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electrical decompositions and of tliermo-chemical 
data, or froni even n~illious of the customa~y static 
chemical equations, n,ould be like hoping to learn the 
nattrre of gravitation by laborio~lsly ~veigliilig every 
moving object on the earth's surface, and recording 
the foot-pounds of energy giver1 out w11e11 it fell. 
The sin~plest quantitative measure of gravity is, as 
every olie lrnows, to determine it as the acceleration 
of a velocity: when we know the value of I/,nre are 
forerer relieved, in the problem of fallirig bodies, 
fro111 tlie necessity of weighing heterogeneous objects 
at  tlie earth's surface, for they will all experiellce tile 
same accc:leration. Xay there not be so~nething lilre 
this grand sinlplification to be discovered for chemi- 
cal changes also ? 

The study of tile speed of reaction has but just 
begun. I t  is a line of worlr surrounded with unusual 
clifiiculties, ba t  i t  contains a rich store of promise. 
i i i l  other means for measuring the energies of chem- 
ism seem to have been tried except this: is i t  r~o t ,  
therefore, an encouraging fact, that to tile chemists 
of the nineteenth century is left for exploration the 
gre:~t fruitful field of tlie true dynanlics of the atorn, 
the discorery of a time rate for the att,ractions due 
to aifinity? 

AFTER tlianliing the section for the honor con-
ferred upon h i ~ u  by electing him their chrtinnar~, and 
referring to the success of the meeting of tile British 
associatioil at  itontreal, Professor Tll~trston an- 
~louncedas the subject of his address, ' The mis ion 
of science.' H e  spoke of his address, as vice-presiclent 
at  S1. JJonis in 1878, on the philoso~hic tnetliocl of 
tlie advancc~nent or' science, in yhich  he hail called 
a t t e ~ ~ t i o n  specialists, alnply supplied to tile need of 
with tlie proper nieans, to do the mork of observiirg, 
collecting, and co-ordiuating the results of observa- 
tion. As an all-importnnt factor in this tlie moilern 
systerrl of scientific i~~vestigation, lie had spol<en of 
tlie nien mllo have given, and 117110 are still generously 
and liberally giving, n~aterial  assistance by their splen- 
did contributions to the scientific departments of our 
colleges and of our tecl~nical scllools. 

I t  may nrcll be aslted, What is the use, and what is 
the object, of systematically gathering knowledge, 
and of' constrnctirig a great,, an elaborate syst,en~, hay-
ing tllc p r o ~ n o t i o ~ ~  of science as its ?ole end and aim? 
Wllat is TIII" ~LISSIONOF SCIESCE :' The great fact 
that matcrial prosperity is the fruit of scicllcc, :~nd 
that othcr great trulh, tliat, as manltind is given op- 
l)ort~inity for n~editation a11d for culture, tlie higher 
attribntes of human charttcter arc given dcvclopmcnt, 
are thc best inclications of tlie nature of the real mis- 
sion of science, and of the correctness of the conclu- 
siou that the use and the aim of scientific inquiry 

1 Abstract of an  address to the section of mcclranical science 
of tire *4rnel.ican association for the advancement of science a t  
Philadelphia, Bept. 4, by Prof. I<.H. T r r u s s ~ o ~of Htcvc~ls insti- 
tute, Hoboken, Y.J., vice.pl~cside~itof the section. 

are to be sought in the region beyond and above the 
n~aterialmorltl to wllich those studies are corliined. 

I t  being granted that tlie nlission of scieilce is the 
anlolioration of nian's condition, i t  beconles of inipor- 
tance to consider tile may in which our kllorvledge is 
increased. Whilc the scientific nlelhod of adval~ce-
n l e i~ tof scie~ice is evii le~~tly that 1vliic11 mill yield the 
greatest returns, it is not the fact that we are indebted 
to such philosopliic methods for tlie prodnctioil ol' the 
modern scierices. The i:iventor of gr~rlporvder liveti 
before Lnroisier; the mariner's colrlpiiss yoirltrd the 
seaman to the pole before n~agnetism took form a.i a, 
scieiice; the steanl-engine was i~iventeil ant1 set a t  
worlr, substantially in all essential detnils as we l i~iow 
i t  to-day, before a science of thermo-dynamics Tvas 
dreameil of. 

