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PHILOSOPHICAL

TRANSACTIONS.

1. Obfervations on the SoLar Seors. By
Alexander Wilfon, M. D, Profeflor of
Prattical Afironomy in the Univerfity of
Glafgow.  Communicated by the Rev.
Nevil Malkelyne, Afronomer Royal.

Redde, Apr2s Y X 7 HEN the great coperNicus

1773 had revived the true fyftem of
the world, it was obje€ted againtt it, that the planet
Venus ought to be feen with different phafes like
the moon ; to which he anfwered, that fome time
or avother that very thing would perhaps come te
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pafs. Who thenr would have thought, that this
prophecy was fo near being fulfilled, and that, by
means of combining a convex and a concave glafs,
the commor ufes of which had been known for
near 300 years before, the fight of man was to be
extendedalmofttothe remoteft parts of theuniverfe?
This inftrument, which nothing but its being fo
common hinders us from regarding with the greateft
wonder, was invented, about 170 years ago, by one
of thofe happy accidents, to which we owe many
of the fineft difcoveries. '

At that time flourifhed the famous cALILEO, who
was the firft that conftru&ed a telefcope from fome
Enowledge of the refraction of the rays of light.
Having finithed one in 16186, he direfted it to the
heavens, and thus entered upon the moft pleafing
and moft ftriking field of obfervation, which any
philofopher ever enjoyed. The name of GALILEO
will always be familiar to us, fo long as there re-
mains any remembrance of thofe celebrated dif-
coveries, which he then made by the help of his
glaffes.

One of the moft remarkable of them was thatof
the sorar spoTs. So ftrange a difcovery, relating
to thefun, commanded a greatdeal of attention, At
that time the authority of Ariftotle, by controlling
the reafon of men, governed their opinions in-all
parts of philofophy; and one of the ab{urd do&rines,
then taught in the fchools, was, that the matter of
the heavens was ungenerated, incorruptible, and
fiibjeét to no alteration. But the'arguments, which
& ALILED now produced againft that notion, were
founded upon the evidence of (enfe, and it was

impof-
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impofiible to oppofe them. The fpots upon the
{un, and the many ftrange variations, to which they
were f{ubject, convinced all, who were able to lay
afide the prejudices of a vain philofophy, that there
was not fo great a difference, betwixt celeftial and
fublunary bodies, as had been imagined.

To fuch as were fo reconciled to it, the difcovery
appeared grand and firiking; and great hopes were
entertained, that, by duly attending to the phzno-
mena of the fpots, fomething curious and important
might be determined concerning the nature and
conftitution of the fun itfelf,

We accordingly find, that many aftronomers, of
the firlt note, were very early engaged in this in-
quiry. Of all thofe who applied themf{elves this way,
scHEINER and HEVELIUs defervedly hold the firlt
place, and nothing but the charms of fo noble an
wveftigation could have induced them to profecute
their obfervations with fo muchaffiduity. SCHEINER
began his in the year 1624, 14 years after GALILEO
had firft made the difcovery. In the year 1630, he
at lalt publithed his Rofa Urfina, in which we have
a detail of his labours during that long interval of
time. HEVELIUS came after SCHEINER, and dili-
gently watched the appearances of the fpots for two
years, the refult of which application he has given
us in his Selenographia and Cometographia.

But notwithftanding thefe attempts, fo worthy
of men attuated by a true defire of knowledge, it
muft be confefled, that nothing of moment hath been
derived from them. If we except a few conclufions
concerning the rotation of the fun round its axis,
and the inclination of its axis to the plane of the
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ecliptic, every thing elfe, which hath been inferred
from the phznomena of the fpots, feems altogether
to be matter of conjeéture. HEVELIUs, from his great
fondnefs of the fubjet, and from a defire to avail
himfelf of that long courfe of obfervation, to which
he had fo patiently {ubmitted, has been led into
many {ipeculations concerning the {pots and the
nature of the fun’s body. The following quotations
furnith us with a remarkable inftance of this, and
will ferve to give us a view of the ideas, which he
came to entertain upon thefe fubjets. In his Co-
metographia, p 360, {peaking of the folar {pots he
exprefles himfelf thus:
¢« Haec materia nunc ea ipfa eft evaporatio et ex-
¢ halatio (quia aliunde minime oriri poteft) quae ex
¢¢ ipfo corpere folis, ut fupra oftenfum eft, expiratur
¢ et exhalatur: qua penitus ex diverfis partibus
 heterogenets,. certos.gradus opacitatis et denfitatis
<« habentibus, conftat, modo ex tenuioribus, modo
¢ opacioribus, modo ficcioribus, medo magis vil-
¢ cofis, glutinofis (ut noftro-loquar more ufitato)
« five bituminofis. Unde etiam diverfa- procreantur
« phenomena;extenuioribus, purioribus, et ficciori-
¢ bus, umbr videlicet.faculx et lucule ;.ex impuri-
¢ oribus vero craflioribufque illis vifcofis, macule
« eorundemque nuclei progignuntur. Cum ergo
« folis exhalationes- ¢jufmedi partes fint hetero-
« geneze, quidni etiam. illud ipfum corpus, quod eas
#¢ ejaculatur, prout in praeedentibus fufe affertum
+ eft, ex diverfis. partibus. heterogeneis conftabit?
* Ad hzc, quia tales admirabiles- et manifeftiffima
« generationes, mutationes, alterationes, condenfa~
“ tiones, rarefadtiones,. coitiones, diductiones,. imo
‘¢ motus
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« motus locales corporum, ac rerum materiarumque,
¢« ex ipfo fole ejetarum evaporatarumque, pene
« continenter, ad inftar nubium acmetearorum {ub«
¢ lJunarium exterrd promanantiwm, peragi videmus;
¢ nonne clare ex eo evincitus, folem habere fuam
¢« atmofpheram, in eique dari, pro virtutis fuz
« indole, generationes et corruptiones rebus fublu-
¢ naribus haud diflimiles rariorefque? imo, non-
« nunquam longe frequentiores, et infigniores ac-
¢« cidere (fi prefertim obfervationes macularum a
* Scheinero nobifque habitas exate examinaveris

