
XII. Solar Eclipse of 1900, May 28.-General DGcussim of Spectroscopic 
Its. 

Communicated by the JOINT PERMANENT ECLI~SE G O M M I [ ~  

PN the preliminary report of an expedition to the south limit of t,otality, in Algeria, I 
described in detail the methods adopted alid the instruments employed in obtaining 
photographs of the "flash" spectrum in high solar latitudes.* 

-The present paper deals with the results obtained from a detailed st'iidy and 
measurement of four of the best negatives of the series of sixteen which were secured 
with the principal instrument, a reflecting prismatic camera. 

This instrument wa6 an ordinary reflecting telescope of 188 centims. focus, fitted 
with tho priains of light flint glw a t  the upper end of the tube near the position 
usually occupied by the mall mirror of the Newtonian reflector. The prisms bad an 
effective aperture of 8 centims. and angles of 60" and 45' respectively ; they were set 
epproximately a t  minimum deviation for El, and gave a linem dispersion at the focus 
of the large mirror equal to 93 millbs. between F and K. 

Dmwiption of the Photograph. 

The plates were exposed near the time of greatqst phase of the eclipse, which was 
not quite to td  a t  my station The first plate w& exposed at 45 seconds before, and 
the k t  a t  32 seconds after, the computed time of mid-eclipse. Owing to the position 
of my station, near the extreme limit of the zone of total-eclipse, and just outside, that 
limit, there appears in all the ld~otogcr~phs a considerable amount of continuow 
spectrum due to the uneclipsed photospiere. Notwitllstanding this, all the exposures 
which were made within 15 seconds of mid-eclipse yielded good images of the h s h  
spectrum, and the sky illumination was sdiiciently reduced to a!low of the fainter 
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spectrum arcs being impressed during quite half a minute at  the time of greatest 
bbscuration (see Plate 2). 

In all the images the continuous spectru~n extends from h.3500 to A5100, and 
throughout this long range the focus appears to be almost ~erfect, a striking 
testimony to the good qualities of the reflector as compared with a lens. 

Some of the stronger arcs show a di&seness on the violet side, a defect ~ h i c h  has 
been traced to a'want of homogeueity in the glass a t  the base of the 60° prism. In 
the ultra-violet region this chading becomes scarcely noticeable, and the definition 
here is very fine ; this is no doubt owing to the almost complete absorption of the 
ultra-violet rays in traversing the thickest part of the prisms. 

The four negatives selected for special study, and which are reproduced in Plate 2, 
are from the exposures numbered 9, 10, 11, and 13. 

No. 9 was exposed for 2 seconds, beginning 15  seconds before mid-eclipse. The 
flash spectrum is impressed in a rather narrow rift in the continuous spectrum, 
extending from position angle 140' to 148', and including a region between 70' and 
7'i0 south latitude. The bright arcs crossing the rift are exceedingly narrow thread- 
like lines, well defined throughout the spectrum, and are therefore well adapted for 
accurate wave-length determinations. Altltough the arcs are inclined about 30' 
from the normal t o  the direction of dispersion, this w7as found in making the msasures 
to detract but very little from the accuracy of a setting. 

In  the ultra-violet the Fraunhofer lines are particularly well-defined in this image 
right up to the end of the plate on th- continuous spectrum, but between H4 and Hfl 
they are obliterated by over-exposure.* The stronger dark lines, and many of the 
weaker ones, are continuous witX alld run into bright lines in the rift, and in several 
instances the density of the silver depc-sit is the same in the bright line as it is in the 
dark h e ,  giving the impression that the change &om dark to bright is entirely one of 
contrast resulting from the withdrawal of the bright background of continuous 
spectrum. Some of the more intense lines, such as those of titanium a t  AX 3685, 
3759, and 3761, do not .become drtrk lines on the continuous spectrum, but, being 
more intense than the latter, appear bright even upon the bright background. 

This may be accounted for by the great dtitude to  vhich the titanium vapour 
extends, not to its being intrinsically brighter than the photosphere at  the limb. For 
the continuous spectnun is produced by what is virtually a slit of extreme fineness, 
defined by the limbs of the sun and moon, and subtending an angle of less than I", 
w h i t  the titanium spectrum comes from a stratum, or virtual slit, of 7" or 8" in 
&r dd%h. 

No. 10 was exposed also for 2 seconds a t  about 10 seconds before mid-eclipse. The 
limb of the moon, advancing eastwards, has covered up the lowest strata, of the &sh in 
the position where the lines are so well developed in No. 9. There id, however, a 

* In the reproductions the Fraunhofer lines are almost invisible except at the extreme ultra-violet end 
in No. 13, 
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good hut narrow image of'the flasll ilt al~ont positii :: ;I> ~ l e  137", or littitltde - 6.3' to 
- 66" E. ; and 0x1 the west side also there i i  i1 iirtc 'i11.t  j i  of fitint continuous spectrum 
in latitude - 56" W., upon which the fliisl~ iilles nl I I ( W  'rb aiitlntr? dots, like bends on 
a string. About twelve of these dots may be count v t  i +-tween B anct K. 

No. 11 spectrum was exposed during 10 seconti. r:+..tr the tinie of ~nitl-eclipse. 
Judging by the symlnetrical distribution of the lxtnti+ ilt' ro~lti~lunns spectrum oil e,~ch 
side of the central line of the image, the rnitldle c t i  ~ ! i c  exposure 11lnst have been 
timed almost a t  the moment of greatest phase, whicii :iplv;~rs to have coincided nitb 
the computed time of mid-eclipse. 

The continuous spectrum in this negative is reducecl to aine trr ten narrow lnnds, 
due to indentations in the moon's limb, and the ffnsh s~rc~ctrutl~ ;qq,ears in the forn~ of 
loug arcs crossing the bn~lcls :~nd extending over the whole of tile south-polar region 
of the sun. Most of the arcs cover 80" degrees of the limb, extending fiorn latitude 
- 75' on the east side to latitude - 28' on the west. The &ar]pest ciefinitior~ is 
dong a band a t  position angle 212" in latitude - 4t3  on the west side, and this 
portion of the image was selected for measures of ~rr$\c-length and estinlrttes of 
intensity. 

The bright lines on this negative are more strongly impressed, and can be traced 
further towards the more refrangible end of the spectrum than in tiny of the other 
images. Some of the Fraunhofer dark lines can stili lrc trttced near the encl of tile 
image in the ultra-violet, crossing the narrow strips of cn~ttinuous sl)ectr.u~u. Thl,se 
lines therefore do not wholly disappear before the last ~*e~ntiiznts of continuous 
spectrum vanish, but they become exceedingly faint, and are easily obliteratetl by 
over-exposure. 

No. 13 spectrum, exposed for 2 seconds about 14 seconds after mid-phase, shows a 
considerable arc of the photosphere uncovered over thtt soutit)-nest limlr, and the 
negative is somewhat fogged from the increasing sky illumination. Thew is, 
however, a good image of the flash spectrum near the ltritldle line of the irnl~ge i l k  t l ~ c  
south-east quadrant. The lines are here very short, ttiti flash layer being expoi;ed in 
a narrow depression of the moon's limb, but they are well abptod for mneasuremalt. 

The photographs nuinbered 9, 11, and 13 were measured with a nlicrometer 
microscope, lent to me for this purpose by Major HILLS, R.E. This lirstrurueltt has a 
screw of 1' millirn. pitch and about 200 millims. in length. The heail of the screx 
being divided to 100 parts, readings can be made to '01 millint, and by estiruation to  
'001 millim. 

In  practice it wm found that -01 millim. 'was about the limit of accuracy attainable 
with the best defined lines, A preliminary set of measurm of the sharpest lines over 
the whole length of spectrum photographed was d e ,  to test the accuriey of the 
screw .over long runs, a duplicate series of measures being made over the same 

RN';! 
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portion of the screw, but with the negative reversed end for end. A comparison of 
the direct and reversed measures revealed systematic differences amounting to as 
much as .02 nlillim. in a run of 100 rnillims. 

Although this error of run would have very little effect on the resulting wave- 
lengths, which depend ultimately on short measured distances from known lines, it 
was considered more satisfactory to measure the ~ h o t o ~ r a p h s  in three sections of 
ebout 70 millims. eacb, selecting a portion of the screw which gave consistent results 
over thk range. In order to  reduce the accidental errors of setting, and to detect 
blunders, each section was measured twice, one set of measures with the red end to 
the right, and the other with the red end to the leEt. 

