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A){.1'.XCIV. ON THE SHCULAUCuuDNCOb'THt': t~AKTn.

[7')'ff;t.f«f;<«)tMf~'(ytt'7f()~<t).S'f)('/<()/A'<h'<t~N)'t,Vul. XXIII.
Rend AprHM, 18f~.J

). F"H ci~Iitccn ycat's ih b:hs prcssud on my nnm), Lbat

cs.scntiid principius of Thcrtno-dynatnif's )if).vc buc'n ovurtuo~ctl hy
tit~su ~(joio~ists who uncf))up)'o)nisin~!y oppose :d) piu'oxymn!).)

ttyp'tt.hcs~s, and )n:nntai)t uot ouly that wc h:L\'c cxa)np!c.s nuw

Lt'ft))'<jUH,onthcc:n'th,ot':iLl) t))C(ti<rcrcuLac(-iunn1)y wtxchits

o'ust bas bccn motMHud m gc~ogie~) hi.stot'y, but. tha.t.t1~s<

!tcti')))sh:t.VL!))uvcr,<)rhn.vc!n()tontt)cwI~)Ic,buc:nnn'ruvi())unt

in p:tsL ti.)nc than thcy arc at prusunt.

2. It is (p)itc curtain thc su!:n' sy.st.cr)) c[U)))ot havu gu))L; ou

uvu)) as at prcscnt,, fur a fcw Inmdrcd Lhuusand (jr n few t)u))ioti

yt'ars, wtthout thé ii'rcvocabic luss (by dissipation, not. by «//)rf7«7(t-

~u;<) of vuryconsidur~btu proportion ofthu untirc (-'ncr~y imtiaUy

in store tor Hunhu:Lt,and for Phitouic action. it.isquit.'jc<j)'t:a.in

t.haL thc \ito)c sturc uf cnct'gy in thc so)ar syst~m haH bucu

~r(;:LturinaH pasttitnc.thauat présent; bntitis conccivab!<j

that thc rate at which it bas beun dm.wn upon an<) dissipn.tud,

\v))(;thL;rbysu!:t.rr!idi:ition,orbyvolcanicactionint-bc(.'artboi'
ot.)u'r ():n'k bodies of thc syston, )nay bave bccn ncar!y equabln,

or may <jvc')t havu bcen tus.s rapid, in cortain pcriodn of t))c {'ast.

Hutiti.s farntorc probable thattb'jsucutarratt.'of dissipation

bas bcun in somc diruct proportion to tbu tota! axxjunL of mxjrgy

in store, at. any finie at'tur thu comntunconcnt ofthe prusunt ordur

of things, and ha.s beeu Litcrutui-e vury sluwly diminisbing frutn

a~u to :~c.

3. I ha.vu cnd~avomud tu pruvc this fur thc sun's hcut, in un
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artidc n-œnt.iy pHb!i.s))rd h)
~c/(t;s~/f~~c*, wht.ru 1

''avrshownt.hut )n..stpr<.h;d)iy <ho .st.).
~s'~n.sihiy ).r

y~ar.sa~.thanhoi.sn~v. H~n~o).~i.d.spc.)at.im..s
as.s).n.n~.sun~vh:L).~att.r .xt.œnn..sof h~t..non.vi.,)t.t.st..n-.ns

<Ls,.n..n. )ux).rinn< vc~tat.iou.~nd hardit.)-) c.scr-
gra.m.d j,U)ts )L),.) ani)n:ds,in ru.noLc

:U)t.).juity,!).n.).)0)-upn,-
)'a).)~t,).a). t).u.s~ .,f).)~ <t.runc <)).i..t.i.s(.,ur ")U)ifun~it;m:u."
-s.-)mu). A ".ni.M).. pat.h.H,(. ~n<Tn)ty~fu.st,i.,s<.i.)<.ifK..s;cu-
L-s.m.sh<b.s..i.nhi.s~.

Itis))n.t~hK.f.hat.).yp..t)K~.s
"t ~!n.) <~t.-Lstrup)j(.s t~.stn.yi. ~) i,f.; f,n thc ~LrLh, :un)
'tnn'~ )(s whuiu .surface ““< aR. ~n~t)yi.. c.T«r; iLis
!m}.us.s)bl<- th:).t. hyj~hrsL-.s n.sstu.ti.~ ~n ~uaLi)!)yot'su..and
-stunu.s for

),0()0,OOOy~)-.s,ca)ibcw)iuHy truc.

Funricr's
math~ttaticatUiporyofthc.œt.duct.K.n uf hcat,

is aboutit))) wurki.~<,ut of!).
pa)-<icu]arcit.subcl<.)~i)~to<)iu

~n<.r!d.)octrl..uof th.. "Dissipai. ~'Huc~y-f- Acha~ctur-
'.sL.~uf'tLcp)-acticdsotution.s it. présents i.s.t'hat.mcachc~c~
dhsLnb..t..on uf tcinpc-urc, bûconnng~,idua))ye.pmli.scd Lhroughan uni.untudfttt.irc.is expresse as fLfunctIunofthctimc.whi~).
is infuutcty divergent i.,r a)I ti.nes longer past than a dennite
deternnnable epuc]t. T]~ ULstribution of L~t at such au cpuch
iHe~cnt.aHy ~that i.sto.say. itcannot. rcstdt fi~m any
pruvH.us~nd.tlun oi'mattci- byi~turalproccs.sc.s. It is, t)~n
wc!t caticd ait

~r~~Y<?-yInitia! .)I.strib(ttion of ).c~t," in Fo.n-icr's
~cat maHicmatic-a) pocin, bcc.ausc th~t which is ri~orousty cx-
prus.scd by t)~ t.iathcmatica! fornmta could <,n!y bc rciJised byachun uf puwcr ab)u to ,nodify thc t.~v.s of dcad niatter. In
all art.clc pubit~hed abont ~inc~-en yc-ars agu in tt.c C~r~e
~e~~< .<<I gave t).c )u~].e.natica) critenun for an
c.s.scntudiy iniLial distributi<u,; ~nd in an inaugura) essny De
~t~~t 6' ~er ~'c'~w Cor~MA, rcad bufore t).e Facnky of tLe
U.avcrs.ty of Oasguw in L~G,I .suggcstud,as an application uf
thc..sc pn..c.ptus, that a perfc.ctiy co.up)~tc gcothci-mic survey

"On t!,e Agc of the Sun'. Mc.at."M~ch. 180-2:[a).so7~~< 7.
.'h~'('~T.<,M!te)nn)ttn,18H:)].