¢« quam prope hanc terram unquam poffint > And
again,. when fpeaking of the fun’s body: « Atque
s ita hic liquor.igneus (ut fic loqui liceat) eft quafi
« vatiffimum luminum pelagus et mare igneum,
« quod fuos habet abyflus, occultos meatus, vora~
*« gines atque vortices ; quod, ad inftar maris noftri,
¢ perpetuis fluGuum quibufdam voleminibus agi-
« tatur, et {uo modo evaporationes et exhalationes
« jugiter evomit atque exhalat: eoque magis aut
« minus, quo magis vel minus materia ifta in vif-
« ceribus ejus, atque intimis receflibus, igneum
¢ 1lud pelagus, illiufque flutus commoventur ac
¢ concitantur.”

But all that we here find, however plaufible and
ingenious, can be regarded only as conje¢ture. It does
not appear, that any who have followed HEvELIUS
have met with more fuccefs, Their obferva-
tions feera not to differ from his in any remarkable
circumftance ; nor do we find, that their inferences
from them, although fometimes different, have any
better pretenfions to the truth, The many ftrange
and variable circumftances of the fpots, which were

difco
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difcoverable from a minute obfervation, ftill re-
mained unaccountable ; and we often find them ata
lofs, in framing any hypothefis, which could fully
fatisfy the mind concerning them. In procefs of
time, aftronomers began to withdraw theirattention
from a fubje&, which remained fo dark and per-
plexing, and, for many years, all refearches of this
Aort have been, in a great meafure, laid afide.

Chance, or a happy concurrence of circum-
ftances, hath fometimes effeéted more, than could
have been expected from the moft promifing mea-
fures: a remark which, it is hoped, will, in fome
degree, be found juftified in the fequel of this
paper. ‘The obfervations upon the folar fpots,
which I now proceed to relate, appear to be totally -
different from any hitherto to be found, and fucg
as feem to open a new and curious field of fpecu-
lation into the whole of this fubje&.

Aftronomers will remember, that a fpot of an
extraordinary fize appeared upon the fun, in the
month of November 1769. The firft notice, I
had of it, was by a letter from a friend at London,
but the weather continued dark and cloudy for
fome days after ; at length, on the 22d day, I had
a view of the fun through an excellent Gregorian
telefcope, of 26 inch focus, which magnified 112
times. I then beheld the fpot, which at that time
was not far from the {un’s weftern limb, and below
his equatorial diameter. The atmofphere being
now very clear, and free from all tremor and un-
dulation, it was pleafant to fee the nucleus of the
fpot, and the fhady zone or umbra which fur-
rounded it, o very diftiné, It being afternoon

when
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when I firft got fight of it, I had not an opportu~
nity of obferving it long that day. Next day be-
ing the 23d, Lhad a curiofity to fee it again, and
fo repaired to my telefcope, in order to examine, if
any alterations, in the fize and figure, had taken
place fince laft obfervation. The air was ftill fa~
vourable, and I again faw the {pot, it having its.
nucleus and umbra very tharply defined.. 1now
found however a remarkable change; for the
umbra, which before was equally broad all round
the nucleus, appeared much contrafted on zhaqt
part which lay towards the center of the difc,
whilft the other parts of it remained nearly of
their former dimenfions. '

This change of the umbra feemed fomewhat
extraordinary, as it was the very reverfe of what
I expe&ed from the motion of the fpot towards the
limb. But next day,at 10 o’¢clock, I had anether
obfervation, and difcovered changes, which were
ftitl more unexpected. The diftance of the fpot
from the limb was now about 24”’. By this time;
the contra&ted fide of the umbra above mentioned
had entirely vanifthed ; and the figure of the nue
cleus was now remarkably changed, from what.it
hiad been the preceding day. This alteration.of the
figure appeared evidently to. have taken place upon
that fide which had now loft the umbra, the
breadth of the mucleus being thereby more {fud-
denly impaired than it ought to have been, by the
motion of the {pot acrofs the difc. Fig; 1,2,[Tas.1.]
reprefent the appearance which the {pot had on
the 23d and 24th days. .

Regarding
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Regarding thefe circumftances as new, I began
to confider, what might be the caufe of them.
One of two things feemed neceflarily to be the
cafe; either, that they were owing to {fome phy-
fical alteration or wafting of the {pot, and of that
part of it where the deficiency of the umbra was
obferved ; or elfe, that they were owing to the
nearer approach of the fpot to the limb, by the
{un’s rotation op his axis.

