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DArRT™OUTH COLLEGE,
Hanover, New Hampshive, May 26, 1871.

Sir: I have the honor to submit the following report of my observations of the eclipse of
December 22, 1870, made at Jerez de la Frontera, in Spain, as a member of the party under your
charge.

By the liberality of the trustees of Dartmouth College I was granted leave of absence for
four months and authorized to take with me any astronomical or physical apparatus belonging to
the institution, the mere expenses of transportation and insurance being paid from the Government

appropriation.
LIST OF INSTRUMENTS LOANED BY DARTMOUTI COLLEGL.

The instruments furnished to the expedition by the college were as follows :

1. An equatorial telescope (by Merz & Sons) of 2™, 64 focal length and 0", 162 aperture, pro-
vided with clock-work and the usnal accessories.

2. A spectroscope, by Clark & Sons, specially fitted to the above-named telescope, and having
the dispersive power of thirteen prisms of 55° each. Its telescope and eollimator have each an
aperture of 23=™ and a focal length of 177", It is the same instrument deseribed in the Journal
of the Franklin Institaute for November, 1870, where it is figured. This instrument was provided
(at the expense of the Government appropriation) with Professor Winloek’s beautiful arcangement:
for registering the position of spectral lines. '

3. A ‘“comet-seeker,” by Merz & Sons, of 95" aperture and 760" focal length, equatorially
mounted with slow motions. This was fitted with a solar eye-piece for observing contacts, and with
an arrangement for tracing the image of the corona upon a ground-glass screen during totality.

4. The telescope, eollimator, and five prisms of a large nine-prism spectroscope. The object-
glasses have an aperture of 37 and a focal length of abont 440™,  The prisms are of correspond-
ing dimensions, with a refracting angle of 45° each.

5. An ordinary single-prism speetroscope by Clark.
6. A so-called meteor-spectroscope (direct vision) by Browning.
7. A small induaction-coil, with galvanic battery and set of Geissler tubes,
S. A collection of Nicols prisms, crystals, and colored glasses.
9. An excellent pocket-chronometer by Barwise,
10. Two spy-glasses and a binocular field-glass.

11. A combined compass and clinometer.
Of these instruments,Nos. 1, 2, 7, and 9 were used by myself. No. 3 was employed by Mr.,

Dean in observing the first contact, and afterward by Mr. Norman in sketching the corona. The
telescope, eollimator, and two prismsof No. 4 were combined into an instrument which was used by
Mr. Abbay; the Nicol's prisms and crystals were loaned to Professor Pickering, and the other
instruments to various amatenrs who offered us their aid in sketching or other forms of observation.

Leaving Hanover on October 31, I sailed from New York for Liverpool on Novemher 3, (in
company with alarge number of our party,) and finally arrived at Jerez, via Southampton, Gibralrar,
and Cadiz, on December 9, one day previous to the time appointed, but still the last member of the
party to come upon the ground.

My instroments had been carefully packed at Hanover and sent to Cambridge, whence they
had been forwarded with the other instruments of the expedition. I found them at Jerez awaiting
my arrival, and on opening the boxes everything came out in good order with a few trifling
exceptions.

As the observatory for the meridian-instrmments and the arrangements for the photographic
corps had first to be attended to, it was not antil December 16 that my instrument was mounted,
and it was the 20th before I had it well adjusted, the weather having been unfavorable most of the
time.
It was placed under a large tent, kindly loaned to the expedition by the Jerez Cricket Club,
very near the instrument of Professor Winlock, bat at a distance of 30 meters or more from the rest

of the party.
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INSTRUMENTS.

For the observation of the eclipse I used the large equatorial previously mentioned, armed with
the Clark spectroscope. The telescope is a very good one. The spherical aberration is very nicely
corrected, but the correction for color is somewhat overdone, (as is the case with most of the Munich
glasses,) the focus for the C line being about 15™™ nearer to the object-glass than that for G. This
is, however, of comparatively little importance in spectroscopic observation.

The driving-clock perhaps deserves something more than a passing notice, on account of
certain peculiar features which I believe are new.

It is one of the small machines such as Merz & Son have been accustomed to furnish with
their instruments, regulated by Fraunhofer’s centrifugal friction governor, and although it went
very fairly when everything was new and in perfeet order, it has far too little power to drive so
large an instrament under ordinary conditions. But I have succeeded in bringing it to satisfactory
performance by the following simple modification: The axis of the driving-screw revolves (when
the clock-work is running accurately) once in 7 seconds. Upon this axis is secured a wheel with
seven teeth like those of a scape-wheel. By adjusting the governor so that it will, when left to
itself, run a little too fast, and then slightly checking this wheel every second, it is evidently possible
to secure a very close approximation to uniform wotion, the principle being precisely the same as
in Bond’s spring-governor. This necessary periodical check is obtained thus: The armature of an
electro-magnet is attached to a lever whieh carries at its extremity a piece of watch-spring about
25mm long., While the eurrent is flowing through the coils of the magnet, this spring is pushed
down between the teeth of the scape-wheel, and would stop the machine entirely if allowed to remain
there; but the magnet being connected with a clock which breaks the circuit every second, the
spring is then drawn back for an instant and the tooth allowed to pass, having been merely checked
a little, just enough to prevent the clock-work from running ahead. Tig. 2 is designed to illus-
trate the arrangement.

AT

Tig. 2. Apparatus for controlling the driving-clock.

W, scape-wheel with 7 teeth; 3, check-spring; C,.center of motion of lever L L.; B, banking
pin; A, armature faced with brass; M, electro-magnet; P, winding-pin, controlling the tension of
the adjusting spring R.

In the observatory the magnet is connected with the solar clock if the telescope is to follow
the motion of the sun; with the sidereal if a star is under observation. But having no clock at
Jerez which could be conveniently used for this purpose, 1 had recourse to an expedient suggested
by Professor Winlock, which answered admirably. A seconds pendulum, with a break-cireuif
attachment, but without other appendages, was mounted upon the telescope pier, and kept in motion
by an occasional touch of the finger. It wonld swing withont requiring any attention for about
ten minutes at a time, and whenever the arc of vibration was too much reduced, the pecaliar sound
of the magnet at once attracted notice and called for the needed impulse.

T am confident that the plan of connecting the driving clock of an equatorial with the standard
clock of the observatory, in some such way as I have described, will be found exceedingly satis-
factory by any one who may try it—a vast saving of annoyance and vexation by rendering un-
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necessary the continual adjustments which are otherwise required by slight changes of balance in the
instrument, variations of temperature, &e. If the performance of the driving-clock before being
thus controlled be simply tolerable, then when connected with the standard clock it becomes as
perfect as the clock itsclf, provided, of course, that the polar axis is accurately adjusted.

For the purpose of mounting the equatorial, a large post about 25 centimeters square was set
into the ground to the depth of a meter, and the top wassawed off at an angle a little greater than
the latitude of the place, the inclination being roughly measured by the clinometer.

Upon the top of the post was secured, by a single strong bolt near the upper extremity of the
slope, a piece of plank about 20 centimeters wide by 760 in length; to this was firmly bolted the
bed-plate of the polar axis. The plank being thus fastened to the post at one point only, it was
possible to swing it around enough for the needed azimuthal adjustment, and by driving wedges
between the top of the post and the plank, slight changes of the indination of the polar axis could
be readily effected ; at the same time the weight of the telescope and its mountings was abundantly
sufficient to keep everything in place unless purposely disturbed.

The spectroscope was atfached to the telescope by a stiff tube of hard brass about 32 millimeters
in diameter. This is clamped to the tail-piece of the telescope by a pair of strong rings; and in
a similar wanner the frame of the spectroscope is secured to the rod by two clamp-screws, so that
by simply loosening these the spectroscope may be brought nearer to or removed farther from
the telescope in order to bring the slit to the exact focns of the particular rays of the spectrum
under examination.

To facilitate this exceedingly important adjustment, lines were marked upon the rod corre.
sponding to C, Dy, 4, F, and G.

Sometimes, instead of using this wrrangement, the spectroscope is slid to a little greater dis-
tauce and the image is thrown up by a concave lens of long focus; this enlarges the image some-
what, and by sliding the leus slightly, in or out, a most accurate adjustment of focus is attainable.
But a little loss of light and injury to the definition from the action of this supplementary lens
makes the former method preferable as a general rule.

