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A third class cf observatories are those intended for 
instruction in astroncmy. T h e  requirements in this 
direction are so different from those necessary t o  re- 
search that it is impossible t o  combine the  highest 
efficiency in both  directions wi th  the use o f  the  same in- 
struments. T h e  number o f  observatories especially de- 
signed for pure instruction are very f ew  in number.  
T h e  instruments necessary for the purpose are o f  the  
s i m ~ l e s t  k i n d ;  indeed, so far as mere training is con- 
cerned, the  engineer's level, transit, and theodolite can 
be made t o  serve most o f  the purposes o f  the  astronoillical 
student. W h a t  the latter really wants is that training o f  
the  eye and the  mind wiiich will enable h im  to under-
stand the theories o f  instruments,  the  methods o f  elimi- 
nating the  errors t o  which they are subject, and the  
mathematical principles involved in their application. 
In this, as in nearly every department o f  professional 
education, w e  may  lay it down as a rule that the  wants 
o f  a liberal and o f  a professional education are, so far as 
t he  fountlation is concerned, identical. ' Y e  are too prone 
to lead the  student into the  minute details o f  a subject 
without that  previous training in first broad principles 
which,  though it may  not iminediately tell on his progress 
as a student, will be felt throughout his life t o  whatever 
field o f  work he may devote himself. Such a transit in- 
strument as Hipparchus might have made,-a wooden 
level mounted on an axis and supplied with slits t o  serve 
the  purpose o f  sights,-properly mcuntetl in the  meridian, 
could well be  made t o  take the  place o f  the transit instru- 
ment for purposes o f  instruction. Scarcely any higher 
skill than that o f  a cabinet-maker \vould be required in 
its construction. T h e  object at which the  student should 
then  aim would be, wi th  the  aid o f  this instrument, t o  
determine the  error o f  his clock or watch within a f ew  
seconds. I f  he is really acquainted with the  principles 
o f  the subject, and has his eyes properly trained, he \\,ill 
hare no dif f iculty in soon learning to do this.- (Aoi-tic 
Ame~, ican Reviezu) . 

M I C H I G A N  F L O R A .  
By  CHARLESF. W H E E L E R  F'. S I T I T I I ,Hubbardston,a n d  ERTVIY 

h?ichigan. 

T h e  following interesting sketch forms the preface to a 
catalogue o f  the  Phznogamous and vascular Cryptoga- 
mous  Plants o f  Michigan, Indigenous, Naturalized ar~d 
Adrentire,  which can be obtained o f  SV. S .  George & 
Co., o f  Lansing, Michigan : 

T h e  climate o f  t he  Upper Peninsula o f  Michigan is 
colder than that o f  t he  Lower Peninsula, the sarface is 
considerably broken, especially in the  western part, and 
the  flora is in many respects decidedly northern, resem- 
bling in part that o f  British America, ancl in other re- 
spects like that  o f  N .  N e w  England and Canada. Pines, 
firs, cedar, larch, junipers, elms,  poplars, black ash,  bass- 
wood, maples, and birches, are the  principal trees. 
P inus  strobzrs, the  prevailing species southward, is here 
largely supplanted b y  its lllore northern and less valuable 
congener, P ,  resinosn, whose tall, slim. trunks are, how- 
ever, in good demand for driving piles. Under-shrubs, 
like Rubus Nzrtkanus and Tnxtrs bnccntn, var. Cnnn-

is not as severe o f  as that  o f  t he  Upper, nor so even, but 
is subject t o  frequent, sudden, and extreme changes o f  
temperature-as great a variaticn during the  winter sea- 
son as 5 3 O  Fahr, in less than 24 hours having been re- 
corded. Such rapid changes more or less affect  vegeta- 
tion, especially the  tender branches o f  cultivated trees, 
which are sometimes seriously injured. In  one or two  in- 
stances a like ef fect  on our forest trees has been noticed. 
T h e  annual range o f  temperature is about I 16", and the  
annual mean 46". O f  rain-fail, including what falls in 
form o f  snow, w e  have, yearly, about thirty inches. Our 
snow-fall is 111uch less, fcr the same latitude, than that o f  
N e w  Y o r k  and N e w  England. In the  center o f  the  
peninsula, w e  seldom have more than a f ew  inches at a 
time. 

T h e  proximity o f  the  Great Laltes exerts a marked influ- 
ence in ecjualizing the  temperature and the ef fects are 
marked upon our flora. 