The laft of thefe twoideas had no fooner ftruck
me, than I began to fufped, that the central part,
or nucleus -of this {pot, was beneath the level of
‘the fun’s fpherical furface; and that the fthady
zone or umbra, which furrounded it, might be no-
thing elfe but the fhelving fides of the luminous
matter of the fun, reaching from his furface, in
every dire&tion, down to the nucleus: for, upon
this fuppofition, 1 perceived, that a juft account
could be given of the changes, of the umbra and.
of the figure of the nucleus, above defcribed.

The opinion therefore, which 1 ventured to form
from what I had feen this day, was, that this {pot
might, probably, be a vaft excavarion in the lu-
minous matter of thefun; the nucleus, commonly
{o called, beingthe bottom, and the umbra the
{helving fides of the excavation: and, moreover,
that the umbra,next the center of the difc, although
out of my view, did flill however exift, and was
rendered invifible by its prefent pofition only ; and
further, that the {fudden alterations, now difcern=-
able in the figure of the nucleus, were occafioned

by fome part of it alfo being hid, by the inters
- pefition
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pofition of the edge of the excavation, between the
nucleus and the eye.

Thefe views, which now prefented themfelves,
I remember to have communicated, that afternoon,
to my fon; when 1 then told him, that, if they
were well founded, there would be room to verify
them, if the fpot thould again return upon the op-~
pofite fide of the difc. I was however uncertain, 1f
it would laft fo long upon the fun’s body, as to be
again vifible after the time of half a revolution; a
circumftance which I wifhed to take place, as I
was aware, that my prefent obfervations might
juftly be deemed infufficient, for eftablithing fo fin-
gular an opinion concerning the nature of this
fpot ; and that, notwithftanding all which 1 had
feen, we might f{till imagine, that thefe changes
were produced by certain phyfical alterations of
the fpot itfelf.

Thefe confiderations made me attentively wait
its return. At laft, on December 11th, I again dif-
covered it, on the oppofite fide of the difc, it having
by that time advanced a little way from the eaftern
limb, being diftant from it 1’ 30”. And now I
could only perceive three fides of the umbra,
namely, the upper and under fides, and that to-
wards the limb, which was the fide that formerly
had vanithed, The fide towards the center of the
difc was not as yet vifible; but I concluded, upon
the fame grounds as formerly, that it washid from
my fight, by its averted pofition only, and that, af-
ter the {pot had advanced a little further, it would
make itsappearance. Accordingly, the next day,
being December 12th, at ten o’ clock, it came into

Vor. LX1V. C view,
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view, and I faw it diftin&ly, though narrower than
the other fides, After this, my obfervations were
interrupted, by unfavourable weather, till the 17th,
when the fpot had pafled the center of the difc, the
umbra now appearing to furround the nucleus
equally. Fig. 3, 4, and §, reprefent the fpot, as it
appeared on December 1 tth, r2th, and 17th; when -
it came upon the difc for the fecond time.

All the foregoing appearances, when taken toe
gether, and when duly confidered, feem to prove
in the moft convincing manner, that the nucleus
of this fpot was confiderably beneath the level o
the fun’s {pherical furface, o

The next thirig, which I took into confideration,
was to think of fome means, whereby I could form
an eftimate of its dépth.” At the time of the ob-
fervation I had-on December 12th, I had remarked,
that ‘the breadth of the fide. of the umbra, next the
limb, was about 14”3 but, for determining the :
point in queftion, it was alfo requifite; to know the
mclination of the fhelving fide of the umbra to the
{un’s fpherical furface. And here it occurred, that,
inthe eafe of a large {pot, this would infome mea~
fure, be deduced from obfervation. For, at the time
when the fide of the umbra isjuft hid, or begins
firft to come in viewy it is evident, that a line joimr- -
ing the eye and its obferved edge, or uppermoft
limit, coincides with the plane of - its:* declivity.
By meafuring therefore-the: diftance -of the edge
froe the limb, when this change takes-place, and
by reprefenting it by a prdjetien, the inclination .
or declivity in fome meafure may be afcertained. .

Kor in fig. 5. [Tas. 1I:] let IL DK be a portion
L 3 of
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of the fun’s liinb, and A B-CD a fe&ioh of the
fpot, S L the fun’s femidiameter, L.G the ob-
fesved diftance from the limb, when the fide of
the umbra changes, then will.the plane of the um-
bra, CD, coincide with the line, EDG, drawn
perpendicular to SL, at the point G. Let F H be
a tangent to the limb, at the point D, and join SD.

Since GL, the verfed fine of the angle LS D, is
given by obfervation; that angle is giyen; which, by
the ﬁgure, 15 equal to FDE, or GD H; which
angleis therefore given, and is the angle of incli-
natioh of the plane of the umbra to the fun’s fphe-
rical furface. Iu the fmall triangle therefore C M D,
which may be confidered as. rectangular, the angle.
M D C 1s given, and the fide DC, equal to A B, is
given nearly, by obfervation; therefore the fide:
MC is given,  which may be regarded as the depth
of the nueleus, without any material errot.