A small piece of card with an orifice in its center was fastened over the slit, and no other finder
was necessary, as even during the totality the image thrown upon the card was abundantly bright
to enable me to point to any desired portion of the corona with perfect certainty.

A little mirror was attached to the brass carrying-rod, and so arranged that with one eye I
could see in it the card and the image upon it, while the other was at the eye-piece of the spec-
troscope.

As has been mentioned before, the instrument was provided with the beautitul arrangement
of Professor Winlock, which, by a mere touch of the finger, records permaneuntly upon a silver
plate the exaet location of any line that may be upon the eross-wires,

OBSERVATIONS.

"The 21st of December, the day preceding the eclipse, was perfectly clear, and I took advauntage
of it to complete the adjustments of my instrument, and to examine the cireumference of the sun
for prominences. There were no very large ones, but several that were very brilliant and very
active. One on the northwest limb was particularly so, and its spectrum contained not only all the
bright lines [ had ever seen before, but some new ones. I noticed especially an iron line below C,
the reversal of 655 Kirchhoff, and the tbree chromium lines at 1601, 1605, and 1607 of the same
scale. The red line has been seen before, but only rarely; on this oceasion, however, it was so
Lright that I showed it without difficulty to several of the bystanders, The chromium lines are, 1
believe, entirely new.

It was my intention to examine the whole circumference of the sun on the morning of the
eclipse, and to map down the different protuberances. This was prevented by the clouds, for dur-
ing the night the sky had become overcast, so that the prospect was exceedingly gloomy for us.
‘We made all our preparations, however, and a little while before the beginning of the eclipse the
clonds cleared away somewhat, and I was in hopes that I might be able to use the spectroscope in
obgerving the first contact.
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But the chromosphere lines were only oceasionally and faintly visible through the haze, (which
even when thinnest was always sufficient to produce a well-defined halo of 22° radius,) and I was,
therefore, unable to make a satisfactory observation. 1 had, however, & womentary glimpse of the
moon’s limb on the chromosplhere, and announced her approach some ten seconds before Mr.
Alvan G. Clark, who was standing very near, using the large finder of Professor Winlock’s tele-
seope, perceived the contact. His observation was made at 10" 25™ 455 4. 2 by my chronometer,
which I had previously set by the standard chronometer in Mr. Dean’s observatory, allowing for
the error of the standard at the time of comparison, as given by Mr. Dean. 1 suppose that taking
into account everything, the error of my chronometer could hardly have been more than from 3 to
5 tenths of a second at the time of Mr. Clark’s observation; but as 1 looked at its face ounly after
Mr, Clark spoke, taking my eye from the eye-piece of the spectroscope for the purpose, the error o1
noting may easily amount to tige 4 2¢ indicated.

Immediately after the contact, I took off three of the prisms from the spectroscope, reduciog
its dispersive power from 13 prisms to 7, the Jargest number which could be nsed with the register-
ing apparatus. I was not able, however, to adjust the instrument and cut the comparison spectrum
upon the register plate, until within a few minutes of totality, as we could only eatch momentary
and nnsatistactory glimpses of the suu Letween the thickening clouds. These seemed to grow cou-
tinually denser and more nuwmerous, so that we were all oppressed with apprehensions of total
failure. But a few minutes before totality, a rift of blue appeared in the west, and we hailed it as
affording a gleam of hope. Slowly it drifted along, directing its course straight toward the sun-
now reduced to a narrow crescent. At last it reached it} in a moment more the moon had com-
pleted the event, and there, in clear air, between the dense masses of heavy clouds, hung the beau-
tiful spectacle.

I had previously laid down for myself the following programume :

1st. Observation of 1474, and ascertainment of the distance to which it could be traced from the
sun’s limb,

2. Examination of the corena spectrum for other bright lines, as well as for dark lines, and
the registry of any that might be found.

3d. Examination of the extension of the chromosphere lines outward and inward upon the disk
of the moon. k

4th, Examination of the spectrum of a prominence, if time permitted, in order to find lines
invisible except during an eclipse.

In accordance with the programme, as soon as the sun came out into the clear sky, I had ad-
justed the slit of the spectroscope aceurately tangential to the limb of the sun at the point where
the last ray would vanish, and brought the 1474 line to the cross-wires. It was already plainly
bright, the atmospheric glare being so much redaced as to make it perfectly easy to see.

The lines of b were alse distinctly reversed, as were several of the iron lines near E,and I cven
thought that I could see the three chrominm lines which I had found the day before. -

Very soon, as the crescent grew narrower, they shone out unmistakably, and all the other lines
I have mentioned becamne continually more conspicuous, while the dark lines of the spectrum and
the spectrum itself graduoally faded away ; until all at once, as suddenly as a bursting rocket shoots
out its stars, the whole ficld of view was filled with bright lines more numerous than one counld

count.
The phenomenon was so sudden, so unexpected,* and so wonderfully beautiful as to force an

* It was unexpected simply because it had not been seen in 1863 and 1869. In 1869, having been led to expect
something of the kind by Father Secchi’'s report of a layer close to the sun’s surface, giving a continuous spectrum, I
looked for it very carefully, but failed to see it, so that on this occasion I was wholly unprepared,

1 now suppose that my previous failure was due to my having worked with a radial slit ; in this case the lines
would be so short (from 0.5 to 17.5) that they might easily escape observation.

It is of course possible that the phenomenon may have been caused by some unusnal disturbance in the solar at-
mosphere, (such as Mr. Lockyer has already seen on one oceasion,) by which the denser vapors were carried up into the
chromosphere.

if, however, as secins much more prolsable, the layer always exists, and is the true birthplace o1 the Fraunhofer
lines, it is quite possible that it may be detected even without an eclipse by observations made at some elevated sta-
tion, such, for instance, as Sherman, at the summit of the Pacific Railroad.
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involuntary exclamation. Gently and yet very rapidly they faded away, until to within about 2
seconds, as nearly as I can estimate, they had vanished, and there remained only the few lines I
had observed at first.

Of course it would be very rash on the strength of such a glimpse to assert with positiveness
that these innumerable lines corresponded exactly with the dark lines of the spectrum which they
replaced ; but I feel pretty fairly confident that such was the case.

The grouping of the lines seemed perfectly familiar and so did the general appearance of the
spectrum, except that the lines which had been visible before the totality were relatively far too
conspicuous,

Mr. Pye, as will appear from his report, also saw the same thing for an instant.*

As soon as this bright line spectrum had vanisbhed, 1 gently pressed against the side of the
telescope tube and foreed the slit away from the image of the sun toward the east. All the lines
in the field (the four lines of b, the three chromium lines, and two or three ivon lines near E) imme-
diately disappeared except 1474, while this continued bright, thougl of cowrse growing fainter as
the distance from the sun increased; but by opening the slit somewhat I conld trace it to a distance
from the limb of more than the sun’s radins, or about 16/, as determined by a glauee at the card
attached to the spectroscope, upon whieh the image of the eclipse was distinetly and beautifully
visible. Light floceuli of clond were continually and swiftly drifting over it.

By touching the tangent serew the € and Dy ines were then brought into the field of view and
their behavior examined. So long as the slit wis in the chromospliere they were dazziingly bright;
but as soon as the slit was removed from this they became suddenly fainter, althongh I conld trace
them to a distance of 4 or 5 minutes outside of the sun and even upon the disk of the moon. ¥
was then tried, and behaved similarly, except that being less brilliant 1 could not follow it so far,
I have no doubt, however, that their extension beyound the limits of the ¢hromosphere was due to
retlection from the haze and fiocculi of cloud above mentioned, as 1 saw nothing of the sort in
1869, in a clear sky.

A faint, continuous spectrum, much brighter near the sun, always formed a background for
the bright lines. I saw no traces of dark lines in it, though I looked for them carefully.