Trees  like Lzi.ion'endron I z ~ / z j % z f e ~ n ,  trilobobn,A s i ~ ~ z i ~ r n  
Cercis Cn~zndenszs, GlcdiLschia f7-incnnthos, Cornzrs 

Joridn, A$ssn ancl M o r z ~ ~  which be- ~ n z r l f z ~ o r n  rztbm, 
long t o  Ohio ancl Central Illinois, have crept northward, 
favored by  the mild influence o f  the lake wlncls, through 
the  central and western part o f  the  Lower Peninsula, 
o f ten  beyond the  middle, ancl the same is true o f  smaller 
and less noticeable plants. 

A s  might be expected from the uniform surface o f  the  
peninsula, the flora is much alike throughout. Probably 
three-fourths o f  our species are common to all sections, 
though by no means equally distributed ; some being very 
abundant iu one district ancl rare in another at no great 
tlistance. In most cases such change is due to soil rather 
than t o  difference in elevation, temperature, or atmos-
pheric moisture. 

T h e  Lower Peninsula is covered with a deep drift o f  
alternating sands, clays and gravels, and the  flora o f  any 
section depends chiefly on which o f  these happens t o  lie 
uppermost. \STith reference to its flora, the  Peninsula 
may be roughly divided into two  great divisions-the 
hard-wood ancl the  soft-woocl lands ; one representing 
the Appalachian flora, and t he  other, the  Canadian. 

T h e  hardwood country lies south o f  latitude 43", and 
consists o f  very fertile sand, clay, or loam, mostly cleared 
o f  the  original forest, and largely cultivated. 

T h e  sandy or stony drift o f  many river valleys in this 
section supports a heavy growth o f  oak,  frequently in- 
terspersed wi th  walnut and hickory, while the  margins o f  
the  streams, and the  neighboring swamps, abound in 
so f t  maples, swamp and chestnut oak, white and black 
ash, elm, hacltberry, sycamore, butternut ancl similar 
trees. Wi l lows ,  dogwoocls, viburnums, and buttonbush,  
are common shrubs in the  swamps ; and hazel, hawthorn, 
wild cherry and plum, June  berry, witch-hazel, etc., are 
abundant on the dryer ground. 

On the uplands, and away from streams, clay, loam, 
ancl a peculiar blackmuck soil, supersede the sands and 
gravels o f  the  valley. T h e  prevailing timber here is 
beech an(? maple and oak forest in about equal propor- 
tions. Beech and maple (Acer  sncchnrinz~iit and var. 
~ t z j y z ~ n z )generally grow together, forming magnificent 
forests o f  great extent. T h e  best wheat farms are usu- 
ally found on uplands near streams, where the oak tiin- 

densis, are common, ancl indicate a tendency toward nor- ber gradually shades into beech and maple. Plains o f  
thern types that  w e  find Inore strongly developed in the fertile sand covered with a low, or scattering growth o f  
herbaceous plants. Among  the  latter w e  note as found oak (oak openings) are frequent, and always very desira- 
rarely, or not at all, i n  the  Lower Peninsula, but  fre- ble for farming purposes. Four species o f  oak are usu- 
quently northward,andoften having ahigh northern ranme ally found on such plains-Q, nlba, nzacrocar$n, cocctizea 
such plants as  Anenzone $nrvzj/lorn, Viola and tinctorin.~ e l / ~ . t i . & ~  
Potentilla frzkin'n, SteZl~r?,in borealis, S n x i f ~ n g n  Aiioon, 
S. trietts$tYntn, PtizyuzczlZa v u k n r i s ,  Cnsfillen ,balZidn, 
N(zle~zia de$exn, Physnlis gmndzyorn ,  ToBeldin, $it& 
ustris, S n  liar n&no$/z ylla, Erzbji2orz~nz n@tizztnt, As$i(i- 
t'ztm f m g m n s ,  etc., etc. 

T h e  influence o f  climate on vegetation may  be  summed 
pp in a f ew  words. The climate o f  the  Lower Peninsula 

Marshes densely covered with tamarack are common 
in this part o f  the State, and nourish i n  thelr thick shade 
such plants as Droscrn ~otttn&jrOlin, S ~ Y Y ~ C B ~ P ' ~  $ 2 ~ -

pzdrea, K ~ Z L S  Chtbgenes his$id- vtvze?zndcz, Ribes Y U ~ Y Z L ~ I Z ,  
zda, S a l k  cn~zilida, Snzz'lnci7zn trz f olin, Poqonin o$hio- 
ylossoz'l2i.s and Cnlo$ogon $trlchellu~i?. Arborv i t z ,  red 
cedar and black spruce are comparatively rare. 
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A similar tract of soil and timber occurs in the upper 

end of the Peninsula, north of a line drawn from Thun- 

der Bay west to the head of Grand Traverse Bay. This 

is commonly known as  the "Traverse Region," and has 

a flora much like that  we have just described, with the 

exception that  some of the southern spccies tiisappear, 

and northern ones begin to take their place, or if found 

growing further south, here first become frequent. 