-1 had not an oppertunity, in the courfe-of the
fm egoing obfervations, to meafure the diftance G'L,
not having feen the. {pot, at the time when either
of the fides of the umbra changed. It is however
certain, that, when the {pot came .upon the difc for
the fecond time, this change happened fometime
in the night between the rith and 12th of De-
cember; and I judge that &bedxﬁance of the plane
of the umbra, when in a line with the eye, muit
have been about 17 35 from the fun’s eaftern limb;
from which we may fafely conclude, that the nu-
cleus of the fpot was, at that time, not léfs than.a
{emidiameter of the earth, below thelevel of thefun’s
{pherical furface, and made the bottom.of an ama-

Ca2 zirg’
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zmg cavity, from the furface downwards, whofe
other dimenfions were of much greater extent.
Being thus perfwaded of the depreflion of this
great {pot below the furface, 1 immediately fet a-
bout examining f{maller ones, 'in order to -difeover
if they were of the fame kind. With this view, I
began a courfe of bbfervations, that from them I
might either make the inference univerfal, or limit
it, as the pheenomena fhould point out. I was not
long engaged in this purfuit, before I perceived in
them the fame changes of their umbre, which
have been defcribed above at fo much length. This
was manifeft in {pots of any confiderable fize, when
the air was favourable, and the telefcope well ad-
jufted for diftinét vifion. The firft, which I faw
undergo this change upon its near approach to the
limb; was on January 17th, 1770, as reprefented in
Fig. 1. [Tas. IL] The figures 2, 3, 4, in this plate,
and 1, 2, 3, 4, BTAB. II1.] are {fo many other in-
ftances taken from the regifter of the obfervations
at that time. But, as this appearance, of the umbra
changing, is evident from a bare infpetion of the
figures, we have omitted any unneceflary defcrip-
tion of them. Thefe eight cales are taken out
from above 40 others of the fame kind ; and in them
all, the nuclei were in the middle of the umbre,
before their approach to the limb. It may be re-
marked, that in fig. 2. [Tas. II.] the fame fpot ¢
traverfed the difc and had its umbra changed, both
in the coming on and going off. In general, we have
found that the umbra thus changes, when a fpot is

about a minute diftant from the limb, at a mediam.
From
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From all thefe obfervations, may we not fafely
conclude, that every fpot confifting of a nucleus and
furrounding umbra, as defined by scHEINER and
HEVELIUS, 1s of thefame kind with thofe above de-
fcried? But as, in refearches of this {fort, we can ne-
ver be too cautious in making a general conclufion,
fo I would humbly recommend thefe obfervations to
every lover of the fubjec, to thofe efpecially who
are provided with large and good tclefcopes; for,
without this advantage, T have found by repeated
trials, that I could not difcern the minute changes
of the {mall fpots..

In the courfe of the foregoing obfervations, I
had occafion to remark, five different times, another
extraordinary circumftance of the fpots, which I
have not feen mentioned, by any one who has
written upon the fubject. It confifts of changes,
which feem to arife from a difturbing force, when
one {pot breaks out in the neighbourhood of ano-
ther. The firft cafe of this {fort which I met with,
was on Nov.gth, 1770, when theumbra of the fpot
m, ﬁg. 1. [Tas.IV.]althoughagreat way from the
limb, "was dcficient towards the right hand, at
which fide, and very near it, there ]ay another (pot
much {maller. In like manner, the two {pots zand
0, fig.2. [Taw.IV.]which lay very near one. another,
had each of them that fide of its umbra, which
faced the other, taken away. But it was remarkable,
that, threc days after, the {pot ¢ had ncarly vanithed,
when the fide of the umbra of the fpotn, which
faced it, began now to dilate. Infig. g, the fpot p,
had its umbra flattened upon oo ofite fides, by
three fmall fpots on one hund, and oac upon the

2 other,
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other. Again, in fig. 4, the two fpots g, », had thefr
umbre deficient , by the intervention of (ome {mall
fpots, that lay between them. ‘

Now it muft here be particularly remarked, that
though a fpot, when undifturbed, will, when near
the {un’s limb, exhibit the change of the umbra
formerly mentioned, yet it is plain, that a cafe
may now and then occur, when this change will
be counterated, by means of the phanomenon
which we have juft now defcribed. For if we
fthould {uppofe, tor example, the fpot =, fig. 1.
T'as. 1V. to have been on November gth, near the
weftern limb, it is evident, that we thould have
formed a different judgment coneerning the change
of the umbra.  And accordingly, in the courfe of
the obfervations formerly mentioned, I in reality
met with three cafes, when this change did not
take place.

I am fenfible, “that ‘it may be thought ftrange,
that none of the obfervers, who had looked at the
folar fpots with fo much attention, thould ever -
have taken notice of the gradual changes above
defcribed. This partly may be accounted for from
the following confiderations. We have already
feen, that conjeltures, concerning the nature of the
fun, were early indulged in the courfe of this in-

uiry. His body was thought to be an immenfe
lobe of fire, which was for ever raging with the
moft fervent heat. Hence the firft obfervers, re-
fleting upon the perpetual gencration, changes,
and decay of the fpots, and that through fo wide
an extent of his furface, very naturally imagined,

rhuat they could confift of nothiug but fmoke and
grofier
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groffer exhalations, or fuch tranfient and perithable
materials. This hypothefis had at leaft the air of
being fupported by a very plaufible analogy. The
minds of men being carried away by fuch prepof=
feflions, it would lefs readily occur, that {fuccefsful
obfervations were only to be made, by an accurate
and critical attentfon to thofe minute changes,
which the fpots fometimes undergo. But what
would ftill more conduce to this overfight, was
the method, which meft of them followed, in mak-
ing their obfervations. This was by the camera ob-
fcura, which both scHEINER and HEVELIUs of-
ten ufed, and which we fid greatly extolled by
them, and defcribed at great length in their
writings. But fpots, when feen in this way, have
nothing of that diftinéinefs, which is fo remark-
able, and {o pleafing, when they are viewed diretly
through a good telefcope armed with an heliofcope,
or. glals properly fmoaked.

