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SCIENCE AT PORTLAND.1

MEETING OF THE AMERICAN ASSOCIATION.

HOW THE ANNUAL MILITIA MUSTER AFFECTED THE
SCIENTIFIC ASSEMBLY—PLENTY OF HARD WORK
ON A RAINY DAY—SAFETY IN NAVIGATION, AND
PROF, PEIRCE'S VIEWS THEREON —THE DAR-
WINIAN THEORY—SUDDEN INTERRUPTION OF AN
EXCITING DEBATE,

(FROM THE SPECIAL CORRESPONDENT OF THAE TRIDUNE.]
PORTLAND, Aug. 22.—This was a rainy day;

raw and disagreeable. But there was no lack of interest
among the members of the Association, nor, I may add,
among the eitizens of Portland. The latter in fact did
themsclves special credit, for the ladies of Portland pro-
vided a bountiful lunch for the Association and waited
on the tables themselves. The town is full of country
poople, drawn together by the annual muster of the
Maine militia. Ola-fashioned wagons, drawn by horaes
that have seen service st the plow, carry through the
strocts bevies of brown-cheeked lasses, with a goodly
show of older mewmbers of families. Sometimes a home-
spun clad figure looks {n upon the selentific folk, but for
the most part the strangers who luger about the doors
of the sections, and not understanding what is said
saanter away, are dressed in their Sunday clothes.

Those who had studicd the programme of the day and
who reccollected the faculty which Prof. Swallow of
Missouri bad on a previous occasion exhibited for
“getting people by the ears,” recognized in the an-
nouncement of his paper on the Origin of Species the
prelade to a lively debate. But as the day wore away
with the reading of papers it became evident that this
one was to be the last. And while there was a good nt-
tendance all day 1p both sections it was very evident
that the culmination of popular interest was toward the
close of the afternoon meeting.

One of the most valuable papers read in yesterday's
meeting was that of Gen. J. G. Barnard. [am unable by
8 days delay to present a better abstract of it than would
have boen possible yestorday.

ON THE RELATION OF INTERNAL FLUIDITY TO THE PRE"
CESSION OF THE EQUINOXES—BY GEN. J. G. BARNARD,
Prior to the investigationa by Sir Ww. Thomson con_

cerning * the earth’s rigidity,” and his determination of

the degree of rigidity npeeded in order that the actua

precession should correspond so nearly as it does to the
caloulated precession for a perfeotly 11gid homogeneous
spheroid, the earth, or even the “ thin solid erust” of
the geologists, had in researches concerning prepession
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always Dbeen regarded a8 perfectly  rigid
or rather it had been taken for granted
that the solid earth, or the solid crust, however
thin, wos practically rigld enough to be con-
sidercd perfectly rigid. Hence the famous investiganion
of the Jate Prof, Wm. Hopkins of Cambridge, in which
treating the sohdified portion of the earth as rigid, it]
was attempted to find in the phenomenon of “precession”
& test of the question of internal fiuidity, and a de-
termination of a minimum thickness admissible. In
the treatment of this difiicalt probiem by Prof. Hopkins
there I8 & wastery of the higher analysis and a skill in
its appiication to physical problems which extorts ad
wiration ; and yet there is in the fallacy of the final
result and the general acceptance with which it has
been received that which gives the investigation a claim
to be ravked awmong the *‘‘ curiosities” of modern

mathematics, Althongh the discrepancy (one-seventh)
between observed and caleulated preeession, which
really forws the basis of his practical application, is
however, believed to be very minute (owing to the less
mass now attributed to the mwoou), and although
the demand for rigidity demonstrated by Sir Wm. Thown-
son puts “‘ out of courl” the question of a thin crust, yet
80 late us 1868 the eminent Freuch astronomer (theun Pres-
ident of the Academy of Sciences) has attemmpted a
formal * refotation,” founded on an experiment with a
glass globe ten inches in dinmeter, coutaining water, by
which e would demonstrate that the neglected prop-
erty of * viscosity” of a4 fluid by Prof. Hopkins vitiaves
sll his results. The late Arehdeacon Pratt, on the other
hand, an authority on the “Figure of the Earth,” at-
tempts to vindicate Prof, Hopkins, Although neither
the refutation nor the vindication are beheved te be oue
or the other, they show that the problem has not by any
means lost its iuterest, Papers read before the Ameri-
can Acadewy of Sciences, and published amoung the
Bmithsonian contributions o knowledge, are referred to
for the proof given by the author that the eentrifugal
foree of dinrna! rotation of the tidal protuberances 50-
veloped in a wholly fluld spheroid exactly nentralize the
precession—producing couple due to the solar or lunar
attraction which causes the protuberance; benee that
in such a spheroid there would he no precession. PFari
ratione, to the extent protuberances are developed in a
#0ud spheroid, or in tbe thin crust (in the latter case
uearly as great asf wholly flaid), will the precession be
peutrabzed. That such protuberances be not developed
Sir W, Thomson demonstrates that the rigidity of the
earth’s substapces must greatly exceed the actual
rigidity of iron to depths of 1,000 or 2,000 mles. On the
91!10: Laud, ull'ngtuvm‘:lneoug unxrdL uQny.h _in congeal-




