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Tlie const i t~~t ion  O I I ~fathers provicied for rep- of 
reseritatioii in congress arid in tlie eltactoral college 
accorcling to popnlation. This lias led to T-ast re- 
sults. A ~nagnificent vorld of data is now spreixd 
before a s  by the census. Erery Inan, ~voi i~an,  ant1 
cliiid, and their illterests, enter into it, and it lias its 
lesson for each in all their varions capacities and 
rrlntions; but not more than a. hundred tllousand 
CAI1 possess it, and few can master tile ~ l i o l e  of it,. 
Tt  moulcl be too innch to conle annnally, and tliere- 
fore cannot be frequerlt cnougli to  meet every con- 
ditioii. J I a ~ i y  statenlellts shonlcl I J ~annual. Onr 
system of go~~ernrnent affords an excellent opportu- 
nity to perfect a system of statistics parailcl to tlie 
decenniill celisus, and fitted to meet :xi1 demands. 

Pilblicists liave saicl lunch of t,lie importance of 
tlie town-meeting as foulid in Scm Eiiglnnd. An 
important cl~aracteristic of it is tile bringing of nll 
q ~ ~ e s t i o ~ ~ sof public taxation and experitliture nntl 
policy to the co~isideration of nll tlie citizens. This 
attelltion of all the citizens to tlie details of rnulli- 
cipal action in large cities is inipossible: therefore 
there are public reports and mariifolcl stnteme~its. 
But should the town system of reports be every-
wliere aclopted, and these be followed by co~mty nild 
state smnmaries, tile liatioii could group these so as 

to give a variety of form a1111 res~ll t  sufficieiit for 
each according to hi.: hiterest. The stadellt and 
statesman monlcl find theill falling into appropriate 
clnsses, of sniiicient frequeilcy, and in connection 
wit11 g u r  decerinial cerlsus of tlle ~latioii  ~vould 
eliscover us in the rery front ranir with respect to 
Bllon-ledge of onrselves as a people. This is IIOW 

clone nleasurably for tile subject of eclucatioll. Each 
institation publislies its report or catalogue, nlost 
ton71is and cities their reports; Inally states gather 
np tlie t1nt;r; silt1 tile llational bureau, cnrefnll>-
avoirling i~iiprol~er complications, and solely for the, 
purposes of informatioil, issries an alniunl volume. 
Tlie result is nniqne in the history of voluntary 
statistics. '\yere t,liis systeni carried into every other 
grcat field, ant1 tlie whole distilled into a single voi- 
ume, nncl shonld each nation do the same, nTe sllonlcl 
see tile beginliirig of a solitl foul~clation for inter- 
natiolialism, arid the scientific method at  Inst per-
vadillg the world of thoi~ght. I t  wo11lc1 deterrriille 
tlie lilost far-reacliilig genel.alizntions, and liave an  
effect upon co~ilrllo~i life not 
liuotl n.ould be ushered illto 
alike the Ii~ul~blestaricl the 
cnsily fiiid the trnth. 

now possible. Child-
new conditions, and 
highest wonld more 
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PROCEEDINGS OF T H E  -11~1THEJiCATICAL  
A N D  P H Y S I C A L  SCl/3NCfE SECTION. 

THEsession of the Britisli associntion in Molltreai 
might be fairly designated as a 'section ,4' meet-
ing, in view of tlie leading position in British scie~ice 
occupied by the representatives of that section, and 
the prominence which was accorded them and their 
section in tlle general nieetirlgs of the association. 
The retiring president of tlle association, \rlio mas to 
have been present, but as ]lot, mas a distinguished 
rileinber of tlie section. His few duties were gmce- 
fully performed by allotlier distinguished member of 
the section, Sir TITilliam Thomson, ~ l l o  also presided 
over tlle sittings of the section during tlie meeting. 
As representing the retiring president lie introduced 
liis successor, tile president for ISSi,in tlie person of 
Lord IZayleigli, another of the 'strong' Inen of sec-
tion A. Two of the three evening lect~ires r e r e  
giver1 by n~enibers of tlie section, or1 snbjects con- 
nected wit11 physics arid astrouoniy. 

