The spectroscope and its work / [Richard A. Proctor].

Contributors

Proctor, Richard A. 1837-1888.
Society for Promoting Christian Knowledge (Great Britain)

Publication/Creation

London : Society for Promoting Christian Knowledge; New York : Pott, Young,
1877.

Persistent URL

https://wellcomecollection.org/works/zq2xsrve

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

h o
















Lozl Gas

Hanharthith


















6 REFLEXION OF LIGHT.

structure or density, has the direction of its path more
or less altered. Rays of different colour being differ-
ently affected when thus deflected, or refracted, as it 18
called, can be separated from each other by submitting
them to suitable processes of refraction. What, then,
we have first to do, rightly to understand the work of
the spectroscope, is to examine the nature and laws of
the refraction of light, and to distinguish refraction
from other processes which light may undergo.

When light falls on an opaque polished surface, the
rays are reflected according to a simple law. Thus, if
the ray R I (fig.
1) fall on the
polished surface
AB at I, it will
be reflected on
the course I S,
such that the
angle R I Q, be-
tween I R and

the perpendicular
i 1Q, is equal to
i the angle S1Q

Tig. 1.—Illustrating the law of the rc lection between IS and

of light. the same per-
pendicular. So that if A SR B be a semicircle, having
I as centre, the are A S ig equal to the arc B R A
fraction of the light falling on A B, however, illuminates
this surface and makes it visible, some of the rays
being irregularly reflected from the various particles
composing the surface. The less polished the surface
the greater will be the proportion of rays thus scattered
to those regularly reflected.

A portion of the light is also absorbed by the sur-
face, the proportion of the rays thus absorbed depend-
ing on the nature of the surface. The surface also
may absorb more rays of some colours than of others,
and thus the rays by which it is seen will not be pro-
portioned in the same way, as to colour, as those falling










DISPERSION OF LIGHT. 0

right in the figure, will not see any olject placed as R
above that surface, but will see an object placed as #
below the surface. It will be the same if the eye at r
is outside a glass vessel contaming the water. Thus, if
A P B be a glass bowl containing small fish, an eye at
¢ outside the bowl will see in direction » I the reflected
image of a fish at »/, which fish will also be visible nearly
in its true place by rays proceeding directly from »” to +.
Accordingly, the fish and its image in the mirror-like
surface of the water (viewed from below) will be seen,
just as we may see at the same time a person himself
and his image in a mirror.

It is clearly seen that the effect of refraction must
be to separate rays of different kind which had been
travelling in one direction, if such rays are differently
affected by refraction. And in order to effect this, we
should only have to allow the rays after refraction, as at
I (fig. 2), to travel each on its new course far enough
to get them as widely separated as we required, were it
not for the fact that light is absorbed in passing through
glags, water, or whatever other medium we employ; and
before a sufficient separation had been effected, no
visible light would remain for us to observe.

If we take a transparent medium, as glass, bounded
by parallel sides, as
MM’ (fig. 3), an 1n-
cident ray, I' R, will
be refracted at R
in the direction R I,
and on reaching I
will be again re-
fracted in the direc-
tion I S parallel to
RF; for since a
ray proceeding in

i 5 Fig. 8.—Illustrating the refraction of light
direetion I R would through a medium bounded by pa,m?lei

follow the courge  faces:

R F, making with the perpendicular R N’ the angle
F R N/, the ray RI which makes with the surface






PRISMATIC DEVIATION OF LIGHT. 11

angular faces. The ray D e falling on AB at e is bent
towards the prolongation of
the perpendicular f ¢ in direc-
tion eh. At & 1t 1s again bent
Jrom the perpendicular /g in
direction i E. The deviation
from D D', the original course
of the light rays, is in this
case Increased at A, the total
deflection being the angle be-
tween E A, produced, and D D', "5 !
Here A B and A C are thetwo *'¢ "'_P““;“l;fﬂg;;j"?thm“gﬂ
rectangular faces of the prism

called into action. The edge A between these faces is
called the refracting edge ; the angle between them is
called the refracting angle ; and the divergence of the
ray after emergence at & from the course it had before
imeidence at e is called the angle of deviation,

The first general case of deviation 1s illustrated in
fig. 6. Here the incident ray S1I is refracted in
direction I E, or
from the refracting
edge, and in emerg-
ing at E 18 again
refracted in direction
E R, or from the
refracting edge, the
angle of deviation
being the sum of
the two deviations.
When the deviations
are equal we have the

FPEGIE.I case plﬂt‘lll‘ﬂd Tig. 6.—The first general case of refraction
n ﬁg. o n ﬁg_ 7 . through a prism.

