl;uess froin tiventy to forty feet, and  
Maior Bolton, engineer of the C h u r c l ~  lI111 tunnel ,  at Rich- 
mobd (whicli rlnis through the deposit for three-fourths of a 
mile), inforitied nie that at certain points of that excavat ioi~ 
it reached a maximum thicltness of eighty feet. I11 addirion 
to an inexhaustible s u p ~ ~ l y  of the Diatomaceous earth, that 
work h r o u g l ~ t  to light thousands of fossil remains of the 
gigantic marine monsters that, long  ages ago,-swam in the 
deep ocean over the spot  where the city no\v stands. 

An  obsel-vation of tlie sections made by the various 
Lvatei courses which cut  tlirougl~ the plateau on ml11c11 
Richmond is built, shows the deposit to be nearly level- 
its 11ppcr s u r f ~ c e  about fifteen or  twenty feet b e l u ~ v  the top 
of the ground,  and perhaps one  hundred feet above tide- 
water. T h e  Petersburg deposit was regarded by Prof. 
Tuomey as  belonging to a different zeologic era fiom lliat 
a t  Richmond, as  evinced b r  the fact of his fit~cling tlie casts 
of Peccens and  other hleiocene fossils below that deposit,  
while at Ricl~moiid they are found above. The  8 -~ex t  differ-
ence in the charactel. of the two deposits would also indi- 
cate this, the Petersburg Diatoins being generally much 
more transparent tlinn tlie Ricllnlond forms, and  differing 
also materially in species. lJpo11 exposure for  some time 
to the meatl~er, this earth asslimes an almost sno\\-v w h ~ t e -  
ness, and  c r ~ ~ n ~ b l e s  a s  first dug  fro111 to a fine pov-der, bur 
the depths of the e a r t l ~  ~t resenibles i ? i tum~nuus  coal in 
color and  solitlity-so t o u g l ~  ancl 11alcI is it ,  t11:lt in remov- 
ing it froin the tunnel it iv'ls blasted \\-it11 p ~ i n p o ~ r d e l -  just 
a s  any other rock. I t s  compositioil, a s  nearly as  can he 
estimated in a gener:ll ir;ij-, is-lo per cent. ~~nbr r> l ien  fol-ms 
of the Di:rtoniacze, a5 per cent. iine white sand,  and tile 
balance fine clay, formed, perhaps, mostly of the clecoin-
posed and broken Diatoms, the n,liolc Inass interspersed 
mith inany sponge sp ic~ i les  and a few Polycis:en:~, and so 
strongly impregnated ~ r i t l ~  the \\-ells and : ~ l u m  that many of 
springs in Richmond :Ire injured by it. 'l'o the inicros-
copist this deposit is n source of unl:iiling interest, 
~ \~ l i i l s tthe most inexperienced in sue11 mntters, upon 
being s l i o ~ v ~ ithe ~ \wnder fu l  forins fouild in  i t ,  are 
struck with surprise and  delight. I-Incl the re-historic 
man possessed it might have heen supposed a m i c r o s c o ~ ~ e  

, 

;x~~rnl,ernlitl 7 . l r ic t~ :I.: ~ v c  rlesce~lilto t l ~ e  Ion-cr Icr~cls. 'The 
gcnlls C o s c i n o t l i s c ~ ~ i  sceul.: to c1i:lrai:terizc. tllii c:rrtli, zinc1 of 
it tllere m-c d o ~ c n s  of ~ . , r ~ i c t i c i  fi om tlie (n~ ic rosco]~ .  ~ , ~ ~ y i n q  

ic:illy) enormons L'. signs to rind cleq:rnt C.
the ~ n i ~ l u e e  

~s tc1 l i~c . s~vhicli 1cscm1,lcs closely a i i i~cly p~~liqhecl op:il, 
I-ecluiriny n lens of i ~ i i l e  al)erlure nntl consitlcr:rl,le power 
10 RIIOIV it5 arcolntio~ls. Ortllosira marina is cver3-n-here 
nl~uncl ,~nt ,\s-11ilst many benutiful fo1111\ of ;irei Y : r ~ i c ~ ~ l a  
fountl in ?\-el-!- gniherinp. Anlongst t l ~ c e  nrc  inn!- <pecinlly 
note trvo lcintls of Pleurosigma, one of \vllich, 1'. 
:ingulnium, i ?  n far-o~itc  test Di,xionl, aiitl the otlier, 
\vl~icli it is is p ~ o p o s c d  to call 1'. \'i~:i~~icn, (as i l  is 
the most common form of P lcuros ign~a  in the \?irginia 
earths), is ren~arl table  for the beauty of its contour, mhich 
exactly copies a millola Icnf, and  the want of uniformity i11 