Wlieri it is remarked tliat tlie place of meeting 
offers no especi;~l at tractioi!~ to st,ucte~lls of mathe- 
matical and physical scieiice, it will be adn~itted that 
the roll of t,he section presented au unusnal array of 
great names, including as it did such as Sir TVillinrn 
Tliomsoli, Lord Rayleigli, ,T. C. Aclanis, J. W. L. 
Glaislier, Henrici, Dewar, Preece, James Glaisher, 
Lodgc, Rev. S. J. Perry, Osborne Reynolds, and 
marly others. 

As niight be easily inferred from a glance at  tlie 

above lisl. a large ulajority of tile papers presented 
llad to do ~vitli pl~ysics rather than ~ r i t l i  astrollo!iiy or 
pare matllematics. By a judicious action of the 
sectional committee, alld one w-ortlly of imitation. 
tlie papers were very fairly 'bunclied' by subjects so 
tliat one was not required to remain during tile 
entire week in order to listen to the treatment of a 
particular topic. 

Tlie first riotahle physical paper to be presentee1 
was, of course, tlie address of Lord Ragleigli as 
president of tlie association. 

This address llas alreatly been placecl before the 
readers of tliis jocirnal, arld no exteridrtl reference to 
it will be necessary. Although lii>tor.ical in the 
main, it was ricli in ralnable a~rcl timely si~ggestions 
such as conld come only fro111 one as tlloroughly 
fanliliar mitll the topics referred to as its author. As 
n sample of these, may be ql~otecl the rcinarlis con-
ceriiil~g the tlieory of the action of tlie teleplioi!e, 
which v a s  declared to be "still in soale respects 011- 
scure, as is shown by tlie compal~ative failure of the 
liia~ly atte~ilpts to iniprove i t ; "  and in colisitlerilla 
some of the explanations that  have been offered, 
Lord 1:ayleigh said, "TITe clo n-ell to renie~iiber that 
rilolecular cllilnges in solid ninsses are inaudible in 
tliemselves, and can only he llianifested to onr ears 
by tlie generation of a to-and-fro motion of the 
external surface extending over a consideral~le area. 
If the surface of a solid rernailis undisturbed, our 
ears call tell us i~otliirig of ~ ~ l i a t  on in thegoes 
interior." 



The address of Sir Williarn Thornsou as presiding 
officer of sectiou A must be clzrefully reacl arid stud- 
ied to be appreciated. One or t ~ v o  of tile 'steps 
towards a kinetic theory of matter' may be usefully 
referred to. The as yet unsurmounted difficulty in 
the Binetic theory of gases is the explanation of 
what actually takes place during a inolec~~lar  collis-
ion. I t  need hardly be said that physicists mill not 
be satisfied uritil Inore or less of the obscurity snr- 
rounding this subject is dissipated. The mutual 
actiori at the rnoment of collision has been generally 
assumed to be repulsive by all who have vrit ten of 
or contrihated to the kinetic theory. Sir William 
Thornson asks, Xay  it not, after all, be attr:~ctive? 
Cnder certain conditions it seeins that the appear-
tilice of repulsion may be the result of attraction. I11 

ge~ielal,two ~lloleculei approaching each otlier with a 
liigli velocity, assunled to be due to their attractiol~ 
for eac11 other, will approach obliquely, as the 
cl~ances of a square ' h i t '  will be exceedingly sinall; 
they will t l ~ e n  das l~  past each other in sl~arlily con-
cave curve3 around their centre of gravity, and fly 
asul~der again, somethir~g, indeed, after tlie fasllion 
of a. comet passing around the sun. " on-il c~~reless  
loolier," says Sir ?\Tillian~ Thomsol~,"might imagine 
tiley had repelled one another." The idea that this 
lnulual action inight be attractive rather than repul- 
sive liad been in his nlind for thirty-five years, but 
up to tlie preparation of this address he had never 
made any tliing of it. 

But, after all, the molecules must be infii~itely sfiiall 
in order that they inay Izezer come in actual contact, 
so that we cannot evade the consideratio~l of the 
effects of these real impacts when they do occur. 
Conceri~ing these impacts, but two views seem to be 
open to us ;  tlle one is to imagine the molccule to be 
a little elastic solid; tile other, to conceive it to be a 
' configuratioll of nlotion in a continuous all-pervad- 
ing liquid.' It is hardly necessary to say, that, in 
the opinion of Sir Williarri Thornsori, the latter must 
he tlie film1 hypotliesis upon which me ruay rest. 

