
nicated during the ho r r  to ~vliich the exercise is 
confined, when the nu~liber of students in the recita- 
tion-room is thirty, forty, or even fifty? JTliat a 
perversion of the purposes of the noble e~ldon.ments 
for higher education, to expend alnlost the entire 
energy of the teaching force of the rilany institntions 
which adopt this systenii, in a ilsilg effort to neigh with 
minutest accuracy the fidelity with ~vhich  assigned 
tasks have been conlmitted to i i i en zo~y !  The most 
diverse views may be entertained as to whether the 
college course can embrace analytical mechanics, or 
the theory of deterniinants (nom so nniversally used), 
or vhether i t  can onlit vector arid quaterilion anal- 
ysis. \T'hell, hotrevrr, it is 1;ilon;n Lhat in a sm;ill 
western college graduating less t11:ln a doze11 annn- 
ally, we have norv had for gears volunteer cl;tsses, 
pn r~u ing  all these and other sub,jects arlnually, with 
success, the possibility of inclncling them in a college 
c ~ ~ r r i c n l r ~ mmust be aclrno~vledged. 

I n  conclnrion, Professor Eddy ~vished to call for 
reform in  our rnatlielnatical teaching. Let it not be 
so conducted that he who has neither taste for the 
study, nor special lino~vledge of it, stands on an equal 
footing as a t,eacher with tlie mail of real matlien~ati- 
cal insight. N o ~ v  is a favorable titne for revising our 
estinlates of what can and ought to he clone in this 
field. Nigher mathematical cultrue has co~u~nencecl 
a new anil fruitful gro~vth in this country in various 
places; and an associalion of the lliathen~nticians of 
this country ~iiight be of service for the purpose of 
concerted actioi~ in improving the ~iiathelilatical train- 
iug in our colleges. 

ALL Professor Trowbri~lge hoped to ilo was to make 
his andience ask themselves the question with more 
humility and a greater consciousness of igriorance. 
We shall probably never I n o w  what electricity is, any 
more than we shall linow nrliat enerky is. What 
we shall be able, probably, to cliscover, is llie rela- 
tionship bet~veen electricity, magnetism, light, heat, 
gravitation, aucl the attracting force which mt~nifests 
itself in chemical changes. Fifty years ago scientific 
men attached a force to every phellomenon of nature: 
thus there were the forces of electricity ancl magnet- 
ism, the vit,al forces, and the clleliiical forces. N o ~ v  
we have become so far unitarian in our scientific 
views, that we accept treatises on ~lieclianics which 
have the one worcl 'Dynamili' for a title; ancl we 
looIr for a treatise on physics which shall be entitled 
'Mechanical philosophy,' in which ail the phenomena 
of radiant energy, together with the phenomeaa of 
.energy which we erltitle electricity and magnetism, 
shall be cliscussed from the point of vielr- of mechan- 
:Its. What we are to have in the future is a treatise 
which ill shorn the mechaiiical relation of gravita- 
tion, of so-called chemical attracting force, arid elec- 
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trical attracting force, and tlie rna~lifestatiorns of n hat 
we call radiaul energy. TVe have reduced our knowl- 
edge of electricity and mag~ie t i s~n to ~ r h a t  may be 
calleil a rrlecharlical system, so that in a large lumber 
of cases we can calculate beforehand what will t,ake 
placc, and we are under 110 necessity of trying actual 
experirnen:~. I t  is probable, for instance, that the 
correct form of a dynamo-machine for provicling tile 
electric light can be cnlculated and the plans dr;~m-11 
n~itli as n-~uch certainty as tile diagrams of a sleam- 
engine are constructed. We may congratulate our-
selves, therefore, i11 having a large amount of system- 
atic Bno~vledge in electricity: and we see clearly how 
to increase this systematic linonledge; for rve h a x  
discovered t11;tt a lnan cLtnnot expect to master the 
subject of electricit,y who has not made hinlself f ~ n l i l  
iar n-ith thermo-dynamics, with analytical mechanics, 
and with all the topics now enibraced under the coni- 
prellensive title of 'physics.' 

