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water was about seveli feet;  but, owing to 
the inflocnce of gales and cnrrents, the whole 
ocean is fillcd with pack from fiftj to two hun- 
dred feet ill thickness. During tlie ~vhole win- 
ter tliis rc3gioii is sul)ject to ~ ~ i o l c n t  local gales, 
whicli ope11 linge claclts in tliis fiozen ocean, 
often esie~lcling nlaily miles, and from ten to 
f i ~  Tliese craclis freeze e hundred j ards wide. 
over w r y  r~rpiilly, as tlie te1lil)erat~ue of the 
pea-water alnay stallds at 29.2" F. We have 
l~no~111two feet ancl a half of ice to he forined 
o\er one of these craclis in ten h011rs. Tliis 
expansion, acting like a great vwlgc, shoves 
tlie great masses of pacli apart ; aud it can only 
fiiid room in the clireclion of the loner latitudes, 
or side of tlie least ~csistance. IIe~lce n e  see 
along tlie sontlieii~ edge of the eternal pack a 
continual cro\vding-don n of olcl ice, n lrich llas 
.yielded to the iiem ice forn~ecl in tllc cracks, and, 
hi its turn, is paclied mid displaced ; but n-e 
never fo~lnd tliat there was an1 accninulatio~~ 
of new ice on the subme~gecl m:zsses of old 
pack, no matter to ~11lat clcl)tli they rested in 
the \later. This process going on daily and 
hourly, tlle ice o\ er the pole is kept at  an c\ cn 
tllicliness ; the old, l i e a y  ice, often liigli a b o ~  c 
the surface, j ielcling to the new. \Ye ne\-er 
found that ice fo'orn~eil on tile bottonl of tlle sea, 
the lalies, or the rivers. 

ON THE S T A T E  O F  7'1313 IN1'EBIOIt 
OF 2'HE BA117'1I. 

TIIEappearance of the new editiol~ of Tllom- 
son and Tail's treatise on natuial philosophy 
affords an opportunitj for geologists to object 
to coi~cl~~sioils  ret~ched by plijsicists in relation 
to tlie conclitio~~ of tlie interior of the earth. 
Varions plij sicists, cliief anlong ~vllom are 
IIopliins, Sir \T7illiam Thoinson, and G .  El. 
Darn in, have concl~icled, fro111 a disc~~ssionof 
the l~heuoinena of precession and of ticlal fric- 
tion, tliat tlie earth is n solid, ~ri t l i  a rigitlity 
at  least as great as steel. hoine tiiile ago 
Thomson retracted the filst part of the argu- 
ment, on a suggestion i~iade by Nc~vcoini). 
and the nriter e ~ p e c t c d  to see a retraction of 
the entire argiin~ent in the nen7 edition of tlic 
philosopliy ; hut it does ilot appear. Yet tlic 
statelllent is soillen hat n~odified. 011 the 485th 
page of \ol .  i., pait ii., the following para- 
grapll n1)penrs : -

* '  Tliese conclrlsions, clrnn 11 solely from a 
con~iclcration oC the necessary orcler of cooling 
and consolidation, accordil~g to Biscliof's re-
sult as to the ielntire s1)ecific gral ities of solid 
ailcl of ilieltecl rocli. are in perfect accorclai~cc 
with SS 532-8-18, regalding the present con-
tlition of tllc cartli's i~iterior, -that i t  is not, 

The migixtion of tlie eider occurs ill May ; as conlmoi~ly sill~posed, all liquid TT ithin a illill 
ancl tlie flight is to tlie north-east, in the direc- soliil ci us1 of frorn 30 to 1O O  lililes thicli, but 
tion of Prince I'atiicli's Tiand. Il'e neler san- tliat it is. on tlie nliolc, mole iigitl, ceitninl~ , 
any flight of birds to or fioni true nor111 at  ally tllail a solid gloi~e of glass of tlre contin~~ous 
season of tlie j ear. They conlnlence r e t~~rn ing  saliir cliauietcr, :inti l~robahlj tliuil one of steel." 
along the nestern sllorc in July, and linger as 
long as there is any open water. 