PART
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PART IL

IT appears then that the folar {pots are immente
excavations in the body of the fun; and that
what hitherto hath been called the nucleus is the
bottom, and what hath'been called the umbra the
floping fides of the excavation. It alfo appears,
that the folar matter, at the depth of the nucleus,
does not emit light, or emits fo little, as to appear
dark compared to that refplendent fubftance at the
furface ; that this beauteous fubftance is at the
furface, moft fulgid; and when any of it is, feen
below the general level, forming the fides of an
excavatjon, that then its luftre i1s fomehow im-
paired, fo as to give the appearance of a furround-
ing-umbra. Here our induétion ends. To pro-
ceed further would be to carry it beyond its true
limits, and to intermix with conclufions, which are
certain and manifeft, the fuggeftion of hypothefes,
which at beft are precarious and liable to error.
But from what we have now feen, many curious
{peculations do naturally prefent themfelves. By
what myfterious procefs is it, that thofe aftonith-
ing excavations are at firft produced? What is the
nature of that fhining fubftance, which is thereby
perpetually difturbed? To what are we to afcribe
the darknefs of the nucleus, and the diminifhed
luftre of the umbra? And what conceptions are we
to form of the many ftrange changes, and at length
of the final decay of all thefe appearances, whereby
thofe regions of the {un, that were fo hurt and dif-
figured, again undergo a renovation?
We
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We often find scHEINER fand HEVEL1US men-
tioning many things concerning the fpots, which
appeared to them very inexplicable. HEVEL1Us,
when {peaking of the vaft number of {pots which
break out upon the fun, and of the prodigious fize
of fome of them, admires how from his fingle
body fo much matter, exhalations, 8c. could be
generated, as in any degree to be adequate to fo
many and fo vaft phenomena, ¢ Nuclei autem,
¢ (fays he, Cometograph. p. g4o1) macularum
« {cilicet partes denfiores, fzzpiusunam partem cen-
¢ tefimam, imo quinquagefimam, de folarj dia-
% metro occupant ; fic, ut paucis dicam, immania
<¢ ¢t admiranda funt corpora. Adhec, intelle¢tum
¢ humanum fere {uperat, quomedo unquam, ex
¢ unico ifto corpore folis, tantum materiz, totque
« exhalationes vaporefque erumpere ac produci
« queant, quo talia vaﬁi&ma phxznomena procreari
< poflint.,”” Again, SCHEINER, when {peaking of
that. property of the fpots, where a large nucleus
is often divided into two or more nuclei, feems
greatly puzzled to account for it. Sch. Rofa Ur-
fina, p. 498, fays: ¢« Ex uno fape magno nucleo
< fiunt duo, tres, plurefve, non locali partium ip-
s fius diftrattione, fed intervalorum nefcio qui
¢ exinanitione. Manent enim illorum centra in-
« ter fe zqualiter diffita,” Many inftances of this
{fort could be brought; and indeed, confidering the
contrariety,betwixt any hypothefis they had formed,
and what would now feem to be the real condition
of the phznomena, it is no wonder that fuch diffi-
culties fhould occur. Every theory, how ingenious

foever, which is founded upon a mifapprehenfion
Vor. LXIV. D of
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of things, is apt to be prefled with many difficul-
ties; and whenever palpable contradi&ions appear,
they may be regarded certainly as proofs of our
having fallen into error. Upon this principle, I
think, we might freely have rejeCted any theories,
hitherto entertained,concerning the folar fpots, tho™
their falfity had not become manifeft from more
enlarged experience and obfervation. It muft in-
deed be acknowledged, that it is very difadvanta-
geous to {cience, to indulge much in hypothefes,
the truth being rarely hit upon in this way, and
very often mifled. Sometimes, however, it may
not be improper, to throw out hints and conjec-
tures, when we can attain to nothing better, pro-
vided we are at due pains to diftinguith betwixt
{uch and that real knowledge, which we derive, by
ftri&k indu&ion, from inconteftable principles. The
beit way therefore, of preferving fo proper and
neceflary a diftin¢tion, will be to propofe what
further remains to be faid, upon this fubje&, in the:
form of quertes;: becaufe, however plaufible they
may appear, they are at beft but matter of conjec--
ture. Hints, when propounded 1n this way,. are
freed from the danger of making us reft in any
error, whilft, {ooner or later, they may become
helps in leading us to a right underftanding of the
fubjeét.

The queries which we fhall proceed to make,
are chiefly founded upon the following phaenomena
of the fpots, as defcribed by Scheiner and Heve-
lius.

1. Every fpot which hath a nucleus,. hath al-
fo an umbra furrounding it. Vid. Scheiner, p. 496.

Hev. p. 409. 349.
2 2, The
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2, "The bouhdary betwixt the nucleus and um-
bra is always diftint and well defined. Vid.
Scheiner, p. 497.

3. The encreafe of a {pot is gradual, the breadth
of the nucleus and umbra dilating at the fame
time. Vid. Scheiner, p. 491, &c.

4. In like manner the decreafe of a f{pot is
gradual, the breadth of the nucleus and umbra
contracting at the fame time. Sch. p. 491. 498.

