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Iy the preliminary report of an expedition to the south limit of totality, in Algeria, 1
described in detail the methods adopted and the instruments employed in obtaining
photographs of the “flash” spectrum in high solar latitudes.*

_The present paper deals with the results obtained from a detailed study and
measurement of four of the best negatives of the series of sixteen which were secured
with the principal instrument, a reflecting prismatic camera.

This instrument was an ordinary reflecting telescope of 188 centims. focus, fitted
with two prisms of light flint glass at the upper end of the tube near the position
usually occupied by the small mirror of the Newtonian reflector. The prisms had an
effective aperture of 8 centims. and angles of 60° and 45° respectively ; they were set
approximately at minimum deviation for K, and gave a linear dispersion at the focus
of the large mirror equal to 93 millims, between F and K.

Description of the Photographs.

The plates were exposed near the time of greatest phase of the eclipse, which was
not quite total at my station.- The first plate was exposed at 45 seconds before, and
the last at 32 seconds after, the computed time of mid-eclipse. Owing to the position
of my station, near the extreme limit of the zone of total-eclipse, and just outside that
limit, there appears in all the photographs a considerable amount of continuous
spectrum due to the uneclipsed photosphere. Notwithstanding this, all the exposures
which were made within 15 seconds of mid-eclipse yielded good images of the flash
spectrum, and the sky illumination was sufficiently reduced to allow of the fainter

* ‘Roy. Soc. Proe.,’ vol. 67, p. 370,
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spectrum arcs being impressed during quite half a minute at the time of greatest
vbscuration (see Plate 2). :

In all the images the continuous spectrum extends from A3500 to 5100, and
throughout this long range the focus appears to be almost perfect, a striking
testimony to the good qualities of the reflector as compared with a lens.

Some of the stronger arcs show a diffuseness on the violet side, a defect which has
been traced to a“want of homogeneity in the glass at the base of the 60° prism. In
the ultra-violet region this shading becomes scarcely noticeable, and the definition
here is very fine; this is no doubt owing to the almost complete absorption of the
ultra-violet rays in traversing the thickest part of the prisms.

The four negatives selected for special study, and which are reproduced in Plate 2,
are from the exposures numbered 9, 10, 11, and 13.

No. 9 was exposed for 2 seconds, beginning 15 seconds before mid-eclipse. The
flash spectrum is impressed in a rather narrow rift in the continuous spectrum,
extending from position angle 140° to 148° and including a region between 70° and
77° south latitude.. The bright ares crossing the rift are exceedingly narrow thread--
like lines, well defined thronghout the spectrum, and are therefore well adapted for
accurate wave-length determinations. Although the arcs are inclined about 30°
from the normal to the direction of dispersion, this was found in making thé measures
to detract but very little from the accuracy of a setting.

In the ultra-violet the Fraunhofer lines are particularly well-defined in this image
right up to the end of the plate on th~ continuous spectrum, but between H{ and HB
they are obliterated by over-exposure.* The stronger dark lines, and many of the
weaker ones, are continuous with and run into bright lines in the rift, and in several
instances the density of the silver deposit is the same in the bright line as it is in the
dark line, giving the impression that the change from dark to bright is entirely one of
contrast resulting from the withdrawal of the bright background of continuous
spectrum. Some of the more intense lines, such as those of titanium at A 3685,
3759, and 3761, do not become dark lines on the continuous spectrum, but, being
more intense than the latter, appear brizht even upon the bright background.

This may be accounted for by the great altitude to which the titanium vapour
extends, not to its being intrinsically brighter than the photosphere at the limb. For
the continuous spectrum is produeed by what is virtually a slit of ‘extreme fineness,
defined by the limbs of the sun and moon, and subtending an angle of less than 17,
whilst the titanium spectrum comes from a stratum, or virtual slit, of 7 or 8” in
angular width. ,

No. 10 was exposed also for 2 seconds at about 10 seconds before mid-eclipse. The
limb of the moon, advancing eastwards, has covered up the lowest strata of the flash in
the position where the lines are so well developed in No. 9. There ig, however, a

- * In the reproductions the Fraunhofer lines are almost invisible except at the extreme ultra-violet end
in No. 13,
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good but narrow image of the flash at about position nyle 137° or latitude — 63° to
— 66°E.; and on the west side also there is o fine thri+iof faint continuous spectrum
in latitude — 56° W., upon which the flash lines agpesr sis minute dots, like beads ou

a string. About twelve of these dots may be countud iwtween H and K.

No. 11 spectrum was exposed during 10 secomix rewr the time of mid-eclipse.
Judging by the symmetrical distribution of the bands +f continnous spectrum on euch
side of the central line of the image, the middle «f the exposure must have been
timed almost at the moment of greatest phase, which appears to have coincided with
the computed time of mid-eclipse.

The continuous spectrum in this negative is reduced to nine or ten navrow bands,
due to indentations in the moon’s limb, and the flash spectrum appears in the form of
long arcs crossing the bands and extending over the whole of the south-polar region
of the sun. Most of the arcs cover 80° degrees of the limb, extending from latitude
~ 75° on the east side to latitude — 28° on the west. The sharpest definition is
along a band at position angle 212° in latitude — 41° on the west side, and this
portion of the image was selected for measures of wave-length and estimates of
intensity.

The bright lines on this negative are more strongly impressed, and can be traced
further towards the more refrangible end of the spectrum than in any of the other
images. Some of the Fraunhofer dark lines can still be traced near the end of the
image in the ultra-violet, crossing the narrow strips of continuous spectrum. These
lines therefore do not wholly disappear before the last remnants of continuous
spectrum vanish, but they become exceedingly faint, and are easily obliterated by
‘over-exposure. .

No. 13 spectrum, exposed for 2 seconds about 14 seconds after mid-phase, shows a
considerable arc of the photosphere uncovered over the south-west limb, and the
negative is somewhat fogged from the increasing sky illumination. There is,
however, a good image of the flash spectrum near the middle line of the image in the
south-east quadrant. The lines are here very short, the flash layer being exposed in
a narrow depression of the moon’s limb, but they are well adapted for measurement.

Methods of Measurement.

The photographs numbered 9, 11, and 13 were measured with a mierometer
microscope, lent to me for this purpose by Major Hitis, R.E. This instrument has a
screw of I millim. pitch and about 200 millims. in length. The head of the screw
being divided to 100 parts, readings can be made to ‘01 millim., and by estimation to
‘001 millim.

In practice it was found that ‘01 millim. "was about the limit of accuracy attainable
with the best defined lines. A preliminary set of measures of the sharpest lines over
the whole length of spectrum photographed was made, to test the accuracy of the
screw “over long runs, a duplicate series of measures being made over the same

AN 2
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portion of the screw, but with the negative reversed end for end. A comparison of
the direct and reversed measures revealed systematic differences amounting to as
much as *02 millim. in a run of 100 willims.

Although this error of run would have very little effect on the resulting wave-

lengths, which depend ultimately on short measured distances from known lines, it
was cousidered more satisfactory to measure the photographs in three sections of
about 70 millims. each, selecting a portion of the screw which gave consistent results
over this range. In order to reduce the accidental errors of setting, and to detect
blunders, each section was measured twice, one set of measures with the red end to
the right, and the other with the red end to the left.
. This method involved some extra labour in combining the measures, and in joining
up the three sections into one consistent whole by means of the lines which
sverlapped between the sections. However, the definition of some of the images is
30 good that any amount of trouble taken in getting satisfactory measures seemed to
be justified. :

The relation between wave-length and measured- distances at all points in the
spectrum was determined approximately by graphical methods, using 42 well-known
lines, including lines of hydrogen, calcium, titanium and iron, &c. A large number
of the finer lines were then identified with certainty, and in the final reduction the
broad over-exposed hydrogen and calcium lines were rejected as standards, and about
65 more suitable lines were selected which are well distributed throughout the
spectrum, using in the ultra-violet region lines which I considered thoroughly well
identified in the spectra obtained in 1898.*

From the standard lines the position in millimetres of each 50 tenth-metre of wave-
length was computed, taking the mean value given by four or five of the nearest
standards in each case. A table of differences was then made giving the inter-
mediate values by interpolation and the value in millimetres of one tenth-metre at
every 25 units.

The wave-lengths of all the lines, including the standards, were computed from
this table, using second differences.

Each of the three spectra measured was reduced independently, using the same
standard lines, but computing a separate table for each. A direct comparison of the
three sets of measures showed that they were very nearly identical, and one table
might have served for all. But there appear small systematic differences, due in part

the fact that the measures were made at different distances from the centre of the
arcs, and probably in. part also to slight irregular contraction of the photographic
films in drying.

It was therefore considered more satisfactory to treat each spectrum entirely
independently, combining in the end the wave-length values obtained td arrive at the
most probable values measured on all three spectra.

* ¢ Phil, Trans.,” A, vol. 197.
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From the accordance between the two sets of measures for each spectrum the
accidental errors of the mean positions mayv be estimated at about -01 millim.  ‘Lne.
mean error is less than this for the best defined lines, but greater for the broad or
diffuse lines. This error corresponds to an error in wave-length of *16 tenth-metre at
5000, decreasing to 07 at 4000, und ‘04 at the end of the spectra at 3500,

It does not, of cowrse, follow that the wave-lengths in the tables can be relied on
within these limits, except for isolated lines of which the measures are unaftected by
any disturbing causes, such as faint companion lines or shadings.  But this degree of
accuracy seems actually to have been attuined in a large proportion of the iron and
titanium and other well-identified lines (see Table I, p. 478).

The mean values for the hydrogen lines, given separately i Table IL, agree very
closely indeed with the computed values. Thus in nineteen lines, in a total of
twenty-eight, the differences do not exceed "04 tenth-metre, and in four lines only the
differences reach ‘1 tenth-metre, three of these being the lines y, 8 and € which are
difficult to bisect on account of their great width. This result will, perhaps, best
indicate the general accuracy of the wave-length work.

No corrections of any kind have been applied to the results, and it may be well to
emphasise here the fact that no corrections are needed for apparent displacements
due to the different altitudes to which the varlous gases ascend in the chromosphere.
In making the measures, the settings were made at the position of maximum density
in the case of the broad over-exposed hydrogen lines, the finer lines being simply
bisected without reference to the apparent edge of the moon’s limh.

It is probable that the positions of maximum density of the images of the stronger
lines correspond to radiations coming from a region within 2 of the photosphere,
whilst in the fainter ultra-violet hydrogen series the radiations are almost contined
to the flash spectrum layer, the emission from the upper chromosphere being almost
insensible for these lines.

Assuming that all the settings were made on ares radiated from a vegion within
2" of the photosphere, this being the approximate limit to which the reversing
layer extends, no appreciable error will be made by bisecting the luages; for a
difference of 1” of arc in the positions of the various gases above the mwoonw’s linb
would make an apparent shift on the plate at 188 centims. focus of "0091 millumn.,
quantity about equal to the accidental errors of measurement.

On the other hand, if the settings were made cn the inner edge of tlie arcs, that is,
at the apparent limb of the moon, a considerable error would be introduced, depending -
on the intensities of lines, which spread inwards as well as outwards as a result of
irradiation.

It is particularly noticeable that a large number of the ares of the flash spectrum in
these prismatic camera photographs are narrow lines sharply defined on both sides,
there is no diffuseness on the outer side, as might be expected were the arcs true
tmages of the strata producing them. They are in reality, as I have previously
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pointed out,* diffraction images more or less enlarged by photographic diffusion, and
they appear to be as well adapted for bisection and wave-length determination as are
the lines given by a slit-spectroscope.

Exceptlon may, perhaps, be taken in the case of the helium lines and the somewhat
remarkable line at 4683-7. These do not increase in intensity towards the
photosphere, and it is possible that they are very weak and even absent from the
flash layer. A hisection of these ares may, therefore, represent a point in the
chromosphere higher than the flash layer.

No allowance has, however, been made for this, yet the values obtained indicate
only a small displacement towards the red end, averaging ‘16 tenth-metre for the
three lines 4713, 4471, and 4026, when compared with the principal components of the
double lines as determined by Runge and PascHEN, and which they are assumed to
represent.

But it is noticeable that in these spectra the helium lines become broad and faint
in the flash layer, although narrow strong lines outside; the measures are, therefore,
somewhat uncertain, and it is possible that they may be partly affected by the less
refrangible components of the double lines. In any case they serve to show what &
small correction is reeded, even for the lines of a substance like helium, which is
characteristic of the upper chromosphere rather than the flash layer.

Estimates of Intensity.