* By a singular mistake the cases illustrated in figs. 6 and 7 with
the special case pictured in fig. 5 are dealt with in Schellen as the
three general cases, the general case illustrated in fig. 8 being
entirely omitted. In the English edition the mistake is left un-
corrected, and it has been reproduced in elementary treatises on the
spectroscope.




12 PRISMATIC DEVIATION OF LIGHT.

the second general case 1s illustrated. Here the inci-
dent ray being perpendicular to the surface at I under-
goes no refraction,
but passes on in the
straight line S I K.
On emerging at K it
undergoes refraction
Jrom the refracting
edge, and the angle
of deviation 1is the
angle between 5 E
produced and E R.
Thus we have in this
case the same kind
of deviation as the
former, that is, deviation from the refracting edges
both at incidence and emergence, but the deviation
produced at one place only,—at emergence orat incidence
according to the course pursued. The third general case
is 1llustrated in
fis. 8, where we
see the incident
ray S I deflected
towards the re-
fracting edge at 1,
but from it when
emerging at K,
in direction E R,
the angle of de-
viation being the
excess of the
o second deviation
Fig. 8.—The third general case of refraction over the first. ' As
| through a 111"1&-11:. i Pﬂth SIER
may be followed either in the direction SIE R or in
the direction RE IS, all possible cases of refraction
through a prism are illustrated in the figs. 6, 7 and 8.
We see that in all cases deviation is from the refracting
edge of the prism; for in the two first there is only

Fig. 7.—The second general case of refrac-
tion through a prism.




PRISMATIC DISPERSION OF LIGHT. 18

deviation from the edge ; and though in the third case
there 1s deviation at I towards the edge, 1t 1s manifest
that the deviation from the edge at E 1s much greater.*
In every case then the action of the prism causes a
deviation from the refracting edge.

The prism, therefore, possesses the property required
for the separation of rays of light, if they are not
all refracted in the same way when passing from one
medinm info another (or, technically, if they are not all
of the same refrangibility). For in that case rays from
the same source of light, having different directions
when they emerge from the prism, will continue to
separate more and more from each other. Thus, let
AB (fig. 9) represent a beam of sunlight passing

Fig. 9.—Ilinstrating the aclion of a prism on rays of different coloured light.

through a circular aperture in a sereen S §', P a prism
of glass, and at V R let there be a surface on which the
rays of light may fall. If the prism P were removed,
the rays would pass to 7, and form there a small oval
image of the circular opening in the sereen S 8'. The
prism being interposed, the rays will be refracted in the

* Becauee the interior angle A E I is less than the exterior angle
EIB. Itis easily seen from fig. 2, and the matter explaining it,

that the greater the angle between 8 I and the surface the less will
be the divergence of the ray at I from its original course ST,












SHAPE OF APERTURE. - 17

R, 0{ Y,G,B,1,V, the eye will see a blended series
forming the spectrum R V, the violet appearing lowest,

Fig, 10,—The dircct examination of the prismatic spectrum.

the red appearing uppermost. In other respects this
image corresponds exactly with the image thrown on a
sereen. Moreover, this image may be viewed, if neces-
gary, with a telescope, instead of the naked eye.