Desides 1474, no other lines were seen which behaved in a similar manner or could possibly
be due to the corona.t

Abont a minute had been consumed thus far, aud I determined now to take oune deliberate
look at the eclipse, and did so for about 10 seconds. What I saw certainly appeared to me very
different from the impressions of the eclipse of 1869, Then, under an absolutely clear sky, the cor-
ona seemed to me somewhat smaller and more sharply defined than now; far more brilliant and
more beaatiful then, but striated only with fiue lines without any heavy markings. (Some of the
observers, however, who were in Kentucky in 1869, make a very different comparison of the two
eclipses.) On this oceasion the corena appeared very indefinite in its outline; roughly a square
with its diagonals at an angle of about 45° with the vertical, (and with the ecliptic also, since the
eclipse took place at noon, and the sun was near the solstice,) and having the san somewhat out of

* Father Secchi, in a note published in No. 1834 of the Astronomischie Naclhrichten, reports somothing perhaps sim-
ilur. He writes:

“Une minute ou deux apres la totalité je fixai le speetroscope 4 la grande telescope de Cauchoix avee laguelle
nous avions fait les photographies et je visai & Pextrémité des cornes de la phase; le spectre était trés discontinu ; je
sougonnai d’abord quelque dérargewent mais ce n’était rien ; la discontinuité était tres grande et visible, malgré que Ia
feute fusse assez large, car elle était destinée & régarder la forme des protubdrances et & en relever la différence avee
cellé que j’avais observée tout & Theunre.

“Quelques minutes aprds les cornes s'6taient élargies cette discontinuité disparut. Cette observation me parait
tros importante et elle nous ouvre un nouvel horizou sur la ¢onstitution de la bord du soleil. M. Mobile a terra nova &
fait aunssi une observation semblable.”

t In the same letter of Father Secchi, from which a quotation has been already made, he writes:

“ Mon collégue le I’. P. Denza, dircoteur de Yobservatoire de Moncalieri, observa avee un spectroscope ¢ue JPavais
eonvenablement dispess, deux raies brillantes dans la couronne, une pres de UE de Frannhofer, Fautre au milieu entre le
vert et la janne. Faute de temps on ne pit pas mieux fixer la position.”

The one near E was evidently 1474, and it would seem pretty likely that the other “lhall way Letween the green
and the yellow ” might be onc of the two faint lines which I saw in 1860, and doubtfully reported as corona lines.

H. Ex, 112 19
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the center. Bat I was most struek by several straight dark streaks apparently related to the pro-
tuberances, which extended out from the sun through the corona and into the sky beyond to a dis-
tance fully equal to the sun’s diameter.

Mr. Gilman’s picture of the eclipse of 1869, (published in the report of the Naval Observatory
party,) gives a better idea of them than anything else I have ever seen, although I confess that
hitherto I had thought it greatly exaggerated. 1 did not see so great a number of rays as he has
shown in that figure, but those I did sece, five or six in number, three of which were especially con-
spicuous, are accurately represented by his sketech. The darkness was not so great as in 1869, I
had no difficulty whatever in reading the seconds dial of my pocket-chronometer. Undoubtedly
the obscurity was rendered less effective by the gloum that had preceded it caused by the heavy
clouds.

Resuming the spectroscope, I examined hastily the other portious of the sun’s cireumference
to determine the extent of the corona as shewn by the 1474 line, and with the following results:
On the west limb I traced it to a distance of 13/, on the north, 12/, on the south, 10’. A few mo-
ments still remaining, I took a hurried glance at the speetram of the chromosphere on the western
edge in order to look for new lines, but found none. I saw the following: C, Dy, D,, Dy, 1474, 1515,
1519, 1601, 1605, 1607, by, by, by, by, 1990, 2001, 2003, 2031, F, and 2185—twenty in all. The examina-
tion was not extended below C nor above 2185, for while I was looking at the last inentioned line,
and before I could bring it to the center of the field, the sun emerged. T was somewhat surprised
and disappointed at not fiuding any new lines; perhaps a closer scrutiny with a somewhat widened
slit might have been more successtul,

I ought to add that the positions of the lines above # were determined only by my general
knowledge of that portion of the spectrum, and the fact that the lines named are often observed
there. I did not bave time to briug them accurately to the eross-hairs and cut them upon the reg-
ister-plate., T hurried the observation in order to catch, if possible, at the close of the eclipse, the
same reversal of' the Fraunhofer lines which I bhud seen at the beginning, but I was not quick
enongh, and as the slit was not in the proper position, I did not see it.

The sun had bardly re-appeared from behind the moon when the clouds again covered him, and
we saw no more sunshine until evening, when the sky cleared off beautitully from the west after a
heavy storm of wind and rain, which seriously troubled us in dismounting and repacking our

instroments.
OBSERVATIONS OF MR. ABBAY.

In 1869 Professor Pickering observed the eclipse with an ordinary chemieal spectroscope of
one prism, unattached to a telescope. In this'way he obtained a spectriun due to the total light from
the whole mass of luninosgity sarrounding the sun within a distance of 3 or 4 degrees. He reported
a continuous spectrum, in which, however, there were several bright lines, one in the red near C,
another near D, and a third near E, brighter than either of the others. I never doubted that this
brightest line was 1474, but as Professor Pickering had only been able to make a rongh estimate of
its position, Mr. Lockyer and some others were disposed to dispute this conclusion and consider it to
be F. To settle this question, and because this method of observation appeared to promise results
of value when combined with those obtained by the telescopic spectroscopes, it was determined to
repeat the observations on this oecasion.

As, however, we had no spare observer, Mr. Abbay, of Wadham College, Oxford, member of
the English party under the charge of Rev. S. J. Perry, which was located near us at Puerto Santa
Maria, kindly volunteered, on the suggestion of Mr. Lockyer, to join us temporarily, and use an
instrument compiled for the occasion out of the vollimator, telescope, and two prisms of the large
spectroscope belonging o Dartmouth College. -The collimator and prisms were firmly attached in
the proper position to a board, and the viewing-telescope was mounted upon an arm turning on a
pivot under the center of the nearest prism.

This armm was moved by a tangent screw, and an arrangement was fitted to it with which the
exact position of the telescope at any moment could be registered by the punctare of a needle-point
upon a piece of card, a rough, but effective imitation of the more elegaunt registering-apparatus
attached to the other instruments.
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The board to which the prisms were fastened was itself secnred by a screw at its center of
gravity to the extremity of a horizontal Lur so that it conid move freely in a vertical plane, The
bar, counterpoised at the other end, turned upon a vertical pivot on the top of a post tirmly planted
in the ground. Thus the collimator could be directed to any portion of the sky, and by means of
a shadow pointed aceurately upon the sun.

The slit was provided with & comparison prism, and Mr. Abbay brought with him a small in-
duction coil and a Geissler tube, which gave the combined spectra of hydrogen, sodium, magnesium,
mercury, and iroi.

This tube, prepared for the purpose in Mr. Lockyer’s laboratory, was first exhausted by a mer-
curial pump, which always leaves some of the vapor of mercury in the partial vacannm so formed,
and then filled with rarefied hydrogen. Oue of its electrodes was of iron encrusted with 2 sodium
salt, the other of magunesium, It was permanently attpched to the instrument in such a position
with reference to the comparison prism that its spectrum counld at auny wmoment be brought into
view by simply starting the induction coil. No Dbetter reference scale could be desired for deter-
mining the position of any lines that wmight be observed.

1 simply annex the report of My, Abbay, without attempting to account for the very curioeus cir-
cumstance that he saw the C and D, lines (I have no doubt that the line he calied I was really D;)
only at the beginning of the totality, but afterward only 1474 and I'; while Mr. Pyve (and Pro-
fessor Pickering, in 1869) obscrved no such change in the cliaracter of the spectram.

y Report of Mr, Abbay. .
OXroRrD, Junaary 24, 1371,

My DrARr Proressor YOUNG: I am rather ashamed to be so late in sending you my report of the work done with
the ehemical spectroscope you so kindly lent me.

The field of view was about 7%, so that the light passing through the prisms was composed of prominence, coronal, and
general light extending 1o @ distanee of 7 or 8 diameters on each side of the sun. A short time before totality began, I
arranged the slit so that the D lines just appeared as a single thick line, this being the narrowest slit which it seemed safe
to attempt to use, and I had determined to narrow the slit considerably if the bright lines appeared as bands on a con-
tinuous speetrum. At 117 44m Jerez time, I noticed the B line extremely black. As totality approached. the dark Frauan-
hofer lines slowly disappeared, leaving a dull spectram, which also faded away immediately hefore three bright lives,
(¢, D, and ¥)) identified by means of the vacuum tube, made their appearance.

