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iiiin our former lecturelectura many evIdenevidencesceAces
were examined which demonstrate the
tatorr movement vfof our globe its daur
nalnai rotation may alsoalsa be proved ta existaxistfroniaiaz careful consideration of its true
figure when we loosely speak ofbf its fig-
ure we represent it to be a sphere a globe
because it so nearly approximates to such a
figure and it is only bybythethe most careful
observations and measurements that we
find any deviation from a sphere indeed
before the dayisdays of newton the earth was
generally supposed to be a perfect sphere
but thadthat greabgreat philosopher demonstrated
that a globeglobo composed in part of fluid
materials could not have a rotation upon
an axis without changing its figure byly
having its polar diameter shortened and
its equatorial diameter increased his cal-
culationculation showed that the earth ifit it rotate
must be flattened in its polar regions in
the shape of a turnip or an orange sub-
sequent observations have verified his cal-
culationscu and theory to be true and the
earth is no longer in strictness considered
a globe but an oblate ellipsoid or spheroid
having the diameter which coincides with
the axis 13001 shorter than the equatorial
diameter
it will be seen that the is so

small that it does not differ much from a
sphere it we held in our handhand a woodenn
model of our globe whose diameter at the
equator was 15 inches the polar diameter
would lack only 1 20 of an inch of being
the same length a quantity so small that
it coulddould not possibly be detected by the
eye but would require vyvery nice delicate
measurements to show its deviation from a
globe

for the purpose otof determining the
otof thetho earth commissioners of vari-

ous nations have keenbeenbeen appointed by their
respective governments and furnished
with the best of instruments to measure
bresofarcs of the meridian in different latitudes
in various parts of the earth by a com-
parisonarlsonarison of all these measurements it isfoundfound that the length of a degree increases
with the latitude being the least at the
equator andana the greatest at the poles there-
fore the ccurvatureturetare of the earths surface
must be greatesteanest at the equator and mumust8t
adecirdecreasea with the latitude and bebe least iatltthe poles these merldberidlonalional sections which
pass through the poles cutting the equator
at right angles are ellipses andine geome-
trical properties of an ellipse are such that
we are enabled to assign the proportion be-
tween the lengths of its major and minorminer
axes corresponding to any proposed rate
of variation in its curvature and haying
determined the proportion of the two axes
or diameters we can still further determine
their absoluteabsolute lengths by knowing the
length of a degree in any given latitudemr airy by a combination of 13 different
arcs measured in different parts of the
earcilearth has determined its and
given the diameters as follows

miles
equatorial diameterpolarrolar diameterpolar compressions
proportion otof diameter as 33 to
mr besselbessei has more recently calculated

the same from a combination of tenteil of the
measured arcsarea and his results do not daffedifferr
from the diameters as given by mr airy
the 1 16 parttart of a mile

eromprom a comparison of the above diame
tars it will be seen that the equatorial
regions of our earth are about 13 miles
higherhighter or more distdistanttint from its contrecentre than
the polar this ascent from the two poles
towards the equator is not sudden but
gradual the elevation increasing at an av-
erage rate of about one mile in every 6
degdega 18 minuteminutes of difference of latitude
or I1 mile in in traveling from theequator to the poles there would be a rapid
descent of 11U feet per mile the gulf of
mexico at the mouth of the mississippi
river is settfett higher than salt lakecity and theme atlantic and pacific oceans
at the equator arearo elevated more than 5
miles above ourounbar city and more than 31
milesmilea above the highest peaks of the moun-
tains which bound our valleyvailey on the east
the mouth of thetho mississippi river Is more
than I1 mile higher than the st
louis which is situated uponuvonupolita banks some

the north its mouthmonth is also
several miles higher than the tops of the
digest mounmountainst in from which intakesit takes itsita
risealse the equatorial ocean iaIs 13 miles
higher than the arctic and antarctic
oceans all these are phenomena arising
from the form of the globe