Out  of ail the theories of electricity, the two-fluid 
theo~ies,  the one-flnicl or Franlrli11 theory, and the 
various molecular theories, not one remairls to-day 
under the guiila~lce of ~vllich me are ready to march 
onn-ard. V e  have discovered that we cannot sljeali 
of the velocity of electricity. All that  me call truly 
say is. v e  hare a healthy ilistr~l.st of our theories, and 
a11 abiding faith in the doctrine of the conservation 
of energy. 

I t  is one thiug to become fa~riiliar with all the ap- 
plications of the rnechariical theory of electricity, and 
anotller to malie all advance in tlie subject so that me 
can see the relations of electrical and magnetic at- 
traction to tlie attr:tction of gravitation and to what 
we call chelllical attraction. To this possible relation- 
ship, Professor Trowbridge wished to cull attention. 
The new aclvances in our knowledge of electrical 
nianifestatioiis are to come frorn the true conception 
of the universality of electrical manifestations, arid 
from the advance in the stucly of molecular physics. 
When we let an acid fall frorn the surface of a metal, 
the luetal talces one state of electrification anil the 
drop of acid the other: ill other words, we produce a 
difference of electrical potential. On the other hand, 
(idifference of electrical potential ~nodifies the aggtega- 
tion of ruolecules. The experiments of Lipp~nan are 
vrell 1mon.n. H e  has constrnctecl an electrolueter arlcl 
even a dynamo-electric machi~ie which ilepend upon 
the priliciple that  the snperficial energy of a surface 
of mercury covered with acidulated water is modified 
when a difference of electrical potential is produced 
at  thelirniting surfaces. Tile manifestations of what 
is calleil superficial energy, -that is, the energy mani- 
fested at  the surface of separation of ally two sub- 
stances, -auil the effect of electricity upon the super- 
ficial energy, afford rnuch food for thought. There 
have always been two parties in electricity, -one 
which maintains that electricity is clue to the corltact 
of dissimilar substances, and the other party which 
believes that the source of electrical actiorl must be 
souglit in clle~nical action. Thus, according to one 
party, the action of an ordinary voltaic cell is clue to 
the contact, for instance, of zinc with copper; the acid 
or solutivn of the cell merely acting as the connecting 
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link between the two. According to the other party, it 
is to the difference of the chelnical action of the rnetals 
on the conr~ecting liquid, that Tve mast attribute the 
rise and continnance of the electrical current. The 
electromotive force of a voltaic cell is uadoubtedly 
due to the int,rinsic superficial manifestatioii of energy 
when two dissi~uilar rnetals are place11 in collnection 
with each other either directly or through the medium 
of a conducting lirjuid. The clienlicnl action of the 
liqnid brings rierv surfaces of the nletwls constantly 
in contact; moreover, we have Lhe dif'fcrence of super- 
ficial energy between the liqnirl and the metals, so 
that our expression for electro~notive force is far from 
being a sirnple one: i t  contains the sum of several 
modifications of superficial energy at the surfaces of 
the two metals and at the two boundaries of the 
liqnid and the metals. 

We have again a development of electromotive 
force by the mere contact of the metals at different 
temperatures. The electrical current that arises is 
due to the difference of snperficial energy manifested 
at  the surface of the two junctions. We Bnom that 
the action is on the surface, for the size of tlie junc- 
tions does not affect the electromotive force. Sup-
pose that  we should malie the metals so thin that  
an nltimate inolecule of iron should rest against an 
ultimate molecnle of copper, should rve not arrive a t  
a limit, at  a definite temperat,u.re of the col~rersion 
of 1nolecul;~r vibration into electrical energy ? And 
also, wlien onr theory is perfected of the nnmbcr of 
ri~olecnles along a linear line of copper agaiilst a 
l i l~ear l i i~e  of zinc which can produce a current of 
electricity of a given strength, -tile jostling, so to 
speaB, of these ultimate molecules of t v o  1net:tls at  
different temperatures might fnrm a scientific unit of 
electronlotire force in tlie future science of physical 
chealistrv. By ineans of an alloy we call apparently 
modify tlic superficial energy at  the surface of a solid. 
Thus an alloy with a parent nletal will give a varying 
electrornoti~e force. If we coalcl be sure that an 
alloy was t!lmays of a definite chernical composition, 
and not a. more or less mechanical admixture, it 
seeiris as if \re could get closer to the seat of elec- 
tromotive forcc by a number of quantitative measnrc- 
inents. Gnfortunately, the pllysical nature of alloys 