jug separate. Observation shows that this law obtains
fo voleanie lavas. Henee, regarding the earth as a con-
salod spuerowd once liquid, there would be large sub-

reanean cavities still contaluing uncongealed liguid.
By reference to these, SBir Wm. Thomson believes that
the geological phenomena of voleanoes, earthquakes, up-
heavals, &ec., may be explained.

The paper sets forth the “ rationale " of the actior: and
reaction between an internal fluid and au envelopiug
ahell (or erust), and it is very elegantly treated by Prof.
Hopkius, and thence déclares the result of the latter,
that for bhomogencousuess of shell a fluid, precession
will be the sume as if the whole were solid. It shows
that this sawe result applies equally to the case of het-
erogeneousness of shell and flmid—that is, to the case of
the actuul earth; tuat Prof, Hopking’s famous result
that there must be a solid crust to a depth of at least
800 to 1,000 miles is founded upon his fallacious mauner
of computing the pressure of a heterogeneous envel-
oped fluld upon its envelope; that this determiration
econtaining all she ditfieulties of the transcendental
problem of the “figure’” of a heterogeneous earth is
made by Prof, Hopkins as extraordinary for its falla-
ciousness as for it8 simplicity—i. e,, by Integration of
the autractive forces on the clementary particles of the
fluid us free forces,

Gen. Barnard solves the question by this proposition,
and asserts that its denial would, carried to its legitimate
consequences, involve violation of the law of * conversa-
tion of energy.” Given a heterogeneous fluid wholly
enveloped by a rigid shell, and a state of static equi-
tibrium assumed in relation to internal forces und a for-
eign attraction, the pressure-couple of the fluid ou the
shell due to this attraction is one and the same as that
which would be exerted on the fluid solidified.

According to Prof. Hopkins, this idectity exists
only in the case of homogeuveousness ; and heuce, and
hence only, his famous and fallacious result that pre-
cossion is different for & heterogenous shell and
fluid from that which would belong to the spheroid
wholly soliditied, and that there must be a crust of S0
or 1,000 miles thickuess.

Geu. Barpard shows that this simple correction con-
verts Prof. Hopkius's formula into one exhibiting iden-
tity of precession in the two cases; he shows woreover
that his actual formula as 1t stands expresses exactly the
reverse from what he supposes; that it realiy gives
groater (instead of less, what he needs) precession by
thuckening the crust. i

The following “ conclusions” quoted from Gen. Bar-
pard’s Smitbsonian paper are deduced :

First: The analysis of Prol. Hopkins, in its applica-
tion to a howogeneous fluid and shell, secms to estab-
lish (and the result 18 confirmmed by its harmony with
tidal phenomena as developed in p. 43) that the rotation
unparts to the fluid a practical rigidity by which it re-
acts upoun the shell as 1if it were a solid mass, while its
pressure imparts to the shell the requisite couple to pre-
serve the p:eeewon unclanged. )




Second : The same practical rigidity is, with entire
reason, attributed to the bheterogencous fluid by which
(leaving out of view minute relative osciliations which
do vot aflect the wean resultant in other natural phe-
nomena and should not tu this) the shell and fluid take
& common expression,

Third : The two masses retaiming their configurations,
mutusl relations, and rotary velocities, esseutially un-
altered by the hypothesis of luterunal fluidity, it would
be & violation of funduental mechanical principles
were the resulting precession not identical with that
due 10 the eutire wass considered as solid.

: The commwon aud identical precession of fluid
and shell resulting from the analysis, s 1ndispensable
t0 any conception of precession for the earth as cow-

of thin shell snd fluid; for otlrerwise internal
equilibrium would be destroyed and the * figure of the
earth™ cease to have any assigunable expression. The
entire mass, fluid and solid, must (without invoking tue
aid of * viscosity ') be carned aloug in the precéssional
motiop of the earth. The analysis I bave exawined
demonstrates the possibility and exhibits the rationale
of such & community of p p, but fails in the at-
tempt to exhivis » test of the eXistence or absence of in-
terual fludity,

Fifth : The powerful pressures that would be exerted
upon & thin and rigid shell would probably produce in it
noticeable mutational movements; while if the shell be
not of a rigidity far surpassiug that of the constitueots
of the coguizable crust, the jprecessional motion of the
earth would, owing to the neutralizing efiect of tidal pro-
tuberances, searcely be observable.
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