
Sun-yots and Solar Tem2erntlcre. 
GEETTLE~X,- 

Prof. Whit,tnker, in an article under the above heading in 
the Observatory for October, criticizes the opinions usuallj~ held as 
to the relatively low temperature of sun-spots, and arsues that 
pressure would be an adequate cause for the characteristic pheno- 
mena in spot-spectra. 
. Referring t o  his statement that " i t  has neyer been demonstrated 

that ' arc' Iines are associated with lower temperatures than 
' spark' lines," I would point o u t  that Nessrs. Hale, Bdams, auct 
Gale have shown, in my opinion conclusively, that red~rction of 
temperature is effective in producillg the change from sp.zrk to 
arc intensities (Ap. J. xxir: 18 5 ) .  The spectra obtained by them 
in passing from the spark to tbe strong arc (50 amp8res), and from 
the strong are to the weak arc (2  ampGres), or the outer 8ame of 
the arc, indicated the probabiIit,y that change of teinpernture n!one 
was concerned in producing the altered intensities of the lines. 
And thi:, they afterwards confirn~ed in a convinciug way by rola- 
tilizing-iron and other elements illside a tube of carbon, raised to 
a high temperature in an electric furnace. I n  the spectra thus 
obtained, where temperature alone could influence the radiat,.t.ing 
elements, t h e  changes of intensify in the lines \%--ere of :I, still more 
marked character. From this it x~o~zld f o l l o ~ ,  quoting Prof. 
Whittaker, " that  spots are places of relatively low temperature." 

prof.' Whittaker further states that " t h e  peculiar st.imulas 
which causes atoms to emit or absorb line-spectra appears in fnct 
t o  have no direct x~unection with temperature, but to  113 primn~iiv 
electrical in  its nature." This stxtfement must not pass uncthal- 
lenged. Paschen shon-ed in 1893 that heat alone will cause g;lses 
to emit their ehamcteristic rays i n  t,he jnfra-recl region of t h e  
srectrum *. 11idSgg .I showed that sodium czn be mnde to enlit 
or absorb its characteristic I) radiation by heat nlo~ie (lPF~it. -1I(tg., 
31ay 1395). Hecently I Brim succeeded i n  ' maliiug iodine emit 
bright lines ';.y raising the ralinur to a high te~nperature iu :I 

* F. Pnschen, '' Ueber die E~nissiog. erhitzt,eti G:tse," Wed.  Ann. Ed. (0. 
yp. 409-443. 



qtmrtz t,uSe, xlso under coliditiijns w-bich pr~clude ihe possiibiIity 
of chemical or  electric action. 

As reqnrds the stntea~ent t ha t  the low-led ~.~gic?n of the 
ehrornosiibere contains arc lines u-hieb are absent from tlie lpectrum 
of the high-level regio~ls, I n-otlld point out that diiferences of 
ipmper:i.ture' in the chroucjsphere do not. necessarily corresponcl 
wit6 di8ereni.e~ of le~el.  I n  my discussion of spectra, obttiined 
at the ec!ipse of rqols (Phil. Trans. A. 201, 4571, I &awed that; 
t,empernt.ure eo~:ditions cctrresporxiing with both arc nild spark 
spectra m:Lp coexist at t.hs saim height above the plrotoapbera. 

Fjnallj-, 2 s  reqnrds pressure. hare ihe most direct evidence 
that the pressure in .the region of the absorbirlg gases in spots does 
ziot; differ materiaily from t,he pressure in the absorbing layer over 
the photosphere. Humphreys has directed attention to the np- 
parent absence of any press~rre-e£€ects in spot-spectra (Ap. .J. xuvi. 
29) ; and quite recently a series of 'measures made by me of 
certain irou lines ~~.rhich are subject to luge  pressure-shifts prove 
?.hat, in the particular spots whose spectra I examined, the pres- 
sure coulcl no t  have differed from that over the aeighbouring 
photospi~ere by more than a quarter of an atmosphere. 

IThile difering entirely from Pref. Whittaker on t.he above 
points, I a111 irlctined to believe that  the commonly accepred 
doctrine (originally, I believe, propounded by Secchi) that a spot 
is a localized mess of relatively- cool gas absorbing the  light of the 
photosphere i ~ i l l  turn ou t  to be erroneous. There is a consider- 
able nrnotint of evidence which ~e l~c l s  to shclrv that the spot- 
spectrum is in ren!ity'the funciarnent:,; spectrum of the relntivel? 
eocl gases mhicii are ciistributed e~er~xvhere  over the solar surfnce. 
They are specially ~rolninent in spots, on account of the ab3euc.e 
of any ascending currents of highly heated material sonling up 
from below in t,he region of the unlbrae. The consttlncy of the spot- 
spectrnm, which recent researclies s t  this Observarory hnve shown 
to  be on a par -.~itIi that of the Fraunhofer spectrum, fnvonrs this 
view ;. also the fact that the char:icteristic flutings ictentifid bbp 
Prof. Fowler with magnesium hydride are by no means confined 
t o  spots, bat, are t o  be fonnd over the sntire surface of the Sun. 

As to the cause of the absence o r  displacement of the ascending 
convection-c~zrrents, I have no theol-y t o  offer. Possibly the 
presence of t-ortices in  t.be higher chromosphere, which Prof. 
Hale believes he has obtsiried d e a r  e~idence.of in tertnirl spots, 
ntcy help to explain i t ;  but I must confess that to my u~ind t :,is 
evidence is not altogether of a convincing nature, particularly t h a t  
relding to, the spptarent in yard movwnent of a hydrogen flocculus 
towards the cen:ru of a spot ( 4 7 .  J. xxviii. Sept. 1908). . Such an 
indraft as is perhxps i11tIicater3 seems, a t  %ng rate, to be a com- 
paratively rare condition, rarer, indeed, than the oppo- SI 't e state, 
.Instances h:,:.r.e. not infrequently been recsrded, here ,and else- 
where, in wk~ioh the ev;,lence seems just as clear of an out~v;~rd 
tendency. Thus, spot nuclei oc:c~~sionalfy s w n i  to 'belch oui 
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- 
e.nomons \elan-,as of glowing hydrogen. There mn be no questinn 
that  at the level of the odcium flwcoli the n o m d  structure of a 
spot- is raciial, and not spiral, as we s h o ~ l d  expect it to be on and; 
vortex theory. 

Solnr Physics Observatory, J. E Y ~ E K E I ? .  
Xodai;lnnxl, S. India, 

SC] 73, Oct. 27. 

Jupiter in Cassiopeia. 
G E~TLEJZEX,- 

Referring t o  Mr. Lynn's letter in the O 6 8 8 r v a f ~  for t h i s  
month, in which he vindicates Schiller for supposing that Jupiter 
could be seen in Cassiopeia, I .  have recently seen the follcs7ing 
in Mr. J. F. 31mreys He Loved but one,' ta biograpbicd sketch 
of the famous Lord Byron. Byron, when e lad, having quarrelled 
with his mother, had ridden off: from her house to take pmsession 
of hia inheritance. Whilst out he observed o remakable meteor- 
shower, which is described in terms that would more  than do 
justice to a maxi~num display of Lmnids. Meanwhile, " Jupiter 
had climbed to the  Lady in the Chair" (p. 6) ; but this truly par- 
tentous event is mentioned without comment. 

Yours faitbfnlly, 
Smthfields, S.W., 1908, Xov. 17, F. W. HENILEL. 
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