t
~n~

~y/
.S~.

l..h. ]8~~ ..on a Uniyc.~1 T.nd.ncy in N.turco thc hss.p..on n Mcchanica)E~~y~ At.c. ~On thc lic.t.rati.n of Encr.y

in ~L~t.xn. VU!.1.ubove.j
t F<.brnnry.lë.i.L-Notc ou Certain l'oints in thoTheoryof Hcat:" [Art. x.Vol. t. uuo\'c,]
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\t))tidgivt'us<):)t:Lt()rdt't(;r)nit)H)ga!)initi!dopo('))iu<.)n'pr"b)(')))
cf ((.'rrc.stri.Ucondxction. A).tbo)nm'~in~ot'thoHri(.is))Ass<ia-

ti<'Hiu(}):~)\vin )So5,JH)'~(.'dt))at,spt!(-i!d~c~t))~)'tnicsurv('ys
shotdd bcmadt!f())'t)icpnr)"'soof'L'.sti)n!(.ti))gabso)))tud!t.tL'si))

~'('o)"gy,and! pointoduutso)nf'c:).st's,<'spucia.t)yt.h!t,<.ot'(,hc sait-

.springbormgsatCn'u/nat')),!)) mK'nishI~'nssi~.i)) winch t'rop-
<h'))s< h:)sa)tit'r<K'kHt't')nt<))L';iVt').rac(.'s()ft)n;iri~))t'<)Hsorigin
m rcsifhtid ])(.;at*. ) huputhissuggt'stio)) tna.yyctb~'t.'tkcuup,
!md tnayprov''t()sf!)ncextc))t. usuf'n!; i)nt thc distm'bing m-

)))K'n<c.s:t.H't;ct.in~un()t.'r~)'t)U)n) t(')))[)m':)L)n'c,:L.s Pn'fL'.ssot'j'Jtitjips
h:LS wcH.s))ownh)!). rcc(')tLi)):).u~'ni':Lt:(.()<))'c.'s.s~'L))(.'(j!u<)togic:t.)

Suciet.y.m'û t<)<t~'rcfLtt":Lt!')W ))st,un.\puct.:).ny\'(.y))ri'uise"r

.s:).Lisfactory !'c.sn!ts.

Thc chiufohjc'ct uf thc prc'st'nt. co)n)))n))ic:).tlu)) i.s t,o

c.sLimn.tu front thL'kut)W)tL;unu!'n)i)n;t'(j:)L.st.!<)tt(jn~)tj)':t.tm'cint))u
L':n'Ut <)uw)iwa.r<)H,thu (hdu uf' t.hc <i)'nt e.staHi.s)n!K;nt.ofth:).t,

CL'«A'~e;~tL')'~<< which, accurding to Lcibnitx's thcury, is thu

itiit[:t.l'!a.tL:ofaUgt;u)ugic:U)n.stury.

(J. Ina))p:u't,.s<)fthow")(} in wt)iu)tt))t.'<ja!'th'sct'u.sth:(..s

buu)t cxiuoincd, at sufHciuntty ~n'at dcptits Lo cscapo t:u'gu i))Hm;ncu

ut' thc irrugutar and of thu annua) variattons <jf thc supurHcia.!

tmnpcratut'c, n. gradmdty incrcasitig tmnpo'aturu ha.s bccn ftjund

in going dccpur. Tim mtc of augtnc'nta.tiott (<jntinia.tcd at (j))iy

y}~th of a, degTcc, t~hr., in .soinc locatitic.s, a))d as ]nuclt as .th
ot' n. dugrcu iu otitcrs, pcr fuot of du.sccut) ))a.s not bucn obscrvud

ina.sufHcientuunibcr ofp)a.œs to cstab)ish nuyfa.ir nvcra.gu
ustunato fur t)~ uppcrcmstofthuwltole~rth. Bub~this

cunmioniy acceptcd a-s a rough !uca.u or, in otbcr wurds, it is as-

sumcd as a. resuit cf observation, that therc is, on thc whoic, abuut

1 Fn.hr. oC ctcvation of tcntperatnru pcr 50 British fcct of dL-scoit..

7. Thc faet tttat thc tonpuraturc itiercascs witit thc dcpth

implics n. contmnn.t loss of ))cat t'rom thc intcriur, by conduction

ontwards througit or iuto thc upper crust. Ito)ce,sincc tiiu

uppcr crust docs not bccc'nic hottcr froni ycar to year, thcrc must

bu a- sccutar h)H.sof hcat front the whoto curth. it is possible
that no cooling )nn,y rcsu)t. fn.))n this )oss of hcat, but o)i)y :m

cxhaustion of putoitial cncrgy, winch in this cusu cotdd scarcuty

Sec 7~'t'<t.'i/;jMu(;t<t<<'()~A'c~t))'<q/' 1855 (G)asRûw)McuthiH.[~t. Lxxxvn.
Vol. [i. nbovu].
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bc o),b(.'r tban cbonica) aHiuity butwuon sub.staxcc.s ('ornung part
of tbu uartit's tuass. But it is ccrt.ain tbat citfn.'r thc carth is

bccoming <n' tbc wbu)c cooicr fn';)) âge tu a~c, or t.hc )ica,t

conductcd ont is guncratcd in thc into'ior hy t.cïnponn'y dynamica)

(that is, In tins case, chcnuca!) action Tu nupposu, :t.s LyuH,

adoptit)~ t.hc c))ut)ucaf hyptjt~csis, has ()onu~ that. tho .substanecs,

combinin~ to~t;th<r, )aay bc :)g'ain scpant.tud c!(;ct.]'o)yt,ica)iy by

thcrm~-utucU'ic cm'rcnts, duc tu <hc heat ~cnuratcd by Lhuir

c(')nbinatiun,a))(} tbus t))c chumic!).) action and its ))L'atc"))tt)H)cd

in an cndk's.s cyclu, viotat,u.s thc principtcs of uit.txt'at phDn.sophy
in ('xact)y thé .samc tnantx'f', and tu thu .sa)nc dc~rce, a..s to Lciievu

Um.t a ciock cun.stt'uctcd wi(,]i a t:utf-indin~ tnovoncnt. may fnifi)

t))c cxpcctatmns uf its in~cni(.)u.s inventur by g'oing iur cvcr.