On aceount of the great range of intensity between the weakest and the strongest
lines, a scale was adopted ranging from 0 to 100. This is practically equivalent to
adopting two orders of mtensn:y, 0 to 10 representing the weak hnes, 10 to 100 the
strong lines, the latter progressing by fives.

The intensities of all the lines, with the exception of those of hydrogen and H and
K, were estimated while making the measures, two independent estimates of each line
being obtained from the two sets of measures of each spectrum. The mean of the
two estimates is set down for each spectrum in Table 1.

- The hydrogen and caleium lines were estimated separately. From HZ to Hp they
form a nearly uniformly diminishing series, giving a convenient scale of reference with
which to compare the strong lines of the flash spectrum.

At the ends of the spectra, where the density of the image falls off considerably, the
estimates are of course very rough and uncertain, and throughout the middle
portions of the spectra the intensities are not perhaps strictly comparable, except over
a limited range of wave-length.

* ¢Phil. Trans.,” A, vol. 197, p, 394.



GENERAL DISCUSSION OF SPECTROSCOPIC RESULTS. 163

General Discussion of Resulis,

The identification of the bright lines in these spectra with the dark lines of the
Fraunhofer spectrum presents very little difficulty in the case of the strong, or well-
defined flash lines, and.it appears to be generally true that the more reliable the
values of wave-length obtained in photographs of the flash, the more closely do they
correspond with RowraND’s values of the dark lines. Thus many of the lines
measured on small-scale photographs obtained in 1898 show apparent displacements
considerably greater than the accuracy of the measures seemed to warrant, and which
rendered many of the identifications doubtful. This is pariicularly the case in the
region between 3700 and 3300, where the iron lines especially seemed to be systenuti-
cally of smaller wave-length than the corresponding dark lines, whilst the hydrogen
lines in the same region agreed very closely indeed with their theoretical positions.
In the present measures, however, in which the scale of the plates is nearly four times
greater, these displacements are not confirmed, and the same lines are found to agrce
with RowrLaND’s values within ‘04 tenth-metre.

As regards the fainter ill-defined lines and groups there is, of course, consideruble
uncertainty in assigning the particular dark lines of which they are supposed to be
the reversals, or which lines in a group of dark lines are reversed in the flash.

It is, however, abundantly clear, from an examination of Table L., that every well-
defined bright line of the flash (excluding hydrogen and helium lines and the line at
4685°7) can be assigned to a dark line of RowrLAND’s table of an Intensity exceeding
2 of his scale. There are no bright lines of even medium strength which occur in
blank spaces of the solar spectrum where the lines are weaker than 0, and only a few
of the very weakest lines in the table coincide with solar lines with an intensity less
than 2.

As a corollary to this, it may be stated that in general the greater the intensity of
a dark line in the solar spectrum, the more probable is its presence as a bright line in
any given image of the flash, and in the long range of spectrum covered by the
spectra under discussion, A 3300 to A 5000, the dark lines of intensities exceeding 7
are all present as bright lines, except in two or three instances where they are
obviously obscured by strong hydrogen or calcium lines.

In the tables of flash-spectrum lines published by Frosr and by Mircmery, the
same general fact is apparent in the large number of identifications made with
prominent Fraunhofer lines. Professor FrosT concludes that “at least 60 per cent.
(and probably many more) of the stronger dark lives of the solar spectrum are found
bright in a stratum not exceeding 1” in height above the photosphere.”*

It will probably be generally admitted, therefore, that the flash spectrum as
photographed hitherto is a reversal of the more prominent of the Fraunhofer lines,

* ¢ Astrophysical Journal,’ vol. XIL, p. 345.
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nd does not include lines (other than those of He and H) which are not present in
he dark line spectrum.

The most important point remaining open for discussion is the relation of the
ntensities of the bright lines to those of their dark line equivalents, for on this
»olnt turns the question whether the flash spectrum layer is in truth the stratum
vhich by its absorption gives rise to the Fraunhofer spectrum.

In discussing the results of the flash spectra obtained in India in 1898,* I stated
sertain conclusions leading tn the belief that the flash spectrum does, in fact,
'epresent the upper more diffused portion of an absorbing stratum which, taken as a
whole, produces the Fraunhofer lines. The conclusions relating to the relative
ntensities of the lines I now recapitulate in the following three paragraphs :—

(1) The relative intensities of the lines of any one element in the flash spectrum
we practically the same as those of the same element in the solar spectrum.

(2) The relative intensities between groups of lines belonging to different elements
wre widely different in the flash and in the solar spectrum.

(3) The apparent intemsity of the radiation from an element in the lower
shromosphere is determined by the extent to which that element is diffused above
the photosphere, and the real relative intensities between the different elements
rannot be judged in photographs of the flash spectrum.

The statements in the second and third paragraphs will now probably be generally
admitted, and do not need further discussion. It remains to determine how far the
statement given in the first paragraph is borne out by the present results, which
cover a somewhat different range of the spectrum, give more accurate values of the
wave-lengths, and which give very much more complete and reliable values of the
intensities of the lines. )

Probably this is the most important conclusion deduced from my former results,
and as it is one which is most open to criticism, I propose to deal with it in some
detail, and with especial reference to the results obtained by FowLER and BAxaNDALL
under Sir NorMaN LoorYER. These investigators have found that the relative
intensities of the lines of an element in the flash approximate to those in the spark
spectrum, whilst the intensities of the dark lines closely resemble those in the arc
spectrum ; whence they conclude that the flash spectrum layer is not the seat of the
Fraunhofer absorption lines.t .

In making comparisons of intensity in the bright line and dark line spectra of an
element, a serious difficulty is encountered in the probably compound nature of many
of the apparently single lines of the flash spectrum. In such cases it is, of course,
impossible to assign the true value of intensity to the components; even when the
unequal components of an obviously double line are easily distinguished, it is difficult

* ¢Phil. Trans., A, vol. 197.

t See FowrLER on the Flash Spectrum, ‘Observatory,’ April, 1902. Also Sir N. LocKYER and
BAXANDALL, ¢ Monthly Notices, R.A.S.," vol. LXI., Appendix,
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to estimate the intensities correctly, the wealer component being lable to te
considerably under-estimated.

Another difficulty occurs when single Fraunhofer lines have a compound origin
assigned, such as Fe-Ti, &c., the proportion of ntensity of cuch element in the
“make up” of the dark line being unknown. TIn such cases the relative proportions
of intensity in the corresponding flash line may be quite different or even reversed,
the predominating element being in general the one which ascends to the greatest
elevation in the chromosphere, not necessarily the one which predominates in the
dark line.

In these circumstances it is impossible to make anything like a complete or final
comparison of intensities. The best that can he done s to seleet for each element
isolated lines which are least open to the suspicion of being made up of more than
one line in the flash spectrum, and also lues of supposed single origin as given in
RowwranD's tables. A

Unfortunately, there are only three elements which have a sufficient number of
lines in their spectra to be treated satistactorily in this way ; they are iron, titanim,
and chromium. In the following tables I give the results for these elements,
selecting 219 Fe lines of RowLAND’s intensity 3 and upwards, 12t Ti lines of
iutensity 1 and upwards, and 157 Cr lines of ntensity 0 and over.

These are represented in the flash spectra by 93 Fe lines, 39 Ti lines, and 25 Cr
lines respectively. The selection of suitable lnes was made entively from Rowrasps
table, and without reference to the flash spectra, so as to avoid bias in the selection.

RowLAND’s intensities of the solar lines are given in the first column of vach table,
and the number of lines selected between A\ 3500 and 5000 in the seeond column, the
third and fourth columns give respectively the numbers aud percentages of the lines
which are found as bright lines in the flash spectrum, the fitth columun giving the
average intensity of these lines.

A glance at the first and last column of each table will show the general relation
between the flash intensity and the dark-line intensities for the three clements
considered. The numbers indicating intensities for the bright and dark lines wre not,
of course, directly comparable, since they depend on methods of judging inteusity
which may differ widely in the two cases. It is a mere coincidence in the case of
iron that the numbers representing the stronger Jines practically correspond in the
first and last columus,

From the columns of percentages the general rule is obvious, that the stronger the
dark line of an element, the more probable is its occurrence as a bright line in any
given image of the flash spectrum. Thus we find that of the Ti lines none are
present in the spectra under discussion corresponding to ROWLAND'S intensity 1, and
the percentage of dark lines exceeding intensity 1 which are present as bright lines
increases with each increase of dark-line inteusity up to intensity 4 ; of the 12 dark
lines exceeding intensity 4, all are present in the flash. Similarly with tron, all of

VOL, CCL—A. 30 '
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the 32 lines exceeding RoWLAND's intensity 8 are present in the flash and none
under his intensity 3.

This general law of correspondence of intensity between bright lines and dark
lines is, however, far from being exact in detail even with the selected lines used in
these comparisons, and the average intensities of the bright lines are In some
instances made up of rather widely diverging units.

This is more particularly the case with the weaker dark lines of each element,
which are often of abnormal intensity in the flash. In the case of chromium most of
the flash lines corresponding with solar lines of intensity 2 and 8 may be considered
abnormally strong, for the average intensities for these lines are greater than the
average of the lines corresponding with the solar lines of intensity 4.

The percentage columns show also that many dark lines of medium intensity may
be absent in the flash, whilst other weaker lines are present.

It must be remembered that estimates of intensity in the flash spectrum, however
carefully made, are liable to considerable errors for several reasons. The great
weakening of the spectrum nesr the ends of the- plate materially affects the
percentages of the weaker lines as given above, and the low dispersion of the plates
compared with those on which RowLaND’s estimates were based introduces other
sources of discrepancy. Moreover, RowrLanD's table itself is admittedly a
“ preliminary ” table, in which some of the assignments of origin may be erroneous

or incoraplete, lines having a single-origin assigned being really made up of two or
more elements.

Iron Lines in Sun and Flash.

Including all isolated lines in RowraND's table assigned to Fe only between X 3500
and \ 5000, excepting those which are obscured in the flash by strong hydrogen
and calcium lines.*

RowLanp’s intensity | Number of lines Number of lines | Percentage of lines| Average intensity
in ®. in . in flash. in flash. in flash.

Under 3 i Very large number 0 0 -
3and 4 94 12 13 5

5 , 6 66 26 40 3
7,8 27 23 85 6
9to 14 13 , 13 100 8
i5 ,, 20 14 14 100 17
25 and over 5 5 100 24

* Inclnding three lines aseribed to Fe only by LoCKYER at A 4179, 4233, and 4515.
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ApnxorMaL Fe Lines,

In sun. In fash. ‘
| I

enhanced.

Remarks,

Wavelength. |Intensity.| Wavelength. | Intensity.

3 i ! |

Lines strong in flash.
3558-9 20

355867 8 i
3570-27 20 3570-33 30 ¥
3634-47 3 3634-48 b ¢
3647-99 12 364798 15 1
3856-52 8 3856-47 15 No
4179-03 3 41791 8 Yes
4233-33 4 4233-3 10 Yes
4325-94 8 43258 15 No
4404-93 10 4404-8 20 No
4515-61 3 4515-6 8 Yes
458402 4 4583-9 25 Yes
4924-11 5 4924-1 25 Yes
5018-63 4 50185 20 Yes

Lines weak or absent in flash and exceeding intensity 6 in ©.

3536-T1 7 Absent -_ ? Spectrum very weak here.
3651-61 T 3651-85 ¢ %
3680-07 9 3680-4 + 0 ? Br interferes at 3679-4.
3684-26 7 3684-29 0 { Ti line at 3685- 3 interferes.
3701-23 8 3701-28 3 1

R . Flash line confused with strong
3705-71 9 3705-67 5% No line at 3706 -09.
3850-12 10 3850-26 2 No

. v This line seems to be present on
3878-15 8 Abgent ? - Ko { some images not measured.
4528-80 8 452%-0 1 No

TrraNtUM Lines in Sun and Flash.

Including all lines in RowLAND’s tuble assigned to Ti only between A 3500 and X 5000,
excepting those which are obscured in the flash by strong bydrogen lines.

ROWLAND'S intensity | Number of lines | Number of lines | Percentage of lines| Average intensity
in @. in @. in flash. in flash. in flash.
1 38 0 0 —
2 28 5 18 10%
3 27 9 33 8
4 19 13 68 16
5 7 7 100 21
6and 7 2 2 100 31
Over 7 3 3 100 55

* The average intensity of the five flash lines is increased by two very abnormal lines at A 3505006
and 3520- 40, omitting these the average would be 4.
302
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ABxorMay, Ti Lines.

