
I X. Wnr7ie-le~~gtl~ Betminations and Geneml Results obtained from a Bethiled 
Ezanainatio~il <f L$~ectra PI1 o!op?~~q~lted ni $he S'ola'al* EcE+se qf J03t tray3 22,' 
1898. 

[Plates 10-12.1 

THE results are here given of a detaallPed study aod measurement of a series ot ten 
qectr&, photographed by me with a small prismatic earnera, a t  the eclipse camp of the 
British htronomical ciation etationed a t  Talui, f ndia. 

The b t rumen t  referred to had an aperture of 50 milTim., and a focal length of 
about 890 miillinas. It was fitted with two crown-glass prisms, each of 60' angle, 
pliaceddo front of an ordimry visual objective, the component lenses of which were 
slightly separated ljl order t o  shorten the focus of the dtm-violet rays relatively to  
those of the visible spectrum. 

[The prisms, which were eet a t  lninimulll deviation for-K, -were originally &end& 
for use in a speatroheliogfaph designed by Professor HALE, aud were used by hino in 
an attempt to photograph t.he aoroua in sunlight. They were made by the Zeiss 
Optical Company, of carefully seleoted glass, and are 59 maims. in height and 65 
millims. measured on the faces, !giving an effective aperture of about 42 miUhs. Ths 
total thickness of glass, or mean length of path traversed by the rays in g b ,  is 
therefore 65 maims.-Zccrch 9, 1901.3 

The camera box was fitted with a long sliding plate-holder, moved by rack and 
pinion across the field of the lens and a t  right angles to the length of the spectrum. 
By this means it was possible to change the plates and make the successive exposures 
at very short intervals of time." 

In all the eclipse negatives obtained with this instrument, the extension of the 
spectra in the ultra-violet is greater than had been ant,icipated, and the density of 
the  silver deposit is sanrprising;Iy uniform throughout tho spectrum. ID this connee- 
tion i t  is of interest to  compare the xlipse plates with a series of trial plates made 

* For .a fdI doscription of the methods of workulg see '&port 011 the Tudkn E e l i p  of 1898,' 
ptdfishctl bx the British AsAstronorui~nl hssocLhtiou. 

geos) LC).II.iYu4. 
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in Englmd for the p u v s e  of s ~ u r i n g  a g o d  focus over the greatest possible range 
s f  sl>ketrum. In these ~preLiminary trials Lhe prismatic camera was mounted in front 
of w large reflecting telescope, the eyepiece of which was replaced by a slit receiving 
iigllt f ron~ a clear sky. 

Aa] the spectrum )klh[ i f ,0~~"5 .~>! i ' ,  obtained in t h k  way are very dense in the region 
r.nm,.zr G eompa.red with other parts of the spectrum, and those which are correctly 
exposed for @ give ndy  a vary feeble h~pression of the spectrum in the ultra-violet 
above K. A very long expsure gave aa  extension nearly as great as in the eclipse 
negatives, h t  the image is extremely faeble a t  0 (h 3441), whilst the whole of the 
Iswer spect~.um ikon X 3780 down to D is very greatly over-exposed. 

Ilk the eclipse negatives, an the other hand, there is only a slight indimtion of' 
over-esl,osure st G, a~ld yet the lines are strongly ahom up to the limits. of the 
plates, one of which extends to X 8340. (Compare fig. 2 with figs. 1 and 3 in Plate 10.) 
The same kinds of plates were used in h t l a  cases, md the very satisfactory results 
obtai~erl at the eclipse are probably to be attributed to the extreme dryness of the 
air in Central India at  the time of %be eclipse. 

The fdbiving table gives the approximate expsure times, the plates used, and .the 
l i~nits  to lvilich the spectra can be traced in the Len eclipse negatives. As I was 
u.orl;i~;zg without any assistance, the times of e x p u r e  mulid only be very roughly 
estinlated. In  the mse of the four cusp ~pectra, the times have been dculated from 
nwmmres of the width of the strip of continuow spieotrurn. 

Exposure times. 

eeconth. 
Secoald contact - 20 (ins$.) 

19 ,, - 20 (inst.) 
,% ,, -' a to 4 .2  
a? ,, c 8 (inst.) 
2 s  ,, f 40 l o  -E- 15 
9% tr 4-76 to + 8ti 

4-86 to +I10 
contzcct + 1 (id.) 

$1 ,, c 9 ( k t . )  
31 9 ,  +19 (inat.) 

Plate & 

EDWARDS' ~ m n r a t i c  
m e d i a  

Ditta 
Ditto, ins~taneou~l  

Dia;to 
Ditto 

Beto, enapsahot 
Ditto 

Sandell triple w k d  
Ditto 
Mtto 

Speetrurn 1 ~ i m i t s  of 
photographed. 1 wave-length. 

I 

GUSP 
Flash 

Chromosphere 
Corona 

C Gorona 5nd 
chromosphere 

Flieah 
G ~ P  
ausp 

dl1 tile exyusulw- nmde yielded good ne;bs;~t.ivesl, and Nos. 2, 8, 3, 4, and 7' were 
ael%t~l b r  mewuremesl t. The &*st five spectra of the series are nearly perfect in 
f'wus Letweeu the limits X 390 md X 340, hut $he remaining five, exposed aRer mid- 
eclipse, are not quite so satisfactory, the fcrttus I.>e;cg god o ~ l y  in the extreme ultra- 
violet, from 370 to 340, 

Owiug to the blpdect o h m t i c  mmsctioa d tbe lens used, it was found nemmwy 
to incline the plate-holder about 7 degnees &ofla tbs n o d  t~ the axis of the instru- 
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nlerit in order to obtain a good focus eyer a long range of spectrum, and the slight 
shift of the whole spectrum in the direct,ion of its length, which occurred when the 
chromosphere arcs changed from the east side of the sun to the west, was su%ti@ierst to 
spoil the focus for most of the spectrum, asd shift the reg-ion of good focus firdber 
towards the more refraugible end than had heen allowed for. 

It was found possible, however, to make fairly good measures of all the Enes shown 
in No. 7 spectrum. 

Photog?-apb~s QJ the Cusp bejore Totality. 

Spectlm A!70s. 1 and 2 (Plate 10, fig. k). -The first two photopaphs of the series are 
mages of the cusp spectrum, the exposures beiug made 20 and 10 seconds before 
totality respectively. At the moment when the first exposure was made, t h e  strip of 
photosphere still uncovered had a nridth of 8" a t  the centre of the cusp, and this 
had diminished to 4" only when No. 2 was exposed. The cusp therefore acted the 
part of an exceedingly fine slit, and gave beautiful images of the Fraunhofer fines. 

T l ~ e  two images obtained may be considered together as they are alike in every 
respect, excepting in the width of the continuous spectrum. This is 5-20 millhas. in 
No. 1, and 4.78 mill&. in No. 2, the moon's diameter on the plate ncemuring 8-45 
mil l i s .  The continuous spectrum shows most of the features of the ordinary Fraun- 
hofer spectrum, the darlr lines being represented by very sharply defined curved ares. 
These are, however, very mcch less dark than the lines in the spectrum of ordinary 
sunlight, and the hydrogen lines fly y, and 6 are nod present as dark lines rzt all. 
I3 and K are broad and dark, with an. irregular reversal a t  one point showing motion 
in the h e  of ~ ight .  

With the exception sf the absent hydrogen lines dhe-rela'cive intensities of the 
dark lines in khese spectra appear to be i d e n t i d y  the same as in the Itiraunhofes 
spectrum throughout the whole region photographed, hut the cusp spectra havet a 
pale " washed-out " appearance when placed beside photopaphs of the spectrum of 
ordinary daylight, and this peculiarity does not seem to  be due to  any accident of 
exposure or development." (Compare the dark lines in figs. t and :3, Hate 10, with 
the corresponding lines in fig. 2.) 

* [After returning to England a set of photogmphs of the Fraunhofer spectrum was obtained with 
the same prismatic camera, for comparison with the cusp spectra. Tk se were obtair~ed in the s;ame 
nlnnner as the preliminary trial plates mentioned above, using a reflecting collimator and a slit. 

In older to reproduce as closely 'as possible the form of the solar cusp a circnlar slit was used, this was 
formed by a round hole out in a plate of brass and ncarIy covered by a circtdar disc of sljgl~t.ly !rbrger 
cliitmctcr. The hole xlr;ts m;& to subtend an nngIe of 33' at  tho prisms, and the ratio of the diirmeters of 
the hole :irid disc was m ~ d o  the sanie tas that of the sin :knd moon at  the eclipse. 

111 making tho expposmes the slit was sinqlly directed to a clear sky itt a eor~sidemhla altittdo. Kg. 2, 
Plate 10, is a reproduction of one of the sp:+tra so ohhincd, in which the breadth of the b,bntf is the 8ame 
as t.hat of the cusp spectrum in fig. 1. The angalar width of the slit was therefore the sanie irs that of 
the solar cusp at  the moment when the cusp spectrum was photographed (about 8" at the middle point).- 
&far& 9, 1901.1 



The bright rndintio~ls of the chromosphere are in no oases stn~lt;. :.enough to  show 
ns 1~right lines upon the continuous spectrum, nlthough they nlr stro~lgly impressed 
:\lt)ug the borders, where they forin in many cases n continliantinri of the da1.k arcs of 
tlae 7raunhoi'er spectrum. The very fitrong bright it?@, PI izrzd K, can be traced 
nxxud the limb of the moon dilr a greater distance than any ot1wn.s. 

No. :! spectruin appears to have been underexposed and 'the bright ares are rather 
difEcuft to detact -.ipo~l it, altho~ighr the @XPCIRIIIPB was made within 10 seconds of 
seconr! contact. 

Jllcasures mere not nlnde of &he bright Zlinw in either sl)ectnlrn as they are not very 
nrell adnpietl for accurate determinations. 811 of them cw1 be identified with the 
strnl~gcr lines in No. 3 spect~ula. 

Ric th ods of Bicas?~l.eqnent arad R ~ d ~ c t i ~ i t  of rke ,Cj>eet~a. 

'B'iic Fr;tui~l~ofel- spectrum I ~ ~ S  c~mfu'u'iBp namqured in ImLh ewp .il,~.etrta and identified 
]liue hy line with Elrcc,s's phologrnphie map of Lhe norn~aj SO~BZ' hl)i'~tli"llm. 

As these measures form the basis for the debmination of tsrave-'9eligths in spectra 
Xo. 3 {flash) nncl No. 4, it is desirable Lo give a brief aecouut of the x~lethds adopted. 

5: 3111 intieLted to Dr. RAMBA~T for the  loan of an excellant rnillin~etsa micrometer 
l~elor~ging to tlte Radcliffe Observatory. 

Tlris inst~ument consists of a microseop mount& on a sliding &me,  R I I ~  moved by 
n long rciSexv wit11 ,a pitch of 1 minim. 'She head of Lha screw ia (livid& into 
i00 parts, l t ~ ~ d  by e~tinlatinn can be read to -001 miDim. ASE tht* measures were 
i>\ndc upon this nticrometer. 

Ftrch spectru~n mas measureti complietely three times over, using tli@cb.rtetxt wvtions 
of the screw anrl different redings of the head each time. By this metills any 
iysternntic tlifierences due to errors in the Bepew were eliminated in the nls?&n result, 
nnrl, accidental mistrtkes in  reading the division8 were readily fo~aatl md co~*rceted. 
No cvitle~tce of any systematic error in the screw was, however, detect&, and the 
three sets of measures of spectra Nos. 1 and 2 showed a very sakisE3etory accordance 
11~rougl.lout tlae wl~ole length numured. 

I n  ~ ~ ~ c a s ~ a r i n g  a line, the mean of tl~ree settin,p of the spider lines was taken as the 
scale I-entfing of the line, and in the final meal1 rwult, iu which the two cusp spectra 
itre contbiued, wery fine relxesents eighteen settings of the spider lines. 

l'lte measures of the t.\fTo cusp spectra -when mmptmd were found to agree as 
closely as t\t-o separate measures of either spctmm, thm proving that no change had 
occurred in the dispersioi~ fbrn any cause. The two spectna m r e  therefore considered 
to Im i de~ l t i~ l ,  and the nledsures were combir~ed. 

I;rc>ni the final meal1 of tho s;s sets c ~ f  mewurea almut thirtv well-defined and 
isrlatetl lines were sclectetl n~3 st;~l~dnrds ; these a m  :\I1 distritj~~ttd tlarcrugh the ultra- 
liolrt portion of the syectmm more refiangl~le thnn R, In the region between 
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4% and F about twenty-six lines were used, which are, however, not so well defined or 
so satisfactory as standards as the others. 

I n  coilstrueting a scale of wave-lengths for the reduction of the bright-line spectra 
(Nos. 3 and 4), the best defined known lines between D and 9-I in these ~pectra were 
also selected as standards, and used together with the twenty-six cusp spectrum lines. 
But in the izltra-violet the scale depends entirely upon the standards of the eusp 
spectrum, the whole of the l i ~ e s  in this region in Nos. 3 and 4 (including the 
hydrogen lines) being treated as unknown. A careful comparison made between 
measures of known Lines in Nos. 3 and 4 spectra and the mean measures of the two 
eusp spectra shows that it is safe to assume that all the spectra obtained before mid- 
eepipse onay be considered to be identical as regards diapexsion. 

A su8Frcieni; number of standards well distributed throughout the entire spectrum 
being thus obtained, the apgroxilnate relation between scale reading and wave-leng,,h 
at  all points in the spectrum was next determined by graphical nnlethods, and from the 
interpolation curve obtained it was easy to compute the scale reading comesponding 
to a number of definite poink in the spectrum separated by equal intervals of wave- 
length. 

The scale reading corresponding to each 50 tenth-metres of wave-length was in this 
way computed, taking in each case the mean result given by three or four standard 
lines situated near ; and the values th-cxs obtained were finally slightly corrected 
by smwthi-ng differences until fifth differences ware made to increase in a regular 
progression. 

The smootl~ed values in no case differ &om the values derhed from the measures by 
quantikies greater than the uncerLainties of the measurestthemselves. The mean 
difference in the best defined pr t ion of the spectrum X 41 00 t o  X 3400 is *0016 millin., 
and the greatest difference ,005 millim., the latter corresponding to '15 tenth-metre 
st h 4100 and 9 7  tenth-metre a t  X 3400. 

In  the visible spectrum the definition under the lnicroscope is very poor in all the 
negatives except No. 4, and the measures in consequence are not very consistent, but 
for the sake of cornpleterress every line has been measured, and an accurate scale of 
wave-lengths constructed for the entire range of spectrum 2 rl r; rI,c , ;~:,. , l i  i111t5! 

Prom the accordance between the different sets of measures of the bright li~les in 
No. 3 apectrum the probable errors of the wave-length determinations given in 
Table I. (p. 404 et seq.) would appear to be a b u t  -1 5 tenth-metre at  X 4000, decreasing 
to "05 tenth-metre at; X 3400. 

Sycctr:cnt No. 3 (Plate 1 1, fig. 1). -This negative was exposed a t  the 11nomenL whexr 
the dark lines of the Fraunhofer spectrum were seen to disappear and inn~zmerable 
briglrt lines &bed out across the strip of continuous spectrum which still remained 
visible. 

VOL. CXC;VII.-A 3 D 
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I was observing with a slitless spectroscope attachei? to n 3-ii~:h ecjuatorial, and 
made the exposure as nearly as I cou1d judge 2 seconds  for+^ the last trace of 
continuous spectrum vanished. The plate was give11 an exposure IT* a t  least 4 seconds 
in order to in~press the hinter details. 

111 the q)llotog~apla the dr ip  of continuous spect~vnn is divirlcd iuto four parts by 
longitudinal dark bands due to irregularities inn the moon's b ~ b .  &lost of the bright 
lines of the chromos~~l-nere and flash spectra are visitPae as bright lines upon the 
co~tirauous spectruna, but the helium limes a t  h 4026-5 aud X 4713.2 are an exception, 
nllcl zhoy camlrlot be traced even in the dark spaces bekweern the s t r i p  of continuous 
spectrum, altRough strongly impressed on either side. The hePium line ~t X 4472 is 
visible, but XI-eaker in the intermediate dark spaces. No trace of any a b s o ~ t i o n  lines 
can Le: detected in  any part of the continuous spctrama. 

Tile total depth of the chromosphere as indicated by the calcium linw and IEi is 
I 11'.6, tllcse lines este~tding over an arc of 124 degrees. The hydrogen lines ,B, y, 8, s, 
nnid the titaniunz lines a t  X 3761.5, X 3759.3, and X 3685.3, as well as the helium 
line D"', extend over nlr arc of about 102 degrees, iinplying a depth of 8".2. 

The bright arcs of the flash spectrum proper are approximtely of the 
On the north side of the continuous spectrum they are cut off' abruptly by a dark 
band, due to a projecting lunar mountain, anel two similar bands in t empt  the lines on 
tlle south side. 

Most of the fainter flash lines ean be traced over an arc of 40 degrees o f  the sun's 
limb, indicating a depth of 2".3, or laearly 600 miles. 

A great lnikny of the stronger lines, however (chiefly titanium, iron, and magnesium 
lines), estend Etintly far beyund this limit, and can be traced over an abrc of nearly 
70 degrees, the depth implied in this case c.!icee~BE~ng 4", or 1800 miles.* 

A few very faint lines clue to the very lowest layers of the chromosphere are also 
inclic~zted in the best defined portion of the negative. Thw are visible only upon the, 
strips of co~itiriuous spectrum, and do not extend beyond. 

Probably only a small proportion of the finer linw which were actually present a t  
second contact are shown in this photograph. In the green region near b this is 
certaiuly the w e .  The most striking feature seen wllea observing the spectrum 
uiltler high dispersion and without any slit \tr8s the immense number of excessively 
fine bright arcs which appeared in a short section of the spedruna (i~lcludillg the 
b lines) a t  the rnonlent wllell the exposure was made. Ye t  very few of tllese lines 
appear on the Ithot~grill~k, partly perhaps on account of the poor focus in this region. 

* [In estimating depths from the le~lgths of the ares tbe moon's apparent semi-diameter is t ~ k e n  at 
997".0 and thrrt of tho sutr 074".9. A ut~iform ilistrilrt~tion of the gtses romid the limb 13 of course 
+shamed, ailif tile results fru~u Xo. 3 spoctrmn iudicthic the depth matsurcd from tllc photosphere to the 
upper limit to whith mc.h p tr t iad:~  ridintion cirri ba tr;rced. The depth of photosphere left uncovered 
11y the moon ill this photogap11 being quite inapprceixlrle, the limb of the moon miby be considered as 
being coincideat with that of the aull nt the point of secoild co~itact.-JA~~~ck 9, 1901.1 
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The continuous spectrum of the corona is strongly marked on this photograph, but 
only one true corona line is visible, the green line a t  X 5303. This h e  can be traced 
only on the eastern portion of the moon's limb, and, unlike the chromosphere arcs, it 
is very variable in iutensity, being strongly marked about the position angles GO0 to 
10°, and NO0, where the contilluous spectrum is also strung, but extremely weak or 
entirely absent in other parts of the limb. 

The resrdts of measures nf t'he corona line on this plate and No. 7 spectra are given 
on p. 40 1. 

pn the reproductions of the bright-line spectra shown in Plate 11, the position 
angles may be inferred from the fact that the direction of dispersion is d s o  the 
direction of the moon's path across tile sun, the point of seeoncl contact (P.A. 56") 
being a t  the centre of the arcs on the ~ight-hand side, and third contact (P.S. 236") 
a t  the centre on the left;. The angles are reckoned from the north point through 
east, south, and west. 

The upper edge of each spectrum, therefore, represeilts the south-east limb, and the 
lower edge the north-west limb. The diagram below, sho~ving the prominences in 
their comeci; positions, xvill make this clear. The broken lines indicate the positions 
where t h i  green corona line is strongest on the neptives. In  the reproductions it 
can be faintly traced on the east limb, where it persists throughout totality, thus 
proving i t  Lo be a true coronal radiation, since the chroinosphere on this limb was 
entirely hidden by the moon after mid-eclipse. 

In fig. 5 the interrupted coronal arc is perhaps best seen ; i t  almost meets the 
oppositely curved chrorrlosptlere arc DN'. 

The wave-length sc:& at the  top of Plate 1 r must be understood ~s applying only 
to fig. 1, for which i t  was const~ucted. The tlesignation of the priucipd lines in the 
spectra, are given unde~*neattl fig. 5, at the bottom of the plate. 

3 u 2  



388 MR. 5. EVE%,FMED ON IVAVE-LEKGTH DETEBi\~IX:LTIO]:JS, ETC., 

For further facilitating references to the bright lines a plate is given of the ultra- 
violet region of the spectrum of the lower chromosphere. In  this a wave-length scale 
is given above and the designation bf some of the principal linles Below. The plate 
has bema prepared by purely autolt~ntic methods fron~ the original negative taken a t  
second contact. By p?:otogro.plling a longitudinal section of this negative with a 
cylindrical lens interposed, the short sections of the chromosphere arm are spread out 
in to ~tz '~igh$ lines. 

Great care was taken to exclude spurious lines due to defects in the film or to dust 
oil the slit. By using s rather wide slit these &perfections have been reduced to a 
minimum, aHho~zgEm this involved a slight mcrifioe of definition and loss of detail.--- 
i i c ~ r c h  9, 1901.1 

S')cctt,'tlwt PtTo. 4 (Plate I I ,  fig. 2).-The exposure in &is photograph was probably 
less t l l i ~ ~ l  half n second iluriiti~n, and ~vm made severa.l seeonds a&,er closing No. 3 
ii.X~"S'"re. 

The co~itinuous spectrum of the corona is faintly h p r e s s d *  and the green line is 
j us t  tniceable itt the points where i t  is strongest in No, 3 spedrum. The chromo- 
s1)Flere arcs R and K and the hydrogen series are narrow and well defined, the latter 
both in the visible spectrum and the ultra-violet. The three tibniurn lines a t  
AX 376 1.5, 5759.3, xncl 368 5-3 Etre shown as exceediragIy fine threads, extending over 
a n  arc of about 60 degrees ; they are distinctly stronger than the line MTJ but fainter 
than 115. The hydrogen lines f l ,  y, 6 and the ~aIcium lines H and K can be traced 
over ~ienrly the s;mne extent of the limb as in No. 3 spectrum. 

The proini~iences are well defined in this negative and their spectra exhibit some 
interestir~g feat,ur.es. There are seven prominences clearly shown, which I have 
tlesignated by the let,tel*s of the alphabet in the order of their position angles, as 
follows :- 

Position angle. 
. 28' 
. 59 
, 99 
. 126 
. 306 
. 315 
. 322 

Salar latitude. 

+ 5 4 O  
4-23 
-- 17 
- 44 

4- 44 + 53 + 60 

All these prominences are nbout equally intense in the  calcium lines R and R ; 
IU is the largest alld I3 awl G are the smallest images. 

* In preparing a phte suitable for regrd~action it was found necessary to intensify tth image with 
arnirun. This hrrs mrk the continwrza wctruw of tbe coroxta nppeitr very mnch strongr than it is is 
the original negafi-ie. 
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I n  the hydrogen images A, and the group E, F, &: are mucll fainter than the others, 
and in the ultra-violet the images of these four are -very clifficult to trace beyond 6 .e  
line H8. A is however very faintly indicated in the tlnree titanium lines above 
mentioned. 

The prominencs G is much briglater in llydrogerm than the foregoing and can be 
traced to the line HP. The three titanium lines are also clearly shown. 

The gronlinenees B and D are the strongest of all in hydrogen, and although 
very. different in size and general character (as ohserved in Ha about Bn hour before 
totality) they give practically the %me spectra. 

The -prominence B being situated very near the point of seconcl contact (P.A. 56") 
its spectrum falls almost exactly along the centre of the photograph. lit is, therefore, 
in the best position for accurate measures ; and as the images in the ultra-violet are 
well defined circular black spots, much smaller and more definite. than the corre- 
sponding images of the large prominence D, the wave-lengths given in Table IH. are 
deduced from nieasures of t.his prominence only. (See g. 41 1 et seq.) 

Nearly all the lines measured can however be traced also in D ; there are fifty-two 
altogether and all of these are accouui,ecl for by the elements H, He, 3fg, Al, Ca, Sc, 
Ti, Fe, and Sr. 

A remarkable feature in the spectra of the prominences B and D is well shown in 
this negative. The prominence D sllows traces of a continuous spectrum in the 
region less refrangible thsn H, which is absent in B. Both prominences, however, 
give a, 'strong continuous spectrum in the extreme ultra-violst, beginning abruptly a t  
X 3668 Bear the end of the hydrogen series, and extending as far towards the smallei. 
wave-lengths as the impression of the corona spectrum can be traced. 

The actual limit to which the extremely nirrow streak-due to  the smaller prorni- 
nence B can be traced is a t  X 3435 f. 

This feature is shown more or less distinctly on all the negatives taken during 
totality. In NO. 3 spwtrun~ as well as No. 7 a considerable arc of the chromosphere 
itself shows the ultra-violet coiltinuous spectrum, all the flash spectrum lines Illore 
refrangible than X 3668 being immersed in a uniformly shaded band which is absent 
in the less refrangible region. 
(In the reproductions this delicate feature is lost in all the images except fig. 2, 

It ia shown more satisfdctorily in the enlarged image in Plate 12.) 
&ect$.zc%~ No. 5 (Plate 11, fig. 3).-This was exposed during about 40 seconds near 

the time of mid-eclipse. The expcjsure began about 10 seconds after. the dis- 
appearance of the chromosphere on the east limb and ended imnlediatelg after its 
partial reappearance on the west limb. 

The continuo~rs specirurn of the corona is strongly impressed, ancl can he traced as far 
as X 3300 in the ultla-violet. The green corona line is well shown on the east limb ; 
it is di~fitinguished fioin radiations dua to  tire chromosphere by its diffuse character 
and distinct maxima of i~ltel~sitij- ~ o r l ~ e s ~ ) o ~ ~ ~ l i ~  with the brighter regions of the 
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inner eorona ; it is most intense a t  position angles 60" to 7 8 O  and 95' to 105". On the 
west'side it @an be traced a t  about position angle 25Q0, but is extremely faint here. 

No trace of any true corona Erie enn be made out in the blue or violet part of the 
spectrum, but there is a Gtisly distinct impression of a line near the end of the plate 
st X 3385, wliem faint, asxima of intensity are indicated on the east limb at the same 
position angles m the maxima of the green line. 

Thr chrommphere in this negative is represented by the lines W and K only, which 
fomn arcs extending over the western limb ($.A. 182"-289"). The prominence C 
gives the princiial luydnlogen, helium, and tihnium, lines in addition to W: and K. 

+Slmctr.t!rn 2BTo. 6 (Plate 31, fig, $).--The esposure in this case mas of 10 seconds' 
duration, beginning allout 2 seconds after closing No. 5 .  

The chromosphere ares have rappeared in the hydrogen a d  helium lines on the  
west limb, and the former can Ix tmeed to Mr. The three sltrongest titanium lines 
are also .\-isible, estending over :in arc of 6Q0, The prominence 61 shows the streak of 
eont irl~ious spcct~um starting at, X 3668 and extending as a fine thread far into the 
ultra-violet. 

The green corona line is faintly irz3pressed both on the! east a id  west limbs, but no 
ot,Jie~ corolla line can be made out with any certainty. There is, however, a dox~btful 
innlwession of a line extending pretty u l a i h l y  over the .hve.sd limb a t  a point in the 
specetrunl a little less refrangible than M (X 398J399). 1% mnnot be traced a t  all on 
the  east linkb, a t  the points where the green Gne is most intense, and if it is a real 
corona line, the substance producing it is evidently not the same as that which gives 
the green llrle. 

S"j')ect,.tcna No. 7 (Plate 11, fig. 5)-The exl>osure of 20 seconds' duration was 
started in~mediately after the last and ended o d y  3 or 4 seconds before the photo- 
sphere appeared. 

I n  the chromogphere spectrum Ha is well shown, and in the ultra-violet the 
I~ytlrogeri lines mn be clearly traced to Hw. Bfany of the stronger flash-spectrum 
tines are visible along the cellClrnl portion of the photograph extending over arcs of 
from i O O  to GO". The wave-lengths deduced from measures of these lines are given 
in Table I., and in the region btwwrr X 340 and X 360, where the focus is good, the 
resrllts are as accurate as those olttair~ed f m  No. 3 spectrum. 

A conspicuous feature in this photogmph is the  shaded band of contirluous 
spectrum in which the more refrangiMe linw of the flash spectrum are iinmersed. It 
is absent in the region less refrangible than h 3668, and corresponds to the fine 
streak or t i~ i l  wllicll the plamirtertce f: sho\vs in all the photographs obtained during 
totality. 

The green corona line is b e t t : ~  defined in this placrtogmph than in any of the 
others. The positioli- of nuaxitxlu~n intensity corresl,ontP precisely with the bands of 
continilous spectrum due to the t~rigjitust regions of the inner corona, The position 
utkglw mei~sured on this pl:tte are as f&lla\vri :- 
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East limb . . . . . 

Positio~i angle of 
maximum intensity. 

West limb . . . . 235 ,, 254 

As in No. 6 spectrum there is an exceedingly faint impression of n corona line 
near H and extending over Ihe west limb, but excepting this no trace of any other 
lines are visible. The image, unfortunately, is too feeble in the extreme ultra-violet 
to show the line s t  X 3388 S~und on No. 5 spectrum. 

Spectrrcnz No. 8.-This negative was exposacl for about half a second almost at  the 
mora~ent of th&d contact. The reappearing photosphere has been impressed as  four 
very narrow streaks of continuous spectrum. The flash spectrum is well developed, 
and the whole length of the spectrum is crowded with bright lines extending 
between and across the strips of continuous spectrum. The nmajority of the lilies due 
to  the lower chromosphere extend over ,zn are of 55", the depth implied in this ease 
being 2".5. 

The focus in this negative is unfortunately very poor throughout the si,eetrurn, 
and no measurenlents were made for determining wave-lengths. The spectrum mas, 
hon~eve~, carefully conlpared with No. 3 by means of enlargements of each spectrunk, 
which were made to correspond approximately i n  scale. Superposing or~e spectrum 
upon the other it was found that the t ~ v o  appeared to  be identical in all respects. If 
any differences exist a t  all between the spectra of the east and west li~nbs of the sun 
they can only be found in the finer details, vhiclil in No. 8 are lost by restyon of the 
imperfect focus." 

S'3ect~u Nos. 9 ar~cl 10 (Plate 10, fig. 8).-These were given an exposure of less 
than hd f  a second a t  about 18 and 18 seconds after third contact respectively. They 
are both very similar to the first two spectra of the series, but apparently the 
espusures were appreciably of longer ch~ration than thvse lntxde hefore totality, und 
the bright lines bordering the continuous spectrum of the photosphere are in conse- 
quence much more stxongly nnnrked thala iu Nos. 1 ancl 2. 

.As in all the spectra, of the \rest limb the ibcus is imperfect except in the ultra- 
violet region Illore refialgihle t l ~ a ~ ~  X 360. The bright lines are, Iio\vever, fairly \yell 
defined along the south edge of' tlie cusp. 

The Fraunhofer spectrum is not nearly so well developed in these spectra ixs it is iu 
Nos. 1 and 2. This m:by be due to over-exposure as well as poor focus, Lut a t  the 
ultra-violet end where 'he sl,ectrunl is less dense tlucl the focus j..oud, the dark lilies, 

* Ko figure is given of this photo;;t..rpd~ as it Iviis foulid irulmssil,le to prwiuce a sstisfactory plate 
mitable for reprotluction. 



although clearly visible, are not nearly so strongly marked as in the corresponding 
negatives of the east Gmb before totality. 

All the more conspicuoa~s lines which are charactesistic of' the flash spectrum can 
be distinguished along the south edge of the cusp in both No. 9 and No. 18 spectra. 

In comparing the wave-length values of No. 3 and No. 7 spectra given in Table I. 
with BOWLAND'S wave-lengths of the absorption lines in the solar spectrum, i t  is at 
once apprent that practically every strong h e  in the latter is present in the lower 
chromosphere as a bright line, In the region between M 3340 and 4410 there are 
5 6 strong dark lines with an intensity exceedizlg 8 on Row 's scale of intensities. 
In  the flash spectrum (No. 3 photograph) 44 of these Gnes are certainly present as 
bright lilies ; 6 are probably present, 6 are too near to strong hydrogen lines to be 
separxtely distinguishable, and 1 is obscured by E. One line only of the 58 is 
unaccountably absent, that at  3788.046 (Fe, intensity 9). 

I t  is further to be observed that of the bright lines of the lower chromosphere 
(hytl~aogt-n and helium lines being excluded) the great majority appear to be coinci- 
dent with dark lines havlllg an intensity on ROWLAND'S scale not less than 3, and 
two lines only X 3584.37 and 3812.79 occur in a blank space in the solar spectrum 
where the lines are weaker than intensity 0. 

It may be said generally therefore, with regard to the ultra-violet region, that the 
bright lines of the flash speetlwn are reversals of Fraunhofer lines, includig all the 
very strong lines (intensity 10 and upwards). 

khilst  the paitions of aimast all the bright lines appear to coincide with dark 
lines in the solar spectrum, the relative intensities of the lines in the latter are 
widely depxrted &om in the flash spectrum. A negative of No. 3 spectrum is there- 
fore very unlike a positive of the solar spectrum. 

When, however, the flitsh spectrum is analysed into its separate constituents it is 
found that the relative intensities of the lines of any one element correspond very 
closely with the intensities of the dark lines of that element. In the iron and 
titatiiuln spectra, which claim more lilies of the flash spectrum than any other 
elemen&, this correspondence is most clearly shown. There are, as might ?x 
expected, many cases where the intensities are abnormal, but by taking the average 
intensity on ROWLAXD'S scale. of ctll the dark lines corresponding to each unit of 
intensity in the fli~qh spectrum the eff'ects of these are eliminated. These ahlorma1 
intensities are probably due to the superposition of closely adjacent lines. 

The following tallies prove the general close correspondence of intensities in the 
flash and solar spectrum for iron and titanium. The first column gives the number 
of h h  lilies having the estimated iutel~rsity given in culunm, 2, whilst the average 
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intensity of the comesponding dark lines is given in column 3. Although the 
intensities of the bright lines, estimated on a scale of 1 to 10, are not compmble 
with those of BOWLAJ~D ranging from 1 to 1000, the relation between the bright and 
dark line spectra is, nevertheless, clearly indicated by .the regular gsn*i1::rc.s4na1 of the 
Sgures in the last column of both tables corresponding with the progression b e t ~ ~ e e n  
(B and 5 in the middle eol 

Intensities of Iron and Titanium Lines in the Chromosphere and in the 8dar 
Spectrum, 

Number of lines in Photographic Average intensity of the corro- 
Rash spectrum. intensity. sponding dark Iines in 0 (Ronzaxn). 

17 0 5 5 
3 3 I 7.5  
25 2 11 3 
10 3 25.3 
- - - 

Total 85 .  Weighted mean 1'3 Weighted meall 10.2 

Number of lines in Mlotogra.pliic 
f l ~ ~ h  specbm~ 'ensity. 

5 0 
9 3 

13 2 
9 2 

4 4 
1 5 
- - 

Total 41 Weighted Inem 2.0 

Average intensity of the corrc- 
sponcling d;wrlr lines \n @ (ROWL~XD). 

1.6 
3 '1 

--4'2 
5-4 
7.7 
10-0 - 

Weighted mean 4.5 

The mean intensities gben  at the bottom of each column shorn the greater 
intensity of the Ti lines in the chromosphere compared with Fe, and Qle much 
greater average intensity of the Fe dark lint& in the solar spectrum compared with 
the Ti lines. 

The striking dissimilarity in the relative intensities of the lines of different 
elements in the bright-line and dark-line spectra is probably clue to ttse u~zecyztal 
heiglbts to which the gases of the various elements ascend in the chromosphere. 

The intensities as thsy appew in photographs of t.he flash spectrum are evidently 
largely determined by the relative depths of the various gaseous stt-atiz, the more 
extensively diffused gases g i ~ i n g  the strongest bright arcs simply by rensou of the 
greater radiating area. The low-lying gases, on the other hand, although they mny 11c 

POL GXGW.-A, 3 E 
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intriusi~xlly more luminous and denser, give fainter SLrcs: because of the excessively 
small ang~lnr width of the radiating area. 

I t  is to be borne in mind that the flash-spectnnm arcs or " lines" obtained with a 
prismatic camera are not true images of the strata producing them, but diffraction 
i~nages mlore or less enlarged by photographic irradiation. The deepest layers 
sl;Stend an angle of only 2", representing on the sun about 900 miles, and mono- 
rl?rol>~:itic radiations fi.0~1 such strata will produce lines which are as narrow as 
iustrurnents of ordinary resolving power are capable of defining. The diffraction 
ilu,zg,.e of a shalfomer stratum \xiill not be narrower in proportion but sinlply less 
Ijriglit. A layer of gas 9 miles in depth woulcl, if sulislciently dense, be capable of 
~>roclucing strong absorption lines in the solar spectrum, yet it would have to be 
100 times wore luminous than a stratum extending for 2" above the photosphere 
to give eclually strong bright lines in the photograph, even were the moon Lo remain 
stntiannl.y at the cor~tclct ~ n c l  ailow of equal exposures. 

But it is ols~ious that, for the shallow layers, the time during which the plate is 
e.sl)('s5vd to any mdiation is proprtional to the depth of the luminous layer, the 
aclvnrleillg limb of the moon cutting oR the shallow strata during the exposure; 
consecpnently, for an exposure timed from .&he moment of second contact and lasting 
until  the \vllole depth of 2" had been occulted, the plate would be exposed to the 
$)-mile stlitturn for only of the whole exposure. This layer would therefore 
neecl to Ije 10,000 times more lumino~rs to give lines of equal iutensity to those of the 
tleepest Iz~yers. 

[In the ccbstir~)tio~t spectrum the relative intensities between the digerent elements 
must depend on tlre total number of absorbing mdiecules of each element encountered 
1)y a ray of light in its passage outward 5orn the pklotosphere, and not on the 
relative fitate of diffusion or depth of the different gases. 

To illustrate these points, which appear to me to be of g r a t  importance in 
cltleidating the relationdlip between the emission and absorption spectra, we may 
consider the tylrieal cases of iron and of titanium in the chromosphere. 

The total number of iron molecules encountered by a ray of photospheric -light 
]i)rc,lxil)iy vastly exceeds the iiumber of titanium molecules, since the absorption lines 
of tho fonlier are anlong the strongest and broadest in the spectrum, whilst those of 
tIie lttttes are narrow and mostly lines. But the iron vapour is concen- 
trated in n stratum dcxe down upon the photosplrere, whilst titanium is diffused 
thmtagll the entire depth of the chromosphere. Hence the i/ppn~-ent intensities of 
the enlrissi~n lines of imn Gill colisiderably below those of titanium. 

If  the relative distribution of these two elements were reversed without changing 
tile totit1 q~rantity of each, t I ~ r  absorption lines would probably not be materially 
altered in intensity, but the bright lines of iron would then rival those of calcium in 
H alild K, wlliht the titanium lines would be diecult to detect in the flash spectrum.- 
~tlnrch 10, 1301.1 
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It thus appears that  the intensities found in these spectra by no means represent 
the actual intrinsic intensities of the bright lines of the different elements. Could tve 
obtain a sample of the incandescent gas from near the base of the flash-spectrum layer 
and examine i t  close at hand with a slit spectroscope, it is certain that the relative 
intensities would differ widely from those in the Aash spectrum as observed a t  au 
eclipse, and i t  is possible that they would be found to  correspond nluch more closely 
with the relative intensities in the Fraunhofer spectrum. 

From the foregoing considerations it is clear that the emission lines from the lowest 
levels of the flash layer must be very difjticult to observe, however bright they may be 
intrinsically. The wide divergence between the flash and Frsuurlhofer spectra, with 
respect to intensities, would appear, therefore, to  afford no grouncl for abandoning the  
original interpretation of the &ash proposed by Professor Yonxc from his observation 
in 1870, and the evidence of these photographs certainly indicates that the flash 
does, in hct ,  represent the upper, more diffused portion of n true reversiilg stmtum. 

In the flash-spectrum photograph (No. 3) fifteen elements can be identified with 
certainty & the lower cl~rornosphere, in addition to hytlrogen and helium, and there 
are three elements doubtfully represented. 

Arranged according to their relative intensities, the followirlg four groups occur :- 

Group I. 
(Lines strong in flash and in solar spe~t~rum.) 

Na . . atomic weight 23.0 
N g  . . . 1, ,, 24.3 

- 

A l . . .  3 ,  ,, 27.1 
ca . . .  7 ,  r ,  40'0 

Group 11. 

(Lines strong in flash but comparatively weak in solar spectrum.) 

Sc . . . atomic weight 44.1 
Ti . . .  1) ,, 48-1 
V . . .  9 ,  ,, 51.2 
Cr . . .  3 ,  ) $  52-1 
M n . .  . '1 y ,, 55.0 
S r - . .  3 f ,, 87'6 
Y . * .  1 > ,, 88.7 

Group 111. 

(Lines rthtively weak in flash, very strong in solar spectrum.) 
Fe . . . atonlic weight 56.0 
X i . * .  y9 >> 58'7 

3 x 2  



Group IT. 
(Linea weak in flash and in solar spectrum.) 

Zr . . . atomic weight 90.6 
C" . . .  9 2  1 9  12.0 

The elements of which the identifications are somewhat doubtful are- 

Si . . atomic weight 28.4 One line only X 3905.660 
G o .  . . y s  ,, 59.0 Xany Co lines seem unaccountably absent 

in the flash 
L a . ,  . ), ,, 198'5 Two hes only X 4123'384 and X 36.89'654 

It is probable that the elements of Croup I. are diem& thoughpout the entire 
depth of the flash-spectrum hyer, but become denser nwr  the photclsphero. Those of 
Group 11. are possibly absent from the very lowest s tmb ,  but sm widely diffused in 
the higher regions ; whilst the eleaaenh Fe mdi Ni (Group UI.) would sappear to  be 
nlostly concentrated in the lowest str&o where the demity ia great enough to 
produce the winged absorption lines. 

Group W. probably represents low-lying elements of md density. 
The bright lines of the flash spectrum corresponding to Group LY. may be considered 

to he true reversals of the dark solar lines of these elements ; that is to say, the whole 
of the matter concerned in the absorption contributes to the en~ission spectra, and the 
bright and dark lines are practically of equal width. 

But in the e~lzission lines of Groups I. a d  111. the radiation from the very lowest 
region, where the density of each element is considerable, contributes very little 
indeed to  the total light, most of which comes from the higher more extensive regions 
of low density ; consequently the lines appear narrow and without appreciable shading. 
These lines, therefore, can only be considered as partial reversah of the comesponding 
sbsorption lines. 

The metallic elelnents found in the lower chromosphere (including those doubtfully 
identified) include all the known metals having atomic weights between 20 ancl 60, 
with the single exception of potassium. Arranged accordmg to their atomic weights, 
they are :- 

Ns . . . approximate atomic weight 23 
> ?  37  ,, 24 
Y Y  3 9 ,, 27 
3 >>  ,, 40 
> ?  2 )  ,, 44 
Y t  J I  7, 48 
,* 5 )  

* Probably the compotmd cpnogen. 
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approxhate atomic weight 52 

J 7 3 > 1 ,  55 
3s 3 7 : I  56 
9 ,  7 , ,, 59 
>, > 5 ,, 59 
7 7 3 .  > ¶  88 
, 7 - 9  . 89 

3 1 I ,, 91 

Taking the whole series of known elements having atomic weights from 1 to 1100, 
a11 the metals are here represented excepting the following :- 

ki . . .  
B e . .  . 
K c . .  
C u .  * .  

Ell 

G a . .  . 
G e .  . . 
R b . .  . 
N b . .  . 
M o . .  a 

approximate atomic weight 7 
> > 1 9  * >  9 
I f  , I  . 33 
3 I Y Y  ,, 64% 

?, ,, 6.5 
I I . 74) 
J >  7 ,  7 2  

,, > ,, 8 5 
, I  3 3 ,, 94 

9 71 ,, 96 

Of the nineteen known metalloids, the only ones indicated ia these spectra are- 

H . . . approximate atomic weight = 1 
B e . .  . 3 3  7.1 f 3 4 

> r . , > 3 I:! 
> > 7: 7 I 14 

Si?. . . ., 7 )  f J  28 

None of the elements with atomic weights exceediilg.91 appear t o  be represented 
in the flash spectrum, unless we include lanthanum (at. wgt. 138). It is probable, 
however, that with instruments of much greater aperture and focal length than the 
one employed in this research photographs would be obtained which \\-odd bring to 
light many of the heavier metah which ~loubtless exist in the lowest e tmh  ef the 
flwh-spectrum layer. 

Although it would seem from the above statement that there is a general, inverse, 
relation between the atomic weight of an element and the extent of cli&sion of its 
vapour above the photosphere, it is evident that among the elenleuts actually found 
in the chrommphcre this relation does not always hold ; thus calci~nl~ and titaniuui 
ascend to fw gr.ri.ter eleuations khan the three elements of s~naller aton~ic weight, 
sodium, magnesium and d e u m .  

Unktaowb Lines.-Ody a sinall psoportiolt of the lines in Table I. remain to be 
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identified. In the region between AX 3340 and 4000 there are 29 suck lines in a total 
of 2.25, &nd all of them are weak lines. 'khe strongest (intensity 2) correspond in 
posit.ion with dark lines in &WL~ND's table which have not been identified with any 
element, and these are given in the foUowing list :- 

MTavelength in Bash. Hnbnfiity. Wave-length in 0. Intensity. 

3567'77 2 3567.835 4 
3589.72 2 3589,773 5 

These are the oilliy unknown lines in the h s h  spectrum .c%iith an  intensity greater 
than 1, anid it is just possible that they &long t o  the Bame element. 

The wave-lengths of the hydrogen lines bken from %blm I. and Ih. are entered 
separately in Table 111.' together with the '(rdepe$ computed from BALMER'S f m u l a .  
The latter were computed for a vacuum a d  mrrected for sir in accordance with a 
table of RUNGE (' Astronomy and Astro-physics,' vol. 12, No. 5). 

S is the series number of the line, and (I a constant derived from ]ROWLAND'S 

~ieasures of the lines Mu Nj3, and Ry in the solar spec reduced to a vacuum, the 
nleail value adopted being a = 2'7418.75. 

In obtaining the mean values given in column 4, equd weights are given to No. 3 
and No. 4 spectra, both of which are in good focus beyond K, and give equally 
consistent measures in this region. No. 4 spectrum is, however, much the better of 
the two in the visible region, where the images are mmpratively small, well-defined 
spots. This spectrum, as already mentioned, consists of a series of images of a very 
small bright prominence, and very consistent measures were obtained thr~ughout.  
The good ngeemeut of the wave-lengths of the metallic lines with ROWLAND'S values 
will be seen on referring to  Table 11. 

The very close agreement of the hydrogen lines with the eorriputed values is shown 
in column 6 of Table 111. (observation - calculation). It will be noticed, however, 
that the wave-lengths of the more refrangible members of the series are appreciably 
srualler than the theoretieztl values, the differences increasing towards the limit of the 
aeries. This may be due to the greater uncertaint;~ of mensumment of the fainter 
lines, \vhich are apt to be cunfusecl with other lines closely coaltiguous, or i t  may 
p i b l y  be due to  a slight progressive error in the d e  value for this region. 

The results obtained for No. 7 spectrum given in wlunm 7 appear t o  coltfirm the 
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values of the more refrangible lines in No. 3, although they mere obtained by 
quite independent methock of reduction. The measures of this plate, however, 
cannot be given the same weight as those of the other two, the definition being 
poor owing to imperfect focus. 

The lines in the visible spectrum Wa, P, y and 6 are entered for the sake of com- 
pleteness, but they are aot to be compared in accuracy with the ultra-violet lines. 
This is largely due to the diEcdty in measuring the broad over-exposed lines ,B, y, 
and 6 on No. 3 spectrum, and partly to the small dispersion in this region. 

The line 6 appears in all the measures to be largely displaced towards the red, but 
this is probably accidental. It is remarkable, however, that in RO\VLAND'S table of 
the solar iines R8 is given a t  X 4102.000, which is also less refrangible than the 
theoretical position, the difference being -10 tenth-metre. The almost perfect agree- 
ment of the other absorption lines in his table, and the very close agreement of the 
best dehed  ultra-violet lines in Nos. 3 and 4 spectra wi.vith the positions assigned by the 
formula, suggests that the wave-length of this line has been erroneously estimated. 
Mr. JEWELL, however, who made the measures of R o w ~ ~ x b ' s  plates, while i ~ d i l l i  t l i  I I ~  

some uucertainty in estimating the centre of the line in the solar spectrum, finrls 
on re-examining his measures, no justification for altering his original estirnate 
(' Astro-Physical Journal,' vol. 9, p. 211). 

It is very desirable that accurate measures be made of B8 in the upper chromo- 
sphere where the b e  is narrow and free from interfering lines. 

The limit of the hydrogen series defined by the formula when s = co is at X 3616. 
But in the chromosphere spectra the lines fade away to  invisibiliPy long before 
reaching this point. I would call particular attention, however, to the very 
remarkable band of continuous spectrum shown by the prominences and lower 
chromosphere, beginning near the end i f  the tabulated series and extending I~.leti- 
nitely towards the more refrangible end of the spectrum. The interspaces betq-eelt 
the hydrogen lines are quite clear of this continuous spectrum, which begins abmpt.ly 
a t  about 3668. (See Plate 12.) 

It seems probable that this fctint spectrnrn may be itself due to hydrogen. In  
the absorption spectrum of white stars of Type I., Sir WILLIAII ECCC:IXS  IS 
observed an analogous feature. This consists in the ." rather sudden f i d  of intensity 
of the continuous spectrum at about the p'we of the end of the series of clark hydrngcri 
lines. The enfeebled spectrum continues to run on without f ~ ~ r t h e r  enfeeblement 
until it is stopped by the absorption of our atmosphere."* 

This seems clearly to be the absorption effect of the matter giving the fititit eon- 

tinuous spectrum in my plates, and the fact that the feature is chasz~cteristic of white 
stars in which the hydrogen nbsorption is very strong points to its beiug clue-to 
hy dlogcn itsell". 

* An Atlas of Representative Stellar Spectra' (Sir 'I%-IILIIX md Lady Er;scrss), p 86, 
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The park played by li~eliurn and hydrogen in the lower uhromosphere may next be 
considered. Helium is probably absent from the very lowest strata, if indeed it is 
present a t  all in the flash-spectrum layer. The lines a t  XX 3634'4, 4026'3, 4471 '6, 
and 1 7  13.2 are very weak, or quite invisible upon the continuous spectrum at the 
cciitre of the photo@%pk (No. 3) although strong on either side, whilst the majority 
of the lines of the. flash spect.mm proper am strongly impressed right a@ross the eon- 
tilt~~ons i;pect,rum. This would point Lo the abence of helium from the region within 
2" nf' t Ile l,l~ntospllere. 

j lh t  the lines at  AX 4922'1 and 5015'7 appear on the other hand to be strong on 
ttic coiitinuous spect,rurn and at the sides. It is to  be remarked, however, that 
i l ~ c > . ; t .  lilies helong to two series of lines in the spectrerm of elbveite gas which have 
l ir!!.:: nscl-ibetl to 21c,d~eliutn by RUNGE and P~sc3arm.X It would seem, therefore, 
tiltit tl~ese " l~nrhelium" lines, whatever their origin, are produced under conditions 
cslsting only in the lotver levels.-Malr*ch 10, 1901.1 

Tile n!)sence of appreciable absorption due to helium in khs solar spectrum seems also 
to ftvour the view that this element exists only in a rarefied condition in the upper 
cl I lhornosphere. This peculiarity in the spectrum certainly does not necessarily imply 
c.1 I I ; L ~  it?- of temperature between the radiating gas and the pEilotospheric background ; 
f;)r tlre Iryrlrogen spectrum affords a demonstl-ation that chromospherie gases a t  s 
Io\v;.ur te~ilperature tllnn the pllotosphere, can emit strong bright lines without corre- 
spomlil~g nbsorpt,io~~ lines. Thus, in the visible spectrum the dark lines corresponding 
to Ha, ,8, y, x~id 8 are sufficient evidence that, hydrogen in the chromosphere is cooler 
than tllr photosphere. But in the ultra-x7iolet the absorption becomes inappreciable 
at HC, and beyond this point there are no dark hydrogen lines corresponding with 
the strong bright lines in this regian. 

In  the en~ission spectrum of the chronlosphere there is a progressive diminution of 
iilte~lsity of the hydrogen lines towards the smaller wave-lengths. Nevertheless, the 
lines W?, 0, I, K are st'ill among the strongest; l i e s  in the spectrum beyond R. In the 
1r1t.l.n-violet, therefore, hydrogen behwes exactly like helium in the visible spectrum. 

The disappearance of the hydrogen absorytion lines in the ultra-violet has been 
ascritwd $7 ROWZAND to excessive diffkseness or ~ d e n f n g  of these h e s ,  and- if 
this rie\.v.is correct it follou~s, as Sir WILLIAM HUGGINS has pointed out, '"hat the 
h ytlrogen absorption in the sun must be restricted to a narrow region low down and 
close upon the photosphere itself,"t the hydrogen in the higher regions contributing 
little or nothing to the absorption. 

This view, how-ever, mhicli seems to imply the complete independence between 

+ R r s c ~ ,  R I I ~  P.!SCIIES, a On the Spectnun of C1Bveite Gas,'' ' hstm.-Pbysitol Joumd,' vol. 3, No. 1 
{I89 6). 

5 LIII Atlits of bpreseritative Stellar Spectra,' p. IW. 
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the emission and absorption lines in the sun, is extremely diBcult h reconcile 
with the ordinary appearance of the lines G and,?$ a t  the sun's limb. With a mdicil 
slit the emission lines are seen to correspond exactly both in width and in absolute 
intensity -with tke dark lines, and it is di%cult to avoid the conclusion tlmt the 
zul~ole depth of the chromosphere is effective in producing the absorption." 

The progressive diminution of intensity of the emission lines in passing from 
the visible spectrum towards the ultra-violet appears to be in itself suf6cient 
to account for the disappearance of absorption beyond H. The total quantity of 
hydrogen above the photosphere is probably too small tc  produce appreciable absorp- 
tion d e n  the imes have a certain limiting intensity, although the same lines wl~.hei~ 
viewed at the sun's l inbmay be strikingly conspicuous, chie3y by reason of the vide 
diffusion of the gas as already explained in the case of the metallic lines in the Bas11 
spectrum, and also on account of the enormous depth of radiating gas through which 
the h e  sf sight passes. 

Unlike helium, hydrogen is very conspicuous in the lower chromosphere, and the 
faiuter more refrangible lines are m c b  more ~ , f  I.~~II:;P,Y impressed in the p l ~ o t c ~ ~ ~ i y ~ l l s  
obtained near the times of the two internal co~tacts than in those taken near nlitl- 
eclipse mith much longer exposures. The intensity of the lines eviclciltly increases 
rapidly towarcls the photosphere, but they still remain narrow and well defined ever? 
within 1" of the photosphere. 

The Corona Spectrum. 

Although the continuous spectrum of the coroun is strongly shown on most of the 
plates exposed during totality, the green line is the only one of which it. was possible 
to obtain measures. The faint line nwr in Spectrum No. 6 becomes quite invisible 
under the microscope, and the new line in the extreme ultra-violet, sho\~*n in No. 5 ,  
was not discovered until some time after making the measures ; the wave-lerlgth of 
this line was estimated by superposing No. 5 spect,rum upon No. 3, the hydrogen lilies 
and H and I[( being made coincident ; the position of the new line was theu obtained 
with reference; to the fine lines of the Bash spectrum. t 

The following are the wave-lengths obtained for the green line ~vhicia was measured 
on negatives No. 3 and No. 7 :- 

No. 3 spectrumh = 5307.0 
Ho. 7 ,, - - 5299.7 

MennX = 5303.3 

* The same may 1 3 &d of the mlciurn lines II and K. In the upper ohroruosphcro these lines are 
nmowand well de,,:ed, and correspond exactly pith the nurrom cIark lines a t  the centres of thc brand 
absorption linos. 

+ It is impossible in the reproductions to show the corows hilies here mentioned, except the ,wen h e .  

VOL. CXC;VIS.-A. 3 F 
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This resdt is in satisfactory agreement with the value foilad by Mr. FOWLEE 
on tile plates obtained by Sir No Loorry~n. The difference between the two 
measures above is due to the opposite displacement of the Bie in the photographs 
taken a t  second nlld third contacts, d;lne point measured being situated about 
3' above the moon's limb. This apparent displa~exnent affects all lines ef a 
cliffuse character wl1ea.e the moon's limb is not well deiined. 

The three eorona lines shown on these plates are therefore- 

1. 3388. 
2.  Near H (on less refrangible side). 
3. 5303.3. 

'file ultra-violet line is sin~ilar to the greeu. line in distribution round the b b ,  and 
is probably due t o  the same sultstnnce, whilst the line near H differs from the others 
in  slkowing no ~nt ts ima of intensity, the substance producing it being eveilly dis- 
I~-il~ui-ecl ort t'he 11-est limb. 

There is no trace whatever of any other coronal line on any of the plates. 

T l~e  13rincipal results obtained from the study of these photographs are stated 
l~~.iefly in the fo'ollowixg paragraphs :- 

I. I'rractically every strong dark line in the solar spectrum is present as a bright 
line in the flash spectrum. 

2 .  illlxlost all the ditsh-spectrum lines (excepting those due to hydrogen and 
helium) coincide with dark lines in the solar spectrum. 

3. The relative iute~~lsities of the lines of any oire element in the flash spectrum are 
~~:lctically the same as those of the same element in the solar spectrum. 

4. The relative illtellsities between groups of lines belonging to different elements 
are widely different iu the flash and in the solar spectrum. 

5. The a p w e n t  intensit*y of the radiation from any element i11 the lower ehromo- 
sphere is determined by the extent to which that element is diffused above the 
pllotospllere ; and the real relative intensities between the different elements cannot 
Le judged f11 photogl.;xphs of the flash spectrum. 

G .  The laas11 spectrurn may Le considered to represent the uppel. more extensively 
diEusec1 portioa of a stratum of gas which, by its absorption, gives the Fraunliofer 
dark-line spectrum. 

7. Nearly aU. of the kuown iiletaLs having atomic weights less than 60 are repre- 
sented in these spectl-a, a1lll no element having a higher atomic weight than 92 is 
certainly rearc ..~uted. 

8. All the strong lines in  the flash spectruni can be identified with kuown elements, 
ihild the s~1d.l proportiou of unidentified lines are weak lines. 



OF SPEb3mA AT TEE SOLAR ECLIPSE OF JANiUAPtP 29, '6898. 403 

9. The wave-len@hs of the hydrogen l i e s  in %he ultra-violet a g e e  @lowly with 
those derived from B A ~ ~ R ' s  formula. 
10. The prominences and lower chromosphere emit a strong continuom v c d r u m  

in the ultra-violet, beglmning near the limit of the laydrogen lines and e&n&ling 
iudefinitely in the more refrnngible region. 

11. The ultra-violet hydrogen liries increase in intensity towards the photosphere, 
but remain narrow lines in the flash-spectrum layer. 

12. Some of the helium lines decrease in intensity towards the photosphere, others 
increase. 

In conclusion, I have to acknowledge my indebtedness to  Dr. RAXBAUT for much 
valuable help and advice in the preparation of this paper, and lor the kind interest he 
has taken in the work throughout. 

I have also to acknowledge the great -assistance rendered to me by Nr. 16. E. 
JETELL, of the Johns Hopkins "University, who made a careful and exhaustive study 
of some positive copies of my plates. 

In identifying the lines given in the tables, 1 have been guided almost entirely by 
his results ; and 1 a m  a3so indebked to him for supplying me with revised values of 
mimy of the solar h e s  given in the last column of each table. 

TABLE 5[.--PZmh Spectrum Wave-lerlgtiks compocrecl zvith the Dark Li9ze.s of the Solar 

e. Spectrum. 
In this Lizble the wave-lengths deduced from the measures of No. 3 and No. 7 

spectra are entered in the first two columns. The third column gives the pEiotogp'~p1)ic 
intensities for No. 3 spectrum. These were estimate& on a scale mnging from 1 to 10 ; 
1 representing very weak lines, and 10 representing the strongest lines in the spectrum. 
Very faint traces of lines di%cil~lt to measure are designated 0 in this column. 

In column 5 the wave-lengths of the solar lines are given with which the bright 
lines have been identified with a greater or less degree of probability, The intensi- 
ties ns given by R O W L ~ D  are entered in column 6 ,  azlcl the element corresponding 
to the solar line in the last column. The wave-leugths of the helium lines are placed 
within brackets ; they are taken from the tables of RUNC;E and PASCHEN. 

The columns 5, 6, and 7 are tak.n from ROWLAND'S tables of solar lines 
published in the ' Astro-Physical Journal' for 1895, 1896, aud 1897, and supplemented 
by more recent determinations supplied to me by Mr. JEWELL. In a few instances the 
identifications and intensities will. be found to differ from those given in the tables. 

111 column 4 an (S) meaus a sharply defined line, well identified, and suitable to be 
taken as a standard line in wave-length determinations. .A (?) in this column 
indicates that t':e ideatifieation with the sohr line is extremely doubtfd. 

In the last column n ? means that the elenlent in question h a  not been identified 
vlth certainty with the sohr line. 

3 ~ 2  



, \\':L\-o-iengths in flash / Photo- 
spuct~a. & graphic Character. 

I ____ - intensity,\ 
i ; Bo. 3. 1 KO. 7. 1 KO. 3. / No. 3, 

I 

. . . . . . . . . . . .  
(One mmsuse only). . . . . .  
Long . . . . . . . . . .  
Faintly extended . . . . . .  
Long . . . . . . . . . .  
Long . . . . . . . . . .  
Long . . . . . . . . . .  
Short . . . . . . . . . .  
Long . . . . . . . . . .  

. . . . . . . . . .  Long 
. . . . .  (Oue memure only). 

Long . . . . . . . . . .  
. . . . . . . . . .  ShorL 

Faintly extended . . . . . .  
Short . . . . . . . . . .  

. . . . . . . . . .  Short 

. . .  

. . .  
. . . . . .  Equalpjr; long 

One measure only ; Fery short . . 
Short . . . . . . . . . .  
.Long . . . .  

. . . .  
Fai~itly extcndcd 

/Long . , . . 
I Fa~ntly extended . . . .  

;. j 111 defined ; .short 

:Long . . . . .  
1 Faintly extended 

( hlterruptull; very short . . . .  
/ ditto ditto . . . .  

I ! 
Wave- i 

i solar 
I spectrum. i I ROWLAXD. 

' . 16 - 882 
47.066 

(S) 49-558 
. . 53.875 

58.649 
611.327 (') ( 68.193 . . 68.319 

(8) 80.424 72.948'  j 
' { 50.722 1 

($3) 53.892 
(S) 87.988 

92.109 
94.716 :"! { 99.489 99.376 

(S) 3403.404 
05.217 : (aj 07.597 

(S) 08.911 . . - 
. . - 

14.911 
j 21.355 
(S) 22.892 - 
. . - 

- 
. . 30.671 

33.453 - . ( 33.715 
. . 38.376 

(S) 42-112 
(S) 44.467 
. . 46.406 

53.039 
56.528 . . 58.601 

(S) 60.460 
61 ~ 6 3 3  

' ' ( 61.801 
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TABLE P.--contintmecE. 

Wave-lengths in flmh 
spectra. 

3467 - 46 I - 
68.73 - 
71 ~ 3 6  - 
72.58 - 
74.28 3474.26 
75.67 - 
77.26 77 -31  
79.48 - 
81.20 - 
83.08 83.09 
88.85 88 -84  
91-16 91.10 

93.22 93.21 

94.60 

96.17 96 -11  

97.82 97 -71  

99-14 - 
3500.45 - 

02.30 - 
0&: 06 3505.01 
10.96 11.10 
13.95 - 
15.15 15.40 
17.37 - 
20.26 - 
21.44 - 
21 384 - 
24.67 24.72 
26-23 - 
26.59 - 
30.80 30.93 

31.83 - 
33.35 - 
35.64 35.68 
41-17 - 
48.24 - 
45.25 45-39 

48.08 - 

55-02 ; -- 
56-89 1 56.94 

58.63 

61.82 

/ Photo- 
graphic pdty. Character. 

No. 3. 

Wave- 
lenath, 
soEr 

Stronger south than north of conire . ( q i  1 - 
. . . . . . . . . . .  Ditto 1 3468.S91 

Equal pair, short and interrnpted 

Long . . . . . . . . .  
Short . . . . . . . .  
Long . . . . . . . . .  
nldefined; short . . . . .  

, Long . . . . . . . . .  
A very faint line is visible about h 

(S) ! 
. (S) 

3490 t : 
. . .  1 2 / Ill defined ; faintly extended . !  93.114 

1 Short . . . . . . . . . .  
3 Long . . . . . . . . . .  

. . . . . . . .  2 S h o r t . .  

. . . . . . . .  0 Intempted 
1 Short . . . . . . . . . .  

. . .  0 S h o ~ t  (one n ~ e n s ~ ~ r c  only) 
Long equal pair . . . . . . .  34 } 

2 Short . . . . . . . . . .  
. . . . .  : ) Faintly extended 1 

'1 97.962 i 
. ( 9 )  99.248 / 
. . 3500.474 / 
. . 03.3941 
(S) 05.036 j 

, 10.98.5 : 
. . , 13.965 1 
(s)j 16.206 / 

17.446 i - . - 
. . . . . . . . . . .  -- Short : ! 

50.397 
21-410 / 

cmtinuous spectrum north of centre j 21.748 / 

. . . . . . . . . .  
I 

Long .(S)j 24.677 
; 26.383 . . . . . .  . !  - 

. . . . . . . . . . . .  
,. 

Short ! 33.345 
. . . . . . .  Fsintly extended (S) / 33.554 

11 .'337 . . . . .  Short, fine linen . . ! 42 . ~ 3 2  

. . . . . . . .  ' 45 '336 
' f 47.941 

, - ,  . . . . . . . . . . . . .  . I  i 

. . . . .  1 On continnous spectrum I 
I jg.o'i'3 I 
, 56.738 I i& ) j Faintly erterided . . . . . . . .  , 5s . ~ r ?  ) 

O 1 Invkiltle t o  rmrth side . . . . .  61.037 j 
( ?  61 +8!)8 , . . . . . . . . . . .  1 1 1 Short 
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j JVibve-lengths in flash 
spectra. 

I Wo. 7. 

I 

1 3665.64 
I - 
I 6 6 . 0 8 -  

70.24 
72-63  

; 73 .9 s  
i 6 . 5 2  
78.88 
81-37 
- 

Character. 

No. 3. 

Viaye- 
length, 
solar 

spectrum. 
ROWLAND. 

i ' ' blare clistinet in  efca-r spaces than on eon- I , timom spectra. . . . . . . . . . . . . .  
i . . . . . . . . . . . . .  

ed . . . . . .  

1 'Short . . . . . . . . . . . .  
2 ; Long . . . . . . . . . . . .  

. . . . . . . . . . . . .  1 1 Short 

2 / Faintly edendcd . . . . . . . .  3600.880 
1 i Short (1) i 02 -0G0 . . . . . . . . . . .  1 1 83.922 

a . I . . . . . . . . . .  .(s) j 05.419 . . . . . . . . . . .  (?) 1 06.838 
. . . . . . . . . . .  .(St1 09.008 . . . . . . . . . .  . . , 11-189 
strong line with shading. Lo% 13.917 

18.919 3 1 Probable double (aidth -92). Long { 19. 539 . .  
1 ishart  . . . . . . . . . . . .  21.244 
1 Short . . . . . . . . . . . .  21-612 
0 Very short . . . . . . . . . .  23 . 362 
24 Faintly extended . . . . . . . .  24.979 
1 Fino and sharp on collCinuous s p e c t m  ; , 28- 847 

does not extend beyond 28.967 
. . . . . . . . . . . .  30 - 875 

a 31 .a05 
2 Very fine and clistitict ; ends abrtrjtfy at 33 - 217 

sides of contir~uous spectrum 
1 I;ong ; :dmost irl.i7isikrle upon continuous (3634.595) 

sneetrum 
35 -091 

} ye&  sllort an iodinno~u spcctrnm only 36 
3) Long, sharply defined. . . . .  .(S) 41.473 
e 1 42.820 . . . . . . . .  - 3  1 42.912 
3 Very faintly extended. . . . . .  45 -475 
3 * I "  Long . . . . . . . , . .  .(sj 47 -988 
1 / Short; stronger on cout.i~.ouPspectrumoo~ s t  1 )  49 - 654 1 





TABLE I. --continued. 
- . - . -. --- - - .. - 

\irr~ve-lcr~gths in flash ; photo- / 
Character. 

. - . -  I solar ?- 

' So. 3. No. 3. 
I I -- - -- 
! - 7 

I 
.;769.:3:! ;37:50-3-$ / .i i cry long, ro i l  clefined . (S) 3159-44'7 I 12 

GI 1 G  61.22  ; L o n g e ~  t h s ~  l i t ,  and nnlBro\ver . . (8) 61 -464 1 1 
- . A  

6.3 GC ; 1; Long, ff;tint, visible 0x1 continilons . . 63.945 I 10 
G G  >i -- 1 Long, fairlt, not  risjl~le on continuous. : 67 -341 j 8 
TO 71 7 0 - 7 7  / hi Satrower 011 corltilruor~s spectrum. . ' 

I - 
7 L 0.3 - 1 2:. Short . . . . . . . . . . .  G 9 7 3  3 -- 
8 C )  ' i 9 -- I 0" TTerysPlort . . . . . . . . . .  7 5 . 7 1 7 !  1 
84.  L'd I 1  Short . . . . . .  . . 
si;. G t -- ! 0 Sl1or.t (wave-length estimated) . . .  
s ? .  53 S9 3 ;  - ) Short . . . . . . . . . .  
9C! o 5 . . 0 Short (wave-length estimated). 
9 1  7 2  -- 0 Short . . . . . . . . . . .  

* . I 97 $15 5d 07 i 1)iffuse outsiiie, narrower on continuous 
/ spectr~zm. 

' ;:so5 19 1 0 13806.4861 6 1 07 .4Gj '  - Trace of lines or bctncl, poorly dofi~lecl . ; 07. G81 1 
- 1 1'7 T:J , I 3 1 Faintly extended . . . .  . . .  

I- i  22 -- 1 1 /Shor t  . . . . . . . . . . . .  1 4 . 6 9 8  S 
I I 7 1 / 3 1 Faintly extended . . . . . .  15.987 / 15 
: 20  5 3  . 0 7 i 3 , Lollg, nearly equal to HEtI . (s) / 20.556 25 
i 2-1 I G  2.i.91 1 9 1 24.591 \ 6 . . .  z.j.sl 1 3 . 7 3  : Ill-dofined pair, faintly extended ,6 .027 ; 2o } i 1 . L S . . & ~  i - 0 1 ('ti'ave-length estimated) . . . . .  I __ I -  

I 3 29.38 3 1 (sj 1 29.501 j 10 
. . . . .  j :$-!-I:: : ;9  .O(i 3 } ! Long, i ~ o d y  equal to Hi, I 52.450 1 15 

j :g-).ss 32-11  7 . . . .  . . . .  - 
<;s ::(; :;Y.Q.? 3 / Lur!g, ~ l w r l y  crliud to 81 . . .  .(sj 38.435 i 25 
i c ]  G l  - . 1 i Silort . . . . . . . . . .  40.550 / 8 

. . . . . . .  ' !!). 94 - 1 Short, hazy . . 50.118 / 10 
5G.21 56.36 3 j L011g . . . . . . .  . . .  I 5 6 . 5 2 4 ,  8 

. .  . 5 ! ~  96 60.00 3 L O I I ~  (sji 60.05:3! PO 
i P 0 9  73 .l l : 1 I TII-rlefitled, 11-icle, fairlt,ly csteudctl . . (P) 1 72.639 ; 6 
is.29 1 $$.$ , 2 ; L O I ~ B  . . . . . . . . . . .  78.152 e 

. . . . .  ' ,<"*- 1 C, - 1 I Ill-ciefi~~cd short . . ' 7 8 . 7 2 0  7 
. . . .  i S9-34 6 9 . 1  8 I Karro~mr on continuous spectrum 1 - 

I 9.3 .29  - S / Pairlily estc1~dec2 . .  95 -803 / 7 
: 3:*U0. 29 :1!'00.7 :I j Lorrg(Ti is the an edomi~l,~ting elemorit.) (S) 3900.681 5 

06.11 - - 1 , Wide, short, pr.ol,;~,l,Iy t ~ v o  lines . . ( 1 )  06 -660 1 12 
13-55 13 .6  elen~erlt) 
19-90  ' - 

. . . . . . . . . . .  23.23 ! 32.3 [ f 
: . 'T. l jZ I - i 1 

. . . . .  . 34 - 4  1 33 .1  
$4-0 44.4 . . . . . .  
50-1 t ; - . . . . . . .  1 60.9 1 - . . . . . . . . . . .  

! 61-6  ! - i 3 . . . . . . . . . .  
I 69.8 ; 65-3 

i 
) . (H) .~vidih of line 5-92 . . . . . . .  

: P2-G , 83.6 . . . . . . . . . .  
i 90-6 - . 1 . Short . . . . .  . . .  ! - - I -  

1 9%-8 -- . . . . . . . . .  j 1 ~ r o u ~  of lines 98.790 ] 4 
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TABLE L-co~ziinz~erd. 

Wave-lengths in flmh / photo- 
spectra. I p p h i e  Ch:hnr:~cCcr. 1 intensity., 

NO. 3. NO. 7. j KO. 3 i RTO. 3. 
1 

! I I 
-- 

4005.5 1 - I 1 Short . . . . . . . .  
1 2 - 7  i - i IDitto . . . . . . . .  
26.56 1 402G.S 
30.5 } j  . . . . .  
46.3 1 46.5 1 34 1 Long, oisil,Ie ;rcro:oss cot~tinueas . . 
54.1 I 54.1 1 , 

18.3 ' Long . . . . . . . . . .  
. . .  4103.1 4 / i ' Very difruie on violet sMe 

09.9 I - 
. . . . .  

23.6 1 

Vcry h i n t  group. 

. . . . . . .  obable double 
. . . . .  

. . . . . . . . . . . .  63.6 

. . . . . . . . . . . .  
Probably a grolzp oi lines. . . . . . . . . . . . .  ? 1 Probably faintly extended. 

' 1 
0 2  ! - 1 : \ (  w . . .  . . . . . . . .  

. . . .  ,./ Pai~~tly extended lilies. 
1 . 3  . . . . . . . . . . . .  
26.1 . . . . . . . . . . . . .  . . . .  Best defined on red side 

/ 95.5 9 6 . 3  1 2  L o n g .  . . . . . . . . .  

(S) 
. (S) 
(S) 
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 TAB^ 1.-contin~ed. 
8 ---- 
I 

%tie-lengtis in Ri?b P b o h  1 i 1 \five- 
I spectra. graphic Character. length, 
I 
! _ - /intensity. 1 sobr 

No. 3. 

1 - .. _- . _ I i mwLAND- - I 
I I I 

Long, well-defined on R side, very diffuse 

tr11m 
on B aide, weak over continuo~~s spec- 

. . . . . . . . . . .  
, I  - 

4FdOl.iiS . . . . . . . . . . . . .  - 1  - 

' Group sf lines, faintly extended. 
I 
I Ditto. 

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

I Long, not Fisible on continuo~as spectrum 

. . . . . . . . . . . . .  . .  ( Vlaiblc aeross continuow spectrum. 
I 

Very difficult. 
1-is'isible across continuous spectrum. . 

) (if I... 11.) Long . . . . . . . .  i 1 (li) long . . . . . . . . . . .  . . . . . . . . . . . . . .  
{ 1 . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

i 
I 
1 , lTery difise (corona line). 1 ( 1  ) . . . . . . . . . . .  
I 

. . . . . . . . . . . .  (D"') 
(D', ID'*) . . . . . . . . .  

I - { i (C)  strong on No. 7 plate . . . . . .  

- 
Ti, Co 

Cr 

- 
He 
h I g 
Blg 
EIg 
Cr 

+ ,ippnrent centre of lirx clispl;iced to rcd at  second contact, and to blue at  third corltnct. 3Ica1l 
position = 5303-3. 





$1 2 5EE. 3. I~\'FX.=f:SlfT:D ON Ti-,iVE-I~I1SQTHI DETISI:lEi?T.ITIONS, RTC , 

TABLE PI.-copztinaec2l. 
- 
i I i i 

I 
! & I  i~'T:~ve-]iengtb., 6 I 1 

I - 1 1 t I  . I solar .- 
2 i So. ! - '  k,em;rrks. 2 i 

sp"run1. q 1 8 / . p e t !  i t n i  I 2 ! 
l i i !  i R o ~ v w n ~ .  i a I / ___ _ ___---- ! ........ 
I 

I 
. . . . . . . . . . . . . . .  

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

. . . . . . . . . . . .  3761-464 7 Ti 
. . . . . . .  . . . . . . .  - - F i r  

: i  - - . . . . . . . . . . . . . . .  Ei6' 
Sot ~$-oIl defined . . . . . . . . . .  C 3820.586 25 Fe 

3826.027 20 Fe 
. . . . . . . . . . . . . . . .  3829.501 10 hfg 
. . . . . . . . . . . . . . . .  3834.450 15 Mg - - H17 . . . . .  3838.435 25 Rig 

. . . . . . . . . .  3860.055 30 Fe 
- - . . . . . . . . . . . . . . .  E6- 

. . . . . . . . . . . . . . .  ' 
3900.681 1 Ti(!:;) 

! 3913.4 0 . . . . . . . . . . . . . . .  : 3913.609 5 Ti(Fe) 
. . . . . . .  1 3933.825 1000 Ca 

1 3944.160 15 Al 
3968.635 700 Ga . . . . . .  

good definition (4026.3423) - He 
. . . . . . .  4011.885 8 Sr 

4 1 0 2 . ~ 0  UI RS j 
4215.703 5 
3 4 4  20 gT 1 . . . . . . . . . .  (4471'646) - 

(4713.252) - 
. . . . . .  4861.517 30 1 EP 

-" I 



Tnl. LE 111.-Hy&-ogen Lines. 

Designation. 

- 
4860-3 
4341 - 4  
4103.5 
Obscured 

3889.33, 
3835.58 
3797.98 
3770.77 
3750- 39 
3734.55 
3729.05 
3712.10 
3703.87 
3697.26 
3691.67 
3686.98 
3682. SO 
3579 - 41 
3676 - 32 
3673- 77 
3671.45 
3669 - 62 
3667 - 70 
3666- 15 
3664.71 
3663.40 
3G62.14 
3661.16 

Limit 

Spectrum 1 Eifoan of I 
NO. 4. 1 3 and 4. ; r 

3835.63 
3798.13 
3770.80 
3750.51 
3734.62 
3722 07 
3712.19 
3704.11 
3697- 18 
3691 - 76 
3687.12 
3683 06 
3679.55 
3676.53 
3673 - 93 
3671 -61 
3669 -52 
- - -- 
- 
- 
- 

of series 



Fig. 1. 

Pig. 2. 

Fig. 3 

Comparison between cuap spectra ~ , l ~ o c o p ~ ~ ~ ) h u l  duriug the solar eclipse, ;&lid artificiid C I ~ S I )  photogriq)ll~'(I it) 
ordinary dayli&t--to show the relative faintness of the Framlhofer lirles it1 the eclipse spuctr.:~, :ud the great 
extension of the latter in  the ultra-~iolet. (The abseriee of lilies betacen F a11tI II trt each sl:ectium is clue to 

overexponure.) 



Evershed Phil. Trlztis., *4, ~101. I 9 j p  P1cztc I . 

Pig. 1. 

Fig. 2 .  

Pig. 3. 

Fig. 5. 

So.  3. 

So. 7. 

Spectra photographed d\u.ilig totirl phiwe. Eclipse of January 2211~1, 1808. 
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