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Plate 4. Plan of Fort Viziadrug, showing positions of instruments.

Plate 5. Four photographs of the corona.

Plate 6. Series of ten spectra taken near the beginning of totality with the 6-inch prismatic camecra.
Plate 7. Four spectra taken near mid-eclipse.

Plate 8. Series of ten spectra taken near the beginning of totality with the 9-inch prismatic camera.

Parr I.— GENERAL ARRANGEMENTS,

By Sir NormaN Lockyer, K.C.B., F.R.S.

Objects of the Expedition.

For the expedition to Kio Island in 1896 I had arranged an extensive programme of
observations which unfortunately could not be completely carried out on account of
bad weather,* and I did not find it necessary to materially modify this programme
for the expedition of 1898. In view of the large number of observers which was
expected to be available in 1898, as in 1896, the observations proposed included
records of nearly all the phenomena of a total eclipse, in addition to spectroscopic
researches.

Three associated series of spectroscopic observations were provided for :

(1.) Prismatic cameras, to give records of the phenomena with a larger dispersion
than any previously employed.. The special features of this form of spectroscope,
and the important points to be considered in the interpretation of the photographic
records which they give, were described in the Report on the Eclipse of 1893.1

(2.) An integrating spectroscope of large dimensions to attempt to get stronger
photographic indications of the coronal radiations, by utilising the whole area of the
corona, which the prismatic camera cannot do.

(3.) A grating spectroscope, in conjunction with a telescope of large aperture and
short focus, for eye observations of the inner corona. The spectrum of the chromo-
sphere, as photographed in 1893 and 1896, showed that the Fraunhofer lines were not
completely represented, and it seemed likely that the missing lines would be found
above the chromospheric layer photographed, and associated with the coronal layers,
of which we had photographed only a few of the brightest radiations. I certainly
saw some of them in Egypt in 1882} and it was accordingly decided to attempt to
fill the blank in the photographic record by visual observations.

The present Report deals with all the observations except those made with the
prismatic cameras, in which case the work of reducing the photographs is very heavy
and will not be completed for some time.

* ¢ Phil. Trans.,” A, vol. 190 (1897), p. 2.
§ ¢ Phil. Trans.,” A, vel. 187 (1896), pp. 551-618.
I ¢ Roy. Sce. Proc.,” vol. 34, p. 297.
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In the first part of the Report I give an account of the general arrangements. The
second part is Captain CHISHOLM-BATTEN’S report on the observations made by the
officers and men of H.M.S. ¢ Melpomene.”

Professor A. Peprer, F.R.S., gives an account, in the third part, of his visual
observations with the grating spectroscope.

Details of the meteorological observations made at Viziadrug, under the direction
of Mr. Joux Error, M.A., F.R.S., C.LE., Meteorological Reporter to the Govern-
ment of India, have already been published.*

The Observing Station and Preparations.

After various inquiries which I had made respecting the suitability of Viziadrug
for observations of the total eclipse, I informed the Eclipse Committee that I was
prepared {o take charge of an expedition to that locality, and it was agreed that
the observations at this station should be placed in my charge.

The latitude and longitude of the part of the fort at Viziadrug finally occupied
were 16° 33" 26" N. and 73° 18 58" K. respectively, and the duration of totality was
estimated at 127 seconds. -

In connection with the work at this station the Admiralty was asked for a ship
of war to convey the observers from Colombo to Viziadrug, and to permit the use
of the ship, if possible, as a base, to enable me to repeat the observations attempted
in Norway in 1896 with the assistance of H.M.S. “ Volage,” which ship supplied
twenty-four assistants during the eclipse and fifty volunteers for general observa-
tions.t  As a result of the Royal Society’s application, H.M.S. « Melpomene,” in
command of Captain Crsmorm-Barren, R.N., was told off to join the expedition.

The expedition, which left England on December 10, consisted of Mr. A. FowLER,
Dr. W. J. S. LockyEr, and myself, together with the Marquis of GramAM, who
joined as a volunteer,  Some little time after reaching Viziadrug Professor
Peorer, F.R.S., from Calcutta, joined the party, and shortly before the eclipse
Mr. Joux Ewnror, Meteorological Reporter to the Government of India, joined
from Simla. On arrival at Colombo we found H.M.S. “Melpomene ” waiting there,
and at once proceeded to the selected spot of observation— Viziadrug.

During the three days’ voyage to our station a call for volunteers was made by
Captain BATTEN, and 120 came forward. Lectures and demonstrations were there-
fore at once commenced by Lieutenants Brackrrr, Corerck, and Duamore, Second
Engineer MouNtiFieLD, and myself to the several parties of men who had under-
taken to perform special pieces of work. Twenty-two separate groups of observers
were formed. On our arrival at Viziadrug we were received very kindly by
Mr. Bomawnyr, the Collector of Ratnagiri, and an Overseer of the Public Works

* ¢ Indian Meteorological Memoirs,” vol. 11, Part I.  Calcutta, 1899.
T ¢Phil. Trans.,” A, vol. 190 (1897), pp. 1-21.
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Department, who was on the spot in charge of some most excellent masons and
carpenters, picked men from Ratnagiri as we later ascertained, and plenty of

~material for the construction of the necessary concrete bases and huts. It was
important to erect the huts as soon as possible, not only to shelter the instruments,
but also the observers, from the sun. Several screens were made which could be moved
and placed in any required position; these were found to be invaluable while the
instruments were being erected. A considerable number of coolies was also present
to do such work as carrying packing-cases, sawing wood, clearing the camp, &e.

In the fort was also a police guard sent from Ratnagiri. The camp was watched,
both by day and night, so effectively by them that no damage to any instrument
was reported.

On the arrival of the *“ Melpomene ” at Viziadrug, Mr. BomaNJI came on board to
report the arrangements which had been made for the expedition by the Govern-
ment of India. As these were not quite completed, it was necessary for the first
few days to return to the ship every evening, but afterwards Mr. FowLgr,
Dr. Lockyer, and myself took up our quarters at the Dak bungalow inside the
fort, close to the instruments. Meals were provided at the Collector’s camp, which
was also inside the fort.

A party was landed at the fort on the afternoon of our arrival to inspect the site
suggested by Mr. Bomaxgr, and it was at once evident that it would satisfy all
requirements, provided the fluctuations of temperature of the great masses of
masonry composing the fort had no disturbing influence on the steadiness of the
air.  In order to investigate this point a 3%-inch telescope was erected, and observa-
tions of the surrounding landscape, and, at dusk, of various stars, were made, from
which it appeared that the atmosphere was sufficiently steady for the observations.

Next morning the instruments were landed and the concrete bases for them were
commenced. The erection of the huts was also begun by the native workmen, and
continued without intermission.

The instruments were set up as soon as thewr bases were ready, and by the end
of a week all were practically in readiness for the eclipse. ~Constant clear skies
enabled all the adjustments to be made without difficulty. '

A plan of the fort showing the arrangement of the instruments is given in
Plate 4.

During the week preceding the eclipse the adjustments were frequently tested,
and a complete system of drills was established.

As the number of volunteers was so large, I pointed out to Captain Barren, who
had volunteered to aid in a special branch of the work, the importance of his
taking charge of the whole camp and giving all the necessary orders for conducting
the operations during the general rehearsals, and the eclipse itself. e eventually
agreed to this, and the procedure and time signals were arranged between us.

The development of the photographic plates was commenced immediately after

X 2
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the eclipse, and it was found that the results were on the whole very satisfactory. No
results, however, were obtained with the integrating spectroscope, and the kinema-
tograph films taken by Lord GraHaM were too badly fogged to serve any useful
purpose.

The dismantling of the instruments was commenced very soon after the eclipse,
and the packing, together with the development and copying of the negatives,
kept the party fully occupied until the morning of January 25, when the expedition
left Viziadrug.

Half of the negatives and glass copies of the remainder were conveyed to England
in charge of Mr. FowLER, while the remaining half of negatives and positives were
sent home vid Bombay.

Local Condutions of Liclipse.

In response to my request, the Superintendent of the ¢ Nautical Almanac’ office
kindly supplied me with the following local particulars of the eclipse for the station
which I proposed to occupy —

Assuming the position of Viziadrug to be 16° 32" N. and 73° 22" K., the times of
contact will be

d. h. m. S.
1898. January 21 23 12 20
22 0 46 g .
, ) ) }Duratlon 125 secs.
22 0 48 14
22 2 14 33

These are local mean times, and to reduce to G.M.T., 4h. 53m. 28s. must be sub-
tracted.

The position angle of the point of 2nd contact is 51°, and that of 3rd contact 241°,
reckoned from the north point towards the east in each case.

On reaching India, however, it was ascertained that, according to the most recent
Admiralty chart, the position of the selected station was 16° 83" 26” N., and
73° 18" 58” E.  This being nearer to the central line than the position adopted by
Dr. Downing, the duration of totality was estimated at 127 seconds, and the
programme of work arranged accordingly.  The altitude of the sun at mid-eclipse
was calculated to be very nearly 53° and the azimuth nearly 14°.

The apparent semi-diameters of the sun and moon at the time of eclipse were
respectively 16" 16”4 and 16 39”5, while the relative motion was approximately
0”36 per second.

The angle between the vertex and the north point at the time of mid-eclipse was
calculated to be 14° 9’, the north point of the limb lying towards the west. The
position angle of the sun's axis being 8° west of north, the axis would therefore be
inclined 22° 9’ from the vertical towards the west. The heliographic latitude of the
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sun’s centre was 5° 20’ S., so that the direct image was oriented as shown in fig. 1,
which also shows the points of 2nd and 3rd contact. ‘

2" contact.

Vertical

3 tdconta.c(:.

/

Fig. 1. Orientation of Sun’s Disc at Mid-eclipse.

S

In connection with the instruments using the light from ccelostat mirrors, it was

further necessary to calculate the sun’s amplitude at the time of rising. This was
found to be 20° 31" south of east.

Time Arrangements.

The general time signals were given by a bugler under Captain BaTTEN'S orders,
The chronometer was in charge of Lieutenant pe W, R.N.

One of the ship’s chronometers was fortunately available for use on shore on the
day of eclipse, but previously watches were frequently corrected by means of signals
sent by Lieutenant QuAYLE from the ship.

The special signals during totality were given every 10 seconds, beginning at 127
—the assumed period of totality-—by means of the eclipse clock (which was started
at the signal “ Go” by cutting a thread, thereby releasing the pendulum), by two
timekeepers, one during the first half the other during the second half of totality. =

In the system adopted not only was the time left called out every tenth second,
but other signals were interpolated to guide the work in the photographic huts. In
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order that there might be no mistake about the calls, a spiral was drawn on the clock-
face and the seconds left plainly marked at the points which the second hand would
occupy during its two revolutions (fig. 2). The time calls were repeated by two
assistants, who stood about 50 yards from the eclipse clock, for the benefit of the
observers in the outlying parts of the camp.

]
-7 nz
77 STOP 57

27 47

a7 107

37

97
1

Fig. 2. Dial of Eclipse Clock.

For the work of the prismatic cameras it was important to get a signal as nearly as
possible 5 seconds before the beginning of totality, and, in order to eliminate the
possible error of the chronometer, it was arranged to determine this by direct obser-
vations. Two methods were adopted. In one of them a boat was moored at a
distance of 2 miles from the camp, in the direction of approach of the shadow, which
would pass this point 5 seconds before totality. This failed because of the indefinite
boundary of the shadow.

The other method was to determine when the visible remaining crescent subtended
an angle of 45°; calculation showed that this would occur at the desired interval
from totality. This method was completely successful.

A signal at 25 seconds before commencement of totality was also given from obser-
vations, the cusps then subtending an angle of 90°. These observations of the cusps
were made by Lieutenant pe WEr.

The chronometer was 5h. 8m. 85:5s. slow on mean time at Viziadrug, and
0Oh. 15m. 20s. slow on Greenwich mean time, as determined by Lieutenant QUAYLE.
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Acknowledgment of Assistance.

The extraordinary interest and the skill displayed by the officers and men ot
H.M.S. “ Volage ” under Captain Kina HALL in 1896, and of H.M.S. « Melpomene ”
under Captain CHISHOLM-BATTEN in the present year, prove beyond all question that,
in eclipses in which a man-of-war can be employed, the most effective and the most
economical means of securing observations is to depend upon the naval personnel, one
or two skilled observers being sent out to help in the final adjustments of instruments
according to the number it is intended to employ.

At Viziadrug, Mr. Fowrer and Dr. LockyYEr were enabled to report all the fixed
instruments and huts, eight in number, erected and all but the final adjustments
made after six days’ work, a long break being necessary in the middle of the day in
consequence of the heat. Such an achievement as this is beyond all eclipse precedent,
and was only rendered possible by the help of a large staff of highly trained men. Of
the 150 engaged in the operations only three originally formed the expedition.

It is, therefore, quite inappropriate that I, on the part of the expedition, should
here tender thanks to Captain BaTTeN, the officers and men of H.M.S. “ Melpomene ”
for their assistance, for as matters turned out we assisted them ; but we are anxious
to place on record the kindness we received from them both afloat and ashore, and
since the great success of the recent observations is due almost entirely to Captain
CuisaoLM-BATTeEN and the ship’s company of the ¢ Melpomene,” I trust that the
President and Council of the Royal Society may be pleased to communicate this fact
to the Lords Commissioners of the Admiralty.

Among those to whom thanks are specially due are the following, representing the
Indian Government :— '

E. Grues, Esq., Director of Public Instruction, in charge of arrangements made by
Bombay Government.

K. R. Bomanut, Esq., Collector of Ratnagiri.

J. L. Jenkins, Esq., Collector of Salt.

E. H. Arrken, Fsq., Assistant Collector of Salt.

F. R. Baper, Esq., Assistant Engineer, P.W.D.

GANGADHAR ANANT Bmat, Executive Engineer, P.W.D.

Govinp Gosur, Overseer, P.W.D.

SapasHI Govinp JosH, Clerk to the Overseer, P.W.D.

Thanks are also due to the Officers of the Police, Telegraph, and Customs Depart-
ments, and others representing the Bombay Government, for their unceasing efforts
to help us in every way.

Everybody was struck by the admirable and smart manner in which the subordi-
nates of the Public Works Department accomplished their respective tasks.



160 SIR NORMAN LOCKYER AND OTHERS ON THE

I took upon myself, when leaving Viziadrug, to write an unofficial letter to
Mr. Bomanyr, thanking him, in the name of the expedition, for his great personal
kindnesses to us as well as for the valuable assistance we had received from him and
the other local representatives of the Government.

L. Lgg, Esq., Collector of Customs for Ceylon, and other Customs officials at
Colombo, rendered valuable assistance to the expedition by granting special facilities
and providing means for transhipping the instruments.

The Orient Steam Navigation Company very kindly conveyed the instruments
free of charge to and from Colombo.

To W. H. SiNcratr, Esq., a former Collector of the district (now retired), I was
indebted for the supply of much valuable local information before leaving England.

My own personal thanks are due to Mr. Fowrer and Dr. LockYER, who assisted
me in the preliminary work of organisation, and who, while at Viziadrug, worked
hard both day and night to further the objects of the expedition; and also to
Mr. Bourng, Midshipman, attached to me as Aide-de-Camp, who was indefatigable in
helping me to carry out the various details of the local organisation.

Part I1.-—OBSERVATIONS MADE BY THE Orrrcers AND Mex or ILLM.S.
“ MELPOMENE.”

By Captain CuismoLM-BarreN, R.N.

Admiralty Instructions.

H.M.S. ¢« Melpomene” was ordered to receive on board Sir NorMAN LOCKYER and
party at Colombo, convey them to Viziadrug, and bring them back to Colombo
after the eclipse. During her stay at Viziadrug such assistance as lay in her power
was to be rendered to the party. It was to be quite understood that it was very
desirable that the officers and men should interest themselves in the work, and be
encouraged to come forward as assistant observers, if required, by Sir NORMAN
LOCKYER.

By later orders, H.M.S. ¢ Melpomene” was ordered to convey Sir NORMAN
LockyERr from Viziadrug to Goa, instead of returning direct to Colombo.

Diary of the Expedition.

On the arrival of the « Lusitania,” the Torpedo Instructor was sent on board to
make himself, as much as might be, familiar with the eighty cases of eclipse gear, in
order that he might attend to them throughout.

On the 4th January the party and the gear were transferred from the mail steamer
and H.M.S. “ Melpomene ” left Colombo,
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On the 5th January Sir NormaN L.ockYER gave a lecture, with illustrations by
lantern slides, on Eclipses in general, and afterwards volunteer observers were called
for., All the officers, and over 100 men, gave in their names as volunteers for special
work, or for general assistance. The same evening the sketching party were instructed
and exercised, and daily afterwards.

Friday, Joanuary 7.—The party arrived at Viziadrug. The Collector came on
board, and on landing, the party selected a site, a piece of flat ground, the highest
inside the old Castle, on which there was plenty of room for the instruments (see
Plan, Plate 4), and near which was the Traveller’s bungalow, built over the old
powder magazine of the pirates, which was used as a dark room, mess room for the
men, lecture room when lantern slides were required, and general resting-place, on
account of its being cool and shaded.

Saturdey, January 8.—All instruments were landed, and a fair start made in
setting them up, the leading hand of each party from the ship assisting at his own
instrument or job.

Instruction was carried out on board on the spectrum, in corona drawing, and on
observing the colours of the landscape.

Sunday, January 9.—During Sunday the native workmen, masons, carpenters,
and labourers provided by the Public Works Department of India, prepared cement
foundations, shelter huts, and the site generally.

Monday, Januvary 10.-—Good work was done in setting up the instruments, which
were in place by the evening. Instruction was carried out on board on hand spectro-
scopes.

A signal-house had been built, and a signal pole set up for communication with the
ship. Larger parties every day were now required on shore for setting up gear,
and for practice with it. As Viziadrug has the reputation of being a favourite place
for snakes, men always landed in gaiters. The dark room for the British party was
set up in the magazine, and one for Mr. TURNER, the photographer, sent from
Calcutta by the Government of India, was set up in a shady place close to the
bungalow on his arrival on Tuesday.

Tuesday, January 11.—Lectures on spectra colours landscape, and corona drawings
were giver.

Sir NorMAN LockYER, Mr. FowrLer, and Dr. LockYER took up their quarters at
Norman Castle.

Wednesday, January 12.—Sketching corona, with dises, party were under instruc-
tion, and the usual duties of various parties independently.

Thursday, January 13.— Professor PepLER arrived, and found hisg telcscope n
place, and a party ready to assist him.

In the evening, about five o’clock, the first rehearsal took place of the parties ready.

Instruction in colour of landscape, and corona sketching with dises, was carried out
on this day.

VOL. OXCVIL-—A4, Y
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Friday, January 14.—Instruction was carried out on colours of landscape and the
observation of stars during totality.

A second rehearsal took place, and the most important photography was found to
be well ahead of time.

Soturday, Jonuary 15.—A rehearsal took place, and the usual instruction went on.

Monday, Janvary 17.—The first rehearsal at eclipse time took place, in order that
practice might be obtained in directing the instruments to the proper point in the
heavens; a second rehearsal took place at 5 r.m. These rehearsals in the evening
were at first repeated two, or even three, times the same evening, but later on one
drill was found enough.

Instruction by Mr. TUurRNER on landscape cameras, and lectures on stars, with a
view to their observation during totality, took place.

Tuesday, Jonuary 18.-——Rehearsals took place at eclipse time, at 5 v.m., and after
sunset, the latter for the purpose of testing the lighting arrangements, which were
found to be sufficient.

Lecture on spectra was given.