These three lines came intoe view within 2 or 3 seconds after the sbhout apvounced that totality had begun, and
they rewained about 8 or 10 seconds. When they disappeared, two very bright sharp lines were sceu, one coincident
with the bright ¥ line given by the vacuumn tube, the other less refrangible than b, Aftor some trouble, I succeeded
in placing the cross-wires on this bright line, and determined not to move the telescops dariug the rest of totality.

No other line appeared, although the C line of the vacuum tube was in the field on the one side and the T line
on the other. I saw no continuous spectrum ; the lines were bright on a dark ground. The 1" line was a little less
bright than the other.

On the re-appearance of the dark lines after totality, I found that the cross-wires were on the vacant space between
the lines 1464 and 1494 of Kirchhoff’s scale. This moeasurement was as accurate as it was possible vo muke with the
instrument, so I cannot say with certainty that the bright'line seen was absolutely coincident with the 1474 line.

In order to get an idea of the dispersive power of the prisms, I tested the instrument by means of the light of the
dull heavy clouds which obscured everything after totality, and found that I conld not separvate the D lines; but I was
able to obtain four thick lines butween E aud b. 1 also saw 1464 and 1494 as single thick lines.

At the end of totality, I noticed no re-appearance of the bright lines € aud D, nor dov 1 remémber at what moment
the continuons spectrum again came into view.

At about the middle of totality, I looked up for a second or two at the corona. It appeared distinetly and
unevenly radiated. The light was pearly white, apparently of about the intensity of the full moon, and the shadows
cast by certain parts of the instrument seemed as deep as those of a bright moonlight night.

I think the dark Fraunhofer lines disuppeared through want of light, and I do not belicve it possible to prove
their non-existence in the corona on account of that want of light.

I believe, but this is rather an opinion than the result of experiment, that the real corona is small compuared with
what we see, and that it is appavently magnified partly by irradiation and partly by reflection at an angle nearly 1807
in the earth’s atmosphere, so that under favorable circumstances bright lines may be obtained at an enormous distance
from the sun’s limb.

I am very glad that my results have confirmed your provious observation in 1869, and thanking you again for the
usge of your instrument,

I am, ever sincerely, yours,

R. ABBAY.
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OBSERVATIONS BY MR, PYE.

Mr. Walter Pye, a young English gentleman, who was spending the winter in Jerez for the
benefit of his health, had kindly offered his scrvices as an assistant in any obscrvations that might
be desirable. As he had had some experience in spectrum analysis, and as there still remained
another spectroscope unprovided with an observer, this was assigned to him.

The instrument was a star spectroscope belonging to the observatory of Harvard College,
with a single prism of extra dense yellow glass having a refracting angle of 60°. The telescope
and collimator had each an aperture of 23mm and a foeal len gth of about 1830w, Jts dispersive power
was such that it showed without much difficulty the four lines of b distinet and separate. It was
provided with the registering apparatus of Professor Winlock. This instrument was mounted on
the same general plan as Mr. Abbay’s; but to secure more light, at the same time allowing the slit.
to receiveits illumination from the whole coronal region, I cmployed the following device: A sinall
telescope, magnifying about 24 times, with a field of about 7°, was carefully adjusted for distinet
distant vision of a remote objeet, 4. e. so that the rays from any portion of the object after emerging
from the eye-picce should be exactly parallel to cach other. This being placed in front of the
spectroscopo its effect is, not to form an image on the slit and thus restrict the observed spectrum
to that of some particular portion of the coronal region, but simply to magnify the angular area
from which the light proceeds to a diameter of about 4°, and thus to increase the light nearly six-
fold. The contrivance sncceeded perfectly, so that although the intraument was much smaller than
Mr. Abbay’s, I think it was fully its match in power and efficiency. A little more care in pointing
was requisibe on account of the condensing telescope, as we called it.  To facilitate the operation, a
thin piece of metal, with a round orifice in it of 2 or 3 millimeters diameter, was attached to the
frame-work, and at a distance of about 30 ecentimeters a card was placed with a circle marked upon
it. The instrumeunt was directed by bringing the spot of light formed by the orifice into the center
of this cirele.

I append Mr. Pye’s report, and it will be seen that his results are in perfect accordance with
those obtained by Professor Pickering in 1869.

: Report of Observation.

At the first instant of totality a great number of bright lines were seen, the effect being as if all the dark lines of
the spectrum were converted into bright ones ; these lasted ouly for an instant, and were seen with the slit nearly closed.

Then with a wide slit the following lines were observed: (1) C, very bright; (2) a bright line near D, probably
Dy; (3) No. 1474—>y far the brightest of all—peculiarly sharp and distinet; (4) F, the faintest, but sufficiently distinct.

A very small bright line also seemed to appear near 1474 for an instaut, but as it could not be seen again its exist-
once is doubtful.

The estimated relative brightness of the lines was C, 853 D, 5.5; 1474, 10.0; F, 3.0,

On the register plate—

Set No. 1 are the observed lines.

Set No. 2 are standard dark lines, commencing with C on the left, taken after the eclipse in a very imperfect light,
and are not very reliable ; on this set are two erased lines. -

Jeruz, Decomber 22, 1870. WALTER PYE.

In order to bring out one or two points more clearly, I addressed to Mr. Pye a note making a
few inquiries, and received the following as an appendix to his report :

Supplementary.

1. For about two minntes before totality the eyes were shaded according to your directions.

2. I should imagine that the duration of the number of bright lines waus not longer than was sufficient to produce
ai impression on the retina, or less than 4 of a second.

3. I had in no way been prepared to expect this phenomenon, (the reversal of the Fraunhofer lines.)

4. No continuous spectrun was seen ufter totality until the slit was opened, when it could be easily seen ; at
neither time were any dark lines observed.

5. The slit was opened until the regulating screw did uob act upon it, about 14 turns of the serew.* The b lines
would certainly have appeared as a single line and probably indistinct.

6. The small bright line near 1474 was nearer than it to the ved, that is to the left of the register plate. It should
be mentioned that it was just at the close of the totality that it was looked for again, when it could not be found.

JEREZ, December 23, 1870.

*Subsequent carefu) measurcment showed that the serew ceased to act upon the slit when its width was very approximately 0.2 -
of a millimeter. - Y. .
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MR. NORMAN’S TRACING OF THE CORONA.

In accordance with an idea I hud formed some time ago, I made arrangements to secure a
tracing of the corona, hoping to aseertain whether there is any difference between the visible cor-
ona and the same thing as depicted by photography. ¥or this parpose the comet-seeker previously
mentioned, of 95 millimeters aperture, and 760 millimeters focal length, was employed. A diago-
nal eye-piece of low power was used, forming an image of the sun about 17 millimeters in diameter,
upun a plate of glass very slightly roughened by grinding with the finest emery—just, enough to
give a hold to the point of a pencil. This image of the sun, seen by transmitted Hght ot course,
was very bright and sharp, and I was in hopes that that of che corona would be so likewise.

Mr. Norman, an English geutleman, resident in Jerez, and an artist of no inconsiderable skill,
kindly undertook the instrument and during the totality wade one tracing and commenced another,
which are interesting when compared with the photographs.

He found, however, that the ground glass too much diminished the light, and he could not see
on the plate many of the details (especially the dark rays) which were couspicuous to the naked
eye. The drifting clouds greatly increased the difficulty.

If the experiment were to berepeated, 1 should propose that the tracing be made with a needle
point upou a plate of gelatine or mica. I annex a copy of Mr. Norman’s tracings,

(Mr. Nonunan's tracings.)
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NATURE OF THE CORONAL LIGHT.

From the observations above reported, it is plain that the ecorona is to a certain extent “self-
luminous, and the self-luminous matter must of course be in the sun’s_immediate neighborhood.
Its spectrum certainly contains ome bright line, coinciding eractly with the [dark line of the solar
spectrum at 1474 of Kirchhoff’s scale, this coincidence being just as well established as that of the
red and blue lines of the protuberance spectrum with the hydrogen lines C and F. Whether the
sorona spectrum containg other bright lines is more doubtful, although the observations of Father
Denza, quoted in a previous note, and my own observation in 1869, make it somewhat probable.