when we speak of differentfarentdlfdIf mountains
and places being elevated above the sea
level we have referenceno arenc a to their rela-
tive elevations above the centrecontra of the earth
unless when compared with that portion of
the sea which has the same latitude as the
places themselves when we say our city
is elevated feet above the sea level we

itis so much highebighorn above
the centrecontra of the earth than the equatorial
or polar seas but we mean that it is sso0
muchlmh higher or moremoro distant from the
centre of the earth than that dortlonportion of the
sea which iais in 40 degdog 45 minutes efof N lat-
itude that protuberant mass of land and
water which envelopes oureur spheroid at the
equatorquatore is more than 21 times higher above
ththe poles than the highest mountains upon
the earth are above the sea level

perhaps some of this audience may be
startled at these declarations and ready to
call them in question as being contrary to
their experience how it maybemay be enquired
can water nin up hill or how can the
greateat ocean be prevented from rushing
downwn from the equator to the poles if
there is an average of 11 feet fall per mile
hehow canan water be hekeptpt from descending
such a declivity we answer that it is the
diurnal rotation of the earth upon its axis
that preserves tthea earth in its present form
andana that maintainsns the waters in their pres-
ent state of equilibrium and that causes
the water of the mississippi to run up an
acclivity on its ascending journey towards
the equator were it not for the rotation
of the eaithearth the great protuberant mass of
the waters would rush down from the tor-
rid zone with awful and tremendous force
inundating thetho highest mountains in the
temperateiemtem and frigid zones the foundations
pfaf the great deep for hundreds of miles
eachbach sidbidsidebide6 of the equator would be laid bare
andand a zone of drydrylandland would appear en-
circling the whole earth from easueast to west
connecting the equatorial portions of the
eastern and western continents while
heirtheir northern and southern portions would
be overwhelmed in the midst of two great
olar seas the surface of these polar seas

wouldwoula noiio longer maintain their elliptical
form but would take the form of a sphere
every part being equally distant from the
centrecentri of the earth

the equatorial continent thus formed
would in the lapse ofbf ages be worn down
bbyattheh D constant action of the seas rains
ax 4andnd the worn off fragments and parti-
cles would eventually be scatterscattereddd over the
bed of the oceans in the form of pebbles
sand and mud which would ikelike the fluid
portions of the earth seek theli own leverlevel
in tiiethe deepest portions of the polar seas
and in this manner the flattened portionportionsO

1

of the solid spheroid would become round-
ed and the whole earth both Ssolids and
fluidsfiilds would assume the spherical formfaim
andI1 d tthusus in the coursecourse ofmillions ofaages
undertinder the present laws if no rotation exox I1

stedd the solid portions of our spheroidanidwould become covered with ia Vhspherical
ocean of uniform depth geologicala facts
ate said to afford abundance of evidence
that the existing continents andana islands
ayekayobayo allball undergone changes as great lisjisas the
one which we have jushjust described they
appearspeir to haYe been moremoro thanthiLd oneeonce tern
ntointo fragments reduced to powder sub-
mergedpa m the great deelanddeepand thenthon by someome
process constructedreconstructedre handmadeand made newnow
letus next consider the case of a per-

fect globe of the magnitude of our earth
covered with an ocean of water of uniform
depth composed of materials of uniform
density or at least of a density increasing
at a uniform rate from thetho surface to the
cenentretreL all theblanblarparticlestidies of such a globe
if at test would be in a itastateteofof equilibrium
bowlet suchmaeh a globe begin by degrees4 to
rotate upon an axis let the rotation be
accelerated until it shall perform ondone revo-
lutiongutlon in as it will then have a
velocity equal to the earth when thisthia
rorotation commences each particle situated
without the axis would have a centrifugal
force or a tendency to recede from the axis