T h e  littoral flora of Liitle Traverse Bay is rich in in- 
teresting s~ec i e s ,  among which may be mentioned a small 
form ot CuRileA?ize?,zcn?ln, Lathy?-us nznrzYtiizzts, Pofefz- 
tt'lln A?zserzirn, A?.tc?izzsia~a?zncdztnz Hz /?*~?~c?I sc ,  
Canadenst's, C ~ i c z ( s  Pifclzeri, JZ(I ICIIS  B ~ z ~ ~ ~ c z I s ,T ~ i t i -
cum ~ZbZ~zceu?~z, a peculiar for111 of T. dnycnr$um, 

Rronzz~s cilz'n2'us, CnZanza~~rostis 
lo?<yifolzn, C. nrennria,  

a?zd Eqztz i~tz~nz  The  flora ot the lorv tlunes 
vnri~~qu2' l r?~~.  
a t  the head of the Bay comprises, among otliel-s, the fol- 
lowing species : Jzrnz$e?-zrs ,S'czbzizn, var. fi?-oczrmbe?zs, 
Pntizzds $zrinz'Zn ancl Cornus stoZo?zzJern, half buried in 
the drifting sand, I+$e?-iczr?iz linl?~lin?zunz, SnZi.rgZazrco-
phyiln, antl varieties, Lzlizr?iz PhzZatle&/cicz~iiz,etc. In 
a moist depression ere found Arabis @?.izfiz, Corco$sz's 
Innceolatn, Arctos2'n$hylos L7,va-ztrsi, Prznzuin fa?-zizosn, 
Litkos$ernzzrtit lzzi.tz~??z, Ir&Zochi?z ?iznritziizuilz, var, 
eZtaztnz, C(zre.r nzrren, C. Ede?-z', etc., etc. 111 tllicltets 
near the shore were found AbzZs bnlsn?iren, Picen nlbn, 
Shejerdin Ca?znd;.?zsis, a n d  Rztbus Ai~2'kn?zzrs. Deep 
forests of hemlock and yelion! birch (B.b t e n )  mised with 
a fine, tail growth of striped maple ( A .  Peiz??syZvnm'cuiiz) 
are frequent, having underneath a tangled growth of 
Tnxzts bnccafn, var. Cn?tndevzszi,and under all a carpet of 
LycokotliM?i~ nz?zoti?zzr?/z. Alternating with these are 
sandy plains covered with a dense growth of Vncci?zzid~iis, 
yielding a great abundance of fruit. Sugar maples and 
basswootl are also abundant in this region, and reach an  
immense size. In fact, finer groyes of maple it would be 
difficult to find in any part of the State. 

T h e  pine country proper lies between the two tracts 
we  have thus describetl, ancl embraces about I j,ooo 
square miles. I t  is colnposed largely of sand hills and 
plains, either scantily furnished with vegetation, or 
densely covered with pine forest. Argillaceous tracts 
\voodetl with betch and maple also occur, like oases in 
a desert ; ancl swamps abound, with the usual lowland 
timber. Forests of hemlock spruce are frequent, and 
there are occasional ridges of oak. Birch (23.Ilrfen) also 
begins to be a common forest tree, antl attains a large 
size. T h e  usual timber of the barrens is Jacli Pine (P.
BnnKsia?tn). Climatic and other influences have com- 
bined to produce groves composed entirely of this species 
of large size and of great beauty, for, instead of being " a 
straggling shrub, or low tree" (Gray), it rises, often 
50-60 feet, straight and symmetrical. All through this 
region Pi?ztrs strobzts is the prevailing species and fur-
nishes nlost of the lumber, but P .  rrszizosn is frequent as  
far south as  Clare county, and occurs sparingly in the 
northern part of Isabclla county, which appears to be its 
southern limit. 

Such is the general character of the sylva down to 
about latitude 43O, but in the western part of the State, 
owing perhaps to  moister climate, or to favorable soil, 
hemlock spruce is more abuntlant, and reaches much 
farther south, nearly or quite to  the Iildiana line, and the 
same is true of white pine. 

