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dbntmcd -Tho onormous vttlno obt~lnpd by Pannolcook nud Dooru for tho donslty of hydrogen in the promlnenoes they 
obsorvsd dunng the tobd solar Q O ~ ~ P S Q  of 1927 1s t o  th311 l l y p ~ t h  381s of a condition rsaembllog thermodynarmo eqolllbnum 
xn tho prommences 

It 1s shown that such an nsnnmptlon lnud :*utomntlcnlly load to h ~ g h  v.ilues for the dennly, independent of the intensl- 
ties obrjorvod and t].i&t tt;k zs inconsishont with condlLlons of line-nb~orptlou and radintlon 

It u also aouglil; t o  sxplam how tho l t l ~ ~ l l f i l ~ ~  of P:LP~~CUIUI' h l rner  line, such as Hr, can provide us with no clue t o  the 
rnmber of hydrogen atoms ln tho  ground 10~01, 11 b l l ~  H ~ B ~ O  Is not 0110 of tllermodynarnic equtlibrium This number can be 
found *nly from a knowledgo of tlio mtcns~tlos of tho byman linos. 

An tti,tcrnpt i s  m h d ~  to ostlrnute .Ill@ donfllty of hydlogon in yzominonces, using Psnnekook and Doorn's ddtd of lntensltles 
of Baln~sr linos t o  derive illo ~lurnbnr of i d o m ~  lu tho aucond quantum skate , the probable number of atoms m the first 
qnantnm s t ~ t o  absorbxng tho Lyman l l l l~s  lu,  m absullco of aclequntio data, guesaod at A very rough upper hmit to the 
d o n ~ t y  of hydrogen zs nrrlvacl ak of tho ardor of 1,000 tlloms pm c c 

Tho d*uslty of Cs+ atornu m iho prominoecuil of Ptbnnokook and Doorn ur recsleulated. After applying oataln correc- 
tions (~ndlanted by Pebtit) to  $110 donsitiou of Ctk 1- ~ n d  hydrogen, it is shown how thoir partial pressures are comparable wlth 
MI~IIQ'S astlrnntos far tho prossuro cl f Ca I ztl .tho cliromoephoru 

The question of the hyilrogcn content of prominences i s  o t  cons~derable importance, especially the  

question of the proportion o l  hydrogen LO ionisad calcium Pannokoek ancl Doom have found(') that 
their prommnence 'I (1 " of. t110 oclipw 01: 1937 tho ~ ~ u m h e r  o l  hydlogen atoms was 1'6 X 10" per c c. and of 

ionifled calcium atoms only 0'19 por o.c. ; m tl~slr p r o m i ~ i r n o e  " h " fhe  number of hydrogen atoms was 
33x 10" per C.C. bnd o l  calcium atoms only  1'6 pox o c. In other words, they find the calclum content of 

prominences to be inslgnil icmt,  tilo rhtio oll tho  nurubor of hyarogen t o  c a l c ~ u m  atoms being of the order of 

2 x 1012. Pet t i t  has impilovctl(q upon iholr 8gLirni~tus of tho densrtlos by assuming a more reasonable shape, and 
hence a bctter value of t h o  volutne for mthcir l~rommenco, and by allowmg for t h e  cornparatme " weakness " 
of tho praminonces obsorvcd ; but tllia leavoa tho proporLion of hydrogen to calcium uncblzngecl. 

In Milno's thcar y of seluct~vo ridlat~ on  ~YQEIBIIPQ ECB t h e  force supporting prommences, t he  radiation 
prcgsuro can be effective on ly  on Ca* ulorns, h a t  on othcr atoms belng comparatively msignificant A 
difficulty oE this thcory 18 to oxplaiii the prosonce of hydrogen  and h i l i u m  at all in prominences ; Pannekoek 

and D o o r n ' ~  estimde of tho enorrnoua cjxccsa of hydrogen in prominences increases the difficulty conslder- 

ably and, indeed,  if it wero trnh would b o  fatal to  tilo theory  of radiation pressure as the suppoxtmg force. 