But all this is of tile past. Science has attained a 
develop~nent,a stature, allcl a power, that give ller 
the ability to assun~e her place in the great sci~eme of 
civilization. Hereafter she mill clirect and will lead. 
The blind, scheming ways of tlie older inventor vi7ill 
give place to the exact determinatior~, by scientific 
methods, of tlie most direct and most efficient may 
of reaching a defined end, -metliods now daily 
practised by the engineer in designing his ma-
chinery. 

I t  is only in modern times, and since the oltl spirit 
ol' conten~pl for art, and of reverence for the lion- 
utilitarian element in science, has becolile nearly ex- 
tingt~ishecl, and since our systenls of et l~~cation have 
begmi to iriclrtde the study of physical science, tliat 
we hare had ~vliat  is properly callcd a division of 
'applied science.' I n  the days of classical learliing, 
science was only valued as it cievelopecl a system of 
purely iiitellectual gymnastics. Arcliiniedes was 
the ~uost  perfect prototype, in those days, of t,l~e 
modern physicist and rliechanician, of the scientific 
rnan ant1 engineer; yet he, and all his coiitenipora- 
ries, esteetr~ed his discovery of the relation between 
the ro ln~ucs  of the cylinder and the sphere nlore 
highly tlinn that 01the nietliod of ileternlinirig tlie 
specific gravity of a solid, or the compositioll of an  
alloy, aud deemed the qnatlrature of the parabola a 
greater nchierement than the theory of the lever 
~vhichmiglit ' inore tile world.' IIis enumeration of 
the sanils of the seashore mas loolied upon as :t 

nobler acco~nplisllr~le~it the thethan inrentioi~ of 
catapult, or of the p u ~ ~ l p ,  centu-which, t~ve~ity-one 
ries after his death, still bears his name. 

No systel~i of appliccl science conic1 exist among 
pcoplc rsho lisil no conception of the true nlissioii of 
scicrice; and it was not uiitil many centuries had 
passcd, that rnailliilld reached such a position, in their 
slow progress toward a real civilization, that it beci~rne 
possible to effect tliat uriion of scielice mid the arts 
wllicli is the distiriguishinp characteristic of the age 
in which we live. 

I n  illustration of the gradual evolution and qromth 
of concct theory, aiid of this slow devclopnient of 
rational views, of the mcthods of sciclitific deiluction, 
and of the invariably tardy progress from a bcgir~ning 
distingaished by defective knowledge arid inaccurate 
logic, in the presence of what are Inter seen to be 
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plair~ly visible facts, and of what ultiuiately seem 
obrious principles, observe the rise and progress of 
our hardly yet completed theory of that greatest of 
human inventions, the steam-engine. 

Studying tlie liistory of the development of this 
theory, it cannot fail to become strilringly eviclent 
t,hat, throughout, experimental lruowledge and practi- 
ca,l construction have been constantly in adrance of 
the theory; and that  the science of tlie conrersion of 
heat-energy into nzechanical power has, in all stages 
of this progress, come in simply to confirm general 
conclusions, previously reached by deduction from 
experience and observation, to give the reasons for 
well-ascertained facts and phenomena, and often 
-not always prorr~ptly or exactly-to define the 
line of improrenierit, and tlie limitations of such 
aclvance. 

