
Correspondence. 

Sun-spots and Solar Tenyerarure. 
GENTLEMEIF,- 

There are tn-o points in Prof. Whittaker's letter, pablished 
in the January number of the 0bse1-vatoy, which I tbink may be 
discussed further with profit, if you will allow me space in your 
columns. 

First, with regard to the interpretation of the electric furnace 
experiments of Dr. King, and other experiments on the radiation 
of gases enclosed in tubes and subjected to external heating. 
Prof. Whittaker arlvances the hypothesis t l ~ t  the gaseous mole- 
cules emit their characteristic line-spectra chisfly'by reason of the 
radiation coming from the heated ~ a l l s  of the tube, and not by 
the rrction of collisions due to the high velocities acquired bg 
contsct with the tube. 

This may or may not be true ; but certain experimental evidence 
aeemu to favour the opposite view. For instance, sodium or iodine 
may be heated in trsnsparent tubes with a non-luminous &me, 
and yet be made to emit their spectra with the same facilitg as when 
heated in an opaque and strongly kdiating tube. Again, t b  
intensity of the D radiation of aodturn vepour heated in an opaque 
tube, and excluding all chemical action,is found by lli y experiments* 
to be the same as the intensity of radiations of the same wave-length 
from the glowing tube, and to fade with the tube when the heat- 
supply is cut of€. The intensityjn this case is practicdg that of 
a black'body at the Sam(\ ternpem~ure, when thi: sodium vspour is 
sufficiently dense to completely absorb transmitted hght. 

All this seems to me to show that there is no essential differbnce, 
as Prof. Whittaker appears to hold, between sdids and gmes, ir 
their mode of transforming energy. Both are able, according to 
my view, Lo convert energy of motion into energy of ether vibra- 
tions. It may be difficult t o  cotlceive how the  energy of: motion in 
the molecules is convet.ted bjl collisions into the energy of elecfrie 
surgings in the atoms ; yet this miracle is without question per- 
formed by the molecules ia t~ solid body, when heated by collisian. 
Why not, therefore, by the free mo!eculas of a gas ? h o ,  a e  
rovers9 action takes place,: namely, by the abaorpt;ion of radiation 
a solid becomes hot. It ie not, therefore, unressanable €0 snppdse 
that the gases in heated tubes acquire high velocities hy both con- 
duction and absorption of radiation, and that they emit ligh* k 
consequence of their mutual col;isions, and not, as Prof. Whittaker 
believes, by the direct fiction of absorbod radiation. 

That modes of exciting the line-spectrnm radiations more potent 
than thermal &xist cannot be denied, although it haa not, to rnx 
knowledge, ever been demonstrated that electric or chemical 
"luminescence" i s  really rt non-thermal effect. It is possible 
that a pro~ortion of the molecnles of a luminescent gas mar be in 
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sjolelt t n~ot.ion, sufficiellt t,o cZ,i,<e radiation, nlthotlgh the lae.zn 
nlotjuii, or temi~GrtltL.iii,-is small. I-Ion-ever this may be, the fnct 
.tht:t the g:isej t:ol~c~i;l.n;-~il i11 ;i~:rc)~:ll ! ) h ~ l l o n l e ~ l ; ~  art! ~ 0 0 1  in  th t?  
ordinnrj- sejlse drres ~ o t  prove th:?t-. tlisc~or~tir~ucius rtztlintiori is not  
P fu~lctioa of teiopf-~.;~t,~~re 1117der certain to~itiitions. 

KOW as to the  s e c ~ ~ l i l  point, ~ l t z ! l ~ e l y ,  the  ostio~:~.te of pressure in 
t l ~ e  Sun. Frou~ a co;lside;.ntion of t be depth of t.!w c.hromosplie~t:, 
and the force of gl-nvity on the Snn, Prof. rlb'hitta%er is led to  
conclucleL' t,liat cire pressure in the lower parts of the d~roinospl:ert: 
must be rastly gre;lte1. thnn the pressure of the  terrestrial a tno -  
sphere ' a t  the Earill's s~l r f~ce . ' '  1 consider t'llis cctnclusion 
nn-tvnrrant,ed. Consider first t,he partial pressure ex:: :.tt. 1 hy 
sodiulll vspour in  the Sun. If we pass sunligl~t tlirough the: 
flame of IL spirit-Iartlp, with snlted wick, a g~.e:it illcrease i r i  
the s t r e n g h  of the solar I) lines is ohservctl ; thut is, t h e  amount 
of absorptro~l exerted by t.he sodium ill the f l :~n~e is compt-lrahlu 
with that in the ~ ~ L I I T .  It is not necess:ery, t?lt.rt?fore, t o  suppost? 
that there is more sotlium vapour over every square inch, s a y ,  of 
the 81lu's surfr~ce, than the infinitesimal y u n n t i t ~  in  the flame 
of the lamp. Xo dor~bt  it is spri.nd out to a totrrl thickness of 
500 miles ; b u t  wha t  would be the pressure exerted by this minntc? 
i1~:antity '! Similar reasoning map be applied t o  each of thd other 
elements ; and the sum of all their pressures might conceivably be 
less than one'atmosphere, not~vitbstsndi~~g the tremendous force 
of gmvitp on the Sun. 