In sun.

In flash.

If

H

Wave-length. i Intensity.
i
i

Wave-length.

enhanced.
Intensity.

Remarks.

3505-06
3510-99
3520-40

3535-55

3641-47
4294-20
4395-20
4417-88
4501-45

3653-64
3753:00
3924-67
3948-82
3881-92

3989-91
“4171-21
42091-11
28
4306-08
4533-42
4534-95
4981-91

!

G & DO

B b e RO GO H e B e

Lines strong in flash.

35051
3511-1
3520-4

3535-75

3641-48
4294-35
4395-15
44177

~4501-5

20 2
30 2
20 ?
50 1
40 ?
12 Yes
30 Yes
20— Yes
30 Yes

3653-67 5 ]
365272 0 No
3924-8 0 No
3949-11 4 No
3981-3
39822 } 5 No
3990-12 2 No
Absent — No
Absent — No
43060 1 No
Absent —_ No
Absent —_— No
Absent — N

Perhaps compounded of Ti and a
line at 3535-87, intensity 3

? origin.

Lines weak or absent in flash and exceeding intensity 3 in ®.

Perhaps obscured by strong Ti line
at 4534~ 14.
Spectrum very weak here.

CHROMIUM Lires in Sun and Flash..

Including all isolated lines in RowLAND's table assigned to Cr only.

RowrLaxD’s intensity;, Number of lines Number of lines | Percentage of lines | Average intensit
in @. in ©. in flash. in flash. in flash.
Oand 1 109 3 3 0
2 22 4 18 1
3 15 8 46 2
4 3 3 100 1
5 3 2 67 3
6to8 3 3 100 13
8 and 10 2 2 100 25
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ABNoRMAL Cr Lines,

!
In sun. - In flash. |
r i
i enhanced. ' Bemarks.
Wave-length. | Intensity. | Wave-length. } Intensity. i
| ; e
Lines strong in flash.
359364 9 3593-65 30 : i
4242-54 2 42426 1 Yes
435978 3 43589 to 51 Yo i { The Cr line is confused with other
4360-2 B lines in flash.
4539-95 0 45398 0 No |
4541-69 2 15416 1 No !
4558-82 3 45588 8 Yes *
458838 3 45880 2 Yeg |
4666-39 0 46665 5 No !
66 1 1.
4708-20 | 2 4708°1 1 No |
Lines weak or absent in flash intensity exceeding 3 in @.
4626+ 36 5 Absent - No Pr]eiizxt in FrosT’s and MIiTcHERL'S
4651-46 4 4651-3 21 No
4652+34 5 Absent —_ No }Spectrum very weak here.

These sources of error would all tend to produce discordances in' the relative
intensities between the dark lines of an element and their bright reversals in the
flash, and the question arises whether the apparent anomalies which are indicated
above are to be ascribed to such imperfections in our knowledge of the spectva, or to
fundamental differences such as might be expected were the emission and absorption
spectra produced in separate and distinct layers of the sun’s atmosphere, and under
different conditions of temperature and pressure,

Under the heading “ Abnormal lines” I give with each table a list of the lines
with intensities in the flash considerably above the average, corresponding with the
dark line intensity, and a list also of the exceptionally weak or absent lines.

In these lists the wave-lengths and intensities of the solar lines, from Rowraxp,
are entered in the first two columns, followed by the wave-lengths and intensities
taken from Table I in columns 8 and 4. The fifth column indicates whether the line
is an “enhanced” line or not, z.., a line which is relatively brighter in the spark
than in the arc speetrum of the element as determined by Lockyer. ’

It is at once apparent that many of the abnormally bright flash lines are enhanced
lines, whilst none of the abnormally weak lines are enhanced lines. The lists of
enhanced lines published by Sir Norvan Lockyer do not include the ultra-vielet
region beyond A 3800, it is uncertain, therefore, whether the flash lines in this region
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are enhanced lines or not. If these are omitted, all the titanium lines abnormally
strong in the flash, and all the iron lines excepting the three at A\ 3856°3, 43259, and
44048, are enhanced lines.

If all the enhanced lines in the above-mentioned lists are considered, it 1s found
that all the more strongly enhanced lines of iron and ‘titanium coincide with strong
lines in the flash (11 Fe lines and 21 Ti lines). But sinece many of these lines are of
compound origin in the flash, it is not possible to say whether they are all of abnormal
intensity, e.g., 4851°9, 4549°6, 4556°1, 4629°6, and others. The quartette of enhanced
iron lines at 45085, 45155, 45204 and 45227 are all abnormally strong in the flash
considered as Fe lines only, but according to Rowranp three of these are of
compound origin, one including Ti. However, it seems probable that the abnormal
intensity of this group is chiefly due to the fact that the lines are enhanced lines.

There can be little doubt from this nquiry that the enhanced lines do play a
significant part in the flash spectrum, “and the abnormal inténsities of these lines are
not due to errors in the assignment of origin in ROWLAND’s tables or to over-estimates
of intensity in the flash.

Of the abnormally weak lines a considerable number are probably the result of
under-estimates due to the close proximity of very strong lines of other elements.
There remain a few, however, which cannot be thus explained ; among these
particular -attention may be called to the titanium lines at A\ 875300, 392467,
4171-21, and 4306°08, all of intensity 4 in the solar spectrum, and the chromium line
at X 4626-36. No satisfactory reason can at present be given for the weakness or
absence of these lines in the flash spectrum. :

Notwithstanding these instances of disagreement between the intensities of the
Fraunhofer lines of an element and their flash spectrum equivalents, the general
agreement between the two spectra is so striking that it can scarcely be maintained
that there is a fundamental difference in the conditions under which they are
produced. The abnormally strong lines in the flash, which in so many cases are also
lines which are enhanced in the spark, would, it is true, indicate that some of the
radiating gas at all events must be in a condition differing from that in the absorbing
layer, and this, it must be acknowledged, is of great interest and importance,
particularly in view of the fact pointed out by FowLEr, that under some stellar
conditions e.g., In a C} gni these particular lines constitute a separate and much

But, as I hope to show in what follows, Kt‘he prominence of these enhanced lines in
the flash can be simply explained without aba.ndonmg the view that the flash region
is really identical with, the absorbiug layer, and in the great majority of cases the
flash lines are true reversals of the dark lines,

In all phot6graphs hitherto obtained at stations near the central line of eclipse, the
flash spectrum must represent the more elevated region of the radiating gases, since

¥ ¢Qbservatory,’ June, 1902.
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this portion of the layer remains uncovered by the moon for an appreciable tinie after
the sky glare is withdrawn at totality, whilst the lower dense strata immediately in
contact with the photosphere are instantaneously vceulted.

It might reasonably be assumed, therefore, that the intensities of the bright lines
in the lowest strata differ to some extent from those in the spectra photographed, and
even more closely approximate to the intensities in the Fraunhofer spectrum.

But the photographs under discussion portray a grazing coutact, in which the
motion of the moon was not across but parallel to the flash layer. These spectra,
therefore, should more truly represent the radiation from the entive depth of the
layer, at any rate at points near the apex of the bright arcs, and where the layer is
sufficiently uncovered, because at such points the very lowest strata would remain
visible throughout the time the plate was exposed.*

A careful comparison between the intensities of the lines at points near to and far
from the apex, or centre line of the spectra, shows, however, that there are no
appreciable differences.

Moreover, the intensities given in Table L, which were estimated at points not far
from the apex, and where the continuous spectrum of the photospliere was just
beginning to appear, will be found to be in substantial agreement with the results of
LockyEr (1898), Frost (1900), and MrrceELL (1901), all of which were obtained near
the central line.

It seems, therefore, that there can be no very striking differences between the
spectra of the higher and lower regions of the flash layer as regards the intensities of
the lines, unless absorption by the upper regions through which the line of sight passes
should neutralise such differences. In particular it may be noted that the enhanced
lines seem to predominate throughout the entire region.

If it is assumed that the differences between spark and arc spectra are conditioned
by temperature, the spark being the hotter, it would seem at first sight that the flash
region must have a higher temperature, and must consequently be distinet from the
absorbing layer, since in the latter the intensities of the lines closely approximate to
those in the arc. I think it can be shown, however, that the spark and are conditions
may co-exist at the same altitude above the photosphere.

It is well known that the outer limit of the chromosphere, as seen in the line of
hydrogen, presents a structare of small filaments like blades of grass covering the
entire surface, and very unlike the diffused, indefinite limit which a true atinospheric
envelope might be expected to present.

According to SEccHI, ““at the base of the chromosphere the hydrogen has the shape
of small, close filaments which seem to correspond with the granulations of the photo-
sphere.” t

* The terms layer and sirata are here used for convenience, but it is not intended to imply that the
gases of the chromosphere are in reality stratified.
t ¢Popular Astronomy,’ 8. Newcous, p. 275.
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This structure suggests that the chromosphere is in reality a region of innumerable
small eruptions of the same nature as the jets of highly luninous gas which are
constantly to be seen with the spectroscope in all regions of the sun’s limb. 1t is
probable, indeed, that these jets, and the larger eruptive prominences, are in reality
only the more pronounced manifestations of a phenomenon occurring on a smaller
scale everywhere over the solar suiface.

The hLighly-lieated gases composing these eruptions, which may be supposed to
originate below the photospheric level, would lose heat as they ascended by adiabatic
expansion and by radiation, and at a certain elevation would precipitate the more
refractory substances as highly luminous clouds, forming, in fact, the photospheric
granules and the columnnar filaments observed in sunspots. But the gaseous streams,
deprived of their condensable materials, would continue to ascend above the photo-
sphere, finally becoming diffused in the region of the chromosphere. The expanded
gases, subsequently subsiding in a relatively cooled condition, would form a strongly
absorbing atmosphere settling down uniformly and slowly upon the photosphere and
through which the ascending streams would be forced.

If this really represents roughly the actual state of things, it is clear that the
temperature conditions represented by the electric spark and by the arc may both
exist at the same altitude above the photosphere, the spark condition in the highly-
heated ascending gases and the arc condition in the cooler descending gases.

Seen at the sun’s limb, as under the conditions of a total eclipse, the more intense
spectrum of the ascending gases would be neutralised to a considerable extent by the
absorption of the cooler gases in which the jets would be immersed, and through
which for immense distances the line of sight must pass. But just those particular
rays which are characteristic of the high temperature spectrum would not suffer
absorption to nearly the same extent, consequently these rays (the enhanced spark
lines) would stand out conspicuously in a spectrum which in its main features would
be the emission spectrum of the cooler descending gases, te., the reversed Fraunhofer
spectrum.

The relatively cool gases would obviously determine the character of the absorption
spectrum of the disk, and the only effect of the hotter eruptions, supposing them to
be too small to be individually distinguishable in the spectroscope, would be to
produce a faint emission line of about the same intensity as the background of
continuols spectrum, and tending to diminish the intensity and width of all the dark
lines, particularly the enhanced spark lines.

In this way, by assuming the presence of innumerable eruptions of hot gas and
cooler but quietly descending absorbing gases, the abnormal intensity of the
enhanced lines in the flash can be simply explained without abandoning the view that
the flash spectrum is really the reversed Fraunhofer spectrum, and that the entire
depth of the flash region, and, indeed, of the chromosphere itself, is effective in
producing the absorption lines,
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That there really exists a circulation of the solar gases in a radial direction is
strikingly shown in the detailad structure of somr of the Fraunhofer lines themselves,
DrsuaxDrES has called atteuntion to rertain peculinrities in the structure of the lines
H and X in the general light of the sun and in particular regions of the solar
surface.® :

These lines consist of three distinet portions—a broad diffuse absorption shading, a
bright rather wide emission line near the centre of the shading, and a narrow
absorption line which obliterates all bt the edges of the underlying bright line.

DesLaNDREs finds that over undisturbed regions of the disk, and at some distance
from the limb, the central uhsorption line is always displaced tewards the red with
respect to the underlying emission line, producing a dissymmetry in the edges of the
latter. This he attributes to a vertieal circulation of the calelum vapour, the
ascending gas producing the emissior line slightly displaced to the violet, whilst the
cooler descending gas gives rise to the central absorption line displaced to the red.