It must ))t<)c(jd bc admittcd tjjat many ~oo)(~ica] writc'rn

of thc (7ni)'())'mit:u'ia.n -schoot, wh" in uthcr )'CHpcct.s have ta~(;))

a prof()))n()]y phiiosophic.'d vicw uf t,hci)' snbjcct, hâve ~r~ucd iu

a nxj.st i'idtacitms ))Kt.)))K')'a~aiu.st. hypothc.sL's uf vioicnt act.i())) in

past a~c's. ïf' <))cy ha<) cuntcntud thu)nsu!cs \vith s))owi))~ that

many ~xi.sti))~aj)j)(ja!'anc(;s,a]Li)(j))gh su~gu.stivu uf extrouc violence

and suddun change, may Iinvu bcen brought about uy !ong-
contixucd act.io);, ur hy p:u'oxysn).s not mure intense t))a.n nonc uf

which w~ )':tVL'(.~pununœ withl)) thc p<;)'i<j().sof !tU)r):).n history,
thcir piMition onght. havu bec)) uoa.ssaiht.btu; aod co'tiUtdy co))I<)

no<. hâve' bccn assai!u() uxccpt by a dctaifcd discussioti of tttuir

facts. Jt wou)(! bu u. vury woodo-ih], but nut an absuiutujy in-

o'udibit; )'c.st))t, t.ha.t v~canic acLiua bas oever bucn more vluicnt

un t.)n.' whotn thah (hn-mg thc last twu or t)n\:c ct'utui-i~s; but itt

is :ts cct't:u!t that thcrc is n(j\v joss vuicanic cncrgy in the wbuic

(jart.b thatt thcru \vas ;i titousand ycars n.go, as it is thnt thcrc is

iusH gmtpuwdcr in a "Aionitor" aftcr sbc bas bccn sccn to dis-

c))a)'gu sitôt :uid shu!), \v])cUto' at a ncariy uquabic rate ur not,
fur fivu ))~urs withunt rcuuiving fruH)) suppiies, thatt t)u.'ru was at

tbu b(.-gi)H)io~ of thc action. Yut this truth bas buL-n ignorud or

Am'thcr );t)ulof <!ynn)))iea!oction,c<t)))tb)uof KC"o)~t.i))nhuât. in tho interior
ufthu ufu'ti),is tho friction which wotddintp~tc tidai osoi!Intiûnnif tho ou'th wcrû
pitrti~ny or whu))yeooMtitutcdof visMOUHnxtttor. Sec a pftper by rrof. G. II.
D~rwin, "Oo probjona oomiectct)with thc tides of n viseouHt<pi)croi(t,"7'<.
~'oe. J~ 1~7!),l'art n. W. T. Jn)y, 1HM:).

t 7'N<<t/~<'<< C«'u~ chap. xxxf.éd. 18;fi l'rirlri/~l~~auj Urulu~ clrrilr.xxxt.e<l.lHri3,
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duniud by many uf t!<c icadiog guotogists ot' thu prcscnt, day*,
bucanso thcy bbtiuvu t.))at tbc tacts wlthin t)tuiy province do nut

dumonstrate ~rcatcr viutcncc in ancient changes nf ti)c ea.rth's

surface, or do dononstratc a ncar)y ~juabtu aetiou in a.!) pcricds.

!). Thc chonica,! hypot)n;sis tu a.ccotmt for undcr~routtd hcn.t

)ni~))t b~; rc'u'dcd ~s not m)pi't)b:),))!c, if it w:ts "uly in iso!:T.tud

!oc:),!it,ics Lhut t))c t,(;n)pcrn.t.)u'u was fonnd to incru~su wiLh thu

dt'pt)t ;U)d, indued, It c:u) scarcc)y hu (toubtud th:).t ciionied

:tct,i<j))exercises :u) appreciah)(! infhtcncc (possIUy m.-gativu, hmv-

cvcr) on thu iLCt.iun of vo)c:un)cs; Lut thaL Lhcrc is slu\v uniform

(.'u!nbu.stion," ercH~c«!f~, or chumic:),! c")nbmnti<nt of :u)y ~ind

j~~iug on, at Homc ~ru:t.t unkouwn dcpt.)) undcr thu surface

cvL'rywhL're, aud crm'ping i)tw:u'ds griu)))!d)y as thc ehonietd

!i.)ti!)itiL:s in layer :).ft(.'t' l~ycr a)\' succussivety Muturatud, sc(.!tns

c.'itrom.'ty itnprobaidu, a)bhou~]t iL c:m))uL bc pn~uouncm) t<' bu

!t.))s~)nt,t')yi)n{)()s.sibj(.~<)]'n<)t)traryto;).i) iUlido~ics h) n:tt))rL'. Tbc

it.;ss hypKLhctica.) vmw, itowuvcr, ttiaL tjhc L'iu'th is ntt'.rcty :), w:n')n

chomicatty inci't body cu~Im~, is ciuarty tu bu prct'L'rrud in thu

prusoit statc uf suicucc.

10. Puisson's cctcbratud !typo).))c.sis, <J):tt,Un; pr~sunt. undL-r-

~)'<~nt(.thuât is duc t,u :). p:),ss:~(;, aL .s~mu for)))L'r p(.'i'iod, uf (lie

HotiK'nyH<j;)n thn'u~h h"tt<r .st,L')):u' rug~ns, t'atmoL pruvidt.' Litu

cin'um.st.iUtCL's rc'purcd for a p:d(,'uut.<dogy c'mtinmnts tiu-ou~ii
)))at, cpccb of cxturna) ht'at. Fo)' frutn a tocan of v~htL's of t.hu

cuhdxctivity, in tunns of t))c thcrma) capacity of onit \'oh))!tc,
t'f t.hc cart,h's crust., in L)u'(;n dinbrcnt )uc:dit,n's nu:u' ~(Uidj~r~t),
w)dch 1 !tavu dc'ducud fro)t) Lhc ohsurvationH on undurg'round

tonpL'raturc instiLutud hy Principat L'orLcs L))uru, 1 nnd thut.

if t1)u nuppo.scd transit t))t'n))g)t :). ))'jtLur re~iot) of spa(;c took

jdacc bc't.wœn 12;')() and 5000 yc:n'3 a~n, thu tuntpo'atm'u of thaL

supposcd rc~ion !nust hâve bccn frotn 25 to ;')0' Fahr. abovc thc

pn's(;nt mean tcrnpcraturc uf t.]ic carbh'.s surfacL', tu accounL fur

t))(.!pruHunt gunurat rate of undur~round iocruasc uf tumpt.'rat.uru,
takut) as 1 Fahr. in ~0 fcct duw!i\v:n'ds. f~unan history négatives
thi.s .suppo.sitifin. Again, guologists and astrouomcrs will, 1 pré-

sume, admit that thu uarth caun'.)!, 20,000 yuars ng", I~ave bceiL

It tnuHtLeborne mt))i))d t)i~t UtiHWftswrittei)in 18f;2. Thé opposite stftto-
)n';nt.C(nx;ut'tnnnti)o bolieh of HCutogiHtswouldpruh!)))iybu oow[l~t.S')]nefn'ûrtho
t.rut.h. W. T.
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~.n.spaccl00 Fahr.warn.cr tbanits prcs.nt.urfac..