Wednesday, January 19.—Mr. ATTREN, who was to take charge of the naturalists’
party, arrived but left again before the eclipse, and only returned on the last
morning. Professor PEDLER started a thermometer class in readiness for Mr. Erior.
Lecture was given on spectra, and rehearsal took place at 5 r.

Thursday, January 20.-—Mr. Error arrived and was supplied with a party for
making meteorological observations under his guidance.

Lecture on observations of temperature.

Rehearsal at 5 r.m. The party was now complete.

Friday, January 21.—Rehearsal of duties at eclipse time.  Half-holiday.

Last of Instruments and Observers.

The observers were as follows :—

A

1. Time Signals.

Captain A. W, CaisHoLM-BATTEN, R.N. W. Groves, Shipwright.
- ¥. DownToN, Leading Seaman. F. T. MArEY, Private, R.M.L.I.
W. Woops, Yeoman of Signals. G. 8. FurLinove, Private, R.M.L.T.

&, Crrary, Private, R.AMLL.T.
9. 6-4nch Prismatic Camera.

Mr. FOWLER. . Branive, A.B.
Licutenant O. px Wrr, R.N, J. Isnes, AB.
C. Tronsines, G 4. SALT, Boy, 1st Class.

J. Turner, T.1.

5. 9-inch Prismatic Camera.

Dr. LotkyEr. A. Wirkins, Shipwright.
Licutenant PErcIvAL Jonks, R.N.R. Ii. Asurorp, A.B.
A. Ramacr, A.B. F. FextoN, A.B.

W. Bray, Ch. Arm. A. CARrg, Boy, 1st Class.



10.

11.

13.
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. Integrating Spectroscope.

Lieutenant G. C. QuayLe, R.N,
J. Birp, Ch. E.R.A.

. Coronagraph.

Staff-Engineer A. Krrr, R.N.
‘W. Hotmes, E.R.A.

. Discs.

G. PINK, Qualified Signalman,
J. HENRY, Boy, 1st Class.
{B. Broox, Stoker.

{A. Rusg, Ship’s Corporal, 1st Class.

A. McDonaALDp, P.O., 1st Class.

A. TuLy, Ship’s Steward’s Boy.

L. PE1TINGALE, Leading Signalman.
{W. BRrRookER, A.B.

S. DrEw, Ordinary Seaman.

Sketches of Corona without Discs.
A. RicEARDSON, P.O., 1st Class.
W. PaANkHURST, A.B. }Geneml.
H. Lack, Boy, 1st Class.

W. ANDERSON, A.B. }N 0

E. WirsoN, Ordinary Seaman. o

. 8%-inch Equatorial.

Sir NorMAN Lockyer, K.C.B.
Mr. H. WILLMORE, Assistant Engineer, R.N.

Observations on Stars.
Licutenant HENRY BrackerT, R.N.
J. McDonaALD, A.B. '
F. Stevexs, A.B.
R. BuckrAND, Plumber’s Mate.

Hand Spectroscopes.
Licutenant C. E. B. CoLBECK, R.N.
C. KrrcHiNGHAM, Private, R.M.L.L
C. Wooprey, P.O., 1st Class.

Prisms for Observations of Ring Spectra.
Mr. J. MOUNTIFIELD, Senior Engineer, R.N.
‘W. Mogrris, E.R.A.
A. Howeg, E.R.A.
C. Sracry, Leading Stoker, 2nd Class.
H. K~icur, Leading Stoker, 2nd Class.

. Polariscope.

Staff-Surgeon C. L. Noran, R.N.

Landscape Colouss.
Lieutenant E. N. R. Dugmore, R.N.
G. FARrrELL, Boy, Ist Class.
W. Jacoss, A.B.

{
{

{
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G. TravILy, P.O., 1st Class.

C. MosErEy, Leading Stoker, 1st Class.
G. CoLLIER, Stoker.

R. SutHERLAND, Leading Signalman.
W. Wess, A.B.

W. CornEY, Stoker.

G. Pricr, A.B. .

J. JoNEs, A.B.

F. Dispins, Ordinary Seaman.

L. GATES, A.B.

R. Davis, A.B.

P. McKENNA, A.B.

T. WeLLs, A.B. T W
H. BrINSTEAD, A.B. }1\‘“
E. DANN. o

W. EvANS. }S‘E'
W. CLAYTON. -
A. PENNY. }S'“ '

M. Mooreg, Stoker.

T. SurTON, Stoker.
J. FrrzRoy, Boy, 1st Class.
G. RUssELL, Private, R.M.L.I.

P. MANNING, Ordinary Seaman.
H. MircugLL, Stoker.
J. Dosson, Sergeant, R.M.L.IL

R. CoATEs, Stoker.

G. TARRANT, Stoker.
H. WARREN, Stoker.

J. Inch, Stoker.

G. Gray, Chief Stoker.
J. Cross, Stoker.

P. Darvir, Boy, 1st Class. -
H. Ruopzs, Ordinary Seaman.
H. ArrrEE, Signalman,

Y 2
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14. Landscape Caumeras.
Mr. TURNER, Survey Department, Calcutta.
E. GyNGELL, A.B.
H. Cuarrps, Chief Stoker.

15. Shadow Phenomena. :
W. KerNaN, Chief Carpenter’s Mate.
A. REYNOLDS, Stoker.,
W. Werxks, Shipwright.

16. Observations of Shadow-bands.
Staff-Surgeon C. L. Norax, R.N.
C. HesTER, Private, R.M.L.1.

17. Kénematograph for Eclipse.
The Marquis of GRAIIAM.
A. SutLecock, E.R.A,
L. GrEEN, Boy, Ist Class.

18. Kinematograph for Shadow.
Mr. H. P. BARNETT, Paymaster, R.N.

19. Contact Observations.
Lieutenant O, pe Wer, R.N,

20. Observatious on Natives, Animals, dec.
W. J. C. Srocomss, Ordinary Seaman.
G, WhIrTiNGgsTALL, Ordinary Seaman.

21. G-inch Equatorial with Grating Spectroscope.
Sir NormaN LockyEer, K.C.B.
Professor A. PEDLER, F.R.S.

Mr. R. C. StEELE, Gunner, R.N.

22. Meteorological Observations.
Mr. Jonx Eriot, C.LE., F.R.S.
J. Russerr, Chief Stoker.
C. Burr, Leading Stoker, 1st Class.
H. RockEert, Stoker,
A. WarLAcE, Stoker.
G. PraTT, Stoker.
H. WALLBURN, Stoker.

J. Corrins, Chief Stoker.,
J. KmarNTmy, Leading Stoker, 1st Class.
E. Cross, Leading Stoker, 2nd Class.

G. Rirry, Stoker.
B. CrunpEN, Stoker.
C. CARPENTER, Stoker.

A. PurkiNaron, 2nd S. B. Steward.

C. Tmonas, Seedie.
P. King, Ordinary Seaman.
W. Cronex, Stoker.

A. GioxNny, B.R.A.
C. Tronsious, G.M.

¥, Brar, Ordinary Scaman.

P. Ross, Ch. E.R.A.
G. Vaxsroxg, Ch. BL.R.A.
H. Brown, Ship’s Steward’s Boy.

J. BARTLETT, Stoker.

T. McCartrY, Stoker.

E. Perry, Stoker.

G. WoorgroN, Stoker.

G. GARRARD, Stoker.

C. MiINTRAM, Stoker.

P. Kerrr, P.O., 1st Class.

Aides-de-Camp to Sir NormMAN LooxyEer, K.C.B., F.R.S,

Mr. W. H. P. Bourng, Midshipman, R.N.

J. Hunt, P.O., 2nd Class.

Integrating Spectroscope.

This instrument was intrusted to Lieutenant G. C. Quavie, R.N., the Navigating

Officer, who reports as follows :—

11

fed by the same mirror.

This instrument was erected in the same hut as the coronagraph, and was also
It was placed in a horizontal position, bearing S. 70 Ii., and



TOTAL ECLIPSE OF THE SUN, JANUARY 22, 1898, 165

secured on to a flat board resting on three packing cases filled with stones, the
packing cases standing on solid cement bases.
“ Three exposures were made—

1st, 15sees. . . . . 127-112
ond, 90 , ... lo7-17
3rd, 8 ,, . . . . 12-4

“This instrument was worked by myself and two assistants, one as exposer and
one as timekeeper.”

To this it may be added that the instrument had two prisms each, with an angle
of 60°, and faces 2% X 5 inches, and they were set to minimum deviation for H,. The
focal length of the collimating lens was 72 inches, and its effective aperture 2§ inches,
so that a part of the sky, a little more than two degrees in diameter, would be
embraced.

Light was reflected into the slit by the mirror of a 12-inch ccelostat kindly lent to
the expedition by Dr. A. A. Common,

The collimator being horizontal, it was set to the bearing S. 70° E. corresponding
to the bearing of the sun at rising. Some little trouble was experienced at first with
the driving clock of the ceelostat, but owing chiefly to the skill of Engineer MounrI-
FIeLD and W. HowrwmEs, engine-room artificer, it was made to work very satisfactorily
a few days before the eclipse.

The adjustments of the instrument were thoroughly tested by Mr. FowLER on the
morning of the eclipse during the partial phases, and successful photographs were
taken ; but although the three exposures were duly made during totality, no results
were secured. :

There is reason to fear, however, that the slit was closed before totality, so that we
are left in doubt as to the efficiency of a photographic integrating spectroscope.

The Coronagraph.

Staff-engineer KERR reports as follows :—

“During totality five photographs were taken by this instrument. Throughout
this time the plates were inserted and exposed continuously, the insertions being as
rapidly effected as possible.

“ Commencing at totality, the first exposure lasted 5 seconds, the second was a
“snap,’ the third lasted 75 seconds, the fourth occupied 22 seconds, the fifth and last
was a ‘snap’ made at 5 seconds before the end of totality.

“ Attention to instrumental details precluded observation of the totality phase of
the eclipse before and after taking the third photograph, but, during the liberal
interval afforded by the comparatively long exposure for the latter, a good view ot
the eclipse was obtained.”
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The plates employed were as follows :—

(1.) Mawson’s “Castle”. . . . . . . . 5 seconds.

(2.) Epwarps’ “Snap Shot” (isochromatic) . Instantaneous.
(3.) . . . . . 75 seconds.
(4.) Lumigre. Series A . . . . . . . . 22

(5.) " . . . . . . . . . [Instantaneous.

The plates were developed with pyro-soda very shortly after the eclipse by Mr.
TurNer and Mr. FowLER, and very successful results were obtained. Numbers 1, 2,
3, and 4 are reproduced in Plate 5.

The orientation of the photographs may be readily derived from fig. 8, showing the
orientation of the sun’s image in the ccelostat mirror from calculations made before
the eclipse by Mr. FowLzr.

2"%contact. E ¢

Line.

Horizontal

Varticat

woow 3contact.

Fig. 3. Orientation of Sun’s Image in Ceelostat, reflected along a horizontal S.E. line.

(. s.e.w. = north, south, east, and west points.) N.S.E.W. = points where Sun’s axis and equator
meet the disc.

Comparing the two shortest exposures with the longer ones, it appears that the
brightest parts of the inner corona shown by the former have no obvious connection
with the long streamers shown in the latter, and, as was pointed out in Sir NormaN
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LockYER'S preliminary report,® the green coronal image depicted by the prismatic
cameras corresponds very closely with the image of the inner corona.

Discs.

The arrangement introduced by Professor Newcoms in 1878, in which a circular
dise is used to protect the eye from the glare of the inner corona, was adopted to
facilitate the search for faint extensions of the corona.

The six discs were manned by eighteen volunteers. Of each party of three, one
was pointer, one was observer, and the third the writer. A convenient seat being
arranged for the observer from which he could comfortably get the disc and sun in
line through his eyepiece, he made way for the pointer, who kept the eyepiece in
line with disc and sun until the last moment.

On the ¢ Alert” being sounded at ten minutes before totality, the observer was
blindfolded, and the bandage was only taken off 10 seconds after totality commenced.
He then dictated what he saw, taking the most delicate and faintest eflects first, and
afterwards going round the moon’s disc clockwise to ensure nothing was omitted.

After the eclipse was over, the-observers, with the aid of the notes, made a sketch
from memory.

The observers had been selected from volunteers, and had been trained from the
5th of January, a period of seventeen days. The method of selection and training
was to show on the screen a slide of a corona from a previous eclipse, and allow
duration of totality for copying it, and a few minutes after the slide had been
removed for touching up from memory. |

Lieutenant Quavrg, who adjusted the discs, reports as follows :—

“The discs varied in size from 6 to 2 inches, and were made of thin wood, painted
a dead black. Six dises were used, placed at from 40 to 15 feet from the eye, and
covering from 7 to 3 minutes of arc.

“As the altitude of the sun at the time of eclipse reached 53°, some difficulty
was at first experienced in finding a suitable site so as to give the necessary
elevation, but eventually the inner wall of the fort was selected, and out of a varied
collection of spars, uprights were chosen ; these were either driven into crevices in
the wall, or fixed with staples and lashed.

“The correct position of each disc was obtained by means of a sextant, prismatic
compass, and a measuring tape.

“The eyepieces were suspended on cross-bars, lashed between two uprights about
3 feet apart, thus giving a considerable horizontal motion, the eyepieces themselves
supplying the correction for altitude. Lieutenant CoLBECK assisted in erecting the
dises.”

In order to simplify the orientation, the vertex or ““top” of the sun was to be

“ Roy. Soc. Proc.,’” vol. 64, p. 40.
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read as north, the ¢ bottom” as south, while the right and left were to be read as
east and west respectively, as in ordinary maps. The lengths of the streamers were
stated in terms of the diameter of the disc employed in each case.

The Superintendent of the Trigonometrical Branch Survey of India very kindly
forwarded six photo-zincographed cards conveniently designed for sketches, and these
were used by the dise observers. Kach observer was provided with a written form
containing the following questions :—

(1.) Longest streamer

Length in diameters of disc =

Bearing =
(2.) Is there a streamer in 8.5. W, ?
(3) . , N.N.E.?
(4.) What do you se¢ in N.E. quadrant ?
(5.) N . S .
(6.) . . SSwW.
(7) . . NWwW.

(8.) What are your impressions as to colours ?
(9.) General remarks.

The records of the observers are sufficiently accordant, but it is not considered
necessary to give the details of the observations and drawings, as nothing was
noticed which was not photographed. :

It is somewhat remarkable that even the longest streamer was only traced to a
little more than 2 diameters by any of the observers who were provided with
dises, while Sir NorMaN LookvEer, Mr. Fowrer, and Dr. LocKYER agreed in esti-
mating it at not less than 4 diameters.

The most important result, however, is the absence of any record of faint equa-
torial extensions. '

Sketches of Corona, without Discs.

Lieutenant DuaMoRrE reports as follows :—

“The corona party, consisting of ten men, was selected during the ¢ Melpomene’s’
passage to Viziadrug from Colombo, and from January 14th to the day of the eclipse
they were instructed daily, making sketches in the limited time during which totality
would last, viz., 127 seconds, from paintings of past coronas, until they attained a
high degree of proficiency. These drills were carried out by exposing the paintings
on a screen, and while the timekeeper called out every ten seconds, the men made
their sketches. ,

“TFor the eclipse the party was stationed close to the meteorological shed, and each
man was provided with a large sheet of pasteboard with a disc to represent the moon,
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and concentric circles of one moon’s diameter each marked on it, and also the lines to
divide the quadrants. One man, W. PArknURsT, A.B., used the ship’s long-distance
telescope, and made a sketch of the whole corona. Another man also made a general
drawing of the whole corona, using the naked eye only ; whilst, of the remaining
eight, two sketched each quadrant.”

Most of the sketches are excellent, but as they give no certain indications of
details which are not shown in the photographs, it is not considered necessary to
reproduce them.

The 3%-inch Equatorial Telescope.

This telescope was used by Sir NorMAN LOCKYER to observe the exact time of
second and third contacts to give the signals ¢ Go” and “ Over” to the timekeepers.
A diagonal eyepiece was employed, in which a silvered reflecting surface could be
substituted for one of plane glass by the simple operation of sliding a frame
containing these reflectors. For the first 50 seconds of totality he employed this
instrument to minutely observe the structure of the rifts and streamers. In his
absence the instrument was used by Assistant Engineer H. H. WiLLmore for the
examination of the structure of the corona. Mr. WirLMoRE took down the notes of
Sir NorMAN LOCKYER'S observations which are included in his report which
follows :—

“ From 127 seconds to 70 seconds Sir NorMAN observed through the telescope, and
I took the following notes at his dictation :—

‘¢ Distinct structure at poles ; many brilliant prominences ; much curvature ; lohg
horn as in 1896 eclipse ; tracery at both poles quite exquisite ; four distinct
streamers, one of three diameters.’

- “ At 70 seconds I took Sir NormaN’s place. The corona appeared very different
from anything I had seen in books, appearing more homogeneous and less well-defined
in its various parts than any of the illustrations I had practised with. At the solar
poles plume-like structures of great beauty were observable, intercepted by darker
curved rifts. The inner corona was discernible from both the chromosphere and the
outer corona, which latter appeared less bright. I particularly noticed a very bright
prominence jutting out at the lower right-hand portion of the sun’s limb. The outer
corona in its main features appeared to consist of four long conical streamers. I could
discern no difference in the structures of these streamers. At 17 seconds Sir NORMAN
again observed up till the expiration of totality.

“ For some 5 seconds after third contact the corona appeared to lose hardly any of
its beauty or brilliance. Then it slowly faded, commencing from its more remote
portions towards the sun’s limb, this phenomena taking another 3 or 4 seconds.”

VOL, CXCVIL—A, Z
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Observations of Stars during Fclipse.

Lieutenant BrackerT reports as follows on the drills and actual observations :—

“The star observation party consisted of six observers, in my charge, making
seven in all. It was found more convenient to tell them off in different parties, as
follows :—

“ Lieutenant in charge.—To make a hasty sketch of the whole, noting times of
appearance and disappearance of planets only.

“Two observers.—To take eastern semicircle.

“Two observers.—To take western semicircle.

“Two observers.—To observe stars near the sun.

“The party was supplied with star atlases and photographic copies of a chart
showing the stars (from mag. 1 to 4) and planets which would be in the sun’s vicinity
during the eclipse.

“ After some drills with stars, such as making correct drawings of the different
constellations (Orion was found a good subject, the three stars in the belt being used
as a base to work on), the observers were found to be quite efficient.

“For the actual eclipse, charts on a larger scale were used and nailed to boards,
stars being marked down as they appeared or disappeared. These charts were photo-
zincographed at the office of the Trigonometrical Branch, Survey of India, Dehra Dun,
and were found handy and most useful.

“ It was found that the best position for observing the stars, the sun being at an
altitude of 53° was to lie down full length, the sailor’s hat or a round helmet being
held up and used to screen the eyes from the bright rays.

“Only a few stars were visible, all of which appeared on the western side of the sun.

“ Venus was noted particularly both before and after totality, and was the first of
the planets to appear and the last to disappear, being seen altogether for 20 minutes.

“ Mars was visible for a short time during totality, and then disappeared.

“ Mercury was not seen.

“aand B Capricorni, though close to the sun, were not visible.

“ 8 Aquile, much higher up, came out hefore totality for a short period, and then
as suddenly disappeared, and was not seen again.

“N Aquilee appeared and disappeared in the same manner and time as 6, but
appeared again, was visible for a short time, and then disappeared.

“ Another star was seen by all the party, some of whom seemed to find a difficulty
in locating it on the charts. It is placed on the chart as being midway between
Venus and Mars by two of the observers, and marked as = Sagittarii by the other
five ; it was seen only for a short time, and that before totality. This star was about
second magnitude.