in proportion to its distance from
it

near the poles where the centrifugal
force at the surface of the globe is the
weakest it actsacta at nearly right angles to
the force of gravIty the under
the influences of these two forces would be
urged towards the equator as ththea watwaterar
proceededroddrodeededoded upon itsita journey its distance
from the axis of motion would be increase
danadand its contricentrifugalfugal force would bonsebonsoconse-
quently be more powerful though it would
act at a disadvantage in consequence of its
beingbe g more inn 0oppositionpos on to ohp central
force that is forworforming a greatergreateneatereaten angle with
it thanan when nnearnean the poles but still the
ddirectionaction of the resultantul t motion would be
towards the equator the obtuseness of
the angeeangle underundo which these two forces
operate would continue totd increase from
ththethoe pole to the equator atak which pidoaldo the
centrifugal forcefonze would actzet in direct op-
position to gravity and consequent-
ly the partparticleparticlesleles would filmorefi omoroanore ten-
dency to proceed oithereither to the north or
bouthsouth but the whole effect ofsot nniethefhe
centrifugal force now would be to ronderrender
all bodies specifically Ughaibyharbyheiby theirtheli ap
inyard tendency from the centrecentro

under thesethose circumstancesitdit as aasapsy 0tao
perceive that the globglobularulai formnorm ol01oftheocianthe ocean
woulduld liotriot any longer be the forni of

I1librium that the ocean surroundings
tthehethottioafo0 poleslesies must in obedience to the6
I1lawsan of motmotionloil proceed towards the eequa-
tor

juallual
t0 andnd thorethere formforni a protuberance ofa suf-
ficient elevationatlon to counteract any further
motion 01of the fluid particles arisingnI1 frofrom
the centrifugal force of rotation ther faformrm
thus assumed by the fluid ocean would be
an oblate spheroid which would be a per-
manent form of0 equilibrium as longlend as the
rotation continuecontinued uniform and it is alsoalio
easy to conceive that solid nucleus of
the earth for thouthousandssahda of miles around
each pole would belye laid bare forming two
great continents while the ocean
would encircle the whole earth 11driningforming a
belt or konotono severalbeveral thousand miles in
breadth of which the equator would be in
the midst

theseThes polarepolar continents as we observed
concerning the equatorial continentnent would
in the 1lapsaaP of many ages become worn
down anandd reduced to pebbles sand
mud ac and be submerged beneath mhd
ocean where under the samosame laws of force
and motion which govern the fluid eleeie 1

ments it would be carried towards the
equator and arrange itself in a
form similar to that of the ocean with
which it would betoe enveloped thus the
whole earth would be covered with an
ocean of nearly uniform depth and both
the solid and fluid portions would be in
equilibrium having a degreifdegredegree of
sufficientclentelent to balance the combined effects of
the centripetal and centrifugal forces ifby any means the rotation should be in-
creased the would be increased
the fluids upon the surface would first yield
to the impulse and afterwards the solids
would bybyaa slower process r arrange them-
selves in the form of equilibrium accamo
dated to the increasedcreasediu degree ofbf rotation
should the rotation be decreased down
to its former velocity an equatorial
ridge of mountains would be formed
should an increased orbir decreased
rotation take place before the
timetlde fallyfully totd arrange themselves in the
formrm of equilibrium theconsequence would
bea that ridges or continents would be
formeaformedamed inlif different latitudes which in
placeslaceslacos that were ol01 a softer texture might
bea worn down and submerged beneath the
seabea while those of aii harder and more un-
yielding nature might still be standing
above the surface of the water in the dorm
of continentsconti and islands we do not pre-
tend to stateslate that this is the tway that the
continents and islands of our earth have re-
ceived theirthell present form and position but
wemerely state that such would be the na-
tural tendency were the earth to receive an
addition or diminution to its velocity ofrota-
tion before the solid nucleus had time to
fully accommodate itself to the different
forms of equilibrium corresponding to its
different states of velocity whether the
velocity of rotation has ever been greater
orar lessloss than at the present time we have
not as yet discovered any means of ascer
taitaliningning