For, i f  the prommenee irr supported by pressuro on tlm calcium content alone, how are we to explain the 
presonce of 2 X 10'' as many atoms of hydrogen ? E v c n  i f  we could find an explanation of how the lifting 

force acting o n  calcium atoms could bo colnmunicnted t o  atoms of other elements (for mstance, by collisions, 

"turbulence," or other means), wo are ~ l d i k o l y  t o  succeed i n  explaining i n  this way a n  enormous excess of 
hydrogen of the order of 2 x 10" times. 

(I) Vurhand d Koninkli~ku Akndum~e v.w t Amsterdam, eta, Dee1 14, No. 2 
('1 Ap. J. 76, 1 P. 17 ~ s q  (1932). 



Now Pamekoek and Doorn's result depends on the factor whch they have used For w c h m n g  t h e  
number of unexcrteh hydrogcn atomfi from the evalnated number of atom0 in the fifth quantum ~ h t e  Thlg 

1 
factor they havo taken IN 1 ~ ~ 1 o - t ~ '  by assnrmng that it would be the same as for a gas In thermodynamio 

eqmlibnum It is easily possible to show, mthout considering the observed mteneit~es at all, that Pmnekoek 
and k m ' s  asamphon ot thermodynamia eqnllibrium mast necegmrily lead to a high denaity, much hlghor 
than that obtalned when monochromahc radiative equlibnnm hold0 , and fuither that, in condhons of hne 
abgorptlon and efjuission thelr hgh denslty leads to resulta which cannot pos~ibly be true There appears to 
be llttle doubt that their high value for the hydrogen content of prom~nences is due to the nnwaxranted 
(though tentatme) assamptlon of thermodynamic equillbrinm to deduce the number of normal atoms 

It ehould also be meatlolled that Pannekoek and Doorn's deduced density of the " atoms In the fifth 
quantum state " relates in faat only to  those atom8 which fall from state 5 to state 2 thereby emitting Hy , 
the two aggregattee are not identxal('), and it la not legitimate to infer from the density of the exoited Hy 
partldles the density of atom0 in state 1 

'In %his paper an attempt IEI made t o  calcn1at;e the hydrogen content of prominences nmng Pannelzoek and 
Doorn'e observatxond data but abandorung the assuxnptlon of  thermodynarmc equlhbr1u.m The rer~ulQ 
indicate an entmely &Berent order of magnitude for the hybogen content, but ankl more sanqht~ 
obsemat~ons are amlable, it not darned that the resnlia here derlved do more than ~ndicate t h  W& Q? 

2 The ~snmet l  s d a n t y  of the condhon exi~lting m a piommence to that of a gas In thermodyndo 
eq tuhb i~~rn  1s cerbunlg opposed t o  Milne's ~ ~ e w s ' "  of the eolm atmosphere, accorbng to wM& lhe mtr$ bi 
1 0 4  thermodpmnia e@tuhbrinm in lower layers changes to one of monochromatic rad~atlve equil~briam b 
the upper lay era 

If the m a t h  we* m l a d  thermortyaamlo equilibrium, whatever the nahre of the ~adraaon inoi&@ 
on it, the ramabon emitted ml l  have a definite keqnency-distnbnt~on, and the nnmber of atoms emitthg e 
~ ~ c u l a t  hreqaebap Will b a r  a definite 'relation to the total nnmber of atoms of the eubrftance p~@ts .&~t i~~#  
in the ?adlaMcfn , go thst mre msg mfm, aa P~annelxoek and Doorn did, the nhmber of atome m ~talre f 
Xhe nnznber of a t o w  in FJtste d On the other hand, monaahromat~o radiahve eqnlllbrium invol~as sb p a i ~  
dr~lar freqbetnop being tlbr~ofba r e  emitte8 mtihout change of wavelength by an atom during .t;taxddliiUH# 
beteeen two &hohary s h k B  , / the rd1ahVe humbere of atorn~ m the Wo ahtee. b m  a dafkaite te'abion & eari& 
d t h ~ ,  depending on 'blre intenafey of dhe inchdent radiatim Whereae in the former w e ,  the m!ide d@pi&a 
oh tYle tempehfr&e ait the pomt and not at all on the ~ncident radiabon (wh~ch is acooi&ngly rea~abyktha 
before errmseibn), b x  %?H la t ta  case the ~%-hos depend on the intensities of the several frequencies whhB 
in general, mdepende&, so that there is no necessary relation betveen the atoms in the vanom qua- 
I&akt3 of the aabstance in Ihunodhrcm~tic rahahvs equilibrium, and one carinot infer the .number of M o m  