> 	 is not definitely known, and there is little coherence 
or regularity in our nleasnrernents of their electro- 
illolive force. We can modify the snperficinl enerzy 
of metals, not only by melting metals togetlicr, but 
also by grinding then1 to :t very fine l~orvcler, and 
conil~resiing tliern again by powerful rneans into 
sc)iids rnore or less elastic, and then euani i~~ing their 
superficial energy which is rnanifestecl as electro-
motive force. Professor Trowbridge is still engageti 
upon researches of this nature; and, if the work is 
not brilliant, he hopes tha t  it will result in the ac- 
cuinulatiori of data, for future gei~eralization. 

The snbject of tliermo-electricity has been eclipsed 
by the magnificent ilevelopment of the dyrlarno-eiec- 
tric nxtchines; but we rnay return to thenno-electri- 
cit,y as :L practical source of electricity. Professor 
Trowbricige has been lately occupied in endeavoring 
to modify the difference of potential of thermo-electric 

junctions by raising one j~unclion to a very high tern- 
perature under great prebsnre; for i t  is well Brio\\-n 
that the melting-point of rnetals is raised by great 
pressure. If the illeta1 still remains in the solid state 
under great tcrnperature a ~ i d  great pressure, can we 
not greatly increase the electromotive force mliicli re- 
sults from the difference of snperficial energy rnani- 
fested at the two junctions? 

I t  is evident that our lcnorvledge of electricity nrill 
increase with our lcnomledge of molecular action, ancl 
our l i~~owledge of molecular action with that which 
me call attractive force. I t  is sonlemhat strange, that, 
although we are so curious in regard to electricity,~ve 
seltlom reflect tllat gravitation is as great a mystery 
as electrical attraction. What is the relation between 
electricity and magnetism and gravitation and what 
me call the chemical force of attraction :' 

The question of the connection between electricily 
and gravitation dwelt much in Faraday's thonghts. 
He failed, however, to find tlie slightest relation be- 
tween gravitation and electricity; and he closes his 
account of his experimeiits with these words: "Here 
end my experiments on this subject for the present, 
but I feel the conviction that there must be some 
connection between electricity and gravitation." 
Was the direction in which he experimented the true 
direction to loolc for a possible relation? and cannot 
the refined instruments ancl methocls of the electrical 
science of the present aid ns in more pro~liising lines 
of research? If we coald prore that whenever we 
disturb the relative position of bodies, or break up 
the state of aggregation of particles, we create differ- 
ence of electrical potential; and, rnoreove~., if me could 
discover that tllc work that this e1ectricu.l potential 
can perforin, together with tlie heat that  it developed 
by the process, is the conlplete work tha t  is done on 
the system against attractive force, or as so-called 
chemical attractive force, -we should greatly extend 
onr vision of the relation of nal,ural plieiionrctia. 
i l~ i i lthus pursuing the line of argument of his address, 
Professor Trowbridge ventured to state an 21ypothet- 
ical law which it seemed to him is a t  least plausible: 
Tliat " r ~ h e ~ ~ e v e r  force attraction betrveenthe of 
masses or lnolecules is moclified in :my mag, a differ- 
ence of elect,rical potential resi~lts." I s  it uot reason- 
able to suppose that certain anoi~lalies which we now. 
find in the determinations of specific hcats of compli- 
cated aggregation of molecules are tlne to our fai1ar.e 
to estimate the e1ectric:tl erl~~iralcll t  of tllc ~uovenie~rts 
all11 interchanges of the molecules? Let ns take the 
case of friction between t ~ v o  pieces of mootl: is it iiot 
possible that the friction is the electric;~1 attraction 
which results from the endeavor to co~zriect the pile- 
norncnorl of s~~perficialenergy with electrical i~lani-  
festations, that the friction bet~veen two snrfaces is 
modifiecl by keeping these s ~ ~ r f a c e s  differencea t  a 
of electrical potential? I n  Edison's motoplloiie, rve 
see this eseml~lified in a rery st~,iking ~nanner .  