theTho fact that dry land and mounmountainstaing do
exist near the equator elevated several
thoLthousandsand feet above the sea would aeemseem
to indingletteindicietteletteatotto that the velocity of rotation has
at some former period been greater than
attit present otherwise there must have been
some sudden convulsion ssufficientlygreat totd

from the bosom of the great deep
the solid portions of the earth to the present
elevations in those rekreiregionslonsloos observation
shows thatthai thethere has been no perceptible
change inla the period of the earths rotation
during the last 2000 years ifouroar earthoarth were
a globe when the rotation was arstfirst im
pressed upon it its period must have been
shorter or its velocity greater than it would
be after having assumed the
form fonfor the ocean receding from the poles
where the centrifugal norceforce estheis the least and
proceeding to the equator where that force
Is the its progress be
constantly accelerated an Zan eastern direc-
tion by virtue of its increased distance from
the axis of rotation the acceleration atai farstfirst
would not bobe sufficiently great totoa keep up
with the velocity of the spherical mass over
which it was passing consequently it would
lag behind producing a rapid current to-
wards the west which combined with the
guircurrentrentnent proceeding towards the equator
would in tha northern hemisphere incline it
to the southwest and hiin the southern hem-
isphere towards the northwest these cur-
rents acting upon the spherical form of the
earth over which they passed in a direction
from east to west concontrarytiLary to that of rota-
tionseions would havebave q tendency to retard that
rotationrotation the momentum gained by the
protuberant masmass Jrbroughtought fromfroia the poles
would be exactly equal to the momentum
lost by the whole sphere mathematicians
by knowing the proportions of the masses
and velocities could easily calculate the
drioriginalginal velocity and period of the earthsbarths
rotation as a globe from itsit present velocity
and period as appliera oldoid

among the numerous phenomena result-
ing from the rotation of the earth may be
mentionedneaned the diminadiminutionn odtheof the weight of
all bodibodiesesinin proportion to the amount and
direction of the centrifugal force with
which they are affected at the equator the
decreasedecrease of weight is the greatest amount-
ingig to 12891 of its wholehoieholegravygravity

the exact amount of thecentrifugal force
danoancan be calculated iffeif we know the dimen-
sions of the earth and the time of its rota-
tion for instance at the equator nilall bod-
iesies on the surface of the earth describe an
arcare of about 1528 feet in one second of
time this aroarc deviates fromafrom a straight line
or from the tangent about i1 of aninch and
4q body wwillua fall during one soconasecond about

thalathata body
wouldouid fall by itsita weight inches it
would hhave an upupwardardand tendency otof 7j of an
inch causedavd by the centrifugal force this
JsocaSofaof anninhlmh is nearly 12891 of thothe whole
distance through which a body would fallfali
in oneoue second if the earth were at rest
hence a body would fall in one second
inches if there were nanol rotation and 1921
inches with its present rotation the down-
ward tendency being diminished SJ of antin
inch by the tendency to recede from the
centrecontra in thetho direction of the tangent
hence also bodies that weigh ibslbs at
the equator would weigh at the same
place ibslbs if the rotation did not exist
and theearth were maintained in its present
shape As you recede from the equator to-
wards the poles the centrifugal force dim-
inishes and the weight of bodies increaseslncreases
the ratrate of increase being as the squarera of
ana sine of the latitude for instance if wento
werewore to purchasechasechaie at the equator ibslbs af
gold dust or any other substance and brinabring
it to the latitude otof our city it would weigh

lbsibs increasing one pound by the in-
crease ofgravielgravity ibslbs at the equator if
transported to tthea poles would weigh
lbsibs thus it willbo seen that the fraction
11941 expresses the excess of polar gravity
over the equatorial

there are two causes for the increase of
gravity in going from the equator to the
poles jonetone is the diminution otof the ceneencentri-
fugal