According to JEWELL, all the strongly shaded lines exhibit an emission line, which
is very nearly obscured by a central strong absorption -line usually unsymmetrically
placed. Traces of an emission line are also visible at the sides of some of the
narrow unshaded lines. The effect of motion of the hot gas he considers, however,
to be masked to a certain extent by pressure shift, the displacement of the emission
line to the violet by reason of the ascending motion being partly neutralised by an
opposite displacement due to pressure.t

Some sort of circulation of the solar gases in a radial direction and all over the
surface, such as is demanded by the theory of “eonvective equilibrium,” would seem,
therefore, to be established, the ascending gases rising with sufficient velocity to
appreciably displace the emission lines when observed on the sun’s disk, whilst the
more diffused absorbing gases descending with a more uniform motion produce the
well-defined dark lines very slightly displaced to the red compared with the same
lines from a terrestrial source. Obviously such motion of the gases being in a radial
direction will not affect the position or definition of the bright lines of the flash
spectrum as seen at the limb during an eclipse.

A difficulty has to be faced, however, when we try to account for the apparent
sorting out of the different elements iu the chromosphere, which seems to depend in
a general way on atomic weight, the livhter elements ascending to greater elevations
than the heavier.}

But an eruption in the ordinary sense due to an explosion would give equal

* ¢ Comptes Rendus,” August, 1894,

t ¢ Astrophysical Journal,” vol. IIT., p. 100, ¢ seq.

1 The exceptional altitudes reached by ibe clements Ca and Ti do not materially affect this general
law, which asserts itself by the ahsence in the chromosphere of nearly all the elements having atomic
weights exceeding that of Zr (81), Ba and La being, perhaps, the only elements with 2 higher atomic
weight that have been identified with tolerable certainty in the flash spectrum.

VOL. CCL.—A. 3»



474 MR, J. EVERSHED ON THE SULAR ECLIPSE OF 1900, MAY 28.

velocities to the whole mass of mixed gases, and it is difficult to see why these
should not be projected te equal altitudes in the chromosphere, yet most of the
metals with atomic weights between 20 and 100 stop short at from 17 to 2” elevation,
whilst the elements H, He, Ca, and Ti ascend to 8” or 10.”

The same lagging behind of the elements of the lower chromosphere occurs,
however, in the so-called “metallic” and great eruptive prominences.®* In these the
higher parts usually cousist solely of H, He, Ca and probably Ti, the other elements
only appearing at the base or stem of the prominence, or frequently only in the
surrounding chromosphere. In the more violent eruptions, too, the distortions due
to motion in the line of sight affect chiefly the hydrogen and calcium lines, the lines
of other elements present in such outbursts being usually undisturbed, or but shghtly
affected, showing that these elements, although apparently mixed up with the
hydrogen, do not share in the motion. .

Although it may be difficult at present to understand the nature of these great
eruptions, it would seem reasonable to suppose that the entire chromosphere consists
of miniature eruptive prominences of the same nature as the greater outbursts, the
base of the eruptions giving the metallic lines of the flash spectrum and the higher
parts the lines of H, He, Ca and Ti only.

This conclusion is strengthened when it is remembered that the strongly enhanced
lines of iron at 5317, 5269, 5018, and 4924 so prominent in the flash, are always the
first to appear as bright lines in the metallic eruptions, other iron lines, although
stronger than the above in the Fraunhofer spectrum, being seldom or never seen
reversed  This is doubtless owing to the relatively high temperature of the gases in
these eruptions compared with the absorbing gases, and in the lower chromosphere
the enhanced lines indicate a similar state of things, the highly-heated ascending
jets giving a high temperature emission spectrum more nearly resembling that of the
spark than of the are.

The Flosh Spectrum in High Latitudes.

Tt is of interest to compare the images at different points on the limb to determine
whether the flash spectrum is the same in all latitudes. The limited distribution of
the metallic prominences, which, in the writer's experience, are only to be found in
the latitudes of spot formation, would perhaps lead .one to anticipate some
modification of the spectrum in high latitudes.

At the date of the eclipse (May 28th, 1900) the sun's south pole was at position
angle 164° and very nearly coincident with the limb. Unfortunately, this point,
and the region within 10° of it on either side, is occupied by the continuous spectrum

* No spectroscopic distinction ean be made between the metallic eruptions and the more quiescent

forms of prbminence, for the latter, when photographed at an echpse, exhibit the same metallic lines at
their bases as the former.
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in all the images obtained before mid-eclipse, and in those obtained after that phase
only the stronger lines are imprcssed, the moon’s limb having occulted the stratum
very rapidly, notwithstanding that the motion was nearly parallel to it. This would
indicate an extreme shallowness of the layer near the pole.

In the mid-eclipse photograph, No. 11, the continuous spectrum being broken up
into narrow bands, the flash spectrum arcs can be traced right across the polar region
near the more refrangible end of the plate. In the portion of spectrum between F
and K the bands coalesce from over-exposure and obscure the bright arcs entirely.

The highest latitudes in which really good images of the flash spectrum occur are
—~ 70° to — 77° on the east side in No. 9,and — 76° on the west side in No. 13 ; and the
lowest latitude is in — 86° to — 41° on the west side in No. 11. Intermediate
between these there are the excellent images in latitude — 56° west and — 64° east
in No. 10. From this material comparisons can be made between the spectra at
fairly high latitudes and those at mid-latitudes, and as a check on the results the
east and west limbs at about the same latitudes can be compared.

All these images are indicated on Plate 2 by arrows at the ends of the spectra, and
the position of the south pole is similarly shown for each spectrim. In Plate 8
2 limited portion of the spectrum is shown for the three images which were measured.
These are on a scale equal to 4'3 times that of the original negatives, and the curved
arcs have been converted into linear spectra by means of a cylindrical lens during the
process of enlargement. Great care was taken to avoid the production of spurious
lines due to defects in the negatives.

Comparing the two high-latitude spectra shown in the upper and lower figures of
Plate 3 with the mid-latitude spectrum placed between them, it is not easy to detect’
differences which can fairly be ascribed to latitude. It may be noticed that the
titanium line at aboyt A 3900 and the aluminium line at X 3944 are both relatively
weak in the upper spectrum (latitude — 74" East) compared with the middle spectrum
(latitude — 41° West). But in the lower spectrum, from an equally high latitude on
the opposite side of the pole, these lines are as strong as in No. 11 spectrum,

There are many other minor differences in relative intensities between the three
spectra, as will be apparent on comparing the three columns of intensities given in
Table I, but these seem to bear no relation to difference of latitude.

A special effort was made to discover any modification of intensity in the enhanced
lines near the pole, and the average intensity of all the more prominent enhanced
lines of iron and titanium in Nos. 9 and 13 spectra was compared with the average of
these lines in No. 11 spectrum, making due allowance for the greater intensity of
No. 11 spectrum, as a whole, compared -‘with the others.

The result is shown in the following table :—

3r2



176 MR. J. EVERSHED ON THE SOLAR ECLIPSE OF 1900, MAY 28.

AvEeracE Intensity of the Principal Enhanced Lines of Fe and Ti.

Ti (23 lines). | Fe (14 lines).

{ i
i \
| |
!
| Inlatitade —74°/75° (from No. 9and 13 spectra)*. . .
i v -4 {from No. 11 spectrum) . .o

b

It will be seen from this that while the Ti lines appear to be slightly weaker in
high latitudes than in mid-latitudes, the Fe lines give just the opposite result; so
that by taking both elements together there is found to be practically no difference
at all The small differences indicated for the lines of each element alone, may safely
be put down to the uncertainties of the original estimates of intensity.

It is to be inferred, therefore, that the enhanced lines are of the same intensity in
all latitudes, and that the general character of the flash spectrum remains unaltered
in passing from the equator to the poles. This does not, however, preclude the
possibility - that the flash- stratumi is shallower in the polar regions than near the
equator.

An interesting subject for future inquiry would be as to whether the flash
spectrum undergoes any modifications such as an increase or decrease of dépth of the
layer or changes in the intensity of the enhanced lines at different epochs in the sun-
spot period. If the chromosphere is really of an eruptive character ome might
expect, at times of maximum spot activity, when also the metallic eruptions are most
frequent, that the flash spectrum region would extend to greater altitudes in the
chromosphere and that the enhanced lines would be relatively brighter than during
the quiet periods of minimum.

The evidence so far obtained is, it is true, against any marked changes occurring.

I have compared the spectrum ovtained by SHACKLETON in 1896 with those herein
discussed and with others obtained in 1898 and 1901, but without detecting any
certain changes in the intensities of the lines. The ﬂa,sh appears, in fact, to be of as
constant and unchanging a character as is the Fraunhofer spectrum, which is only
what would naturally be expected, seeing that it appears to be in the main the
reversal of that spectrum.

Summary of Conclustons.

In a general way the conclusions arrived at from the discussion of the spectra
obtained in 1898 are amply confirmed and extended by the present results.

It is now shown that every strong dark line of the solar spectrum exceeding
RowrAND's intensity 7 is found in these spectra as a bright line; and the great

* The observed intensities of the high latitude spectra have been multiplied by the factor 1-81, this

number representing the ratio of iutensities between these two spectra taken together and No. 11 spectrum,
when all the lines between A 39 and X 50 are compared.
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majority of the bright lines of the flash spectrum, excluding hydrogen and helium
lines, coincide with dark lines of infensity' not less than 3.

Most of the bright arcs of the flash spectrum are well-defined narrow lines
admitting of considerable accuracy in the measures, and the present determinations
of wave-length indicate that the coincidence of the bright lines with the dark lines
Is exact within ‘05 tenth-metre for all the well-defined lines.

As regards the relative intensities of the lines of any one element in the flash and
Fraunhofer spectra, my previous results require modJﬁcatlon and extension as
follows :—

The relative intensities of isolated lines of an element in the flash spectrum are in
general, but not exact, agreement with those of the same element in the solar
spectrum, and those lines which are exceptionally strong in the flash are in most
cases lines which are enhanced in the spark spectrum of the element.

All of the more prominent enhanced lines of iron and titanium are found to
coincide with strong lines in the flash, but owing to the compound nature of some of
the lines, it is not certain that all of these have abnormal intensities in the flash.

‘There is no evidence of differences in the relative intensities of the lines of an
element in the higher or lower regions of the flash layer, and the enhanced lines
appear to predominate throughout the entire depth of the radiating stratum.

The enhanced lines are equally prominent in the polar regions and in low latitudes,
and the flash spectrum generally is now found to be the same in all latltudes and
shows no essential change after an interval of five years.

An explanation of the abnormal intensities of the enhanced lines in the flash
spectrum is now offered which depends on the assumption of a continuous eirculation
of the solar gases in a radial direction; the highly heated ascending gases giving
the predominant features to the flash spectrum, whilst the cooler more diffused guses,
slowly subsiding, determine the character of the absorption spectrum.

The final conclusion is that the flash spectrum represents the emission of both
ascending and descending gases, whilst the Fraunhofer spectrum represents the
~ absorption of the descending gases only.

Tables of Wave-length and Intensity.

In Table I. the wave-lengths and intensities of the bright lines in the three
measured spectra (Nos. 9, 11, and 13) are entered in the first six columns; the 8th
and 9th columns give the “adopted” wave-lengths and intensities, i.e, the most
probable values deduced from all the measures, and these are compared in the two
following columns with RowLaxD’s values of the nearest absorption lines.* The
origins, mostly from RowranD, are given in the last column. A vertical line

* The wavelengths of the holium lines from RuNGE and PASCHEN are also given in’the enth eolumn,
They ave placed within brackets to distinguish them from the absorption lines.
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eonneeting two or more wave-lengths means that a shading extends between them,
and probably indicates an unresclved group of iiues. In many instances the whole
group presents the appearance of a single wide line or band, and in these cases the
intensity of the group as a whole is given.

The intensities of the flash lines are, of course, entirely relative, and the higher
ahsolute values obtained for No. 11 spectrum are simply due to the greater intensity
of this spectrum as a whole compared with No. 9 or No. 18. But since these higher
vilues are probably more reliable than the others, the “adopted” values are mostly
taken from No. 11 spectrum.

In Table IL the wave-lengths of the hydrogen lines in each spectrum are compared
iz the 2nd, 8rd, and 4th columns. The mean values for the three sets of measures are
entered in the 5th column, and these are compared with the theoretical values
computed from Baimer’s formula, given in the 6th column. The last column gives
the differences, observation — caleulation.

