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THURSDAY, APRIL z5, 1878 

THE COMING TOTAL SOLAR ECLIPSE 1 

II. 
IN my former article I referred to the possible employ-

ment of slitless spectroscopes during the coming 
eclipse, the prism being replaced by a grating in some 
cases. It will be convenient here to give the results 
arri•·ed at by the Siam Expedition with an instrument 
of this description, which, for shortness, was called a 
prismat ic camera. 

The plates secured present at first sight a very puzzling 
appearance; they are unlike anything ever obtained 
before, and a good deal of thought had to be spent upon 
them before all the knowledge they were afterwards found 
capable of furnishing to us was properly appreciated. 
One of the plates was exposed for one minute at the 
commencement of totality, the other for two minutes at 
the end. The differences between them are those due to 
the phases of the eclipse. In the first, two strong protuber
ances close together are photographed; these are partially 
covered up in the second, while another series is revealed 
on the following limb in consequence of the motion of the 
moon over the sun. 

N ow in both the photographs-that exposed for one 
minute and that exposed for two-the strongest of the 
prominences arc repeated three times, that is to say, three 
spectra l images of them are visible, each of these images 
being produced by light of different wave-lengths which 
the prominences emitted. 

The question is what are these particular wave-lengths 
thltS rendered visible? Unfortunately no photograph was 
taken of the cusp> either before or after totality; a scale 
therefore was (>Ut of the question,; and when the task 
of a :;s igning wave-lengths to these spectral images fell 
upon Dr. Schuster and myself, while we were preparing 
the Report which was sent in to the Royal Society last 
year, the difficulties 'll"e encountered were very consider
able. 

Everybody I think will consider that we were justified 
in. expecting the lines of hydrogen to be represented in 
such a photograph. Now the photographic hydrogen 
Jines are those at F, near G and at h, and the silver salts 
usually employed are such that the action is most intense 
near G, less intense near h, and least at F ; the running 
down from G to F being rapid, and that from G to lz 
much more gradual, so that while at one end F may be 
said to be the limit of photographic activity, at the other 
it is continued long past h. We were therefore justified 
in assuming as the preliminary hypothesis, that the image 
of least refrangibility was produced by the F light of 
hydrogen, the more so as the continuous spectrum also 
flhotographed-which continuous spectrum, as we had 
independent means of determining, came from the base 
of the corona-gave us also an idea of the part of the 
spectrum in which each image was located. 

Taking then F as a starting point and assuming the 
next line to be the one near G, we had a quite satis
fa ctory method of checking the assumption, by com
paring the real between the . images . \fith the 
calculated one. 

1 Continued from p. 483. 
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A goniometer was therefore brought into requisition 
and the angular distance between F and the line nea; 
G carefully measured in order to determine· the dispersion 
of the prism actually employed. This dispersion was one 
which should bring the images about as far apart as they 
were actually found to be ; this therefore was so far in 
favour of our assumption, that is to say, it did look as if 
we got hold, on the photographs, of images of the 
prommences built up by the F and G light of hydrogen. 

It was next the turn of the third line, the one at h. On 
the a:sumption already made, it was easy to determine 
the from .the G image, at which the one repre
sentmg h should he. In this place, however, we found 
no image whatever of any of the prominences. 

Now this was a very extraordinary result, and there was 
only one way, so far as we could then see, of accounting for 
it. Dr. Frankland and myself, nearly ten years ago now, 
produced evidence which seemed to indicate that this line 
of hydrogen was only produced by a very high temperature. 
This being so, then, we shottld have to conclude that the 
prominences were of a relatively low temperature; this, 
howe,·er, I am far from saying, and here there is un· 
doubted work of the greatest l"alue to be done at the next 
eclipse, and I for one feel certain that our American 
cousins will do it. 

I have not,. however, yet referred to the strongest image 
of all shown m the photographs. This lies a little further 

1 from the centra! one than does the first on the otbc!· side 
it. Cn the assumption before stated its wa,·e-length 

hes near 3957. This number, of course, is only 
an approxunate one, but the region occupied by the line 
was obviously so ncar the boundary of the visible spectrum 
that a long series of experiments, in which we called in 
aid of photog::aphy and fluorescence, was made in order to 
determine whether an unrecorded hydrogen line existed in 
tbat region. All I can say is that the point may be said to 
be yet undetermined. It is quite true that in :everal vacuum 
tubes which Dr. Schuster and myself employed, a strong 
line more refrangible than H was seen, but then these 
same tubes unfortunately showed us lines in the visible 
spectrum, which beyond all doubt did not belong to 
hydrogen. The elimination of impurities is such a delicate 
matter, and one requiring such a large expenditure of 
time, that our report was sent in leaving this point sub 
judice. We tried hydrogen at atmospheric pressure in 
order to get such a predominance of the hydrogen vibra
tions as to mask the impurities, but this did not serve 
us, for the continuous spectrum was · so bright in the 
violet and ultra-violet as to render obsen·ations of lines 
next to impossible. Owing to many reasons, Dr. Schuster's 
absence from London· being one of them, we hal·e not 
been able to renew the search. 