Professor Trowbridge's own st~iclics liave been 
chiefly in the direction of thermo-electricity and in the 
subject of the electricsl aspect of what me call super- 
ficial energy. These experiments so far deepen the 
belief that any change in tjhe state of aggregation of 



particles, -in other words, any change ~vhicli results 
i n  a modification of attracting force, --whether gmvi- 
tative or the cornmonly callecl chemical attracting 
forces, rcsults in  a11 electrical potential; and con-
versely, that tile passage of electricity th~.ougli any 
niedium proclnces a charige of aggregation of the mole- 
cules and atoms. If we supljose that radiailt energy 
is electro-magnetic, cannot we suppose that it is ab- 
sorbed Inore readily by sorne bodies than by others, 
or, ill other words, tliat its energy is trancferred, so 
tliat mith the proper sense we mould perceive ~ v h a t  
might he called electrical color, or, in other \~-orcls, 
have an eride~!ce of trarisforr~~ations of radiant energy 
othcr than that ~vliicll appeals to us as light and 
color:' We hare arrired at  tlie point in our study of 
electricity where our instrrunerits are too coarse to 
enable us to extent1 our investigations. Is  riot tlre 
pligsiciut of the future to have iristr~~rnt?nts delicate 
enough to measure tlie lieat eqnivalent of the red and 
tlie yeilorr- and tlie 11lne violet rays of energy? in- 
s t ru~r~en t sdelicate enough tg discover beats of light as 
we rio~v disco~er  those of so1lnd? The phot.og~.apher 
of to-day spealis in  conirnon langnage of liaiidicap- 
ping rnolecilles hy mixing gunis with his bromide of 
silver, in order that their rate of vil)ratiou inay be 
affectecl hy the Ioilg Iraves of energy. Sllall wo not 
have the nlealls of obtaining the meclianical erjniva- 
lent of such handicapped ribmtions? \T7e ha re  ad- 

cliangr. Af i~ i i t y  is therefore at  last definitely re- 
nloved from t l ~ e  category of those mystical agents, so 
often inlagil~ecl by our predecessors in a less critical 
age, which had no correlatiou with tlie general forces 
of ~ ia ture .  

Under the title 'dissociation,' St. Claire Deville 
gave to the chemical world, in 1857, a new a,nd fruit- 
ful nletllocl of inve~tigating the nature of co~npounds 
by cictermini~ig the te~nperatnre at  ~vlrich hodies 
break 1111 or are disgociated. The laws developed. by 
Ueville and his successors in this field show us, that ,  
after the point is reached at  whic l~  decompositior~ 
comlnences, the furtller breal~ing up is determined 
by the pressure of the evolved products of the re- 
action, so that  the permanence of the body depends 
on the liiagnitllde of t ~ v o  variables, presgure and tem- 
perature, either of mhich rnay he varied at  mill 
through a v ide  range. 

Tlie elect,rical method of dis3ecting cheinical forces 
has been folio~rml less actively than tlie tl~erlnal one. 

vanced; but n.e have not ansn-ered the q~~cs t ion  
~vhicll filletl the nlilid of Pmnlzlin, arltl which fills 
metl's niinds to-day: Kist is electricity? 