) i
In the formula A = YRy

measures of the lines &, B, and y reduced £ a vacuum, and the resulting wave-
lengths are corrected to air in accordance with a table of Ruxgk (‘ Astronomy and
Astrophysics,’ vol. 12, No. 5).

the constant a(=27418"75) is derived from Rowrnanp's

Tasre L—Eclipse Spectra, May 28, 1300.
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TasLe I.—Eclipse Spectra, May 28, 1900—continued.
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Adopted . | Wovelength
No.9. | No. 11. ! No. 13, Remarks. wave- l:i':;: 3n sun I:‘;‘}“ Flement.
Latitude | Latitude | Latitude | No, 9, { Xo,11.| No. 13. length. (RowLAKD).
—TE. | —4I°W. | —75° W,
. 3525986 4 F
— ;5525 19 — -— B —_ . 35282 5 f » ‘
1 26-163 6 te
- at -0 I - 0 — 1 310 10 30-919 3 ?
Equal patr, best on continuous )
‘ Fpectrum '( 31-982 3 Ma
— 3200 -_— -_ 10 — ) 320 10 4 a2-142 4 Ma
|
[ s2eae2 3 Mn
— 33-93 — — 2 -— Very vague . . . . . 338 2 — —_ —_
3530 65 3585 — - 50 — - . 75 50 35554 4 Ti
— 4169 —_— - ] ~— . .. . 41-7 £+ [} -— — —_
.- 4278 -— -— 2 — . . o 428 % 2 — - —
— 599 | - - 20 - . . I 20 45-336 ] -V
[ 48°175 3 Mn Fe
-— 823 -— -_ 2 — . . e .. o] 4872 2
- ! 1 45-332 5 Mn Xi
- 49°36 - — 10 —_ B . . 454 10 49°15! 2 X?
1’ 52-098 1 Zr
5235 5219 —_— - 10 —_ . .. O, 52-27 10
524253 2 Fe
— 53 -83 —_ - 0 —_— 'L 535 & 0 53624 3 Ni
Visible at eentreonly . . .
- 1372 | — - o | — | 5374 0 s3e887 | 8 Fe
{ 567738 2 Zr
l 56830 2 Fe
5692 5G 93 - -_ 40 -— .. .. . . 5692 40
56944 4 Fe
57+036 3 ?
-— 5887 — — 20 -_ e e e e e e e 588 20 58-672 8 Fe
— 8104 .| = - 3 -_ On continuous spectrum only .| 610 3 61-037 4 Co
61-898 3 Ni
— 6207 Ead - B — e . . . 621 8
62-043 1 Fe, Ti
6560 | 6533 | 336562 | — B~ f.. .. .. ... 855} 15 65535 | 12 Fe
— 6644 66-70 - 15 -_— C e e e e e e e e o] BBeBT 15 66522 10 Ni
6798 . §7-91 6781 -— 20 -— « e f e e e s . o 819 20 §7-8385 4 ?
70-183 4 Mn
7040 70°29 70°31 _— 0 — Strong absorption line cofncides| 70-33 30 70-273 20 Fe
70-415 4 ?
f 72014 ] Ni
-— 7218 - — 0 - e .. PP 72:2? 0 |
L r=ass | s Fe
7277 7276 72748 5 40 - Perthaps twolinesin I3 . , . 72°N 40 2712 8 Se, -
7411 7408 7402 - 8 R I A 8 -— —_ -
7668 7658 7659 10 50 10 | Shaded }ne in 11; no absorp-| 7661 50 76°521 3 - 8e?
ton line in §
-— 78+88 7892 —_ 20 & v e e e e v e e e e 80 20 78-832 10 v
358) 28 8127 8130 - 85 10 Strong shsorption linefn 9 with | 81-28 8 81349 30 Fe
weak emisuon line
) 84800 [ Fe
-— 8497 84-78 - 8 ] F e k1 8
84940 5 Co
854310 - ] Co
— 3585470 { 3585+48 — 20 - lllx digned and shaded; wide! 3585-60 20 86479 7 Fo
n
| ' 3385-658 2 H
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MR. J. EVERSHED ON THE SOLAR ECLIPSE OF 1800, MAY 28,

TasLe I—Eclipse Spectra, May 28, 1900— continued.

Ware-lengths. Intensities.
Adopted Wave-length
¢ g 0 Remarke. wa!;e- Inten- in sun Inten- | pyument.
No.9, No.1l. | No.I3. length sity, {RoWLAND) sity.
Latitude | Latitude | Latitude | No, 9. | No. 11. | Xo. 13, - el
T4 E. | —=41° W, [ ~T5" W,
3387 *130 8 Fe
— 338727 —_ - 7 - . PR 358727 7 87°286 2 Ti
87370 7 Co
Group of lines . . . .
87899 5 Fe
- 8804 — — 2 - . . - e e . ss-m! 2 |t 88084 [ Ni
89-773 ] ?
3:589°71 8991 1358997 3 2 & . . . . .. . 89-86 25
B9°908 ] 14
90608 2 ?
9074 90°70 9015 20 5 - .« . . . 90-72 20
90651 2 ?
- 91-72 -~ —_ 0 — | On continuous spectrum only| 9172 ] —_ - -
inl1
2-1g 8222 92-16 -— 12 0 . .. . ... 92-19 12 92-169 2 v?
9361 | 9365 | @369 | 5 | 30 5 O SRt 7 'OV N 92638 | 9 or
J’ 94784 6 Fe
- 9494 — - Bl o de e e m s . . . . 9484 5
1 esorr 3 Co
9622 96°19 9624 10 23 5 R I . T 9622 25 96195 4 Ti
— 900 9736 -— 1 o0 Narrow line on inner con-| 97-98 1 97854 | 8 Ni
. tinwous band In 11
8600-92 | 36G00-88 | 360087 13 30 10 L o L] 30 3600 880 3 Y
o204 | 0230 | eem | s | 25 | 10 e e e 6209 | 25 02°060 1
- 03-88 — — 2 _ Widellne . . . . . . . 03-38 2 03°354 ] Fe
03832 2 ?
03-92 08-90 0370 5 8 ¢ - . .. . . 0384 8
03922 3 T
0549 05-49 —_ 4 15 — . . 03 48 15 05479 7 Cr
-— 056-83 — —_ 5 - . . 0683 13 06 838 [ Fe
0B-78 08-99 08-93 —_ 20 2 . . .. 03-88 20 09008 20 Fe
0956 § —_ —_ 1] — —_ PO 0956 -0 094617 5d P Ni
- 1056 | - - o | - R S L T 0 - - -
nz | uasl g 5 15 2 e -2t 2 11189 2 | Y, Mg?
- 13-947 4 - Se
M-l 14-00 13-96 10 60 10 Shaded on V side in 11; very 14-02 60
. long line o] X 14+019 H ?-
14-99 1487 1450 1 10 1. | Narrow line stronger nearer| 14°'89 10 14922 b3 ?
centrein 11
1859 1892 18493 — 25 5 - PR . 18-81 25 18919 20 Fe
- — ] PR
19-64 19-57 18-51 - 10 1 . . « e e . 1957 10 19-533 8 Ni
2-11 21-42 - 0 8 —_ c e e e e e e e e 2125 8 244 8 ?
2170 — —_— 0 Bx;nd in 11, ill definedin 13 .; — -— 21612 8 Fe
|
22400 22-38) — 3 3 — f e e e e e s e e s 22-03 3 22°147 [ Fe
2495 24-99 25°07 10 40 5 Good iso!ate& Boneinll . . . 2500 40 24979 3 Ti, Fe
—_ 278 - -— 0 — s e e e e s e e e e 279 ] 27353 4 Ceo
28-83 23-%4 2818 2 T 0 Stronger st centre in 11 and| 2885 7 28847 2 Y, Mg?
absorption lne on B site
30876 4 ?
3098 W0-51 30-91 20 5 10 .. . f .. . 8093 45 30318 3 ?
B-124 2 Cu
363164 | 3631-59 | Jea1-6¢ & 25 3 « e . . . .1 308159 25 3631 *605 15 Fe




GENERAL DISCUSSION OF SPECTROSCOPIC RESULTS. 481
TasLe L—Eclipse Spectra, May 28, 1900—continued.
Wave-lengths. Intensities. .
Adopted . . | Wase-length . i
No.% | No.1l. | No.13. . Remarks, wave- l:'f; tn sun I:'::"f Element. :
Latitude | Latitude { Latitade | No.9. | No. I1. | Ko. 3. length. (BowrLaxp). ;
SIOE. | ~4I°W, |19 W, ;
w3320 w3322 [a63:® | 4 | ¢ | . Jmmz | 2 snr | 3 Y |
R TR SR YE 108 S 5 — | Diffuse in 9 . R YO s (234383 | — Bs
- B/ | - - 1 - .. NEETeY 1 w608 | 4 7, Fe
- %73 | — - 1 e . o %3 | 7 Wweor | 4 crt
- BW | ~ - 2 | - . . 4 omeo | 2 waez | 3 Fe
4088 | — - 1 - - ... L owse | 1 wsw 0 6 | Cr-Fe
a0 | asl | adz| 2 | e 1 a4s | © a4 | ¢ n
Imuummxa C. . e | 7 m
@90 | 4296 | 4298 | 20 | 45 10 29 | & ez | 2 Be
‘ e | 3 ?
- a9 - - ] — | Excoedingly fineline 1l . . .| 439 e - - -
. sz | 3 ?
404" | 4548 | 4538 5 15 2 Bz | 16 {
5415 | 2 Sc?
4795 | 4798 | 4802 | 4 15 & |Diffuseind . . a8 | 15 478 | 12 Fe
49-476 3 Co
946 49054 | 4Bl | — 5 o 1. .. . L. 490 3
R 49654 3 Fe, La
‘ s0-1m | 4 fo
s05t{{ s0d1 | - - 2 | - . .. R 2
50423 | & Fe
. st | 7 Fo
5187 | 188 | 5181 | 10 18 8 |Wideinia. . . ..... 58| 18
51940 | 4 Se
537 | 082 | 3361 1 5 0 | Verydiffuseinll . . . . 5367 5 53627 | 5 T
55°608. 3 Fe
5559 | g1 | - 1 s | — Ibitto . ... .. ... 557 5 ]
85801 3 ?
5794 57497 - ] 0 -— e e e e e e e e \O5T'88 [ 58044 3 | Co, Fe, Mn
59496 | 885 | 89°T1 ] 12 5 1. .. - B VRN T 53901 5 Fe-Ti
- o3l | — - 1 - A e e e e . st-al 1 - - H
623 | w2y | 62 s 15 5 .. .. L o6en | oW 62313 [ H,Ti
- ! 63541 3 :
633 | 6358 | 6858 ) + o .. . PR A B ‘ )
63356 3 Fe,H
6412 | @13 | 6418 3 10 4 . . o osT | 10 84760 H H,Y
631 | 61 | 6623 1 ) -2 . : 86°25 5 - - bii
i
&0 |- &7 | €78l 1 8 2 ... . osies 8 - - Ho
o952 | evbs | 6965 2 10 3 . Josess |10 €9°666 4 H-Fe
n-w | 748 | 78l | o R T Y - - Hy
7396 | 7382 | 7300 3|1 . L. .. o | o1 - - H¢
7485 | 7485 | 48T 1 5 1 e ww | s 74°868 1 Zr
7656 | 7642 | 7635 5 | 18 I 651 | 18 - - Hv
77°881 3 ?
78S | 18 | T18s 5 | PO P (£ R
7991 3 ?
79050 | 7046 | 7962 8 | » 8 | Very brosd in 11; provably| 752 | 30 - - He
two lines
808t | — 80400 [ g U PSR IR *X " LI 08 | 9 Fe
9298 | 8288 | w9 | & | D 5 | Wileandfll-definedin®. . .| 8294 | 20 - - Beé
W} o~ - o - R % - [ B4-256 1 Fs'
sessa¢ |aeanal [essdz | 40 | & » f‘ B R 485330 | 10 T
VOL. OCL—A, 3 Q