Lut~
thc trans,t,onj..o,nahot r, toacooi~ionsnppos.d

byl.sson ~okp!acc,n..rcthan 20,000 y.arsa~thcuxcc.ssof
Lo.upcratnrc nn,st hâve bocn ,norc than 100 F.,)n, ~d .nu.st

~bavcdc.stroyo.)ani,na!andv.gctab)c liib. Hcncu, thc
~Lhur b..k a. thu )..tf., wu can suppose Poiss.n's ).ut ro~h.

h<,tt~io,.th.L L).c bcsL (.. ~.r v~ is Lcibni~-s U.c.ry, which sunpiy

.P~s
thc uarth tu hâve. bcc-n fLt thnc an inci~

~.sccnL h~nd,
~th.ut,

cxpian.ing how It~into th.t ,~c

W~
~I~ '"e~i~ .-ock to bc about

O,) 1~'n- e.xtrcn.dy ).i~. c..sti,n~c), thc c.n.sofid~i.n ,nayh~-c L.kc.u
pj~

200,000,000 yc..u-.s ~o. Or, if ~c suppo.sc U~
Lc.np.raturc of n.c)Ln.g r.c). <o bc. 7000-F.hr. (which is n.or.
ncar)y w~t ,t is ~L.~iy ~su.nu~ to bc), .vc n~y suppuse thc
consu!n)at.on to h~vc takcn pJaec !)~000,000 yMU-.s~go.

n. Thèse csLin.atcs arc. f.undcd on t)~ Fouricr solution
dcn.onstrated bdow. Thc ~rcatc-st variation wc h.vc to ,n.kc
thci, to take illto account th. di~runccs in thc. ratios of con-
duct~u.s to spcciHc hcats of t!.c ti.rcu Edinburgh rocks, is to
ruducc thcm to ncariyhatf, or tu incise, thc.n by rathcr .norct).an half. A rcdHct.on of thé Grccnwic)~ undersTunud ob~rvatious
recc..t)y com.nunicatcd to Ly rrofu.ssor Evorett of Wimt.sor~ov. bcotK, [now, 1880, ofQuccn-s Co!)c~, Bottast~, give. for thé
Grecnwich rocks a <{uaHty intcrmcdiatc bctwccn those of the
~dn.bu~h rocks. But .vu arc vury ignor~~t as to the cirects
of high

t.~pcmtures
in a)tcring thé eouductivitics amt spcciricI~at.s of' rocks, ai.d as to thcir latent I.eat of fusion. We~nust

thercforc, altow vcry wide Hnut.s in sueh an cstimato as 1 hâve
attc.nptcd to n.akc; but 1 think wc may with .nuch probability
say tb~t the consolidation cannot have takc.n piacc less tb'ui
20,OOOOCO ycars ago, or wc s),ou!d h~c mure underground
i.L.attf~n wc actuaHy hâve, nor n.ore than 400,000,000 years
ago, or ~e .sl.uufd llot have so nn.ch thé !ea.st observcd un'-

er~round .ncrcment of ten~erature. T)~at is to say, 1 condude
tb~Lcibnit.'s epoch of émergence of thc M~r
was probabiy betwcen Utosc dates.

12. The mathen.atica) D.cory on which Dtc.sc cstunatcs arc
~undud is vury simple, bcing in fact ,ncroly an application of
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onc of Fourier's clcmcnta,ry solutions tn t)<c probtcm of fm~ing
at any time thé rate of variation of tempcratut'o from point to

point, and thc actuat tcmpcmturc at any pouit, m a su)i<)cxtcnding
h) Infinityin a.U (lircctionH, ou thc suppositinn th.'tt a.t :)u it)iti:U

cpoch the tonpct'aturc bas liiul two <)iHcrunt ccnstiUtt vatucs on

thc two .sittcs or a ccrtain infini to p~nc. Thu solution for thc

two rc~nircd cloncnts is as foUows

V, hn.tf the ()if!'crcncc of the two initia t(-'mpct'atn)'cs;

'thc[ra.rIt.))]nctic:dn)Ciin;

<, thctimc;

t.hc distance ofanypomtft'om thé !ni(hncp!:).nc;
thc température of the point .~ïtttimc~;

ft.mt,c'ins(.ucut]y (accord))~ to thc notation of thc (Hiïcre)tti~)

ca.)cu!)ts),~)VfA7;thc rate f)fva.r)!).tinnoft!)ctc)npci)'at)u'('pcr unit.

(tf k'n~th po'pc'ndicutn.r to thu is(jthcr)n:Upifmc.s.

13, To du)))0!ist)'atc this solution, it is sufReictit to vcnfy–

()) T)):tt thu expression for s:~is<ics Fourio-'s c~ULtion fr'r

thu)i)marcom!uctionofhc~t,ix.;

(2) Thn.t whcn <=0, t))c cxprcssitm fur hccomus ~,+ fnr

:d) positive, :n)d ?'n– for ait négative, vahtc.s (tf .')';

!UuI(3),T)):it thé expression fo)' isthc'h~'rcnti:)) coud-

oient of thc expression t'or v \ith l'tjfet'cnce to

Th('propositions ('))aitd(~):t.)'t.'pr<'ve(I(Iir('ct)yl)ydiiTere))<I:t-

ti"n. Toju'ovL'(2), wchnvc,w))('nit=0,an'I~'positive,
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a.)f. ~~uc,f<, thc~t
tcn,,)~c.t positif ~d

"~iv. vi)u.,of so thj
~'hun~=Ua.ndA'ne~~tivc,

v=y-V.