The near coincidence of this spectral image with 
the H-line leads us to ask the question whether Young's 
beautiful work in his mountain observatory might 
not help us on this point. Young found the calcium 
lines always reversed in the penumbra and near every 
large spot. This important statement shows us that 
calcium is one of the metallic vapours which is most 
frequently ejected from below into the prominences. it 
is possible, therefore, that the prominences, the spec;ral 
images of which were photographed, may have been due 
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to an eruption of calcium. This, of course, is only a 
suggestion, but the fact that it is a suggestion merely 
shows how important it is that this point should engage 
attention next July. If the prominences are then con
stituted as they were in '75, this violet line will doubtless 
turn up again, and that is why I have been most anxious 
to point out not only the conclusions to which we ha,-e 
been led, but the extreme difficulty of arriving at any 
conclusion whatever, unless by one method or another 
we have an absolute comparison of the spectrum of the 
prominences with that of the sun itself. 

I have before referred to the fact of the registration 
on the plates of a continuous spectrum. If we were to 
suppose the whole light of the corona to be due to 1474 
light, for instance, we should expect to get just as definite 
an image of the corona in the prismatic camera as in an 
ordinary one. And if everything outside the moon gave 
us nothing but a line spectrum, the moon's limb would 
have a perfectly defined edge. Now as a matter of fact, 
only one such edge is seen in the photographs. We have 
only one complete ring with a thoroughly defined hard 
outline, such as that to which reference has been made. 
This hard ring corresponds to the second spectral image of 
the prominences, and is a continuation of it. Supposing 
>Ye were right about the prominences, the ring would be 
due to the high temperature /zline of h ydrogen (supposing 
us wrong it might be a comp:mion line to 1474); as the 
obsen •ations of Respighi, Janssen, and others, in the 
Indian eclipse of '7 r endorsed the American observations 
of '69 that the hydrogen lines are the strongest in the 
photographic parts of the corona, " ·e may very possibly 
be really dealing with h ydrogen. 

1\' ow the edge of the corona, or the upper part of it 
considering it as the sun's atmosphere, as seen on our 
photographs, is precisely such as would be given by 
homogeneous light ; that is, there is a distinct image, 
and there is one image and not three or any other 
number. Ha,-e we any means of determining the 
wave-length of the light by which this image has 
been produced? Let me give an idea of one method 
which we employed :-A circle of the same size as 
the image of the moon on a photographic enlargement of 
the original negative was cut in paper and placed m·er 
the enlargement until the corona was symmetrical round 
it, as we know it to haYc been symmetrical round the 
moon's body, or nearly so, at that phase of the eclipse. 

We found as a considerable endorsement of the assump
tion which we made regarding the hydrogenic origin of 
the chromospheric images, that the paper circle in this 
position bad its circumference coincident with the hard 
ring to which I have referred as being a continuation of 
the middle spectral image of the prominences. Next, 
one of the ordinary photographs of the corona was en
larged to the same size as that of the one produced in the 
prismatic camera. When these were superposed so that 
the outlines of both coincided as much as possible, it was 
again found that the edge of the moon lay along the ring. 

Now then for the continuous spectrum. The general 
woolliness of the photographs which at first sight gives rise 
to the idea that they were out of focus, and that there is 
nothing to be got out of them, is of course only in one 
direction, that at right angles to the edge of the prism 

employed. There is a well-defined structure running 
parallel to this direction, which of course is the line of 
dispersion; this structure is doubtless due to irregularities 
in the corona, drawn out by the prism into bands; it is 
easy to determine the limits of this continuous spectrum_ 

Examining the centre of the photographs we find that 
on one side the structure stops short at F, on the other it 
extends to a considerable distance beyond the prominence 
image in the ultra-violet, spaces of light being visible 
beyond 3530. 