482 MR. J. EVERSHED ON THE SOLAR ECLIPSE OF 1900, MAY 28.
Tasre IL.—Eelipse Spectra, May 28, 1900—continued.
. ! e : : i
Wave-iengths, H Intensities. ! ; !
- [ S Adopted © Wave-length ; {
C v : . : Remarks. war\"e- j Inten- in sun Inige'n Element. |
¥o.9,  No.1i. | XNo.13. ; . tength, | ¥ | (Rowrawp). | S |
Latitnde  Latitude | Latitude | Xo. 9. No. 11, Xo. 13, gt
SR W, | <350 WL ‘ ; : : i
I i ) i |
; : | | ;
3686-97 365689 | 36¥7°01 § 8 € 7 - Much narfoverthancand r . | 3686°96 | 20 — - Hp ;
8764 | — 8766 | 0 — U 2 2 N wer-ew0 | 6 Fooo
. \
884 — gsez | 0 | — LT PN B BT 83558 | 4 LHE
i i : . !
— i sese | somy | — 3 2 0 .. ‘8961 2 89614 € Fe ;
- 051 | — - 0] = e el 0 - -~ - |
— - o8 | — - R T TN ) 8 0 - - -
nis g oae | wn | 0 | on | P I C IR - - Hr
: . 94°184 4 Fe
94-2¢ 9424 9422 4 10 3 On continuous spectrum only .1 94°2¢ 10 - N bt
8496 9508 95°18 1 3 ] . . 2507 3 95184 5 Fe
- 8601 | —~ - 0 - e Aosem 0 96006 Iy Fe, V
87-3¢ | 98720 | 970 15 30 10 e e 9728 30 - - Ho
9828 | 9830 | 9827 0 4.1 0 |Btrong on 4th band of don-| 98728 4 98303 2| TiZr
+ - - tinnous Spuctrom, and &t
. i cenireinll
- 3015 |~ - [} — e emee e . . 370015 - - -
3t01-26 | o129 | s7or-zs 0 3 0 |Btrongeratcentre . . . - i 0128 | -2 3701234 8 Fe
7 02:170 : Fe
@215 | o~ 0243 [ - 0 . L0228 0
P L ozam | % Co
o0z | oam1 | ozos | 2 | s | 12, oo ] s -~ - HE
- 05-67 - - 5 — e s e e e 0567 5 05708 9 ¥o
06-14 | 0603 ; 0610 | 15 20 5 | Diffase on V side in 9, rather | 06°08 ;| 20 06°175 ¢ | CaMn
wide in 13 : :
07-28 07-28 0 07186 5 Fe
0802 | 07-97 1 5 1
08+03 08°01 5 08068 [} Fe
09-19]1 0943 1| 941 1 8 1 | Diffusein9 . . . 09°34 8 09389 8 Fe
10-45 10444 | 10+51 10 20 3 | Narrowlinein 11 . 10-47 20 18431 3 Y
12-12 12416 12432 | % 0 T 1213 | 40 N H -
I ! 13037 2 —
1296 12-93 B0 3 8 ' 0 | Verrfmelineinll . J.1z2es (.8 -
- E 13-087 3 Cr
1475 15-07 1502 | - - 0 Ce e e i 1504 — - - i
: |
I8 15 . . Ao 15 - - -
1571 15e8)] 1557 | — - | S T - Jo1seep — 15615 4 Mn?
16729 1659 | 1648 1 4 0 .. .1 16448 4 6591 | 7 Fe
2008 | 20413 | 2013 | X2 25 8 . c. .. 201 25 204084 | 20 Ye
J :
2102 | 2203 i 200 30 45 20 e e . 2198 4 - - Bu
24-19 i 24528, 3 Fe
24-6% 2455 ¢ 2 ~5 [ Very diffuse and broad in 11 . 2461 5
206 ‘ 24°716 1 Ti
! . .
268011 27-m]| 2141 . —~ - 1 2730 - - - -
5 10 Absorption band eoincides in 8 10 - —_ -
2308 28-01 - — - - - 2804 - P — —
23°68 ao-m} 271 1 1 0 ... ... 280 1 29652 3 Ti
s sl a4 1 1 i P PR T ) 1 81523 3 Fe
3267 | — R0 L 2 - b S S - 2 32545 [ Co, Fe
3254 | 2326 | — 2 s ~ |Yushadeof®A. . . . . .| 3340 [ 3733485 742 Fe
3134-48 | B734-58 1} 3734°52 30 45 20 Trace of line on less refran-| 373453 45 - -— Ha
. . gible side of hydrogen Ine, )
colnclding with Fe absorption
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TasLE I—Eclipse Spectra, May 28,

RAL DISCUSSION OF SPECTROSCOPIC RESULTS.

1800—econtinued.

Adopted , ypp0n.

Wave-lengths. Intensities.
Xo.9. | No,il, | No,13, ' Remarks. wave |
Laditud. | Latitude i Latitude No.9 No 1i.!No.13. . length.
C=TQE. | ~4°W.. ~i5° W, | . . -
: ; ; i ; !
? i ’ | j
3737-08 -{ 374713 33737‘05 . 15 B | 10 Absorption line coincides in 373700
e - f © §; probably 2 linesin I2
28-39 33-41 - 0 3 - . . 3840
Bw | el | — L U R . L mes
- 4059 | — - R PR 1059
41:76 | 4181 0 sl6 | 15 ¢ 28 3 Shaded on V-side in 9. . N
i i
4364 | 43853 0 43451 5 ¢ 8 1 | Diffussin 9 1354
| s %
480 4583 4576 13 ! 30 5 Absorption line coineidesin 8. 45-80
! .
48424 . 48 48726 5 1 10 5 | Diffuse . 481
- — 947 ] — | - 1 e . 40wy
5025 | 5029 . 50% | 35 50 ’ . . 50+27
51+66 5171 | e 1 3 —_ Very fineline in 9 and 1! 5108
5280 i 5264 | = 0 o - o a2
3369 5386 - 1 2 - Very fincline in 9, . 5377
547 1 - - o - - e 54°T4
5556 | 8572 ¢ 0 0 —~ e e 5564
5712 5784 | 5is 8 10 1 | Poor definition in 11; diffase | 5779
| ' un Vsidein @ |
59%41 | 59-40 ; 59-3 40 5% 20 A cod osew
S4 | oa | ele 4 T T ‘ Bi-s4
63'89 | £3'95 ! 63 3 2. 3 - Difuwseind . . . ... 63-92
. H i
- 67 | 6558 - = oz 1o .. 85765
| |
66°981) 6729 | 673 | 2 10 . 3 Verydiffusin® o7-aL
~ i ' . V
68-39 €838 683 1 2 1 - 0 Diffure ; on continuous spee-i GB-37
: i tiuw only in I
6963 | = - - - . e
000 e 7070 40 | o8 | w0 G ... R 1
TAME | AT | - 10 16 - . . C e . Tes
] 15591 754 | - - 3 7561
- _ ! - 2 8 > Uniform band or wide line.
! = ¢ i ll K
76:82{ 76-77{{ 7611 | —~ ; - ¢ i 7664
! ; !
W ey - N - }! T
- - - 1 1 R PO
18-49]| 7873}| — - - - ‘ e e e e e t w6l
}
| §
64 | 1958 | - 1 3 — | Interropted fineinil. . . [ ™1
i [
8052 - — — — - ‘ . C e e e e .l B2
'
243 - - 0 - -{.. G e e e Wl SR
83+40. | 378367 | 518346 3 8 L 8348
8408 |~ I L T TN O - o)

pity

I

lw '
ave-leng'h
! insun 13‘:;“
{ (Buwzaxm). 7
| .
]
e — -
) [ st 5
A srem 30
P s Y o
' 30370 3
L 41981 +4
i 450503 [
: 43+6.6 2

45917 8

l'—‘. -_\- ~ ——

w6
[ 48408 16
PR SO
!
]
- -
:

]
- -
sTe ) 4

58075 | 15

{{ 890547 12

[ 7
G5 10
66660 6
67 -341 ]
EET I
- [—

!

B T

osmloq

J %108 . 2

{ w6600 2

o s ) 1

T s
78203 2

! 78-463 3

o ozsesz | o
19568 | 4

{ 19657 2

wese1s | 6

483

Elemenr, : -

Mn, Cn
Fe

YeTi

Fe
Fe
ClrFeC |
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Tasre 1.—Eclipse Spectra, May 28, 1900—continued.

R ! I — ——
. Wave-lengths, i Intensities. .
' : - ‘ Ado Wave-length ~
~ < Ty . i Remarks. wag}:-d Inten- in sun Iniwn f Element.
No.9. j No.lL - No, I3, ! ) e sty | powpanpy, | S
- Latitude : Latitude , Latitude , No. 9, ; No. Il. No. 13, . )
CSweR e W, e w, : i
: ; —}
W85 | ATREI0 || —~ - — B S I X LY - - -
1 5 5
86-65]| B6uar|| 378625 o |Wideinis. . . . . .. .| 888} — - - -
. 8805 | — - 5 — | Abeorption line at 3787-8tn | 8805} 5 3788046 9 Fe
} Xo, 9; strong on continaous
i spectrum in 13
s | 8885 | 889 | 10 12 I N B P I 83839 2 Y
01 | %018 |~ 1 1 S T 1 90-238 5 | Fe
%082 | 9093 | - 1 1 B T I 1 1 . - - -

927204 3 | FeCrC
24 ] s | — 1 ° ~ {Bresdis. ced] s ]

92482 1 N
s72 | 9zes | — ¢ 1] o~ b oo o s 1 03748 |t Nt
o189 | 953 | 9806 ¥ 5 N 2 5 95147 8 Fe
%02 | og0s | o975 | S | e | 3% b, ... ... L Tosmor] 8 - = - e
948 | 9961 | - 996D 1 5 1 | Probubly 2linesind . . . .| 99°70 5 99693 7 Fe

380151 | 380166 380166 | 3 4 o | On continuous spectrnm only .| 380161 4 3801676 0N -c
0300 | 3416 ; 0332 2 2 | 0 |Dittoatesntreinr-. -, .| 0316 2 oMl |0 ¢
- 04-91! sl — | - 0 e <. s ° o494 | 2 | Felrc

: :
05-45 1 0s87)] — 1 1 U "2 1 05+485 8 ¥e
Group of perhaps-4 Hoes in 18
POl pertings 06857 2 Fe-
0G4 | 6| — 1 1 B O B
. 05865 8 Mn-Fe
R i
07-293 ] N1
07749 07'96! 0757 1 - v e | oores 1
i - i 07851 8 V-Fe
0948 | w3 | ~ o - WMein9., . ., .... o0& ] - - -
‘ 09834 0 c
- 000 | — = o - e ... 10000 0 -
| 0081 | ® c
i ! 10+681 0 c
109 : 1080 | 1081 [-.1 o T PRSI (-1 | -
! i - 10+761 0 c
' 12126 [} ]
12490 | 1298 | — 1. 0 B . L 5 1 0
§ 12206 0 c
T o 13-100 5 Fe
1260 | - - o _ S I - 2] o{

13-219 2 Fe

1242 13% | 13718 3 0 1 F.uhu)med Ti af 381384 (Locx-| 13°%0 | 10 - - -
TRR, N !

M M8 | 470 ] 2 1 S PO B T © 7 14-698 8 Fe-C

1699 . 1592 | 1590 2 10 2 e e B 1 150087 | 15 ¥e

- i)-- uwe | — | — L R I LT - - -

1956 1985 | — ° + ~ I Diffaseinli. . . . . . . 1972 4 (31978) | ~ | |He

20-63 2062 | 2658 3 10 2 - T A 1) 20-886 | 95 FeC

21-868 | IN c
AT 2w | - 1 1 I I 1 1{

; 21-961 £ Fe
- -~ 2088 | o~ | - I - B ] - - -
245 | sl | 2en ] 10 S - 2480 | 10 24°581 8 Fe