!'i' ~o"~
.h..t <ns ,nnst i.t.rc.sU.~ .nd i.npo~nt ,n~hc-

~lir(cl~t-iclnerlc lcc
~~lrcclccrr. Paris, 1a?y

14.
Th.tcc.),a,,yi~ <),m

()~)rcpn.scn<.s.ytwo<s, tJ.c
j.r.~fn~ <.xt,~si..n.s fur .<)

r.s~ct.vdy.
1~. Thc.s<.h,t.i.,n

<.)H,s..xprcs.s.nnd i)f'Lstmtc<p)ic.H,f.,r~.<.r<u.. t.m. w,t.h.s.)~
sp}WI'Ü,

"y 't..d t.. u.if.r.n tc.np.re, and
.s..<).)<iy c.-

.)
t.u.ysu,Hcia) ach-.n,w).id. fur cvcr ~fk.r k~s thc

s..fa.t.s..n.(h,r<n.st.mt(~.pcr~.rc. :tf,f. i,s~.ec,th.

~s..)~
~.)..d..f.

~.b~SUUU,ni),sin~fsu)i.)

n'
will

t' '000
.i).,ns..f' Fur, If t).e rock hu d' ccr<.ain

~j.,a),<y.s~eon.)~ivi)y .d .spécifie h~thu vah.ccf

~.J' "scu.H.n.mic~(joH thu R~]

~y~
will b..4()(). ,r j,~ ,j,

"y.~
~Lh.u.).t.iunc.xpn..s.sing <,hu.s..)..ti.,n !<n,s

'<<Lcv..ducL~,UOO,0.,0,.r~hi,~ ~thcc,-

.t..
~co. j~ (“

"n.s.b),-), wh. c.ccud~,OU(),00()
c,s.L..s. T)~

,.st.hu.i.~ thc ~stIOOO ,ni)iicn
c..s D.u v.r,n ..t tc.ujK-~turc <).,cs ,.oL hcc<.ne sensibi..t

'i";n~(, that thc. in(iuc.cc. of eun'at..rc m~y bc ~!cct~.
K.. ir,nr~ wc.suppo.sc thu tin.cto bc ]~ ,ni[)Ion ye~s< '<c<n..t of U.o va.-i.tio,, f.he c~u.tion b.-cu.nc.s

Si)(-. I~lirr., 18(;() (Art. vcltt. ¡¡hove],
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The curvc <)/'() xhnws excr-ss of tnmpct'~turc iibnvo th~t of the f<niTMf.

T))fCt))'YC.)/fs!)n\v.'<)'a.tt''nrfm);)n('u~).th)))f~'tt')U))f')'!tt)]r~dow))W!U'<).'<.

A tftbte <if tho \')~CH of thi.s intfnDtt, Homotitncn nnw enitnd th(: "Knor

~mM~ts~t~~mndmT~McnLof~cM~~m~kon~ThoD~ry

"tPt'()))a))i!it!<'s,"A'~r~r~~<«'f/;«j1/f'(n~o//ffUi«, Hdit.ion lut; Vol. n. W.T.

!~f:u'c))~7,JW8i).
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The din.gra.n),thercforc, shows the variation of tcmpcra.turc which
wotdd now exist in thc carth, if its \v)tolu mass bcing ~rst solid
n.)t(!at onctumpo'it.Lurc 100;niHi<)]iyc;!).t's !ign,thc t~mpcr.t.tut'e
ofitf! .snrf.Lcchad bcoi cvc'rywhcrc suddody tuwcrcd by ~dc<Tt'ccs
nnd kcpt pcrmaxentJyn.t this lower tunipcraturc: thc sc:).]c.suscd

bcing vs fo)]ows

(1) For dcpt)) bc)nw thé surface,–sca.)c atong 0~ Icnfth
rcprc.scnts 400,000 fhut.

(2) F< rate of inercasc! of température ])cr foot of (Icpth_
Hc:U(.'of ordinatcs paraïïu! to 0~, io)gt]i &, rcprcscnts -i- of
F pcr foot. If, f.tr cxamp! F =7000 Fahr., t))is sca!u will be
such that rcprcsunts .y of a. degrec pcr ftjot.

(~) For cxcc.ss of tonpcraturu.–scatu of nrdiuatcs para))c) to

~r, h'ngtb rcprL'scuts F/~VTr, or 7000, if V=7000 Fabr.

Thus thu rate of ino'case of' tonpurature fron thc surface
downwards would bu scnsibty of a dcgrcu por foot for thé fu'st
Y00,000 fL'cLor so.l, HuJow that (i(jpt)t thu rate of increasc pcr
foot wonht hogin to (thomi.sh sunsibly. At 400,000 foet it wou)(!
h:w<! ()i)nints]tC(l to :tbuut of u, (tu~ruc pcr foot. At 800000
fuot it won)d )):).VL'(ii)niuis)tcd to fu.s.s<.))an~of its initia! value
–that is to say, to tt;s.sthan uf a du~rec pur foot; and so on,
rapi(Hy (htttiuishin~, as shown in thu curvc. Such is, on thé
whob, thc Xtost prob~b)c représentation of thu ea.rt))'s présent
tonporaturc, at dept)ts <jf fi'cm 100 fect, w)terc tho annua)
varia.tiott.s cea.se tu bu sun.sibic, to 100 nntus bctow which thc
whoic )na.ss,or :t.)f,(jxccpt a. uuciuus coot fron) thc huginnin~ is
(w)HjthL'r Ii()uid or .so!id) prubably at, or vcry nearly at, t)~

proper nicttit)~ tct)ij)c)'atnru for titu pn.'s.suruat cacb dcpth.

17. ThL; tht'ory ixdiciLtcd abovc tbrow.s H~ht on titu ouc.stion
so oftcn dis(.'u.s.st;(tas t(~whct!)t.;r turrcstriat huât eau hâve inHucncud
dhnatu throu~h )un~ ~cuio~ica) porio()s, and a.i)o\vsus tu an.swcr
it vury dt'(.'idcdty in t))o négative. Thuru woul~t bu an incrcmcnt ûf

t(j)npcraturL' at thu rate of 2 Fahr. pc;)' foot downwards ucar thc
surface, 10,000 ycars aftcr t,)to b(~im)i))~ of thu œoHng, in the
cas(_-wo)tavc sn])pt)sod. 'J'))c radiation fron carth and at)nosp!)crc
into spacc (of w))icb wc havo yut no satisfactory absolntc tneasurc-

nn-nt) wutdd a!)t)ont ccrtainfy bc su rapid in thc carth's actuat
circu)nstanc''s, as not to a))o\v a ratu of incrca.sn of 2 Fabr. ncr
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2C

foct underground to augmcnt the température of thc surface by
nmch more than about 1°; and bencc 1 infer that thé gênera)
ciimute cannot bc sensibly aiTcctcd by conducted hcat, at any timc
more than 10,000 ycars after thé commencement of superficia)
solidification. No doubt, however, in partionar places there might
bc an cievation of température by therrn:d springs, or by éruptions
of jnctted lava, and everywbcrc végétation wou!d, for the first
thrc:e or four mituon years, if it existed so soon after thu epoch of

consolidation, be mnuenced by the scnsibiy )tighcr tufnpcraturc
tnct with by roots extcndiag a foot or more bu!o\v thé surface.

]8. Whatcver thc aniount of Huch cftccts is at any ouc ti)ne,
it woutd go on diminishing according tu thc inverse proportion of
thc suunrc root.sof the ti]nes from thu initia) epoch. Thus, if at
]0,000 years wc hâve 2" per foot of incronent bclow ground,

At 40,000 years we should itave 1' per foot.

~0,000

4,000,000

4,000,000" ~,`]CO,000,000

It is, t))crcforc, probable that for thé last 96,000,000 ycars thc rate

of incrcasc of température underground bas graduaHy diminishcd
from about ~t)i to about -~th of a degrec Fahrenheit per foot,
and tbat thé thickness of thc crust through which any statcd du-

groe of coo]ing bas becn cxpcrienccd has in that pcriod graduaHy
increased up to its présent thickness fron ~;th of tbat tbiukness.
Is not this, on tho whole, in harmony with gco)ogical c-videncc,

rightiy iuterprctcd ? Do not thé vast masses of' basait, thc; gênera!
appearances of mountain ranges, the viok'n). distortioos and frac-
turcs of strata, </te~)'e(~~reMt/e/ice (; /~(~t(~Viïc «c<~?t (w]nc!)
rnust bave taken place at dûpttts of not many nules if su much),
all agreo in demonstrating that thé rate of' increase of température
downwards must hâve been much rnorc rapid, aud in rcndering it

probable: that vo)canic o~crgy, carthtjuakc sitoeks, and uvury kind
of so-callcd Plutonic action, have been, on thé wbole, more abun-

dantiy at)d viotcntly operative in geo!ogic:u autiquity tban in the

présent âge ?

19. But it may be objected to this application of mathe-

matical theory–(1), That the earth was once a]l meked, or at
Icast meltcd all round its surface, and cannot possibly, or rather

cannot with any probability, be supposed to hâve bcen over a uni-

T.) l,
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forndy heated solid, 7000° Fahr. warmer than ou,- présent surface
température, as assumed in thé mathcmatica! probiem and (2),No naturat action could possibly produce at onc instant, and
mamtam for ever after, a seven thousand degrees' lowering of
thé surface température. Taking thé second objection first, 1
answer it by saying, what I think cannot be denied, that a largemass of melted rock, exposed freely to ourairandsky will, after
it once becomes crusted over, present in a few hours, or a few
days, or at thé most a few weeks, a surface .socool that it can be
watked ovcr with impunity. Hence, after ] 0,000ycars, or, indeedI may say after a single year, its condition will be sensibly thé
same as if thé actual

lowering of temperature oxperieuced by thc
surface had been produccd in an instant and maintained constant
ever after. I answer thc first objection by saying, that if experi-n~nters will nnd thc latent heat of fusion, and the variations of
conductivity and spccine heat of thé earth's crust up to its n.eiti,.
point, it wdl bc ca.sy to modify thé solution given above, so as
tu

make itappiicabic to thé case of a liquid globe gradually
u)idifyingfron~v.thoutin~ards, in conséquence ofi.eatccnducted
through thé sohd crust to a cold cxtcrnal médium. In thé me~-
tune, can see that this modirication will not make any con-
s.derabie change in the resulting te~nperature of any point in
thé crust, uniess thé latent heat parted with on sotidincation
proves, contrary to what we may expect fro.n ana:o~y, to be con-
sidcrab)c in comparison with thé heat that an e.,ua) mass of thésohd y~Ids in cuohng from thé temperatH..e of solidification to thé
siipei-ficial température. But, what is more to thé purpose, it isto be

rcn~ked
that the objection, plausible as it appcars, is

alto~et cr faHacio~s, and H.at thé probl~n sotved above cor-
responds much more

c!ose)y, in all probability, with thé actual
history of the earth, than does thé modined probfe~ suggested bythe objection, The earti, atthough once all mettcd,~ mette?)a ) round its surface, did, in all probability, really become a solidat its

mc.ttmg température ait through, or all through thé o.tcr
aycr, which had been melted and not until thé solidification
thus complète, or nearly so, did thé surface begin tu cool. Tl,.ttins is the true view can scarcely be doubted, when thé folto~n.
arguments arc considered.

20. In thé first place, we shall assume that at onc time the
earth cons.sted uf a solid nucleus, covered all round with a very
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deep ocean of melted rocks, and left to cool. by radiation into
space. This is thé condition that would supervene, on a co)d body
ïnuch smatler than the présent earth meeting a gréât number
of cool bodies still smaller than itself, and is t))erefore in ac-
cordance with what we may regard as a probable hypothesis re-
garding thé earth's antecedonts. It includes, as a particnlar case,
thé commoner supposition, that thé earth was once melted
throughout, a conditioti which might result from thé collision of
two nearly equal masses. But thé évidence which bas convmced
most geologists that thé earth had a fiery beginning, goes but a
very smalt depth below thé surface, and affords us absolutely no
means of distinguishing between tl)e actual phenomena, and tbose
which would have resulted from either an entire globe of liquid
rock, or a cool solid nucleus covered with liquid to any depth
exceeding 50 or 100 miles. Hence, irrespectively of any hypo-
thesis as to antécédents from which the earth's initial fiery con-
dition may have followed by natural causes, and simply assuming,

rcndere<! probable by geologica! évidence, that there was at o!~c
tuno meitcd rock ail over thé surface, we necd not assume thé
depth of this lava ocean to have been more than 50 or 100 miles
although wc necd not exclude the supposition of any greater
depth, or of an entire globe of liquid.