This method involved some extra labour in combining the measure6 and in joining 
up the three sections into one consistent whole by means of the lines which 
nerlapped between the sections. However, the definition of some of the images is 
30 good that any amount of trouble taken in getting satisfactory measures seemed to  
be just%&. 

The relation between -- wave-length and measured distances a t  all points in the 
3pec tm ;as determined approximately by graphical methods, using 42 ~ e l l - h o r n  
iines, including .Lines of hydrogen, calcium, titanium and iron, kc. A large number 
sf the h e r  lines mere then identified ivith certainty, and in the h a 1  reduction the 
broad over-exposed hydrogen and calcium lines were rejected as standards, and about 
55 more suitable lines were selected which are well distributed throughout the 
3pectmm, using in the ultra-violet region Lines which I considered thoroughly well 
identified in the spectm obtained in 1898." 

From the Rtandard lines the position ia millimetres of each 50 tenth-metre of wave- 
length was computed, tddq the mean value given by four or five of the nearest 
stanhrds in each case. A table of differences was then made g i h g  the inter- 
mediate values by interpolation and the value in d i m e t r e s  of one tenth-metre a t  
every 25 units, 

The wave-lengths of all the lines, including the standards, were computed from 
this table, using second differences. 

Each of the three spectra measured was reduced independently, using the same 
standard lines, but computing a separate table for each. A direct comparison of the 
three sets of measures showed that they were very nearly identical, and one table 
might have served for alL But there appear small systematic differences, due in part 

the fact that the measures were made at, difTerent distances from the centre of the 
arcs, and probably in part also to slight irregular contraction of' the photogmphic 
slms ill drying. 

It waa therefore considered more satisfactory to treat each spectrum entirely 
independently, combining in the end the wave-length values obtained td arrive a t  the 
most probable values measured on &ll three spectra. 

+ ' Phil. Trans.,' A, vol. 197. 
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From the accorcltknce between t'he t \ \ o  sets of rneasures for. each spectl.\~rn the 
acciclentxl errors of the inearl positions nl:ty I , \ :  esti~~luicd at, it1)out -01 tnilliilr. 'I lie, 

ineall error is less-than this f o ~  tlic Ijcsi tii~titicci lines, but greater. iibr the l ~ r o i ~ l  or 
diffuse lines. This error co~l~esponils to  i l l i  el.rol* in \\.are-leilgtl~ of  .1G toiitli-metre i ~ t  
5000, decreasing to -07 at  4000, and .01 a t  tlke entl ot' tlie spectra i ~ t  3500. 

I t  does not, of course, follow t'lt~at the wive-lengths in the til1)lrs can be rcliud OIL 

within these limits, except for isoltited lines of \vliich the 1neiLslirt.s :we una&ctt:cl by 
any disturbing causes, sucli as faint conipenioii lines or shnc.lii~gs. But this tlegree of 

accuracy seeins actually to hnve been nttainetl it1 zr large p~oj)wtion of' the iron illid 
titanium and other well-identified lines (see Tnhle I., 1). 478). 

The mean values for the hydrogen lines, given sel);~r.utely ill  Tai)le TI., agrcib vrry  
closely indeed ~ v i t l ~  the computecl values. Thus in nineteen lines, in i~ totiil of' 

t'wenty-eight, the tliflererices do not exceed .04 tenth-nletre, ant1 in four 'lines 01114- the 
n > differences reach .1 tenth-metre, three of these bei~ig the lines y ,  8 aad e; ~vl~i , i .  

difficult t o  bisect on account of their great width. Tliis result will, perltnps, t~cst 

indicate the general accuracy of the wave-length I V O Y ~ .  

No corrections of any kind have beell applied to the results, untl it nx~y I s  wcll to 
emphasise here the fact that no corrections are needed for : t ~ ) p i ~ r e ~ ~ t  tiis~)ii~ccl~~euts 
due t,o the different altitudes to which the various p s e s  ascend in t l ~ e  cl~~.on~c~sl)l~erc. 
I n  making the measures, the settings were nittde a t  the positic~ll of nl:~sil~tu~l\ clctixity 
in the case of the broad over-exposed hydrogen lines, tlie filler lines 1)eilig sirl11)ly 
bisected without reference to the apparent edge of the moon's lirnh. 

It is probable that  the positions of lnasinium density c)r' the inlnges o f t  llc st rcirlger 
lines correspond to radiations conling from a region witlriu 2'' o f  tlle p11l ,tosi~ltcl.e, 
whilst in the fainter ultra-violet liyclrogen series the mdintioi~s are nhnost cl.)~l!ir~cii 
to  the flash spectrum layer, the elnissioll from the upper cliro~liospl~ere being zili11r)st 
insensible for these lines. 

Assuming tha t  all the settings were made on arcs ludiated ti.onl a. region ~ v i t l l i l i  

2" of the photosphere, this being the approxiniitte lilnit to ~vllicli t,he re\'t*i.sing 
layer extends, no appreciable error will be made by bisecting thc inlagcs ; , fi.)~. :L 
difference of 1" of arc in the positions of the various gases above the nioolis liuib 
would make an apparent shiR 011 the plate a t  188 centims. focus of'.C)031 mill in^., :L 
quantity about equal to the accidental errors of measurement. 

On the other hand, if the settiugs were made'c~lr the inner edge of 'cLe nrcs, tlliit is, 
a t  the apparent limb of the moon, a co~lsiderable error would be int,roduced, depellcling . 
on the intensities of lines, which spread inwards as well as  outwards aa a result of 
irradiation. 

It is particularly noticeable that a large number of the arcs o f the  flash spectruni i ~ t  
these prismat,ic camera photographs are narrow lines sharply defined on both sides, 
there is no diffuseness on the outer side, as  might be expected were the arcs true 
images of the strata producing them. They are in reality, as I have previously 
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pointed out,* diffraction images more or less enlarged by pllotopaplllo diffusion, and 
they appear to be as well adapted for bisectio~i and wave-length determination as are 
the lines given by a slit-spectroscope. 

Exception may, perhaps: be taken in the case of the helium lines and the somewhat 
reniarkable line at 4685.7. These do not increase in intensity towards the 

and it is possible that they are very weak and even absent from the 
%ash layer. A bisection of these arcs may, therefore, represent a point in the 
chromosphere higher than the flash layer. 

No allowance has, hoviever, been made for this, yet the values obtained indicate 
only a mall displacement towards the red end, averaging .16 tenth-metre for the 
three lines 4713,4471, and 4026, when compared with the principal components of the 
double lines as determined by RUNGE and PASCHFLN, and which they are assumed to 
represent. 

But it is noticeable that in these spectra the helium lines become broad and faint 
in the flash layer, although narrow strong lines outside ; the measures are, therefore, 
somewhat uncertain, and i t  is possible that they may be partly affected by the less 
rehngible- components of the double lines. I n  any case they serve to show what a 
small correction is needed, even for the lines of a substance like helium, which is 
chamcteiistic of the uyper chromosphere rather than the 0ash layer. 

Estimates of Intensity. 

On account of the great range of intensity between the weakest and the strongest 
lines, a scale was adopted ranging from 0 t o  100. This is practically equivalent to 
adopting two orders of intensity, 0 to 10 representing the weak lies,. 10 to  100 the 
strong lines, the latter progressing by fi-ves. 

The intensities of all the lines, with the exception of those of hydrogen and H and 
K, vere estimated mhile making the measures, two independent estimates of each line 
being obtained from the two sets of measures of each spectrum. The mean of the 
two estiinates is set down for each spectrum in Table I. 

The hydrogen and calcium lines were estimated separately. From HT to  Hp they 
fom a nearly uniformly diminishing series, giving a convenient scale of reference with 
which to compare the strong lines of the flash spectrum 

At the ends of the spectra, where the density of the image faus off considerably, the 
estimates are of course very rough and uncertain, and t,hro~agllout the middle 
portions of the spectra the intensities we not perhaps strictly comparable, except over 
a limited range of wave-length. 

* ' Phil. Tram.,' A, vol. 197, p. 394. 



The identification of the bright lines in these specti.:\ with the cIark lines of the 
Fraunhofer spectrum presents very little difficulty in the case of the strong, or well- 
defined flash lines, and i t  appears to be generally true 'that the ruoye relinljlc the 
values of wave-length obtained in photogr;~phs of the flash, the more closely do t l ~ t h y  

correspond with ROWLAND'S values of the dark lines. Thus ninny of the lines 
measured on small-scale photographs obtained in 18 3 8 show apparent displncenlelt ts 
considerably greater than the accuracy of the measures seemed to wiirrnnt, and ~vi~ich 
rendered many of the identifications doubtful. This is p~riiculndy the case in tibe 
region between 3700 and 3900, where the iron lines especially fieenled t o  he systen~~~ti-  
cally of smaller wave-length than the corresponding dark lines, whilst the hvtlro,~erl 
lines in the same region agreed -very closely indeed with their theoretical positions. 
In the present measures, however, in which the scale of the plates is nearly four times 
greater, these displacements are not confirmed, and the same lines are found to ikgrce 
with ROWLAND'S values within -04 tenth-metre. 