5. The exterior boundary of the umbra never
confifts of tharp angles, but is always curvilinedr,
how irregular foever the out-line of the nucleus
may be. Sch. sr1,

6. The nucleus of a fpot, whilft on the de-
creafe, in many cafes changes its figure, by the

umbra encroaching irregularly uponit; infomuch
that, in a fmall {pace of time, new encroachments
are difcernible, whereby the boundary, betwixt the
nucleus andumbra, is perpetually varying. Sch.
514, Hev. 412,

7. It often happens, by thefeencroachments, that
the nucleus of a fpot is divided. into two or more
nuclei. Sch. 498.

8. The nuclei of {pots vanith {ooner than the
umbre. Many inftances of this fort are to be
feen in Heveliug’ plates, and the fame is affirmed
by Mr. Derham in The Philofophical Tranfa&tions.

9. Small umbre are frequently feen without
nuclei.  Sch. p. 497+

10. An umbra of any confiderable fize is feldom
feen without a nucleus in the middle of it. Ibid.

r1. When a fpot, which confifted of a nucleus
and umbra, is about to difappear, if it is not fuc-

D2 ceeded
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eeeded by a facula, or more fulgid appearance;.
the place, which it eccupied, is foon after not dif-
tinguifhable from any other part of the {fun’s furface..

This is certain. from the accounts of all ob-
fervers.

QUERIES and CONJECTURES,
zending fo explain. the above properties of the [pots.

When we confider, that the folar {pots, fome of
whofe properties have juft now been enumerated,
are {fo many vaft excavations in the luminous fub-
ftance of the fun, and that, wherever fuch exca«
vations are found, we-always difcern dark and ob-
feure parts fitwated belows ts it not reafonable to
think, that the great and ftupendous body of the
fun is made up of two kinds of matter, very difs
ferent in. their qualities;- that by far the greater
part is folid and dark; and that this immenfe and
dark globe is encompaﬁ'ed with a thin covering of
that refplendent fubftance, from which the Tun
would‘feem to derive the whole of his vivifying
heat and energy? And will not this hypothefis
help to account for many phznomena of the fpots
in a fatisfatory manner? For if a portion of this
luminous covering wese by any means difplaced,
fo as to expofe to our view a part-of the internal
dark globe, would not this give the appearance of
a fpot? In this cafe, would net that part of the
dark globe, which is now laid bare, correfpond to
the nucleus, andthe floping fides of the luminous
matter to the umbra? And is not this confonant

to that property of a fpot mentioned in the firft
atticle ;
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article ; for would it not hence follow, that every
fpot, having a nucleus, fhould alfo have an umbra
furrounding that nucleus, a natural account being
at the fame time fuggefted, for the boundary be-
twixt the nucleus and umbra being always dif-
tin&ly defined, as mentioned in the fecond ar-
ticle.

Although we may never have a competent no-
tion of the nature and qualities of this thining and
refplendent fubftance, or of the means by which
the excavations in it are formed; we however
difcover, in their produétion, the agency of fome
mighty, though unknown, caufe, which is there
often exerting itfelf. Although we manifeftly
behold its c(%e&s, yet the mode of its operations
may perhaps remain unfearchable. But if we
were here to venture a conjecture,. might we not.
fuppofe, that the luminous matter is {o difturbed,
and the excavations in it occafioned, by the
working of fome fort of elaftic vapour, which is
generated within the dark. globe? And might not
this elaftic principle, by its expanfion, {well into
fuch a vaolume, as to reach up to the furface of the
luminous matter, which would thereby be fepa~
rated and laid afide in all direCtions? And for as
much as there is no regularity in the time of a
fpot’s enlarging, compared ta the time of its de-
creafing, fome enlarging quickly, and decreafing
flowly, and wice verfa, may we not imagine, that
this is owing to the duration and quantity of the
elaftic principle now mentioned? and in general,
may we nat from hence form fome idea of the
prodution and fubfequent enlargement of a {por,
as mentioned in the 3d article ?

But
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But to proceed. As we know, from experience,
that the {pots are of a tranfient nature, not lafting
upon the fun for a long {pace of time, does it not
feem reafonable to think, that their gradual de-
creafe, as mentioned in article 4th, is occafioned by
the luminous matter encroaching again upon that
part of the dark globe, which had been uncovered?
And from this may we not infer, that the lumi-
nous matter gravitates, and is in fome degree fluid;
for thereby would it not have a tendency to flow
down, in all dire&ions, and encroach, fo as at laft
to cover the nucleus! And do not thefe things
appear further probable, when we refle@ upon that
uniform inclination, which the fides of the umbra,
or excavation, have to the external furface of the
fun’s body? For does not this indicate a fluid fort
of matter gradually yielding to the force of gra-
vity 2 And again, is not this notion further {dp-
ported, when we confider the property mentioned
in the sth article, namely, that the exterior boun-~
dary of the umbra never confifts of fharp angles or
turnings, but is always curvilinear, and, moft fre-
quently, of a round form: for we know, that this
boundary is nothing elfe but the lip of the exca-
vation, which, on fuppofition that the laminous
matter poflefles fome degree of fluidity, will not
be difpofed, cither in enlarging or contra&ing, te
become irregular by fudden or fharp turnings?