Portions of the counties of Clare, blissaultee and Ros- 
common represent an  undulating plateau, which is 700-
800 feet above the level of the great lakes, and has an in- 
teresting flora, a s  yet little studied. This  region was  ex- 
amined in June, 1876, and revealed a number of northern 
plants. In thesouthern part of Clare county were found 
Ledz~nz lntz~olizrnz, KnZiizza glnucn, Physnlis g rnnd i -  
$ern (not before iound south of the Upper Peninsula), 
C o r ~ ~ d a l i sglnucn,  and Ge?-n?zzknz Cn?.olzizianu?i~-the 
two latter species growing luxuriantly in the deep woods, 
after fires. In the shade of the Jack Pines grew Pru7zzts 

$ztnziZn, Potr?ztt'lln triderztnta (not before observed in 
Lower Peninsula), Iirzkz'n Viqyzizicn, Arclosta$hyZos 
Uvn-zdrsz; Lzizurict Canndenszj., lici?lerin crzitata, C a r ~ x  
Nozghto~zz'z',etc., etc. Near Hcughton Lake were found 
AllIzt?izz'a czi,rhosn, Rz'bes lnczrsfre, Bracocc$hnZzrnz$ai.- 
vzJorzrliz, Strc$fo$zrs rosrzrs, and S.anz$Ze.rz;foZzits; and 
in JIusltegon rlver, near its source, Pofnnzogeton lztcefzs. 
Pzlzzrs restizosa was noticed frequently, growiug with 
conlmon pine, and near the center of Clare county it be- 
came more abundant, forming groups. Single individuals 
stretch upwards I jo-160 feet, their clean, copper-colored 
boles often rising IOO feet to  the first limbs. 

The flora of the deep pine woods is inrerestlng, though 
rather monotonous. Very little undergrowth is found, 
and their glcomy recesses nourish only such plants a s  
love thick shade. Here the club-mosses (Lyco$odt'zrnzs) 
find a congenial home, antl flourish luxuriantly, while 
C:li?zfo?zzic borcnlzi covers the ground. T h e  great round- 
leaved orchid (Habotnrzn o?-biczdntn), with its tall, 
greenish spike and twin leaves close to the earth, is also 
frequent and striking. W e  shall also meet (lfitchella 
repmzs, S?izilnczizn bz;folin, Trzllzi~nz gmndzYo?*z~nz, per-
haps, and a few ferns, particularly As$le?zzirnz F i l i x -
fe~izzizn, and Pheg-ofi2'eris Dryoj2'erzj.. Other species 
occur, of course, but not so abuntlantly. In more open 
places, and on ridges, we meet Rhzrs aronzaticn and 
Co?/z$2'om'a along with wintergreen (Gnz~l tker in)and 
trailing arbutus ( E j y e a j ,  and are often fortunate enough 
to find the wax-white, fragrant flower of Mo?zeses ztnz'- 
Jora or Polygnln $nucifoZin, hitling its shining leaves 
under a wealth of showy pink blossoms. 

T h e  floral treasures of the pine region lie, however, in 
its swamps and lake borders rather than in the deep 
woods. Therein grows Lziuzen borealzi in all its delicate 
beauty, carpeting the ground, and close at  hand, the odd, 
brown-purple flower of Cy$rz$e&r~nz ncnztle and the small 
yellow blossom of its water-loving relative C. $nrvzJo- 
rzr?iz. In such swamps, or within a stone's throw of 
them, may be found many other plants of equal interest, 
such as  MedioZtz Tfirgzizicn, Led?rnt Zntz~olizrnz, Ar~dro -  
meda fiolt;falz'n, Knlnzzn p.Znz~cn, Lo?zicern obZo~zgz;faZin, 
Cartzkmtize $rntcnsis, Gernrdin n s j w a ,  MitelZn nztda, 
Erzo$horzr?iz vngzizntzrnz, etc. On lake margins we shail 
find Lysi?iznchin and the blue Po?ztederin and mor t  rarely, 
fisit-n and Eleochnris qz~ndrn?yzrlntn.  T h e  lake itselt, 
most likely, will be full of lVy?iz$han, IL7z~$hnr, C7triczt- 
Zn~zirs,and a world of PotnnznLc.eto?zsand similar water 
weeds. Shrubby Vnccifzti~nzsline the bluffs, and here 
and there gleam the white trunks of paper birches 
against the dark background of pines. 