Entb 1 bhat d! kkktn~ in &ate 6 eDllttlng the frequency 
%&her, la mjnodlifmdtic d a h v e  equ&rlm, the set of atoms 1n a partibtllar qnantnm idtdb,~m%t&b 

6, erdthg a fitrameney b +b not, m gbdral, bo 'termmoW wlth the total number of atoms in thst at$te % 
Wfi ommblb to ?e&M'd the .&Mhb ~&%x&'betdreen atates 5 and 2 absorbing and emltt~ng HY ati 8 ~fida$l 
Itgg3e&te dldbnct from t W d h r  @&Pegatbe pWahng m Che radlr*ons of other heqaenciee Even ff a pttfd~ 
Tdlar atdm fh WtB 5 P ~ F J ~ S *  to &flather bncb aa state I ,  the principle of detailed ba1im~b.g req& d%% 

h i % b Q d d  W q t  Qnoe frm h t b  2 to &ate 6, snd agai~ antfkhe~ make h e  reVen% of the .t~tlBd@& 
'W, 5"+8 not enWh if the 8t(nn'p~dng from h t e  b to mte 2 ie replaced ~mehho~, e g , f fh '  
p a ~ g  from 8bte 8, the l a t i  bmng replaced by an atom from state 1 , th~s woald i n h o w ~ b  8, ~ $ z % " $ &  -.- r- 

p) Thu la e x p h e d  m greater detsrl in the follomng seoiaon 
('1 Vide several &pen in t h e  Mont?dy hoQaaa of the R A 8 A w i s e  account appear0 m Hmdbuoh d Aet~opbgor 

nk Bd m, 1 hdf, dp 2 



transitions. and theie appeals to be good reason to taboo cyclic l~rocesues.(l) T'hus, for every atom passing 
from state 2 to state 5 there is another passing from state 5 to ~ h t e  2 Or, stahstically regarded, these form 

---3" 
a set of akorns maklng the reversible transit~on state 2 4- s t ~ t e  5, absolbing and emltting v,. 

If there are nr atoms in state 2, of wluch the number n2 (v,) are capable of absorbing the frequency v,, 
and arriving at state 5, the number of atoms whicll actually make this transition in time dt 

where IS the Einstein probt~hlity coefficient for llle transitloll 2-35 in  the presence of isotropic radiation 
ef illtensity Isr. And the number passing lrom sh te  5 t o  state 2 is, by the principle of detailed balancing 
equal to thrs. 

Similarly, tlie nxzniber leaving s h t a  5 for any other atate, say state I wlll be 

The coefficients Ria, I 3 a 6 - * p  neeare C O ~ ~ S ~ L Z ~ ~ S  for the atoix. The intensities IL6, Iza have no known 
rel~tions wlth one another, uiiless the matter he In local thermodynamic equilibrium. So that t l ~ e  
number of atoms lenvlng. state 5 for state 2 so as to emit HY 1s distinct from that of atoms leaving 
for &ate 1, not to mention the totul nnmbor of atoms in the fifth state Eence it is edslly seen that 
tho nurnber of atorns in the fifth state fonnrl irom the lntenaty of Hy-racliatioii can affo~cl no clue to the 
total number 01 atoms in the lowest stab, if we regard tlie condltlons 111 the prominence to be flie Same as 
in the chromosphere. A11 that wc can lnf er is the number of atoms m state 2-the '' normal state " for the 
Balmer hnes-partaking in  H~-ra4iaCion In the samo vay the intensities of other Balmor lmes may give 