As regards the fainter ill-defined lines and groups there is, of course, conside~~li)le 
uncertainty in assigning the particuhr dark lines of which they are supposed to be 
the reversals, or which lines in a group of dark lines are reversed in the flash. 

It is, however, abundantly clear, from an examination of Table I., that every well- 
defined bright line of the Bash (excluding hydrogen and heliuxn lines and tile lilie at  
4685'7) can be assigned to a dark line of RO~VE~AND'S table of nn ilite~lsity escuctlirig 
2 of his scale. There are no bright linea of even medirzm strength wl~icli occur i l l  

blank spaces of the solar spectrum where the lines are maker than 0, and only a  ti.^ 
of the very weakest lines in the table coincide with solar lines xi th  an intensity less 
than 2. 

As a corollary to this, i t  may be sh ted  that in general the greater the intensity of' 
a dark line in the solar spectrum, the more probable is its presence as a bright line in 
any given image of' the flash, and in the long range of spectrum covered by tlle 
spectra under discussion, X 3500 to X 5000, the dark lines of intensities exceetling 7 
are all present as bright lines, except in two or three instances where they are 
obviously obscured by strong hydrogen or calcium lines. 

l n  the tables of flash-spectmm lines published by FROST and by MITCEELT,, thc 
same general fact is apparent in the large number of identifications made with 
prominent Fraunhofer'lines. Professor FROST concludes that "at least 60 per cent. 
(and probably many more) of the stronger dark lines of the solar spectrum are found 
bright in a stratum not exceeding 1" in height above the photosphere."" 

It will probably be generally admitted, therefore, that the flash spectrum as 
photogrt~,~~hetl. hitherto is a reversal of the nlore prominent of the Fraunhofer lines, 

* ' Astrophysical Journal,' vol. XII., p. 346. 
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.nd does not include lines (other than those of Re  and H) which are not present in 
he dark line spectrum. 

The most important point remaining open for discussion is the relation of the 
ntensities of the bright lines to those of their dark line equivalents, for on this 
~oint  turns the question whether the flash spectrum layer is in truth the stratum 
,$rhich by its absorption gives rise to the Fraunhofer spectrum. 

In discussing the results of the flash spectra obtained in India in 1898,* I stated 
:ertain conclusions leading to the belief that the flash spectrum does, In fact. 
.epresent the upper more diffused portion of an absorbing stratum which, taken as a 
 hole, produces the Fraunhofer lines. The conclusions relating to the relative 
ntensities of the lines I now recapitulate in the following three paragraphs :- 
(1) The relative intensities of the lines of any one element in the Bash spectrum 

Ire practically the same as those of the same element in the solar spectrum. 
(2) The relative intensities between groups of lines belonging to different elements 

Ire widely different in the flash and in the solar spectrum. 
(3) The apparent intensity of the radiation from an element in the lower 

:hromosph&e is determined by the extent to which that element is difFused above 
the photosphere, and the real relative intensities between the different elements 
:annot be judged in photographs of the-flash spectrum. 

The statements in the second and third paragraphs will now probably be generally 
tdmitted, and do not need f~zrther disc;ussion. It remains to determine how far the 
statement given in the first paragraph is borne out by the present results, which 
sover a somewhat different range of the spectrum, give more accurate values of the 
wave-lengths, and which give very much more complete and reliable values of the 
intensities of the lines. 

Probably this is the most important conclusion deduced from my'former results, 
and as it is one which is most open to criticism, I propose to deal with it in some 
detail, and with especial reference to the results obtained by FOWLER and BAXANDALL 
under Sir Nomrm LOCKYER. These investigators have found that the relative 
intensities of the lines of an element il: the flash approximate to those in the spark 
spectrum, whilst the intensities of the dark lives closely resemble those in the arc 
spectrum ; whence they conclude that the flash spectrum layer is not the seat of the 
Fraunhofer absorption lines. t 

In making oomparisons of intensity in the bright line and dark l i e  spectra of an 
element, a ser?ous d;fficulty is encountered in the probably compound nature of many 
of the apparently single lines of the llash spectrum. In  such cases it is, of course, 
impossible to assign the true value of intensity to the components ; even when the 
unequal components of an obviously double line are easily distinguished, it is difEcult 

* Phil. Trans.,' A, vol. 197. 
t See FOWLEX on the Flash Spectrum, 'Observatory,' April, 1902. Also Sir N. LOCKYER and 

BAXANPAU, 'Monthly Notices, R.A.S.,' vol. LXI., Appendix, 



to estimate t l ~ c  intensities corrcctlj, t l ~ c  iveul,tsr cor~~por~cr~t 11ci11; liiiltlc to 
consitlerably under-esti~natecl. . . 

Arlotller dificulty occurs when sir~gl~t I:!~;ai~l~llofilr I ~ T ~ C S  1i:t~e :I COI~I)OIIII( I  ~.~I,I;:III 
assigrted, such as Fe-Ti, kc., tlle ~)roportioi~ of il~ttbr~sity of' cacli elix~llcr~t i l l  t,ilc 
" niake UP)! of the dark line being ul~kllown. Tri sticli case..; tlic relative ~)ropol.tit,us 
of illtensity in tile corresponrling flash line n1:by l)e iluite tiiii;!~.c~~t or evo~i rcvt~r.~c~ll, 
the ~~recioininating elenlerlt being i l l  ge~ier;tl tiic oile wl~icli asccritls to 1110 gl.c~a tt'st 
elovtttio~l in the chroulosphere, not necessarily ttlc olic n.11ich ~~rctlv~ni~i:ltes i l l  iilo 
dark liue. 

In t'llese circumstances i t  is impossi1)le to nl;~ke ;~~ iy t l~ iny  like :I co!ill)lcto 01. f i t i :~ l  

comp~r.ison of intensities. The Lest that call I,c tlollt: is to selcct, ti,r cncll c~l~~~rlt~rtt 
isoliit.ed lines which are least open to the sus~)ici(!~l of heins nrutlt. {ii) of 1 ~ ~ 1 1 ' ~  t11:iri . . 
one line in the flash spectrum, and also lirles ot' supposed siilglt! 01.1g111 ~ L S  g i v ~ ~ l  i l l  

ROWLAND'S tables. 
Unfortunately, there are only t,hree elements whicli have ;L s~ificiet~t ntinilrc:r of' 

lines in their spect'ra to be treated sstisf'nctorily in this way ; tlley arc i r o ~ ~ ,  tit;l!iiu~r~, 
and chromium. 111 the following tables I gi~,.e the results 1i.r tliest? elt.~t~+'i!ts, 
selecting 219 Fe lines of ROWLAXD's intensity 3 and I I ~ I V ~ L ~ Y I S ,  124 Ti lines of 

illtensity 1 and upwards, and 157 Cr lines of inteilsity 0 nilcl over. 
These are represented in the flash spectrtt t)y 93 Ft: lilies, 39 Ti lillos, ail11 25 C'r 

lines respectively. The selection of stlitable lines was made entirely f'~,ol11 Ito\\. i,.~s I 1'5 

table, and without reference to the flash spectfit, so as to it~oitl 1)iiis i l l  tlie s~~1cc:tii~ri. 
ROIVLAND'S intensities of the solar lines are given i l l  t'lle first c o l u i l ~ ~ i  of u:icIi t ; i l ~ I u ,  

and the number of lines selected between XX 3500 arlii 5000 in the si.i:o~iil C O ~ I I I I I I I ,  tllc 

third and fourth colulnns give respectively the nulnbers nut1 percc~iti~ges oi' tilt! !I~lcs 
. . 

which are found as bright lines in the flrtsh sl)ectr.ulu! tlie fiiill coliuliu g1v111g t l : ~  
average intensity of these lines. 

