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[Plate VI1.1 

THE renewed interest aransed in certain f~~rndarnental 
questions in spectroscopy b~ the publication of the 

researches of Ringsheim, Pasehen, and Sl~~itheljis has led me 
secentJy to andertake a series of observatians on the ~ s i b l e  
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radiatious of certain elementnv subst::nces,particnlarly iodinct 
and sodium, %hen their vapo1il.s are snbjectcd to external 
heating. The important nrtirle pablished in tho Philoso- 
phical Bfagnzine (3Ili~rch E.,S94), bv Profs Bmirl~ells, r n q  be 

1 - 2  said to have fi~nxsileu the mni:: izkeoti-ie it1 this work, as it 
likewise determined the direction followed in the experiments. 

I a'ni further indehted to Prof. Smithells, to whom I sub- 
mitted a statement of my resillts, for -\xluaLle advice 2nd 
criticism, which has enabled me to anticipate certain 
olJjcctions that might h ~ r e  been raised to my conclusions. 

The experiments .rTere nndertaken primarily .rvith s ~ i e w  to 
obtairming a closer personat acqunintixlace with what I may 
call the 6%spectrosespie hehaviour " of heated gnses. I had 
no ides &at t h y  w 6 d d  Ienct to results which could throw 
anp new Bight on the qnestiions discussed in Prof. Smithells 
paper. Xevedheless. a h  continuiing the esperimesats in :e 
eonnenhat des~iitory fashion for some six n~onths, and with 
wry siinple ~rpplia~~ees, certain facts haw presented them- 
selaes in a promiueni; way, which, so far as I can ciiscoter. 
hare not been nEciently. noticed $- previous workers, and 
~"eiich wonld appear to "rend a stsong sapport to the ~ i e w  there 
advocated, nanlely, that the Iu~ninosiry of gases in flames 
Inny be direct'ly- due to high ternperati.re, and that e;?;ts;r;:ni 
heaiing is im itself sufficient to wake :5 31s emit risible rays, 

The fact that iodine vaponr can be ezi%j- made incan- 
deseeht by external heating noticed by Salet (,!$~ech?o-- 
scopie, p. 173) ; and in the erticle abo~e-mentioned Prof: 
Smithells concludes that this luiuinssity ean o d y  be dne to 
he&, and that ehenaienl action plnys no pnrt in the phe- 
ncamefion. I$ seemed, therefore, of interest to detemiue, 
6rst, the character of this iodine emission, and then to dis- 
c o ~ &  ~Piheeher the property of g l o ~ ~ i u g  by'rnere heating wxs 

to iodine, or v;;ns sb:~red in greater or less degree by 
o&er allied elements when vaporized, particularly hy those 
which exhibit strong absorpti~e properties on Rght. After 
hating thns gained some experience nit11 t h e  less ettsilv 
oxidizzble metdlioids, I proposeit finally to approach t& 
question of the radialion of ha ted  mel;~llic vapours, to 
determine whether or not their characteristic spectra can bo 
produced by Bere heating. 

It 611 perhaps be worth while at the oatset- to describe 
briefly 3 few simple exaerinients mndo to deternlbe whether 
the iodine o-low is aEt;lted in nny way by the nature of the 
gas in whieok it is heated. I will describe them 8s nearly $5 
possible in the order in wEeh they were perfomed, 

E~yerime~zt 1.-A little iodine was placed near the dosed 
gad of a piece of hard @ass tube of about 7 nun. bore, t h ~  



other end being ope11 OQ the atmosphere. This was snspenfled 
horizontallw, and a Bunsen flame broi~ght nnder the central 
part ; when about 5 or 6 em, of the tube had become =early 
xd-hot, the flame mas held for a few seeornds under the part 
4:ontaining the iodine, which immediately volatilized, filling 
the whole tube with colonred vaponr. A bright reddish 
glow then appeared in 'che heated portion of the h b e .  

EEzp. 11;--Iodine was heated in n tabe as in 1. but closed to  
the atmosphere, and in which air was replaced by nitrogen. 
240 direrenee was seems in the emission of light. 

Ehy. 111,-The same as XI., excepting that hydrogen wns 
substituted for nitrogen. I n  this case also theglohving appeared, 
the same as before, but it could not be maintained ns eoanbina- 
tion took place between the hydrogen and iodine, and the 
coloaaless hydriodie acid formed emitted no light. 
Ex]). IT.-ln @02 the same result was obtained 3s in 

nitrogen. 
Xzy. -$i.--A thick glass tube colataining iodine was eslbanstcd 

with an air-pnmp until the pressure fell to abont 20 mm. It 
was &ern heated so as to expel the remaining air by volatilizing 
s porkion of tbe iodine, and ahen sealed off. The whole length 
of the exhausted tnbe \\-as uext warmed tap a:ntil the densitPv 
of the iodine rapour was suEcient to give the rasuaI d e 6  
violet colour. 013 strongly heating a shod section of the 
tnbe at this stage, the usnal reddish-.jellorv glow appeared 
exactly as in the other experiments. 

These prelilninarj experiments, thorefore, as gar as they go, 
entirely &.sour the view thzlt the glowing is determined by 
heat alone, and not IbgF chemieztl inmineseenee." For the 
phen~menon appears to be quite independent of the gas in 
which the iodine is heated, md in JifH., where chemical eom- 
binstion actually occurs, the lig& instead of being intensified, 
is extinguished. 

r%pO determine the chrsteter of the light, things mere 
arranged ns'in I., the gIoFvin6 .tube being observed with a 
gpeetroseope, hming a lens in front to throw an image of the 
hot part of the tabs across the slit of the instrument. Before 
b e a ~ n g  the iodine a faint streaky spectrum, due to glowing 
opaque particles in the glass, was all that could be seen; but 
immedialcely the iodine was vaporized 8 bright spoctrnm 
shone out. This appeared perfectly continuous, and similar 
to that given Ly s red-hot iron wire, with which i t  was 
directly compared. No sign of resolution into lines could be 

out sren wihb a highly dispersive tmin of five prisms. 
Hexit a ray of white light. from the Oams of :L paraffin lamp 

was nzlade to pass through the glowing tube and enter the spec- 
troscope, gftea: hying suikred nbsorpt~ou by $he heated vapour, 
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The dark bands. characteristic of cooler iodine vaponr, were 
seen to be uncha-,lged: and there was no sign (>I asy continuoers 
n b s ~ r ~ t i o n .  Thus rrt :he tdiraperature of the esperilnent 
iodine eai ts  ra coniinuous spectrruen, and does ruot emit ody  
xho:e r a p  which it absorbs. 