(20T 2605 | 26wes) 1 10 L R 2 10 28027 |, 2 Fe

sa21-97 88‘37-9138821‘92. : | R [P " ¥ 080 1 8 n




GENERAL DISCUSSION OF SPECTROSCOPIC RESULTS. 485
TasLe L—Eclipse Spectra, May 28, 1900-—continued.
Wave-lengths. Intensities,
No. 9 [ No.11. | No.13 | N Remarke. A?r(:l:?-d I:‘:y“' W.i'.-xe 'l;:gth 1:‘{;‘!" Element. |
Latitude | Latitude | Latitude | No. 9. [ No. 11, No. 13. length. | TV | (Roiraxp). ) ;
C—TPE. | —419W. | ~T3° W, |
382951 | 382058 | 382959 5 15 ¢ /.. . .| 382954 15 2429 501 10 Ng "
3071 | 3093 | 3085 1 1 0 R 3083 1 - - -
32°5 82+42 3245 12 25 g {. ... . 32°46 25 32450 15 Mg
- - — - - - | Alineis distinctly visible, but { — — 34364 10 Fo
was not measured, on V v
side of Hy i
3545 | 38+51 3556 | 50 65 ) R TY N1 - - Hy -
3687 3699 | — 0 1 - . 36-93 H 36905 1 Zr3, Ti
3847 | 3880 3844 | 20 30 0 ... 843 | 30 3§45 | 25 Mg
4088 | 4057 4090 1 ¢ 1 f . 1078 4 40-580 8 Fa
— a1y — - 4 - . an 1 4 41788 | 10 FeNn
4218 | 421 - 0 0 - 4214 [ 42°191 3 Co
; [ 84927 [
43°25 | 4028 | 48714 1 3 [ : .. 43°20 3 1 43°185 g Fe.C i
! ' 454404 4 Fe
- 45-51 45756 | — 1 0 t . 4553 1 45506 8 CCo
4680 | 4697 | — 0 1 - .. 46-88 1 46-948 5 Fe
4770 | 48716 | — 0 0 B 4793 0 - - -
4907 | 4882 | — ° ) B 4900 0 43140 3 LaC !
19-84[ 50015 | — 0 2 ~ | Diffuse but well defined in| 6015 2 50-118 | 10 FeCr .
outer band in 11
51~sa‘-— - 0 - __............51'9‘ 0 - - -
52771 — — - - 528 , [\ 52714 ‘ cccléa, ‘o
s46a{) 8471 - 0 1 - 5470 1 54707 LN e
5645 | 3685 | S6dr | 2 | 15 5 | 5647 | 15 sas2s | 8 Fe |
- 5856 | 5861 | — 1 0 | Lidefineding . 5853 1 58442 7 Xt
5999 | €004 | 5996 | 10 25 6 | Strongonouterbandinli, .| 60700 | 25 60085 | 20 FeC
6161 6168 | 6172 2 2 0 | Only visible at centre in 11; il | 8167 2 1881 t c :
defined in 9 |
6270 | €291 | —~ 0 [} - . .. 6230 0 —- - - %
6350 - —_ 0 — - . N \ . 6350 0 63583 H C |
— 6584 — —_ 2 - i 8564 2 65674 1 Fe-C E
7178 7188 | 7168 1 2 1 - . . HE 2 - - - ?
- 271 |~ — 2 - | . 72771 2 72639 [ Fe 1
HB | W | s |~ | - — | Head of second cyanogenband | 1424 1 - - - ;
7874} 1890 | 7885 [ 15 5 | A double lineon 2 images not | 7874 15 78720 ™ Fe f
messured, apparently single i
on others H
7910 - —_ - U (Y [ 19~718 1 C E
83-01 83°65 8368 —_ —_ = | Head of yanogen band, searsely | 8368 — 83568 - Edgeo!C |
visible un outer bnd 1 11 band
Bt | — - 0 — | — | dossa | o 687 | 4 PR
8547 | 8649 | 863 5 10 VRN O L seas | 10 smsge34 | 15 Fe |
82 | 8908 | 9713 | 60 % 50 e 8915 | 78 - —_ H :
89117 $0°95 ! 3891-08 1 2 0 On continuons spectrum only | 21-07 2 i — — — '
:
- 3892-30 - - 0 [ e kR o;, - - -




486 MR. J. EVERSHED ON THE SOLAR ECLIPSE OF 1900, MAY 28.

Tasre I.—Eclipse Spectra, May 28, 1900—continued.

Warve-lengths. % Intensities. ’, E
P e ey - : : ! Adopted " Wave.length !
- Lo | H Remarks. ! \rage Iaten- insungt Inten- | mament.
Xo. 8. No. 11. ! Neo.13. i temeth sity. (Bowraxb) sity. |
Latifude | Laritude ! Latitude ! No.9. ' XNe. 11.|No.13. o rengtl. - i
P2 R, —alP W, —35° WL , | |
i ' : i ! i
! ; i i ; ;
3393-31 | 3393-17) 289388 | 0 0 L ssess-asi o — - i —_
i : i ' [ 3894165 8 | FeCr,V?
Uoesnt | e — - - — ... .. oL 94~36$ 0
I i ] : 1 st | & { orco
ss-ul{ - ; — 1 - — e e e e, — —_ 95°119 3 Co
H i g5-8t , 9591 — 10 2 | InNo.9 perhaps 2 lines, 3835 -1 9585 10 95803 7 Fe
i } and 965
seszl] — i - 1 — - L .. B [ - — - -
8-15 ; 98-31 | 9303 o 1 1 S T P, 98-18 1 93131 5 v
93 -59 : 9988 8398 1 3 1) Namowlnein 4 . . . . . 8992 3 99-850 8 - Fe
390075 | 3900765 . 390062 10 25 8 | Poordefinitionini3 . . . .} 300068 | 25 3900 -681 5 Ti-Fe
0337 | 0319 03-13 1 7 S s e - . .| o318 7 03090 10 |, <Fe, Mo
0562 | 05-69 0374 1, 5 R T PO e e e . . 0968 5 05660 2 st
~ | e | — 3 i- 0 _ li i .i-:. ... 7] osssl 8 06628 10 Fe
o7os o oorm | — 1 L PPN (- 27 S - - -
0848 ! 0871 [ — | 9o o X : - - -
i ! - - 09802 Fe
;0995 ;  09-98 — i ° ] - J. . . C e e . . .l 09097 0 .-
; : ! ; ; 09976 Fe, ¥
- o omel - i 0 P £ 15 0 - - -
i i - :
- oW - | -~ 1 L I £ 1 - - -
X i !
1337 | 13755 1355 i 10 25 6 ... ... ... ... 1386 2B 13608 5 Ti~
! .
1452 1452 14-67 | 0 1 1 On continuous speciram only 1457 1 14566 1 ?
H in 11; diffuse in ail
i 16079 1 Zr
1607 16415 16717 i 10 3 2 . i e e e e eeee-..|. 15710 3
-0 16207 0 Zz, La
! f 16-464 " Fe
18-53 : 1853 51 Py 3 -4 1 Widein1s . . . . . . . 18531 1 )
i . : 18:563 4 Fe
2028 ! 2001 1 01 o 8 5 | Widemi3 . . . . . .-l 209 [ 8 200410 |, 10 Fe
- ] - 2190 1 - == —_ o . .. ) . | 219 e 21855 4 | Ce, Mn-Zr
. Narrow linesin18 . . . .
— - 2268 - — 1 227 1 22560 IN v
2313 23413 23418, 1 8 B . . e e e e e e e . o] =18 8 23054 12 Fe
- _ 24-82 — — T 2458 | .0 24673 4 Ti
2801 | — %628, 1 — 10 oo e e ] 20 o 26-123 7 Fe-
28°19 | 28°14 2808 1 7 5 . .. e . 2814 7 28075 8 Fe
%86 | w49 | s | 3 | 5 5 [, . B - S 0450 | 8 Fe
3398 | 3379 | 3394 | 100 | o0 | 100 LK. . . . . . . . .. 3350 | 100 33625 | 1000 Ca
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Tasre L—Eclipse Spectra, May 28, 1900—continued.
Ware-lengths. Intensities. ,
: No.9 | ool | No.13. o ﬁl— T Remarke, { Afﬁ?ﬁ'd ';’ii;":' ‘ ‘“i‘::a:mb I;g_n' Eiement. |
: Latitude | Latitude | Latitude | No.9. ' No. 11, No. 12, { length. T 1 (Rowwsn). | T ‘
SO S AR ) | ; S :
Pasiae [aomenn | — ’ 0 ' P | 395135 [] 2051311 5 Fo -
I— weast - sz |1 3 Do . . U osem 3 - b
|~ 2 |~ - - 1 . " s o - s o3 Fer |
I 5505 | - - o - -~ . o 0 ) - - - K
| ! f 476 | 4 . O, CoTi
! 565 | seeER ;s ] 1o 1| Verydiffusein g %638 {3 4’ 6608 | 4 ¥e
! ‘ ; L osms | 6 Fe |
Poasely | 583 i s 1 0 B 2 . Do | 5, sen | 8, ZnTiCel
Poem | els | oeime |4 2 8 Pase] w | e w | A f
s | = - 0o |~ | = N . I - ~i—f
1 w65 | — - 1 - — | Inshadeof H L H ¢ - - [ - &
i 68479 88498 6856 80 90 90 |H. 6858 2% 68625 | To0 § cx !
RN T N R TR . ol w0 T soHe !
| - 06 | — -0 - o 121 o - ==
| et | omem | - 0 2 - Cofae o2 w8 N E
Potsa | 16068 ! 7eas | 0 1 o i Doz - = =
[ - 79 | — S T RS C T t 0 e | 6 ; fe
P g3 — O U B foagp - | a4 | W
8219 | . - g2 | 1 7 2 Gomell 70 eew 2 ‘ T
Ros | w7l m@ | 1 | — | 2 |Veywide adaifaeonv| &% | — | &m0 3 My |
- w08 | —~ - g | oo ), e 81 ' 1D s 1l Gnfe
wre | ee0 | — 1 - S R 888 [r 1 s : 5 I
%018 | w07 | 018 | — 2 —_ e e Wiz | 2z s 4 Ti
923 | 933 | 918 : 1 3 1 NN N s : ez
93@71 su-m! 9491 | {Shading Shading Shading) - EYen { 0 - = -
s seTi| sl 1 3| - . 0583 | 3 sawe | 1N ’ La
ss~ssl 97-521 9766 ;ShadingA 4 1 ceee 97'6513 [ we o2 F
oo22)| 910]| seu|l 3 ] 2 | Apparent sbaorption line at] 99°18]; 6 870 | 4 LI
39999in 9 h i i
400044 | 400046 | 400055 ! 0 1 0 | Strong on bands of continuous| 4000°48 {a - [ - x
: spectrum in 11 | ’
_ orTs |~ - 1] - RN 4001814 ! 2 Ye
0542 0545 0544 ; 1 7 4 Very diffuse lineind . , . .] 0544 i 7 05+408 ! Fe
- 0958 | 0977 | 1 R R 0ol | 1 - P -
o logn kw6 | 1 s e 2w | 1 sl |4 | TLCe z
- 1 13'761% - - 2 | - . 7] 2 [ 1 , : it
! i 1 13064 s Fe
4054 0 L] W62 0 2 1 1 TS B T 2 Wt | b Fu
- lwmy - — 12 | | Wide and fledefined e o2 - - -
-~ %G| 183 | - | — 0 e 184 ) - - -
-— 20°28 - - 3 - . 03 3 - - -
2200 | %) aes | 1 |~ S as1f] 1 - - -
2357 | W49 | 2364 0 1 S 2387 1 20888 L3 v, o
402505 : 4025+03 | 4025°09 4 1 ?Perhlpsndoub]ulinc in11. .{4025°06 4+ { wn : ¥
‘ 1 102528 3 7




488 MR. J. EVERSHED ON THE SOLAR ECLIPSE OF 1900, MAY 28

Tanie I.—Eclipse Spectra, May 28, 1900—continued.
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TaBie L.—Eclipse Spectra, May 28, i 900—continued.
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TasLe I—Eclipse Spectra, May 28, 1900—continued.
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Tasie I.—Eclipse Spectra, May 28, 1900—continued.
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Tasee 1L—Eclipse Spectra, May 28, 1900—continued.
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GENERAL DISCUSSION OF

TasLe L—Eclipse Spectra
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88 28°9 293 o+ 1 ° .. L. w0 1
314 - - o i — — oL e L0
; i : |
| 343 343 342 12 0 30 T ©343 } 30
i 36°1 36°6 — 2 Lo — ! Continuous spectrum omly. 363 , 1
| ’ No. 11 t
i 306 40°0 — X [ — . N “E v
boga 21 - T T R I e
_ e i - — - [ bl
I r
3 _ — - | Very diffuse and wide in 9; ..
45°0 1 i probably a group in 11 30 ' v
- 458 i — - 0 - \J - P
; i | H
i 408 300 497 15 30 33 ' Echanced Fe at 454964 . . ; 498 . 50
U 54 512 P 8 |\ a0 , @30 I, e e 5 ¢ 30
i | .
362 56°3 86-1 4 | 8 i ¢ | DoubleVeline; Vliineenhanced, 56 2 8
- i ! ! R line arc {Locxyer) : .
i |
587 589 580 2 8 3 . Enhanced Cr {LOoCKYER) . . BL AT 8
) ; :
605 - -— 1} - | = L < B S 0
6271 — — ) — b - . R D 0
64°1 641 639 10 25 25 e e . 64°0 25
722 72-3 7240 12 30 ! 2 e e . .o T2 30
767 764 76°5 2 [ On comtinuous spectrum only 163 | 0
! in }l. Enhanced Fe(Locxyze)
80 4 80°1 79-9 0 0 5 .. G B B 0
841 840 836 10 25 25 Enhanced Fe. . . . . .] 88 1 25
880 850 —_— o 2 — Longlinein1l . . . . .[ 880 : 2
§9°8 90-1 | 458973 0 2 3 Ditto  ?doubleinl3| 89-7 l 2
92-2 4592-6 — 0 o —_ Narrow lines fn No. 9, but too 92-3 0
{1 faint for good measures
4592 0 — —_ 0 -4 - : 45039 0

* Enhanced Fe (LOCEYXER).