A glance at  the first and last cnlulnn of asch tilllie ,rill sllow tile gc11er;il i , r . l ; , t i o ~ i  

between the flash illtensity and the dnrk-line illtensities fbr tlrc tlr!.ei! cl1~111i~~its 
considered. The nuiubers indicating irlte~lsit,itrs f;)r t l~e  Lrigl it alitl t l;r 1.1; l i ~ ~ e s  iu c i l l  1 t ,  
of course, directly colnparable, sirice they del~e~ltl or1 ~nct  hotls of j utlgir IS iti1c.i isit y 
which may difl'er widely in the two alses. I t  is a niere coirlcitlerlce i r i  llrc c;istL o r  

iron that 'the numbers representir~g the strorlger lilies practically corresyo~lrl in  the 
first and last columns. 

From the columns of percentages the general rule is obvious, that the stronger the 
dark line of an element, the more probable is its occurrence as a bright line ill any 
given image of the flash spectrum. Thus we find that of the Ti lines none are, 
present in the spectra under discussion corresponding to I~OWLAXD's i~lter~sity 1, and 
the percentage of dark lines exceeding intensity 1 ~ ~ h i c h  are present as bright lines 
increases with each increase of dark-line inte~isity up to intensity 4 ; of the 19 dark 
lines exceeding intensity 4, all are present in the flash. Similarly with iron, all of 
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the 32 lines exceeding ROWUXD'S iutensit~ 8 are present in  the 53sh and none 
under his intensity 3. 

This general law of correspondence of intensity between bright lines and dark 
liues is, however, far from being exact in detail even with the selected lines used.in 
these wmparisous, and the average intensities of the bright lines are in some 
instances made up of rather widely diverging units. 

This is more particularly the case with the weaker dark lines of each element, 
which are often of abnormal intensity in the flash, In  the case of chromium most of 
the flash l i e s  corresrsondi~vg with' solar hies of intensity 2 and 3 may be eonsidered 
abnormally stroug, for the average intensities for these lines are greater than the 
average of the l i e s  corresponding with the solar lines of intensity 4. 

The percent,age columns show also that inany dark lines of medium intensity may 
be absent in the flash, whilst other weaker lines are present. 

I t  nmst be remembered that estimates of intensity in the. flash spectrum, however 
carefully made, are liable t o  considerable errors for several reasons. The great 
weakening of the_-.spectrum near the ends of- the- plate materially affects the 
percentagesbf the meaker lines as given above, and the low dispersion of the plates 
compared with thos: on which ROWLAND'S . . -  estimates were based introduces other 
sources of discrepsacy. Moreover, ROWLAND'S table itself is admittedly a 
" preliminary " t'able, in which some of the assiguments of origin may be erroneous 
or incomplete, l i e s  having n single.origin assigned being really made up of two or 
more elements. 

IRON Lines in Sun and flash. 

Including all isolated lines in ROWLAND'S table assigned to Fe only between X 3500 
and h 5000, excepting. those which are obscured in the flash by strong hydrogen 
and calcium lines.* 

1 Under 3 
3 and 4 

15 ,, 20 
25 and over 

Very iWe xiumber 
94 

Xumhr of lines Percentage of lines 
in flash. I in tkah .  

Average intensity 
in flash. 

* Tnclnding three lines ascribed to Fe only by L ~ Y E R  at AX 4179, 4233, and 4515. 



ABNORXAL Fe Lies. 

Lines weak or absent in flash and exceedi~ag intensity 6 in Q. 

I 
I n m .  / Inflasb. ! 

I I If 
eakncctl. 

Lines strong in fls11. 

Absent 
3651 -85 
3680.4 + 
3684 -29 
3701 -28 
3705 -67 

3850 -26 
Absent ? 

4529.0 

.... . . 

Remarks. 

5558.9 
3570.33 
3634.48 
3647 - 98 
3856 -47 
1179.1 
4233.3 
4325.8 
4404.6 
4515.6 
4583.9 
4924.1 
5018.15 

Spectrum rery weak here. 

EIT interferes st 36'39.4. 
Ti line at 3685.3 interferes. 

Flash liiie confused with strong { line at 3706.09. 

This line seems to be present 011 

sane images not mwurcd. 

T V a v l m p b  1 Intensity. %r-r;r-leppb. inrmYty. 1 
! I -. ..--- . 
, 1 

TITANIUM Lines in Sun and &h. 

20 I 
30 'I 9 / 

rncluding all lines in ROWLAND'S table assigrled to Ti or~ly between X 3500 and A 5000, 

5 
15 
15 
8 
10 
15 
20 
8 

25 
25 
20 

excepting those which are obficured in the Bas11 1jy strong 11ydl.ogeu lines. 
I - - 

I I I I I 

1 
? 

No 
Yes 
Yes 
No 
No 
Yea 
Yes 
Yea 
Yes 

3 1 I : 
6 and 7 

1 Over 7 

ROWLAND'S intensity 
in a. 

* The average intensity of the five flash lines is increased Ijy two very abuormal lines at AX 3500.06 
and 3520.40, omitting these the nverage would be 4. 

3 0 2  

Number 'of lines 
in Q. 

Nunher of lines 
in flirsh. 

Perceutngo of lir~cs Average i~~ter~sity 
in Rnrrh. i ilk flash. 



A s w o m ~  Ti Lines. 

zn sm. I ~n fiash. I i 

Wwe-length. ' Intensity. I 

If 
enhanced. 

Lxnes strong in flash. 

Perhaps compounded of Ti and a 
line a t  3535.87, intensity 3 
P origin. 

? 
Yes 
Yes 
Yes 

1 Yes 

I Lines weak or absent in Aash and exceeding intensity 3 in a. 

' 3981 -93 

3989 . 91 
-4171.21 

Perhaps obscured by strong Ti line 
st 4534.14. 

4391.1 1 
-28 } 

4306 -08 
4533.42 

- Spectrum very weak here. 

4 

4 
4 
3 1 Absent 

", 4306.0 
4 Absent 1 - 

C~~RQXIUX Liries in Sun and Flash, 

3981.3 1 
3982.2 J 
3990.12 1 2 
Absent I - 

Uilcluding all isolated lines in ROWLAND'S table assigned to  Cr only, 

RDWLAXD's intensity / Ruzllber of lines Kumber of lines lincs Average intensit: 
in 0. I in a. in flash. in flash. 

3 15 
4 3 
5 3 

Gto8 3 
9 and 10 2 
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ABNORXAL Cr Lines. 

In sun. 

\vave-lepta. atensity. 

1- 
I If / enhmccil. &marks. 

Wave-length. ' Intensity. I I 

i Lines strong in flash. 1 
i 

Yes I The Cr line is confu.;e~l with other I 
So { snn in a ~ h .  
KO I 

I 
I 

so ' 
Yes I i 
Yes ] 
No 1 

I 
so 

I Lines weak or absent in flash inOensity exceeding 3 in 0 ,  ! 
I 

These sources of error mould all tend to produce discordances in the relative 
intensities between the dark lines of an element and their bright reversals i ~ i  the 
flash, and the question arises whether the apparent anolnalies which art: indieilted 
above are t o  be ascribed to such imperfections in our knowledge of the spectri~, oi. t o  

fundamental differences such as might be expected were the elnissiorl ; ~ n d  :tl)i;o~.~)tion 

spectra produced in separate and distinct layers of the sun's atmosphere, itntf mriia 
different conditions of temperature and pressure. 

Under the heading " Abnormal lines" I give vith each table a list of the 1i11es 
with intensities in the flash considerably above the average, corresporitling with the 
dark line intensity, and a list also of the exceptionally weak or absent lines. 

In thzse lists the vave-lengths and intensities of the solar lines, from ROTVJ,~~XD, 
are entered in the first two columns, followed by the wave-lengths ant1 intensities 
taken from Table I, in columns 3 and 4. Tile fifth column indicates whether the liue 
is an " enhanced" line or not, i.e., a line which is relatively brighter in the spark 
than in the arc spectrum of the element as determined by LOCKYER. 

It is a t  once apparent that many of the abnormally bright flash lines are enhanced 
lines, whilst none of the aLnormally weak lines are enhanced lines. The lists of 
enhanced lines published by Sir NORXAN LOCKYER do not include the ultra-violet 
region beyond A 3800, it is uncertain, therefore, whether the flasl~ lines in this lagion 

Present in FROST'S and 311rcnnr.1.'~ / { listg. 1 1 } ~ ~ e c t ~ u m  very aerk  here. i 
i 
I 

4651 -46 
4652.34 z: 

Absent 

4651.3 
-4bsent 

- 
a i - 
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are enhnnceti lines or not'. If these are omitted, a11 the t,itanium lines 
strollg in the fl:~sl.i, a11d all the iron lines excepti~lg t.he t'hree a t  AX 38 56 -5, 4325'9, and 
4404.8, are erlhancecl lines. 