But as a convenient intermediate station he sup- 
gested tlie conception of an elastic molecule, out of 
mliicli we niiglit not only construct a model of a gas, 
but, \\.it11 sonre satisfactio~i, by lirilcing these mole- 
cules together we ruight explairl the elasticity of a 
solid. I n  a paper presented to tlie Iioyal Society of 
Edinburgh in March, 1883, of wliich the title o~i ly  
hat1 been published, he liad sliown how an elastic 
system lnay be colistructed, composed. entirely of 
auitably disposed niabses in nlotion. A system of 
fonr gyrostatic rnasses coririected togetl~er by links 
was shown to possess all of the properties of ari ordi- 
nary elastic spring, although cornposed of matter i n  
itself entirely clevoid of elasticity. By properly lirik- 
ing great numbers of such gyrostatic systems toget,lier, 
a niodel of an elastic solid results. Sucli a hy l~o-  
thetical solid lends itself easily Lo the explanatioii 
of such effects as the rotation of the plane of vibra- 
tion of a wave transmitted through it, as in Fara-
day's celebrated esyerifuefit of the rotation of the 
plane of polarization of n ray of light in a nlagnetic 
fielcl. 

Sir \\Tilliaii~ Tliomsor~ considered further the possi- 
bility of discarding entirely the postulate of rigidity 
in the materials under consideration, and slio\ved how 
a liydroliir~etic lnodel of matter might be constructed 
in ~ h i c l l  all the effects of 'action at  a clistarice' 
might take place. By means of this the model of a 
perfect gas might be produced, in which, however, 
there still exists the difficulty of esplairiing tlie case 
of actual impact of the particles. Some ingenious 
suggestions were made in the way of surmonrlting 
this difficulty; and tile vhole address was enriched by 
the niost delightful digressions on the part of the 
author, during which the manuscript was neglected, 
and the section was afforded tlie pleasure of following, 
as best it could, the great physicist ill his involuiitary 
escuraions illto this niost interesting but little-
explored dorriain of physical sciel~ce. 

Lord Rayleigh, in his presiclential address, liad re-
ferred at some length to recent in~estigatiolis coil- 
cerning the theory of lubricants; and the section was 
therefore in a favorable mood to listen to the first 
regular paper on the progra1nnie. which was a theo- 
rcticitl consideration of that  subject by Professor 
Osborne Reynolds. 

Tlie hitherto unrecogrlizetl resnlts obtained by 311.. 
T o ~ ~ e rin his expe~,irnents mere referred to, 31r. Rey- 
nolds undertaking to show that they rne1.e in strict 
accortlance with our kllomledge of the l a m  of motion 
of viscous fluids. Mr. Tower had found, that whe11 
tlie rotating jourilal with its box was inimersed in ;t 
bath of the  lubricailt, the resist:ancc was not lnore 
thail one-tenth of its value in ordinary oiling, and that 
the joornal was less lilcely to heat a t  higlier than at  
lower speeds. By boring a hole tlirough the top of 
tile box, it was found t l ~ a t  tlie oil -\r:is forced tlirougli 
wit11 considerable velocity; arid on attaching a press- 
ure gauge, as liigli as two l~uuclred pou~ids per sqrlaro 
inch was indicated. The oil appeared to be carried 11p 
by tile lnotion of the journal, and to form a film up011 
mliicl~ t l ~ e  box rested. 311.. Reynolds thats h o ~ ~ e d  
there would necessarily result a difference of pressure 
on the two sides of the vertical line througl~ the cen- 
tre of gravity in the t l ~ i n  space between tlie box and 
journal; tile n~aximuw being on one side or tlie other, 
according as the rotation is one way or the other, 
Mr. Tower had found, that  if, after r~uliiing the jour- 
nal for sonie time in one direction, a reversal \yere 
niade, great heating ~vonld result. O~ving to the 
difference of pressure above referred to, it mas to be 
expected that this \j70uld occur; as, undoubtedly, tho 
box and journal becarrle adapted to each otlier for a 
certain dircctioli of r~ulning, and when a reversal mas 
made some time would elapse before a re-adaptatioll 
would be completecl. 'Phis would explain why a new 
jonrnal and box would ( L ~ ~ o c ~ / sheat on first being run, 
however perfect they nlay be. RIr. Tower hacl lik- 
ened tlie operation to a stroliing of the fibres of the 
metal in one way by one direction of revolatio~i, and 
the reverse stroliirlg at  the early part of a reversed 
niotion; but this was not the true explanation, as 
the resistance was evidently a shearing resistance, 
the slidilig of one lager of oil over the other. Sir 
\Villiam Tllomsoii, in cornmentirig upon the papel,, 
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called a t t c ~ ~ t i o n  to the fact that one soliil calu~ot 
sfide over another ~vithont t enr i~zy .  