Upon fuppofition that the furface of the dark
globe of the fun is fmooth and level, it may be
urged, that the nucleus of a fpot, whilft upon the
decreafe, fhould, according to the prefent view of
things, always acquire a figure, at leaft nearly, cir-

cular,
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cular, and that the luminous matter, continuing to
flow down on all fides by an equal gravity, fhould
fo encroach upon the nucleus, as to make it retain
that figure, till at laft it be entirely overflowed.
But this not being the cafe, and becaufe it moft
frequently happens, that the encroachments of
the umbra upon the nucleus are extremely variable,
as mentioned inthe 6th article, may we not from
this infer, that the furface of the internal dark
globe of the fun,.is by no means {mooth and level,
but on the contrary very irregular, for, upon this.
fuppofition, if for example the area of the nucleus
of a great fpot were {o diverfified by mountains
and vallies, would not the encroachments of the
Inminous matter be confequently irregular; and,.
aucording as it was more or lefs retarded or accele-
rated, at different places, by being contiguous to
prominencies or hollows, would not all the al-
terations in the figure of the decreafing nucleus,
how variable foever, be thus plainly accounted
for? and becaufe it often happens, that the nu-
cleus of a fpot, whilft on the decreafe, is gradually
cut in pieces by a luminous zone or zones, which
wander acrofs it, as mentioned in the sth article,
does not this look like the gradual flowing in of
the luminous matter, as.it were, intodeep chan-
nels, which would thus appear to abound in the
furface of the fun’s dark body ? If we refleé upon
the irrcgularities, which are upon the furface of this
carth, and upon the enormous mountams and
cavities, which are in the moon, may we not, ftom
fuch analogy, imagine, that there may be the like,
ar much gréater, irregularities in the {urface o? the

un?
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fun? 1 may here take notice of a curious inftance
of a nucleus being divided into two parts, which
fell under my own obfervation. On O&ober 8th,
1770, the fpot s, TaB.1V. had a {mall jutting
in of the luminous matter, upon the oppofite fides
of the nucleus, which, by the roth day, had ad-
vanced contrary ways, {o as to meet, by which
means the nucleus was now divided into two parts,
as reprefented by fig. #. It was here very re-
markable, that the parts of the umbra oppofite to
this cut in the nucleus, were dilated as in fig. £,
May not this dilatation have been occafioned by
the rapid flowing in of the luminous matter into
the deep channel below? ’

Is not the property mentioned in the 8th article,
namely, that the nucleus of a {pot vanithes fooner
than the umbra, alfo agreeable to the prefent
views? from this ftate of the phanomenon, we
fuppofe that that part of the fun’s dark body,
which had been uncovered and expofed to our
view, when the fpot firft broke out, is now again
juft overflowed by the gradual inundation of the
luminous matter. But, after the nucleus thus dife
appears, may there not however, in many -cafes,
be {till left a cavity in the luminous matter, large
enough to be perceived! and will -not this cavity,
fo long as it continues, give the appearance of a
{mall undivided umbra? and will not this umbra
ftill be perceivable, till the luminous matter, by
continuing to, flow in, has filled up the cavity?
after which, will not the place of the umbra ac-
quire the fame luftre with the reft of the fun’s

furface, and thus will not all traces of the fpot
vanith
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vanifh from his body? And do not the particulars
mentioned in the gth 1oth and rith articles feem
agreeable to what is new faid? ‘

Both scueIiNeRr and HEVEL1US leem to think,
that fpots fometimes alter their place upon the difc,
not only by the fun’s rotation round his axis, but
alfo by a motion, which they impute to the fpots
themfelves. * This I could never obferve. It is
very true, that when a number of {fmall {pots lye
near one another, there may be from time to time
a change of their relative fituation, but it is plain,
that this may proceed entirely from fome of them
encreafing and others diminifhing irregularly. But
what would further contribute towards forming a
judgment of this kind is, the apparent alteration
of the relative place, which-muft arife from the
motion acrofs the difc on a fpherical furface; a
circumftance which I am uncertain if it has been
fufficiently attended to.

What has been advanced, in ithe courfe of the
foregoing queries; may pecthaps be rendered ftill
more probable, by -confidering the obfervations re-.
lated in the furft part of this paper, concerning the
changes which are made upon the figure of a fpot,
when another breaks out in its neighbourhood;
and which feem to arife from a difturbing force.
For, from the cafes there laid down, would it not
appear, that when a fpot is breaking out, the lu-
minous matter is then forced, in all dire&ions, from
the nucleus, and is affected much in the fame
manner, as it would be, were it a fluid matter en-
compafling the fun’s dark body ?

Vor. LXIV. | As
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As to the particular nature and qualities of this
luminous matter, we have been fometimes apt to
imagine, that it cannot well be any very pon-
derous fluid, but that it rather muft refemble as to
its confiftence a very denfe and thick fog, which
broods on the furface of the fun’s dark body. How
far will this idea tend to facilitate our conceptions
of the various phznomena of the fpots above dee
{cribed ?