Next let us consider the effect of the shape of the
gource of light, whether an aperture or a luminous
objeet. Suppose there were but one image for each of
the seven colours of the spectrum. Then the spectrum
would be a set of seven coloured images of the source
of light, arranged as shown in fig. 11. Here we see
geven circles, geven triangles, seven oblongs, and seven
lines of light, as the respective spectra of a circular,
triangular, oblong, and linear source of light. It 1s
clear that the space between two successive linear
images is much greater than the space between two
guccegsive circular, or triangular, or oblong images. In
other words, there is room for many more intermediate
images, Hence if rays of certain degrees of refrangt-

B















9 COLLIMATING LENSH.

culty was met by Simms, the optician, in 1830. He

- simply got rid of the divergence of the rays of light by
placing a converging lens in such a position as to make
the rays paral-
lel. Thus let P
(fig. 13) be the
prism, S a poinf
of the source
of light, SL a -
divergent pen-
cil of light pro-
ceeding from S.
Then if a con-
vex lens, L L,
R T T . be so placed
Fig. ld—Iahl*:.LI:-lttligi;;l:u;p&luluhtm for punfying {hat the PE!IlGIi
after  passing

through the lens consists of parallel rays, these parallel
rays, falling at 7 ¢', on the surface ¢’ of the prism, are
equally refracted, and therefore continue parallel as they
pass to e¢’, where they are equally refracted at emergence,
and thus the emergent beam e¢’ R consists of parallel
rays. This beam will still continue parallel after being re-
fracted through a second prism, or through any number
of prisms, and the image of S will be truly seen by beams
which have gone through one or more prisms. This
being appreciably true for all rays of all colours, the
whole series of images of S forming the spectrum will
be truly formed; or, in other words, all parts of the
spectrum will be seen with equal distinetness.™ The lens
L I/ used for this purpose is called the collimating lens.
Fig, 14 shows how a telescope is used in combination
* Persons unacquainted with the laws of optics sometimes sup-
pose that Newton’s discovery of the advantage of using the angle of
minimum deviation is important for modern work with the spectro-
gcope. Thus I have seen it stated in an elementary treatise on
the spectroscope that ‘‘ our spectroscope depends” nfer alia on
this discovery. But in reality the invention of the collimating
lens removes entirely the difficulty which Newton partially met

by using the prism at the angle of minimum deviation, and enableg
the observer to use the prism at other angles with equal effect,







04 SPECTROSCOPIC BATTERY,

with increase of dispersion at each, until finally it forms

a spectrum on the screen a b. In the figure only seven
spectral 1mages of

the slit are shown—
V, the violet image,
by rays which have
been most refracted;
R, the red image, by
rays which have
been least refract-
ed, and the rest in
intermediate posi-
tions. It will be
seen that such a
way of using many
prismg  would in
Iig. 15.—Showing how several prisms may bae it 0 GD]}‘I‘E—
used to increase the dispersion. 4 SPDD(]. with the
effect of removing

the sereen further away from the source of light in
Newton’s original* experiment, Although no screen is
used by spectroscopists, but the emergent rays received
into a telescope, as shown in fig. 14, it will be con-
venient in what follows to refer to a spectrum supposed
to be received on a sereen, as in fis, 15.

It is easy to see why with increase of dispersion the
dark lines are more clearly shown. If the increase of
dispersion merely made the spectrum longer, without
modifying its nature, very little would be gained. But
it 18 easy to see that move than this is done. Let it be
remembered that in the spectrum we have a series of
images of the slit, and that our chance of detecting the
absence of certain rays from the solar beam depends
on the recognition of a space in the spectrum where no
imago is formed. Now let @ b ¢ (fig. 16, I.) represent a
gmnll part of the speetrum as it would be if the slit,
instead of having definite though small breadth, were
an actual line. Then the light corresponding to the
two edges of the dark space & forms in the real spec-



















380 DOUBLE-ACTING BATTERIES.

that there is a limit to the dispersion which can be

Fig. 21, —Illustrating the limited
power of a single circular battery
of prisms.

twice through the battery.

obtained with a single bat-
tery. Thus when the light
has been bent round a
nearly complete circle of
prisms, as in fig. 21, the
emergent light E E’ will be
intercepted by the first prism
of the battery, and this cir-
cumstance limits the disper-
sion which ecan be given 1n
this manner, |

The dispersive power of
a battery of prisms may be
doubled by carrying the rays
This may be done by making

the last prism of the battery right-angled and half the

size of the others, as
shown in fig. 22, and
causing the rays which
fall on the face D C to
be there reflected, pass-
ing again through the
battery, and falling
eventually upon the eol-
limating lens. Another