From these data we concluded that the continuous 
spectrum-giving region extends at least to a distance of 
3' of arc from the sun's limb. This continuous spectrum 
is well shown on photographs taken at the beginning and 
end of the eclipse. One of the plates of the prismatic 
camera was exposed, until the signal for the end of 
totality was given. Dr. Schuster states that all the 
observers agreed that the signal was given rather too 
late, and the fog on the plate indicates an intense illu
mination; nevertheless, the edge of the sun· is not drawn 
out into a continuous band but rather into three distinct 
bands. It is probable, therefore, that when the plate was 
exposed, only the lower part of the chromosphere had 
appeared, and that it gave out light of such intensity that 
everybody imagined that the sun itself had come out of 
eclipse. I observed this myself in 1871, and a very 
striking fact it is. 

So ;nucll then for results obtained by the 
camera in '75. \Vhen the report is issued-and its i;;sue 
cannot be much longer delayed-it will be seen that the. 
hasty sketch I have now given can be followed in greater 
detail. 

One of the most remarkable points about the e xpe
dition to Siam was the failure to obtain even spectr,1 of 
the sun w!th ordinary telespectrosco pic cameras 
employed. 1\' o doubt the unforeseen delays which left 
very little time for the adjustment of instruments, ha,·e a 
great deal to answer for. I have little doubt that if the 
attempt is made next July, when any quantity of skilled 
help will be at band, and any a mount of rehearsal will 
be possible, that a full measure of success will be 
obtained, at all events for the most photographic part 
of the spectrum_ An ordinary photograph of the corona 
was obtained by Dr. Schuster in two seconds; and my 
experience with photographic spectra enables me to say 
that this photograph was taken by means of an almost 
monochromatic light- that near G. Now as the coming 
eclipse will enable an exposure of almost 100 times 
longer than this to be employed, I do not think that 
the undoubted feebleness of. the object need be feared. 
Besides, this method would enable us to pick up the 
light of those lower reaches of the chromosphere which, 
as has been already stated, are of such extreme bril
liancy as to have been mistaken, on many occasions, for 
the sun itself. 

Up to the present time no attempt has been made to 
obtain a photographic record of the polarisation of the 
corona. The difference of colours indicating radial polari
sation observed by me when I used the biquartz in r871, 
certainly have left the impression on my mind that it 
would be quite easy to obtain a permanent record of 
them. This would be a very valuable 1·esult, and one 
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whi ch would set at rest a question which, though I con
s ide r it settled in my own mind, is yet, I beli eve, held to 
be s t ill d oubt ful by ma ny interested in these matters. 

In what I have wri tten I ha ve touched only upon 
obvious work suggested by the previous observations. I 
ha ve little d oubt that t he preparations of th e skilled 
a s tronomers of the Uni ted S tates include many surprises 
a nd daring a ttempts among the solid work which we are 
quite certain of. 

All here wi sh them the e xtremes! measure of success, 
I am sure their efforts will d o more than command. 

J. NORMAN L OCKYER 

A TLA N TIC S HEL LS 

Tes/acm A t!antica / or, tile Land and F res!twater S ite! Is 
of t!1e A zores, il1adciras, Sa!va,r;-es, Canaries, Cape 
Vo·des, and Saint l lelt:Jia. Dy T. Vernon \Vollaston, 
M .A., F. L. S . Royal 8vo, pp. 588. (London : L. Reeve 
an d Co., 1878 .) 

I T is with a saddened feeling we take up our pen to 
n ot ice thi s va luable contribu tion to malacology; for 

ere its pages had lef t th e ha nds of the binder, its talented 
au thor had pa s•; ec\ "in to the shado1vy Ja nel. " 

The name of \Vollaston is connected ances trally with 
m ore than one de partment of science, a nd th e au thor of 
the presen t work has well main tai ned t he honourable 
reputatio n of Dr. \Volla s ton, the di scoverer of pallad ium 
and rh odiu,;l, a nd the fo unclc:- of th e \Volla s ton Medal 
a nd :\ ward. 

Com pelled in 1847 to VISit Madeira on account 
of hi s healt h, h e commenced to collect the Jancl
shclls of the vari ous outlying island s and rocks of the 
7\Iacl c ir:m Group; and alth ough (a s h e tells u s) insect s, 
ra ther th a n mollu .>ca , for med a t tha t time the ma in objec t 
of h i.; r C'icarc hcs, he wa s able to a dd a considerable 
numb er of nnlll is takably n ew species to the careful and 
el ab orate cata logue which h ad preYi ously been compiled 
by h is friend an d compa nion, the la te Rev. R. T. Lowe, 
th en chaplain a t Fu nc ha l, Madeira, a nd to whom the 
present \York is d edicated . 