If 2.11 the enhanced lines in the above-mentioned lists are considered, it is found 
tllnt all the more strongly enhanced liiles of iron and 'titn.niunl coi~lcide vith st,rong 
lines in the flash (11 Fe lines and 21 Ti lines). Eut, since nlany of t,hese lines are of 
comli~ound pigin in the flash, it is not possible t~o say wllet,her they are all of abno~.nlnl 
intensity, cl.g., 4351.9, 4549'6, 455G.1. 1G29.6, and others. The cp~art,etke of enhanced 
iron Iirles a t  4508'5, 451 5.5, 4520'4 nncl 4522.7 are all nbnor~nzzlly strong in the fla,sh 
considered as Fe lines only, but according to RO~?LAND three of these are of 
compou~~d origin, one including Ti. Nonrever, it seems probable that the nbnorn~al 
intensity of this group is chiefly clue to the fact that the lines are enhanced lines. 

There can be little doubt from this, inquiry that the enhanced lines .<lo play a 
.>*., .?:I>.. 

significant part in the flash spectrum,'ilid the abnormal intensities of these lines are 
not due to errors in '%be assignment of origin in Row~&h?~'s tables or to over-estimates 
of intensity in thadash. 

Of the abnormally weak lines a considerable nunher are probably the result of 
under-estimates due to the close proximity of very strong lines of other elements. 
There renlain a fsw, however, which canrtot be thus explained ; alnong these 
particular -attention may be called to the titanium lines a t  AX 3753.00, 3924.67, 
4171.21, and 4306.08, all of intensity 4 in the solar spectrum, and the chromium line 
a t  14626.36. No satisfactory reason can a t  present be given for the weakness or 
absence of these lines in the flash spectrum. 

Eotwitl~standing these instances of disagreement between the intensities of the 
Fraunhofer lines of an element and their flash spectrum equivalents, the general 
agree~nent between the two spectra is so striking that it can scarcely be maintained 
that these is a fundamental difference in the conditions under which they are 
produced. The abnormally strong lines in the flash, which in so many cases are also 
lines which are enhanced in the spark, would, it is true, indicate that some of the 
radiating gas a t  all events must be in a condition differing from that in the absorbing 
layer, and this, it must be acknowledged, is of great interest and importance, 
pi~r~t.iculn~.ly in view of the fact pointed out by X'OWLER, that under some stellar 
conditions, e.g., in a Cygni, these particular lines constitute a separate and much 
simpler spectrum qnite free from admixtuie . ., &th the ordinary arc lines.* 

But, as I hope to show in what follouis,';the prominence of these enhanced lines in 
the flash can be simply explained without abandoning the view that the flash region 
is ve;~lly'id&ntical with: the i113sorbiug layer, and in the great majority of oases the 
flash lines &&'true reversals of the dark lines, 

' , 7 , { ,  - . 
I n  all photographs hitherto obtained a t  stations near the central line of eclipse, the 

%ash spectrum must represent the more elevated region of the radiating gases, since 
* ' Obse~.vatory,' June, 1 Soa. 
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this portion of the 1ityer reu~nins uncovered by the 1noo11 for an ~111pre~iilirl~ t i ~ ~ i e  :~ftcr 
the sky glare is ~vitlltlra~vll at  t~ t ;~ l i t y ,  nllilst t i i c b  I o ~ ~ e r  tleusl: stl-ittn ilu~uediately in 
contact with the photosphere are insta~itnneousl~ occulted. 

I t  might reasonably be assumed, therefbre, t11;lt tilt: intensities of the bright Itlea 
in t l i u  lowest s t rda  differ to smile extellt fi~onl ttlose ill the sl~ectra ~)l~otogri~phed, ant1 
even Inore closely npprosilnate to tlie intellsities ill the Fr;~unllofer spectrum. 

But tlle pllotogmpl~s under discussiori j)or.tl.;iy it grci:ir~y contact, iri which t he  
motion of the inoon was not across but parallel to the ftts11 layer. Tliese s~wc' tn~,  
therefore, sliouId more truly represent the ntclhitioli fi.cr111 tlie entire tlepth of' the 
layer, a t  ally rate a t  points near the apex of the briglit arcs, arid ~v'haru the layer is 
sufficielitly uncovered, because a t  such points the very lowest strata ~voulcl reruai11 
visible throughout the time the plate was exposed." 

A careful comparison between the intensities of the lilies a t  points aenr to nnci Eir 
from the apex, or centre line of the spectra, shows, however, that there are n n  
appreciable differences. 

Moreover, the intensities given in Table I., which mere estinlated at  ~)oints not fi~r 
from the apex, and where the continuous spectrum of' the yhotospl~ere was just 
beginning to appear, will be found to be in substantial agreement with the results of 
LOCKPER (18981, FROST (2900),  and MITCHELL (1901), all of which were olt;~ined near 
the central line. 

It seems, therefore, that there can be no very striking differences between the 
spectra of the higher and lower regions of the flash layer as regtlrds the irlte~~sities of 
the lines, unless absorption by the upper regions through which the 1i11c of sigl~t p~sscs 
should neutraliise such differences. In particular i t  mlty be noted that tile enli~t~~cdtl 
lines seem to predolniilate throughout the entire region. 

If i t  is assumed that the differences between spark and arc spectra are co~irlitio~lutl 
by temperature, the spark being the hotter, it would seem a t  first sight that the fi:taI1 

region must have a higher temperature, and nzust con~er~ue~ltly be disti~ict fionl the 
absorbing layer, since in the latter the intensities of the lilies closcly y)prosinlatr: to 
those in the arc. I think i t  can be shown, however, that the spirk arid arc conditions 
may co-mist a t  the same altitude above the photosphere. 

It is well known that the outer limit of the chromospl~ere, :LS seen h the line of 
hydrogen, presents a structure of small filaments like blades of grass covering tlit: 
entire surface, and very unlike the diffused, indefinite limit which a true atu~osfieric 
envelope might be expected to present. 

According to SECCHI, " at the base of the chromosphere the hydrogen has the shape 
of small, close filaments which seen to  correspond with the granulations of the photo- 
sphere." t 

* The term layer and strata are here used for convenience, but it is not interided to imply that the 
gases of the chromosphers are in reality stratified. 

t 'Papular Astronomy,' 8. NEWCOMB, p. 275. 



472 \lR. J. EVERSEIED 09 TfIE S01,~Ua ECLIPSE OF 1900, MAY 38. 

This structure suggests that tile cllrornosl~here is in realit,y n region of innumerable 
small erujjticjns of the stme nature ns t,lie jets of lligIlly I~uninous @s lvllich are 
co~ist:trltl-\- to  bc seen with the spectroscope irr all regions of t,he sun's limb. It is 
prolall~le, intleed, thitt. these jets, nild tlie larger eruptive promiue~lces, are in reality 
only the 1liol.e proliounced lnanifestations of a pher~oillelloll occurri~lg on a smaller 
scale evasywl~ere over the solar surface. 

Tile 11i~11l~-lii!i\I:~~! gases cornl)osing these eruptious, whicl~ may be supposed to 
originate l~elor~r t,he photospheric level, would lose heat as they ascended by acliabat'ic 
eslu~sion and by radiation, and at a cert,ain kle~at~ion would precipitate the more 
refi-actor:). substances a.s highly luminous clouds, forlning, in fact, the photospheric 
granules and the columnar filaments observed in sunspots. But the gnseous streams, 
deprived of their condensable materials, would continue to ascend above the photo- 
sphere, finally becoming diffused in the region of the chromosphere. The expanded 
gases, subsequently subsiding in a relatively cooled condition, ~ o u l d  form a strongly 
absorbing atmosphere settling down uniformly and slowly upon the photosphere and 
through which the pscenrli~ig streams wouTd be forced. 

If this really  represent,^ roughly the actual state of things, it is clear that the 
temperature conditions represented by the elect,ric spark and by the arc may both 
exist at  the same altitude above the photosphere, the spark condition in the highly- 
heated ascending gases and the arc condition in the cooler descending gases. 

Seen a t  the sun's limb, as under the condit,ioils of a total eclipse, the more intense 
spectrum of the ascending gases would be neutzalised to a considerable extent by the 
absorption of the cooler gases in which the jets would be immersed, and through 
which for immense distances the line of sight must pass. But just those particular 
rays which are characteristic of the high temperature spectrum would not suffer 
absorption to nearly the same extent, consequently these rays (the d a n c e d  spark 
lines) would stand out conspicuously in  a spectrum which in its main features \vould 
be the emission spectrum of the cooler descending gases, i.e., the reversed Fraunhofer 
spectrum. 