21. In thé process of' réfrigération, thé fluid must (as 1 have
remarked regarding thé sun, in the recont article in ~c?/M7~6-
M~o~e* aiready referred to, and regarding thé earth's atmo-
sphère, in a communication to the LIterary and Philosophical
Society of Manchestert) be brought by convection, to fulfil a
definite law of distribution of température which 1 have catted
"convective equilibrium of température." That is to say, thé
températures at dinfcrent parts in the interior must, in any gréât
fluid mass which is kept well stirred, dîner according to the
different pressures by the différence of températures which anv
one portion of thé liquid would présent, if given at the tempéra-
ture and pressure of any one part, and then subjected to variation
of pressure, while prevented from losing or gaining heat. The

"On the Agoof thé Sun's Heat,"Mareh,180S:f~o ~)M!(! I.Mi«rMa7t<!
~(M~MM,Vol.i. MaomUIaa,1889.

t "On thé Convectivo Equitibrium of Tomperature in thé Atmosphère," read
Jan. 21, 18C2: pubtishcd in thé ~<'mo!M, Vol. n. of Srd Series; [Art. xcir. above,
Appendix E.]

20-2
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rc-ason for this is the extrême siownoss of trne tho-tnal cnnduc-
t)on; and thc

conséquente prcpunderntin~ IfiHucncc of <rruat
cun-ents throughout !i continuuu.s fhud m:Lss, in

dctcnninin~the
(fistribution oi' tempuraturc t]n'ou~h the whole.

22. Thc
thcrmo-dytifunic law

connoctin~ tcmpcra,t)u-c and

prcs.s))rc in a fluid mas.s, not n!!owed to ]nsc or ~)in hca.t, invc.sti-

~t~d t!ic<n-otica))y, n,nd
cxpcn.ncutaHy vcrificd in thc c~(..s of ..u.-

~nd ~tcr. hyDrJ.m!ca..d !"ysQ]f*s)Hnvs,thurcfo)-L.,().H t)~.

tc!Uj)LT!Ltun..in th~iquid will inerte fru.n thc surface dt.wn-

wards, if, i.s mo.
p.-ohd.)y th<! c~.so, t).c tiquid cootract.s in

cool.ng. On Ihc .-thcr hand, if tho fiquid, like ~tc.- ucar its

frcexit.g p.,int, cxpandcd Iti
cooHt.g, thr.

tempen~un. nccord-

ing to thc convective and
thcTtno-dynatnic iaws

just. st.iit~d

(§§ 21, 22), wotdd Mt)!a))y bu !t,wcr at ~cat (t(.p)h.s th:u..n.fu.
thc su.-facu,cv..n a)though thc iiquid iscouti.)~ frotn thc.s)nf~c'
but thcre wonM hca

vo-ythin snpcrfici:).) ~yL.rofh~-hto-and'
conicr)i.juid,)nsi.~ 'thytru~co),dueti.,n,uu<.ii.s<didi<i~ti.ma.t
th<su)'f:tCt.cu]d commence.

23.

~~i"ccor(h'n~tothcthcrnio-dvnantic].woffrcexi)~
inv~sti~atcd hy ,uy bruthcr, Pru~.s.sor Jam.s Ti~n.sun-f- ~nd
vcnf.cd hy .nys~f c.x).crin.(.nta]!y f.watcrt, thu

tc.npc.nth.rL.
~su)hhfi<-ahnnwin,ab~at d~pths,hcc:u..SL.ufthu ~pr~s~~

t~.r~)~hi~~rt~rct~n~tthusu~~uif~cfh~)~a~sur
h~vtn-tbanat

thcsurj~cifitcxpands,)').hccu)ning.s..tid.

2~ jr.,w th. te)..pc~t.)r~ nf
s.didificiLtion, fur

!n,y },c.s.u.-L.
n.ay bu rciatcd to thc

c.jrrc.spondin~ t.unpcmturc uf ftuid (.oi.

'Joute. "On th. Chanh~ of Tompor.turo produced by t),e ~n..faction and

Conck.on
ofA.r, 7-7..< M.y. ]~5, or Jc.s .S<

~s Vo. i. Lo,~<,n. 1~ Tho.nson, ..On M.nd for D.s.rnn, F"e

~n .Hy U.e~c anic.dW.rk
~e~.nnd th. Ik.t p..o..u~ hyth./C n,°

Voi..x. rart n.. re;~ Ap.i. 8 1H.

7/
Decc.nb.r, 18.2 fArt. x,.v.n. Part n.. §S (I-HO.'V.)

nnd
F" in

~~7.~
.S~ read Juncir, ,u.1Jun. j~ [Art.x~ Vu) r.

.vc]. J, Ihc~o.Onthc
A)teration.sofTon.un,acc<up,un.i,~C).an~

~T:'I:
1~' ~A.:llclt. A., Ilbo\'(;],

l'oi~I'
"'° °" L-

1 on~ a er.
7..S-. A- Jan. 18~ [Appendix to Art. x, Vo). ah.v..

~c"r.. i~u.vo.vu
Ac.~A)[.\).n.~(,).).~),
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vectivu c~uitibrimn, it is impussibtu to ao.y, without knowtcdge
which we du not yct pusses, rcg~rding thé expansion with hc~t,
:U)d tbc spcciric heat ut' thc Huid, a~d thu change of voimnc and
thé iatcnt huât dcvetopcd in thc transition from fiuid to solid.

25. For instiUlce, supposing, as is most probabty trnu, both
that the ii~uid coiitnt.cts iti cooiiug to\ds its frucxiug-pumt, and
that it contracts in i't-L'czixg; wc cu,)mot tc)t, withuut dL-Hnitc
uumcrictd data re~ardmg thosu utcnicnts, whathur thu c!cvatu))t
ot thu tmnpuratm-u uf soHdmcadon, ut' uf thu :LCtna) tcxtpuraturu
ut' a portiun of thu fluid givun just !),bovc its frcuzu~ point, pru-
dnccd by a g'ivun apptication ot' prus.surc, is thu grcatc)'. If thc
fonufjr i.s gruatur thau thu tattc! sotidificatioit \vuutd contnuucu
at thu b~ttom, ur at the cutttrc if thcrc is no sutid nuchjus tu bogin
\vit)i, and wuutd pruccm) uutwards; and thuru cuuld bL' nu com-

plutc pt.'nnauutit incru.statiun aH runud t)iu surface tilt thc whclc

~[o)jc i.s Huiid, wtth, pu.ssib)y, tbc cxcuption ot' irrugutar, cuni-

j'arativcty s)naU spucus of ]I<pud.