The illcn~hcrs of the csl~cclition found tirrie 
to ~iialic a large rollectioil in ctlinology aild 
natural history, nliicll 11ns been turned orcr 
to tlie Sinithsoiiian institution, a i d  is norr Ilc- 
ing cataloguecl and 1)laced. All records n ere 
liept in cluplicatc, nnd both copies ncre brought 
safely hncli to tlic Unitecl Ht:ites. Thc ofliriul 
report is no~v being compiled at  TJrasiiington, 
and 37 ill be issued by the sigunl-oflice as soon 
as p~lblis!lccl. 

Tlie l~ar ty  retarnecl to the Unitecl States on 
the schooiler Leo, cilaltcled for that purpose ; 
lea\ iug the statioil Aug. 29, 1883, and re-
turned vici Bering Stlait uncl tlic l3ass of 
Ahutaii, lnncln~g :~t  San Francisco, Cal., Oct. 
7, l h h 3  ; toricliing only at St. &licl~ael's, nhere 
Licut. Scliwatkzr, and l ~ i s  party were fo~und n ait- 
ing for u cliance to return to tlie hinitcd States, 
:~ftcr their a t l ~  c~ntuious ride of orel. t ~ v o  tlio~r- 
snlid miles darn tllc Tulion on a raft, aiicl at  
Unalnska, to lepair our little vessel, T\ llich had 
heen damaged by the ice. P. 11. RAY. 

It is not 1i1j l )~ i r l )oscasageo log i s tto dis- 
cuss tlic xllerliods by J\ llicll tliis coriclusioii is 
I eacllccl ; nor shall 1 array tlie facts by nrliicli 
geologists arrive at  :L difcient conclusion. 1 
pro1)ose simply to clraiacterize the lines of in- 
dnc t i~c reasorling usecl by them. Thesc are 
as follows :-

Tlie wiiter has carcfi~lly studiccl a fa71lt in 
Titali and Arizona, abol:t t l i~ee  hundiecl ixiles 
ill lel~gtli, with n t l l ro \~  Tar) i ~ ~ g  two thou- f ~ o m  
sa11cl to fire thoasalid fi>et. E ~ c r j  \~ l ic icalong 
its couise t!le displacei~ient is easily seen : its 
-\.evil-\- is a fact of obscr\ation, confirmed 11y 
tlle observation of oilier geologists thoroaglily 
coinpctcnt. The fault is so plain, that tlic 
t , ~YO in geology may see it. S o n ,  in the case 
of this fhult, three lljpotl~escs lnay he cnter- 
tained, -first, tlint the thion~n sitlc subsided ; 
sccoiid, that tlic tliron ii side rcmainccl station- 
ary ill rclation to t11c centre of tlic eartli, an(% 
the opi~ositc side was tlpllea\ed ; or, tliircl, that 
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while the thrown side went down, the opposite 
side went up. To explain the first hypothesis, 
we must have either a condensation of the mass 
underlying the thrown side, extending toward 
the centre of the earth, or a transferrence of 
the material from immediately beneath the 
thrown side to some other part of the interior 
of the earth. A condensation or a transfer­
e n c e is absolutely necessary. The latter hy­
pothesis is the hypothesis of a fluid interior. 
In the second case mentioned above, where 
the side opposite the thrown block is supposed 
to be upheaved, there must be either an ex­
pansion of the immediately underlying material, 
or a transferrence of material. The hypothe­
sis of a vacuum beneath is untenable, for it 
can be easily demonstrated that the strength. 
of materials could not possibly sustain the re­
sultant stress. We are forced, therefore, to 
the conclusion that there is either an expan­
sion or a transferrence of material, the latter 
being equivalent to the Irypothesis of an in­
terior fluid. The third case is, that one side 
went down while the other side went up ; and 
this hypothesis is sustained by many concomi­
tant facts. In this case there must either be 
a condensation on one side and an expansion 
on the other, or a transferrence of material: 
and geologists conclude that there has been a 
transferrence of material; i.e., they postulate 
a fluid interior. 

Faults like the one above mentioned are not 
infrequent. Mairy are discovered of greater 
magnitude, many more of less ; and, wherever 
the geology of any great district of country 
has been explored, such faults have been dis­
covered, so that they are now known to exist 
in great numbers throughout all the studied 
portion of the land-surface of the earth. Every 
year's research — it may almost be said every 
month's or every week's research — adds to 
the number. 