the nambers of hydrogen atoms partaking in the radiation of the corresponding lines, n, (v,), nr (p14), etc. 
These sets of atoms are not in  genord coincident with the n~ (v,) atoms absorbing v,, . snpposlng that they 
do not part~ally overlap, the maximum number of atoms in state 2 is given by the sum of these separate 
nl~m.bers. Similarly Tva may find the numbar of atom$ in atatte I lf we knew the intensities of the Lyman 
line$. 

3. The objectioii to the assulnption of tharmodyn~~mic equ~librium may again be presented from other 

standpolnta. 
(a) Milne shows''' that in any steady state, tho equatlon of transfer of radiation can be expressecl as 

clw 11, + ?Bu (T) 
(IIy=z-r. + I 

where T 1s a parameter corresponding to an assumed pasuclo-Maxwellian distnbatlon of veloc~ties, 
TV is the optical depth for colour P, and 
yis the factor depencllng on tlae pzobubllxty oocfficlents of transition by oollisron , it is independent of 

T, and yaries aa the d e l ~ ~ i t ~  P . 

{ 
3-+m as p-+= 

7-30 ag p-30 
At high denwCies, '1-900, and the equatioii take0 tlze form 

which is the equation of trangfer for thermodynamic equilibrium, Thus he infers that the more the atoms 
are battered about by collisions, the more closely will emission correspond to the Kirchoff emlsslon. No 
wonder then that Pannekoek and Doorn by assuming thermodynamic equilibrium arrived at high densities ; 
in a sense the reasoning involves a vicious circle. 

(I) Cf, Eddingtcn , Intoraal con~ltltutlall of stays, g, 45 saq. 

l-A 
(") Op cit. p. 163 seq. 



Further, at low demtaes -0, and the equahon become0 

wh~ch is the form of the equabon of trwfer  for monochromatic rahahve equilibr~am We may point out 

that the converge is easlly seen to hold 80 that, if monochromatic radiative eqmlibnum were assumed 
lnatead of thermodynamic equihbrlum, we should get only low values fol the demlty 

(b) That Pannekoek and Doorn'~ high valne of denmty of atoms in the first stab la inoodtent  
mtb condlhone of h e  radution can be shown 1n another way 

I£ the nnmber of atoms m state 1 be denoted by nl per o o the nnmber of atoma that abeorb the 4th 
Lyman h e  (my) m bme dt 

where Iv i d  the intemty of the mcident milahon 
d w  

The smonnt absorbed per sec per c c =nl B,.(IIV - 4~ ) hvI6 
Thls u a hobon sv of the mdmtaon incldent on nnit volume 

the h u t s  of mtegrabon bemg the m e  as before, for instance, in the caae of isotroplu radiaaon,t$e 
mtegrabon is carried over a complete ~phere round an internal point SO that the mtepal rednoee to  I t  10 
either m e  , wMe at the boundary, the integrataon is confined to the lower hemisphere, and the bt& 

Uarng Pannekoek snd Doorn's value for n, 1 6 % lo", and Francla 81ack'~ value(') for &I = 4&8 * 
lo7, m the nght hand rnde we get 

which u abmrd, eulce the left-hand slde is a proper fractaon 
(c) Panneko~k and Doorn make me of the Hahrbdmger-Paul1 f ormnla for intenslues in WmIj of fkgi 