2C. If, ot) thc contrary, t)~c cicvation of tempc'raturt. prodnccd

by ail apptication of pressure to a ~ivcn purtKnt of thc fluid, is

greato' t)ut.n thu utuvatioti of thu frœxing tctnpuraturu produccd

hy thu sa)nc amu))))! of prc.ssurc, th(j sapùrticiat laycr of thc fluid

\o)dd bt.: t))c first tu rcach its frcexin~ point, and thc first actuany
tu frccxc.

27. But if, according to thu sucoad Hnppo.sition ut § 22 abovc,
the ii<p)id cxpandcd in cooMng ucar its frcczing-point, thu solid

wmdd probabiy Hkcwisc bu of less spécifie gravity that) t~L: H(ndd ut

its frcûxing-point. Hcncc the surface woutd crost ovcr purmancntty
with a crnst of sotid, constantty incrc'asiog inwards by thc freuxing
of thé intérim' Huid in conséquence of heat conducted out thruugh
thé crust. Thé condition mo.st connnoniy cMisuniett by geotogists
would thus be produced.

2.S. Hut Bischof's oxperinieuts, npon thé vatidity of winch, su
f:u' us 1 :mi :u\u'e, nu doubt bas evur bL-en thrown, show th~t

!ne)ted gr.niite.shde, :md tmchyte, :di contract by somcthing about

2U per ecut. in frccxing. We ought, it~teed, tu hâve more experi-
taents on tliis lllust impur! ;mt point, buth to verity Bischofs results

eti rocks, :md tu leitrn how the case is with irou :md uther un-

oxy'hscd nietais. lu thu mcantimuwc )nust assmne it i.~ prubu-ble
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that thé melted substance of thé earth did really contract by a
very considerable amount in bccoming solid.

20. Hence, if according to any relations whatcvcr among thé
co.npheated physical circumstances conecrncd, freezing did really
eo.nnK.ncc at the surface, either all round or in any part, before
thc who!e gluhe had bccome solid, thé solidifiecl superficie layermust have brokcn up and sunk to the bottom, or to thc centre,
b~rc it cou)d have attaiued a .su~cient thickness to rest stablyon thé lighter )iquid below. It is quite clear, Indecd, that if at
any time thé earth were in the condition of a thin solid shell of,lot us suppose 50 fcet or 100 fcet thick of granité, enclosing a
continuous Meltcd m~a of 20 per cent. less specific gravity in its
uppcr parts, where the pressure is small, this condition cannot
have ia~te(t many minutes. The rigidity of a solid .sheUof super-hci~ extent, so vast in comparison with its thickness, must be as
noth.ng, and the siightcst disturb.~ce must cause some part to
hcnd down, crack, and allow thc tiquid to run out over thé whole
so)id. The crust itscif must in conséquence boœmc shatterecl into
frngmcnts, which must all sink to thé bottom, or to mcet in thé
centre and form a nnctcus there if there is none to begin with.

.0. It is, however, scarcely possible, that any such continuous
crust can ever iiave formcd all over thé melted surface at onc ti.nc
and afterwards hâve fallen in. Thé .nodc of solidification conjec-tured in § 25 above, scems on thé whole the most consistent with
what we know of thé physical propertics of thé matter concerned.
So as regards thé result, it agrces, 1 believe, with the view
adopted as thé most probable by Mr Hopkin.s". But whether from
the condition being r~ther that deseribed in § 26 above, which
seems a!so possible, foi- the whole or for some parts of the hetero-
geneous substance of thé earth, or from the viscidity as of mortar,
which necessarily supervcnes in a melted fluid, composcd of in.
grcd.ents becoming, as the whole cools, soparated by cryst~Hisingat different températures, before thc solidification is perfect, and
which we actually sec in lava from modern volcanoes; it is
p)-ob.-Lh]othat when the whole globe, or some vcry thick superficial
iayer ofit, stilt hqnid or viscid, bas cooled down to near its tempe-
rature of perfect solidification, incrustation at thé surface must
commence.

SechisHeport.on Earth~uakesand VotcanioAction,"~r/n<M<-ta«M
~Fo~-</or1847.
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31. It is probable that crust may thus form over wide extents
'.)f surface, and may be temporarily buoycd up by thc vcsicular
chara.cter it may have retained from the cbullition of the liquid
in somc places; or, at ail cvents, it may bo licld up by thé viscidity
of t)ic liquid, until it lias acquired somc considcrabte thickness
sunicient tu allow gravity to manifcst its daim, and Hink thc
tteavier solid betow thc lighter liquid, This proccss n)ust go on

(uitH thc smdt portions of crust bui)d up from the bottom a

sufticientiy close ribbcd Hohd skeleton or trame, to a.Uowfrcsb

incrustatiotis to rcmain bridging across thc now small arca~ of

lava pools or lakes.

32. In thc houcy-combed solicl and lifjuid mass thus fonned,
there must bu a continuât tcndcncy for thc liquid, itt consoquencc
uf its less specinc gravity, to work its way up; whetbur by masses

of solid iaHing from thc roofs of vcsicles or tunnels, and causing

carthquakc s)iocks, or by thé roof breaking <tuite throngh when

very thin, so as to cause two such hollows to unité, or thc Hquid
of any of them to flow out freely over thé outer surface of thé

carth or by graduai subsidence of thé solid, owing to thc tlieriiio-

dynamic melting, which portions of it, under intense stress, must

expérience, according to views recently publishcd by my bruther,
Professor James Thomson*. Thé results which must foltow froni
tbis tendency scem sumcientfy gréât and various to acount for all
that wc sec at présent, and all that we team from geologica! in-

vestigation, of carthquakes, of upheavals and subside nées of solid,
and of éruptions of melted rock.

33. Thèse conclusions, drawn soiely frotn a considération of

thc nccessary ordcr of cooling and consolidation, ~ccording to

Bischof's result us to thé relative specinc gravities of solid and of

melted rock, are in pcrfect accordanco with what I Ijave recently
dcmonstratcd~ rcgarding thé présent condition of thé earth's in-

terior,–that it is not, as commonty supposed, all liquid within a

tliin solid crust of from 30 to 100 miles thick, but titat it is on thé

whole more rigid certainly than a continuous solid globe of glass
of thc same diametcr, and probably than one ofsteel.

"On CrystaDix~tionand Liquéfactionas iniluencodby Stresses tendingto
Changeof Foirn iu Cryst~)s,"~)-oc<</)~sf/' the Royal.)'oe;«~,Vol. x: read
Dec. 1861.

t In a papor "On the Hi~idityof tho Earth," communicatedto tho Hoyfti
Societyfi fewduysago April,1863[Art.xcv.below].
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