“It is to be noted that the stars that appeared before totality disappeared, as far



TOTAL ECLIPSE OF THE SUN, JANUARY 22, 1898. 171

as could be judged, at totality. No stars except Venus were visible for any length
of time after totality. All the observations were made with the naked eye.”
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Fig. 4. Chart showing Stars in Sun’s vicinity and the Stars actually observed during the Eclipse.

The observations of stars may be conveniently expressed as follows :—

Name. Appearance. Disappearance. Reappearance.
A Aquile 8 m. before totality Shorly afterwards At end of totality
0 Aquilee 7 m. ” ” ”» ”
Venus 6 m. ' ’ 12 m. after end of totality
Mars 1 m. after beginning of totality | Shortly afterwards
? Seen only for a short time be-
fore

7z 2
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It thus appears that more stars were seen just before the commencement of
totality than during the actual period of totality ; that is, they were logged as
disappearing just before the total phase commenced. A similar observation was
made by Admiral Don Urrnoa in the eclipse of 1778.*% The body seen between
Venus and Mars was certainly not a star, although its behaviour was similar to that
of 8 Aquilee. Sir NormMAN Lockyer has suggested that it may have been a collision
of meteor swarms in the sun’s neighbourhood.

The chart summarising the observations of stars is reproduced on a small scale

m fig. 4 (p. 171).
Hand Spectroscopes.

Three small integrating spectroscopes were provided for eye observations. Two
of these were direct-vision pocket spectroscopes, while the third was an ordinary
prism of 30° attached to the end of a tube about 10 inches long, which was provided
with a slit at the other end.

Lieutenant Corerok was in charge of these observations, and the preparatory
work consisted of observations of the spectra of various salts when burned in a
spirit lamp flame, in addition to joining in the general drills.

Sir NorMAN Lockver has examined the records, and suggests that Lieutenant
CoLBECK’S observation at 25 seconds before totality possibly indicates a faint
continuous spectrum, with the hydrogen C and F bright. Further, that the lines
seen during totality were probably :

Yellowish-green, seen by three observers——Corona line.
Blue " . . .,  —Hydrogen line (I).
‘ He 70655,
Red, seen by one observer—< He 66782.
LHydrogen line (C).

Yellow . . — Helium line (D).
Mg group (b).
Gireen » & %{Iron, 5018.

After totality the Fraunhofer lines reappeared in the following order :—

Line in the orange (D).
Lines in the green (¢ 0, e).
Lines in the violet and blue (? F, G).

Prisms for observation of Ring Spectra.

These observations were chiefly intended to supplement the photographic work
of the prismatic cameras, by providing a record of the phenomena in the green and
* ¢ Phil. Trans.,” 1799, p. 105.
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red part of the spectrum. Two of the chief questions on which such observations
might be expected to throw light were (1) whether the green ring image of the
corona corresponded with the outline of the corona ; (2) whether hydrogen was present
or absent from the corona, as indicated by the presence or absence of a coronal
ring at Ha.

In addition to the visual observations, an experiment was made as to the
efficiency for photographic work of a small camera fitted with a transmission grating.

Senior Engineer MountiFierp, R.N., who was in charge of this work, reports as
follows :—

“ The instruments used in these observations were five in number, and consisted
of (1) A direct-vision hand spectroscope-prism section only of about 1} inch diameter,
giving a spectrum of about 10° visual angle.

“(2) A “meteor spectroscope’ of about % inch diameter, giving a spectrum of
about half the length of the first.
“(3) A prism with a refracting angle of 60°

“(4) and (5) Prisms with refracting angle of 45°,

“Instruction was given during the 14 days preceding that of the eclipse, the
general nature of continuous and discontinuous spectra explained and illustrated
by means of small, straight, and circular slits in tinfoil placed before the flame of a
spirit lamp, and observed through the instruments to be used.

“The probable variations in the actual spectrum to be observed were also
explained.

“The observers were instructed to note specially shapes which appeared to be
repeated in different parts of the spectrum, and the number of parts in which they
were repeated.
 “The actual observations were commenced at 12.30, local mean time. FEach
observer was provided with an assistant, who noted down on a form, ruled in columns
~—one for each 10 seconds of totality—what was seen.

~ “At the commencement of observations, the greatest breadth of the sun’s
crescent was about one-sixth of its diameter, and only a bright continuous spectrum
could be seen.

“My own observations were as follows :—At 12.33 the crescent had become so
narrow that two curved dark lines appeared faintly in the red.

“Other lines soon appeared, and gradually increased in distinetness, until about
12.43, when those in blue and green began to disappear, followed by yellow, green,
orange, and red in the order named. No dark lines were distinguishable by me half
a minute before totality.

“ At the commencement of totality a numbe1 of bright arcs flashed out suddenly
~—the number could not be estimated reliably, but two arcs in red, one in yellow,
one in greenish-yellow, one in green, and one in blue were noted.

“In from 1 to 14 seconds these had faded, leaving a few irregular bright arecs. These
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consisted of a patchy arc, extending over about 150° of the sun’s circumference,
on the N.E.  Nearly continuous, but varying in height from about 1’ to &/,
broken near the equator, continued on the S.E., where there was a peculiar whorl-
shaped prominence about 2 feet in height. This was shown complete in two red,
one orange, and three yellowish-green images (close together). In two greenish-
blue images and one blue one, patches only of these arcs were observed, very
disconnected in the north-east, and only slightly more continuous in the south-east,
where the arcs were broadest, thus appearing to consist of the bases of the greater
projections. The yellowish-green arcs were very bright, the red somewhat less so,
the remainder being relatively faint. The red arcs appeared to be the most com-
plete, the yellow-green slightly less so, the orange still less continuous, the blue
and others very incomplete.

“ At about 65 seconds after the commencement of totality, rings were observed,
discontinuous, but extending round the whole of the sun’s circumference, of the same
general character as the arcs before mentioned, but slightly larger in diameter. Two
rings in the red appeared broader and more regular than the rest; three in the
yellowish-green, very close together, were brighter, but not so extended as the first ;
and one in the orange was much less complete and fainter, but similar in shape to the
red and yellow-green. These rings were represented in the greenish-blue and blue
by only a few isolated patches, principally in the north-east.

“Seventy seconds after the commencement of totality, these rings had disappeared
on the east side, leaving arcs surrounding the west side, similar in appearance,
omitting the whorl-shaped prominence, to those first observed. These arcs gradually
became broader and more connected, the blue and green-blue becoming nearly
continuous.

“ Two minutes after commencement these rings were all much more connected and
broader, while preserving their relative breadth and brightness.

“About 125 seconds after commencement a number of bright ares suddenly
appeared, covering the structure of the arcs previously described. The number seen
might be estimated at about twenty, but this is not considered reliable, as the arcs
rapidly faded; in about one second they were obscured by bright continuous
spectrum.

“TIn half a minute two dark lines appeared in the red, one in the orange, a broad
one in the yellowish-green, one in the green-blue, and one in the blue, gradually
becoming broader and losing definition until five minutes after totality, when they
were not distinguishable.

“ During the whole period of totality, a continuous spectrum was observed, faint
at the ends, but increasing in brightness about the yellow and green, where it was
nearly half as bright as the bright arcs observed in that part of the spectrum. No
details of structure were observed in this spectrum, but its width was about twice
the apparent diameter of the sun.
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“No bright arcs were observed before or after totality.

“ The records of the other four observers are similar, though somewhat less com-
plete. The appearance of dark Fraunhofer arcs as the crescent became thinner, their
replacement by light arcs at the commencement of totality, the change of the arcs
from the east to the west side, and the reappearance of dark arcs was noted by all.

“The half-plate camera, with diffraction grating, was manipulated by G. Gray,
chief stoker. It was supported on a stand near the finder of the 6-inch prismatic
camera, a portion of the light from the siderostat of that instrument being intercepted
and reflected into the lens of the camera by a right-angle prism. A photographic
diffraction grating was fitted to the front of the Cooke lens of the camera, and the
whole was so arranged as to show three orders of the spectrum above and one below
the image of the sun. Ordinary plates were used, as isochromatic ones of the proper
size were not available. The exposures were made by means of a sliding shutter
fitted in front of the grating. Four plates were exposed, with varying exposures,
namely, 10 secs., 65 secs., 15 secs., about 1 sec. For all the exposures F/A = 65.”

Remarks by Sir NORMAN LOCKYER.

In discussing these observations, it is important to distinguish between rings
produced by the light of the corona and those produced by the succession of promi-
nences which surround the dark moon. An examination of the photographs taken
with the prismatic cameras shows that the conditions with regard to the visibility of
the chromosphere and prominences were as follows :—

During first 30 seconds of totality. . Chromospheric arcs in N.E., prominences
in S.E., NW,, and W.
During next 60 seconds . . . . . No chromospheric arcs visible, but the

succession of prominences appear as
dotted rings.

During last 30 seconds of totality . . Chromospheric arcs in S.W., prominences
in S.E., NW,, N., and E.

The green ring of the corona was visible throughout totality, and must have been
visible to all the observers. Its variation from the fragmentary rings, due to chromo-
sphere and prominences, however, appears to have almost escaped notice. None of
the observations suggest the presence of a red coronal ring, so that there was no
indication of hydrogen in the corona.

The flashing out of bright lines at the commencement and end of totality was
observed, and also the spectrum of the chromosphere and of the largest prominence.
The lines seen in the latter were probably as follows :—
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The appearances described by Mr. MountrrierLp in the middle of totality were
clearly due mainly to the fragmentary rings of prominences which were then visible,
and do not represent the spectrum of the corona. The observations do not give any
information as to the relation of the green coronal ring to the form of the corona, but
information on this point is given by the photographs taken with the prismatic
cameras ; these show that the green ring resembles in form the inner corona, and has
little or no relation to the longer streamers. The photographs taken with the small
camera show the principal chromospheric and prominence lines very distinctly in two
orders of spectra, representing on a small scale what was photographed with the
larger istruments. No. 2 is especially interesting, as showing in one of the first
order spectra a well-defined coronal ring, more refrangible than K, which is probably
identical with the line recorded by Captain Hirrs at X 8801. Traces of other coronal
rings are also seen. The first order spectrum of No. 3 shows an arc of the coronal
ring A 4231 in a position corresponding to the north-western limb of the sun.

The Polariscope.

The instrument employed for observations of polarisation phenomena was that used
by Sir NorMAN LockYER in India in 1871. It consists of a telescope having an
object glass 14 inches in diameter and 14 inches focus, with a double eyepiece ; one
contains a Savart and the other a biquartz. A simple rotation of the eye end sufficed
to readily bring either of the eyepieces into position. The eyepiece of the biquartz,
which was alone employed, gives a magnification of about nine times, and a field of
about two degrees diameter. Dr. NoraN states his results as follows :-—

“With the junction of the crystals vertical the corona was seen of a uniform
bright silvery-steel colour ; the large streamer in the S.W. was followed to its end ; it
became less bright and distinct from the centre. At E.S.E. a prominence was noted,
bright glowing red. The interspaces were seen of a dark leaden blue, and were
uniform.

“On rotating the crystals through 180°%, no change of colour was noted; the
contrast between the colours of the streamers and rifts became more marked, and an
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increase of intensity in the colour of a rift be veen N.W. and N.N.W. was noticed.
Colours, chiefly violet, were noted in the S.W ;‘/ Just at the end of totality.”

Landscape Colours.

Lieutenant DuamorEe has supplied the following statement as to the work in this
section :— |

This party consisted of six—one officer and five men—and was exercised every day
from January 12th to January 21st inclusive.

The period during which the landscape most resembled the landscape of an eclipse
was between 5 and 10 minutes after sunset, and this was the time selected each day
for practice. ' : '

For the eclipse four of the party were stationed on a small hill inside the Fort of
Viziadrug, and one of them was told off’ for each quadrant of the horizon, while the
other two made notes of landscape in all directions from the ““ Melpomene.”

At the beginning of the eclipse little change took place in the appearance of the
landscape. It gradually grew darker till about 5 minutes before totality occurred,
when it appeared as in a very bright moonlight night, and continued so up to the
instant of the commencement of totality. Then the land became a dense black
colour, except the distant hills, which assumed a delicate neutral tint. The heavens
darkened to a very deep blue ; the sky by the horizon became pink and yellow, with
bright blue above the streaks, except in N.W., where a neutral tint appeared under a
yellow streak. The sea changed from a bright greenish-blue to a rich dark blue,
except the calm spots, which were of a very pale blue tint. The wind changed from
east to west at about 8 minutes before totality, it being almost calm during the
phenomenon. There were no clouds.

Landscape Cameras.

A number of ordinary cameras being available, it was determined to utilise them in
attempts to secure records of a variety of phenomena.

Mr. A. W. TurNER, the photographer sent down by the Survey Office at Calcutta,
undertook to give the men the necessary instruction, and himself took charge of one
of the instruments.

A 10” x 8" camera was placed in position to photograph the corona by using a spare
part of the ceelostat mirror, a small diagonal mirror being introduced so that the
camera did not interfere with the coronograph and integrator. Two exposures were
made by Mr. TURNER during totality, one with an exposure of 100 seconds, and the
other with an exposure of 20 seconds. The fong exposure gave an excellent result,
the great streamer in the south-west being depicted through a distance of three lunar
diameters. '

VOL. OXCVIL—A. 2 A
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A 5" x 4" camera, with Zeiss lens, operated by J. Covnring, Chief Stoker, was also
utilised for photographs of the corona. This was fixed in a convenient position, and
had no arrangement for following the sun during exposure. Three exposures of
15 seconds each were made during totality, and one photograph shows very clearly
the form of the corona and the relative lengths of the four streamers. On this
negative the diameter of the sun is 0°05 inch, and the longest streamer, in the south-
west quadrant, extends 0:25 inch from the moon’s limb. Photographically, therefore,
this streamer was five lunar diameters in length. Another exposure of 10 seconds,
5 seconds after totality, shows the crescent strongly solarised, and a faint representa-
tion of the corona on the opposite side.

A 5" x 4" folding Kodak, operated by J. KearNEY, Leading Stoker 1st class, was set
in a position to include the corona and a portion of the wall of the fort in the field of
view. Three exposures were made for periods of 20 seconds each. The first began
just after totality had commenced, and gives a good representation of the corona—
the two longest streamers extending only one lunar diameter. The second photo-
graph shows clearly the lower corona, notwithstanding the fact that part of the sun
had begun to appear. During the third exposure the camera was slightly shaken, so
that the image is duplicated.

Two cameras fitted with instantaneous shutters were set up with the view of
photographing the shadow passing over the landscape in case its boundary should be
sufficiently well defined. One was a 74 X 5, and the other a half-plate, and they
were operated respectively by E. Gynceern, A.B., and H. Carrps, Chief Stoker. It
turned out that the shadow on its approach appeared very gradually, so that the
plates exposed simply resulted in under-exposed photographs of the general landscape
with no features of interest. ‘

The images of the sun seen inside the various observatories which were covered
with matting were so striking throughout the preparations that it was decided to
attempt to photograph them during the partial phases of the eclipse.

A quarter-plate camera for this purpose was accordingly placed in charge of
E. Cross, Leading Stoker 2nd class. A bamboo screen was erected, with its plane
roughly perpendicular to a line directed to the sun, and behind this a white cloth
was spread to receive the images. Three successful exposures were made with this
instrument. o

Shadow Phenomenc.

The party which was organised for the observation of the shadow phenomena other
than the “shadow bands” was in charge of Lieutenant BLACKETT, who reports as
follows :—

“The observers state that the approaching shadow could not be seen, though
carefully watched for. During totality the boat with mast and large flag could
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scarcely be seen ; it was anchored 2 miles off, and the height of the eye above sea-
level was 70 feet.

“The darkness at totality was of about bright twilight. A cool westerly breeze
came in suddenly, which made the air chilly and the temperature fall considerably.”

Observations of Shadow Bands.

Staff-Surgeon Noran, R.N., observed these phenomena with the help of two
assistants. He reports as follows :—

“To observe these a large white tablecloth was spread on a flat piece of ground,
and the corner of a wall which gave two planes at.an angle of about 115° to each
other was whitewashed. The angle of these vertical planes was towards the sun.
Two square heavy rods were also provided, 3 feet long, the centre foot being painted
black, the ends white. These were to indicate the direction in which the shadow-
bands travelled ; they were to be placed on the white sheet parallel to the direction
of the bands, and their exact position afterwards determined. One, marked ¢ Before,’
was to be used before totality, the other, marked ¢ After,” was to be used after. The
black foot in the centre was to assist the eye in estimating the breadth of the
shadows and interspaces.

The bands commenced to appear at 12" 41™ 35,
» ceased s, at the second contact.
s reappeared at the third contact.
. ceased altogether at 12" 51™ 42,

None were observed during totality, though looked for. As they continued to the
very moment of the second -contact, and reappeared as rapidly at the third, it was
thought that possibly the darkness rendered them invisible. ,

“ The Dirvection of Travelling.—The rods showed that the general direction of the
bands before totality was to the west, and the first rod was placed pointing N. 88° W,
but the direction of the course of the bands gradually veered round 40°-45° to the
'south, and remained in this direction for the last two-thirds, or perhaps a little
more, of their duration before totality. It was also noted by Private HesTER, who
was specially told off to observe the direction and place the rods, that for a few
moments before the marked change in direction took place to the south, the bands
seemed to waver and changed towards the north 10°-15° three or four times. The
direction of the bands after totality was to N. 60° K., and was constant. The bands,
therefore, for most of the time before totality, travelled in exactly the opposite
direction to those after totality. This was observed on the white flame, and noted
separately by three observers, S. B. 8. PurkiNaToN, Private HESTER, and myself. In
this connection, note a short report below, given by Mr. MouNTIFIELD, who inci-
dentally observed the bands.

2 A2
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_“ Rate of Movement.—It is certain that the bands increased rapidly in speed from
their first appearance to their disappearance at totality, and decreased as rapidly on
their reappearance till they finally ceased. 5. B.S. PurkiNaToN, who was specially
told off for this observation, states that they moved too rapidly for him to count
them. The other two observers at the white sheet agreed. An observer who noticed
the bands at another part of the camp incidentally gave their speed as 4-6 miles
per hour ; the exact time of this observation is not known accurately ; it was within
10 minutes before totality. Mr. MoUNTIFIELD in his note below seemed to have seen
two sets of shadows ; these were not observed on the sheet at the time of this
observation ; I was employed elsewhere.

“ Width of the Bands.—The three observers at the white sheet agreed in estimating
the bands at & inch to 1} inch broad, with one exception (see later). Also that they
varied considerably, and were broadest at the commencement of their appearance and
when they ceased to appear.

“ Wadth of the Spaces.—The observers agréed that these were very variable, much
larger, 4 to 6 inches, at the first appearance of the bands, and decreasing to totality
when they about equalled the bands. At the end of totality they were small, as at
the commencement of totality, and gradually increased in size until the bands were
actually intermittent. At about 1 minute after totality there was a long inter-
mittency during which a large band, about 2 inches broad, passed by itself in a most
striking manner ; this was noticed separately by each of the three observers.

“ (eneral.—The bands were described as ¢ narrow mottled shadows,” ¢ shadows of
bands of flocculent wool, ‘ripples of smoke, ‘ripples of water, &c. They
appeared at times to break in two.”

Note by Mr. Mounririerp.—“ About 5 seconds after third contact light shadows
were observed of a rippling character, comparing with -waves, the crests being in a
N. and 8. direction, the transverse velocity about 6 miles an hour to westward.
Superposed, appeared to be a much fainter series drifting eastward. Distance from
crest to crest 6 inches to 8 inches. Motion was irregular, as though an oscillating
motion were acting in conjunction with the onward speed of 6 miles an hour.