The relatively cool gases would obviously determine the  character of the absorption 
spectrum of the disk, and the only effect of the hotter eruptions, s~ip~l)osE~:~g them to 
be tbo small to be in(livit1ually distinguishable in the spectroscope, would be t o  
produce a faint emission line of about the same intensity ae the background of 
continuolis spectrum: and tending to  &iish the intensity and width of all the dark 
lines, particularly the enhanced spark lines. 

In  this way, by assuming the presence of innumerable eruptions of hot ga~  and 
cooler but quietly descending &sorbing gases, the abnormal intensity of the 
enhanced lines in the flash can be simply explained without abandoning the view that 
the h h  spectrum b really the reversed Fraunhofer spectrum, and that the entire 
depth o f  the flash region, and, indeed, of the chromosphere itse'lc is effective in 
producing the absorption lines. 



That there really exists n circulatirrn of the stslar gases in a radial tlirection is 
strikingly shown in the iiet:tii~xl str~wriire of sclnir of the Frwnhofer lines themselves. 
DESLANDRES has called atterition to rertain pcciili:ir.ities in the structure of the lines 
H and f( in the general light of tile sun and i11 pnrticl~lar regions of tlie solar 
surface." 

These lines consist of thme distinct jrortions-a h o ~ d  diffuse n1)sorptior~ sliading, n 
bright rather wide emissiur: line nt  ir the centre of the sil:ttliug, a~itl n, narrow 
absorption line which ob1itrr:ttes all IJCL the edges of the u~ltlc.r.lyi~sg Ijrigl~t line. 

DESLANDRES finds that eyer undist a~rljed regio~~s of ttte disk, nlld nt, some distance 
from the limb, the central ;~iuorptio;t line is always dis]t)lacetl tc\viu.tls the retl wit11 
respect to the underlying e~za;ssion lint., pn-oili~cing n rlissgltlnlrtry in tlle edges of ttrt: 
latter. This he attributes t o  a veriiml circulation of the citlciuin vapur,  the 
ascending gas producing the ~xnissio~+ Iirie slightly Jisplacetl to the violet, whilst the 
cooler descending gm gives t G t .  to the central absorption line diqtlizced to the rctl. 

According to JEWEC,L, all t l tp:  strongly shaded lines exhihit an emission line, n hich 
is very nearly obscured by a central strong absorption line usrlallg uns~~nnletric:~lly 
placed. Traces of an emissio~t line sre also visibIe a t  the sides of some of the 
narrow unshaded lines. The c&ct of motion of the hot gas he co~isiders, Ilo-rvever, 
to be masked to  a certain extelit by pressure shift, the displacement of the emission 
line to the violet by reason of the asccriding motion being partly ~ieutsalised by :rn 
opposite displacement due to  pressure.i 

Some sort of circulation of .the sdnr p s e s  in a radial direction ant1 all o\ t.1. t lic 
surface, such as is demanded Lp the thrury of "convective eqnililw.inlii," noultl secm, 
therefore, to be established, tlte nscle tlirlg gases rising with suflicient vclocitj t o  

appreciably displace the emissitin line.; when observed on the sun's disk, \\.llilbt the 
more diffused absorbing gases c\escend:r\g with a more uniform nlotiori psotluce tlic 
well-defined dark lines very slightly ciisplaced to the red compared wit11 the  salne 
lines from a terrestrial source. Obvio~zxfy such motion of the gases being in r i  radial 
direction will not affect the pohition or definition of the briglit lines of the flash 
spectrum as seen a t  the limb during all eclipse. 

A difficulty has to be faced, 3iowertr, when we try to account for the apparent 
sorting out of the different elerrrtmts i fE  the chromosphere, tvhich seelns t o  ilepend in 
a general way on atomic weight, the lighter elements ascendi~ig to greater elevations 
than the heavier.$ 

But an eruption in the ordimry sense due t o  an explosion would give equal 

* Comptes Randue,' August, 1894. 
t ' Astrophysical Journal,' vol. III., p 100, tf sq. 
$ The exceptional altitudes reachod by  be elame~lts Ca and Ti do not materially affcct this genen~l 

law, which asserls itself by the al7senco in the chromosphere of nearly all the elen~ents 'having atomic 
weighta exceeding that of Zr ($I), Ba srd kt being, perhaps, the only elements with a higher atomic 
weight that have been identified with to1erhbIe certainty in the flmh spectrum. 
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velocities to the ~~:rhoIe mass of mixed gases, and it is diliicult to see why these 
s i l d d  not he projected to equzd altitudes in the chromosphere, yet most of the 
metals with atomic f eights between 30 and 100 stop short st from iN to 2" elevation, 
wllilst the elements R, Be, Un, and Ti amend to 8'' or 10." 

The same laggiug behind of the elements of the louyer chromosphere occurs, 
l~a.rrerer, in the so-called "metallic " and great eruptive prominences.* In these the 
higher parts usually consist solely of R, He, Ca and probably Ti, the &her elements 
crcly appearing a t  %he lase or stem of tile prominence, or frequently only in the 
surrounding chronmq&ere. h the more violent eruptions, too, the distortions due 
to motion in the lirle of sight affect chiefly the hydrogen and calcium lines, the lines 
of other elemeuts present in such outbursts being usually undisturbed, or but slightly 
affected, showing that these elements, although apparently mixed up with the 
hydrogeu, do not share in  the motion. 

Illthough it may be difficult at, ppeaent to understand the nature of these great 
eruptions, it mould seem reasonable t o  suppose that the entire chromosphere consists 
of miniature e~duytive prominences of the same nature as thk greater outbursts, the 
h s e  of the eruptions giving the metallic lines of the flash spectrum and the higher 
p ~ r t s  the lines of R, He, Ca and Ti only. 

This conclusion is strengthened when it is remembered that the strongly enhanced 
lines of iron at 5317, 5269, 5018, and 4924 so prominent in the flash, are always the 
h t  la appear as bright lines in the metallic eruptions, other iron lines, aIthough 
stronger than the above in the Fraunhofer spectrum being seldom or never seen 
reversed. This is doubtless oming to the relatively high temperature of the gases in 
these eruptions compared with the absorbing gases, and in the lower chromosphere 
the enhanced lines indicate a similar state of things, the highly-heated ascending 
jets giving a high ten~perature emission spectrum more nearly resembling that of the 
spark than of the arc. 

The Flash Spectmrn in High Latitudes. 

It is of interest to compare the images at different points on the limb to determine 
whether the flash spectrum is the same in all latitudes. The limited distribution of 
the metallic prominences, which, in the writer's experience, are only to be found in 
the latitudes of spot formation, would perhaps lead one to anticipate some 
modification of the spectrum in high latitudes. 

At the date of the eclipse (May 28th, 1900) the sun's south pole was at position 
angle 1G4' and very nearly coincident with the limb. Unfortunately, this point, 
and the region within 10' of it on either side, is occupied by the continuous spectrum 

+ KO spectroscopic distinction can be made between the metallic eruptions and the more quiescent 
forme of prominence, for the iatter, when photographed at an eclipsa, exhibit the same metallic lines at 
their basse as the former. 
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in all the irnages obtained befora mid-eclipse, and in those obtained after that phsso 
only the stronger lines are impressed, the rnbn's limb haling occulted the stratum 
very rapidly, notmithstanding that the motion was nearly parallel to it. This would 
indicate an extreme shallowness of the layer near the pole. 

In the mid-eclipse photograph, No. 11, the coutinuo.m spectrum King broken up 
into narrow bands, the flash spectrum arcs can be traced right across the polar region 
near $he mare.refrangihle end of the plate. In the portion of spectrum Evetween F 
and K the bands coalesce from over-exposure and obscure the bright arcs entirely. 

The highest latitudes in which really good images of the flash spectrum occur are 
- 70" to - 77" on the east side in No. 9, and - '76' on the west side in No. 13 ; and the 
lowest latitude is in - 36' to - 41' on the west side in No. 11. Intermediate 
between these there are the excellent images iu latitude - 56' west and - 64' east 
in No. 10. From this material comparisons can be made betweer1 the spectra a t  
fairly high latitudes and those a t  mid-latitudes, and as a check on the results the 
east and west limbs at about Dhe same latitudes can be compared. 
All these images are indicated on Plate 2 by arrows at the en& of the spectra, and 

the positioil of the south pole is sircdarly shown for each spectnim. In Plate 3 
a liniited portion of the spectrum is shown for the three images which were measured, 
These are on a scale equal to 4.3 times tliat of the original negatives, and the curved 
arcs have been converted into linear spectra by means of a cylindrical lens during the 
procem of enlargement. Great care was &ken to avoid the production of spurious 
lines due to defects in the negatives. 