SPECTROSCOPIC RESULTS.

, May 28, 1900—continued.

193

N
“-ni‘:i\ex'r‘lz‘h loten- . Flement,
({ROWLAND). ‘ aby. )
o L
e | - He
W | e Fe
I
e n
[oersE oL Fe, -
i 82433 3 Fe
351 ! 2 H
! SR Fe
' an-233l 3:\'§ Mn-Fe
ar-siei . 2l ?
9738 1 6 Fe
oroza | 3 cr
4501 445 , 5 Ti, -
08453 4 Fe?-
15-508 5 4
157158 3 Ti
20-307 3 Fe?~
[omeoz 3 :
1 wons ; 2 1y
ARt ‘. s te
31-327 t 3 Fe
]’ 34-139 [ TiCo
1 s oo T
— - —
3096 O Cr
: £l 600 3 2 Cr
Ve H
i .- l —
11564 ki . Ti
i P )
i 10 508 6 TiCo
. 54211 } 5 { Ba
v D6 306 i 4 Fe-Cr
1] : v
ERRCEs % 3 Cr
S
—_ e —
63°930 ¢ 4 P T
T2156 1 6 [ -
6312, 2 H
#0-223 3 cr
$4-018 i Fe~
83381 2 ?
1590-126 3 ¥

'




494 MR. J. EVERSHED ON THE SOLAR ECLIPSE OF 1900, MAY 28,
Tasre I—Eclipse Spectra, May 28, 1900—continued.
Wave.lengths. Intensities, ’[ |
; | Adopted o | Wave-length .
! No.o. | Yo | Ne.1s : Remarks. wave- Igl;;n . inmuR 1;&';,'? Element,
©oNe B g KoL L.y NS . . | length. L * 1 {BOWLAND),
. Latitade , Latitude | Latitude | No.9. { No.11.! Xo. 13, : ;
PLEPE. AP W, | P WL . ;
: i ‘ ! i _
. i ; !
: ; - wosil |2 Xi
. 46004 | 4800°8 | 46005 1 [ T T e .. 16005 1
i 00032 3 Cr
D |- 08 I . L. 027 0 031% | 6 Fe
13+886 3 ¥e
134 32 - 11 0 ¢ o~ ..o .. 133 e
| 13'544 3 Cr, La
158 1541 1672 1 1 (i D . 160 1 16305 4 cr
Poaee | 192 | 199 1 2 0 | Enbanced Or. at 4sis-gr| 1971 2 1897 | 4 Fe-
! {Locxyez)
224065 0 Cr
221 - - 0 - — e e e e e 221 0
224128 1 Cr
2% - - 1 —_— = . -1 1 25227 5 Te
202 | 203 | 283 8 15 25 | Linescems displaced to Vin13| 20°1 15 20521 6 Ti-Co
F-T I U . B e T w0 - - -
| ] | R
‘ Diffusebandin® . . . . .
Dme | osr i — 1 11 = "|pimiseinil UL .. . 338 1 - - -
; 367 - - 1 - ~ 1. . %7 1 - - -
P—- 3T~ T T T PO a7 0 - - -
Coae |~ - ~ = = R I - - -
D46l 857 e 3 s 5 ! Diffusebanding . . . . . 455 5 16347 3 Cr
|- a8 | - T T e 41 1 - - -
| 509 518 51 1 2 T S 513 2 51461 4 Cr
! 551 348 - 2 2 | — | Perhaps2lmesinNo.9. . 353 2 - - -
o o %0 | ~ | 1! 5 0.t %0 | 6 stk | 8 T
I T - 2 ; T R 2 st80 |2 Tt
- - o b — = oo L.ome2l o ~ - -
- 614 o=t et sts | oo - - -
: o 822 3
! oes 631 Tt 1 RIS 61 1 - - -
: 56387 0 cr
{666 666 663 ;2 5 R . 665 3
: ; 66655 1 Cr
. i .
. 693 701 @z o2 o T e e e e ) -69°5 5 69504 1 cr
Toa g me 190 ) - 0 2 |y 2] 0 73341 3N ca
l L 1 - - LOn confintous spectrum only | — 0027 5 Fe
' i ! mXo.lt -
8143 l, 81 } 8143 ,J - [ 1 1) 813 l 0 - — —
+ N 1
o~ 859 - - 5 ' - | Corona ? or nppor chromo- | 85°7 5 - - -
' | ; sphere, visible ontside only
. | I ! on West gide
boety | e | - - L P 982 1 - - -
P40l i a0 11 . e e e 02 1 - - -
i i !
[ L I e R T 080 1 708195 2 Cr
3 13-4 3% 13-4 , 4 $po 7 Helium line very long and | 134 15 {4718252) — He
! . } 1ATTOW in all three spectra
- 20 | - 0 - 0 1 - l ' 20 ; 0 - — -
L% U - 1 [ tl)n continuous spectram only | 270 | 0 - - -
Dosd oAt w9 | 0 3 ) us [ o 130907 | 1 Cr
iuu-x 67 |4 { R 1 L O 721 3 - - -




GENERAL DISCUSSION OF SPECTROSCOPIC RESULTS. 495
TasLe I.—Eclipse Spectra, May 28, 1900-—conti..ued.
Wave-lengths. | Intensities. ; i |
n ; i Adopted i Wave length '
No. 6. ! No. 1L. ! No. 13. | : Remarks. | wave I:il:'n- ¢ insun - lz:;n- Klewent. -
Latitude | Latitude . Latitude | No. 8. No. 1l | No. 13. ! length. 71 (Rowrase). | {
Z7PE. | Jalw. liewl x ! {
- - = = l- = .. . .. - — i amrms [ 3 Mn’
476194628 r'mm * i} - - e .. a0 || — 62567 | 5 Mn
‘ | | [
) |+ 8 + 1o Probably a group of line= 5 4 64103 4 Ti-Ni
— 66-9 I« ss-sl - } - J — e e 664 - ?{ 66050 | 3 Mn
| i H ‘ i
— - | = _ - S - 66621 | 4 Mn
i 1
- — 1 - - - 0 714 0o ! - - -
788 799 | 790 1 1 0 e e e e e 192 1 - |- -
820 | 80 | ~ 1 1 — 825 1 b - - -
| ‘ :
853 | 862 | — 2 1 — 85°8 1 - - .
883 gz | - o 1 — | Poordefinitionine . . 87 S -
- 918 - - 1 R L I L H - - -
o1-3 986 986 2 2 0 |{Diffmelndandir. . . . . 952 2 0 = - -
i
48045 | 48051 - 2 B - PP - TR 52 - [ -
© - - 1 - - . e e e 036 S A -
282 23:8 | 48235 5 5 H I I 21 5 1 4823-0e7 5 Ma !
] H
488 485 — 1 0 - . .. . e . . 48 o - Lo—- - !
615 61s 617 60 3 0 {F. o v oo .. 618 7% | 61527 © S0 A8
. ! i .
715 718 718 1 5 H Diffuseing . . . . . . .| 95 s o K13 Fe
i i
- - 778 — - S N B ¢ 2 o{ - - -
821 833 536 2 5 5 | Widenod Qiffuoe m oall apectyn | 8340 5 — [ - =
(in-hh.h w 2z renth-metren i ’ ! I
i ;
! 90548 | v Fe
91-0 910 91+ 1 5 7 | Widelime. . . . . . . .| 810 7 . .
; pi6s3 | 8 Fe
'r 49000095 ! 2 ' Tila
4900°1 | 4900°4 4900 2 3 5 5 1. . . . .. L[ 480002 5 { ! :
- ' 00301 ERE &
035 04+6 - 2 1 S . ..l o0 1 — - ] -
03-8 11-2 — 5 2 —_ Diftuse In 9, very wide in11 . 10-5 2 —_ — — :
192 18+ 203 |Shading|Shading] & | Diffuse shading in 6 and 11, | 19+ ? 19174 6 j Ye oo
{il-Gefined group in 13 ! { ;
i . i
242 241 289 15 30 25 | EnhancedFe. . . . . . 241 | 25 24107 . 5 Fe
: f 312143 §
341 342 3402 10 20 2 ... .. c. o) sm i 20 }i 6 Ra-Fe ?
. : : 34271 ] i
¥
877 578 57-9 ? 15 2 T 578 w0 stes | o8 ! e
-~ 712 - — 1 R P 71-2 1 - e
82662 4 | Fe
— 888 829 - 10 0 | Veywdeinll. . . . . 833 5 :
; 83-433 3 ; Fe
: 1 {
- 818 — —_ 2 e D 91 . 2 — -, -
§
- 298 - . 2 ~ | Line, orblue edgeof gronp .; 998 2 — I —
- * P H :
— 50080 - - 5 - AU - X 20 PR - I
1
50182 185 | 50136 15 30 20 | EnhancedFe. . . . . . .| 18 20 018629 4 Fe
— 313 - - 5 —_ D 1 5 50380 ¢ 8 | ?
— 50408 - - 15 P .. . .| 5608 TR - - -
) H




496 MR J. EVERSHED ON THE SOLAR ECLIPSE OF 1900, MAY 26,
Tssre I1L—Hydrogen Lines.

!

i Designation. No. 9. No. 1L No. 13. Mean. | -Computed. 0-C.
B 48615 48615 48617 486157 486152 + 05
¥ 4340-7 4340-2 4340-7 434053 4340-63 --10
8 4101-96 4102-02 4102-02 4102-00 4101-90* +-10
€ '3970-33 3970-31 397034 3970-33 3970-22 +11.
¢ 3889-24 3889-09 3889-12 3889-15 3889-20 - 05
7 3835-45 3835-51 3835-56 3835-51 3835-53 ~+02
8 3798-02 3798-04 3797-95 3798-00 3798-04 - 04
' 377070 |- 3776-78 3770-70 377073 3770-71 - 04
K 3750-25 3750-29 .| 375026 3750-27 -3750-30 -~ 03
A 373448 373458 373452 3734-53 3734°51 ++02
B 3721-92 3722-03 3722-00 3721-98 3722-08 --10
v 371212 3712-16 3712-12 3712-13 371211 ++02
¢ 3704-03 3704-01 3703:98 370401 370400 ++01
0 3697-34 3697-20 3697-30 3697-28 3697-29 -0l
T 369175 3691 -62 3691-74 369170 3691-70 +-00
f 3686-97 3686-89 3687-01 3686-96 3686-97 | --01
T 3682-98 3682-88 | 368295 36832:94 3682-95 --01.
T . 367959 ¢ 3679745 | 367952 3679-52 3679-49 +°03
v . 367656 3676-42 .3676-55. 3676-51 3676-50 +:01
¢ 1 367396 3673-82 3673-90 3673-87 | 3673-90 - 03
X i 3671-50 3671-48 3671-61- 3671-53 3671-48 ++0B
¥ | 3669-52 | 36869-58 366955 3669-55 3669-60° ~+05
w - 3667-90 3687-77 3667-81 366783 366782 +°01

Series No. 27 - 3666-31 3666-11 3666-33 3666°25 3666-24 ++01
s » 2B 1 3664°72 366473 366476 366474 3664-82 ~+08
s o 29 0 3663-49 3663-58 3663-58 366355 3663-54 ++01
s » 30 ' 3662-34 3662-34 3662-39 3662 36 3662-40 -+04
» o 8l —_ 3661-31 — 366131 3661-3b --04
w3 @ — — Theoretical | limit . . .| 364613 -

* The solar absorption kine is at 410200 according to JEWELL.
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J. Bvershed. Phil. Trans., A, vol. 201, Plate 3.
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Latitude — 74° East.
Neo
Latitude — 75 West.
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TORTTL,T S

[ R

ﬁfi{fﬁﬁ“ e

4
e itd 2
k!

o

[T SR ; R

P gt o, F Ao s EAE i R AT,

b
b - - D
— bttt oo el gt g Ptssien—? crtmne: 1 it bt o 8

PR P - - . e - . |
e e 2 e | RIS e 5 5 7 : -
A 5 SR ORI N ) 3 %M o b P el ?’.‘1;
N CEEE g . e iman

s, o

G

PEr N
T3

%

Timid Mgt w 1s T m e £

F» A e o 2 e s A e
RS N H
———— -
t -
Thawig £ies s e ove deiee e eof
n—— '
—



	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif

