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the surtis uybefarfar the largist
body of oarour system yet we are campara
dively ignorant of the nature of thisthi vast
luminary lomeome havebate supposed it to labet a
vasttast globegibbe of fire but when viewed
through a telescope as we have already ob-
served large dark spots are seen uponapon the
suns disc these spots are of different
magnitudes some are over miles in
diameter while others are barely visible
beino wtnothot over loo milesmilea in diameter the
spots appear to be perfectly dark surstir
roundedroundedwithwith a border or penumbra of aL

fa this penumbrapenumbra is often ofor
the same shape as ttottethe central dark spot
and frequently embraces several thousand
milesonmilemllemilesotspot area or space the shade of jhb
penumbra wearsweans a uniform aspect through-
outoutfitsoutitsits whole extent sometimes several
dark spots of different sizes are embraced
ivliviwithinthin the limits ofol the same penumbra
the numbernuber 0of spots is continually vary-
ing sometimes there are none to be seenseea
somesometimes only twohwowo or three abdatand at other
times several hundreds during the tastlast
century and a half more or less spots hhaveaveive
lieenideen seen every year but they are farmore
numerous some years thanthin in otothersheirsheins

these spots are continually changing
theirthair aspects this arises from awotwowo ccauses
one of which is realneal thetho other only appappa-
rent

a
thethie real changes maybe described

aias follows
mist theythoy are observed totd expand or

contract in their dimensions when thythoy
first makemakei their appearance the dark nurnu-
cleus and the penumbra surrounding it are
so small as to be barely visible these
gradually expand from daytoday to day isomesome
withwith much greater velocity than othersothera
until they attabtalatoaiato various degrees of mag-
nitude from a thousand co orty or fifty
thousand miles in diameter again they
are observed to contract the sides gradu-
ally approaching until from thein smallsmail
nessnoes they are rendered invisible that
these 1changed are not the effects of perspec-
tive occasioned by the relative positions
of the spots on the surface of the rotating
globe orof the sunbunbunisaunisis demonstrated from the
fact bhatla the same regions some spotsa d ts
ariaare seen in the act of enenlarginglargin g while lotgeothersrs
areaxe diminishing this could not happen from
iia diange of theis relative positionstiong for inn
gilchr ases thetho relative positions remain

therefore the changes mastmust be
real the time occupied in thotha expansions
and contractions of theseanese spots follows no
regular law have beenboen seen to ariseansearse
waand vanish in 1less than gme40 daymay others
continue for siksix weeks batbut it seldom hap-
pens thatthaitha they continue longer than this
though in some rare instances theythem have
beenbean known xoto continue forfbi several months

second it is also observed as a general
thing thauwhen the expansions are gradu-
al theithe contractions are also gradual and
when they enlarge suddenly they diminish

suddenlyuddeift these spspots sometimes break
inae lemiol and the fraorafragmentsg recedenegede from
each other with very ggreatreat velocity theth
movemotemovementsmentA exhibited by the expansions
contractions and thetho receding of the frfraga
mentimentsginlinln case the spots become broken
are carnearncarniegcarriedI1 aa onan upon the grandest scale A
einglesingle second of angular measure upon the

sunsa 4 disadise as seen from the earth would in-
clude an extent of miles A circular
artspot therefore of this diameter would em-
braceI1 race auan area of about square nallrailmileses
which is the least space thabthat is distinctly
visible on that distant orb bubut spots have
been observed embracing an area of about

of miles rhose diameters were
over miles

now such spots harehava been observed to
closedose up and disappear in the short space
of two or three weeks the bordersbordersv there

jore of suchsueh spotsabow must aapproach each
othetother with a velocity ofbf between one andanaand
two thouthodthousandsanasand mlle iierlierpenper daydayaay sometimes
very large spots have closed uplip within the
short period ofor one davday their velo-
city therefore must hayehavehai been equalequal to
five hundred or a thousand miles per
hour

third besides tilatha changes observed in
the dimensions of the spots themselves it
isit also observed that they arendtnat stationary
onoa ohpith suns alsidisi but travel nomhromiromrom one re-
gion toi another with brodigprodigiousiouslous velocity
as decavewe navecave already remarked inim regard to
thibthe fragments of brolbrokbrokeneifbil spots receding

in every variety of direc-
tionmovinaon bd unbroken spots instead 0 mov-
ing indiscriminately in all directions seem
toio follow a more regular law in their move 1

inelne ritstits those ouon each side ofbf the bunssuns
equator inla most instances gradually abo
itowardswarda the nearestnearest pole with a velocityoj61
fourtour or five thousand miles per dayda

fourth these spotsshots are subject to numer-
ous changes of form as well as of magni-
tude these forms are constantly changing
sometimes being nearly circular someisomei

times of an oval shape at other times preprett
benting a variety of irrettirregularflar figures tietle
exterior boundary odtheof the penumbra always
presents a appearance instead
of sharp janglesangles and straight linlineses whwhilelollor
the borders of the dark nucleus assume
every variety of shape when the benumbra is in the act of encroaching upon tt ie0
nucleus lt divides thahethe nucleice i
into two or iborgmor parts and wwhenen titietlenucleus dldisappearsappears the penumbraa romale 11 11isvisible for a short period and then van-
ishesashestasathesa spots do not appear on all parts of
the globe of the sun but are limited gen-
erally speakingakinakiu to a zone extending

to 40 deg each side of his equator
spots are rarely seen beyond these limits
in the polar regions ththeyey are never sseenen
the equatorial belt or zone is less fre-
quently visited by these spots than the ad-
jacent zones situated a few degreesdegreesr to the
north and south of the equator the zone
in the northern hemisphere comprisedcom prized
between the loth and degrees estheis the
most martila in the production of spots
their numbers and ma vl greatengreater
thananzeranlermi the southerni hemisphere

another circumstancence worthy of remark
is the arrangement 0off these spots ititjinilgjig
observedvedi that when tthehe spots are numernumen
ous they frequently ararrangeange themthemselvessenseh n
beltsleits or zones parallel lothe0 the suns equate

we will explain the apparent chan-
ges which these spots exhibit arising from
the rotation of the sun ifa large well de-
fined spot be observed throughout its pas-
sagesa across the suns disc it will exhibitigoigethe following phases

first is in the centre of the disedisc
or01 in the middle of its path the whole en-
circling penumbra and the ventralcentral daikdakdar
nucleus will behe distinctly visible

second as the spot approaches the wetve
I1

ernera limb the penumbra on ththeesideside nearest
to thalthai eye of the verwill gradually be-
come

e
more andaud more narrow in the dirdindirac

1

tion of the line ofof vision while the penurbra on tha opposite side ofthe nucleus froinfrom
thesethe eye wwillI1U apparently grow broader and
brobroaderI1er at length aaas the spot arrives near
the western limb the eastern part of the
penumbra as well as the dark spot entirely
disappears while the western or more didis-
tant

Is
portion of the penumbra still remains

visible until near the time of its passing the
edge of the limb
thirdThirdanterdafterafter the spot is carried round on

the opposite and invisible hemisphere by
the suns rotation it will reappear near the
edge of the eastern limb in this position
the eastern portion of the penumbra will
be seen first then the dark nucleus then
the narrow portion of the western or near-
est side of the penumbra which as the
spot approaches the middle of its path will
widen outI1 and at length when itrasit has gained
about the same relative position it had at
the commencement of the observation it
will again exhibit nearlnearlyy the same appear-
ance these are not xealreal changes but apap-
parent arising wholly from the effectseffectsotsatot
perspective elveryeverylivery spot which crossescrosses tathe

I1
auraauna disc is observed to present the same
aspects sogo that the law is ascertained tabe9 bo
universal thesel apparent changes can
pperhaps be moremord clearly perceived if we
ppicture to ourselves an artificial alobeglobeklobe suhsuisus
pended overdver our headbeads with hoholeshoieses or pits
ina its surface with shelving sides and
black bottoms adM the globe is made to rozo
tatefate so that the upper surface shall move
from west to east it is evident that the
undersurfaceunder surface will move from east to westywest
when one of these pits is directly on the
underside the phshelvingelVing sides surrounding
the pit will represent the penumbra and
the darktk bottom of the liole will represent
thetho black nucleus I1aa this artificial globe
slowly rotarotatestesteg thetho hole and shelving sides
as they are brought nestrnedr the western side
willwin exhibit the same aspects as the solarspots already described the shelving sidenext the eye will be lostlast sight of first thentherl
the bottom of the holebole and then the moilmostt
distant shelving side similar but appo

site phenomena would bhappenlppen as the spotreappears on the eieasternastern limb
from a careful and attentive considers i

honuon ofor allailallibethe observed phenomena rela-
ting to the sunssunya spots to their fornornormsformsms mag-
nitudesnitudes and motions both apparent and
real we are almost irresistibly led to theconclusion that the great body of the sun
mainly consists of a dark mass ofaof a similarnature to that of the earthea lt th and other plane-tary bodies that this 0opaque mass is autant
rounded by two atmospheres several thou-sand miles in depth that the lower one

I1 next to the opaque globeglebe of the sun is trans-
i parent within the upper stratum of which
I1 float innumerableInhumerablerabie clouds thetho thickness ofpethe cloudy stratum beinbeing greater or less inproportion to the various degrees of density
existing in the layers of which it is com-
posed that the loftier or exterior atmos-
phere consists of a seifself luminous phosphor-
escentuddgasa radiating light and heatbeat to the
surroundingIng worldsa this theory the darkdank mass of the sun isprotected from the destructive influence of0

I1 the heating powerrower of lislikit upper atmosphereby the intervention of thoth cloudy stratum
which serves as a kindaind afpfp shield or yellveil
ruhrutu what areaid these dark spots and what
are the encirclingD penUmbra which surround
them accordingungtoto thi theory the ddarkarllpotsspots areportionspontport touslons of the surface ot thedarlthe dark
globe seen through the openings
occasionally formed in tha luminous and
cloudy strata the penumbra areace the dark
claudi whichhieblayhlaylay beneath the shining
alaiduniq oi0 the bodylody ofdf the sun the
luminous1 auldfluid being driven aside the
clouds below reflect a portion of tha light
which receivecalve roin the shining fluid
aboteabate thasthese openings areazo formed fromsome unknown norcaforce below the depth of
thesetheae atmospheric 0openingspai havehava been apag
proximately ascertained by takingtaking the a-nt ai-lt
9enlardahr measurements of thetheridessides whenI1 en codrnarhialfialeastern or Vvestern linilimb atelt whichicci tinetime

niosk distant the penumbra
appear broader in consequence oflof their

being nearly at right adangiesanglesgles tobothathetha
imhufune arvisiaionsionslon this therefore Is the most
favorable position horfor lauingtaking their angular
measurements tilehe depth ishi ascer
bained to be from 2000 lato milmiimileses i

besides these openings in jhbthe luminluminousdwi
and albudyclaudy strata there are otherothor spots
which have a brighter aspect than thothe sur-
rounding medium thesee apparently existenist
in the form of immense waves or ridgesridgeslasIAihthe luminous regions of the exterioralor atmos
chore these ridges aredaref moramore distinctlyYseanseen towards the eastern or westwesternorn mar-
ginmarrinmatrinortheortho sunsuu when ththeyeyarearebrought bythaby thathesuns rotation acrossacres the ceritcentralniinil portportionionti1 of
thehe disc they uniformlyuniformly disappear and re-
main invisible for four or five days this
is what would nnaturallya take placepiam admit-
ting that they are waves or ridges for suchsueh
elevations would from their position rela-
tive to the line of vision babel eenseen when near
the edges ofor the disc but when nearnean the
middle oftheirthear path or in hrontfront they would
be foreshortened and consequently disap-
pear