The iluostiosl whether iodine is the only e h n e n t  having 
this property of ghwlng tvith a ci.tntinnoos spectrum n t  eo~n-  
I,:trati~rf;lv lorn temupe~ntures l a  ac: nest inveetlgo fed, A serieas 
of eq,erinaen;ts a-vith the allied elelnent bromine iannnediatcly 
showeal that this was not so. for $he Trapour of this substance 
was riles found to g!o\\- briglitly nnder sirnihr cr°.rcx7irr;msfnnce~.. 

m she bromine gio:~ seems indeed Ics be qaib as conspicaona 
as that of iodine: the spectr~m dso was foand to be perfectly 
con~:lnoocs. 

B was tbsw thofaght thnt chlorine, being also n coZoure3 gas 
and allied t o  the others, would probably be forz~d to ernit 
light in the snme -way. Accordingly arrangements Ters 
made for 6eneratiilp and iborongldy $rj.i~;g this gas and 
hezting it n t  u glass kale, as in the foregoing expenmenrs, 
The 613t attempts to see the glow were made, as beferc, fiarla 
outside the hobo; but they led to aegat i~e ,  or, a t  the most, 
very do~lbtfu1 resfilk. A T B : ' ~  siight zltemfion in the mede of 
viewing the heated gas soca, however, reveaied a distinct and 
unmistakable, though faint, lumiuosiky. The experiment m~as 
zrrringed in the foP1o~ing way :-Chlorine from a generating 
flask, after being freed from HCli and dried b~ passing siow1-y 
throngh a long t .~he of cnleiurn chloride, -was led into a 
straight piece sf connBnstlon-tube of about 7 mm. bore: 
heated strongly in tbe middle. This tube connected on to a 
larger glass tube eontaiaing n t-otal-reflesion prism placed in 
'Pins with the central axis of the Iaeaccd tr~be : this enabled 
om ko ohserve the heated gins '' end on" witl~out t h o  bterpo- 
sition of the red-hot glass, and n dark hackgro.eand m a s  
obhia~d by covering a p  the further end of the codustion- 
tribe with. cpttque matelistl. 

In this may observ~liions were made, first, ~ i t b  eomnlon air 
bnly passed through the appsmtus, and afterivarits with dried 
cMorino, a b ~ n t  5 cm, of the tnbe being kept meansFfrile tcaG 
the highest temperature atiainnble with an ordinary Bmsen 
burner. With air, the centre of the tube re~lttined perfectly 
dark, and no trace of glwing solid n~atter in tbe form of dn5t 
could be seen, With clitorine, or; the other hand, s f$nt 
greenish glow grarlually filled up tlm greviohtsly dark central 
bore of the trrbe, zppcnring first on tCa lower or ltottest part.. 
The light, dthou$x bl-igltier 0x1 t'fic! lower side, ppcnred per- 
fectly uniform In iesturs so to  peak, anllke the g10~ 
yrodnced by in~kqdescent. solid particles, P;hielr can sea 
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nnder certain circaenstances as n-reaths and streaky clouds 
moving with tho con~ection-carrents in tho rube *. 

Being satisfied by repezted trials that the glow ir-as really 
drlie to ~neandeseent chlorine, an  erldearour was made to  
deternmiz~e the speei-roscopic character of the light. I t  
seemed aPxnost hopeless to observe the spectrurn directly, af- 
though w i t h  spectroscope of very low dispersion and wide 
slit the spectrnm appeared to be continuous; but it could 
only be trneetl betileela the positions of D nnd P of Lhs sotnr 
spectrrrn~, prob3171.y owing i5 the greater sensitiveness of the 
eye to that region, An indirect method was, however, rle- 
vised. The depth of the layer of cool clllolrine traversed by 
the light Emin the hat ,Ins was, in the fist instance, obo;t 
20 em,, that being the asstance betweear the prism and the 
hot park of the tnbe. The absorbing eAfeet of this tthic1:ness 
of ~ Z I S I T ~ S  tested by vcaryj~~g tbe distance, heatinn the 
tnbe suecessiveiy at 15 and 30 cm. from the prism. ?E tho 
spectrum of the fight en~itted consisted of lines or bands eor- 
responding to tho absorption-Iinm of chlorine, there shouicl 
be; a marked increase of ~bsorptioin after tm~ers ing  30 em. as 
compared with 1 5 CM. But no diflerence i ~ n s  perceptible in 
$he inten$ty of the .glow whatever the distance traxersed, 
sbowinag that ihe cool gas exercises very little absorption on 
the light coming from the hot. 

me inference, therefore, is that chlorine, like iodine and 
bromine, emits other rays than those absorbed, and probably 
shims with coratir~nous light ; the selective ahsorption of the 
cool ,a merely giving the glow a greenish tint. 

Thore seems no season to doubt Ghat the lunlillosity of 
~Morine;, as of its allied elements, is directly due to the 
liesting, and that chemical changes are not colleerned in the 
phenomenon, 

The SuZpha~ Grov.-Ximilap results h n e  been obtained 
-with sralphrnr and selenium. The glowing inay be observed 
either "end on '? in a red-hoz porcelaikin tube -filled wikh by- 
dragen or ~aitrogen, or the elearnent may be simply sealed in 
a hard glass tube in air. I f  a small portion of the tube be 
then heated strongly, a fairat glow can be seen while distil- 
lation is going on, and &e heated space is filled wibh vapous, 

PAosPho~z~s.-Experiments with this snbstanee have so far 
Icd eo iicgatire results. After all the phosphorescel~ce due to 
traces of oxygen h:ts disappeared from the tube, the vapour 
appears to give no light, 

* The of helEted chlorine mar be more conreaiently observed 
a prce lnb tulbo connected with n 'I?-tube having a glass plate e o  

merited in one. end of the T. If the l3ull.cn is concentrated on the tube 
b means of s 6re-clay arch placed over it, the glow uniformly illuminates 

B kQm 0% the tab@. tg 



At.selzic.--The vrzponr of this substance glaw.; cfisti:rc:tlg. 
wl~erm Eleated in raitroc.cn. I la  hy?roger, :dso the glow is dis- 

n. 
tinct, bat frri1;ter than l n  uitrogen. 
T, l o  x n ?  alp, t l~su,  it ::;:pe::rs tlint bcsiiies ioiline, the vaporirs 

of F~rou~ine, cliboriue, s~alg)Tlur, selel~i~ai~>, and :~rsenic can all 
l ~ o  m:Je Inore or less Incnntlcscc?n'c by heating to the teinj,e- 
rature nd which glass eornbustion-tube softens, and the light. 
omitted by each of tliese gioi~iug rapours appe:xrs tcr give :L 
l:a-fectly s;ontitiacns s!)eetrum; whil:t the eorrespol~ding 
absorption spectra are .?elective. Thus there is no sue-11 close 
relatiou betsiri.eera e~:~ission and :~bsosption as is implied Ly 
ICirchhoP.5 !LL\V of ratllaiing bodies, There :~~1;113, Il~\vever, 
to  "u c ge~~er.:ll rela'eion betmen tbe total absorhit~g nud 
mcliating poirer for the visible rays : t l i~ce  V;LPQU~S which ;&re 
highly coloured and absorb strongly in the visible spectruin 
nlso radiate conspicuously in that part of the spectrumt ~~11iist. 
colourless non-absorbing V ~ ~ O U Y S : ,  s i~ch  as phosphorus, emit 
no perceptible l i ~ h t  dxen heated. 