Fig. 22.—Illustrating methods tt;m' mn‘y; reflection is required to .
ing the rays twice through a battery o send the llght out at

prisms.

right angles to the axis

of the collimating tube to an eye-piece suitably placed

for observing it. A better plan, though
more costly, is to have all the prisms of
the battery of twice the usual height,
f | and for the last using a half prism, as
B : C D E of fig. 23, to which a right-
| angled prism C I D is added. The
rays which pass through the face E D
are totally reflected npwards by the face

Yig. 20—Prism for | Ty, and ngain totally reflected horizon-

radsing level of rays.



A DOUBLE-DOUBLE BATTERY. 31

tally by the face CF, so passing out through the face
E C (which forms with E D a single face C B D),
Apart from the action of the compound prism CEF in
carrying the rays to a higher level, the dispersion
produced as the rays pass through the two halves of
the face CED is equal to the dispersion produced
by the single prism of which E C D is the hallf.

But 1 examining sunlight, almost any amount of
dispersion may be used, and still leave more than
enough light, It is desirable, therefore, to have even a

Fig. 24.—The author’s double-double Lattery of prisms,

stronger battery than one in which the rays are bent
round a complete circle and back again. Accordingly I
deviged the plan illustrated in fig. 24. Here the automatic
method is extended to a second battery, while either
method for returning the rays illustrated in figs. 22
and 23 is employed to double the dispersive power of
the double battery thus obtained. "A B is the light
ineident on the first prism of the first battery, and the
course of the light can be traced by the triple set of
lines through the double set of prisms, the dotted
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return lines showing the course of the return rays,
which emerge at C C. The large intermediate prism
D E belongs to both batteries. There is no loss of
light in passing from one battery to the other, becaunse
the reflection at D D’ is total. —This double-double
battery has a dispersive power equal to that of nineteen
equilateral prisms.*

There are methods also by which dispersion can be
secured without that continual bending of the rays
one direction which tends to bring the course of the
rays (as in fig. 25) athwart their original direction.

Fig. 25,—Herschel’s direct~vision spectroscope.

Thus, if we use a right-angled prism, such as a b ¢ in
fig. 25, letting the beam of light pass through on such
a course as is there shown by the broken line E F, we
get dispersion without deviation. There is refraction
and consequent dispersion as the light enters at the
face a 0, total reflection at the faces b ¢ and a ¢, and
refraction, with additional dispersion, as the ray emerges
from the face b ¢, the two reflections haying just cor-

* It is rather a singular circumstance, perhaps, in the history of
this S-shaped battery, that when I designed it I had never even
seen a speectroscope, showing that it is not absolutely necessary to
have handled and used a ecientific instrument to be able to devise a
practicable extension of its powers. Mr, Browning made a battery
on this design, and Mr, W, Spottiswoode, who purchased the instru-
ment, lent it to Mr. Huggins, It so chanced, by another somewhas
singular coincidence, that I saw the solar spectrum (at least a well-
dispersed spectrum) for the first time with this very instrument,






























4% HEAT SPEOTRUM AND ACTINIC SPEOTRUM,

various parts of the spectrum, the dispersive action
of the prism, and also the quality of the substance of
the prism in transmitting heat, ought to be considered.
For instance, rays of a certain colour which possess in
reality before they fall on the prism a certain heating
power, may be partially deprived of that power by the
absorptive action of the glass of which the prism 18
made, and may also, by being exceptionally dispersed,
appear to have a relatively smaller heating power than
they actually possess. The heat curve H of fig. 83

Fig. 33,—Illustrating the heating, luminous, and chemical ::u:hﬂtsf of
various parts of the solar spectrum,

would be considerably modified if these considerations:
were fairly taken into aceount.