tritrl
force and the other is the elliptical

form of the earth this form alone inde-
pendent of the centrifugal forceforte would at
the poles increase the weight of bodies 15901
part this added toitoa the fraction expres-
sing the increase of weight when the cen-
trifugaltritrlfugal force iaIs reducedreduceil to nothing be-
comes eequalal toitoato 11941 that is ibslbs at thothe
quatorequator if1 ttransportedransported to the poles would
in consequence of its removal from the in-
fluence of the centrifugal force receive an
addition to its weight amounting lo10 za trifle
overavey sofaofa pound it would alsoatso receive
another addition to its weight arising from
the elliptical figureoafigure of the earth amount-
ing to a triflelelessless than J of a pound from
both of these causes it would weigh just one
ib moiremore than attheat the equator

ahntha variation of that force called weight
or gravity in different latitudes may be
very accurately determined by ascertain-
ing the velocity with which a todylody falls in
a given time one second one of thetho
best methods of ascertaining the volvoivelocitydeitydelty
Is furnished us by the principles of me
manlesmanies it has been mathematically
proved from mathematical principles
that if one and the same pendulum be made
to oscillate in different parts of the earth
that the squares of the number of poscilla-
tions in equal times at different stations
will be to each other as the intensities of
the force of gravity at these stations for
instance afatif at the equator a pendulum of a
certain form andana length make oscil-
lations in 2421 mean solar hoursI1 and when
transported to SaItsaltLake is found that
the same pendulum makesmakas oscilla-
tions in the same time then we knowknoy that
the intensity of gravitygravityatat the equator is to
thetho intensity of gravity at this city as the
isquareq a of is to the square of or
ass7J1 to or jnin other words a mass of
mmatterater weighing 1000 ibslbs at the equator
will weigh at this place loo ibslbs

great numbers of experiments orthisof this
kind have neenpeenbeen made with the greatest
possible accuracy in aill accessible latitudes
and by these means the law of thefhe variation
of gravity in different latitudes has been
developed by which we arearg enabled to cal-
culate withoutwithout any further observation
the Affredifferencerence of hethe weight of bodies in
different latitudes and by knowing the
difference of the intensities of this force at
different latitudes we can calculate the
true figure of the earthsearthy andnd the degdegree of
its without measuring an aroarc ot
the merlmerimeridiandJan who could hayehave suiisufisupposedposed
that by the simple oscillations of adlocka clock
pendulum mathematicians could sitpit in
their chairs and determine the
lionsdons between the equatorial andalid polar di-
ameters of our earth but this is only one
among tenton thousand wonders opened to us
by the skillful application of that grandgrana
key called mathematics it is highly satis-
factory to know that the shape ofofour earth
as ascertained by pendulum experiments
agrees with the shape deduced from the
measurements of arcs of the morimorlmeridiandiandlan and
thus from two entirely different processes
we arrive at the same great conclusion
and having thus demonstrated that the
earth is an oblate spheroid we know that
it knust hayehave a rotation upon its axis in
order to preserve the form so
far aat least as the fluid portions of its sur-
face are concerned

this illustrated by a very simple
experiment within the reach of any one to
perform jfif apallA pailpall partially filled with
cateri be byby a alonglong string and
made to revolve swiftly around the water
within will be seen to ararisese around the sides
of the pailpall while the centre will be pro

11 tionatlona I1y eppressed tho greater the revo-
lution lllytolyFU ti tthetho gatergateiJ a tenter willilllii be the depressionof
the ehenepencentre9 ydd thetho higher will the water
anisearise a ufghea interior sides of the pail
hurebure then is slsimplerajIenajlenajie illustration we can
seqseobeo how Wwaawaw ccan be9 made to run up hill
plupiuroin thefhebe centre of the pail and when ftit has
gucaguce ascended how atts surface may be
maintained in the form of a steep declivity
ty the continued rotation As the water
around tho sides of the pallpail is mainmainEmaintaineraineyalney
at a greater elevation than at the contrecentre or
axis of thetho rotation aoso is the water at mhd
equator maintained at an orpir
thirteen milemlleinnillfill above the water at the