That the glowng in t,hese cases i ; ~  no way di&rs from tho 
glowing of heated solids seems, to sfay the least, extremely 
probable, for there is no evidence whatever thsi ehemicn! 
changes accompany t,btlie luminosity; :ad there is besides the 
f i ~ t  t,hctt3 when direct. co!cbinai.ion does occrar between the 
vnpour and tbe gas in which it is heated, as in tlne ense of 
iodine in hydrogen, and possibly nlso arselaic in  hydrogen, 
there is no luminous e&ct a t  all. 

It m a y l o  questioned, hosvever, tvhether molecular disso- 
ciation may no& be comernecl in t,he radiation, o r  alternate 
dissociation and rc:aggrcya"ton of &e atotns of the molecules. 
For, according to the lrlnetie theory, ;~t a given temperature 
and pressure f i e  xrapours may eolltain 3 certain proportion of 
free atoms distributed among the more colnples molecular 
groups, but the individuality of these r~ncorntiimed atoms tvill 
continually change whilst the proportio~~. relo~irms tho same, 
for there mill be i3 constant reaction or interbhnnge goiu,r on 
between the atoms and the molccnlrs. The enlissioil of light 
tlmy be supposed to depend on this ai,t of nnion or disnuiolr 
uf the atoms, thr? radiant energy being indirectly derived from 
the heat supplied to the system to lnaintain the temperature. 

Thus in the ense of the diatomic gases ioiiizle, bromine, 
and chlorine, n proport.ion of tlro ~nobcules IS, Br2, CT, nlsy 
dissociate into 21: 2Br, X I ,  :uld srzlphnr vnpour may si~niiarlv 
dissocisto from S6 to 3S,, and so on. From recent d e t e r d -  
nations of the vnpour densities of the halogens, it appears 
that iodine begirls to dissociate betwceu 609' and 70Ct°C., st 
i pressure of 1 nt~wsphcre". Chlorine, on the st.br hand, 

* Crafts aud Xeier, Bey. cleueut. chem, Qes. xiii, 



remains at n laorn~al density corre~pondin?g.g to C1, between 
nl1oi:t 200°:tnd 1200" C. ;" \iritll resnrd to tlic former ele~m:nt, 
the temperatur~ ;it xv:.l~ieli dissociation eOrno;encrL; (<? l;OOO) 
is not much :rLo~e that nt x~hicln the glonling ia fir3t seeit: :ind 
:IS in nmet of the esperilncnts the iodine or bromine xu!iour 
is lar.geP~ diluted witla :x neni.~-al gas, so tllnt the p:~riial prcs- 
,511re :s te good deal less tl1nl-s unle atmosphere, it ~nigPlt well tic 
supposed that cli~scaci:~tion was going on even at the lowest 
tc.tnpemture a t  srPlich the glow enn be see~s. But in the case of 
chlorine dissocintioi~ begins at some 5440°aboa-e the temperature 
of rnly cxpe~iments (:~asumed at about TOO0) : Inoreover, tlmcre 
is nzo dilution of gas, x1711icP1 is obscrvetl nt the ntmosplleric 
lcessure, so there can be no cjl1estion of dlszocilztiol-s here 4 or 
a t  any mte, as &ere is no indepelxdenk el-iilcnce s f  it, we Blnve 
no more sight to ass.nme it as a causc of rhe Britl~inosity tlmn 
we have in the case of gloiving solids, 

But, apart from the fact that chlorine can be n~ndc  incan- 
descent aitliongh it is not dissocl;ltirlg, it ,npl,e:Lrs to me that 
the general relation n ~ e ~ x t i o ~ e d  abow between radiation and ab- 
sorpt~on of "ile visible rays, and the fact that the intensity of 
the gloi~ing of the rlxore absorptive vaporrrs (tlne others baing 
too di%cuft to observe) appears to elosehj~ follow that of a 
solid raised simnBtaneously through the sa~aze mnge of tea~pe- 
raLnretj  g-ives stroug support to the ~ i e w  that there is no 
essential diNitrenee between gases and solids in the nnatlner 
in which thcv radiate, at any rate under the conciitiolxs of the 
foregoing experiments. If dissociation mere eoncer~led, say, 
in the case of glowing iodirre, on0 would expect the intensity 
of the light to rapidly incre:lse \%-hen the temperature is ~tlade 
to approach the actnnl ternl~crature of diesoeiatio~~, where the 
n~nsinrxram interaction of the atoms occurs. It s!lonld im h u t  
increase in a much greater ratio than in  the case of a glowing 
solid, But 1 have failed to detect any evidence of such rela- 
tive increase on the part of either iodine or any other glowing 

gas. Further, a decrease 01 density (by exhaustion or dilu- 
t:on) wiU facilitate dissocintion, :lnd thus should tel?d to 
couzrtemct the reduction of lurninoeity due to a sm211er 
number of rnoIecnles cor~carned. But no such effect is in  
hc t  to be seen under these conditions. 

9. :,I. Crdts, i t id.  sri. ; nlao Jahn, ibicl. xv. 
f The radiation from iodine may be emily comp~red vith that of n 

solid a t  the sfinla temperature, b plncinp a small piece of carbon inside 
the hated portion of the glass tugc described in orp. I. Also when the 
glass contains o )a ue partieled, tllesc arc seen to gfoxv x-ith. the snrne 
iuirositj as tile toline, wh.terer the teinycratu~e, when the yapour is of 
sufiicieut density to give the m ~ ~ i r u u m  luminosity, 
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B e  iSodin,w Radiation. 
H:I.TH,~ tila- i i ~ r  failed to procluce d?i\coratiut:ous q m t r a  ~ P Y  

osteri~itl lic:iting, I next tricJ \irllat coalt! be tloiile iiitrh 
~l~et:tliic vop~ur,. 2~Lii i i i i  ,c ;is the 1neta1 chosen for the 
initittl esperlancnt., the potvcrfni absorption ~tro~l~icetl  I)? rPre 
vap011r of this ~ I O I U C U ~  on '. D *' light scerni~q, on Kirchliu#'s 
l~ , -~)~t l~e~. i . ,  te give the best chance of success at the Very 
moderate tempeK~tnres 1 conld cornr~land tvlth n s i~g la  large 
EU:ISC~ flame. 