Coinparing the two high-latitude spectra shown in the upper and lower fi,pres of 
Plate 3 with the mid-latitude spectrum placed between them, it is not easy to detect 
differences which can fairly be ascribed to latitude. I t  may be noticed that the 
titanium line a t  aboyt X 3900 and the duminium h e  at X 3944 are both relatively 
weak in the upper spectrum (latitude - 74" East) compared with the middle spectrum 
(latitude - 41' West). But in the lower spectrum, from an equally high latit,ude on 
the opposite side of the pole, these lines are as strong as iu No. 11 spectrum, 

There are many other minor differences in relative intensities between the three 
spectra, as will bc: apparent on comparing the three columns of intensities giveu in 
Table I., but these seem to bear no relation to difference of latitude. 

A special- effort was made to discover any modification of intensity in the enhanced 
lines near the pole, and the average intensity of all the more prominent enl~ttnced 
lines of iron and titanium in Nos. 9 and 13 spectra was compared with the averaga of 
these lines in No. 11 spectrum, making due dowa~rce for the greater intensity of 
No. 11 spectrum, as a whole, compared .with the others. 

The resullt is shown in the followhg table :- 
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It will he seen from this that while the Ti lines appear to be slightly weaker in 
high latitudes than in mid-latitudes, the Fe lines give just the opposite result; so 
that by taking bothelements together there is found to be practically no difference 
at ali. The small differences indicated f o ~  the lines of each element done, may safely 
be put down to the uncertainties of the original estimated of intensity. 

I t  is to be iutkrred, therefore, that the enhanced lines are of the same intensity in 
all latitudes, and that the general character of the flash spectrum remains unaltered 
in pwing from the equator to the poles. This - does not, however, preclude the 
possibility that* the %a& stmt.uni is shallower in the polar regions than near the 
equator. 

An interesting subject for future inquiry would be as to whether the flash 
spectrum undergoes any modSmtiom such as an increase or decrease of dzpth of the 
lager or changes in the intensity of the enhanced lines a t  different epochs in the sun- 
spot period. If the chromosphere is really of an eruptive character one might 
expect, at times of nlarrjrnurn spot activity, when also the metallic eruptions are most 
freclucnt, that the fiash spectrum region would extend to greater altitudes in the 
chromosphere and that the enhanced lines would be relatively brighter than during 
the quiet periods of mininlurn. 

The evidence so far obtained is, it is true, against any marked changes occurring. 
I have compared the spectrum obtained by SHACKLETON in 1896 with those herein 
discussed and mith others obtained in 1898 and 1901, but without detecting any 
certain changes in the inte~lsities of the lines. The flash appears, in fact, to be of as 
consttint and .cinclianging a character as is the Fraunhofer spectrum, which is only 
what would naturally be expected, seeing that it appears to be in the main the 
reveld  of that spectrum. 

AVERAGE Intensity of the Principn! Erlhanced Lines of Fe and Ti. 

In a general way the conclusions arrived at from the discussion of the spectra 
obtained in 1898 are amply confirmed and extended by the present results. 

I t  is now shown that every strong dark l i e  of the solar spectrum exceeding 
R o w r , k ~ ~ ' s  intensity 7 is found in these spectra as a bright line; and the great. 

I 

I 
I 
I 

/ In latitude - 74'; 75' (from KO. 9 and 13 spectra)*. . . 
, - 41' (from 30. 11 spectrum) . . . . . 

I - 

* Tbe ohserrd intensities of the high latitude spectra have been multiplied by the factor 1.81, thie 
num1)or represoriting tho ratio of iubnsitics between these two spectra wkeu together and No. I1 spectrum, 
{shen 41 the lines bctxscc~~ X 39 and A 50 me compared. 

I 

Ti (23 lines). 1 Fe (14 lines). 

1 6 . 3  
18.4 

-- - 



majority of the bright lines of the flash spectrum, excluding hydrogen and helium 
lines, coincide with dark lines of intensity not less than 3. 

Most of the bright arm of the flash spectrum are well-defined narrov lines 
admitting of considerable accuracy in the measures, and the present determu1 a t' 10ns 
of wave-length indicate that the coincidence of the bright hies with the dark lines 
is exact within .05 tenth-metre for all the well-defined lines. 

As regards the relative intensities of the l i e s  of any one element in the flash and 
Crainhofer spectra, my previous resulth require modification and extension as 
follows :- 

The relative intensities of isolated lines of an element in the flash sp~ctrurn are in 
general, but not exact, agses~ermt with those of the mme element in the solar 
spectrum, and those lines which are exceptionally strong in the flash are iu most 
cases lines which are enhanced in the spark spectrum of the element. 

All of the more prominent enhanced lines of iron and titanium are fount1 to 
coincide with strong lines in the flash, but owing to the compound nature of some of 
the lines, i t  is not certain that all of these have abnormal intensities in the flash. 

There is no evidence of differences in the relative intensities of the lines of an 
element in the higher or lower regions of the flash layer, and the enhanced lines 
appear to predominate throughout the entire depth of the radiating stratum. 

The enhanced lines are equally prominent' in the polar regions and in low latitudes, 
and the flash spectrum generally is now found to be the same in all latitudes and 
shows no essential change after an interval of five years. 

An explanation of the abnormal intensities of the enhanced lines in the flash 
spectruni is now offered which depends on the assumption of a continuous circulation 
of the solar gases in a radial direction ; the highly heated ascerading gases giving 
the predominant features to the flash spectrum, whilst the cooler more diffused gases, 
slowly subsiding, determine the character of the absorption spectrum. 

The final conclusion is that the flash spectrum represents the emission of both 
ascending and descending gases, whilst the Fraunhofer spectrum represents the 
absorption of the descending gases only. 

Tables of Wave-length and Intensity. 

In Table I. the wave-lengths and intensities of the bright lines in the three 
measured spectra (Nos. 9, 11, and 13) are entered in the first six columns ; the 8th 
and 9th columns give the " adopted" wave-lengths and intensities, i.e., the most 
probable values deduced fiom all the measures, and these are compared in the two 
following columns with RO'WLAND'S values of the nearest absorption lines.* The 
origins, mostly from ROWLBND, are given in the last column. A vertical line 

* The wave-lengths of the hdium lines from R U ~ E  and Pnsclr~x are also given iL the wnth column. 
They are placed within brackets to distinguish them from the absorption linw. 
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cowiecting two or more wave-lengths means that a shading extends between them, 
and probably indicates an unresolved group of Les .  In many iastances the whole 
group presents the appenrance of a single wide lime or band, and in these cases the 
intensity of the group as  a whole is givea 

The intensities of the flash lines are, of course, entirely relittiye, and the higher 
ahsolute values ohtailled for No. 11 spectrum are simply due to the greater intensity 
of this spectivm as a whole compared wit11 NO. 9 or NO. 13. But since these higher 
c;ilues are probably more reliable than the otFlers, the " adopted " values are mostly 
taken from No. 11 spectrum. 

In Table 11. the wave-lengths of the hydrogen lines in each spectrum are compared 
iu the Znd, 3 4  and 4th columns. The mean values for the three sets of measures are 
entered in the 5th column, and these are compared with the theoretical values 
compu~ed from BALJIER'S formula, given in the 6th column. The last column gives 
the differences, observation - calculation. 

.@ In the formula X = ----- 
n (2-4) 

the constant a(= ~1418.75) is derived from ROWLAND'S 

meczsures of the Lines a, /3, a d  y reduced f o  a vacuum, and the resulting wave- 
lengths are corrected to air in accordance with a table of RUWE (%tronomy md 
Astrophysics,' voL 12, No. 5). 

TABLE I.-Eclipse Spectra, May 28, 1900. 
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TABLE I.-Eclipse Specitrfi, May 28, 1900-cmitinueil. 
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TABLE I.-Eclipse Spectra, May 28, 1900- continued. 

/ Ware-len$hs. 1 Intensities. 1 1 
'id0I;ied 

l;;;;tlfh'. "ty. 

j 
/ Ware-length 
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8 
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- 
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20 
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2 

20 
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3 
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5 
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Element. 
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Ti 
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Fe 

Ni 
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? 
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Cr 

Fe 

Co 

Ti 

Ni 

Y 

Y 

Fe 

r 
Ti 

Cr 

Fe 

Fe 

N1 

- 
Y , I g P  

-, Se 

P .  