In addition to these faults, geologists are 
everywhere discovering flexures, many of them 
simple monoclinal bendings by which the crust 
of the earth is displaced ; one side being low­
ered, or the other raised, or the two simultane­
ously moved. Again : great anticlinal flexures 
are discovered, sometimes developed to ap-
pressed folds, and monoclinal and anticlinal 
flexures are found throughout the whole known 
portion of the land-surface of the earth; so 
that these displacements by faulting and by 
flexure are widely and generally distributed. 

Again : displacement is a phenomenon, not 
simply of the present time, but of all known 
geologic time ; as like displacements are dis­
covered of various ages, beginning with the 

oldest archaean, and extending to the present 
time. Nor can we say that displacement was 
either greater or less in earlier geologic times 
than in the present. Such displacements as 
have been here briefly characterized have oc­
curred again and again in the same district of 
country, sometimes following the old lines, 
oftener along new lines, traversing in diverse 
ways the same territory; so that blocks of 
the crust that have at one time been upheaved 
have at another time subsided, and blocks that 
at one time have subsided have at another 
been upheaved. I t is sometimes possible 
to discover as many as six or more epochs 
of alternating displacement; in the first the 
rocks going up, in the second down, then 
up, then down, etc. The evidence of re­
peated displacement in the same district is 
not simply local, but is widely spread through­
out the known portion of the land-surface of 
the earth. 

But the evidence for a fluid condition of the 
interior, derived from displacement, does not 
end here. Take first a simple example like 
the following: a block of stony crust is sepa­
rated from the adjacent rock on all sides by 
fracture. Such a block may be many miles in 
length (ten or a hundred), and of varying width 
(two or twenty miles). Such a severed block 
will be found by the geologist to have careened, 
one side or edge going down while the other 
came up. In order to explain this displace­
ment, it is necessary to assume that there was 
an increasing rate of expansion beneath the 
block from the axis of rotation to the upturned 
edge, and an increasing condensation of the 
underlying material from the same axis to the 
edge of the down-thrown side, or to assume 
that it careened on a fluid mass. The latter 
is the explanation accepted by geologists. 
Again : such a block may be broken into many 
parts, each one of which behaves as an inte­
ger, and careens on its own axis. Many such 
careened blocks have been discovered, though 
this particular form of displacement has not 
been described bj^ geologists to the extent of 
those mentioned above. 

II. The argument from vulcanism. 

Fluid matter comes up from unknown depths, 
and is sometimes intercalated between horizon­
tal or dipping beds of sedimentary rock ; but 
oftener it comes to the surface and is poured 
out in sheets, sheet being piled on sheet until 
mountains and mountain systems are pro­
duced. The amount of matter thus brought 
up from below is great : and it occupies large 
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areas througl~out all the known 1)ortion of the 
earth, forllli~~g the substance of many mesas, 
l>lateaus, ant1 momntain systems, in which val- 
leys and valley systems are c:~rred. The pour- 
ing-out of this rolcanic matter is not confi~led 
to the present time, or to late geologic time. 
Nor call the geologist assert that the rate of 
extrztvasation has increasecl or cli~ninishecl rrom 
the earliest k~lovv~l geologic time to the 1)rcsent. 
I t  seems to 11nve heen pm'oxysmal by ciist~icts. 
but unifortn, considering the whole extent of 
the snrf:xce of the earth. The magnitrtcle of 
the volcanic formations exposecl a t  the snrface 
is such thnt tlie origin of the material cannot 
be attrihnted to local aild tririal causes : it 
must he csl~lained by laws of universal appli- 
cation. Estravasation is alrraxs associatetl. so 
far as the phenomena liave been studiecl, with 
clisp1:xcement ; and this associntioll is of such a 
aatrtre that they must hare a common espla-
nation. This comlnon csplanation, as postn-
latecl 1,)- geologists, is n fluid interior. 

III. TJbe cr,rgurne,tt from internal ten~pe~ntuve. 

Tlie liypotlicsis of a fluid interior is reachecl 
11j ~ m t h e r  inductive m e t l o ,  - t l r o ~ g  the 
ft~cts relating to increase of temperature fiom 
tllt~ snrface dow~rward. Tlie rate of inc~.ease is 
llot well k~lorsll ; i t  seems to be greatly rari- 
able. 111general, it lnag 7 u c >  roughly stated, as 
it is by Tllo~llsoil aucl Tait, as about oue degree 
for cncli fifty feel ; but in many cases the sale 
is muell hipher. Such an increase, bnoxrn to 
extend so 'r clom~i:IS obscrvatio~l a1113 esperi- 
nreilt llave reached, if co~lti~iuecl at  the snrne 
rate, would soon give n temperature at  ~vliich 
all linoxvn roclrs n~oulcl he mcltecl ; and tllc hy- 
potllesis of a Huid co~lclitioi~ is thereby strength- 
eaecl. 