v 7 bile form ot' a1~1)aratus used in the earlier osi~erinrentx \\.a> 

designwil \a.ith a view to excluding, as far as possible, fi-s~m 
the tube in *vi:ic11 the socli~an; was to be heated any gaseous 
srzbslaaccs that nnighb be expected $0 react chemically ~vitlm. 
tho vapour of tile ineta1 : tlie emissioll phenomenn produced 
ander these eo~lditions being then compared with tla::t pro- 
diaced when traces of oxygen or moisture were purposely 
allowed xo remain ill the neutral gas in which the sodium was 
volretilized. Bla the diagrtlm (Tlate V41, fig. I) A and B :are 
tcvo siinilnr gns-holders ; a rubber t&e lends from A to :I 
couple of ~i-ash-boltles Sf,  Sf'> conpaining strong snlpharic 
acid ; froan 8" a long tube of hard glass, P, containing n 
little phosphorus leads into the drjlng-tube C, which is 
a)"dl;ed x-ith calcium osidc ltnd calclurn chloride-the former 
to remove cn~bonic acid, 2nd the latter traces cf water vhich 
nany remreiu in bl~e gas used after passing t_he sulpllnric-acid 
bottles. The drying-tnba connects on to the porcelain heating- 
tube H through a metal T-piece, one e~ ld  of the T hnvii~g a 
glass plate carefully cemented iu so that one may look along 
tbe inside of the !1e;lti~1g-toP3c, So which the T is conuected by 
rstbbcr tube tiglmtenecl with wire, botl~ counexious being selso 
buried i n  senling-wax. Pit tho otlrer end o i-' H, which is ea, vered 
in the centre by n 6recfay arcb, is a secend T of glass, one limb 
connecting witla n glass gland or stuffing-box, G, with piereed 
rubber ends, and filied with mercnrgr. A long strel rod passe3 
tllrongh the gland, the end being Battened to n apoon-shape ; 
this can be pushed along to the centre of H, or drrtwn out  
p-w the entrance of the side tabc of the T. This side tube 
1s closed by a perforated rubber stopper, through which n 
small glass tube pnsses bea~ing a small refleeting prisril 
cemented to the end, which is thus closed up ; bnt in order 
t o  alfotv of the escxpc o? the gnseu, so that n enrrent %iy be 
set np iu the appnratc , a hole is blown in the side of this 
tube near the prism, The oatcr c i ~ d  of the tube is connected 
by rubber tabing to another wish-bottle Sf" containing sul- 
phrzric acid, and Gun1 &his r,g:tiu :E tnbe l e d s  to the gns- 
holder B. Tlias tho entire app:vatn:, forms n closed circuit 
a;nd has no inlet or oot1eE. The g;u-l)oLlcr:, have each a 



Y-tube attached, one tr:ruell of the P le,zding to the app;t- 
r:atias and tlae other co;mr:ecling A x-ith I3 1,. Incalms of a. 
siabber tube ecnrrying 3 clip. mile S at tlrc foot of the ciingrnrr~ 
i.j a small-direct->?ision. spcc"iosespe, nntt 11 is n Ie i~s  focussi~ag 
the central pnrts of the tube 1F on to the s T i b  of' the i ~ ~ s t r n -  
sner-rt ; both are attached to a strip of hnrd wood lnovaLIe 
Siloriz0nh1Iy about an axis placed between t h o  lens and the 
slit. This e~aables one t o  instantly pusla aside the spectro- 
szope into the position shown by dotted lines and observe the 
glowing tube directly. 

To observe the sodium-spectrurtl, cine f i l l s  the gas-holder A 
with some indifferent gas corutaining no oxygen, or only a trace 
of that ele;inent, such as nitrogen or hydrogen, or ordiunlrp 
coni-gas. TThe~l fu l l  it is  disconnected with the ,, 02s ,-, nenerntor 
or  ,a*-main, ns the ense ulxy be, and eonlmesio~l is made with 
the apparatus. Kext, wei~his  are put on h until snEcie11t 
pressure is obtained to dnve a. current of gas through the 
mish-botUes, drying-tcebe, kc. into B. Thets the Bunseu is 
lighted under the porcelain tube, which it presently he3ts up 
to a bright incandescence for ahout two inches of its lengjgla. 
After snecient dry gas has passed through, and all trace of 
allvistare has gone, the current is stopped by closing the 
st~pcwl; on A, and s small pellet of sodium is dropped into 
the steel s ooa through %he side tube of the glass T3 the 
stopiperFP"it g the inner tube 2nd prism being re~noved for this 
parpose and quickly replaced. The current is then restarted, 
to drive a v q  any oxygen tbat may have diffnsed in by tho 
operatatioa, and nt the samc: Lime the tube P is gently heated 
by s spiriGlamp klarne until a small faintly luminous flame is 
seen, indicating corrmbi~trtion of the last traces of oxygen with 
the phosphorus. After this has gone on a sufficient length of 
tirrse, and the apparatus may bo considered to  be free from 
oxygen, water, and carbonic acid, the stopcock on A is again 
closed and the steel spoon carrying the sodium is pushed 
into the hot part of the tube H, turned over, the sodium shaken 
out, and the spoon again withdrawn past the entrance of the side 
tube, KoW the tube carrying the prism is pushed down iuto 
line with 'the tube E, and the white flame of a paraffin-lamp 
is phr~cd close alongside the glass T, so that a ray of white 
light 6s made to traverse the glowing vapour in H. O m  
may now obxrre ;at will the absorption or emission spectrum 
of tLh$ gloiwing eodizrrn by the simple operation of turning tho 
ham flame up or down. TL expriments actunEy performed with this appnrains 
ma be thus brierfly described :- E With the yorce1a:n tohe strongly beaked, a slow currefit 
of cod-gi9, notu ~pci:~IIy freed from oxygen, was allowed to 
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circrrlate in tlie apparatu:;, no sodifsin being andl~iittcd. d 
distillct and fille sodium line n 8s visible in the spectrowope, 
nlnich inlcreased in brightness jv,v$en l i d e  air was nrlised 
with i h ~  g;t$> b~xt wI?i& crrarl~i.~i!r. ftzded to fnvisibilitS avhern 

t)- - - * - i i ~  

the phosl'horus tube \$-as heated so C E ~  t o  elixni~late oxygei~. 
I 7  l l i o  exphnntioe of this resuit ;tppcnrs to be siurpir enough. 