these immense ridges are principally
confined like thi dark spots to a zone ex-
tending about forty deg each side of thesunssuna equator they are seldom seen at a
greater distance some ofd those immense
waves extend over a space equal to
miles othersolbers aeenee smallerstacethey are
ly changingchan ging leir form and also their posp i

athas also been observed that those part
oforthethe sunssans disedisc where no spots exist do nat
exhibit a uuniformnaform brightness but present
to the eye ait surface finely dotted with
minute black pores which are in a constantcons tant
state of chingochange as if the luminous medium
werevlene intermixed or floating within the
transparent non atmosphere inid
vast sheets or columns of flamefiame resembling
the sheets or columns northern lights
II11 is evident that sucaSUC columns streaming
forth in lines perpendicular to thothe surface
would present the appearance of a finely
mottled surface of darkness and brightness

the spaspaceses intervening between mhd vast
columns of light would evidently appear
dark anndarid as these greatgrgat sheets offlame ard
constantly darting up in new places and
vacating their former positions such a con-
dition of things would exhibit a constant
change in the position of the dark dots or
pores if an observer could be placed a
few thousand miles above the surface of the
earth in our northern regions and look
down upon lights darting uupP
wards from tha earths surface through the
atmosphere thethey would probably behold
in miniaturaminiaturemini atura a faint resemblance of some
ftofi tha grand phenomena displayed upon
thjthnd sunsauna surface

thetho spots thetho immense ridges methe varvarl 1

legated mottledor appearance ofineofthe general
surfaceethethe vastvat chanchangegeFf to which they
are all subject inla form in magnitudemagnitudo and
in position the occasional breaking to
pieces of large spots and the prprodigious ve-
locity of the fragmentsfragmentsmenta as they recede from
eachbach ather the proper and more regular
motions of the spots themselves as they

the surface towards their re-
spectivespec tive nearest polesall indicate the op-
eration of sudden and tremendous forces
eitherelther originated by the solid body of the
suusun itself or generated within hisbis atmos-
pheres hownow inconceivably powerful must
bobe those forces which cancaia burstasunder 06the

I1great ocean of clouds and light surround-
ing that vast orb which can rollrill aside ththo
billowy deep and expose the immenimmensee
foundations op which itlt rests extendextendingag
over an area of of square
miles 1 hovhow tremendous must be the
force which can roll uptip the surface ofor that
luminous ocean to the height of beveralseveral

hundred grilles above its meanmear leveilevel form-
ing an immenseimmensewense extending
seventy dror eighty thousand miles in length
how erandgrand and magnificent must lothelethe
64scenerykenery to behold the dashing spisurging
whirling movements of these immense
elevations as they rollxou in awful majesty
around the circumference of that shining
globular ocean of light I1 f

whatever these formsforces may be it1 I1
dent that they are connected in slsoni0 nellhellewayway
with the rotation of the sun afuponan itslash axisis
this is indicated by the wiilwillleh the
spots have to arrange themselvesthem selveseives in zones
parallel to the equator