But while it is certain that the corona is in part self-luminous, it is hardly less so that it shines
in part by reflected light, as indicated by the radial polarization, which seems to_be pretty satisfac.
torily established by the polariscopic observations.

; It might at first seem that if so the Fraunhofer lines must appearjin the spectrnm of this
reflected light, but I think a little consideration will show that though they undoubtedly have a
real existence, yet they must be so masked as to be very difficnlt of detection.

The total spectrum seen in an instrument like Mr. Abbay’s or Mr. Pye’s is, in all probability,
composed of five or six different overlying spectra,

1. First we have the chromosphere spectrum, characterized by the hydrogen lines and Dj,
derived from the prominences and those portions of the chromosphere not hidden by the moon.

2. In the second place we get a true gas-spectrum of the second order, in which 1474 is the
most prominent if not the only line. The gaseous envelope from which this,line is derived has been
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called the leucosphere,* to distinguish it from the chromosphere, which it far exceeds in elevation
and extent.

3. We have (hypothetically as yet, but very probably) a true continuous spectrum without
any lines bright or dark, due to the ineandescent solid or liquid particles near the sun—in other
words, to meteoric dust or fog. For although it seems difficult to admit the theory of Mr. Proctor
that the whole explanation of the corona is to be found in such meteoric matter, yet there is hardly
room to doubt that it must contribute a very essential element.

4. We have as a fourth element the spectrum of the true sunlight reflected by the lencosphere
and the meteoric dust. This light is charvacterized by its radial polarization, and could we
examine it by itself I have no doubt we should easily find in its spectrum the Fraunhofer lines.

5. Overlying these is the light reflected by the particles of the earth’s atmosplere, adding to
the spectrum of course no new characteristics of its own, but only increasing the area and decreas-
ing the intensity of the light and partially obliterating outlines and definition.

And if, as Oudewmans supposes, cosmical dust between us and the moon is concerned in the
coronal phenomena, then the light from this must also come into the aceount, a light much the same
as that reflected from the particles of our own air, but with an added dash of true photospheric
sunshine.

EXTENT OF THE CORONA AS INDICATED BY THE SPECTROSCOPE.

It is, of course, matter of great interest to determine the extent of the froe solar corona. But
the problem is rendered difficult by the action of our own atmosphere, which, especially when the
air is somewhat hazy, expands the limits of a nebulosity in all directions, and in such & manner
that it is not easy to distinguish between the atmospheric extension and the true corona either by
the eye, the telescope, or the spectroscope.

When the air is thoroughly elear, however, as in the eclipse of 1869, this atmospheric effect is
probably insignificant, as was indicated by the fact that the hydrogen lines were sharply termi-
nated at the boundary of the chromosphere.

This year, however, the case was quite different, and they were observable, as has been stated,
as much as 4 or i minutes outside of their proper limits. It will not do, theretore, to lay too much
stress upon the fact that Professor Winlock was able to follow the 1474 line more than 20/ from the
sun’s limb; and yet the difference was so striking between the behavior of the hydrogen lines,
which exhibited # most marked discontinuity of brightness at the edge of the chromosphere, and
that of 1474, which simply grew uniformly fainter with the increasing elevation, that, personally, I
have no doubt that the boundary of the true corona had not been overpassed by Professor
Winlock. .

By combining, however, the observations of Mr. Pye with those of Professor Winlock and
myself, it is easy to show that the luminous area, from which we derive the spectrum characterized
by the 1474 line, is far more extensive than the promineunces and that portion of the chromosphere
visible during the eclipse.

I have ventured to call instruments like those employed by Mr. Abbay and Mr. Pye, integrai-
ing spectroscopes, since they sum up in the spectrum which they show the total amount of light of
each definite refrangibility derived from the whole luminous area in the ficld of the collimator.
This field is, of course, a cone defined by lines drawn from the edge of the collimator object-glass
through the center of the slit, (neglecting the length of the slit,) and indefinitely produced. All
the luminous particles within this cone contribute equally to the spectrum, aud the instrument gives
no means of determining in what portion of the field any particular line of the spectrum originates.

* This term “ leucosphere,” fitst. proposed, I believe, by Lieutenant Brown, at a meeting of the Royal Astronomi-
cal Society, last January, is in some respects objectionable, but as it is convenient, and I am not aware that any better
one is in use, I employ it provisionally. If, as is quite possible, it finally turns cut that the non-solar elements of the
corona are only insignificaut, the word will become unnecessary ; but while the guestion is under discussion it is desi-
rable to have a name for that portion of the coronal luminosity which all econecdeo to be solar.

Mr. Lockyer would extend the term * chromosphere ” for this purpose, but that word is so satisfactory as a desig-
nation of the red hydrogen stratum that such an extension hardly seemns advisable—especially as in that case we must
invent some new name for the hydrogen atmosphero.
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But on the other hand, when a spectroscope is attached to a telescope in the ordinary manner,
the object-glass forms a definite image npon the slit when the instrument is aceurately adjusted,
and the spectrum seen is simply the spectrum of that elementary portion of the luwminous body
whose image falls between the jaws of the slit,

Used in this way, I call the instrrment an aralyzing spectroscope fin antithesis to the other,
since in this case we virtually separate the laminous area into its elementary portions and examine
the spectrum of each portion by itselfl

Now in the analyzing instruments, as nearly as I can estimate, the € line is from 25 to 100
times as bright as 1474, the light-ratio being about the same as that between a star of the first
magnitude and one of the fifth or sixth. If we write 50 for the ratio I think we cannot be far from
right.

In the integrating instraments, on the other hand, according to the observations of Professor
Pickering, in 1869, and of Mr. Pye, above reported, (with which also agree the observations of Mr.
Abbay so far as they go,) the 1474 line is the brightest visible. Mr. Pye gives for the brightness
of 1474 the number 10, and on the same scale calls C 8.5; this would indicate between them a
light-ratio of about 122 in favor of 1474. .

1f then we suppose the corona and chromosphere each to be of uniform brightness throughout,
we must conclude that the angular area (square minutes) sabtended by the leucosphere is the
greater in the ratio of at least 50 x 180 to 1—that Is, the solar corona is about 70 times as extensive
as the portion of the chromosphere visible during the eclipse.

And if we were to take into account the fact that the chromosphere is more nearly uniform in
its brightness and more definitely bounded than the leucosphere, it is evident that this ratio would
be somewhat increased, since the comparison between the C and 1474 lines is made with the ana-
lyzing spectroscope very near the san’s lHimb, where the brightness of 1474 is far above its average—
where only, indeed, it can be seen at all except during an eclipse. From comparisons of Dy and F
with 1474 we also get results substantially accordant with the above.

1t is difficult to estimate accurately the aggregate area of the prominences and chromosphere
visible during the eclipse ; it was perhaps equal to a ring 9"/ or 10”7 high around the sun. If so,
the leucosphere would appear to have an average elevation of about 10/, a result which agrees
pretty well with the photographs and drawings, nor is it inconsistent at all with the idea that the
long rays and fainter outside radiance may also be solar appendages.

But with reference to these rays, both bright and dark, the indications at present do not seem
to be at all decisive. On the one hand the remarkable agreement between the photographs taken
by our party in Spain, and those ot Mr. Brothers, in Sicily, is an exceedingly strong argument for
their solar origin. On the other hand, however, we have indications that peint almost as strongly
to a cislunar source. For instance, the curious appearances presented by Lord Lindsay’s photo-
graphs, and the fact that in comparing different stations along the track of an eclipse we find that at
some (as for instance Sioux City and Shelbyville, Kentucky, in 1869) these rays are conspicnous,
while at others (Burlington and Springtield, in 1869) they are not seen at all.