The trace of osygen remaining in the coal-gas cosnbines wath 
tlie hydrogen when it re:ec!lcb the hot part of the eabe, ant1 
the '"amc" so formed (vhicil, however; is not ~ i a ib l e  ss 
sneh, except when n hrge  quantity of 0 is present) becomes 
tinted by the salts of sodium, n-hich in esces$a;sly ~nislnte 
qanutity arc 1i11ovn to be drirerm off froin the porcelain at a 
red heat, jpet in. the same way as the Bnnseu flame outside is 
tinted. This fine double D line, therefore, may not be the 
resnit of heat alone, since ir; is developed as a eonseq.Jelxe of 
chennicsl reactions, 

11. A pellet of clear, sociiuraz was placed in the steel spoon, 
and the gas-coal-gczs-allo11-ed to circnlate, the phosphorrrs 
being heated. The line seen in Ksyosimer~t I. was watched, 
and some time after it had quite &snppearesl the earrent was 
stopped and the sodium p ~ s h e d  into t5e Itst part of the tube. 
Hnvtnntly tLe eerltrtlf bore of the pc~-cehinz was filled xvitl~ 
light? which in tlla spectroscope mas i'ound to be perfectly 
eonti~noag but crossed bg. n very wide blzck l i ~ e  nt D. 
Gradually the continuous spectrum faded, and as it became 
fainter the dark D Iiue was seen to be bordered with s fringe 
qf light on each side ; and as the vapour became less dense, 
owing to the clistilhtioll of the sodium into cooler parts of the 
tube, the D line went through the chsn$ss represeated in 
fig. 3, in the order a, b, c, d, GnaUy pers~sting as n rather 
wide bright line in nrh~eh s Jrerg- fine dark line could 
usuaIIy be made o ~ t  ". Bat ,at any stage sf iEhe esperimsnt, 
the dark central line could easily be extinguished by nllo\t.ing 
s gentle current of gas  ta push back the cooler absorbing 
layer into the hotter regions. Now the questio~l to be decided 
tvas whether 'this broad briglit, hazy 3i3 line nras or was not 
the result of chemical activity. 

111, In this! esperiment the phosphorus tube and the 
nri holder A drying-tnbe were cut out of the circuit, the ,. s- 

being connected directly with the heating-tube, ?I7itfs the 
current of gas stopped, the D line appeared as in the last 
experiment, but observationzs n-ere eomevhat impeded by 
opaque clouds of oxide which hung about the cooler parts 
* The diYpersiou of the spectroscope es~pIoyed in all tke sodium 

sxpe~irnents being insufiicient to sapsrat* the tlvi, cornpone& of dh:, 
D line, it k evident that when this Ene appeared widened the two 
were rwUy fused into one broad-band. 

Phil* Hwe 8. 5, 39. NO* 240, XC~Y 1895. 2 P 



of Lbe tube. TYaen, 'however, a slow current of the n~~ds ied  
gas was allon-ed to impinge azl the socjium yapour, by pactly 
opening tile stopcock A, the absorption-line ~xnished a id  an  
intensely brilliant brxk filae line appe:~red in its place in the 
ce~ltre of the hiroad bat relnrirely fkine emi,sion-linre. Thi:, 
sharplg--de611t.d narrow line rcsemMed the ordinnry D line 
seen in flaltnee. Hb was brigllter than the eontinaous spectruln 
of the g'toni~ng sides of the tube, on -which i t  appeared to be 
superposed. 

IT, Btlnospheric nitrogen was sabsti";u(,ed for coal-gas in 
tlre gas-hoidere, anad wa3 freed from traces of oxygen and dried 
before cuttiring the heating-tube by passing oa7er heated 
y'nosp21oreas and through a, tube of CaCI,. %he phenomena 
observed on .i-olatifizirmg the sodiulnn in this gas mere in e.i-ery 
way the s u ~ s  as inz coal-gas. I t  mas subsequently found that 
the same results colald be obtrtined witfr u~lpuridied nitrogen, or 
eveaa with common air, d ~ e  sodik-arra itself effecting the puridiea- 
tion alnlost immediately on vnpioriziag, producidg at f he 
same tinne a brilliant Bash-in the spectroscope a brillia~mt 
but sharply-debeiizad a d  narrow D line-and elonds of oxide ; 
afters~ards showing the broad h a y  elais9io~-Ens and khe 
ceatral. black absorption-line, a~hena all the oxygen in the tube 
had been coi~sumned and the oxide had spzbsided. 

These results appear to me to show that impurities in &he 
neuiral gnses used are not concerned En the prodnction sf the 
broad hazy emission-line, for wheu traces of these, ynrticnlarly 
oxygen and moisture, are linon-n to be present and are allowed 
to impinge on the ~oclinnm myour, a line is seen which is .Erne 
and sharp, showing &at the region of chemical action is only s 
suIci':~ce-layer of no great density, whilst the failmter but broad 
and diffuse D line, always seen wltela the yapour is undisturbed, 
e.c-identiy originates at a great where the rapour-density 
is considerable and in a region protected from chexnical action 
bj- the outer relatively cool layers giving the absorption-line. 

Wlnile this central region of the vapour may be coxlsidered 
to be well protected by the outer 1q-em from inlpuritics in 
the neutral gas employed, there still remains the possibility 
that the porcelain tube itself reacts with the sodium through- 
out its heated part, thus furnishii~g a eontin:-al supply of 
chemical energy ; nnd some support is given to this view of 
the ease from the kot  that the bright line ca~lilot bo mainitained 
IOS n wide f ins  i~nbbfinitel~ without s continual addition of 
fresh sodium, also tho tube becomes much corroded, bl:xck 
silkon being deposited inside : thus proving a reaction between 
&ha siliienkdts af the porcelain and the sodium. 

In the cxpsimola~ which follow, the effect of such reactions 
between the tube and ilks sodium is elkinaled by the use of 



iron tubes in pIace of porcelain. The first trials were made 
with n sllori; piece of iron tnl~e about 6 em. 'ion& anti 8 nlm. 
bore, bavellecl a t  the ends luld iitrctl betwet3n two hard glass 
tnhes of the came din~ncxer, the joints being grou~ld to fit. 
This made good joints whel; the iron became red-hot and the 
glas. in eont:tct ~ ~ i t h  it was softened rind pressed up tight ; 
but zlthougl~ satisfactory sesnlls were obtairled in two or 
throe exIscnmcnts, conatnnt trouble --as experienced in  the 
cracking of the gPa,:s while coo1;lmg. Finally the g I a ~  
was diseardctl :xnd :x long iron tnhe preparrtl (:I piece of 
orclinnry +--inch hydraulic tube), In order to clirn?inish ns ffir 
ns possible the lobs of heat I?? conrlnetinn, o as to ~naintnin 
,z Gigh temperature for about 8 cm. in  the central part, a 
number sf ileep ileciis were cut in the naetai, :LS sE~otvn in 
fig. 2; and a r o u ~ d  these neelis n thick riug of asbestos-p:lcl;ing 
was worrnci and a fire-clay :~a.cln plncecl crver ,711. Thus the 
Bunsen Same eonld bc concentrated entirely on the eentr;~l 
piece of the tube :iud thc tcmperntutre conld be lslni~~tainccl 
illside the t u h  abovo the fusing-point of finor-spar and 
xluuni~~iunn, but not readling that of silver. The snbher 
eonnexions between t1:e ends of the iron tnbe nn(l the two 
r 1 $-pieces gave trouble at fi rd, but subseqnenrly i t  >%-nu fforrrld 
"chat mlxn Luriecl in n rliick Inyer of piaster of Paris they 
were completely protected from destrnetiou I)-J heat, the large 
surface aiforded by the plaster of Paris foruiiilg :in effeetnitl 
rndiator and preventing the ends from becoming too hot. 