PROFESSORLANGI,EYfirst revienred the l~istory of 
clleiriical theory, and called attelltion to tlie filial es-  
tinction of tlie term 'affinity' in tlic cheinical litera- 
ture of the present day. 

Shortly after the opening years of tlic present cell- 
tury, three general methods were inclicated for the 
study of t l ~ e  force of affinity. llistead of bcilig sue- 
cessively t:llien up and abandoned, like all preceding 
spec~llations, they have remained steadily ill use tinr- 
ing the eighty years wliicli have intt.rve~~ed, to-(lay:~iitl 
they are still 1.11~ lr~ost promising mealis at, our dis- 
po-al. These three methods nlay be calleil the ther- 
mal, the electrical, and the melhocl of t i i i~e or speed. 
It ivill be converiie~it to consider each one scpnrately. 

Tile most important geiieralizatiou to lie tiran.11 
fro111 tlrermo-cheriiical pllenonie~~a ofis, that klie ~ o r l i  
ebe~nical col-ribinatiou, or the totnl energy illvolved 
in any reaction, is very largely iiiflnencetl by the bur- 
roundiny conditions of temperat,nie, presswe, aild vc1- 
mne: arid the conc l~~s io i~  tliey force upon us in regard 
to tile nature of affinity is liiost iiapi~rtanl~, nanlcly, 
that this force in accom~lisliing ~ o r l i  is depenileat, 
like all other forces, on the coriditior~s exterior to the 
reacting system which limit the possible a,inouut of 
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Besides tlie well-linomn expeririiental contributiolls 
of Davy, Becquerel, and Faratlay, may he l~ientioned 
Joule's researches on tlie heat absorhetl tlaring elec- 
trolysis, and esl)ecinlly- the norli of C. X. Adler TVriglit, 
on tile 'det.ermination of affinity as electroniotive 
force.' Tlie general outcome of tliese researclles is, 
that tlie products of eleclrolysis are so nrttnerons, and 
so varied by the results of seconclary actions, that it is 
very doubtful wllctlicr the electromotive force meas- 
ured is that  due solely to the u ~ ~ i u n  of those atoms 
wliicll are indicated by tile prii~ciyal equatiori of the 
reaction. 

Tlie neth hod of time or sueed of cliemicai reactions 
l ~ a sa history as olcl as that of its tmo associates; but 
the story is nluch less eventfal, for. very little work 
tias been done in this field. The most notable work 
lias been done by Gladstone arid Tribe, by ascer-
taining tlle rate at  wllicll a liietallic plate could pre- 
cipitate auotl~er metal from a solution. 

To tliese general mctliods for stud)-ing tlie problems 
of chemical dynamics, should be ailcled the investiga- 
tion of the a.ction of mass, by Glailatone, in his well- 
lcnovn color \~-ork on tlie sn1phocy:~niile of iron; of 
the clle~nical action of light, by t l ~ e  late ,J. 7V. Draper 
in this connt,ry, and Prof. 13. 72. Roscoe ill E~lgland, 
as well as Hecquerel in Frnnce, -piolirer,s who have 
since been follonred by a host of siudent,~ of scientific 
photography. 

In  tlle review jnst given, no atternpt has been 
made to do nlore tlln11 glance at tdle iliiliortallt con-
tributions to tlic tlieory anci ruetliotis of nieniariilg 
affinity. 3Iariy narnes have been p;lssed by, and 
1u11cll n.o~li  has beeri ~iecessarily ignored. 

'rlie history of the various rrlodifications anci ad- 
ditions which hare  beell ~naclc t,o the primitive 
conception of the nature of afinity, ~vllen briefly 
s~~inmal.ized,appears to he tliis: FIippocrates held 
that ntiion is caused by a liinsliip, either secret or 
apparent, between different substances. 13oerl1aave 
believed a,ffinity to be a , f w c e  wliicli unites uulike 
substances. Bcrgmau and Gcoffioy taught tliat union 
is caused by a selective attraction; and therefore they 
called it ' elective affinity.' We~izel and his success- 