“In compliance with a request for further information on one or two points, Dr,
Norax states that the bands moved in a direction perpendicular to their lengths, and
that the rods were placed in the direction of motion of the bands—pointing in the
direction towards which the bands travelled one after the other. In order to remove
all ambiguity the accompanying sketch (fig. 5) was appended, in which the arrow
indicates the. direction of the rod, and the parallel lines show the direction of the
bands themselves.”

The following further description of the bands themselves was also given :—-

“The bands were simply narrow bands of shadow, parallel to each other, and
following each other like ripples on water, and seemed to slightly change their
direction, as described in the report, as a whole. The shadows were observed on the
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whitewashed wall, as indeed they were all over the ground, but attention was con-
fined to the sheet.”

Fig. 5. Observations of Shadow Bands.

It is interesting to note further that Staff-engineer KERR draws attention in his
report to the presence of shadow bands during totality, travelling in a westerly
direction.

Kinematograph for Eclipse.

The Marquis of GrAHAM has drawn up the following statement with regard to
the work of this instrument :—

“By the kind permission of Sir NorMAN LockvEer and Captain CHISHOLM-BATTEN
I was allowed to accompany the eclipse party as a volunteer. I therefore took out
with me two kinematographs with which I hoped to secure a record of the eclipse
itself as seen by the eye, and one also of the swoop of the shadow across land
and sea.

“The eclipse kinematograph was provided by Mr. Hircer with a fine photographic
objective 3 inches in diameter and 21 inches focal length. The shutter arrangements
were completely altered in order to suit this large aperture, and this also necessitated
certain alterations in the mechanism for the film. The handle gearing was altered to
provide either for ‘time’ or ‘running’ exposures, and a Thornton-Pickard shutter
was adapted to the lens. Finally a model ceelostat, with a 4-inch speculum, designed
by Mr. FowLER, was provided to reflect the sun’s rays.into the lens during the whole
eclipse. :

“Owing to various delays, I did not receive the instrument until December 9th,
so that preliminary experiments were out of the question. During the voyage to
Colombo, however, both instruments were examined, and many defects came to
light. But for the timely assistance and skill of Mr. Harris, Chief Engineer of the
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¢ Lusitania,” and Mr. RoBertson, Fifth Engineer, the whole undertaking would have
been a disaster from the outset.

“ A very suitable site was allotted for the eclipse kinematograph, and its erection
and adjustment were proceeded with the day after our arrival at Viziadrug.

“ Our plan of work was as follows :—Beginning 5 minutes before first contact, and
continuing to the second contact, exposures were made at the rate of four a minute,
giving 380 pictures in all. From second to third, that is, during totality, twelve
éxposures of 10 seconds each were to be made. At third contact exposures at the
rate of four a minute were to be resumed, and continued until five minutes after
the fourth contact. The estimated total number of exposures was therefore 772,
which would use 52 feet of film on the scale of fifteen photographs per foot.

“On the day of the- eclipse, the kinematograph was firmly screwed to the table
after loading, and, as arranged, work commenced 5 minutes before first contact.
About the time of contact, the shutter broke down and 10 minutes were occupied
in repairing it. A little later the shutter spring broke, and again a few seconds were
lost. All then went well until near the end of the eclipse, when the rubber ball
of the shutter began to work irregularly.

“ As I had no means of developing the films in India, they were sent to London
for development by the Kastman Co. Unfortunately, probably through leakage,
the film was too much fogged to be of any use for the purpose for which it was
intended. At the same time, several parts of the film were clear enough to show
that the exposures had been successfully made, and that the ceelostat performed
its work satisfactorily. With an instrument better adapted to the climate and
with more precautions for keeping out stray light, there is every reason to look
with confidence for a successful result in a future experiment.”

Kinematograph for Shadow.

In his general report, Lord Gramam further states that this instrument was
provided with a new Dallmeyer lens of wide angle, ‘and was set up on three
packing cases filled with stones, resting on one of the outer bastions of the fort.

Seventy-two exposures were made, using 4% feet of film, but as the advent
of the shadow was not strongly marked, the film possesses no feature of interest.

Contact Observations.

In addition to the telescope employed by Sir Norman LockyEer for the observa-
tion of contacts, two smaller instruments, primarily acting as finders for the two
prismatic cameras, were employed for a similar purpose. The telescope working in
connection with the 6-inch prismatic camera was in charge of Lieutenant pr War,
and the time records of the contacts, as indicated by the chronometer, were made
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by Gunner’s Mate C. IronsipEs. The other instrument was in charge of Lieutenant
Percivan Jonus, the times by a deck watch being recorded by A. WiLkIns,
Lieutenant pE WET reports as follows on the instrument and observations :—

“The instrument used for observing the contacts and cusps was a 2-inch telescope,
which acted as finder for and was fed by the same mirror as the 6-inch prismatic
camera. A screen, 10 inches in diameter, formed by pasting paper on a copper disc,
was fixed inside a box in such a way that the disec could be turned round. On
the paper a circle 4 inches in diameter was drawn, and also lines marking 90°
and 45° of arc. This screen was placed in such a position, that, when focussed,
the finder would throw an image coincident with the circle on the screen. It was
calculated that the cusps would form an arc of 90° 25 seconds before totality,
and an arc of 45° 5 seconds before totality, when the 6-inch and 9-inch prismatic
cameras were to commence taking their series of photographs. The observations
of contacts and cusps were very difficult to take accurately, owing to the excessive
‘boiling’ of the sun’s crescent as shown on the screen, especially when nearing
totality. This boiling” seemed to increase simultaneously with the springing up
of the sea breeze.

“The observed times of contact, corrected to local mean time, were :—

Ist contact . . . 21d. 23h. 12m. 3ls.
90° (cusps . .. . 0. 0 45 31
O( ps) Long. of
45 0 0 45 50 ..
q \ Viziadrug
2nd contact 0 0 45 53 Ah. 53m. 165 B
srd 0 0 47 57
ith 0 2 14 30

No separate report has been received from Lieutenant Prrorvarn Jongs, but
shortly after the eclipse a memorandum of the recorded times was made by
“Mr. FowLER. ‘

The two sets of observations, corrected to Greenwich mean time, may be
summarised as follows :—

Phase. DE WET. JONES. Mean.

h., m. s h. m. s h m. s
Ist contact . . . 18 19 156 18 18 50 , 18 19 26
Cusps, 90° .- . . . 19 52 15

T 19 52 34 k

ond contact . . . 19 52 37 19 52 36 19 52 36-5
3rd Lo 19 54 41 19 54 42 19 54 415
4th  ,, L. 21 21 14 21 21 O 21 21 7

It will be seen that, according to Lieutenant pe WET, totality lasted 2 minutes
4 seconds, and according to Lieutenant PErcivar JoNEs 2 minutes 6 seconds.
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The experience gained during this eclipse indicates that the determination of
definite intervals before totality by the observation of the cusps is of great value.

Observations on Natives, Animals, de.

Three observers were told off to note the behaviour of the natives, animals, &ec.,
during the eclipse. The notes were collected by Lieutenant Brackerr, who has
summarised them as follows :—

“The natives, so far as was observed from the fort, were not much disturbed
by the eclipse. They had been previously warned not to light fires, the smoke
of which might interfere with the observations, and also not to make a noise. On
the beach a few—according to a matter-of-fact observer thirteen—ran into the sea,
and bathed, as is their custom on these occasions; they also set up a discordant
yell for 3 minutes. It was ascertained afterwards that a large proportion of the
natives retired to another beach about 3 miles away out of sight and hearing
of the fort, and here, undisturbed by the local police, were able to bathe and howl
ad infingtum.

“This district being particularly devoid of land birds, owing to the barren
nature of the soil, not much was gained from observations, A few small birds
twittered a good deal during the partial phase, and especially about 10 minutes
before totality, but at 7 minutes before totality a sudden silence fell on them all.
Some crows (Corvus hiemalis) were observed to roost, and martins were seen to be
flying unusually high. = Bats were not observed to be disturbed in any way,
though carefully looked for in likely places. A few snakes came out as they
usually do towards dusk.”

A snake was also seen by Mr. BarNETT about 7 minutes before totality.

Lieutenant DuaMoRE states that ¢ the gulls, which seemed somnambulant soon
after first contact, rose at the commencement of totality and flew off silently
towards the light in the south, returning, however, in a few seconds while totality
was still on, and again settling on the water, where they remained until about
45 minutes after, when they grew more lively and commenced fishing operations.
The live-stock on board did not take much apparent notice.”

Observations on animal life, &ec., were also undertaken by Mr. E. H. Arrken,
Assistant Collector of Salt, who was good enough to supply the following notes for
insertion in this Report :— |

“The darkness was neither so intense nor so sudden as I had anticipated, and
the effects which it produced on living things were less striking than those
described in accounts of former eclipses. At 12.40 a cock began to crow, and it
continued doing so at intervals till some minutes after totality was over. Up
to 12.42 kites and swallows were flying about as usual, and little birds of several
species were chattering. I especially noticed the toot of the little barbet, commonly
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known as the ¢ Coppersmith’ (Xantholema), and the shrill cry of the little striped
squirrel.  About 12.45 several butterflies began to settle in sheltered nooks about a
haystack near me, and I saw a pair of kites plainly seeking a place to roost.

“ At this time my attention was attracted by a rapidly undulating shadow on the
ground. The general effect was like that produced by the shadow of hot, ascending
smoke, but more regular. The undulations ran from east to west. I did not at
the time note the apparent distance between them, but should say from memory
that it was about half a foot. I think this lasted till put out by the darkness, but
I am not sure, as I was attending more to other things.

“ During the period of totality I heard the voices of birds, but immediately after
it there was a striking silence for a short time. This was noticed by a friend as
well as myself. Then a large number of crows which had collected to roost in one
tree, after their manner, started into the air with much cawing and flew off, and in
a few moments everything was going on as if nothing had happened.

“ A man whom T set to watch a roosting tree of bee-eaters (Merops) reports that
the birds gathered to the tree as the darkness came on. Amnother reports that the
fowls in his yard went about all the time as if nothing unusual were happening.
A third, who was fortunate enough to find a troop of monkeys (which I had specially
directed them to look for), says that they went about feeding until the darkness
came on, when they stopped suddenly and sat motionless and silent, each in its
place, until the light returned.”

Parr TTL—Sprcrroscoric OBSERVATIONS MADE WITH A 6-INCH SHORT Focus
LeNs AND A GRATING.

By Professor A. PepLEr, F.R.S.

Introductory.

The Government of Bengal, having been informed that Sir Norman LockYER, the
head of one of the Eclipse Expeditions coming from England, would be glad if it
could be arranged that I could be deputed to Viziadrug to help in the observations
of the Total Eclipse of the Sun, permission for my deputation was very kindly and
willingly given. Hence I left Bengal on January 7th, and arrived in Bombay on the
9th, but I was detained there until the 12th in connection with certain arrangements
required by the Expedition.

I left Bombay on the 12th, and arrived at Viziadrug on the 13th of January.

After my arrival, Sir NorMAN LockKYER placed in my charge the 6-inch equa-
torially mounted refracting telescope with a grating spectroscope attached, the Rowland
grating having about 16,000 or 17,000 lines to the inch. This instrument had been
erected in position under the superintendence of Mr, FowLER previous to my arrival.

VOL. OXCVIL—A, 2B
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Four assistants were detailed to help in working the instrument. Mr. Strrr, R.N.,
was deputed to work the fine adjustments of the telescope, so as to bring the desired
portion of the image of the sun on to the slit of the spectroscope. Mr. Ross, who
had helped in the erection of the telescope, was selected as time keeper; VaNsoME
was deputed to have charge of the lamp, and give light when required, and Browx
acted as clerk, and recorded all observations that were dictated to him.

Drills were commenced from the day after my taking over charge of the instru-
ments, and they were repeated five or six times each day so as to give smoothness
and quickness in the work, and confidence to those employed in it.

At Sir NormaN LockyErR's suggestion, it was arranged that during the eclipse an
attempt should be made to repeat certain observations made by him during the total
eclipse of 1882 in Egypt, when what are called the enhanced lines of iron, due to
iron vapours under the influence of exceedingly high temperature (as given by a
powerful spark) were seen short and bright 7 minutes before totality, while 2 minutes
before totality some iron lines usually found in the spectrum of sunspots (i.c., due
to iron vapour in a cooler condition) were observed long and thin.  During totality it
was also arranged to examine the spectrum of the corona, and specially to search for
any evidence of the existence of carbon, iron, magnesium, hydrogen, &ec.

It was arranged that the spectrum of the first order should be worked with, and
it was of course necessary that only a portion of the spectrum should be observed.
The portion selected, which was well visible in the field of the observing telescope of
the spectroscope, included easily from 1474 K to beyond “ F,” both being well within
the field of view.

The Reference Spectrum.

Previous to the instrument being brought out from England, some excellent
photographic reference spectra had been prepared by Mr. FowrLer under Sir NorRMAN
Lockvyer’s direction, and these showed the bands of carbon, the quartette of iron lines
rather less refrangible than F, the triple magnesium lines b, and also F very distinctly.
This reference spectrum was fitted into the eye-piece of the observing telescope of
the spectroscope, and the lines acted as the means for absolutely identifying these
elements should these lines be visible in the corona, and also were used for reference
to decide the position of any other lines which might be observed in this part of the
spectrum.,

Programme of Work.

The spectroscope being rigidly attached to the telescope, it had to remain in one
position in relation to the telescope throughout the time of observation during the
eclipse. Hence the following was the programme of work adopted for the eclipse,
and this programme was practised daily in the numerous drills before the day of the
eclipse.
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At 25 minutes before totality, the image of the crescent of the disappearing sun
was to be thrown by Mr. SteerL, R.N., on the slit of the spectroscope, so that the
north edge of the sun was on the slit, and the cusp just cut the slit, which was
placed almost perpendicularly to the limb of the sun. The cusp was then kept by
the driving clock and by the use of the fine adjustments by Mr. STEEL on the desired
part of the slit until the call of “ totality.” During this period the time keeper, Mr.
Ross, was to give the time, calling 10, 7, 5, 3 and 1 minutes before totality, so that
Brown, the recorder, could note the time against every observation which was made
by myself at the observing telescope, and dictated to him.

At the call of ““ 127 seconds,” or the commencement of totality, Mr. STEEL was to
work the fine adjustments of the telescope to bring the slit of the spectroscope
gradually round the edge of the dark moon, and to place the slit tangentially to the
east of the equator of the sun at a distance of about one-twelfth to one-tenth of the
diameter of the dark moon from its edge. A card with lines marked on it at fixed
distances was placed over the slit of the spectroscope to enable this position to be
judged with considerable accuracy. This one-tenth to one-twelfth of the diameter of
the moon was taken to the position of the ¢ 4nner corona.”

Thirty seconds after, or at 97 seconds call, the slit was to be moved slightly out-
wards from the edge of the moon, so that it was about one-sixth or one-fifth of the
moon’s diameter away from its edge, and this was taken as the position of the * outer
corona.”

At 67 seconds call T was to leave the observing telescope, and Sir NormaN
LockYER was to observe any spectrum of the outer corona from 62 seconds to 32
seconds call, and at 32 seconds call Mr. STEEL again had to move the slit on to the
inner corona within about one-tenth or one-twelfth of the diameter of the moon from
its edge, when Sir NormaN LockyEr would observe the spectrum of the “inner
corona.”

At the call of “totality over,” Mr. StEEL was to place the slit perpendicularly on
the north point of the cusp of the reappearing crescent of the sun, and was to keep it
at the cusp so long as observations were requifed, the calls of time after totality being
similar to those before totality.

Mr. Steer did his work very successfully, and so did all the other three assistants,
and BROWN took down every word I dictated to him. '

The Observations made.

The following is a statement of the notes written down by BrowxN during the
time of observation at the eclipse. These I recopied and made complete on the after-
noon of the day of the eclipse, so that no details should be lost by allowing any
interval of time to elapse between the observations and their full record.

12 hrs. 20 man.—Commenced observing edge of the sun close to the point of
disappearing crescent. Shortly after “F " came into view, bright and short.

2B 2
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12 hirs. 23 man.—F” line bright and short. Confirmed by Sir NorRMAN LOCKYER,
“F” line commenced to extend over bright limb of sun, and continued well visible.

At call—10 manutes before Totality.—“ K7 bright and short, beyond the edge of
moon, “F” becoming much longer; seen clearly also over the bright crescent of the
sun. No other bright lines visible. “F” long and bright.

7 minutes before Totality—F 7 bright and shorter on faint continuous spectrum,
with usual Fraunhofer lines. No other bright lines visible.

Iron lines looked for particularly, but not seen. Carbon-green bands looked for
particularly, but not seen.

“F” can be seen bright on the disappearing crescent of the sun.

“F” becoming decidedly brighter.

“F7” long and bright.

No other bright lines visible.

Call 5 manutes before Totality.— F” bright ; also distinetly bright on crescent of
the sun.

“F” brighter near the sun, also bright beyond the moon. At this time the bright
“¥” line was again confirmed by Sir Norman Lockver, and was the only bright
line seen by him.

4 minutes (about) before Totality.—“ F7 bright and long.

Magnesium (“ b”) distinctly bright.

“F” is much brighter than “0.”

Call 3 minutes before Totality.—-F” bright and long.

Magnesium (b) bright and long.

Magnesium and “ ¥ continue bright and long.

From 2 to 1 minutes before totality close to point of disappearing crescent.

4871 Iron line (ANGSTRGM) rather long and bright.

4890 ) . bright.
4918 ’ " not clearly seen, but apparently a line at that place.
49565, " bright.

Just before call of—

1 minute before totality 1 saw 4871, 4890, and 4956°5 iron lines distinctly bright at
point of disappearing crescent of sun. No enhanced iron lines at 4924 and 5018
could be seen.

At call 1 minute before totality 1 reported “ F” continues very bright.

Call of “Go” jfor totality, or 127 seconds call, the slit was removed from its
former position, and placed tangentially on the ““inner” corona east of equator of the
sun by Mr. Steern.  In passing along the edge of the dark moon eight or nine bright
lines at least flashed into the spectrum between “F” and “b,” most of them being in
the half of the field nearer to “F.” They were, however, visible for only a few
seconds, and appeared to ““flash” in rather than remain steady, and they practically
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disappeared when the slit was brought to rest on the inner corona. No measure-
ments could therefore be made with the reference spectrum. When at rest on the
inner corona in the spectrum, “ F'” was seen long and bright ; 1474 K (judged by iron
lines 5323 and 5327 in reference spectrum) longer and brighter than “F)” and
practically filled the whole length of the slit ; four, or possibly five, bright lines very
feeble, very close to, if not identical with, the positions of iron quartette, but not
sufficiently bright to measure very accurately, and there was not sufficient light to
give very good indications of the reference spectrum. I could see no enhanced iron
lines. No carbon bands were visible.

At 97 seconds call, Mr. SteeL put slit tangentially on “outer” corona east of
equator, when “ I' 7 was seen ilong and fairly bright ; 1474 K was seen long and bright ;
“b” was seen very faint, with a faint continuous spectrum. No carbon bands were
visible. No iron lines were visible.

At 67 to 62 seconds call, I gave place to Sir NorMAN LockYER, who reported he
was unable to detect any lines in the spectrum.

47 seconds call.—Again took my place at the spectroscope. Slit still on “ outer”
corona, east of equator of sun, and I reported no spectrum visible.

Afterwards, faint continuous spectrum, too feeble to make any measurements.