It has been gathered from many obfervations,
that the time which the fpots take to traverfe the
whole difc, is nearly equal to the time that they
are hid by being on the oppofite furface. It is plain,
that the time of their appearing upon the difc muft
be fome {mall matter fhorter than that of their
being hid behind it, on account of our net feeing a
complete hemifphere of the fun. Bat further, it
muft now be confidered, that when a fpot juft-enters
the difc, the part, which is firft vifible, is the fartheft
umbra, by which time the {pot has really advanced
a whole diameter of itfelf vpon the difc. And
again, when the fame fpot goes off the difc, it is
evident, that the part, which is laft vifible, is then
the fartheft umbra, on which account the con-
tinuance of the fpot upon the difc will be fhor-
tened by an interval of time, which corre{ponds.
nearly to the whole breadth of it. This, as well
as the other appearances, def¢ribed in the firft patt
of this paper, concerning the change of the umbra
and figure. of the nucleus, when fpots approach
the limb, are all well illuftrated, by making. in
g'f}ohere, an excavation fimilar to what we have

¢

cribed, the bottom of which may be painted
black
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black to reprefent the nucleus, and the floping

fides fhaded, if the fphere be of a light colour.
According to the view of things given in the
foregoing ‘queries, there would feem to be fome-
thing very extraordinary in the dark and un-
ignited ftate of the great internal globe of the
fun. Does not this feem to indicate, that the
Juminous matter, which encompafles it, derives
not its fplepdor from any intenfity of heat? For,
if this were the cafe, would not the parts un-
derneath, which would be perpetually in conta&
with that glowing matter, be heated to fuch a
degree, as to become luminous and bright? At
the fame time it muft be confeffed, that although
the internal globe was in reality much ignited,
yet when any part of it, forming the nucleus of a
fpot, is expofed to our view; and is feen in com-
petition with a fubftance of fuch amazing fplendor,
it is no wonder, that an inferior degree of light

thould, in thefe circumf{tances, be unperceivable,
In order to obtain fome knowledge of this
point, I think an experiment might be tried, if
we had an opportunity of a very large fpot, by
making a contrivance in the eye-piece of a telef~
cope, whereby an obferver could look at the nu-
cleus alone with the naked eye, without being
in danger of light coming from any other part of
the fun. In this cafe, if the obferver found no
greater fplendor, than what might be expe&ted
from a planet very near the fun, and illumined by
as much of his furface as correfponds to the fpots
umbra, we might reafonably conclude, that the
folar matter, at the depth of the nucleus, is in
E2 reality
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reality mot ignited. But, from the nature of tlre
thing, doth there feem any neceflity for thinking,
that there prevails there any fuch raging and fer-
vent heat,. as many have imagined? It is proper
Bere, to attend to the diftintion betwixt this
fhining matter of the fun, and the rays of light
which proceed from it. It may perhaps be thought,
that the re-a&tion of the rays upon the matter, at
their emifflion, may be productive of a violent
degree of heat.  But whoever would urge this ar-
gument, in favourof the {fun being intenfely heated,
as arifing from the nature of the thing, ought to
confider, that all polithed bodies are lefs and lefs
difpofed to be heated, by the altion of the rays of
light, in proportion as their furfaces are more po=-
lifhed, and as their powers of refle€tion are brought
to a greater degree of perfection. And is there not
‘a ftrong analogy betwixt the re-altion of lightupon
matter, in cafes where it is refle&ted, and in cafes
where it is emitted ?

It may perhaps be expeéted, that, in this paper,
mention thould be made of the other appearances,
that are difcernible upon the furface of the fun,
befides the fpots properly fo called; I mean the fa-
cule, luculi, &c. as defcribed by Scheiner and He-
velius. But aH thefe phenomena feem to be fo
different from any thing we have confidered, and
fo unconne&ted with the prefent difcovery, that
little affiftance can be brought from that quarter
towards a right conception of them. As to the
facule, or brighter parts of the fun, we are ata
lofs for their origin. It may in general be re-

marked, that although we have obtained an expea
rimental
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rimental proof, thatthe luminous matter acquires
fome degree of fhade, when forming the fides of an
excavation, yet it is uncertain, if this be merely the
effe& of pofition, and much more fo, if any dif-
ferent modiftcation of politioncould ever difpofe it
to put om a brighter or more fulgid appearance.
Yet, after all, may not thefe facule, &c. depend
upon fome irregularities in the bright furface of
the fun? Formay not the luminous matter, by be-
ing agitated by the fame eaufe to which the ipots
owe their origin, though in a lefs-degree, have its
furface perpetually difturbed, and made irregular,
and thus give occafion to- a variety of - light and
thade, {ufficient perhapsto produce the phznomena
under confideration  And does not this conje&ture
receive further confirmation, when we confider,
that thefe faculz, &c. are found only in that zo-
diac, within which the fpots appear, and that they
always abound moft in the neighbourhood of the
fpots themfelves, or where fpots recently have
been? For in thofe undifturbed regions of the fun
which lye towards his poles, and where no fpots-
ever appear, and which scHerner calls the plage
aquabiles, we. never difcover any diverfity of ap-
pearance.

Thus we have endeavoured to give a general
idea of the produ&ion, changes, and decay of the
folar fpots,. confidered as excavations in the body
of the fun;. a thing which feems to be eftablifhed
from the obfervations defcribed in the firft part of
this -paper. But concerning the nature of that
mighty agency, which occafions thofe amazing
commotions in the luminous matter, or concern-

*
ng
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ing the denfity, vifcidity, and other qualities of this
matter, or the manner in whica it 1s difturbed in
the middle zone only, and not at the polar re-
gions, and many fuch ether queftions, I freely
confefs, that they far furpafs my knowledge.

To conclude; as what hath now been faid may
open a new ficld of inquiry into this fubjed, fo a
difcuffion of thefe curious points may, fome time or
other, fall to the fhare of abler me n, whot: louwe
of philofophy may induce them to purfue i0 hioole
an inveftigation. :

I1. Afiroa
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