Should it turn out that they arc only visible at stations where the air is more or less hazy and
turbid, they must natarally be considered as atwospheric phenomena, produced, of course, not by
true photospheric sunlight, (which, as has been abundantly shown by many writers, caunot illu-
minate the air near the moon’s place,) but by the light from the prominences and the lower regions
of the leucosphere. If, ou the contrary, as seems to be the case, this radiance appears under unex-
ceptionable atmosphberic conditions, we are almost shut up to one of two theories: either on the one
hand that of Professor Norton and Mr. Proctor, whose views regarding these rays are nearly iden-
tical, and represent them to be streams of matter, similar to cometary substance or auroral beaus,*

. * Since my name has sometimes been referred to in connection with the so-called * auroral theory of the corona,” it
is perhaps proper for me to state that I make no claims to its oviginasion. So far as I know, Professor Norton, of }'ale
College, was the first to publish a connected theory of the subject, basing his conclusions lurgely upon hig discussions
of Donati’s comet, published some years ago in Silliman’s Journal.

Professor Winlock also informs me that he has held and puablished a very similar opinion, and sv, I believe, have
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driven by solar repulsions; or, on the other hand, that of Oudemnans, who considers them to be
purely optical effects produced in cosmical dust between us and the moon by the sunlight stream-
ing across the uneven and ragged edge of our satellite.  Evidently the subject requires careful and
patient study for its elucidation.

NATURE OF THE CORONAL ENVELOPE AND I7T8 RELATION TO THE SUN.

Another interesting series of problems relates to the substance composing the leucosphere and
the relation of this envelope to the sun—whether it is a true solar atmosphere or a mere cloud of
transient particles—a flock of meteors, as Mr. Proctor supposes. '

Waiving the difficulty of supposing such a multitudinous and eontinual supply of meteorie
matter as the theory would require, it apparently fails in accounting for the peculiar form assumed
by this envelope, which seems to be deepest over just those regions where the spots are most nu-
merous, and to be governed even in the minutice of its outline by the arrangement and magnitude
of the prominences.

I find, also, another great objection to it in the powerful winds and cyclones which prevail in
the regions above the chromosphere at elevations as great as fifty, and even one hundred thousand
miles., These winds, by which the tops of the solar flames are whirled and driven, present, so far
as observations now go, every characteristic of true aerial currents in a continunous medinm; and
the whole appearance and behavior of the protuberances, except at the moment of eruption, is that
of clouds floating in an air. It is impossible to conceive any more exact resemblance than that
which exists between these objects and the lighter clouds of our own upper atmosphere.

But if we then consider the lencosphere ak a true solar atmosphere, how can we reconcile its
enormous extent with the smaliness of the pressure at its base, which seemms to be established by
the experiments of Lockyer and Frankland, as well as Wiillner?

There seem to me to be two possible explanations of this: first, and perhaps on the whole
most probable, this atmosphere may consist of some new kind of matter whose density is far below
that of even hydrogen; or, on the other hand, it may be composed of matter whose specific gravity
(rot density) is diminished, annihilated, or even rendered negative by some solar repulsion, such as
appears to be operative in the formation of a comet’s tail.

It appears to be certain, from the observations of Angstrom and Kirchhoff, that the 1474 line
which characterizes its spectrum coincides with 4 line in the iron spectrum within the lmits of any
present tneans of observation; and so close a coincidence can hardly be accidental. Yet in the
speetrum of iron this line is only a faint and unimportant one, one of the last to make its appear-
ance under the stimulus of the electrie spark, and so little conspicuous that Mr. Huggins has
failed to map it.

It is, to say the least, very difficult to understand how, if this line be really of the sae origin
as its fellows, it should remain the sole survivor of changes which have esterminated all ‘its
stronger associates; accordingly it becomes natural to suppose, as I suggested in 1869, that in the
spectrum of iron this line may be due, not to the iron itself, but to some associated substance,
(possibly related to the peculiar magnctic properties of this remarkable metal,) to some oceluded
gas which can also exist free in a state of inconceivable tenuity, as we have it in the leucosphere,
and probably also in the streamers of the aurora and the tails of comets—a near relative, so far as
gravity is concerned, to the luminiferous ether and to the Urstoff of German speculators,

With this view I believe Mr. Lockyer agrees, so far, at least, as to think the lencosphere com-
posed of a new form of matter.

several Buropean astronomers. My own father, more than twenty years ago, was accustomed to teach essentially the
same thing; so that when in 1869 I discovered (as I supposed) the coincidence of the bright line in the corona spectram
with a line in that of the aurora and declared my helief in the essential identity of the phenomens, I considered myself
as simply subscribing to a view already current, and bringing a strong argument to its support.

I may add further that s careful observation of the auroral spectrum with the best means 1 hiave yet been able to
command, and an examination of the observations of others, have convinced me that while thus far nothing appears
which is inconsistent with the absolute coincidence of the two liues, still it cannot be considered to be established.

I think the probable error of the position of this aurora line, which is an execedingly difficult object, and has yet been
observed only with single-prism spectroscopes, must amount te five or six divisions of Kirchhoff’s scale.
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But on the other hand it is certain that alterations of temperature and pressure produce great
changes in spectra; and although I think no case is at present known where, in the course of such
changes, one of the least conspicuous lines is the most persistent and the last to disappear, it is
perhaps not impossible that this may be the case with iron, and that in the upper solar atmosphere
the complicated spectrum of the metal may reduce to this single line.

It is certainly a curious circumstance, perhaps favoring this idea, that the other iron lines
which from time to time appear in the chromosphere spectrnm, are nearly all of about the same
order of intensity as 1474; the more conspicuous iron liues like I and G are never reversed, while
in the case of other substances their strongest lines are the first to become bright.

If, then, we admit a sufficiently repulsive force, it seems still possible to suppose that the leuco-
sphere may consist of <ron in the state of vapor and fog; and the well-known wide diffusion of this
substance in meteoric matter makes it comprehensible how its lines should occur in the spectrum
of our own aurora and in any other places where they may be found. It wonld seem that we
must look to the physical laboratory for light upon this subject.

CONSTITUTION OF THE SOLAR ATMOSPHERE.

From what has been said it is perhaps evident that I am disposed to aceept a very simple
view of the constitution of the solar atmosphere.

Without discussing the nature of the body of the sun, I may perhaps venture to assent to the
views of Zollner, who considers that the phenomena of the protuberances almost demoustrate the
existence of a “ Trennungs-Schickt,” or erust, either solid or liquid, through which from time to time
burst out these masses of incandescent hydrogen.

Over this, as it seems tome, lies the atmosphere, composed of vapors and gases, eack arranging
itself or tending to arrvange itself (according to the views of Dalton,) as if it were the only one in exist-
ence.

That is to say the magnesium atmosphere is approximately of such elevation, and of such
density at each elevation, as it would be if the only atmosphere of the sun were so much magne-
gium vapor as now exists there; it being supposed, of counrse, that by some extraneous means the
surface of the sun be kept under the same pressure and at the same teuperature as at present.

According to this view there is near the surface of the sun a certain layer, probably less than
five hundred miles in thickness, which contains all the gases in intimate mixtare ; this is the birth-
place of the Fraunhofer lines, and I suppose I obtained a glimpse of it at the moment when totality
began.

Ascending, we successively pass the limits above which the different gascs do not rise, these
limits being lowest for the vapors of greatest density; the bydrogen and the unknown D; element,
on account of their lightness, reach a much higher level than the others, while far abeve even these
towers the coronal matter.

Of course I do not intend to ignore the enormous vertical and horizontal movements which
agitate this atmosphere, originating, mainly, it would seem, in forces acting from beneath, giving
to the upper surface of the chromosphere a form as irregular and fantastic as a sheet of flame,
elevating its general level to some extent, and often carrying up magnesinm, sodinm, and iron to
the very summit of the prominences.*

Considering also the close and immediate counection between unusgal disturbances on the
solar surface, and maguetic storms on the earth, it is altogether probable that this wild commotion
is accompanied by a development of electric force abundantly sufficient to acecount for all the ob-
served resemblances between the corona and the electrical phenomena of our upper atmeosphere.

* There is another view of the solar atmosphero which may perhaps e tenable. Since it is unsafe fo take the
non-detectibility of a substance by the spectroscope as a proof of its absence, it is perhaps not impossible to assume
that the solar atmosphere is ronghly homogeneous throﬁghout ; only in this case we must also assume the very x‘mu.btful
Tact that the denser gases lose their luminesity at higher temperatures, and consequently at lower levels. Accordingly
when we find the sodium lines reversed in a prominence, it wonld indicate, not the bringing up of sodium from a lower
1evel, but the raising of this portion of the solar atmosphere to a higher than usual temperature.