ELyet*imtrzt V.-Vith the iron tube a t  n bright red heat, 
the sodirjm mas tipped out froni the steel spoon as before, 
in an atmosphere of carefullg dried coal-gas. Now, if in the 
previous experiments the D radiation was due to chemical 
action takinu place between the soil:nm and the oxygen 

9 cornpeutrds oi the p~orcelain, one ought in this experiment to 
fiizd, if not nzl entiye suppression of the bright line, at  least 
a striking diference in the mcliatiou. Xo such difference 
 as, however, to Le observed, the in te~si ty  remailling prc- 
cisely the same as Before and the sequence of phelaornenn 
closely resembling that sholrln in fig. 3. The I-arious phases 
there slloii~n were, however, prolonged aimost i:~definitelyr in 
time, as the sodi~zm news bec:tme used up :ts before, and the 
distil1,ztion into cooler parts of the tnbe procecdcch so s l o ~ ~ l y  
that it was neessaryto allow a gentle current of gas to drive 
away the denser vnpo;r giving a eontiuuous spectrunl befors 
tlie D line itself coLllcl be strrdied. Also throughout the 
ssperinleut the dark absorptiou-line w:~s more intense than 
in porcelaizl, and it could easily be observed after six liorrrs 
of continuous heatingj when even tlie emission-line had  
bseome relatively narrow. This natorallv follon-s from tho 
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consideration that in the iron the temperairzrc-gnldie~~t on each 
s;de of the central red-hot pax of the tube is much less slecp 
than is the case when porcelain or glnss is i~sed, and con- 
sequently tlnere is n mnch greater thiela-iess of relatively cool 
rapour through which rLrne eauission-line is secn. 

Under the eollditions of ihese esperinnents, therefore, the 
brig11d D line appears to be quite unilafluenced either by the 
nature of the neutral p s e s  useel and this impurities the?; may 
eonti~in, or bg- the material of xvhic1-i the heating-tube is 
con~gaoscd : iron giving exactly kbe sxarle results as porcelain. 
I t  ~vot~ld  Ii~adly bc safe9 ho\rever, at this stage of the inquiry 
to infer thai cbemiml renctions are not concerned in  the pro- 
duction of the light ; kb'or it would be argmed that, as iron 
becomes slightly porous at  re red heat, oxygen, or at any sate 
sonme of the gtseons constitnents of the Bfinsen IInme, might 
find their \ray into the table by diff~~sion frorn outside, an3 in 
this way maintain n conlkinrral reaction with the sodium vnpour. 
11s order to diminis11 tbe possibility of this diffusio~rn inwrtrcls 

affecting the resalts, n eonstmt pressure of n few nlilliineltres 
above atmospheric pressure is ~~lnintainecl within the tube, 
and if gases diffuse in a t  all it musk  bc 111 opprssition to the 
out~rrard difft~sing hydrogen. I t  lias been pointed ont to ane, 
hoverer, by Prof. S~nithells that in dealing with the D line - 

I we are dealing with ,z reaction that is sensitik-s to -Oo 

of a grain of sodiulla. It is oxdy IBeeedSBry $0 soppose, t?aerefore, 
an equi~alent amount of oxygen or other reacting body to be 
eonatineaakly present in the teabe to determine the! D radiation. 

T~EIe I am not prepared to deny the posGbifitj~ of such 
mirant8 tmees of oxygen or other bodies eonskntly finding 
their w2y into the 111lddte of the sodiunm a7,zpons, I consider 
that, any reacti~ns so catased eauld under no circnnlstailces 
produce the broad ill-defined fine actually observed. A t  the 
most a fine donble D line wodd be seen similar to that of a 
flame tinted vith a salt of sodiam, where the density of 
the reacting molecules is not great. Noreover, if reacting 
bodies were diffusing in from outside the tube-the absorbing 
layer of the sodium vapour itself forming an effectual barrier 
in other directions-the :retion would bo greatest in m annular 
region in contad with the sides of the tube \.fiere the in- 
coming molecules first eacoantered the so'clinm. This should 
cause: a brightening or rvidening of the D line a t  each entf *. 
But there is no sr~eh inequality seen : the line is quite uniform 
in width and Iriglltness throngbout its length ; showing tlrat 
if chernieal reaegons are pradneing the light, the reacting 

* The I> line with the optical fin-angemcnt eixployed represents a 
inside the Lot part of Me tube, 
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molecules mnst be uniformly distributed throughout the 
11.1ass of vspour. 

The most telling argulll~,nt, however, and one which, taken 
alone,.appears to ine to prove beyond a dottbt &at the D 
rsdintro~l under these colditions is the direct result of the 
heating, is thnt derived from a cortlparison between -the 
elnissio~t z11d :lbsorption spectra. 

To efiectt this eom11r,rison, the lamp and reflecting p r i m  
~)rcvion;By Se~cribed are  I~rought into operation, :and n br3~bl 

id a1 Jlftc. ii<:ilt is I I I X ~ L  t3  i;'awr\e one side of t!re hcatci! tuhc, 
>O :!::I: alie ;~or:iol: of bhc kli~ uf the ~ I , ~ C ~ ~ O S C O ! ) E  is i t lu l~lf~~r~tr~i l  
i? ti-:vrzmitti~ti ii!?ite !iSl.r, a~hiE-t srlotIacr eonrig~:o.;zs t ort ti,^^ 
Is i2lrrn.aiiuxtcil 57 i 3 ; ~  it, r:lilin~isn nloue, vrptier these cir- 
clamst:inces the! 2bsor~,tion nlld enlf*sioiz -pee:ra i-kiy)ear side 
bu- side in tbe field of  vie^^-* 3:ld mny be readily compured. 