32 seconds call.—Slit placed tangentially on “inner” corona (east of equator of
sun). I ” line long and bright ; 1474 K line longer and brighter than “F.”

Iron lines looked for, but not visible.

Carbon bands looked for, but not visible.

17 seconds call.—Slit placed tangentially on ““inner” corona® (east of equator of
sun). Only “F” and 1474 K visible.

Iron lines looked for, but none visible.

Carbon bands looked for, but none visible.

Call “ Totaluty over.”—Slit placed perpendicularly at north edge of the reappearing
crescent of the sun.

“F” long and bright.

Magnesium (b ”) rather long and bright.

No carbon bands visible.

No iron lines visible. -

Call 1 minute after totality.—— Working near the point of the crescent,.

“F7” long and bright.

Magnesium (““0”) bright.

1474 K rather faint.

Carbon bands looked for, but none visible. 4871, 4890, 49565 (ANGSTROM) Lines
of iron flashed in. A bright iron line about 49565 of iron (ANesTROM) distinctly
bright. '

* In this case the position of the slit must have been outside that occupied at the commencement of
totality.
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About 2 manutes after totality.—“F” long and bright.

Magnesium (““b”) short and bright.

Call 38 minutes after totality.—Only continuous spectrum with Fraunhofer lines.

Call 5 minutes after totality.—Ordinary continuous spectrum, with dark lines
“F” again coming in brightly for a short time.

Call T minutes after totalety.—* F” bright but faint, and very short.

No other bright lines.

Only ordinary continuous spectrum with Fraunhofer lines.

Note.—The portion of the spectrum observed was from “F” to just beyond
“1474 KV

It will therefore be seen that in the spectrum of the corona the arc lines of iron
were seen, and also magnesium and hydrogen, together with the coronal line 1474 K,
all of them bright. On the other hand, I was unable to repeat the observations made
by Sir NorMaN LockYER in the eclipse of 1882, A further point which may be
noticed is that I was able to observe distinctly the coronal line 1474 K bright beyond
the cusp of the sun one minute after totality. No carbon bands could be detected at
any time.

Remarks on the Observations.

The preceding observations of bright lines may be conveniently summarised as

follows :—
10 min.—4 min. . . . . I
At cusp before totality{ 4 min.~-2 min. . . . . 1,0
‘ 2 min.~1 min. . . . . I,J Fearc quartette.
Chromosphere . . . Beginning of totality . . . 8 or 9 bright lines between F and .

Inner corona (3" from [ About 120-97 secs. calls by I, 1474 K, and 4 or 5 feeble lines,

eastern-limb) time keeper. possibly identical with iron quartette.
Signal.
Outer corona (16" from [ 97-67. . . . . . . . I 1474 K, trace of .
castern limb) 67-47. . . . . . . . No lines seen.
Inner corona (3’ from [32-17. . . . . . . . I, 474 K
eastern limb) 17— . . . . . . . . F 1474 K, no Fe lines.
[0min~1 min. . . . . . Kb
. | 1 min.-2 min. . . .. B, b, 1474 K, three members of iron
Cusp after totality . .4
quartette.
(2 min-3 min. . . . . . K0

As regards the attempt to repeat the observations of 1882, it may be remarked
that the want of complete success was probably due to faintness of the spectrum as
seen with a grating, and the difficulty of observing the shorter lines in consequence of
the small size of the image projected on the slit. So far as they go, however, the
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observations are in accordance with those of 1882. Thus, at 7 minutes before
totality in 1882, in the region of the iron quartette to which reference is frequently
made, short lines were noted at 4924 and 4934, and at three minutes before totality
only 4957 was added as a line of moderate length ; these may be supposed to have
escaped my notice at the corresponding intervals from totality on account of their
shortness. At 2 minutes before totality in 1882 the same lines were observed with
the addition of long and fainter lines of the other three members of the arc quartette
at 4872, 4891, 4919, and a titanium line at 4933 ; with the exception of the titanium
line, therefore, my observation of the arc quartette at 2 minutes to 1 minute before
totality agrees, supposing that I was only able to see the longer lines.

In the chromosphere as ordinarily observed, and as photographed with the
prismatic camera, the enhanced Fe lines 4924 and 5018, and the Ba line at 4934, are
more easily visible than the arc quartette, and it thus results that the arc quartette as
observed before totality by me in 1898 and by Sir NorMAN LOCKYER in 1882,
proceeds not from the chromosphere, but from a region above it.

In connection with the observations during totality, it must be remembered that
when a slit spectroscope is employed, lines may appear in the coronal spectrum which
belong only to the chromosphere and prominences, on account of the light being
scattered by our atmosphere.

The brightest chromospheric lines in the F-b region are those of iron at 4924 and
5016, and the barium line at 4934. These were, no doubt, among the lines which I
observed at the beginning of totality, and are the lines which I should have seen in
the inner corona if the lines noted were due to glare. As 1 did not see these lines, it
would appear that glare was ineffective except in the case of F and b, and that the
lines which I saw between F and b really belong to the corona. Here, again, we have
an indication that the region above the chromosphere shows cool lines of iron, and, in
connection with other lines of inquiry, this points to a region above the chromosphere
as the source of some of the Fraunhofer absorption.

Parr IV.—TaEe PrismaTic CAMERAS.

By Sir NorMaN Lockver, K.C.B., F.R.S.

The Instruments employed and Photographs obtained.
The Instruments employed.

The success which attended the use of the prismatic cameras in the eclipses
of 1893% and 1896, led me to attempt to obtain photographs on a still larger
scale in the eclipse of 1898. Two instruments were employed on this occasion,

% ¢ Phil. Trans.,” A, vol. 187 (1896), pp. 551-618.
+ ¢Phil. Trans.,” A, vol. 189 (1897), pp. 259-263.
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each more powerful than any previously used. One of them had an aperture
of 6 inches, and a focal length of 90 inches, with two prisms of 45° each; the
other had an aperture of 9 inches, and a focal length of 120 inches, with one prism
of 45° Both were fixed, and sunlight was reflected into them hy siderostats.
The 6-inch instrument was placed in a horizontal position, but the 9-inch was set
up at such an angle that the direction of the moon’s motion across the sun was
coincident with the direction of dispersion.

To obtain this result in the case of the 9-inch instrument, the position of the
telescope was previously carefully calculated by Dr. LockYER, and it was found that to
gain the desired object, the tube had to be deviated 28° to the east side of the meridian,
depressed at the object glass end 24° 40, and twisted about its optical axis 41° in
the opposite direction to the hands of a watch. To secure this accurate position at
the eclipse camp, suitable packing cases were chosen and special wocden tops were
made, the whole being erected at Kensington previous to its departurve for India.
For the information of future observers, the following diagram (fig. 6), is given
showing a perspective view of the method of supporting the square tube,
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Fig. 6. Tlustrating position of 9-inch prismatic camera.
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In each case, some of the spare light from the mirror was utilized for a small
telescope adjusted to act as a finder to the prismatic camera. The one used with
the 9-inch instrument was arranged to view the image directly with an eye-piece,
but that employed with the 6-inch was arranged to give an enlarged image on a
white screen.

Each instrument was provided with plateholders similar to those employed in
Brazil in 1893.* Four slides were used with the 6-inch, two holding plates
12”7 x 107, and two holding four plates each 12” x 2”. For the 9-inch two of the
plateholders carried plates 16” X 64", and three carried three plates each 657 x 2”.

The instruments were focussed by taking trial photographs of stellar spectra.

Mr. Fowrer and Dr. LockyEer, who were in charge of the 6-inch and 9-inch
respectively, were each assisted by a number of volunteers from H.M.S. “Melpomene,”
who were distributed as follows :—

6-inch. 9-inch.

In charge of finder and} Lieutenant DE WET, R.N.  Lieutenant PERCIVAL JoNES, R.N.R.

chronometer . . . .

In charge of siderostat and} J. TURNER, L.L ‘W. Bray, Ch. Arm.
to make exposures . .
Recorder of exposures . .  C. IRonsIDES, G.M. A. Ramace, A.B., L.LT.O
To hand and receive dark) T.BrApiNG, A.B. A. WiLKINS, Shipwright.
glides . . . . . .J J. INNEs, AB. E. Asurorp, A.B.
F. FexTON, A.B.
In charge of lamp . . . E.Sact, Boy, st Class. A. CARR, Boy, 1st Class.

The duty of the observer in charge of the finder was to keep the image in the
centre of the field of view, which corresponded by previous adjustment with the
centre of the plate in the prismatic camera ; records of the moments of contact
were also made. '

The exposures were made by means of a piece of cardhoard which was used to
cover or uncover the front of the prism from directions given by Mr. FowLEr and
Dr. LockYER respectively.

In the two prismatic cameras fifty-seven photographs were secured, the exposures
varying from 1 to 50 seconds. Such a result as this could only be obtained by a
minute subdivision of labour.

Local Conditions of FEclipse as affecting the Prismatic Cameras.

The small difference in the apparent diameters of the sun and moon (see
Part 1., p. 156) was a very favourable circumstance in connection with the work
of the prismatic cameras relating to the chromospheric spectrum, for the reason that
the arcs of chromosphere visible at the beginning and end of totality would be

* ¢ Phil. Trans.,” A, vol. 187 (1896), p. 571,
VOL, CXCVIL—A. 2¢
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comparatively long ones. A layer 10 inches in depth, for example, would be exposed
over a length of 112° at the instant of contact, and a layer 1 inch in depth over a
length of 34°,

saleulations showed that, after reflection from the mirror of a siderostat along a
horizontal meridian line, the north point of the sun’s axis, as seen by an observer
looking into the mirror, would be 7° 13" to the left of the top of the image ; the
east and west points were to the right and left respectively.

It was evident then that with dispersion in a horizontal direction there would
be a little overlapping of adjacent chromospheric aves, but still it was considered
desivable that in one of the instruments at least the dispersion should be arranged
s0 as to give the ares quite symmetrical,

Photographs taken with the 6-inch Prismatic Camera.

Mr. Fowrer’s programme was to begin taking a series of ten snapshot pictures
5 seconds before the commencement of totality, to obtain a record every second or
thereabouts of the spectrum of the chromosphere. After this he exposed eight
other plates to secure photographs of the coronal rings, the exposures being of various
lengths. It was also arranged that at 5 seconds before the end of totality he
should commence another series of ten snapshots, exposing the last of these some
few seconds after totality., The actual times of exposure, &c., are shown in the
following table :—

TABLE of Exposures for 6-inch Prismatic Camera.

|
) . " G.M.T. of expo- { S .
Number. Kind of plate. sure, A‘M’p Sxposure. | Remarks.
JEU— LT S — S— Y JEE—— - — \A-v S ——— S —— [
h. m. s,
1o« EpwArDS’ snapshot, isochromatic 7 52 35 Inst.
b b2l bR %Y 36 b2}
4 3 bR 3 37 93
d 3 b2l 12 38 1"
4 b3 3 % 40 "
f » ’ 41 ” Beginning of totality.
.{/ 9 19 b 12 )
]L 3 3 E34 4:3 99
k 99 iR i) 45 1
l » » k3] 46 3
9 EDpwWARDS’ snapshot, isochromatic { 7 52 50 }50 secs. | Slide changed.
to 53 40 T
) " ’ " 7 53 41 Inst. |
¢ { 753 4 } 6 secs
33 b3 9 t() 50 .
d . " ” T 53 51 Inst.
I B e I |
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TaBLE of Exposures for 6-inch Prismatic Camera—continued.

G.M.T. of expo-
sure, A.M.

Number. Kind of plate. Exposure. Remarks.

h. m., s,

_ . 53 b8 .
3. a Lumiére . 54 10 }12 secs.

0
) T 54 11 Inst.
7

¢ ” """"‘{to pd ég }7secs.
{ A

Slide changed.

d 7 54 22

4.« Lumiére . . . . . . . . . T 54 42 Inst. Slide changed.
' 45 ,, End of totality.

~IN DY MY L o
e
©

On developing the plates it was found that everything had gone satisfactorily.
The large plates containing the ten snapshots give the whole story of the chromo-
sphere during 12 seconds, the time taken to make the ten exposures.

The last set of ten exposures did not come out quite as expected, for the reason
that the duration of totality was a few seconds shorter than had been provided for
in the time-table, so that only two of the exposures were made before the end
of totality. The very last exposure, however, taken about 8 seconds after totality,
shows many bright lines.

Some of the more important photographs are reproduced, without enlargement,
in Plates 6 and 7. Plate 6 shows the series of ten exposures taken near the
beginning of totality ; the diagonal streak of light is due to a leak in the plate-
holder, which did not exist on the day preceding the eclipse, when all the slides
were tested. Plate 7 includes photographs 2¢, and 3d; in each case the brightest
and most conspicuous features are the images of the chromosphere and prominences,
while the rings representing the spectrum of the corona are relatively faint.

The succession of changes in the spectra throughout the eclipse requires but little
explanation. In the first few exposures (top of Plate 6) the bands of apparently
continuous spectrum were produced by the last remaining parts of the visible crescent,
which was broken up by the irregularities of the moon’s limb ; in these bands the
Fraunhofer lines are clearly seen in the region more refrangible than K, but in the
violet and blue the Fraunhofer lines are not seen, probably in consequence of over-

202
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exposure. These bands gradually disappeared as totality approached, and the
spectrum of the chromosphere, which before showed its bright lines as short ares at
the cusps, then exhibits them as complete arcs broken up by the lunar irregularities.
Later, the spectrum of the upper chromosphere appears alone, the lines being then
relatively few in number (bottom of Plate 6).

As the middle of totality approaches, the chromospheric arcs lose their importance,
and the principal features of the spectra then are the continuous spectrum of the
corona and the coronal rings; at this time relatively long exposures are required to
secure adequate photographic records. The continuous spectrum is not of uniform
intensity on account of the unequal distribution of coronal light round the limb
(Plate 7).

As the end of totality approaches, the chromospheric ares reappear, now in the
part corresponding to the sun’s south-western limb, and the phenomena shown on
Plate 6 are repeated in inverse order. It has not been thought necessary to reproduce
the ten photographs taken at these stages.

The prominences visible throughout the eclipse were neither large nor numerous,
and their spectra show comparatively few lines. One, in the south-east quadrant,
appears in all the photographs.

The principles governing the interpretation of photographs taken by the prismatic
camera, both in and out of totality, are fully described in my report of the photo-
graphs obtained in 1893.*

Photographs taken with the 9-inch Prismatic Camera.

The programme adopted was similar to that of the 6-inch, there being two large
plates (16 X 6%) for recording a series of ten snapshots at and near the times of
second and third contacts, and nine smaller plates for exposure during totality. All
the exposures were successfully made, but the lines in the spectrum are not very
sharp, owing to warping of the wooden tube by the heat and the consequent disturb-
ance of the focus.

As has been previously stated, this instrument was so mounted that the arcs should
appear symmetrical about the direction of dispersion. It is satisfactory to state that
the photographs showed that the experiment was very successful, the arcs coming out
exactly as calculated. Although this instrument was capable of only giving about
half the dispersion of the 6-inch, the optical parts were better adapted for recording
the ultra-violet region of the spectrum.

Particulars as to the photographs taken are given in the following table :—

* <Phil. Trans.,” A, vol. 187 (1896), pp. 551-618.
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TasrLe oF Exposures for 9-inch Prismatic Camera.

7 . G.M.T. of expo- S |
Number, Kind of plate. suTe, ALM. Eixposure. Remarks.
h. m. s
I a Lumiére 7 52 355 Inst.
b » 375 »
¢ »” 385 5
d 1 395 T
¢ » 405 »
, Beginning of totality.
f ”» 42-5 »
g ”» 44-5 »
h » 455 »
/é ” 46 ) 5 b2
k ” 485 »
1o, L 4 N
1L « Lumiére 7 5))3 51;} 10 secs. Slide changed.
15 . 0 } 2
¢ ” 7 53 165 Inst.
IIL. o Lumiére 7 53 g% g} 4 secs. Slide changed.
b Edwards 7 53 285 36
54 45 } >
¢ ”» 7 54 65 Inst.
IV. a Edwards 7 b4 10:5} 4 socs Slide ‘changed.
b Ry
54 45 } 36
¢ ”» 7 54 375 Inst
V.a Edwards 7 54 43'5 Inst. Slide changed.
b ”» 45°5 ”»
End of totality.
¢ ) 46°5 )
d N 475 N
e ' 48-5 '
f ” 49-5 »
g ”» 505 ”»
) ., 515 .
? i 525 3
L b2 54 ' 5 I

The photographs show the same succession of phenomena as those taken with the
6-inch, the chief differences being that the diameter of the rings is in greater propor-
tion to the length of the spectrum, and that the chromospheric arcs are symmetrical.
The series of ten spectra taken near the beginning of totality is reproduced without
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enlargement in Plate 8. Two other spectra taken with longer exposure nearer mid-
eclipse are reproduced in Plate 7, namely, photographs 2a and 40.

Repucrion oF tHE PHOTOGRAPHS.
The Determanation of Wawe-lengths of Chromospheric Lines.

When we come to determine the wave-lengths of lines in a spectrum of the
eclipsed sun, taken by means of a prismatic camera, it is found that the problem is not
quite the same as in the case of the slit spectroscope, in which care must always be
taken only to utilise the centre of each of the lines for micrometric measurements, no
matter how broad they may be.

In the prismatic camera pictures, in which arcs take the place of lines, not only
must great care be taken to measure the distance between them in the direction of
dispersion, but these measurements must always be made from the side representing
the limb of the moon. Now the question has arisen, does the inner portion of these
arcs in all cases represent the limb of the dark moon? 1If it does, then all measure-
ments for wave-length made from it would be correct.

[ have shown previously* that there may exist arcs which would be brighter some
distance from the moon’s limb, and these would decrease in intensity as this limb
was approached, such an arc being due to a shell of vapour concentric with the photo-
sphere, but some distance from it. It is quite easy to understand that a photograph
of such an arc, especially if it were under-exposed, would give us a record of the
brightest part of the arc in the line of sight, but this fainter portion extending down
to the dark moon would be missing.

In such a case the measurements for wave-length made from the inner edge would
not then be justifiable, and if the arc in question were of unknown origin, its deduced
wave-length would be, and the suggested origin might be, erroneous. Theoretically
all ares which represent layers high up above the photosphere should be more intense
where the line of sight of the observer meets the layer in question tangentially. Thus
arcs that represent layers which are lowest should be brightest nearer the moon’s
limb, while the opposite should be the case with those at higher levels.

It appears, however, from the photographs taken during the last three eclipses that
such a gradation of light has not been recorded, but this is owing probably to the
small size of the solar image used.

An idea of the sizes in the 6-inch and 9-inch prismatic cameras, and the thickness
of some of the arcs, may be of interest in this place. In these two cameras the solar
images were 0°85 and 1°12 inches in diameter respectively. Considering a layer at
the sun to extend 5000 miles above the photosphere, this is equivalent at the mean
distance of the sun to 11°1 seconds of arc; taking the sun’s diameter as subtending
an angle of 32" 8”6, then the ratio of this layer to the diameter is as 111 to 19236,

* ¢Roy. Soc. Proc.,” vol. 187, p. 587,
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which is as 1 to 173'2. The image of the sun in the 6-inch prismatic camera being
0°85 inch, this layer would be represented at the moment of totality by an arc equal
in thickness to '0045 inch, or nearly one two-hundredth of an inch. In the 9-inch
prismatic camera its breadth would be ‘006 inch. In the case of the G-inch spectra
a displacement of z55th of an inch corresponds at Hy to a shift of 1:2 tenth-metres,
while in the case of the 9-inch spectra the corresponding shift would be smaller. As
the majority of the chromosphere vapours do not reach so high as 1000 miles above
the photosphere, as indicated by the lengths of the arcs, the possible displacements due
to the above cause are generally too small to be taken into account. Distinct displace-
ments, however, have been noted in some of the arcs of helium and carbon, and in
these cases the known wave-lengths have been adopted.

Another possibility of error is introduced in the case ot the brightest arcs by
irradiation. The depth of the hydrogen stratum, for example, as indicated by the
thickness of F(HP) arc is in some cases nearly three times as great as that indicated
by the length of the arc. Accordingly if the arc be supposed to have expanded
equally in both directions, the true position of the moon’s edge will be nearly one-third
the thickness of the arc from its inner edge. For this reason the hydrogen arcs
HRB, Hy, HS, He, as well as the K line of calcium, have not been used as fiducial lines
in reducing the chromospheric spectra. The ultra-violet series of hydrogen lines,
however, are much finer, and have been used for plotting the curve for the reduction
of that part of the spectrum.

The actual procedure was as follows -

For the purpose of reduction the spectrum has been divided into two parts, one
extending from He in the red to A 3900 in the violet, and the other from X 3900 to the
limit of the photographic impressions in the ultra-violet, about N 3663.

Tn the first part the wave-lengths were determined by direct comparison with a
photograph of the solar spectrum taken with the same instrument provided with a slit
and collimator, the latter being a 4-inch Cooke triplet of 6 feet focal length.

For the ultra-violet part of the spectrum, this direct method could not be used, as
in consequence of the absorption of ultra-violet rays by the dense prisms, satisfactory
photographs of the solar spectrum beyond X 3900 could not be obtained. Some
of the photographs of metallic arc spectra, however, show a considerable number of
lines in this part of the spectrum, and these have been used to confirm wave-lengths
determined in other ways. In the first instance, the wave-lengths were determined
by the use of an interpolation curve, adopting well-known lines of hydrogen, titanium,
magnesium, and iron as fiducial points. Besides this, Dr. HARTMANN'S interpolation
formula for prismatic spectra® has been employed for the reduction of the ultra-violet
part of the spectrum. The wave-lengths adopted for the ultra-violet hydrogen
lines H{ to Hy are those of Ames,T from HE to Hp.

% « Publicationen des Astrophysikalischen Observatoriums zu Potsdam,” No. 42, vol. 12, 1898.
+ ¢ Phil. Mag.,” vol. 30, 1890, p. 33.
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Hare's* values have been assumed. The values of the lines Ho to Hy are those
computed from the measurements of the photographs: these agree closely with those
deduced from Barmer’'s law.  The direct measures of the lines for the use of both
interpolation curve and formula were made by means of an ivory scale divided to y§gth
of an inch. The positions of the fiducial lines for the interpolation formula were
checked with a stage micrometer reading to ygggoth of an inch, but the majority of
the lines were too broad or too faint to permit the use of this instrument with satis-
factory results in all cases. The reduction of the wave-lengths of the lines and the
assignment of origins were, in the region between 3900 and D, mainly done by
Mr. Baxanparnn,  For the region more refrangible than 3900 Mr. SHACKLETON is
chiefly responsible.

Determination of the Wave-lengths of Coronal Rings.

The wave-lengths of the coronal rings have been determined by direct comparison
with a photograph of the solar spectrum on the same scale, utilising the well-known
lines of the chromosphere and prominences for properly superposing the photographs.
In the case of the coronal rings, the wave-lengths may be affected in the same way
as those of the chromospheric arcs, it all the radiations are not photographed quite
down to the moon’s edge, and an additional slight error may be introduced by the
movement of the moon during the comparatively long exposures required to photo-
graph some of the rings. One cannot be certain that the inner edge of the ring
corresponds to the same position of the moon’s edge as that adopted in the case
of the chromospheric arcs used as references, since the chromospheric arcs are bright
enough to register their total thickness in view, throughout the exposure, while the
fainter coronal rings might only be shown in those parts having the maximum
exposure. Thus, in Photograph 2e of the 6-inch sevies, which was exposed for
50 seconds, the movement of the moon relatively to the sun during the exposure
would be 1875, corresponding at Hy to a displacement in wave-length of nearly
two tenth-metres. The measured wave-length of a line will be different, according as
the inner edge is taken to represent the moon’s position at the beginning or end
of the exposure, the inner edges of the chromospheric ares at this stage representing
essentially the moon’s position at the beginning of the exposure. It is probable that
the inner edge of a photographed ring will correspond to the positions of the moon at
gsome time intermediate between the beginning and end of the exposure, so that the
error, even in the case of an exposwre as long as 50 seconds, would not amount
to two tenth-metres. The more useful exposures for coronal rings were those of 6 to
8 seconds, and in these the possible errors due to the moon’s motion will be smaller
than those which may be introduced by imperfect settings on such indistinct appear-
ances as those presented by most of the coronal rings. Ience no attempt has been
made to make such corrections of the wave-lengths.

* ¢ Astro-Phys. Jour.,” vol. 11 (1892), p. 618
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Determination of Origins.

In the report on the eclipse of 1893, to which reference has already been made, 1
pointed out, p. 557, that the chemical part of the investigation could not be satis-
factorily conducted until much more inquiry had been made, ““(a) into the old
observations, (D) into the spectra of stars and nebulee, and (c¢) into certain questions
for which new observations are necessary.” Since 1896 great progress has been made
in our knowledge of the spectra of the heavenly bodies, and of the changes in the
spectra of chemical substances with different conditions of temperature, and the
chemical part of the inquiry is now placed on a much firmer basis.

The origins of the various lines have been determined partly by direct comparison
with the arc and spark spectra of the elements, photographed with the same
instrument fitted with a collimator, as described above, and where such comparison
spectra were not available by reference to existing records of the arc and spark lines
of the elements. The list of chromospheric lines has also been compared with the
lists (published and unpublished) of enhanced lines of many of the elements observed
at Kensington.

Tue SrrcriuM oF THE CHROMOSPHERE.
Distrabution of Substances in the Chromosphere.

I first deal with the determination of the heights of the various absorbing vapours
so far as they can be gathered from the photographs, which, of course, only record for
us the brightest lower portions of the different arcs, and not their complete extension.

The following table shows the results obtained in the case of some of the most
typical lines :—

Height.
Lines. Length
of arcs.
In miles. In secs. of arc.

Ca(K). . . . . o180 6000 133
Hydrogen . . . . . . . . . . . . . .. 112° 4500 10-0
He 447125 . . . . . . . . . . . . . . . 105° 4000 89
He 4026-3; Sr 40779, 421566 . . . . . . . . 86° 2700 6-0
Ca 42269 ; Sc 4247 . . . 794" 92000 44

Mg ultra-violet triplet } }

Fe triplet (4045) . . T

Strongest arc lines (4307 96 4325° 92 &c) o } 60° 1450 3-2
Al 3944:16 and 396167 . . . o

Fe enhanced lines 4584, 4233 . T o .
Mn quartet (4030-9, &e. ) . } 51 1100 24
Fe enhanced quartet (45623-0, &e. ) and many other lines 40° 650 1-4
Carbon fluting and many hnes, mcludmg some arc lines

ofiron. . . . . . . . e e 35° 475 1:05

VOL. CXCVIL—A., 2 D
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A very noticeable feature of the chromospheric spectra, which the photographs
enable us to investigate at different elevations, is the difference in the behaviour of
the gaseous and metallic lines. In the spectrum taken very near the moment
of second contact, representing that of the lower strata with the spectra of higher
ones superposed, the metallic arcs are relatively short and very bright, while in
later photographs representing the spectra of successively higher strata free from
admixture with lower ones, the metallic arcs are relatively feeble. This is also
indicated in another way by the varying effects seen over the tops of lunar mountains
and through indentations in the moon’s limb.

Some of the lines are seen to be relatively much brighter in the upper strata than
in the lower, such lines showing no notable increase of brightness at the points where
lower strata are revealed through lunar valleys. Chief among these lines are those
of hydrogen, helium, and calcium (H and K), but there is an additional line at
wave-length 46862 or thereabouts, which behaves in the same way.

This line does not appear in Youne’s list of chromospheric lines, and all attempts
to trace it in known spectra have failed. A line apparently coincident with it,
however, has been found in the photographed spectrum of a tube containing helium,
which is one of the series of comparison spectra taken with the 6-inch prismatic
camera to facilitate the reduction of the eclipse photographs.

The only recognised impurity in the vacuum tube used is oxygen, but besides the
line to which reference has been made, there are a few faint lines for which no origins
can at present be assigned. |

It is worthy of remark that this line falls very near to the first line of the principal
series in the spectrum of hydrogen, recently calculated by RyDBERG to have a wave-
length of 4687-88.*

.Fig 7. Comparison of Chromosphere and Carbon Fluting at A 3883.

* ¢ Astio-Phys. Jour.,” vol. 6, p. 237.
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Among the shortest ares are those corresponding to the carbon group at X 3883.
The perfect correspondence of the five heads of the carbon band with the chromo-
spheric arcs is demonstrated by the comparison given in fig. 7, in which the
coincidences of K and a few other lines are also shown.

Comparison of Chromospheric and Fraunhofer Lines.

As in the case of the photographs taken with the prismatic cameras in 1893 and
1896, the spectrum of the chromosphere in 1898 is very different from the Fraunhofer
spectrum, so that we have not to deal with a mere reversal of the dark lines of ordinary
sunlight into bright ones. (See fig. 8.)

Many very strong chromospheric lines, as the helium lines for example, are not
represented among the Fraunhofer lines, while many Fraunhofer lines are absent from
the chromospheric spectrum.

He K He _ H H,

c Ca ca g : CA Fr
Fig. 8. Spectrum of Chromosphere as photographed during Eelipse compared with Fraunhofer lines.

The conclusion at which I had already arrived, that the chromosphere is not the
seat of the Fraunhofer absorption, thus receives further confirmation.

Table of Chromospheric Radiations.

A complete list of the lines which have been measured in the spectrum of the
chromosphere, with their origins, so far as they have at present been investigated, is
given in the table at the end of this report.

The distribution of the lines throughout the spectrum may be summarised as

follows ;—-

|
=)
O
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More refrangible than K . .. . 265

KtoHy. . . . . . . . . . 190
HytoHB . . . . . . . . . 178
HBtoD. . . . . . . . . . 2238

Total number . . . 856

The intensities are on a scale such that 10 indicates the strongest and 1 the
faintest lines.

The suggested origing have been tabulated i two columus, one in which there is
considerable certainty as to the origins suggested, and the other in which the evidence
is not so complete. The general results with regard to the origins of' the chromo-
spheric lines are indicated by the following table,

TaBLE showing the probable Presence or Absence of' some of the Chemical Elements
in the Chromosphere.

‘Whether any of the Whether any of the
Element strongest arc lines ave enhanced lines are
) represented in the represented in the
chromospheric spectrun. chromospheric spectrum.
Aluminium . Yes Doubtful
Antimony No Not investigated
Arsenic . No arc lines to compare ; Not investigated
Barinm Yes Not investigated
Bismuth . No Doubtful
Boron No are record No enhanced lines to compare
Cadmium No Not investigated
Ceesium . No Doubtful
Caleium . Yes Yes
Carbon Yes Doubtful
Cerium Doubtful Not investigated
Chromium Yes Yes
Cobalt Doubtful Doubtful
Copper Doubttul Doubtful
(zold . No Doubtful
Indium Doubtful Doubtful
Iridium . No Not investigated
Iron . Yes Yes
Lanthanum . Doubtful ! No
Lead . . Doubtful Doubtful
Lithium . Doubtful No enhanced lines to compare
Magnesinm . Yes Doubtful
Manganese . Yes Yes
Mercury . No Not investigated
Molybdenum Doubtful Doubtful
Nickel Yes Yes
Osmium . No No enhanced lines to compare
Palladium No No enhanced lines to compare
Platinum No Not investigated
Potassium Doubtful Doubtful
Rhodium Doubtful - No enhanced lines to compare
Rubidium Doubtful Doubtful
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TaBLE showing the Probable Presence or Absence of some of the Chemical Elements
in the Chromosphere—continued.

Whether any of the Whether any of the
Flement “strongest arc lines are enhanced lines are
' represented in the represented in the
chromospheric spectrum. chromospheric spectrum.
Ruthenium . No Doubtful
Scandium Yes Enhanced lines not investigated
Selenium No are record Enhanced lines not investigated
Silicon No Doubtful
Silver No Not investigated
Sodium . Yes No enhanced lines to compare
Strontium Yes Yes
Tantalum Doubtful No enhanced lines to compare
Tellurium No arc record Not investigated
Thallium No Doubtful
Thorium . .| No Not investigated
Tin | No Doubtful
Titanium Yes Yes
Tungsten No Doubtful
Uranium No are record Not investigated
Vanadium Doubtful Yes
Yttrium . No Doubtful
Zinc . No Doubtful
Zirconium No Doubtful

The word ““ doubtful ” signifies that though some of the lines agree approximately
in position with chromospheric lines, there is considerable doubt as to whether such
lines are really due to the presence of the element in question in the chromosphere.
In the tables, coincidences with enhanced lines are indicated by the prefix p, signifying
the presence of the corresponding ¢ proto-metal” ; thus p Ti indicates a coincidence
with an enhanced line of titanium.

Tue SPECTRUM oOF THE CORONA.
Differentiation of Coronal Rings.

One of the chief results which, in my opinion, would be secured by the use of the
prismatic camera in eclipse work was the differentiation between chromospheric and
coronal phenomena. The photographs taken during the eclipses of 1893, 1896, and
1898 all enabled this distinction to be made very clearly, and various radiations
formerly attributed to the corona have been shown to belong to the chromosphere
alone. The photographs taken in Africa in 1893 showed eight rings in the spectrum
of the corona; in Novaya Zemlya, in 1896, with a less powerful instrument, a
smaller number was secured ; but those taken with increased dispersion in India, in

1898, show a much greater number.



206 SIR NORMAN LOCKYER AND OTHERS ON THE

The coronal rings not only differ from the chromospheric ones in regard to the
heights to which they extend above the photosphere, but also in appearance.

The outlines of these rings are distinetly not connected with the configuration
of the chromosphere and prominences. In photographs taken near the beginning and
end of totality, the green ring is brightest on the same side of the moon, although
the chromosphere and prominences are first visible on one side and then on the other.
None of the rings give any indications of increased brightness at the places occupied
by prominences. The green ring, which is the brightest of the rings seen, can be
traced completely round the limb, and while in some parts it is very feeble, in others
it is bright enough to show the brightest projections of the inner corona as photo-
graphed with short exposures with the coronagraph. The other principal rings at
3987 and 4233 can also be traced completely round the limb, but they are fainter on
the average and of much more uniform intensity than the green ring.

The Wave-length of the Chief Line in the Green.

The reasons which led to a re-examination of the wave-length of the chief coronal
radiation in the green, and the result of the new measurement, have already been
stated in a preliminary note communicated to the Society.® The main point of this
communication was that two of the chief coronal lines, one in the blue about \ 4231,
and the other in the green, had been supposed coincident with two bright chromo-
spheric lines which my investigations had shown to correspond to enhanced lines of
iron. The absence of other prominent enhanced iron lines from the corona spectrum,
and the improbability of there being a sufficiently high temperature in the corona to
produce enhanced lines, suggested a more complete investigation of the supposed
coincidences of the coronal and chromospheric lines. The non-coincidence of the
coronal line 4231 with the chromospheric line 4233 which was indicated by the
measurement of the photographs of 18931 was fully confirmed, and it was also found
that the green line was by no means coincident with the chromospheric line 1474 K.
Its wave-length was, in fact, estimated as 53037, or about 13 tenth-metres more
refrangible than 1474 K (5316:79). This result has since been confirmed by
CampBeLL] and EVERSHED.§

The Coronal Radiations.

In another preliminary communication to the Royal Society,|| I gave the results of
a more general investigation of the coronal spectrum. The main points may be briefly
summarised as follows :—

* ¢Roy. Soc. Proc.,” vol. 64, p. 168. T ¢ Phil. Trans.,” A, vol. 187 (1896), p. 593.
i ¢ Astro-Physical Journal,” 1899, vol. 10, p. 186.

§ “The Indian Eclipse, 1898,” publication of the Brit. Astronom. Assoc., 1899, p. 79.

I ‘Roy. Soc. Proc.,” vol. 66, p. 189,
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(1.) The coronal rings may be divided into three groups, defined by the position
angles in which they have their greatest brightness. The typical rings are at wave-
lengths 53037, 3987, and 4359°5.

(2.) The different forms of the coronal rings indicate that they are not all due to
the same substance, at least three being in question.

(3.) The origins of the rings have not yet been traced.

(4.) There are possibly feeble indications of some of the chromospheric gases in the
inner corona.

(5.) The chief coronal ring in the green is very closely associated with the form of
the inner, and appears to have no distinct connection with the outer corona.

(6.) The outer corona gives no indications of bright rings in photographs taken
with the prismatic cameras.

Further examination of the photographs has shown that some of the most minute
detail of the inner corona is represented in the green ring. Near the equator, on the
eastern limb, for instance, there is a well-defined loop-shaped structure in the inner
corona, which presents almost the appearance of a prominence, and this is faithfully
reproduced in the corresponding part of the green ring ; its spectrum, however, has
nothing in common with that of the prominences. A similar relationship is shown at
other position angles, but as the Viziadrug photographs were all exposed too long to
clearly separate the inner from the outer corona in all parts, a complete discussion of
this point must be deferred until photogra,phs taken with shorter exposures by other
observers become available for comparison.

The table of coronal radiations is reproduced at the end of this report in order to
facilitate comparisons with the chromospheric radiations.

The Continuous Spectrum.

The coronal rings are superposed upon a continuous spectrnm which is broken up
into bands of various intensities (see Plate 7), and it is important to note that each
bright part of the green ring is accompanied by one of these bands. In some of the
photographs a few bands of continuous spectrum are seen apparently without
corresponding brightenings of the green ring, but an examination of the other
photographs generally reveals the brightening in a lower reach of the corona. One
or two of the bands appear in places which correspond to the points on the sun’s
limb about 90° degrees from the points of second and third contact, and in these cases
the corresponding brightenings of the green ring are probably hidden by the moon
throughout the eclipse.

These facts indicate that the action which produces a brightening of the green ring
also produces a brightening of the continuous spectrum, not only in the region where
the gaseous mass is rendered more luminous, but in the region immediately overlying
it. The continuous spectrum of the outer corona exhibits no definite structures in
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the photographs which are traceable to individual streamers, but simply appears
brightest at the edges of the spectrum where the light of the corona is grasped
tangentially by the prisms.

TaerLe I.—Lines in the Spectrum of the Chromosphere.

Eeclipse 1898.

Chemical origin.
‘Wave-lengths, _
B Probable. Possible. Remarks.
Com- Curve Com- §
parison. “ | puted = Origin.|  AA. Origin, A\
| T
3663:0 | 36632 | <1 ' — — Ti | 3662-38 1.
656 662 <1  — — — — Very hazy line The AM of
66-3 669 @ <1 —_ — — — Very diffuse line | these lines
670 676 1 for curve
68-0 685 1 “were deduced
691 695 | <1 - —_— Ti |3669-11 by extra-
696 700 1 —_— —_ Fe 13669-67 polation.
71:0 709 1 — — — — Very hazy line |
T1-7 717 1 H 36717 | — — H,  Very hazy line.
742 742 1 H |3674-2 — — Hy (fidueial line for curve).
750 75-2 1 — — ——
76-4 763 | <1 — Fe |3676-46
76-7 767 1-2 | H 36767 | — ~— | Hy (fiducial line for curve).
174 776 1 — — Fe |3677-76
78:0 78-1 | 1-2 o e —
79-0 791 1 — e
79-6 79:6 | 1-2 | H 36796 | — I, (fiducial line for curve).
81-6 81-6  1-2 e — — — Very hazy line.
82-9 82-9 2 H |3682:9 | — e H, (fiducial line for curve).
3685-3 853 853 3 | pTi|3685-34 — — | Fiducial line for curve and com-
putation.
8617 86:7  2-3  H [3686°7 | — — | H, (fiducial line for curve.)
, , : 368761
87°9| 880 1 | — | — :Fe{ Soar o0
890 89-1 1
90-2 904 1
91-0 91-1 1 e — Co ]3690-87
915 917 3 H 369156 | — e H, (fiducial line for curve).
924 926 1
369326
935 | 935 1-2 | — | _— ()){ oo e
94-0 939 | 1-
95-0 94-9 | 1-2 — - Fe 1 3695-19
960 959 1 — — vV 13696:01
966 966 1
974 97-4 3 H (36974 — — H, (fiducial line for curve).
983 98-1 | 1-2
993 99-3 1
3700-2 | 3700°1 2 — — — — | Double ¢ .
024 023 1 — — Co | 370238 Probably several lines
03-2 03-1 1
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Table I.—continued.

Chemical origin.

Wave-lengths. i
=S Probable. Possible. Remarks.
Com- Com- | §
parison. puted. | 5 |Origin AA.  |Origin.| XA,
137039 3 H |3704-1 —— — H; (fidueial line for curve).
7 04-4 1-2 — —_— Fe 370460 H: doubl
‘1| 049 2 | He |3705°15| — — } any couble.
7 05-7 2 — e Fe |3705-71
"2 06-2 2 Ca 3706-18| p Ti | 370636
"2 07-0 1 — — Fe |3707-19
7 076 1 — — Co |3707-60
-8 08-9 | 1-2 — — Co |3708:96 | Double ?
2 10-1 2 — — Ti |3710-09
‘5 11-4 1 .
‘9 11-9 4 H 37119 — — | H, (fiducial line for curve).
-0 12-9 2
‘8 137 | 1-2
Y 14-9 | 1-2
"6 15-3 2 — - vV |3715-70
*6 164 | 1-2 | — — Fe |3716-59
‘b 17-3 | 1-2 | — — Ti |3717-54| Mush of lines.
4 183 | 1-2 | - — Fe |3718-55
"2 19-1 | 1-2
3720-1 -1 20-1 2 Fe |3720-08
‘6 20°6 | 1-2 — — — — Thick line.
-8 22-0 4 H |3721-8 | — — H, (fiducial line for curve).
22-7 7 22°6 2 Fe |3722-73) Ni | 3722-64
-7 236 2
‘6 246 2 — — Ti |3724-72
3 253 2 — - Ti [3725-30
-1 260 1
6 26:6 | 1-2
27-1 -1 27-1| 2-3 | Fe |3727-06
278 ‘9 27-8 | 2-3 | Fe 3727-78
8- 8 28-7 1
-2 29-1 1 |
-0 299 1 — —_— Ti |3729-95
6 30°5 1
°5 31-4 1
5 326 2 Fe |38732:55| Co |3732-55 !
5 33:5 | 1-2 — — Fe |[3733-47,
"2 34-2 4 H |3734-15) — — | H, (fiducial line for curve).
35-0 -0 35-1| 1-2 | Fe |3735-01 —
0 36-0 | 1--2 — — Co |3736-04
37-0 0 36-9 3 Ca |3737:06| Fe |3737-28
5 38:5 | 1-2 Fe |3738-45
4 394 | 1-2 — Ni |3739-37
3 40-3 | 1-2 —
-0 41-0 | 1-2 — Ti |3741-21
41-8 -8 41-8 3 | pTi |3741-78| — —
435 b 433 2 Fe |3743:59) — —
7 43-7 2 — —
-7 456 3 Fe [3745-72| — —
-0 470 | 1-2 — Fe |3747-07
VOL. CXCVIL—A, JE
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Table 1.—continued.

ON THE

Chemical origin.
Wave-lengths. e
E.‘ Probable. Possible. Remarks.
Com- Curve Com- § ‘
parison. puted. | 5 |Origin.| AA.  |Origin.! A\
|
37477 | BT4TT | 2 | |
37484 384 484 3 Fe |3748-41| p Ti 3748-14
| 49-6 496 | 1-2 Fe [3749-63
' 502 50-1 4 | H [3750-2 - H, (fiducial line for curve).
51'6 | BL5| 2 |
525 | 525 | 1-2 | |
537 | 539 1-2 | — Fe | 375373
556 556 | 1-2 | — — Co 375559
564 565 | 1-2 |
578 57-7 78 2 | p'Ti 3757-82
h8-4 583 58-4 2 5 Fe |3758-38
59-4 594 595 4 pTi|3759-45 — - | Fiducial line for curve.
60-2  60-3| 1-2 — TFe 3760-20
607 607 | 1-2 — — Fe 1376068
61-5 615 615 4 | p'Ti |3761-46 — — | Fiducial line for both curve and
i computation.
626 | 626 | 1 |
637 637 1 i
639 639 64-1 2 Fe 13763-95 ‘ ‘
657 657 657 1-2 Fe | 3765-69 ! ‘ ‘
668 668 2 ‘
673 673 674 2 Fe 376734
684 68-4 2
69-4 694 1-2
707 70-8 4 H 37707 | — — | H. (fiducial line for curve).
720 721 1-2 — — Ti [ 3771-80
73:2 | 734 | 1-2 L
T4-4 74-6 | 2-3 — — Y 377447 | Long line.
w53 54 12| — NI 311512
| . 762 76-3 | 1-2 | pTi | 377620 i
; L1667 76-7 | 1-2 — — Te |3776:60
77-8 1 780! 1-2 | | |
1 78:6 | 788 1 | — Fe  3778-65
79-8 | 800 | 1 | |
810 81-1 1 : ‘
818 81-9 1
827 82-9 1
837 837 | 1-2 Ni | 3783-67
84-1 84-1 1-2 ]
854 85-6 1 — — Ti 13786-20 i
85-8 86-0 1 — — Fe 13786-09 . .
366 868 1 - B Fe | 378689 All diffuse lines. |
o872 RT4| 12 | pV 38734, | —
88-6 887 | 2-3 — —
90-0 90-1 1 — — Fe 379024
908 91-0 -2
92:3 | 925 | 1.2 |
93-1 933, 1-2 {
941 94-3 1 1-2 — — ‘ Fe | 3794-49
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Table 1.—continued.

Chemical origin.
Wave-lengths.
g} Probable. Possible. Remarks.
Com- Curve Com- §
parison. puted & |Origin.|  AX. |Origin.| A
3795-1 | 37952 | 1-2 Fe |3795-15
960 96-1 | 1-2
966 96:8 | 1-2
98-0 98-1 5 H 137980 — H, (fiducial line for curve).
37994 994 99-3 | 1-2 | Mn |3799-39
997 99-7 99-8 2 Fe |3799-69
38007 | 3801-0 | 38012 2 Mn |3800-68
02-1 021 023 2 | Mn |3802-05
036 037 2
04-7 04-8 | 1-2
055 057 | 1-2 — —_ Fe |3805-49
06-7 06-8 | 1-2 |Mn-Fe| 380686
077 07-8 2 — — Fe |3807-68| Double?
09-9 10-0 2
10-8 10-9 2 — — Fe [3810-90
12-1 12-1 2 — — Fe |3811-95
. . . [13813-10
13-1 13-3 2 Fe 381329
13-4 13-6 2 pTi | 3813-54
14-1 14-3 1 — — p Cr | 3814-07 N 1 Te Tine. but. rel
. . . Ti| 381470 grees with Fe line, but rela-
147 147 14-8 3 ]I')“e 381467 }_“ - { tively stronger.
15-6 15-7 2 pV |3815-50
160 16-0 16-1 3 Fe |3815-99
1 } 178 12 | — | — | — | .= |Doublet
19-4 19-5 2
19-3 19-8 19-9 | 1-2 He [3819-75
20-6 20-6 207 3 Fe |3820-59
21-9 21+9 1
224 225 1
24-6 247 24-7 3 Fe |3824-59
260 26-3 264 3 Fe |3826-03
27-6 27:5 | 1-2 — — pV | 382730
28-0 28-2 28-3 3 Fe |3827-98
292 29-1 | 1-2
295 295 29-5 4 Mg |3829-50 | — — | Fiducial line for curve and
computation.
30-7 30°7 | 2-3
31-2 31°0 | 2-3
31-8 31-8 | 1-2 — — Ni |3831-84
32-5 32°5 32-3 4 Mg [3832-45| — — Fiducial line for curve.
33:0 32-9 2 — — »Y [3833-10
338 336 3 — e Fe |3833-46  Line only low down.
344 34-2 34-2 2 Fe |3834-36
356 35-5 6 H |3835°6 —- — Hy (fiducial line for curve).
38-4 384 38-3 4 Mg |3838-44| — — Fiducial line for curve.
39-4 39-2 39-1 1 Fe |3839-40| — — Long faint line.
396 395 1 — — pFe | 3839-76
406 40-6 | 40°6 3 Fe |3840-58

2 E 2
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Table 1.——continued.

Chemical origin.
Wave-lengths.
=S Probable. Possible. Remarks.
Com- Com- 8
parison. Curve puted E Origin.| AA (Origin] AA
3841-2 | 3841-2 | 3841-1 3 Fe |3841-19
42-0 42-0 1 — — Co |3842-19
43-4 435 435 2 Fe |3843-40
445 445 2 — — V. 13844-59
45-3 454 45-4 2 Fe | 3845-31
46-9 47-0 47:0 2 Fe |3846-94
479 479 2
490 49-1 2
50-1 50-1 50-1 3 Fe |3850-12
51-0 510 511 2 Fe |3850-96
514 — — 2-3 C [3814 | — e 5th edge of C band.
52-7 52-8 52-9 2 Fe 3852-71| Ti '3853-18
55-0 54-8 548 3 ¢ 3850 | — | — 4th edge of C band.
565 56°5 56-6 4 Fe |3856-52| — — (Fiducial line for curve.)
57-1 572 2
58-1 581 2 Ti 385826
58-4 585 3 Ni | 3858-44
593 59-4 2
60-1 60-1 602 4 Fe [3860°06| -— — (Fiducial line for curve.)
61-8 61-4 615 3 C |3861-85| — — 3rd edge of C band.
62-9 630 2 _— = Ti |3862-98
636 63-6 2 — — Fe | 3863-89
64-4 64-5 2
657 657 656 2 |Fep Cr| 386567
65°9 660 1
666 666 2 | pCr 386660, Ti | 3866-60
674 67-3 673 2 Fe |3867-36
676 —_ - 1 He |3867-61
680 67-8 2
68-9 68-7 2
69-5 69-3 2
705 70°5 2
71-5 714 T1-4 4 C [3871-53] — — 2nd edge of C band.
5. i Fe |3871-96
72-0 72-0 2 — — pY | 3872-30
726 72-6 725 4 Fe |3872-64
739 734 735 2 Fe |3873-90| — — Broad hazy line
745 74-3 1 .
i ) V387592
501 70 L = = 387544
762 761 | 1-2 e — Fe |3876-19
76-8 768 2 — — Co |3876-98
78-2 782 78:1 | 2-3 Fe |3878-15| pY |3878:40
78-7 78-7 78-7 3 Fe [ 3878-72) pV 13878-80
79-3 793 2
79-9 79-9 2
80-9 80-8 2
825 825 2 :
836 834 834 4 C |3883:55| — —_— 1st edge of C band.
84-4 84-3 2 — — Fe 1388452
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Table I.—continued.

Chemical origin.
Wave-lengths.
B Probable. Possible. Remarks.
Com- Com- g
parison. Curve. puted. E Origin. Origin.| A\
38856 | 3885°6 3 — — Fe |3885-66
38864 864 865 3 Fe |3886-43
87-2 87-2 87-2 | 2-3 Fe |3887-20
89-2 89-1 8 H {3889-15| — — | Hy (fiducial line for curve).
915 91-4 2
92-3 92-2 2 — -_— Fe |3892-07
94-1 94-0 2 Co |3894-24
94-9 95-0 3 Co |3895-12
95-4 95-3 3 — — Ti |3895-38
95-8 95-7 3 Fe [3895-80 ’
96°6 965 2
98-0 98-0 2 Fe |3898-03
983 982 2
99-3 99-2 2 pV |3899-30
99-9 99-8 2 Fe |3899-85
39007 | 3900-7 | 39007 4 | pTi|3900-68 — — | Fiducial line for curve and
! computation.
1
Chemical origin.
Wave-lengths.
" er{sl,li‘ty. Probable. Possible. Remarks.
Comparison. Origin. AN Origin. A
3903-1 2.3 Fe 3903:09 | pV | 390342
053 2 — — pCr | 3905-66
06-1 2-3 pFe 390604
390663
06-8 2 — — Fe 3906 -89
074 1
08-4 1
096 <1
10-6 <1
13-6 6 pTi 3913-61
16-2 3 — ' — pV 3916-55 | ¢ double.
391846
18:6 3 — — Fe {3918‘56}
3918-79
204 3 Fe 392041
231 3 Fe 392305 : .
25
25-9 2 —_ — Fe ggzg . Og Probably double.
28-1 4 Fe 392808
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Table I.—contimued.

Chemical origin.
Wave-lengths.
3; Probable. Possible. Remarks.
|
2
Comparison. = Origin. AN Origin. AN,
3930-4 3-4 Fe 3930-45
32:2 2 pTi | 393216
338 10 Ca 393383 — — K.
354 2
365 1-2
382 3
38-9 1
404 1
41-9 1-2
44-9 5 Al 3944-16
452 2 — — pY | 3944-94
472 1-2 — — p Co 394797
. Ti 3948-82
48:6 23 | — - Fe | 3948-93
o . Fe 395010
50-3 2-3 - - Y | 395050
51-8 1
52-3 34 — — pV 395207
. Ti 395648
566 4 {Fe 305682
58-2 4 Ti 395836
617 6 Al 396167
63-3 1 wmn — TFe 396325
64-7 2 - —_ Ast 3964-88
663 1
68-6 10 Ca 3968-63 — — H.
702 10 H 3970-18 — — H..
71-4 1 — — Fe 3971-48
. Ni 3973-70
735 2 —— — »V 3973.85 (| | double.
76-7 1 — —_ Fe 397677
77-8 2 Fe 3977-89
78-1 trace
79-3 1 e — p Cr 3979-66
80-4 trace
82-0 6 Ti 3981-92 Fe 398187
831 1 — — pY | 3982-79
338 1
863 1-2 Fe 398632
883 1
89-9 2-3 Ti 3989-91 Fe 399001
91-3 3 — — — — % double.
95-2 3-4 -— — Co 3995-46
399755
977 3 —_ — Fe 399816
98-8 4 Ti 3998-79
4000-4 1-2 o — Y 4000-70
033 1 — — pCr | 400355
054 5 TFe 4005-41
06-8 1-2
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Table L—continued.

215

Chemical origin.

Wave-lengths.
- ‘g; PrObable. Possible. Remarks.
g |- - ‘
8 |
Comparison. = Origin. AN, Origin. | A
. Ast 400942
100975 =5 - - Fo | 4009-86
_ pTi | 4012-54
125 56 1 \por | 4012763
14-5 3 —_ — Fe 401468
16-7 1
17-5 2
185 1
206 <1
216 3
231 1
247 3 — —— Ti 402473
263 4-5 He 4026+ 34
28-5 2-3 pTi 4028-50
309 5 Mn 403092
33-2 3-4 Mn 4033-22
346 3-4 Mn 403464
359 1 Mn 4035-88 PV 403580
377 1
40-8 4 —_ — Fe 404079
42-4 1 .
43-4 1
44-4 1
459 7 Fe 4045-98
490 3 pFe 404882 Mn 404891
51-0 1
\ 4053-80
538 3 P 1053-98
556 2 pFe 405563 pTi 4055-19
57-4 1-2 —_ — Fe 4057 -50
Pb 4058-04
582 -2 = - Fe | 4058-37
59-2 1-2
61-2 1-2
62-7 1 — —_ Fe 4062-60
637 6-7 Fe 406376
673 3 pNi 406730
681 1 — — FeMn 406814
71-8 6 Fe 407191
739 1 — — Fe 407392
753 1
779 10 Sr 407789
803 1-2 — —— Fe 4080-37
83-1 2 — —— Mn 4083-10
. 1 408372
84-0 1 —_ e Fe 408399
408465
85-0 1-2 — — Fe 408516
86-7 3
89-7 1
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Table 1.—continued.

Chemical origin.
Wave-lengths.
= Probable. Possible. Remarks.
““““““ 5
Comparison. E Origin. AN Origin. AN,
4092-43
40925 2 — e Fe 109967
. 409613
962 1-2 — — | Fe 1096 - 26
98-2 1 — — Fe 4098-34 |-
4101-9 10 H 410200 —— — Hs (Amzs’ A 4101 85).
076 2 Fe 410765
09-9 3 Fe 4109-95 v 410991
11-9 1 — — v 411194
14-6 1-2 — — Fe 4114-61
18-7 3-4 Fe 411871 Co 4118-93
211 3 He 4120-97
23-0 3
28-0 3 — —— Fe 4127-77
29-6 2-3 ;
32-4 3 Fe 4132-24 Li 4132-44 |
34-8 3 Fe 4134-84 |
37-5 3
40-1 1
423 1
Fe 414357
43-8 5-6 { Ast | 4143-92 } — — ? double.
Fe 4144-04
46-0 1 p Cr 4145-91 Fe 4146-22
. Mn 414765
47-5 1 — - { Fo | 4147-84
49-4 3-4 — —- Fe 4149-53
521 2 — — Fe 4152-34
KA. 415467
54-8 2-3 — — Fe 415498
565 3
b7-8 1 — —— Fe 415795
589 1 — — Fe 415896
617 3-4 pTi 4161-70
638 4 pTi 4163-82
675 2-3
72-1 3-4 p'Ti 417207 Fe 4172-30
735 4-5 pFe 4173-52 pTi 4173-70
758 1 Fe 4175-81
-8 5 — — Y 4177-75 | Straight enhanced line of
79-0 4-5 pFe 4178-95 yttrium.
81-9 3 Fe 4181-92
846 2-3 pTi 4184-40
. 4187-20
87:6 4-5 Fe 418794
897 1
917 34 Fe 4191-60
94-4 <1
95-5 1 — — Fe 4195-49
96-4 2-3 — — Fe 4196-37
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Wave-lengths.

Comparison. g
i

S —p-
4198-8 k t
4202-2 j 3
051 3
07-1 1
09-6 Lo2-3
109 1
12-4 | 1
| 157 10
‘ 170 o<l
| 194 | 2
2204 | 3
| 236 <l
; 26-9 7
| 294 <1
| 307 <1
| 33-3 67
| 35-9 4
! 380 1-2
j 390 2
| 40-3 1
! 42-0 <1
f 428 2-3
| 15°0 1-2
| 47-0 7
; 504 -5
) 545 6
| 556 1-2
| H8-2 2
60-6 4
616 1--2
628 1
646 12
655 <1
677 23
698 1
716 4-5
F 728 1
75:0 5
80-2 1-2
83-0 2-3
856 ! 2
87:6 1 1
90-2 67
& 942 ]
: 967 2-3

VOL, CXCVIL—A.

)¢

iy

1898.

Table I.—continued.
Chemical origin,
Probable.’ } Possible.
— e
Origin. AN ’ Origin. i AA.
' s
pe [ 419849
' 419927 |
Fe 4202:20 | pV | 420255
pY | 4204-89
- - PV 420524
........... Fe 420729
S 1215-70
e | 421952 |
T 429238
Ca 429690
e 423333
I O 1236-11 )Y 428588
| — — Fe 423819
C Fe 123897 - -
e O 424954
# N1 e
Se o 424700 0 — 1 e
| [49250°20 |
Fe 1 425095
Cr 425451
| |
':{ i
L Te 1260+ 61
| |
pC 12675 | |
o [4271-337
Yoo uresy — T
] !
; Cr | 4274-96 ‘
| — f — Ca  4283-17
e Fe | 4285-61
b — Ti | 4287°57
CfCr 1 4289-891)
pTi 1290-38 | o o
pTi 1294°20 Ie 129430
ple 429665
2K

Remarks.

|
I
|

!‘ AN difficult to determine ac-
. curately as the three lines
| merge mto each other.
|

i

- | Strongest spark line of

i scandium.,

Probably compound line.

| ? double.
]

Probably compound line.
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Table 1.—continued.

Chemiecal origin.
Wave-lengths.
________________________ B Probable. Possible. Remarks.
Comparison. = | (igin, AN, Orvigin. | A,
43002 5 p'Ti 430021
[ Ca 430269
03-0 £ {ch 430334 |
| 05-8 12— FeSr 430561
081 | b ]‘ ;’i‘i : iggg?g Ca 4307-91 | Probably compound line.
130 2 | pTi | 431303
40 2 = Se 131425
151 | 4-5  pTi | 4315-14 e 4315-26
183 2 ﬂ ‘
21-2 1 5 | pTi | 4321:20  Sc 432091
22:4 1 1 ! 5
25°8 |6 b Fe | 4325-94 |
30-6 2-3 } pTi 1 iggggg , , ' Probably compound line.
33°9 83— La  4333-93
38-1 | 5 pTi 4338-08
407 10 H 434063 -~ Hy.
‘ 44-3 3 p'Ti 134445 p Mn 434419
474 <1
51-9 6 ple 435193 Mg 435208
550 1-2
599 54 - pY o 4358-88
62-0 1 - pNi 136240
6401 1
678 2-3 'l 456784
702 2.3 :
HAC o am . ‘ Se o 4374765
74-9 T T 4374 90{; N uarsio
797 2 !
837 5 Fe 438372 |
85°h 3 | pFe 438555
881 1-2 Ast 4388-10
91-2 2-3 . pTi 439119
952 7 pTi 4395-20  pMg 43950
99-9 5.6 pTi 4399-94
4404-9 4 Fe 440493
08-1 3
-2 1 1-2 pTi 4411°20
153 | 4 Fe 441529 |
179 45 pTi  4417-88 ‘
22:7 3 Fe 4492274 pY 442274 |
256 | 1L Ca 442561 |
274 3 - Fe 442748 : f
i g o [4430-07 l
30-1 | 23 E — — La 9515099 |
ax . Lo e 4435°13 %
355 | 45 { Ca 43585 |
366 1 | - | — ~ Mn 443652
41-8 1.2
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Table 1.—continued.

Chemical origin.
Wave-lengths.
3 Probable. Possible. Remarks.
2
Comparison. & Origin. | AN Origin. AN
,‘ | R
44440 7 »'Ti 4443-98 |
47-0 1 |
4749 2 Fe 444789
506 5 pTi 445065 :
527 1 o | {
. < a 445495 ‘
950 ) pFe | 445530
580 <1
599 1-2
623 3
646 2-3 pTi 446462
665 <1 — — Fe 446673
687 6 pTi 446866 ‘
L7 8-9 He 447165
762 3 Fe  4476-19
792 1 "
806 { 1-2
823 | 4 Fe 4482-34 !
844 | 1 — — ~ Fe = 4484-39
859 1 — — | Fe | 4485:8p
, pTi 448849
893 3 {]JFG 448935
916 2-3 pFe | 4491-57
93-8 2 :
943 2 ;
952 2 i
968 3 |
45015 7 pTi 450145
055 1
085 5 p¥e | 4508-46
12-3 1
155 4  pFe 4515-51
18-3 1 — — Ti 451820
204 : 3  pFe 452040
227 4 pFe 452269
241 <1 ‘
288 3 TFe 452880 | pV | 452866
a1 | ‘ <a1.10f | Cr 4530-91
310 ‘ 1 Co 453112 i Te 4531-33
341 18 | pTi 453414 |
359 2 — — T 153574
400 | 1-2 , |
417 3 = . — | pFe  4541-40
44-8 3 _ﬁ | — Ti ' 4544-86
" . S pFe | 4549-64 |
49T -8 {pTi 454981 , |
542 7-8 Ba | 4554-21 ; |
561 3-4 | pFe | 4556-10 =~ pCu | 4556-10
58-8 3-4 pCr | 455883 |
61-3 <1 ; !

S
=
S}
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Table I.—continued.

Chemical origin. :
Wave-lengths. | - : o
ES Probable. Possible. Remarks. ‘
g7 i
T . o
Comparison, k= Origin. AN ‘} Origin. ] AN, %
| i
i | ! '
4563-9 78 pTi 456394 | l :
66:3 1 | s
67-4 1 5
799 7 pTi | 4572:16
765 3 pFe | 457651 ;
800 9 — e Ba 4579-86 % double.
840 7 pFe | 4584-02 .
868 <1
88-4 3 pCr 4588-38
901 3 pTi | 459013 |
925 3 — e i pCr 459225
95-1 2 : : | |
96-8 9 |
4600-8 3 | | ' ; !
03-0 2 Fe  4603-13 © Ti | 4603:26
055 2 ; |
07-2 2 —_— — S 460751
09-8 1 5 | |
13-3 2 _— = L Te | 4613-39
15-4 3 1 *
19-0 34 pCr | 4618-97
220 1
253 923 —_— —_ Fe 462523 % double.
295 5-6 pFe | 462950
32-8 1-2 | |
343 1-2 pCr ' 4634-25
37-6 9-3  — = Fe 463769
. | ; . [4639-83
40-0 2 S B N DTt R b
42-8 1 % ,
46°3 4-5 —_— e ~ G 4646-35
48-4 2
. . [ 465146
518 34 e e Cr 465234
554 2 \
] 574 34 pTi | 465738
62-2 2
645 2
676 34 —_— - Ti | 4667-77 '
70-8 34 - - " Se 0 4670-4% % THALEN'S M corrected to
S | ‘ | ROWLAND’S scale.
740 1 :
76:0 1 )
79-0 2-3 Fe 4679:03 |
82'5 2--3 e CopY 468260
87-0 2-3 ‘ ‘ |
916 3 0 Fe . 4691-61
94-6 1 ; ‘
97-0 1
99-5 2-3
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Table I.—continued.

Chemical origin.

Wave-lengths, J
S Probable. Possible. Remarks.
- S :
| 2 1
. Comparison. = Origin. AN Origin. | AN \
5 l
47032 3-4 Mg 4703-33 — —_ 1 double.
8Z)§ g:; . : L | - }Diﬁicult to measure.
13-8 6 He 4713°25 | |
| 185 1 — = O 4718460
| 230 1 ; { . | . I
? . | : f Fe | 4727-58
T e T U Mn o 4727-68
314 3.4 ‘ | i
338 1 ., —  TFe 4713378
370 3 Fe  4736:96
405 9 |
430 1-2 — Ti | 4742-98
455 1 :
480 1 ;
49-0 1 !
54-2 2-3 Mn 475423
575 3 |
620 4 !
655 1
67:0 2 |
69-0 ,’ 1
715 j 1
730 . 2
755 o<l !
799 L34 pTi 4780-20 , :
831 2 | | i
867 93 @ — —  pY 478680
898 9 | - . Te 478985
923 1
987 2 |
48052 ; 5 | plTi 480525 |
11-0 | 3 : |
155 | <1 i
200 <1 | i
24:3 | 6  pCr  4824:33
260 o<1 |
285 o 1-2
31°3 1-2
355 <1
373 <1
404 2--3 - Co 484045
43:0. 9
48+5 3 pCr 4848 - 44
H2-2 1
55°0 9..3 — —_ Y 4855 06 -
615 10 H 186153 - M (B
664 1 pTi 48664 %
(48715 !
718 5 Fe 487151

1 4872-33

221
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Table I.—continued.
‘ . - S—
l Chemical origin. ‘
l Wave-lengths. | — l
& . Probable. | Posible. | Remarks,
j - | |
Comparison. S| Origin, : A i Origin. | AA, |
| | !
48760 1 ‘
784 2 Ca  4878-31 Fe . 4878-41
1 83-9 34 - — Y 488387
| 870 1 |
| ) . [4890°95
1 91-2 45 Fe 4891 -6R
| 49000 3 — — pY 0 4900-25
; 04-6 1
: 095 1 i
l 11-4 2 pTi 491138
‘ 135 1 :
o1, . 4919-17 0. i Broad and hazy, A difficult to
200 3 Fe 4 4990-69 Ast 1922-10 determine, possibly com-
94-] 6 pFe | 492411 pounded of Ast and e,
285 L
342 5 Ba | 4934-24
389 2 J— | — Fe 4939-00
46°0 9 |
575 " o [4957 48
578 Fe 1 495779
62-8 1 |
66-2 1 i — Fe 4966 - 27
681 1
' 707 1 '
: 73+3 1 - — Fe © 497328
1 784 1
819 1 Ti 498191
897 Fe 4982-68  Apparently a group of lines
to 3 - 198403 merging into each other.
84-3 Ni 498430
915 1-2
94-3 1--2 — - Fe 4994 - 32
997 2 Ti = 499969 ‘
50059 )3 ¥ | 500590
06-3 ol e 1500631
12-9 1 ;
15-8 2 Ast  5015-73
18:6 H-6 pFe  H018-63
22-4 <1 — e Fe 502241
273 1 —— Fe 5027 - 31
31-2 2 ‘ ‘
356 Ni 503554 ; Chromospheric line apparently
to 2 T F5036-09 ' covers this group of Fraun- .
36-7 oy {5036-65 | hofer lines. :
11 e 5{?0“'07 |
. . 1504126 )
ooy } i Ca 504180 | Diste.
* Fe = 5041-94 s
50-5 2 : ‘
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Table I.—continued.

- \ . I

| ‘ Chemical origin.
- Wave-lengths. ; L —
5 Probable. Possible. Remarks. _
- : ;
i Comparison. 5 | Origin. AN Origin. AN
! :1' g —
50628 2
560 1
602 1 (
661 I - Ti 5066174
68+9 1 . Fe | 5068-94
725 1 pTi 507250
737 1 i . |
. - : Chromospheric line covers the
79 z} Fe 5079-41} { 1 vers.
3 . ) I group of Fraunhofer lines
79°9 : Fe f 5079-92 } in solar spectrum.
855 } 1-2 | i
885 | 1-2 | §
DO NI | 509704 %
23 e \Fe | 509718 |
o | i | Py 509875
98-8 2 —- Fe 5098 -89
51057 9 Fe 510572 ,
076 o  JTe 510762  Broad line central with nar-
078 - Fe 510782 AR . ~ row Fe double. |
10-6 1 Fe 511057 f
155 1 e Ni 511557 |
21-8 2.3
e, CrEiom. . Chromospheric line covers the
'ir'j%“[ 2 Fe { g%gggg 1 ~ position oceupied by Fe
2673 : J lines at given AA.
305 223
- | p "Ni 513725
8T 2 ; CUFe | 513756
435 1
o | 514892
w82 1 - Fe 1{5148-11 ,
510 | B Fe 515102 |
52-0 _ 515209
54-2 2-3 . pli 515424
56-0 1-2 Ni 515594
62-4 1 Fe 516245
o Mg . 5167-507 -
()l 6 6 :Feb 5167'68 » s = [).1.
o . - 5169071 - 3
69-1 6 pFe ;{5169‘22 S b. *
729 6 Mg 5172:86° - . b
780 1
838 8 Mg = 518379 @ — — b
88-9 2 pTi | 5188:87  Ca 518902
916 9 ye JB191-631. - Chromospheric line covers posi-
92°5 - 519252 " tion occupied by Fe double.
52025 2 Fe  5202-52

|
\
|
1
t
1

* This is one of the most enhanced Fe lines, but which of the two are lines at the given AN is the real
enhanced line it is impossible to say without using much luger dispersion.
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Table 1.—continued.

Chemical origin.

Remarks. |

537173

Probable. Possible. |
Origin. i AN Origin. AN ’1
(5204- 68 Chromospheric line single, hut -
\ O oo Fe 5204077 covers position of double Cr
520622 [ . line
. Cr 5208-60 | Fe 5208738 ;
5215-357 | + Chromospheric  line  occupies
I 5216744 > the position of the three
j 921755 ) | Fraunhofer lines. ,
CpTio 5226-70) Chromospheric  line central
} Fe 5227-04 with fine triplet in Fraun-
U 11522736 hofer speetrum.
l
P - [ Te 5247-237  Line appavently central with |
! -1 Cr 524774 [ 1 Fraunhofer double. ;
3 e 5250+397 . Faint line apparently central |
! ‘ H250- 82 with Fe double. ‘
I
|
(Ca 265 T3 Broad line difficult to measure,
Ly and apparently covering solar
Fe 526674 group of Fraunhofer lines.
Fe 526972
Ca 527044
- Fe 527056
_ 527531
p Fe 527617 Ci
527620
Fe 528380
o Cr 529687
- e i Broad hazy line.
- S (1t 5307514
pFe  B316:79 - 1174 K.
e gggg?é J ' Chromospheric  line central
v 1 539875 1 with Fe double.
— - Yo 553309 |
pTi 5336-96
Fe 534012 !
;. Ca 5349°65 |
L - - Fe | 5358-57
— Fe  5365-07 | |
Ie {5370~17 [ Chromospheric  line  central

538122

1+ with Fe double.
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Table I.—continued.

Chemical origin.
Wave-lengths.
2 Probable. Possible. Remarks.
S :
3
Comparison. = Origin. AN Origin. AN
53836 1-2 Fe 538358 N
' 559166
91-7 2 — — Fe {5391 5
973 3 Fe 539754
5404~ 4} 4 Feo 540436 _ [, Chromospheric line covers posi-
06-0 540599 o L| tion occupied by Fe double.
10-0 2 Cr 541000
154 2 Fe 541542
19-0 1
22:0 1
255 2
29-9 3 Fe 5429-91
329 2-3
34.-71 _— Fe 543474 — —
o & — — Ni 5436-07 | | Diffuse line covering Iraun-
J B ¥ 5436-51 hofer group. -
36-8 N - ¢ 543680
471 5-6 Fe 5447-13
530 1
558 b Fe 545583
595 1
635 4 Fe 546349
66°6 1-2 e — Fe 5466-61
705 2
74-1 3 Fe 5474-11
765 2 547650
76-8} -5 - - Fe 1547678
833 1-2 -— — Fe 548331
90-4 1-2 — — Ti 549037
94-0 1-2
977 2 Fe 549774
55017 2-3 Fe 550168
07+0 2-3 Fe 550700
11+6 2-3
. 551456
145 2 — — Ti 5514-75
18-0 1-2 '
276 6 - — - — Rather broad and probably
double. The strong Mg
spark line at A 5528-64
falls on the less refrangible
portion of the eclipse line.
356 5 Ba 553569 Fe 553564
40-0 1
43-4 5543-41
44-2} 2 - — Fe 1\ 5544-16
46-7 9 7 554673
472 - - ¢ BHAT 22
551 1-2 — e Fe 555512
582 2 - -— Fe 555821

VOL. CXCOVII,—A, 2 G
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Table I.—continued.

Chemical origin,
Wave-lengths.
= Probable. Possible. Remarks.
Comparison. 5 Origin. AN Origin. AN,
55604 1 — —_ Fe 5560-43
629 : 556293
63-8} 1-2 - — Fe 19556382
65-9 2 Fe 556593
69-8 2-3 Fe 5569- 85
731 2-3 Fe 5573-08
763 2 Fe 557632
82-2 1-2 Ca 5582-20
87-0 6 Fe 558699
5588-99
895 1-2 Ca 5590 34
92-0 2-3
947 1 Ca 559469
987 3 Ca 559871
5601 ‘5} 3 Ca 560151
031 560308
10-0 1
15-9 5-6 Te 5615-88
248 3-4 Fe 5624-77
33-0 1
37-0 2
395 1
430 2
556 2-3 — — Te 565572
59-1 6 Fe 565905
627 3 Fe 566274
695 3
829 2
57018 2 Fe - B701-77
06-2 2 — - Fe 5706-22
09-7 4 Fe 5709-60
280 1-2
32-0 1-2 Fe 5731-98
53-3 3 Fe 575334
632 3 Fe 576322
808 3-4
. Cr 5791-17
912 =2 = - { Fo | 5791-24
58094 2 — —_ Fe 580944
539 1-2 Ba 585390
759 7 He 587587 —_— — Da.
90-2 3 Na 589019 — e D,.
96-2 3 Na | 589616 — - Dy.
6563-0 5 H 656305 - — He (C).
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Tasre II.—Coronal Radiations.

Group I.  Typical ring, A 53037.

rightness. i .
Wave-length. 1&& )% ti__ ei% Wave-length. ﬁ;ﬁhgeiz'
39525 2 4518 1
4007 1 4536 1
4022 1 4588-5 1
4056 2 4657 1
4068 1 46855 2
4085 1 4714 1
4121 1 4727 1
4168 1 4737 1
4220 2 4768 1
4231-3 5 4808 1
42485 2 4922 2
4262 1 5125 1
4400 1 5137 1
4430 1 53037 10
Group II.  Typical ring, X 8987°0. Group III.  Typical ring, A 4359°5.
Wave-length. g};lfht:nei}% Wave-length. l\lizlxg‘hzlef%'
3800 3 4030 1
3987-0 ) 4192 1
4275 1 4204 1
45685 3 4302 1
4323 2
- 4359°5 3
4485 1
4648 1
4662 1
4788 1
4890 1
5001 1
5255 1

8]
2]
[N
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PHOTOGRAPHS TAKEN AT VIZIADRUG.

Lockyer and others (8), 1goo.



AND OTHERS

AN
A
R SR\ RN




197, PPlate

AR
NN




No. 8






Lockyer (116), I1¢



16 ), r900.



Phil. Trans. A., Vol. 197,  Plate No. 2

LLOCKYER AND OTHERS.

(4)

(1). PHOTOGRAPH 2A TAKEN WITH 9-INCH PRISMATIC CAMERA.

(2>' ”» 2C b2 »” 6 b2 2 »
(3)' 2 4 B » » 9 ” ” ”
(4)' b2 3 D » ) »» 6 » 2 b2

Lockyer (116), 1900
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Page 183.
187.
190.
194.
199.

»

”»

»

»

216,

4

ERRATA,

In the fourth column of the table, for “18h. 19 m. 25s.” read “18h. 19m. 2:58.”
17th line, for “taken to the position,” read “taken to be the position.”

27th line, wnsert “ b after * trace of.”

Lines 1 and 2, for “inches” and “inch” read ““seconds of arc.”

Last line, for “ Hy ” read “Hv” ; and after “ Hp ” read on to next page without stop.
In the column “ Remarks,” opposite A 4177-75, for «Straight” read Strongest.”

HARRISON AND SONS, PRINTERS IN ORDINARY TO HIS MAJESTY, ST. MARTIN’S LANE, LONDON, W.C.
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