In the thick-pine country, where the lumberman's axe 
has let in the sunlight, new plants spring up freely. 
Here, Przcfzzis Pe?zfzsylvaftica and poplars are frequent, 
and the blackberry is omnipresent. A m l i n  his$idn and 
Physnlis $ubesce~zs are also peculiar to such land, and 
in August G?zn$hnlzi~nz deczrrre?zs may be seen white- 
ning thousand of acres. 

One seldom beholds a drearier sight than a dead and 
deserted lumber region. T h e  valuable trees were all 
felled years ago, antl the lumberman nloved on to fresh 
spoils, leaving behind an  inextricably confused mass of 
Lree tops, broken logs, and uprooted trunks. Blackberry 
canes spring up e~eryr \~here ,  forming a tangled thicket, 
ant1 a few scattering poplars, birches, and cherries serve 
for arboreal life, above ~vh ich  tower the dead pines, 
bleached in the weather and bl;~cltened by fire, destitute 
of limbs, and looking a t  a distance not unlike the masts 
of some great harbor. Thousands of such acres, repel- 
lant alike to botanist and settler, can be seen in any of 
our northern counties. 

In certain districts considerable beech is found asso-
ciated with the pine. T h e  soil of such tracts is usually 
of better quality, ancl can be  rendered productive without 
much labor. I t  rnay be noticed that  in such cases the 
pine also grows thriftier and makes better lumber. 
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Sections of this ancl the Traverse region of Michigan 
are still sparsely settled, or not at  all, and have been visi- 
tecl rarely by botanists. Consequently, we may expect 
many editions to our flora, a s  well as  corrections, when 
this region is a s  thoroughly bnovvn as  the south half of 
the State now is ; our ignorance, rather than nature's 
parsimony, explaining why we have so few species crecli- 
ted to us. T h e  most promising iielcl For the botanist 
evidently lies in the I I o u g h t o ~ ~  Lalze region and ilorth- 
ward, and in the upper Peninsula, illany parts of the in- 
terior of which are botanically unlino\vn. 

Our flora, as  here presented, contains in all I I 3 families 
(orders), and 1,634 species. T h e  composites claim the 
largest number of species, 182-about one-ninth of all. 
Sedges follo\v with 176 species ; grasses, 139 ; rosacez,  
61 ; ferns, 56 ; leguminosz, 5 5  ; figtrorts, 46 ; mints, 40 ; 
mustard and crowfoot, 39 each ; heath family, 35 ; and 
umbelliferz, 27. IXTe have 165 trees and shrubs, about 
20 of whichare valuable timber trees. At  least 40 of our 
trees and shrubs are worthy of cu1:ivation for ornament. 
Sugar maples and elms are co~ninonly planted, xvhile the 
tulip tree, basswood, Kentucky coffee tree, black walnut, 
and butternut, among deciduous trees, and hemlock, 
white pine, black spruce, arbor vitre, and red cedar, 
among evergreens, deserve more attention. About 20 
species of woody ancl herbaceous native climbers are 
frequent, and some are  \vorthp of cultivation, (see Slate 
Polnological Report of '79 for a list.) Ninety lnedicinal 
plants are admitted into the U .  S. P h a r m a c o p ~ i a ,  45 
belonging to  the primary list, and an equal i lu~nber  to 
the secondary, while a number of others deserve atten- 
tion at the hands of Pharmacists. 

I t  may be stated in conclusion that, in the preparation 
of this catalogue, we have spared no pains to make it 
thoroughly reliable, a ~nxjority of the species enunleratetl 
having passed through our hands, and the relnainder be- 
ing adm:ttecl only on good authority. W e  have pre- 
ferred to lnalze a ztseful rather than a a large catalogue, 
and, on this grountl, we hare  rejected a number of 
species, some of which may yet make good their claim to  
be  concidered as  part of our flora. W e  cannot hope to 
have escaped all errors, and crave charitable judgment 
for  any such the kind reader may discover, trusting that 
they may be found errors of omission rather than of com- 
mission. 

In our arrangement of orders, we have preferred, as  
more convenient, to follo\v the 5th edition of Gray's 
Manual rather than later worlrs. T h e  vexatious subject 
of syllonomy has received considerable attention, and 
will, we believe, be found brought down nearly to date. 
Further observations will be published from time to time 
in the form of addenda, towards increase of which we 
solicit correspondence and contributions from all parts of 
the State. 

IONIA,MICII.,January 20, 1881. 