Professor Regnol(ls also presenteil an iiiteresting 
paper on a rnethod of illustratiiig the second law of 
ther~no-dyr~nn~ics Ifby nleails of liir~etic elasticity. 

a 1o11g f l~x i l~ l e  or cllain be puspendecl n;iili a
corcl 

weight at the lover end, the weight may be liftecl a 

consiclerable clistance by corumunicating a vibratoq-

motioi~ in a horizontal plaile to the upper encl of the 

cl1ai11. I t  t l~eii  represents an absolutely reversible 

engii~e. If the veight, ~v l i e r~  
at  an elevat,ecl poilit, 
be remo~-ed from the cliain, to straighten tlie chai l~  
out will reqr~ire as great all expenditure of energ)-, 
not counting dissipation t l l ro~lgl~  friction, etc., as was 
co~lsluned in raising the ~reigllt. I t  n-as slio-rvn that 
in this lrlodel the mean sr1u:tre of the T-elocit3- of tlic 
chain, mnltil?lieil I)? the weight per luiit of leiiptli, 
corresponcls to tlie heat in Carnot's eiigi~ie. ih io t l~er  
form of tile device consisted of two vertical coicls to 
~~-11icl1a nuillher of horizor~tal bars of ~vootl \$-ere at- 
tacl~ecl at ecjual clistances. I n  cliscussir~g tlie paper. 
Professor Pitzgerald described a very pretty illus- 
tra,tion of the same principle by uieans of a 'halaiiced 
go~ernor, '  wit11 a chain n i~d ~ re igh t  atlaclied in s11cll 
a vay  as to 1)e ill equilibrium iii all positioils. tlic 
tletails of n.11icl1 are difiicult to clescribe ~vit l iol~t 
the aiel of a d in ram.  

The s~tbject  of the relative vapor tci~sions of a 
bodv in tlie liclnid a1111 solid state at  tile sanle tenl- 
pemture was disci~ssed .in a paper by I'~,ofessor 1:am- 
say ar~tl Mr. Sydney Young. 

Profes3or Jarnes Tl~ornson long ngo pointed out; 
that there ~ n n s t  be a sudcleii clla~ige ill tlie cluye of 
vapor density of ~vater  at  tlie point of solidificati011; 
aud sllon~ed that this cliange .ims really to be detectetl 
in liegnanlt's results, bnt that Regnault l~iillself 
llad not tllougl~l such ;L brealr to occilr, and liad 
' smoothed ' his cu rw  at  this poillt; belicviilg errors 
of observation t,o be sufficient to cover tlie iliscrep- 
ancies. 

Messrs. R%11isay and T o u ~ ~ g ,  by illeans of ingenious 
devices, had overcome some of tlie difficulties of tlie 
esperin~ental ill\-est,igatio~~, esperiinci~teiland 11:rcl 
upon carnl?llor, hellzine, ~rnter ,  aricl several other snb- 
st,arices. Tlle results were in accordai~ce with the 
previonsly acceptecl views, and iii the case of water 
~77ere found to spree ~v i th  those liasetl apori Professor 
Ja~ilcs Tl~oinson's formula. 

Eatliatioll rvns the subject of t ~ v o  or three papers. 
Professor De\var offered the methorls and results of 
an iilvestigatioil of tlie law of total racliatioi~ at  l~igli  
temperatures. The plan and arrangement of tile all- 
paratns for the research were il~genious and eiEectire ; 
anti Professor Demar stated that he had just learned 
frorn Professor Kewcoinb, that lie l~acl soille time be- 
fore tievised aild describetl an arr:nngeinent for the 
same purpose, identical in prii~cil?le ~ 6 t hthat made 
use of in 11is on11 ~ ~ o r l r .  