As t o  the  rtct,ual evidence of pressure in the cl~romosphere, the 
centres of the iron lin: s i)mt AX 4222.38, 4227 .61 ,  4233 '77 ,~p j6 . :  r ,  
~uo r~e  t (swards the red ntkder pressure,approsimately 0.01 Angstrom 
u n i t s  per atu~asphere *, bu t  their relative wnw-length8 in the Sun,  
compared with other iron lines much leas atTrcted by pressure, 
agree vithin o-OOI A. with the relathe wz~t? - le~~gt l~s  in the 
spectrum of terrestrial iron under normal pressure T. Therefvrt? 
y e   nus st either assume that t h e  pressure in the reversing la~t:r is 
of the order of olle atmoiphere, or that other h>pothrticnl 
irtflurnces affecting the die1ecti.i~ constants of the iron valjcur ~ I L  

the. Sun a l ~ r a ~ s '  exactly counteract the effects of pressure; for 
the ahose liues exhibit no instability of position in the solar 
spectrum. 

Similiir r~nsoningma jbe applied to sii11- spots. These "press~~rt!" 
lines, according to  my measures, exhibit no  tiace oP instability, 
such as we should expect vi-ere there great variations of pressure 
in snn-spots. Their ware-lengths, as st matter of' fact, do not. 
differ from those in tihe speeb,ruin of tlu a~rrounilins r e ~ i o n  b-y a11 
 mount exceeding 0-002 A., W ~ I ~ C I I  is about the limt of accuncy 
of the  measures. 

t 

I map mention parenihetieally that these same lines, a b t n  
* A mean value deri~ed from Hum hreys' and Duffield's 1aeasl:res. 
i Compsrp Pa:& 'Standard '$are-lergths al  .Iron -4ro Liues' mil 

Rowland's ' Preliminmy Table of S d u  Spectrum Wave-leugths.' 



mi5iL~1ll'i:t! i l t  t,lk~ $ I I I ~ ' S  ii11~15, GO S ~ I ~ ~ T J  l~lillute pressure-effect, all 
of ~ ~ I \ * I I I  }.h~it~g ~ 1 1 i f t i ~ l  i n  relation to tllc neigllboi~l*i:lg lines about 
0-004 A.  to tile ~io![:t ,)  : L L : c . L ) ~ ' ( ~ ~ I I ~  LO our  researches. i t  cc-ould be 
1)1't>111:11 l ~ t ' t ? ,  l)t:rl~:lj);: to  lily too I I L U C I I  stress on this api:.nrent yhift,  
uritil t'til.ltwr uT(trii izrs b;en clone ; btlt i t  certr.ll-\ly looks as if the 
effectt ivc r~y i i~ ! .  ot' id~sorptio~l for these p;z;.ticulur lines was at a 
higher Icvc!l ii,l~ti~l tlit:. l iglir; cou~t;s i'l*oru the l i~nb,  the difference of 
pressure a.uount8irlg to n f~actiorl ol an atyilosphere. 

r F 1 I I V  rt'ct~c:~ice of :tny i : ~ y t t  diEerc!ice of pressure in the reversing 
lugctl- over spots, conl~arecl wit ti the same layer over t h b  surrounding 
rrgio~l,  is also s ' t lo~i . i~ ' I . )~ the relative irtten:;ii. ies in the  lineof a spot 
s l ) t : ~ t r ~ ~ ~ n .  bLut11phrt j 's p~li t~t t 'd  011 t that  L. :der pressuye tbe relative 
intunsi!ii+s of the lilies of an elerrlent change, and that these 
alt,erc:ct irrtcnsitiey s l ~ o w  no sort of correspondence with those of 
sun-spots. 

.. ,, doullt it is tlirtic~l!t t o  conceive of a, solar atmosphere in 
w I I I ~ : ~ ~  no prcssr~~-e-c.ilntiges occtir ; but are n7e d e i ~ l i ~ g  wi th  tt true 
at ~llosplr~rt! outsicit: t !ie limits of the p!lotosphere P. The difficulty, 
u.t rate, l;~r.q~:l~ tli-rll,lwars i i  we suppose t h e  solar gases t o  be 
in :t btntt: of ~ s t r c l l ~ t :  teuu;ty, as seems on t h e  vhole the ~IIOS~ 

probablt? s~~ppos i t io~i .  Yours truly, 
Sulw Z'h,r~ic*s O h ~ ~ 2 ' ~ i l t ~ " ~ ~ ~ ,  J. E'F~S)SED. 

lCu JLliki~na1, 80~1th Inclia. 
Peb. a. 1909. 
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