but what are these forces we are not
aware that any philosopher has ever at-
tempted to answer this question cewillwe will
venture to offer a few conjectures or spec-
ulationsions upon this subject not however
without diffidence knowing how liable we
are to be mistaken when we venture be-
yondond the limits of demonstration atJ is
knownI1knowli that heat light and electricity suretire
evolved in a greater or lesslesa degree by
chemical opeoperationsradons hownow these agentagents
doubtless do exist in a latent state in great-
er or ieslealesss qquantitiesuant11t e9 in coconnection wittiwith all
the materials of which the great globe of
the sun consists reasoning from analogy
we can with propriety suppose that there
are great chemical operations taking place
among the suns material as well as
among the materials of our globe if so
heatbeat light and electricity would neces-
sarily be set free now let us suppose that
the materials in the sunssuwa equatorial re-
gions are more favorably situated for great
chemical changes than elsewhere it is
evident that those regions would be raised
to a higher temperature and the atmosphere
immediately in contact with the surface
would partake of this temperature and
becoming specifically lighter would arisa
this upper or ascending current would have
a velocity proportional to its relative tem-
peratureperature and the rushing ioiv of colder cur-
rents from the polar regions of the solarsoieol
orb would have the same proportional 10v

the exterior atmosphere beingheing much
I1lighter than the interior would exhibit far
greater changes and displacementsdisplacementii all
these currents would be modified
less by the suns rotation producing phen-
omenaomena veveryry similar to those of our trade
winds the upper currents off the densdenso
transparent would necessarily
be inclined towards the solar poles and in
their progression thither they would
be subject to many fluctuations which no
doubt would frequently burst asunder the
cloudsclonda and luminous atmosphere above
through which wewo could gaze upon the
dark body of the sun beneath as thothe im-
mense wave rushes towards the poles suc-
cessive portions of the luminous fluid above
is nungflung aside which will account for the
progressive movement of the spots towards
the nearest poles and which will also
accountamount for the vast ridges or elevaelevelevationatlowtiow
and depressions observed moreover the
electric fluid set sreefreo by chemical opera-
tions would be conveyed or conducted to
the higher regions where it would stream
forth in sheets of flamoflame or columns with
greater oclessorlessor lesslegs intensity constantly varying
their positions producing all the phenom-
ena already described and accounting for
the lack of uniform brightness on the
sunasuns surface

these conjecturesconj aregro merely thrown out
before this audience though by no means
matured hypotheses are frequently use-
ful when made stepping stones to truth
butneverneverevec should be received as truth only
when supported by a vait collection ofof
facts

some perhaps may be inclined to sup-
pose the sun in a much higher state of
progression than the earth they may

it sanctified and glorified and that
it now occupies a place among the celestial
order of worlds and that the robe of light
whichaich it now wears is nothing more nor
less than a cloud of celestial light and glory
from the presence of the lord be this as
itmay0 it does not invalidate the theory of
its being still governed by laws of heat
light and electricity A glorified celestial
body Is still under the dominion of laws
though suchfluch laws in some respects may
aimerdiffer from the laws governing worlds of a
lower order if we were certain that the
sun waswae a xeredeemeddeemed glorified world this

not prevent us from endeavoring to
search out as far as possible every law
connected with his physical constitution
or with the various phenomena observed
indeed such knowledge instead of being
ailallan obstacle initi our way should inspire us
withawith a stillstil more ardent desire to search
outbut the more glorious works of that al
mighty being who governs and controls all
of his creations by laws of his own pre-
scription

the actual amount of heat radiated from
ther suns hurbursurfaceface may be estimated ap
proximately by exposing given surfaces of
matecmatezmateriallAlial bodieslodies to the vertical action of
the bunasuna rays the intensity of heatbeat
varieserles inversely as the square af the dis-
tance and by making the calculations
roundedfounded uponuonnon this law we find that the
beat at the sunsauns surfsurfaceacuaci must be about

timedtimea greater ththan at the distance of
the earth now byy observing with a ther-
mometermometer the sunssabes heating power in a
given timetame say forfoz instance one second on
surfaces exposed vertically to hisbig rays and
multiply thisma by the product will be
the intensity of heat at thetie sunsbuns surface
again by multiplying the superficial areaof
the eweanna surface into its temperature the
product will bobe equal to the total amount
of beatbw raarAdradiated from that bedybody in I1oneno
second this lais found to be sufficient to