For relatively low ten~peratnres, Professor Den-ar 
made use of an iron vessel coiitaiiiing niercnrg, into 
rvhicll a thermometer-buIb Tvas pushed. The radia- 
tion lneasnred Tvas that from one side of the vessel, 
which vc-as made of exceeclinglg tliin iron ; m~t l  the 

hcat n-as received npori the face of a ther~liopile 
ericlosed in n case properly scree~le~l.  and ai,raiiged 
so that a steady cnrrent of va ter  ~rould  be used to 
rii;tii~tain colistancy of temperature at  one face. For 
these IOTT--rr teml~eratures. the eqaation erl?ressing tlie 
alllolint of radiation n-as of the ordinary parabolic 
forin, the radiation being ricarly proportional to the 
square of the tcml?erature. The clifficnlty in dealing 
v i th  high tenlp~rntlire is, that iliosL sul~staiices un- 
dergo ail alteratioli in the character of the smface 
xrlicn the tcinperatnre is very much raiseil. 'l'he 
arrangement finally arlopted consisted csseiltially of a 
platin~uli air thermometer, the l111lb of which x7as en- 
closed in a small i'ornace with a s~ilall opening throngh 
xllich the radiatiorl tool; l?lace. The n-alls of the 
platinmii 1,11111 were vc1.y tliiclr, nearly a qiiarter of an  
irlch in the actual expcrime~lt, and the bulb was coil- 
ilected ~ ~ i t l l  a nlerclxry ~uanoiueter for tletermii~ii~g 
tlie press~u.c. l?speriinents Ivere alro rnarle to cleter- 
iuine the radiation wl~en the thennopile wasprotectetl 
by ail iodine screen. The resi~lts were as follo-r\s. 
the 11unll~er.s being in  arbitrary units: -

, 15.5. screen used, S. 
1 . " 12.6 
. 29.0, " " 19.5 
. 42 .i,' " 29.9 
. 60.5, " " 44.0 
4 . " " (iii.0 

Tlle assumptioil ~v:ts nlade, tliat the railiation ~vas  
repi,esei~tetlby seine l)o\ier of the teml~erature: and 
this poner n-as fouild in the first case to be 3.4, : ~ n d  
iri tlie second 3.3, thus shonring :t te~ldellcy to ap- 
proacl~ the fourtli power; and attention mas called to 
the fact that rllany of the resnlts of Dulong and Petit, 
.irere well represei~ted by the erluatior~ R=a14. 

31r. J. T. Gottornly offered a paper on the loss of 
heat by 1,adiatioll ant1 coiivection as affecterl 1))- the 
dimensio~ls of the cooling body, and on cooling jn a 
racunm :~ ~ h i c l i ,  absence of the an-011 accolint of t l ~ ~  
t l~or ,  Tvas re;~d by Sir lVillia111 'Thornson. The paper 
n-as based on ail cstei~sive series of resistance meas- 
urements of copper wires tu~rler various conclitions, 
acceptii~g the ell-li~iomn coeBcient of increa ;~  of 
resist:u~ceof copper for increase of teinlierature. The 
coilclusion n-as reached, that the enjissioii pox-cr n-as 
greater for srliall wires tllanfor large ones, and that it 
rlimiiiished ~r i t l r  the pressure. 