iis stria?, \vIiich are mucli co:irser in the nliddle tila11 at the 
ends  of t l ~ e  valves, It can be easily re.;olved with a good 
:< in. Objective, without the aid of oblique light. The  
genus  Triceratiuni, is also well rcprescrlted by many beau- 
tiful varieties, the hrrnclsonlest of which is, perliops, T .  
hlaylandica, which can be resolved wit11 a l n ~ o s r  the same 
ensc as P .  Virginica, Isthmia c n e ~ v i s ,  Biddulpliia Tuomeyii,  
Terpsina: musica, Anlacodiscus crux,  Navicula Iyra, 
G o n l ' l ~ o ~ ~ e ~ n a ,IIeliopelta, ,4sterolampra ('oncinna, Aste-
r o m p l i ~ l u s ,  Broolteii, and Synedra, are  n o r e  rarel:- met ...: + I >  
,"LLL'. 


From elle great variety in the n~arl<iiigs on these valves, n 
slide of tlie esrt11, propel-lj- prepared, beco~uesone  of the 
best and niost interesting tests for the perfoi-:nance of ob- 
jectives, from the lones t  to the l~i,ghest powers in general 
use. On  some of tiietii, for instance, the aveolations may 
h e  seen with a simple tri],let, \vh~lst  on others a first-class 
objective of wide ang~i la t  nperture, aided by all tile modern 
rifinements of illuniination, is needed to sho\v them. 

Mr. C.  L. Peticolas, ol G35 Eighth stl-eet, 12iclimond, Va . ,  
has  sent us  for inspec t~on  a fc\v of his recentlr mounted 
slides of the I i ~ c h n ~ o o d  prepared by a new process for t a r ~ h ,  
sepa-zt ing the Diatom? from the extraneous matter. STTe 
have pleasure in stating that these slitles show the leading 
characteristics of this deposit very clearly allti benut ful ly .  T o  
tliosc w l ~ o  are studying tliese forms of fossil tli:~tomaceze, 
tlie s l ides  of Mr.  Peticolas mill be very accepral~le, and 
tliej- slioultl l ~ e  added to the cabinet of all who j)osscss a 
good microscope. 

A UI<FLTL lisr of t h e  Longicorn beetles, o r  ivoocl 
borers ,  co i~s t i tu t iny  the vast  n m n b e s  of i ~ i s e cs iiijurious 
to  out. forest, shntle, ant1 f i -u~ t  trees, ma!. b e  fou~it l  in t h e  
October  n u m l ~ t r  o! T h e  ~ ~ N / c I ' ~ I ~ ? z  hi-ieflyE~t to i i z i~ logL:~ f ,  
ar ranged  in t h e  o r d t r  of their  iiiost receiit classification. 

'THERE ;Ire i;vo \leetles in t h c  United States ,  bo th  
c o ~ n m o n l y  c;lllecl '. F~I-c-J?ib," jrhicll a r e  ~ i o w  k~iowi ito 
l ~ e  l u ~ u i n o u s  in their  1arv:rl as ~ r e l l  a s  in their  perf tct  
s t a te ;  t h e  one P / i o i / ~ r u . iI~t,/isji/v(/n~tli~r,I j e  Geer-,the o ther  

species Pl to t2~rz t s $~~?-n /zs ,  nlaies a n d 
L i ~ l n .  I3otl1 t h e  

f e~ i ia les  of these  species have tvirigs, ant i  therein they 

differ frorn t h e  t i u e  Glow IVoi-111 of E n g l a n d  (Lnli!$y?-zs 

?znclz'lz~nz),the  female of which is wlngless  a n d  erniis a 

m u c h  more  hrillcant light t h a n  does  he r  winged mate.-.- 

C. V. Riley. 
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