P 

Fe 

Ni 

P 

Fa 

Ye 

Ti, Fe 

Co 
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7 

a 
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TULE I.-&Kpsa Spectra, MTag 28, 1900--~onthued. 

1 Cr-la j 
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1 Fe 

Co, Be, Yn 

Fe-Ti 
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I 
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I 

. . . . . . . . .  Ditto ' 56-78 
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TABLE I.-Eclipse Spectra, May 28, 1900-continued. 
. - -- - - -----...-. 

I 
i 

Via~edengtha. \ lntensitie. 1 ! 
- -  ..... 
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! 
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- I 
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0 
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. . . . . . . . . .  u., 46 
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7 5 7 
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poincl&gwith ye sbsorptiod 1 I 



TABLE 1.-Eclipw Spectra, May 28, 19r)O--contirnued. 

- - -  .... - _  ...... _ - . . - -- - - - - 
Wnse.1ength.s. Intensities. \ , . . .  -.---- 1 Wuw&n~!h 

Remark lidopiW : Into* in snn i E ~ ~ W I I ~ .  
wive-  
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. ,  

1 I 

I I 
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TABLE 1.-Eclipse Spetra, May 28, 1900--.continued, 
- --.-- ~.---I - -..------ 

i Intenridex Bavelengths. , 

Benlarkr. 

. . . . . . . . . . .  
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TABLE I.-Eclipse Spectra, May 28, 1900--eont,inue& 
---. --.- 

/ Ware-length% 1 Intensities. ! / 
Remarka. 

i 
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TABLE I.-Eclipse Spectra, May 28, 1900-continued. 
----- -- .... 

Ware-lengths. Intensities. 
-- -1 _ _. _ _  _ .- i 1 1  ; ~ d o p t d  
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TABTP I.-Eclipse Spectra, May 28,1900--cootinued. 
----- .- -- 
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TABLE L-Eclipse Specttm, JIiiy 38. i !it)O--cont.in~: ed. 
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TABLE 1.-Eclipse Spectra, May 28, 1 9 0 0 - ~ 0 i t i ~ e d .  

I I 
S o . 9 . . S i t . I I . ' N o . 1 3 . J  : Ees~arlia. 

L:tcitu*e Lsf!iude htiturte 1 So. 9. , So. 11. So.  13. : 
-74: E. . -*la \Y. : - i7sa R'. 1 1. 

I,"K Element. I 

* One of the strongest lines of SeDndiurn. 



GENERAL DISCUSIOX OF SPEGTROSCOPIG RESULTS. -191 



IIR. 3. EYEKSHEI) OS THE:SI)LAX ECLIPSE OF 1900, 31.kY 28. 

T A ~ L E  1.-Eclipse Spectra, May 28, 1900-continueii, 
_ _ _  _ . .  _. ... _ _  - . ______- -- - 

1 \Safe-lcngrb. Intenaitios. 
1 

i I / 10 2, KO, 1 1  No. 13. 
Element. 1 

/ ~atiinde , Lati,ude ! LO~zde Xo.9. So. 11. / KO. la. I 
I - i g D ~ .  j -rlom. , -7sQm. 
I _ _ 1  - -  - 

I 
1 4 . 3 7  4 ?o 25 l? ~ f ~ a t d ~ ~ ~ ~ ! ~ d o r i f n l ~ l a  in r i ;  wide 1:!:1.9 3 

I ! 1 in 13. I:ll!lnnard Ti (L!?r.a~ua) 

i 7 9 . ~ 1  7 9 3  r0.0 0 j 1 9 D i i T u n c i n l l . . . . . .  

83.7 5 1 2 ' 8  i 83.i : 25 . . .  
86.3 I 1 

i ! i 91.12.3 2 PC I . . . . . . . . . . . .  
Ti 

. . . . . . . . . . .  
18.1 I 

Zr ' ; . 4.5003 . -  
. . - . . . . . . . . . . .  

. - i .  . . . . . . .  

. . . . . . . . . .  .I 15.6 2P 

. . . . . . . . .  . I  - - 

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

T1.5 ' Z?. i  z2.2 : - . . . . . . .  
4 1 -  0 - ' - i  ; .  . . . . . . . . . .  . I  24'1 0 24-W6 3 lie? , 

, I 

. - 2 -  i -  0 ' - I 25'608 4 CS 

' . . . . ; .  

i 

. . . . . . .  

. 10 

. .  
I I 2 

. . . . . . . . . .  



GEXEKAL DISCUSSION OF SPECTROSCOPIC RESILTLTS. 4 9.7 

TABLE I.-Eclillse Spectra, May 28, 1 !j~~--cont:.~utl(!. 

-- .--- - -- . - 1- 
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On conthuous spectrum only iE.5 ; 0 1 in 11. Enhanced Fe(Iac~~8s) : . . . . . . . . . . .  . I  80.1 i 
. . . . .  

. . . . .  Long linein 11 88.0 2 1 
Ditto ? d u e  1 8 

2 1 
/ j Narrow lines in 10.9, but too 

Inint for gmd mensure 
' J  

Enhanced Pe ( L o o x x ~ ~ ) .  
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TABLE L-Eclipse Spectra, May 28, 1900-continued. 
.- - 

I ! Kxw.Itngth. 1 Intansitiea. 

' i _ _ I ~  
i : I I 

. . . . . . . . . .  1 
oosssr a Cr 

. . . . . . . . . . . .  

. . . . . . . . . . .  
. . .  . .  16'303 4 Cr 

. . . . . . . . . . . .  
5 Fe . . . . . . . . . . . .  

. . .  

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

. . . . .  

. . . . . . . . . .  
Perhaps 2 lines in So. 9 . .  

66'644 8 Ti 

. . . . . . . . . . .  5i.380 2 Ti l 

; 50.8 - . . . . . . . . . . . .  
! - . . . . . . . . . . .  

. . . . . . . . . . . . .  
66.655 1 CT 

. . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . . .  
. - 
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TABLE I.-Eclipse Spectra, May 28, P 900-conti. .ued. 
--..--- 

' Intensities. i 

Itelnarkr. ware- 

- -. 
. . . . . . . . . . . .  - i 

. . . . . . . . . . . . .  
; -  . . . . . . . . . . . .  &i-6?1 ' 4 

. . . . . . . . . . . .  

. . . . . . . . . . .  1 

. . . . . . . . . . .  

. . . . . . . . . . .  - 
68.3 89 $2 1 - . . .  

. . . . . . . . . . . .  
. . . . . .  96-2 2 . - 

(19.6 . - 
. . . . . . . . . .  

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

. . . . . .  
. . . . . . . . . . . .  77'8 

-- I - 

I 91.0 . . . . . . .  
Dl'GSd ! 8 Fc 

49W'095 ! ? ' Ti 1.s. . . . . . . . . . . . . .  
00.901 1 2 ! T ?  

i - 

Diihrse sllading in 9 and 11, 19.: : ? 19'1i4 
illl.deEned p u p  in 13 

. . . . . .  Enhanced Fe. 24.1 ; 25 

! 31-114 
34.1 34-2 84.2 0 B . . . . . . . . . . . .  8 4 . 2  1 2 0  ,{ l.iii)l 6 1 lk-ve.? 

5 7 7  57.8 57-9 ? 15 I 7 1 . . . . . . . . . . . .  
1 - - . - . . . . . . . . . .  51'2 - 1 - 1 

I - 8 8 . 8 ' 8 ' 2 ' 9  - 10 0 Very wide in 11. . . . .  
- - 91.8 - 2 - 
- I - 
- 5006.0 - . . . . . . . . .  

.MI83 18.5 m a . 6  16 30 20 Enhanced Fe. PC I 

- 31 '8 - 
. . . . . . . . . .  - 5040'8 



TABLE II.-Hydrogen Lines. 

So. 13. 1 Mean. 

* The solar absorption line is at  4102.00 according to JEWEI.L, 



-
.

 
. 

. 
:

C
I

~
I

&
~

I
.

I
 

1 I
I
:
 i 

i 
I 1 I I I I 

I 
I i 

61% 
. 

. 
-?- 

- 
a

,
.

 
'ir 

*ln
!,f 

'I Ilu" 'pa ' y
 ..rrrYUJ 

F
I'f 

'IU
P

.'%
T
 -r 



Phil. T ~ ~ I P . ,  A, vol. 201, Phte 3. 


	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif

