
ie~igtiiy pc~ioclo has been sdopkd  befo~e, as it milst naturally tini-e 
i'111'ge"'t;d itself 3s ~ e r ~  desirable ; but if so, it. does not appear to 
I3:tt-t. iurni311ecl the .sticcezsful issues which it, is so ~r,ell calculateecf 
to bring nlwut. 

1 I he p1:111 of dii*ecat ohse~otction is of colrrse v:lstlp ,preferable in 
critical work .on the Siln t o  an? ot,her method of vieniug the spot*. 
It is very con~enient  and usef ill in some respects t.o tlrrow the Sun's 
image on t o  a white surface, anit fair general views of the spot8 
are abtain:!Llt? in this way, but the plan utterly fails when we come 
t o  t,he stud? of the really cli6cult anti delicate features of tllr 
solar disc. 
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The Rl~m,;forn! Speefrohe?iqql.aph of the Yerbes O b s e r v u t ~ ~ y .  

THE d i s c o ~ e r ~  bp Prof. Hale i n  1891 of the reversal of the  centres 
of t he  dark lines H and K in scattered regions over the surface of 
the Sun's disk. as ivell as i n  the prominences, and his subsequent, 
~f-ork at the I < e a ~ o o d  Observatory with the beautiful instrument 
he designed for recording these phenomena7 are still fresh in  the 
minds of astronomers. Of the recent derelopments at the Terkes 
Obser~ator r  'ire now have (in vol. iii. of the  ' Publications ' of that. 
~ns t~ i tu t ion j  s ~liost  interesting account, illustrated wit11 n splendid 
series of half-tone plates. 

The Rumford Spedroheliograph is clesigned t o  pl~ot'og~a.ph, in  
monochro~x~stic light, the sewn-inch solar image a t  the focus of 
the 40-inch refractor, and its parts hase of necessity !.to be birilt 
on- z scale corresponding t o  that of the'great teleseppr. The 
fintuncia1 q~es t ion  nat3rnlly offered a serio~ls obstacle t o  .the con- 
struction of such an instrument nt the outset, but this was finally 
disposed p f  b ~ -  a grant from the Rumforcl Fund. Prof. Hate then 
proceeded t o  grapple vith the many l)rol~lems presented in cle- 
signing an irlstruient tyhich should be capable of ciesli~lg satis- 
fact.orilr ~ i t h  so gigalltic s p ~ i ~ n a r y  image: add his account of the 
r s q  in " i d ~ i c h  the very f diffivnlt~ies ensoi~ntered hare 
been faced ar,d finally o.c.ereotne sffords esceeilingly instructive and 
interestillg rending. 

The principle by which the spectroheliogmph builds up a mono- 
chromatic image of the Sun G t k  light from any seleeteci liue i n  the 
spectrum is very simple, and mny be briefly clescribed as folloivs :- 
TVhen an image of the  Sun ir~ t>hrown on the slit plate of n. spectro- 
scope, tlie dark lines in  the speutruln represent monochromatic 
image&@ a ntlirrow w t i o u  of t'ne.solnr surface defin'ed by the slit, 
and khe lines belo~~ging to  tilt: dteerent elel.~lents may gire different 
rersious, so to  speak, of this salve section-of the Sun. The function 
of the sp&tro!~t:liograph is to isolate, by means of 2 second slit, any 
one of these laronochrornatic. images and to  build up wit11 n number 



of sucll sectio~lv 2. complete image of the clisli. This is efi'ectect bj- 
iliipfirti~lg n eontinnous move~raeut to the first slit relatire to the 
priinnry solar imge,  and bg- a siinultaneous juovement of the second 
$lit relatire to a ~)hcjtogrn~~l~ic:. plate placwi behind it. 

I t  ij: ob.t'io~s!.s inlrnnterial rrl~ether the slits themselves a r r  ~ t i ~ d e  
ti> move or the solnr irnnge izud photographic plate are moi-ecl, the 
only essential condition being that the selected spectrum-line falis 
xi~thiu. the aecolid slit and on to the plat,$ throughout the esjjosure. 
In the Rumford Spectrobsiiografi the slits are stationary: and 

t,he necesszry morement of t,he Image across tile first slit, wnieh is. 
arranged to be parallel to the equator, is effected by t'he declin d t' Z O ~  

inotor of the ecjiratorial, a corresponding movement being imparted 
to the photographic plate behind the second slit. 

Xo great dispersive power is needed for work with the very 
broad clczrk lines of the solar spectrum, and two simple prisms are 
found to be suficient ; these are, however, supplemented by a. 
po~erfo l  grat'ing for work ~ ~ i t h  the finer lines. The method of 
corre,cting for the distortion clue to the e~lrvst~zre of the lines of 
the prismatic spectrum (suggested by Prof. J$'ads\~-orth) is so simple 
zncl eatisfactory that this drawback to  the use of ordinary prisms 
in s~~w"tohe1iugrxplI design need no longer be considered. 