The theory itself began by the correlation of the 
facts dcterrni~icd by the experiments of Rulilford and 
Davy a t  the begir~ning of the century, those an-
nounced by Joule snd Thoinson many years later, 
aild the laws derelopecl by Clausins, Raakiiie, and 
Thomson, a t  the middle of the century. But Watt 
had discovered, a hundred gears ago, the facts which 
liave since bee11 foand to set limits to the efficiency of 
t,he erlgine. Smeaton, in many respects tlie greatest 
mechanical engineer of his time, made practically 
useful application of the lillowledge so acquirecl, and 
endeavored to secure imrnunity fronl these Tvastes by 
tliorougllly pliiiosophical methods. Clarke, :L gener-
ation ago, showed liow tlie losses first detected by 
Watt be: a, definite limit, under tlie conditions of 
familiar practice, to the gain to be secured by the cs- 
pausion of steam: and Cotterill, within a few years, 
has sllomii, by beautiful aietliods of treatment, their 
inagnitude, and horn tliese ~vastes take place. H i r i ~  
and Leioutre, in France, liave sinlilarly thrown light 
upon the plienomena of ' cylinder condensation,' and 
Ue Fremiriville has suggested the method of reniedy. 
Yet it is only n o ~ v  that  me are beginning to see tliat 
the pliilosoplig of heat-engines is not simply a thermo- 
dynamic theory, axid that it involves problems ill 
l~hysics, ant1 a stady of themethods of conductioll and 
transfer of heat, without doing worlr fro111 point to 
point in the engine. We are only now learning how 
to apply the li~romledge gained by Isherwood twenty 
years ago, an11 by Hirn and by Clarlie still earlier, in 
solving the problem of inaxirriur~i efficiency of the 
steam-engine. We hare  only now discorered that 
the 'ccirve of efficiency,' as Prof. Thurston has called 
it, is not the curve of mean pressure for 'adiabatic' 
expansion, as Kanliine called i t ;  for ' isentropic ' es-
pa~isioil, as Clausius would call i t ;  but that it is a 
curve of very different forrn and location, and that 
it is variable with every physical conclition affecting 
the working of the expanding fluid in the enginc. 
We have only now learned that every heat-engine has 
a certain ' ratio of expansion for nlaximuni efficien- 
cy,' whicli n~arlrs the limit to gain in econon~y by ex- 
pausion; which limit is fixed for each engine by the 
1;ature of the expansion, and the rriethod and extent 
of Ivastes of heat. All tlle facts of this case were ap- 
parelitly as obvious, as easily detected and weighed in 

their i~liinence npoii the theory of heat-engines, gears 
ago as to-day. Even tlle latest phase of the current 
discussion of efficiencies of heat-engines, that  relat- 
ing to their commercial efficie~lcy, would seem to have 
been as ready for development a generation ago, when 
first noted by Ranlrine, as to-day; yet, mhat is now 
lrnomll as a simple and easily formulated theory has 
been sereral decades in growing into shape, notwith- 
standing that  all tlie i~eeded facts were lriiown, or 
readily determinable, at  the very beginning of the 
period marlied by its evolutiori. I t  is only withill a 
year or two that  it has become ~~ossilsle to say that  
tlie theory of the steam-engine, as a case in applied 
mechanics, has become so complete tliat the engineer 
can safely rest upon it in the preparation of his de- 
signs, and in his calculations of poTver, economy, and 
commercial efficiency. 

Frofessor Thurston then referred to t l ~ e  Bnowledge 
1io~1~ andbeing collected as to tlie streugtli, ela~ticit~y, 
enduring capacity of the materials used in construc- 
tion. But the slo~v progress of scientific development 
in matters relating to colnmon practice in the useful 
arts is hardly less ren1:trkable than the difficnltg wit11 
whiclz scientific principle$, even nhen  well estab-
lished and well known among scientific ancl educated 
meii, sink down into tlre minds of the masses. Per-
haps rio principle in the whole range of pllysical 
science is better establisliud and more generally 
rtxognized than that which asserts the inalti1nun1 
efficiency of fluid in lieat-engines to be a ful~ction 
simply of the temperatlu,es of reception and rejec- 
tion of heat, and to be absol~itely independent of the 
nature of tlie worlting-fluid. 

This was shown by Carnot sixty years ago, and 
has been consitlered one of tlie fclndanleiital princi- 
ples of thermo-clynamics from that time to this. 
Severtheless, so rarely is it coniprehended by me-
chanics, ant[ so difficult is it for the average mind 
to accept this truth, that tlie most nlagnificent, 
fallacies of tlie time are based upon assun~ptions 
in direct cotltradiction of i t .  The varions nenr 
' motors ' recently brought before the public with 
the claiin of Inore than possible perfectidn have 
talren hundreds of thousarlds of tlollars, within 
the past t ~ v o  or three years, fro111 the pocliets of 
credulous and greedy victims. I t  is not sufficient 
to declare the prir~ciple: the comparison of steam 
with ether, a ~ i d  of air or gas with carbon-rlisulphide 
or chloroforin, nlnst l ~ e  made directly, and the results 
presented in exact figures, before the nnfort~ulate 
investor, whose rapaciousness is too often such as to  
cause liinl to give ear to the swindler rather than 
to the well-infor~ncil and disinterested professional 
to ~vliorn he would ordinarily a t  once go for a d ~ ~ i c e ,  
can be incluced to witl~draw from the da~~gerous  but 