soma nnmber and temperatnr+wsnrmng thermodynamio eqnilibnnm- in order to derive the t@mg@&W#@ 
Thorn them obaemd values of the intenslfma for the 5 Balrner hnee The o w e  plotbd-log 1r[8& 
agamat l / Z a  mnat be a stre~ght h e  whose slope depend6 upon the temperature T But the attempt to n$& 
m h t  b e  to the plotted vduw o r n o t  be chimed to be enbrely wccessfnl-even allomng for th,a s$p@& 
mental errors menhoned thedl~crepanoy 16 moat g h n g  in the relative positions of tlaa Hq a d  
Though tihe author0 suggest the varlone expenmental defects a0 the cause o f  the high value of t e m g ~ @ Q p  
obtained, the error may st least in equal (If. not greater) probabdity, be due to thar tenfatme ~ 0 %  

thamodynarmc eqdibnhm pj"7M 
4 We may now proceed to eatunatie the denmha of hydrogen atoms in vanous states, on bhe 

that eondlhons m prominences resemble the conhhon of the ahromosphere, 1 e , a state of mono 
mduhve eqnil,lbrium 



Considering radiation of a particular colour, there will be some relati011 between the number of atoms 
in the " excited state " and that in tho lower state. For matter in local thermodynam~c equilibrium, t h i ~  
relation will depend ou the temperature T at the point, and is given by Boltzmann's equation. 

- - - ql e - ~ l / k T  

ns qs, e -X&T 

where n ~ ,  q ~ ,  Xr represent the number of atoms per c c., the " statist~cal weight," and the internal atomc 
energy corresponding to state r. 

- 41 , , hv /k~  -- 
Ys 

where v is the frequevlcy emitted when the atom passes from state s to state r. 

As this formuld depends on the temperature sheerly in vrrtue of the velocity-dlstrlbutions, it may be 
taken to hold wherever tllere 1s a slmllar velocity-distribution (I) Such may be assumed to be the state in 
monochromatic radiative equilibrium also. Though we cannot talk of a temperature T (smce there i d  no 
thormodynam~c equ~hb~mrn)  yet tllere is a pararneler T corresponding to the pseudo-Maxwellian dlstributlon, 
q-hich will behave just Illre the tenrxperature T' for all intents and purposes, inasmuch as a thermometer 
exposed. to these   do cities wlll recervo sncln. a number of collisions of varying magnitudes as will cause 
lt to reglster a tempcratare T 

But this pararv~ete~ T will 1x1. gcncral vary wlth each colour, except in the case of local thermodynamic 
equilibrium ; it is, in fact, rncasurablc only from the observed intensities which, as stated above, have no 
fixed relations wlth one anotlmr, in a atala of monochromatic radiative equilibrium. 

Box want of definitc data, we assunia 1' =: 5500' in the following calculation$. Thls 1s not to mean 
that a uniform temperatura is concodcd in the case of tho several radiations considered ; on the contrary, 
5500" 1s adoptecl. as the parsrncter in the hopo that it will. be roughly of the same order of magnitude. Even 
go, this 1s radically different from tho assulnption of a uniform temperature for the complete continuum of 
frequencies such aa exists in a stat0 of thorrnodynamlc equilibrium. 

Thus, for the Balrner lrnes, ignoring gtatl~tzcal waights, 

where T may be taken as - 5500". 

Alao, the emission by the atoms in tlzc rth stato per c.c. 
- - nl. hvr2. ergs per sec. - (2) 

Denoting by EV the lntensitics given by Pannokook and Doorn, and the volume of the prommnence by y, 

the emission per C,C. = -* V From tlzis and (2), we g ~ t  

Using Pannekoek and Doorn's value of the volume of prominence " a "  as 5'8 x lOag c c. and their 
intensity-values for the different rmages (see column 5 of the following table), and Francis Slack's values(2) 
(column 4) for tho probabllrty 00-eflicients AID, can be calculated (column 6) And from thls the values 
of ne oan be known wrth tho aid of equation (1) (column 7). The number of atoms (Q + nl) taklng part in 
the radiation of each line i s  glveil in the last column of the table. Assuming that there 1s no overlappmg, 

(I) In thia argment,  I follow Mllno Op. clt, p. 160. (*) Lac GI$, 



tow of atoms m n g  In the radiation of the Balmer hnea is obtained by adhng up thae 

The nnmber of atoms in atate 2 la 

Number of &me 
m cxc~ted 
state, nr 

(6) 
0 946 
0 258 
0 189 
0 406 
0 230 

Number of  tome 
xn seoond 
state, ne 

(7) 
13 028 
54813 
76 130. 