E'oremos$ among the rather numerous and exacting adjustments 
delllanded by the 'spectroheiiograph is the one ~vhereby the second 
slit is made to coincide exactly and throughout its length with any 
selected line in the spectrum. This is not a very diffic~zlt mattel* 
if a sharply-dehed line is chosen in n region of the spectrum that' 
is easily visible to the eye. BE% in the case of the lines H ancl K, 
xhicil give such interesting and beautiful images of the Sun's disk, 
as \yell 3s t'he pr~minences at the limb, th;j problem is a much more 
difficult one : these lines are at the limit oE the visible spectrum 
acd, especially Ii? nre uot at all easy to see 3 moreover they are 
broad iudeiinit-e bands, in which the slit i1:u.st be set esactlg- at the 
centre where the bright ~evers:ils occur of those for~ils which Prof. 
Hale hss appmpriately named the$occuli. 

If the slit is set t,o one side of the centrit t,he picture obtained is 
much less brillia~lt in its coli t 1-:15ts, aucl the prominences are not. 
sbo'ix'n at all, Int~arrsting ancl \very instructive results are Deer- 
theless obtained it-it11 the slit in this position on t h e H  or K bands* 
and Prof. Bale has lnade s special study and comparison of the 
photorrt~phs obts.lned with the slit set st the centre and at various 
p in t ;  in the shading on eithar aide. 

The 1% and E; lines ill the solnr spectrym consist of three dis- 
tinct parts : first, a broad hazy band representing the ztbsorpticlo 
of the lo$est nllcl clensest ea!cium vipour lying ~rumeclistely over 
the meail photospheric le~e l ,  b o t appreciably below and between 
the highest s~~mmits  of the facnlft.. This Prof. Hale desiguates 
B, and Kl. Xest comes an interrupted bright line superposed 
an the centres of t h e  bnncls, 'ishiell he calls R, and K,, rel)l.i.:scrliir~g 
tE., emissioii of the r e l ~ ~ t i ~ e l x  hot calcium va;pou~ rising inimedi:rttily 
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above the ordinary frtc~rlir. P'iaslly, there is 3 narrow dark line, 
H, and I<,, superposecl upon :be broader bright h e ,  which i:: 
thereby n~ostiy dirided into two parts. This represents the ab- 
sorption of the highest and relati~ely the coolest region of the 
chromosphere. 

It, \~ou ld  seem to be possible, therefore, by setting the second 
slit of the spectroheliogrtlph successively upon the three different 
pcrt'ions of, the Ii line, to obtain calcium images representing 
three clifferent a1titudes above the photosphere. It is, hen-eve?, 
scarcelj- possible, wiolout r e q  great dispersion, to distinguistl 
Fetxveen the central ~l~sorpt!on line and the.~~~li!~rl:ing bright line, 
and when the slit is placed as near as possible to  the centre the 
result is a photograph made up of light from the intermeifzte K., 
level, modified to some estent by the .r,:~rying abjorption of'K,. 

- 

But in the case of the brnad K, band t,he slit can be set in more 
than one positi~n which will be quite clear,of the central K, line. 
When piacec! entirely outside the band upon the continuous 
spectruru? the image is the same as an ordinary direct photopph,  
s t ~ o ~ ~ i n ~  the faculze increasing in contrast towards the limb. But 
with the slit just within the borders of .K, Prof. Hale considers 
that  he obtains images of the very lowest level of calcium vapour. 
k'afther vithin the band higher level of calcium is reached, yet 
not so high as the x, level obtained vith the slit central. 

In  discilssing the- results obtsined in this way, Prof. Hale 
adopts this view as s 'L ivorking hypothesis," namely, that the 
calcium flocculi are depicted sect~onally in at least three different 
levels above the photosphere, and the evidence afforded by the 
photo~raphs certablp seems to bear out this idea. A serious 
objecttlon, however, would seen1 to follow from the fact that in 
photographs of the spectram itself the Drue reversals OF H and K 
seem t o  be entirely confined to the eent,ral H, and k',,*reglon of 
the lines. Only in the rare cases of violent 6ruptions are there 
ever mny-signs of lateral spreading oE t'he bright lines : and tFl? 
shading ou each side appears almost always t o  be uniformly d:i 
except onlv where i t  is crossed by the falntlg bright continuous 
bsnds of th! true faculae. These Sands, hGwever, sometimes give a 
deceptive appearance of true re~ersal of the shading, as is \\yell 
seen in plate ii. fig. 2. 

An alternative hypothesis would be that the K, images really 
represent the true fac~ilae, and are photographed by the continuous 
dpectrum snperposed upon the K band. On this view they 
cannot be regarded as low-level caleiztna rapour. It is possible, 
however, that true calcium emission may become evidenk where 
ehowp up upon thd dark background of a spot. The interesting 
compaaisons given on plates v. and vi. would have been more 
instructive on this point had atbe region photographed been 
situated near to the 'limb, where t,he - facul~  proper would have 
s h o r n  up in much greater contrast. 

The increase in brightness of the floc.c?lli with the slit set nearer 
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