The curve Ch is commonly described as representing
the chemical energy of the rays belonging fo various
parts of the spectrum. It has in reality, however, been
determined solely with reference to that particular kind
of chemical energy called actinism, which produces those
changes in certain sensitive substances on which the
photographie art depends. It will be observed that this
kind of energy attaing its maximum just within the
visible violet end of the spectrum. But similar remarks
apply to the curve Ch as to the curve H, and, indeed,
to L. The determination of the heating, luminous, and
chemical power of rays of different reﬁ'&nglhlhty has
hitherto been but roughly effected.












46 . SPECTRA OF VAPOURS.

&e. In the middle is a focussing lens mounted on a
stand, and on the right is a small prism-shaped phial
containing bisulphide of carbon, a liquid which possesses
great dispersive power, and so forms a long horizontal
spectrum, with as little loss of light by absorption as
possible.

A larger electric lamp is shown in fig. 85, indicating
more clearly how the electric spark appears between
the carbon points.
Here also the wires
are seen (below on the
left) which convey the
electric current from
the battery of cells. A
small quantity of the
substance whose spec-
trum is required is
placed on the lower
carbon point, and when
the distance between
the points is suitably
adjusted the light of
the electric spark comes
chiefly from the glow-
ing vapour of the
substance.

The general result of
the examination of the
gpectra  of various
elements is, that these
spectra  consist  of
coloured lines or bands,

Fig. 35,—Browning’s large automatic with dark intenanjng;-

s e spaces. Brewster, John
Herschel, and Talbot were among the first to examine
guch spectra. 'In 1822, Sir John Herschel called
attention to the importance of the study of lines and
bands forming the spectra of the vapours of various
clements. ‘¢ The pure earths,” he said, ¢ when violently







































































































80 SPECTRUM OF THE SUN'S CORONA.

generality perceived that the corona is a solar appeun-
dage. The spectroscope gave valuable evidence on this

point, but it will save time to consider the spectroscopic

Fig. 54,—The solar corona (eclipse of 1842),

results apart from a question which is now definitely
disposed of.

During the eclipse of 1869, observed in America, lt-
was found that while a portion of the coronal light give
a faint continuous spectrum, in which the Amarlcan
observers could distinguish no dark lines, another
portion gives a spectrum consisting of one bright green
line (two other lines were seen which probably belonged
to the light from the prominences). The bright line
was identified by Professor Young with a line of iron
(numbered 1474 of Kirchhoff’s scale), and much per-
plexity was occasioned by the questions thus suggested.
How came it, for instance, that one line only of the
many lines belﬂngmg to the spectrum of iron wag
vlalble ? And, again, under what conditions could iron
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exist, ﬂ:t this great distance from the sun, iu the form
of glowing vapour ?. 'These difficulties have since been
removed. by Young's discovery that the corona line,

f‘ig. 55.—The solar corona.(eclipse of 1353,-4‘:&3;’3}.

though very close to the iron line 1474, is not absolutely
identical with it in position. '

During the* eclipse of December, 1870, the results
obtained in 1869 were in general respects confirmed.
But Denza, an Italian observer, saw two bright lines 1n
the spectrum of the corona, a fact suggesting the pro-
bability that the corona may be variable.

During the eclipse of December, 1871, Respighi ob-
gerved that the bright. lines of the corona are obtained
from matter more than 200,000 miles from the surface
of the sun; for, using a battery of prisms without any
‘glit, he saw three coloured spectral images of the corona
extending to that distance from the sun. Two of these
images were due to glowing hydrogen, the third to the
‘liné mear 1474. On this occasion Janssen showed

7















86 THE STAR-SPECTROSCOPE,

of stars, without the use of any slit, a concave eylin-
drical lens (seen in the figure) being used, instead, to
give breadth to the linear spectrum formed by a direct-

Fig. 57.—Direct-vision star-spectroscope (Browning).

vision compound prism. This spectroscope is, in faet,
simply a spectroscopic eye-piece, bemng substituted
for the ordinary eye-piece when a star-spectrum s

Fig. 58,—McClean’s new star-spectroscope (Browning.)
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STAR CLUSTERS AND NEBULZE, 95