seductive schenie. I t  is true that  the principle does 

not as exactly apply to a comparison of efficiencies of 

machine, alld that  the rerlder of new motors usually 

seizes upon this point as his vantage-ground; but a 

careful comparison of the several fluids, both as to 

efficiency of fluid and efficiency of nlachine, through- 

out the whole range of temperatures arid pressures 

fonnd practicable in application, such as has recently 
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been made under Prof. Tliilrstoii's direction, shows T H E  CRYdTALLILVE ROCIiS OF THE
t>hat the final dednctiotl is s~~bstiintially A' Of iTI$- Tt7EST.1

the same for 

all tlie usually at>tainal>le conditions of practice, aiid 

fnrther, that, of all the available fluids, steal11 is CSTII,very recently, it has been the practice of 

fortr~~lately geologists, almost mitllont esception, to refer e r e q  
t,lle best. 

That the results of scientific investi~ation niay be crystalline rocli in t,he nort,ll-!vest citlier to tlie 
tlie niore readily appreciated, it is necessary tliat tlle Hnroniaa or to t,lle Lnorent,ian. 1:ut n-lien, on Inore 
study of physical science sliould be more t,llorongli carefnl exan~ination, it is found that tliis nornencla- 
in our scllools. The st,ereot,yped argunlent for tlie tme  is itnpe~fect, -re are tllromn illto illucli ilifEcl11ty 
retentioii of the oltl syste~li of eclncation to the es-  and doubt. In  order t,liat sonle of the cliflici~lties of 
clusion of the new, was, aiid is t,o-day, the n s~e r t~ io~ l  tlie sitantion may be made clen,r, P1,ofessor ~ ~ 7 i n c l ~ e l l  
tliat the old systern strengtheried the intellect and proposed to review concisely the broad stratigrnpllic 
broadened the vielrs of t , l~e student, wliile the nem distiilctiolls of tile crystalliue roclcs t,liat ha^-e lately 
subjects are ~ x e ~ e l ~  been st,uilied in BPichigan, Wisconsin, and Niriiierota. ztsqful;  but the wisdoili alld t,he 
expediency of a modification of old ways, ill this re- Olilit,ti~lgtlie igneous rocl;s, TI-llich iii the for111 of 
spect, is norv rapidly becon~ing aclinon~ledged, alicl dikes cnt tlirougll t,lie sllales and sal~dstones of the 
the new eclncation ]nay be considered as fairly ailil cnpriferons for~iiatio~i,and are interbcdded wit11 
safely irltroduced. Science ~vill never, nre may be them in the form of orerflovs, n-e 111ay corlcisely 
snre, clisplace entirely t,he older departments of arrange the crystalline roclcs, disregariling rnirror dif- 
educatio~i; bnt science will l~eilcefortli take a place ferences aild collati~ig oilly tlie 1)road stratigrapllic 
i~eside t l le~u as no less vali~ahie for rneiltal ilisci- distinctioils, in the follo~vin:: maililc~., in clcsce~lili~lg 
pline. order: lo. Granite and gneiss ~ v i t h  gabbro; its 

With science recogiiized as a respecta1)le compa~lio~l tliicialess is unknown, but certainly reaclles s e ~ e r a l  
of tlie dead la~igunges, Ire sllnll have better trained Iiimdred feet. 2 O .  N ic :~  scliist; rnasinlarn t l~ick-
studeilt,s, -~ tucle~l ts  who ~vill be better able lo lead ness, five tliousnnd feet,. :;O. Carbo~laceoi~sarid 
in tlie in~lust~ries, aiid so aid lllat,erial l>rosl~erity. As arenaceons hlncl; slates, all11 I~lacl; lllica hcliists ; 
i t  is the dnty of gorern~l ie~i t  tllic~liness, trenty-six liiu~ldrecl feet. .iO.Ilydro-micat,o so reg11l:ite affairs that 
each mall rrlay linve t,lle porver of improving liis co~i- aild ~na.giiesian schists; iilasirlluiil thicliness, forty- 
dition to tile ntmosi, so mill it be the duty of science four h~uidred and fifty feet. so.Quartzite and 
to poi11t oilt to gorerilnient liom it may direct it,s rnarble: norrnal thicliness, fro111 four Ilundreil to 
regulatio~ls to the greatest actrantage of the individ- a tlionsarrd feet. Go. Granite aiid syenite with liorn- 
ual. >Ten of science, each in his onrii department, are but very great. bleiidic schists; t,liickiiess nnl<t low~~,  
tlie n a t ~ ~ r a l  adrisers of the 1egislat)or. Citize~ls and These six great groups cornpose, so far as can be 
legislators are both entitled to claim this aid froin stated no.ir. tile crystalliile roclis of tlie north-n.est. 
those ~ 1 x 0  have made the scieilces of the several arts 'rl~eirgeograpiiic relations to tlie no11-crystalline roclrs, 
their special. study, and from those n.110 have devoted if not tlieir stratigraphic, hare been so n-ell :iscerlained 
their lives to the study of the scie~lces of government, that it can be stated confidently that they arc all 
of social economy, and of ethics. older t h a ~ i  tlie cupriferous series of Lake Superior, 

Of all the Inany fielcls in n,hich tlie nien of science and hence do riot consist, of, nor include, rneta-
of our clay are ~~-o rk i~ rg ,  rnost nearly cull- murphosed sctlinlents of Sili~rian, or ally other age. that ~J- l~ich  
cerns ns, ;rilcl that  which is of ~liosl; esse~rtial i~npor- The term ' Siluriau ' here is unilerstoocl to COT-er ilotll-
ta~lce  to the people of oar time, is that tlepartment ing lbelo~v tlie base of tlie Trenton. 
of applied science wliicli is most closely related to Esamining tliese groul?s nlore close1~-, y e  filid: 
the i~idustries of the n;orld, -nlechanics. The de- lo. TTe hare, beneath the red tilted shales and sancl- 
veloprrlent of liem irldustries heco~iies as much n part stones, a great granite :ind gnbbro group. Tile gall-
of tlie n-ork of science in tlic fatare as is tlie i~nprore- hro is certai~ily ernpti\-e, i ~ u t  the associated granite 
ilient ef those now existing. Tlie r~cw illduslries and gneiss are probably ~iletamorl?hic. Tlle gabbro 
nus st evidently be lvaiuly sliilled incii~stries. ailil mnst does not al\vays appear ~v1iei.e the gr:~nite is present; 
affol~d c~nplogment to tlie niore intelligent and more bnt ill ot,ller places these rocks are il~lricately ~uingled, 
finely endowed of those to w h o ~ ~ l  although tlie gabbro can be considered in general as o11r uiiodern systenls 
of education are offering their best gifts. The enor- the mlderlying forniation. 2 O .  Delow this granite 
mous advancelne~lt of the intellectual side of life and gabbro groap is a series of strata tliat rnay be 
must inevitablr, it would seem, resuli in the pro- desigl~ated by the general tern1 '11lica schist groap.' 
duction of a race of rrlen peculiarly adapted to sncli This division is penetrated by veins and ninsses of 
en~ironinent  as scieirce is rapidly prociucing. Thus red biutite-granite, mliich appear to he intrusive in 
accoiuplishing, ~u lde r  the guidauce of science, sucli so~nerrhat tlie saiue Illalliier as the red granite in the 
tasks as lie before him to accorllplish, the 'coni- gabhro. These granite veins penetrate olily throng11 
ing 1ua11,' v i t h  liib qreater frontal ilerelopment, his the overlying gabbro aud this underlyiilg mica schist. 
increased mental alul nen-e power, liis growing en- 
durance and probn1)ly le~lgthening life, vc-ill he the Abstract of an  :aiiilress to the sc7ction of geology and ge-

ography of the American as~ocietiun for the ofgreatest of the prodncts of this scientitic derelop- dciellce at Phil~idc.ll~l~i;l, 
adr,~i~ceii ient  
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