231 910 
112 tiso 

Total 

Number of 
atome 

na + Ilr 

(8) 
13 27 
66.07 
26 42 

232 32 
112 83 - 
489 90 - 

found to be incremiag as wo pas0 from Ha to Ha, because An 
demeaflefl m c h  mole rapidly than the oberved i r r twnhes In t]lls connexion we have to bear la a n & ~B 

nnoerta;lnbea m the measure8 of the intenslt~ea which, m the worh of the authore, ('1 are " cape&, by the great 
d a l t y  of the prorrmlence images, the extrapolahon from the denaity ourves, and tho large influenc~ &.Q 

8chwal.zsch1ld exponent", these fwtol.8 obulonsly make the err01 greater, the dmser tho 1-0 , 00 &at the 
vdaes of n, are pi ohably more and more reduced as we go from Ha to Ha It 1s satisfactory to note, howe~w, 
&at mmber balm to decrease aa we come to He, and perhapa one may conjecture that it rn110013t4~4~ 
ts decrease we go to other member0 of the aeries The total number of atoms gartalnng lu the i q d ~ ~ b ~ a .  
the Balmel hnes may theref ore be taken ~ E I  off the order of 600 Taking nclconnt of the f mt,s that the dflqrmb 

of (n,) atome found abovo any overIap to some extent, and that the statistical welghte wd1 tend to redaoe 
thefir numbers, we m y  Flafely put 600 as the mm~mum nnmber of atome 

The number of a t o m  m elate 1 can be found as argued above, only from a knowledge of the iatwab 
of the ~ ~ y m a n  lines The ratio used by Pannekoek and Doorn (1 20 x 10-la] is roally the ratio lt(v,,) 8 

n,(v,J, n 6 ( u 3  can be found only if the intensity I (v,) were known The intensities of the ]Gymm 
m prormneace spectra are not known, bat if the itenaity I (v,)  w e r e ~ l O - ~  times that of Hy, we g 

order of rnamitude for the density of stoms iu state 1 absorbing and emitting the firet Lyman bn 
$hat of the Hy ptwtlclefl 

WQ arrlve at the same result from oaloul&tiona ~lrnllar to that made m a previous section (3 c ) 

1 
Since the traot~on % sv< 9 we get nl < 2 2 % 10' 

% 
~ h a e  we may estimate the namber of hydrogen atoms per c c in the prormnence to  be at most ot the 

order of 1,000 Ths produces a preaeure of about 7 5 x 10''' atmospheres, takmg a temperature QI bWOp 
d, with Petht ('1, we regard Pannekoek and Doorn'a eddmata of the volume of the prommnenoe aa 20 tweg boo 
large, the preseure becomes 1 5 x lo-'' atoms awn, following Petht in ccn~idering that, 01noe the pr&~ 
~ B T I O ~  '' a " 18 comparatively " weak," the itenslbea of lmee wlll be sbont six tames w great 1n a '' r a p r w e  
ktiv% prominenoen mch the  promineno8 " c " of Pannekoek and Doom, the partial pre8gupe of by- 
becomes 9 X 10-l' or shghtly lag than lo-'' atmospheres 

5 The above e~hrnate of the presgnre of hydrogen id  comparable with Milne's eslarnate of the p r a m s  
of &+ at the top of the chromo8phwe ('), me, 10-'' atmorrpheres Pannekoek and Doorn obtain a0 low r 
pressure for Oat a~ 9 6 x atmospher@a I bat it appears to me that this low estimate i e  due to an emw 
.swb k tbet in the  we of hydrogen 

!&w ma'r~ evdna~on of the probtkmity w-ef8amt A H 4 1  for the bramatiom 2&-2P1 EUM$ 