But when we turn to nebula either not resolved into
stars, or only resolvable with difficulty, we no longer
find this general law to prevail. Some among these
objects give a continuous spectrum, and may therefore
be regarded as really consisting of multitudes of minute
stars ; but others give a spectrum entirely unlike any
which had heretofore been observed in examining the
celestial bodies. When Huggins, in August, 1864,
directed his telescope, armed with a spectroscope, to one
of these nebule, he found, to his great surprise, that
mstead of a continuous spectrum, he obtained a spec-
trum of three bright lines of a greenish blue colour,
as shown in the frontispiece, spectrum 11. At first
he thought the spectroscope was out of order, but
finding this not to be the case, he recognised the
fact that the cloud in stellar space which he was
examining consists of glowing gas. Extending his
researches, he found that other nebul@ (including the
famous Orion nebula and the Dumb-bell nebula) give
the same spectrum of three bright lines ; in one or two

Fig. 61.—Comparison of the spectrum of a gaseous nebula with the lines
of certain terrestrial elements.

'Dt!JEI' cased a fourth line wasg seen. In order to deter-
mine the nature of the pagseous constituents of these
nebule, he followed the same method which he had
applied to the stars. The result is shown in fig. 61.
Here the upper spectrum shows the portion of the









98 WINNECEE'S COMET,

were best defined on the less refrangible side, and
faded off gradually towards the violet.

Huggins compared the spectra of various substances
with the speetrum of Winnecke’'s comet. Amongst
others he tried the electric spark in olive oil, obtaining
spectrum 1, fig. 62, and in olefiant gas obtaining
gpectrum 2. The close agreement between the bright

b2

Fig. 62.—S8pectra of Brorsen’s and Winnecke's comets compared with the
spectra of carbon,

bands in these spectra, and those in the spectrum
of the comet is obvious. Secchi at Rome, and
Wolf at Paris, examined the spectrum of Winnecke’s
comet with the same general results; Huggins con-
siders that the spectrum of the comet may justly be
regarded as that of carbon; but it remains as yet
unexplained how so stable a substance as carbon can
be present in the form of luminous vapour in the
matter of a comet’s nucleus. Other comets have since
been examined, with resnlts generally similar. The
great comet of the year 1874, the only large and long-
















































114 RECESSION OF SIRIUS.

had announced that he had observed Birius by this
method without detecting any sign of motion. His
spectroscope in fact did not possess sufficient dispersive
power.

The instrument employed by Huggins combined the
full dispersive power given by two compound direct-
vision prisms and three single prisms, two having a
refractive angle of sixty degrees, while the third had an
angle of forty-five .degrees. Having first satisfied
himself that the dark line F' in the spectrum of BSirius,
see frontispiece, spectrum 10 (compared with spectrum
1), really corresponds with the F' line of hydrogen, he
carefully examined the position of this line in the spee-

F line of
hydrogen at
low pressure.

F line in
spectrum of
Sirius.

F line in
the solar
spectrum.

F line of
hydrogen at
atmospheric

pressure.

Fig. 64.—Illustrating the displacement of the F line in the spectrum of
Sirius.

trum of the star. Fig. 64 illustrates the nature of the
displacement he observed. The upper spectrum shows
the position of the F line of hydrogen at low pressure ;

astonished to find the hydrogen lines displaced. This indicates a
misapprehension of the exceeding difficulty and delicacy of this
method of observation as applied to a star, So far from having his
attention directed to the matter by an astonishing displacement of
the lines of hydrogen in the spectrum of Sirius, Mr, Huggins had
to construct a spectroscope specially to detect the disjlacemant
which had escaped both his attention and Dr. Miller's in their
careful investigation of the star’s spectrum. The figure illustrating
the subject in thé above-mention-a work is also incorrect,






















SOLAR OUTBURST., 1%L

atmosphere of the sun are so enormous that some evi-
dence other than that derived from the displacement of
the spectral lines seems required to confirm results so
startling. This therefore seems the place to describe
the most striking direct evidence yet obtairied of rapid
motions in the vaporous matter surrounding the sun.
On September T7th, 1871, Professor Young (then of
Dartmouth College, Hanover, N.H., now of Princeton),
cbserved by the spectroscopic method, deseribed at
p. 75, the long low-lying cloud of glowing hydrogen,
depicted in fig, 68. ‘It had remained with very little