FB;'i3s.R nni'h 4 shox the col-rezltondi~g i,i,~:ases of tilekc spt.ctr:i 
(de~:oiel'e by letters of the alpl-nnbetj. It will be noticed x'il:lt. 

the enaission-line or band in  c, d, and L. is represented a3 of 
tbe same witltll as the absorption-band. i2nrefuiril obser\-:I- 
tion auder \tii.ions conilition:, as to dertsit?- shovs th:ti3 

excepting for the clark line in the centre, tlre Itright D line is 
in every respect the exact cnnnterpart of the nbsorjition-]inc., 
t~hethcr the broad hazy bmil of the dense ~ n p o u r  is .;ruelied, 
or the rekitit ely narrow line seen with more attenuated v:~poor, 

Assuming, then, that the ?viclth of both absorption :md 
emission lines is determined bp the moieeular den~sity of the 
absorbing and emitting vapour, i t  f o l l o ~ s  that in tllc densczt 
region every molecule that is caneenled in the absorption i.; 
nlso concerned in the radiatiom. In  other ~lrords, pstectienlly 
every molecnle in the hot p r t  of the tribe contributes its 
shnre to the enldiation. Gut it is sureIy impossible to sny- 
pose that every molecule? or even n large proportion of the 
molecdes, is eo~tinualfgi un~dercoing a. chemical change, The 
supply of oxygen or o t h r  roaetlng bodies-supposing they 
do gain access to the sodium-will never k-9 cqual to even :t 
sls~all fraction of the denlancl ; also, if oxidation ia  proceeding, 
one wo-uld expect to find triices of oxide forn~ingafter several 
hours. But the Izeating lutly bc contin~zeil for six hours a t  
the Ietlst t~ i thont  touching the apparnt*~s, nild at the eimcl of 
this tima the D line, witla. its central ab-orption-fine, is Kcen 
n? clearly as :it the beginning, tilere b<iing no trace of any 
01~iqu"elo,ds oi  ox:tic such :LS are nlivnys seen whexl rr.:lee.; 
oh' oxygen are l in~w,l  to be present in the tube. 

Tli1e1.0 seems no possible alternetive, therefore: to  the obvions 
and silraple esplan:ttioi~ wl~iclr ascribes t!le rr1~1i:ition to hcnS 
aloue. If' it were :~ssunreci thnt there exists iiiffr~sed through- 
~ n t  the sodium vnpour some substance capable of settirig up 



chemical reactions, it might indeed bn irnngined ihnt n iiind 
of eyclienl process of alternate eombinatror~ ant1 ciisoeiation 
fziktis place, the energy sapgrIying the raiiiation being tlcrired 
indirectly from the heated i~a l i s  of the tltbe : these cc'lrel-nate 
changes being dctermincil by tiiffe~enees of i e rn~te ra t~~rc  in 
the rencting molecules, the cooler combining anti the hotter 
tlissoeinting, or vice aers6. But it is pmctieallv certain th:tt 
under the conrIitions of these esperinleilts thcrc 111t3st alw:~ys 
be ,a Ialge excess of sodiulrl rr~ofeeules over an>- othcra likely 
to ~SQC!UW euclr rcactiolas, unless, irzdeed, I ~ y d r o ~ e ~ a  or nitrogen 
wore to bollxi-e ia this n.;iyv towards sodiralaa, :ulJ the spcketro- 
scopic cvide~~ec, as just esp::tiraed, i~raplics thxt all tbe free 
scpdiml ~nolcclrles are concerlzcd in the mdintion. 

Or perhaps it anmy hc further argued in ,inlaport of the 
" chemical " origin of the radiation, t h d  tthi sodis1131 nnolecule 
is itself r~udesgorng nltrrnzate dism.intio~z :rlad ree.oo~birnttio~~. 
The reasons alr enel? given a p i n s t  :lti+- ~ i . i e~v  in  tlic e:t+c of' 
iodine apply even Inore forcibly in t '  "; in-t:111te. Tkns, if'iflc 
radiation \$-ere dnc to snck action, t i  ' 7 : l n a a t i ; i t r ;  sl~uiild fol!ow 
the cur\.e represcrrlii~g the chnngy r :t.I:iria n'vnpou~-'ienqity 
with tenqxxatrrre, rising to n m:ls~l~lulli oa the tun1illg-lm0i11t 
in this curve-ii-aJie:ttii t'ilc: greatest inte~; .tion between tlle 
iitoms 2nd the moleeule---'i~r~t i:,iIling aw:)? :o Lero wliea the 
I oiut of complete di,;s~ci:ltio~~ is reack$cid. NOR- tlic most 
reliable recent deterlnil~nrioilb of the sapour-tir*nsity of sodium 
indicnte thnt at ahirttt the tea~perzkure of nlolting east,-iron 
the saporrt- is ~ n t i r : " ~  ~lroncitonrie " : thcrcG~:.t., if we asstulle 
thxt at the Ioxst-: tcnnperatnre of iny t:l~i,rbriznents the 
atoid~s are I I I Q ~ O  ti: less aEgregaietl, the rehrlt c. irlterlsity of 
tile D line, eol~lpareil with the contitl~lo~rz S ~ O ~ ~ Y U I I I  of tile 
gIo.tri~ag sicles of the tnbe, sIiot116 C ~ L ' ~ I I ~ C  ;$+ the tenapenttnrc 
is increased,-id s11~lauZd get brighter or &tinter according 
as the aetun1 iegri~jcratare of Jissociatio~~ is above or heIo?v 
the initial tempernta~re of nt_v esperirnent* ; and it sl~oulcl 
mase altogctller if the t e ~ n p ~ r . ~ l n r e  be rai+ed to the point 
mllere thc rapour beco~nes entiri!? ~i~onntr~mic. 

But as n matter of fact there. is no +uoh change of relative 
intensity. As tile temperatwo is increased from the po in~  
lyhcrs the radiation bcgius to be seen, the D line folIows 
strictly tho continuass spectruni of the g Iov i~~g  tube : from 
tile lowcsf to the I.liglresl; t e~~~pemture  (a s.ai1gF of some 300 (I. 
degrees), the gaseous raJi:ttion ii~crezises in latensity exactly 
in corresgtorlcIe~lce \;\'itin t he  rxtliatioa~ fro~n the solid, nlv:nys 
kee~~ ing  the same intensity (so tiw as the eye can judgej as 
the spectsmm of tho gJo\~irlg tube. 

* A. Swtt, Vroe. Eoy. SOC. Ediub. sir. p. 410. 
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O2'igir~ of the Continuous Specb~*t~m. 
I I 
1 l l c . y ~  iclti;iins t o  coj~sidered tile contilInou,5 ]i,$i szp:1 

nlaen kh@ sodiuiu is limt voiatiiized, al:d before tEll: jbroat i  
1) el~~is~ion-line a.pp?cnl8s (fig. 3: a). iIfier ;t uuillber of ex- 
qbcritllents, lilade ~ul~iler various col:clitions as to ihe purity of 
tllc coal-gas or nitrogen a~lll~loyecl :ind iicnsity of the soclionr 
vaimunr, I conclude that this r:tdiatioil is rertliy due to free 
sotlium, and thnt i t  nlw\-nys.appenrs when the 7-apous is fcl?uye 
a certain deilsity. It is ivel2 kno~v!~ t h a t  del-ise so~linl?~ yapour. 
gives n remnrIr:ible b:lutied ::bsorption-spectruin *. In tile 
esp"".imeiit alluded to? 1 have studied k11e conf~inuous elm~ision- 
spectrum in relatioil to this Brl~lileil absorption, and fiud tIia: 
they are intim:~tely eonnectecl : thus, when the sotliuin is first 
\lol:iLilized :tilsl a bright glow fills tl:e tube, the vapour appears a 
splendid ~ l i o l e ~  eoiour by transmitted iiglat ; it is in  fact opnquc 
to all rays except t8he violet ; gr:>dr?:i!!:., hs:i.cver, green raIs 
begill to be tmr~smitted (fig. 1, a), thelqred (fig. 4, b)  ; the titirk 
spaoc between .the green and t,be violet is now seen to be lriatle 
up  of a large ilnmber of b!nc!i lines (close together with the low 
dispersion employed), these rapidly ciecrease in intensity as 
the \lapour difhses along the tubs nnd beconlea less dense, 
while the black bm~! b!oLting out  the J-eliom assnmes the 
usual appearance of the wide D :~b?orption-band t, The 
continuous e~rzissio~l glow pefaists through these progressive 
cfln~lges in the absorption, b u ~  becor~les. grnJualLy fainter? 
and as the last traces of the rtbaorptior-i-Iiuzs in the hlue dis- 
appear i t  fi~cies away alioost entirely, l e i ~ ~ i n g  behind, so to 
speafi, the broad bright emissi-on-band at D, the esact reverse of 
dhe absorption-band, escept for the black line filling up the 
centw,due to rel:ttively cool vaponrin the 11en1-er part of 6he tube. 

It seems, therefore, th:~t dei~se sotlirzm vapour, like iodine 
and other culol i~ed vn1)our-s g i ~ i l ~ g  baude~l nbdol.pi.ioa-spectra, 
@rn:lts when in t,llllis sh t e  light of ail wave-lengtlis, a11tl that 
the  change to &scont,inuo~rs ernis.i;ion is determinet] a 
rednctioll of density. There are i~ltlicntic .s, howeser, tliat 
at telilperatores the continuous light T V O ~ ~  giirc piacu 
to bands eorrespon&ag witlr the ab~oq) t io~~-bands~  just aJ 
iodine is to give 3 baildeil olnission spectrum rnhe~rhsn~cd 

+ ;;& nascoe & Sehuster, P~7.1'0~. ROJ SOC. xxii. p. 36.). 
f A cmiouu phenornennn may bc sceu vhcn a cur:ent or :rust of gas 

is 40TTecl to drive the dense vapour along the t h .  Tile ealour of the 
see11 by trallamitted light suddenly changea h ~ i  green to s 

lendid ruby-reJ. T'Iv is llot dus to n. change in the c11ar;lcti.~ of tile 
k ! sorytiol-sp~ctrilm, bat .any be esl~lained as an effitct o f  refrnctio~~ : 
the soJ:Jm v,zpo~u., being blown oitt inore in Uie eentr6 than ;iioil: the 
sides of the tobt; ricts lljre iE pri'm, r8fr L C ~ ~ I I : , ~  t!l9 b k  nu14 grite I ~ & J ' ; I  

from the eellt~.e, the rtztl alo~le-h:ii>:< ie lvt  durinted-psisiilg 
out st the end of tLd tlrbe. This e&et is more obvious with hydrageu 
&an with nitrogen. 



i?xternally to a high ternperattare (SalBt, %nit& su7. S'~ert~*o- 
scopie, p. 174) *. For  if the continuous light is watche4 a t  
the highest tempert~ture attainable with this apparatus, it is 
see11 not to fade equally in ail pnrts of the spectrum,-n stage 
is reached (see fig. 3, b )  when? in addition to the D emissiotl- 
line, a green line appears in the place of a conspicuous absorp- 
tion-line, and rt faint glow remains in the blue corresponding 
to the absor~~tiou-bands in thnt region (figs. 3-4; b). 

SEVIB. I;~tell i~e?zce m2d 3fiseel~anefius Articles. 
OX THE XOTATIOSAZ COEFFICIEXT5 O F  THERILAL COXDUC'PTIVLTY 

IS @BYST-4LS. BY X. CIihRLZS SOBET. 
The method used has been pointed out in a previous note 

(,irc?~ive.s de Ge~zBce, 1893, xsix. p. 355). 
Meating by the method of Jannettaz a point on a &we not 

perpendicular to the asis of rotation in a c~ysksl in 1%-hich the 
coeEcients in question are iiot zero: isobherms should be obtained 
which are not sy~nnietrieal in reference to thnt diameter wbich 
coilieides with the projection oi the axis of rotatiorp. 

Tine crystals were mounted and centred at the end of a vertical 
axis yro\ided ai th screw motions for setting the face horizontal. 
A small plntiuuln sphere heated by an electrictll, eixrrent is applied 
against this face at a point ,4 on the prolongation of the vertical axis. 

Isotherms were obtained in the usual way, tttgng care to turn 
the crystal steadily and regularly during the heating so that this 
was symmetrical about the point 4. This point, the intersection 
of the face investigated and the axis of rotation, TTias thus withont 
any possible error in the centre of heating. 

After obtairhg the isotherm ii; was examined, without touching 
the adjustment, by means of an eyepiece i~i th a mieronetric scale. 
The crcstsi being first placed with its rotational, axis in thf: plane 
of incidence, a rotation of I N 0  about A should nodie the points 
of intersection of the micrometer and the isotherm, if this was 
symmetrical aas regards the centre of heating. 

Kow no nppr~ciable disymmetry could be observed any more 
than by the oi her methods p3-eviouslp emplo~ed. Small variations, 
er identl~ accidental, alter the direction from one observation to 
another om1 the same crystal, amountililg to & to 2ij- of the dinmeter 
of the curres. Irregularities of the same order were observed on 
isotropic plates and on faces of crystals, in which no eonstaut 
deformation of tbe isotherms could be foreseen. 

The researches JFere made on crrstala of dolornlte of Binn (fwe 
of t1.a prism), and of Traverselle (face of the rhombohedron) : on 

of erykhrite and on apatite of tho Pfitschthal (face of the 
prism). The existerne of coefficients of rotation in the crystals 
appears therefore more and more improbable.-Fro~n the Arcf~izres 
de Gettdve, communicated by the Author. 

iodine is heated in a hard glass tuke in a furnace until the glass 
be* to fuse, the colow: of the ~ ~ : l o ~ ~ ~ . r i n g  ~apoiw changes from yeU0-w to 
prwenish white. This pr~bably indicates thc change to a cliscontinuouu 
emasion. 
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