(g K Itnee) oombmed 1 55 x loB, ti4ey fafa thet each atom of Ue+ @mi& I 511 x 10e x hw=I f i @ ~ # @ f  
urg/m Bat sertsibtg, tW m~mt ~ t h d  by w h  atom of b+ in atate 8, and not the am- 

C)PannekoekandD~orn Op @t P 2% 
Of Monthly Not~ce~  of thq BBB 88,193 (1928 ) 



emrtted hy each atom of Ca+ . By regarding 7'69 x LO-4 erg/sec, as emitted by each Ca' atom, they obtain 
from their value of the total ermssion of H and I< radiation by prominence " a " as 6'03 x lod6, the total number 
of Ca+ atoms as 7 8 x 1oa%r 13 per c c Bat it 19 obvious that ths  is only the number of atoms in the excited 
state (nJ. 

The number of atoms in the lower statto (n,) is given as before by the equation 

The pressure due to n,=730 times tho prcssure due to  na. 
.'. The pressm8e of CA+ atorns=73l x 9 6 x 1 0-20 - 7 02 x 10-Ir atmospheres 
Correcting, as in tlic case of hydrogen, for the excess of  the assumed volume ailcl the: weakness of the 

64 lines, the partial pressure of Ba* atoms in a rcpre~lcntative prominence " 
=(i X 20 X 7'02 x 10-17 

Thus the partial 1aessul.o of Oil+ atoms is of that of hydrogen. The hydrogen content, as measured 
by its mass, will l ~ c  only $- o l  that; of Ca". 

G Cunclz~~ao~~.-We nwy tlicreforu cozzclntlc that, if we do not assume a state of tlzcrmodynan~ic equlll- 
bri1I.m in tlie prolrzrnckllccs, tho darl~lly of tllio lzydragen Is no longer of Immense proportions , 011 the other 
hand, i t  i s  cornpaunl~lo will1 tlro densilly of Oa' in the pronnnenccs and, what is more, both these values agree 
closely with Mllnc's cstinl~ll~s o l  1110 (1~11~11~. of Ct14 at: the t o p  of &he chromosphere We can be more certain 
of the eshmates sf Izydrogen-coilLci~t oU I~roxnxlzencca, only if wo know the intensities of other senes of 
hydrogen liiieg, ef~peclally tllo first iew Lyxwlan linc~l* If theso intei~slties should happen t o  be large, the 
density of hydrogen atoirls ~n Wlc? firsl utal~? will r)repo11~ler&tingly large, a i d  the condition in the promi- 
nence wlll approxunaie to one of thormodynarr~~c cscllxllibriurn ; IE, on the contrary, thego lntensltles should be 
very low-a9 we imagina illcrvz t o  11e-Lhen illo clcizsitics wrll bo low as sta.t;ed above and the conclition 
approximate to one of ~nonocl~romatic r~dit~tive' ~ ( ~ ~ ~ ~ l i b r i u r n .  What exactly is the condition exlsting ln the 
prominence cannot at pucaont bo known lor cerkzlii~. Nevcrtlzelcsa one may hazarcl the conjecture, 111 the llght 
of Milne's theory axlcl. tI10 c?xparicmca of hydrogen irnagca bclng llcias denso than lonised calcium images, that 
the conditions in promir~enccs cornlapoiztl move to tlioso In the upper layers of the sun's atmosphere than in 
the lower layera, ihat is, .to ~nouochrorxlt~hxc radiatlvo ccyuilibrium rather than theimodynauxzlc equilibrium, to 
lower densities of tho grasca ratllar i h a i ~  Ir11g11, and to  lower clei~sitios of hydrogen than of calcium. 

I wish to oxpress my sonse of gratii,~lcle to Dr, T. Royds For Blndly suggesting the above problem t o  me 
for investigation and for tlicr valuablc cmticism and nsarfirtance he affordod me in preparing this paper 
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Beseccrch EbZlow of the Unwerszty of Xudras, 
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