I T T .  ' Z ' / L ~al.gzc?nent .f~.onz the .$ozu o f  solids.' 

I t  is an liypotllesis rrortlly of considerntion, 
that pressu~e itself R-o~ilcl recluce tile interior 
of the earth to a fluid conclitiotl. That rigiclitr, 
~~li ic11is the characteristic of the solitl stilte, 
is clue to moltbcular col~esion : hut geologists 
ererSw11ere in their rescarclies tlisco~er that 
this ~nolecular collesion, or rigitlity, rriay be 
overcome by 1)ress:lre: fhr everywhere they 
finel that rocks may be squeezecl into new 
forms, bent, contorted, and implicatetl ; that 
is, the force of compression existiug in Inany 
thousands of fcct of superincumbent rocl; 01 er-
cotnes molecular col~esio~l such an extentto 
as to cause roclis to jlelcl (the molecular 
collesion is brolien down). Doubtless the 
c~lement of time is invol~ecl, to some extent, 

:is a rock may be bent .with a small force, if 
sufficient time be allowed. But with increase 
of force there maj- be decrease of time; ancl 
the foicc engagccl in compressiol~, being the 
weight of miles of superincumbe~it rock, must 
be sufficient to greatly reduce tile element of 
time, a ~ ~ d  cause to elisappear. perhaps to it 
Tile last few years of e\rperimeut have added 
to the arg~tnlcnt derirecl from geologic obser- 
T ation. Afany solicls have allheacl~ heen fortzd 
to flow under pressure. Tlie ~llolccular con- 
stitution of solids is fo~ulcl to undergo a change 
by reas011 of pressure. so that new compounds 
111ay be for~liecl therel~y ; ancl in pressure me 
haye collr'litio~is for clleinical chi i~~gcanalogous 
to the conclitions proclucecl by melting. I t  is 
tllerefore an inductive 11~-potllcsis of the high- 
est ralr~e,  that a11 loclis may be redneed to s 
fluid coi?ditioll -i.e., be cnusecl to hellare :is 
bodies of minute parts. without rigidity of 
structul,e-by Ilressnre alo~ie. 

The facts of ohserratioil ancl e~11c~riment 
cliaracte~ized above are ~ u s t l p  lx~~ltifalious 
ancl culuiilative. and the couclasiuns in eacli 
case are strictly i~lductire. 'Pile theorj- reached 
by the coariliencc of these four intlnctive 
p~ocessc~sis so strong, that sttuctnr:rl geolo-
gists are coii~pellccl to accept it,  aucl con t~a -  
dictory cont~l~~sions rejected. there-are I t  
fore behoovc~s the 1111~-sicist to re-esarllil~e his 
data a n ~ l  his ~iietlroils of logical proceclure : for, 
perchance, lie may discover thnt tin erlor lrrrlis 
tliereia. J .  71'. .POTTJ,L,I 

RECCKTcouvel sations n it11 tcacllers of' p11ys- 
ics have shorr11 me that there exists. in tllic, 
country at  le,ist, great clirersity of opii~iol~ as 
to the proper clcfi~litioil and rise of the term 

i~rertia.' 
Elenientary test-books usual1 speali of in- 

ertia as a Illere ii~c~Dilily, -the inabi i i t~  of a. 
l~ody to set itself' in motion, or to stop itself 
wile11 olice in motion. This is an  oltl use of 
the term, but certainlynot the best use. Alas-
R-ell st3tes.l t1l:tt at tlie r e ~ i r a l  of science, 

~~11 i l e  stood by this the I I~CI I  of scieilcc i11lc1e1 
term [the inertia of matter] tile tenclcncy of the 
body to persevere ill its state of' luolio~l (or
les t ) ,  ancl co~lsiclrred it a v,?cc~s/~t-i~li ley l ~ n x t i l y  
[the Italics are ruinel. tliose philosoplrers who 
were nnncquainted TI it11 scieilce undelstood in- 
el tia in its literal sclise as a qnalitjr-lnere 
TF ant of activity, or laziness." 

Alaxwell suggests certain simple experiments 
"Theory of heat, p. 86. 