DISRUPTION O F  P L A N E T A R Y  i\IASSES FROhl 
THE P R I M E V A L  NEBU1,A. 

V. 1 
BY EDGARL. LAXRIN. 

I t  has been shown in this series tha t  the gaseous sphere 
could not have parted with any form of ring lznon7n to 
,peometers. All varieties of segmental rings r e r e  exam- 
~ n e d ,  and their displacement found impossible by known 
laws of mechanics. T h e  nebula subsided from space to 
the  dimensions of the orbit of Septune,  else its assumed 
rotation could not have been equal to the orbital relocitv 
of that planet. 

Indeed, it must have revolved faster, for matter along 
the line of the centre of gravity of the ring moved wit11 
the rate that Neptune now has. Then the outside of the 
ring lnoved faster and the  inside slo\ver than the Neptu- 
nian velocity. But the  inside was required to move wit11 
greater rapidity than any other point to exceed attraction 

and disrupt the Inass. From this consideration alone 
the doctrine of ring detachment is subverted. 

IVe are now to demonstrate that no particle whatever 
can be cietachecl fro111 a revolving sphere whether gase- 
ous, fluid or solid, by any force known to man. 'Tan-
gental torce in no case overcomes radial, being unable 
from known physical laws, which teach that not an a tom 
ever left a rotating cosmical mass. W e  have made cal- 
culation of the maxi~llum effect oi tangental force on 
matter on the equator of the sphere when coincident with 
the orbit of Neptune, radius being 2,780,000,000 miles. 
And if the solar parallax is modified, bringing Neptune 
some~vhat nearer, the fig-ures will not be in ~nat t r ia i  er- 
ror. It is a law of rnechani~s  that if matter is thro\vn 
off the periphery of a revolving sphere by force evolved 
bq- rotation, the detached portion almays,~vhen maximum 
polver is exerted, traverses a line tangent to the curva- 
ture at  the point of departure. If a revolvillg globe 
shoultl burst, the pieces would be projected along tan- 
gental lilies ant1 never rise higher. But what is a tan-
gent to the Yeptunian orblt, ant1 what is its departure 
from the cur\.ature of that mighty sphere whence Nep- 
tune's Illass is said to have been detached? I t  is apos- 
tulate of the Hypothesis that the nebula was a sphere, 
else it coultl not have parted with matter in the form of a 
cing. IYe adopt the idea tha t  it was round, ancl for the 
purposes of trigonometry imagine the surface to have 
been as  level as still water. IVe are in search of the de- 
parture of the tangent from the curve at  different d ~ s -
tances along the equator, to learn how far tangental force 
was able to project matter above the  periphery. 

T h e  length of I "  of arc on the equator of the nebula 
was 13,478 miles, and we made selectioll of 8'' of arc or 
107,821, miles to find the amount of its deflection from 
the tangent. The  curvature cannot be detected by tables 
of logarithmic functions carried to the sixth decimal 
place-thus: 

log. sin. I '  = 6.463726 
log. 60 = 1.778151 

log, sin, I "  = 4.68jj75 
log. 8 = .go3090 

log. sin. 8 '  - 5.588665 
and 

log. tan. I "  = 4.68jj75 
log. 8 = .90jOgO 

log. tan. 8 '  = 5.588665 
Tha t  is, the logarithmic sine and tangent of 8" are  the 

same ; hence the arc cannot be told fro111 a straight line 
by ordinary tables. This being the case, radii drawn to 
the centre from each extremity ~vould  be equal in length, 
and it follows that any particle of matter on the equator 
of the primeval sphere, after having traversed more than 
a hundred thousand miles under the influence of tan- 
gental force, was no further fi-om the centre than when 
~t started, malriug the formation of a rinp, or detachment 
of an  atom. alikeimnossihle. 

9 o t  rleelning it t r l e  t h a t i n  arc of such length had no 
curvature, and not having logarithmic tables for exact 
cornputation of functions near their limits, we were 
obliged to use the cunlbersome method of natural sines, 
cosines and tangents, carrying the calculation to the 
twentieth decimal place to secure accuracy. 

T o  find the cosines of such minute arcs use was made 
of the formula-Cos.=~-% sin." and for secants-

Sec. A=&A. 
Applying these forinulx to the arc of 8" it was found 

that the secant was only 1.94 miles longer than the 
radius. Tha t  is, the curvature of the sphere at  any 
l~oint  distant 107 ,8q  miles from another, made a point 
of tangency, is less than two miles ! Let us watch the 
career of an  aton1 destined to be  cast off the equator to 