Fig. 68.—Cloud of glowing hyclrng;s% seen by Young, September 7th, 1871,
%3 at 12,30,

change,” he says, ‘“since the preceding noon—a long,
low, quiet-looking cloud, not very dense or brilliant,
nor in any way remarkable except for its size. It was
made up mostly of filaments nearly horizontal, and
floated above the gierra with its lower surface at a
~ height of some 15,000 miles, but was connected with it,
as 1s usually the case, by three or four vertical columns
brighter and more active than the rest.” . . . In length
1t measured some 100,000 miles ; in height, that is from
sun’s surface to the uppermost edge of cloud, about
94,000 miles. ¢ At 12.80,” proceeds Young, ““when I
was called away for a few minutes, there wasg no indica-
tion of what was about to happen, except that one of the
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connecting stems of the southern extremity of the cloud
had grown considerably brighter and was curiously bent
to one side; and near the base of another at the
northern end a little brilliant lump had developed itself,
gshaped much like a summer thunder-head.” Fig. 68
represents the prominence at this time, a being the
little thunder-head.

 What was my surprise, then,” he continues, ¢ on

Fig. 69.—The same prominence region at 1.5 p.m.

returning in less than half an hour (at 12.55), to find
that in the meantime the whole thing had been literally
blown to shreds by some inconceivable uprush from
beneath. In place of the quiet cloud I had left, the air,
if I may use the expression, was filled with flying débris
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—4 mass of detached vertiecal fusiform filaments,” each
from 4,500 to 18,000 miles long by 900 or 1,300 miles
wide, brighter and closer together where the pillars had
formerly stood, and rapidly ascending. ¢ When I first
looked, some of them had already reached a height of
nearly 100,000 miles, and while I watched them they
rose with a motion almost perceptible to the eye, until
in ten minutes (5 min. past 1) the uppermost were more
than 200,000 miles above the solar surface. This was
ascertained by careful measurement.” The mean of
three closely agreeing determinations gave about
207,000 miles as the extreme height attained by these
wondrous filaments or wisps of glowing hydrogen, the
least of which had a surface largely exceeding that of
the British Isles.

The velocity of ascent, more than 100,000 miles in
ten minutes, or 166 miles per second, is greafer than
any velocity hitherto determined by the displacement of
lines in the solar spectrum.

Fig. 69 represents the appearance of the hydrogen
filaments when some of them had attained the greatest
observed height. As the filamants rose, they gradually
faded away, and at a quarter-past one only a few
filmy wisps, with some brighter streamers low down
near the sierra, re-
mained to mark the
place. But 1n the
meanwhile the little
thunder-head before
alluded to had grown
and developed won-
derfully, into a mass
of rolling and ever-
changing flame, to
speak according to
appearances. Iirst it Tig. 70.—The game, 1,40 p.m,
~ was erowded down, as
it were, along the solar surface; later it rose almost
pyramidally 50,000 miles in height; then its summit




124 SOLAR OUTBURST.

was drawn out into long filaments and threads which
were most curiously rolled backwards and downwards
like the volutes of an Ionic capital ; and finally it faded

Fig. 71.—The same, 1.55 p.m.

away, and by half-past two had vanished like the other.
Figs. 70 and 71 show it in its full development, the
former having been sketched at 1h. 40m. and the latter
at 1h. 55m. p.m. :
The whole prominence suggested most forcibly the =

idea of an explosion under the great prominence, acting
mainly upwards, but also in all directions outwards,
and then, after an interval, followed by a corresponding
in-rush; and 1t seems far from impossible that the
mysterious coronal streamers, which have mow been
proved to be truly solar, may find their origin and
explanation in such events.

* The evidence which this tremendous outburst gave
of rapid motions in the solar atmosphere is found to be
gtronger even, when carefully examined, than it appears
on the face of it. I made a caleulation at the time when
Professor Young’s account was first published, as to the
cireumstances under which matter expelled from the sun
‘would travel upwards to the height observed by Young
in this instance—taking ten minutes to pass from a
height of 100,000 miles to a height of 200,000 miles—
~and T found that this could only happen if the expelled













