But I do not see how we can reconcile a homogeneous atmospliere of such clevation with the undisputed smallness
of the pressure at the sun’s surface, to say nothing of other difficulties hardly less serious.

H. Ex. 112—-20



154 FEPORT OF THE SUPERINTENDENT OF

1 am aware that there are objections to the theory I have indieated, arising from the phenom-
ena of the diffusibility of gases, but so far as I can see they are not conclusive against it. One
thing is certain, that too much caution ean hardly be used in applying conclusions derived from
Iaboratory experiments to the solar atmosphiere, where the eircumstances are so widely different.

STTGGESTIONS WITTL REFERENCE TO THE OBSERVATION OF FUTURE ECLIPSES.

At the request of Professor Peirce T annex the following notes with reference to methods of
observation, and points to which special attention shounld Le directed in fatore eclipses.

A.—Thotography.

1. Photographs of the partial pliases by Professor Winlock’s method, with a lens of long focus,
for the purpose of determining the relative positions and motions of the centers of the sun and
moon.

2. Photographs of the corona made with a.telescope of large aperture (30°®, if attainable,)
fitted with a lens near the eye-end, like the Barlow lens, only convexr instead of concave. This
lens to be of such focus and so placed as to reduce the diameter of the solar image to about 7.5,
or lem,

This lens can be made te improve the corrections of the object-glass for the actinic rays.
Great care should be taken in adjusting the diameter of this lens, and the size and position of all
stops and diaphragms, not to interfere with light coming from any point within 14° of the sun.

With an object-glass of the size mentioned we might expect, I think, to get a strong picture
of the whole coronal region, with an exposure not exceeding 5 seconds, and a series of such pictures
would infallibiy settle the question as to how much of the phenomenon is cis-lunar,

3. As a substitute for the above, photographs taken with & camera of wide angular aperture
carried by an equatorial mounting and clock-worlk ; or simply strapped to the tube of an equatorial,
which could be in use for viewing or sketehing, without interfering with the photography.

4. Photographs of a promiuence highly magnified, the image being thrown up by an eye-piece
to a scale of from 5 to 15 per millimeter, so as to give the details. This would, of course, require .
a large telescope, with accurate driving-clock, and perbaps is hardly of sufficient importance to
Justify the expenditure.

B.—Spectroscopic observations.

1. Determination of the instants of first and last contact.

2. Careful examination of the cusps to see if the moon’s limb in any way modifies the spectrom.
Brushes of red light liave been reported by some cbservers as appearing at the cusps; if so, what
is their speetrum?

3. Close to the sun's limb look fora layer in which the Frauuhofer lines originate. Just before
totality it should give a nearly continuous spectrum, and just at the moment of tetality should
show all the dark lines of the spectrum (excepting of course those of terrestrial origin) reversed.
The spectroscope employed cannot have too high dispersive power. The image of the sun should
be not less than 1 ineh in diameter, and since the thickness of this layer does not exceed 1% 4 of
the sun’s diameter, evidently the most critical care must be exercised in reference to all the adjust-
ments for focus, &e., afid the slit should be very narrow.

4. Determine the thickness of this layer by noting how long the lines continue bright. This
will require a chronograph capable of being read to 35 of a second.

Not1e~—It is possible, as has been stated before, that no snch layer exists, and that the phenomencn seen by Mr.
Pye and myself was due to some unusual disturbance of the sun’s surface.

5. Examine the promincnce spectrnm carefully for new lines just before and-after totality,
when the atmospheric glare is greatly reduced. Examine specially the upper part of the spectrum
above I

1f there are observers enough to attend to other points, continue the observation through to-
tality, particularly noting whether any diffuse band appears over b (not higher up in the spectrum,



THE UNITED STATES COAST SURVEY. 155

but replacing b at greater distance from the sun,)and whetber the F line runs higher than the other
hydrogen lines.

The upper part of the prominence spectrum deserves, and will probably repay, careful study,
and is very difficult to deal with except during an eclipse.

Use a speetroscope of high dispersive power.

6. With a similar spectroscope having the slit slight?y widened, examine the spectrum of the
corona for new lines, especially between 1474 and D..

The telescope employed should be of large angular aperture, giving an image of the sun about
1¢» jp diameter.

7. With the same instruments interpose a Nieol's prismin {frout of tlie slit, and note the effect,
if any, upon the spectrum of the corona when the Xicol is rotated; but any results thus obtained
must be carefully considered and checked, being complicated by the polarization produaced in the
refraction through the prisms. Place the slit at several different points and different angles with
the suw’s limb,

8. With the same instruments (except the Nicoly but with wedely opencd slit, study the “ dark
rays;” if they are really channels in the monochromatic leueosphere their outline will he visible
through the slit in the same manner as the forms of the prominences. 1t is hardly necessary to
add that all the spectroscopes used in the above-mentioned observations ought tobe autematie, and
provided with some aceurate registering apparatus.

9. Examine the appearance of the eclipsed sun with a ¢ meteor-spectroscope”™—having no esl-
limator or slit. So far as the corona is monochromatic it will be distinetly seen notwithstanding
the prism, while those portions of it which shine only by refleeted sanlight will be indistinet, their
light being dispersed. Even without a telescope the same object may be atrained, to some extent,
by merely looking at the corona through an ordinary prism or a diresi vision comlination.

10. Iiepeat the observations with the integrating spectroscepe. There are some cuarions dis-
crepancies between the observations of Mr. Abbay and Mr. Pye which need to be eleared up.

Co—HGeneral telescopic observations.

1. During the partial phase look for the projection of the moon beyond the son’s limb and for
brushes of light at the cusps.

2. Notice whether the coronal radiance shifts tfrom one side of the moon to the other during
the tota]ify, using considerable aperture but very low magnifying power.

3. Inorderto secure accuracy in sketching, insert in the focus of the object-glass a transparent
plate divided into squares, or marked in some other systematic manner; and use a paper marked oft
to correspond. :

4. Look for spots of light on the mooun, and examine carefully the gradation of light from the
limb toward the center during totality.

5. Look for intra-Mercurial planets.

6. With all the telescopic power available examine the strueture of the coroua to ascertain
whether it is made up of filaments; and, if so, whether they ure straight or curved; and, if
curved, whether they are concarve or conver toward the sun.

7. Observe carefully whether there are any nucled in the corona—anything like “ resolvability ™
of a star-cluster,

D.—XNaked eye or ficld-gluss observations.

1. Changes in the corona, such as shifting of the light from one side to the other of the
moon, alterations in the position of the dark and bright rays, &c.

2. Observe whether the external radiance, into which the rays appear to rcach out from the
leucosphere, presents any distingaishable outline; and, if it does, of what character.

3. Look for narrow dark and light bands moving over the surface of the earth just at the
moment of total obscuration.

4. Notice what portion of the sky is darkest, and how the light varies from this to the brighter
portions, ’
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E.—Physical observations.

1. With a thermopile and galvanometer measure the total radiant heat from the corona, and
test it for *‘ quality” by interposing various transparent screens of known thickness. Com-
pare it with the heat received from the uneclipsed sun by means of a vessel of boiling water or
some other constant source of heat.

2, Forming the image of the corona in the focus of a telescope, test the different portions of the
image with 2 minute thermopile of a single pair, in order to ascertain the rclative intensity of the
heat from its different parts. Especially ascertain how much more heat comes from the promi-
nences than from neighboring portions of the corona.

With respect to polariscopic and photometric observations I have nothing to offer.

With the greatest respect, I am, dear sir, yours very sincerely,
C. A, YOUNG.

Professor J. WINLOCK.

POINTS TO BE SPECIALLY ATTENDED TO IN THE OBSERVATION OF FUTURE ECLIPSES.
A.—Photography.

1. Photographs of the sun during the partial phases of the eclipse, with a lens of from 8 to 16
meters focal length, according to Professor Winloek’s plan, for the purpose of determining the
reiative position of the centers of sun and moon.

2, Photographs of the corona made with an equatorial of large apertare (25 to 30°™ if possible)
fitted with a lens near the eye-end like the Barlow lens so-called, except in being convex instead of
concave. This lens should be of such focal length and so placed as to redace the diameter of the
solar image to less than 1°™,and could be made to improve the corrections of the object-glass for
the actinic rays. Special care must betaken to avoid interference with the impression of anything
within three or four degrees of the sun by any stops or diaphragms. The object, of course, should
be to secure such a series of pictures as will show whether any changes take place in the coronal
streamers; and, if so, whether they stand in evident relation to the moon’s motion and the inequal-
ities of her limb. ’

3. Photographs with ap ordinary camera strapped upon the tube of an equatorial driven by
clock-work, or else arranged with its optic axis parallel to the axis of the earth, and having the
light thrown in by the flat silvered mirror of a Meyerstein heliostat, I think not so good as the
preceding.

4. Photographs of the most remarkable prominences, on a large seale for the purpose of study-
ing their details. The image of the sun should be thrown up by an eye-piece to a diameter of
from 15 to 20°™, 4. ¢. the scale of the photograph should be about 10/ to the millimeter, This would
of course require a large telescope.

B.—S8pectroscopic observations.

1. Observations of the instant of first and last contact by means of the occultation and re-ap-
pearance of the chromosphere. V

2. Careful examination of the cusps during the partial phase fo ascertain if the moon’s Hmb
appears to modify in any way the spectrum of the chromosphere. Brushes of red light have been
reported by some observers as appearing at the cusps; if so, what is their spectruom.

3. Look for a stratum close to the limb of the sun giving a nearly continunous spectrum just
before the eclipse becomes total; and at the mowment of totality giving a spectrum in which the
dark Fraunhofer lines arc all reversed.

Pretty high dispersive power, and a very accurate adjustment of the slit in the exact focus of
the collimator, are essential ; also care in placing the slit exacily tangential to the solar image, and

precisely in its plane.
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The observation is important because, though unlikely, it is certainly not impossible that some
unusual chromospheric storm, such as Mr. Lockyer has once seen, may have produced the phenom-
enon observed by Mr. Pye and myself.

4. If the stratum is found, determine the preecise duration of the reversal of the lines at the
commencement of the totality by means of a chronograph, and repeat the observation at the re-ap-
pearance of the sun, in order to ascertain the thickness of the layer.

5. Daring the partial phase, especially near the time of totality, examine with the highest dis-
persive power available the more refrangible portion of the spectrum for new prominence lines.
If an observer can be spared, this ought to be done also during the totality. This upper portion of
the spectrum needs to be much more thoroughly studied than has yet been done,

6. With a spectroscope of high dispersive power attached to a telescope of large angularaperture,
giving an image of the sun not more than 1¢® in diameter, examine the spectrum of the corona
for new lines, especially determine whether there are any between D, and 1474, For this purpose
the slit may be slightly widened. Also note the extension if any of the hydrogen lines above the
chromosphere and upon the moon’s disk.

7. With the same instrument and widely opened slit search for monochromatic radial beams ;
if any sucli exist they can be seen through the 1474 line in the same manner as the prominences
are stadied through C and F. Iu this way the structurc of the corona will also probably come out
more distinctly, being cleared of the diffuse light from other sources.

8. Place a Nicol’s prism in front of the slit of the instrument, and note the effect, if any, of its
rotation upon the spectrum of the corona. Dauat on account of the partial polarization of the light
in its refraction through the prisms, any resnlts thus obtained must be received with reserve, and
carefully checked.

9. Examine the appearance of the sun through a so-called meteor-spectroscope, {having no
slit or collimator.) So much of the corona as gives the monochromatic light will be distinetly seen,
while the rest will be made indistinet. The same object may be obtained by looking at the sun
with the eye naked, and armed with a small telescope, through a prism, or, better, a train of 5 or 6
prisms,

10. Repeat the observations of Professor Pickering in 1869, and of Messrs. Abbay and Pye in
1870, with an integrating spectroscope, i. ¢., a simple chemical spectroscope unattached to a tele-
scope. There remain discrepancies which need to be cleared up. It is erceedingly important that
in all cases when possible the observer of the spectroscopic phenomena of totality should have had
his eyes carefully prepared by previous seclusion in darkness for some 4 or 5 minutes.

C.—Polarization.

I leave this subject wholly to Professor Pickering and others.
D.— Photometry.

1 have nothing to offer.

E.—General telescopic observations.

1. Look for the projection of the moon beyond the disk of the sun, and for brushes of light at
the cusps.

2. With considerable aperture and very low power notice whether the coronal radiance shifts
from one side of the sun to the other during the totality.

3. For the purpose of securing accuracy and rapidity in sketching, use paper previously divided
into compartments on some convenient plan, and in the focus of the telescope (using, of course, a
positive eye-piece) insert a piece of plane glass or mica marked in the same manner.

4. With considerable power study the base of the corona to ascertain, if possible, whether the
curvature of the filaments is conver to the sun, indicating a repulsive force.

5. With all the telescopic power at command look for nuclei in the corona, or for any signs of
meteors or comets in the sun’s immediate neighborhood.
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6. Possibly it is worth while to continue the search for intra-Mercurial planets.
7. Observe differences of color between the different parts of the moon’s disk, or bright spots

upon it.
I.—Naled-eye observations.

1. Note any changes that oceur in the appearance of the corona during the totality, and differ-
ences of color in its different parts.

2. See if the outer boundary of the corona islike the bonndary of a cloud.

3. Look for the dark bands reported to move over the surface of the earth at the moment of
totality by Secchi and others.

4. Note what portion of the sky is darkest during the totality—it should be a ring.

G.—Physical observations.

1. Measure the radiant heat from the corona with a thermopile and galvanometer withous a
telescope and ascertain the effect of interposing different transparent screens of known thickness,
{e. g., a screen of glass, a screen of guartz, a screen of alum, &c.,) in order to ascertain the quality
of the heat.

2, With a linear thermopile (like that used in Rosse’s experiments upon the moon) explore
the image of the corona formed in the focus of a telescope in order to ascertain the relative tem-
peratures of its different portions.

3. Having suspended a small magnet by a wire in such a manner that it shall be maintained
at an angle of about 30° with the magnetic meridian, observe (by means of & mirror attached to the
magnet, and a telescope with a scale) whether the magnet ficitehes at all as the moon in its progress
covers or uncovers spots and prominences, and especially whether it experiences any unusual dis-
turbance at the beginning or end of totality. (I do not expect any.)

ALLEGHEXY OBSERVATORY,
Allegheny, Pennsylvania, April 15, 1871.

Sir: I have the honor to submit the following report of the observations made by me, with
the party under your charge, at Jerez, Spain, on the solar eclipse of December 22, 1870.

Together with Captain Ernst, Professors Young and Pickering, Mr, Ross, and some members
of the Sicilian party I left Southampton, England, on the 26th of November, in the Peninsular
and Oriental Company’s steamer Poonah, and reached Gibraltar on the evening of December 1.
Here we staid some days awaiting a boat for Cadiz, and as it seemed uncertain when the regular
steamer would leave, Captain Ernst and T started in advance of the rest of the party in a small
Spanish vessel, reaching Cadiz on the Sth and Jerez on the 9th of December.

I had limited the instruments taken with me, by your advice, to a small portable telescope, a
Savart’s polariseope, and to a polarizing solar eye-piece, and to these was added at Jerez an equa-
torial telescope of 4 inches aperture, without clock-work or circles, the property of the Harvard
College observatory. This instrument had been fitted with a small spectroscope, which was re-
moved some days before the eclipse. The instruments actually employed by me were the following :

1. The equatorial just mentioned. It has a good objective, which I have frequently used on
close double stars with high powers, the images being sharp and free from diffuse light. Tried by
all nsual tests it is a more than ordinarily good glass, and if no positive results were obtained by
the direct study of the coronal structure with it, it was due to no defect of the instrument. The
mounting is by Troughton & Simms, but the tube was for the occasion bolted to an equatorial
stand of iron, made by Messrs. A. Clarke & Co. for another telescope. This iron stand rested on a
pier which I had made of the only accessible material: two pieces of joist sunk to the depth of
three feet below the soil, sarronnded by well rammed earth, and united at the bottom and at the