So in terested did he b ecome in the insects a nd land 
snails of Madei ra , tha t, a lthough n o longer compelled to 
sub mit to exi le on account of his health, yet he returned 
a gain a nd again to Made ira and spe nt many weeks under 
can vas high up a mong the mountains collecting . 

In 1858 he vis ited the Canaries in the yacht of his 
fri end, Mr. J ohn Gray, a nd a gain in r 859. O n both 
these expeditions he was accompanied by Mr. Lowe. 
He was thus en abled thoroughly to e xplore the numerous 
and widely-scattered is lands of the Ca narian group under 
the m ost fortun ate circumsta nces for collecting . 

Under the same happy a us pices h e visited the Cape 
Verdes in 1866, Mr. Lowe again being his companion. 
In 187 5 Mr. W ollaston sailed for S t . Helena with Mr. 
Gray, where he spent s ix months in investigating the 
natura l history of that remote little oceanic rock, being 
on thi s occasion accompanied by Mrs. Wollaston; the 
Rev. R . T. Lowe, his friend of many past years, having 
los t his life in 1874 on his outward voyage to Madeira. 

Mr. Wollas ton has felt it desirable to place these facts 
on record, in order to show that the several islands and 
archipelagos treated of in the volume before us-w ith the 

exception of the Azores-had all been Yi sited personally 
by himself. 

Although this boo!;: contains descriptions of no few·er 
than 55 8 species and varie t ies of land a nd freshwater 
mollusca, the author does not claim for it the position of 
a monograph, but ra ther a critical enumera tion of all the 
forms hi therto recorded, with special reference to ltabitat 
in the several Atlantic archipelagos. 

Out of the large number of species and varieties 
described in this work, there arc only twenty-nine which 
are cla imed by the a uthor a s actual1zove!ties J. sixteen of 
these a re from the Canaries, nine from Madeira, two 
from St. Helena, on e from the Salvages, and one from 
the Cape Verdes. Mr. Wollaston would have con ferred 
a still grea ter service on his fellow-workers had he given 
short diagn ostic characters of all the species enumera ted. 
This would greatly have facilita ted the identification of 
the variou s form s and saved the student much time and 
a voided the necessity of referring in many instances to 
other works. It is a lso much to be reg retted that refer
ences are not given to the excellent published figures of 
most of the species which are to be found in Reeve's 
" Conchologia Iconica" and the second edition of 
Mar tini a nd Che mnitz' s "Conchylien Cabinet" by 
Kuster. \Vell-clra wn and correctly-coloured figures arc 
a lmo:;t indi spen sable for the accurate determin a ti on of 
]and-shells where form and colour are d ominant charac
ters. It is easy to see :mel iden tify the form, when ca re
fully d elin eated, but a lmost an impossibility to convey it 
to tbe miEd i!1 words. 

ivfr. \ Voilaston ha s shown throughou t the strongest 
preferen ce for the limitation of species- at times be
coming ext remely hypercriti cal- and in some instances 
he seems to be altogether in d oubt as to what const itutes 
specific ra nk. F or example, under lleh r bicarinata 
(vide p. 16 1), he sta tes that h e is far from certain that it 
is more than a pha sis of H. a !tiilula!aJ· ye t a few iines 
below he observes tbat he h as Eevcr found a sin gle 
example among thousands wh ich could be s tr ictly 
regarded a s intermedia te. 

Again (p. 209) P upa fanalensi.s, . "this may be only a 
depaupera tcd state of the var . {3. mzconostoma of the 
P ttj;a umbilicata, which the latter has gra dua lly a ssumed 
through having found its way in to the higher r egions, 
nevertheless I believe it to be truly distinct." 

It is strange to find a man with Wolla ston's admitted 
talents and vast oppor tunities for observation struggling 
hard a ga inst the a ccumulated evidence of more than 
thirty years, and cling ing tenaciously to the last to the 
doctrine of the immutability of species. Thus in his 
S ummary (p. 561), when commenting on the difficulties 
which arise in defining what is a "species " and what a 
"variety,'' he add s, "these remarks are by no .m eans 
intended to insinuate that the Jines of demarca tion 
between species, when correctly interpreted, are ever, in 
my opinion, really confused or d oubtful, the exact oppo: 
site having-always been my firm belief." 

Eliminating what Wollaston calls "the European or 
more distinctly Mediterranean forms" from the ca ta
logue, so tha t only "the Atlantic clement" rema ins, 
"the actua l species which range beyond the limits of · a 
single archipelago are marvellously few-about four or 
five being common to the Madeiras and Azores, about 
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