I t  v-onlcl he almost iinpossible to g i ~ e  a perfectly 
clear idea of Sir llTilllairl Thomsoii's paper 011 a 
gyrostatic 71-orliing-n~odel of the nlagiietic conll?ass, 
~ ~ - i t l ~ o u t  \17hat Ile proposes quoting the paper eatire. 
to acco111plis11 nlay, I~owever, be readily untlerstood. 
At the last meetillg of the a3socitltioi1, at  Southport, 
Ile had explained s e ~ ~ e r a l  llletl~ods for orercoilliug the 
dificulties n-l~ich seeinecl to hare  defeated all previous 
attempts to realize Foucanlt's ' '  beantiful idea c,E dis-
covering ~v i th  perfect definiteness tile earth's rota- 
tioil;tl niotioll by illearis of tlle gyroscol?e." He llnd 
there shon-n that a gyrostat snpportecl, withont fric. 
tioil. on a fixed vertical axis, v i t h  tlie axis of the 
fly-vlleel approximately horizontal. ~irill beliaj-e ex-
actly as does a ' magnetic co~r~pass,'  only ri l l1 ref- 
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erelice to the true or rotatiorlal liortll rather tlian the 
lllagiietic north. A nletlioei x ~ a s  there presentecl for 
so iilountirig a gyrostat about such vertical axis as 
to reduce tlie friction to a minimum. Tlie present 
paper n-as concerned principallj- in the presentation 
and cliscussion of anotlier and simpler plan for real- 
izing the sallle idea. Tlie illan consisted essentially 
in suspending a gyrostat, propel,ly constructed, by 
niealls of a very long ancl very fine steel mire attached 
to a torsiorl-heacl, capable of being turned :khont a 
vertical axis? at the top. The gyrostat being sns-
pe~iclecl, by successive acljnst~iients of the position of 
the torsion-liead, a position is founcl in\rrllicli tlie po- 
sition of the gyrostat, in relation to the torsion-head, 
sllo~rs that tlie wire is free from torsion. I n  this 
position tlie axis of the gyrostnt Trill be in tlie true 
north-and-south lini:; and, if clisturl~ed fro111 this 
position, it v i l l  vibrate nbont it l?rec,isely as does 
ail ordinary niagnetic neeclle about the lnagnetic 
~ilerielian. 

'!?lie author pointed out severnl diff'icultics in tlie 
n n > - of tlie complete re:llizntiolr of the itlea, ancl 
closed by suggestiiig sorile l)ossible lnetllocls of 
monnting, in a sinlple ~l-ay, n gyrostat free to move 
about an axis rigorously or rery ap1,roximately verti- 
cal. Regnrclle3s of any practical results mhicll niaj- 
couie from it, the suggestion of a gyrostatic conipass 
is singnlarly interesting as an  exnnlple of liow ?i~ot io?z  
may effectively take tlie place of n directing i 'urcc, 
althongll only one of the lnaily nrliicii Sir TVi\'i:liam 
Tlionlson has furnished. 

As TT-as naturally to he expecterl, to11ics bearing 
upon tlic subject of electricity occupied a good share 
of tlie time of tlie sectioii. Tinfortunately one or 
two papers bearing npon this subject had been as-
signeil to the chelllical section, and Tvere presented 
contemporaneously ~vitll tlie electrical discnsaion in 
section A. Tlie paper by Professor Frallkland, on 
tile clieniical aspects of tlie storage of polver, was 
one ~rhic l l  ninny meriibers of section A would hax-e 
beeu (lelighteci to hear. While it n.as being read, 
ho~vever, section h \I-as engaged in nn estre~nely 
interesting discussio~~ of tlie qnestion of llle seat of 
the electromotive forces in the voltaic cell, nlhich 
was opened by Professor Lodge, For the first time 
in the history of tlie association, the experinlent ~ v a s  
attempted, of assigning a definite topic for general 
discussion; nnd tlie success was snch as c1onl)tless to 
leati to a perniauent establish~nent of the custom. 
The selection of Professor 1,oclge to open the discus- 
sioii \vas extremely fortunate. I-Te is not only a 
reaclv and clear espounder of his on.n ricms, but he 
n-as fortnuate, as a leaclcr in the discussion, in that 
tllosc views mere not those which are generally 
accepted as being orthodox. His opening paper was 
largely historical; in fact, too largely so in the opinion 
of mnny of his hearers. He traced tlie liistory of 
the discussion fro111 the time of Volta, declaring that 

could no longer accept. IIe clid not believe that two 
liietals in air or itel. el. or clilnte acicl, but not in coli- 
tact, are practically at the snnle potcntinl; or that tn-o 
nletals in contact are at  seriously different potentinls, 
or that the contact force betn-cell n nletal ancl a dia- 
Icctric, or bet~veen a nietal and an electrolyte, is 
sniall. H e  (lie1 believe that by far the greatest part 
of the electronioti~~e force of a roltaic cell exists at 
the zinc anil liquid contact rather than at  the zinc 
and copper contact, as generally supl)osed, altllougli 
lle believeel that  there nns  all electromotire force at 
tlie junction of every t ~ r o  substances, A snlximary 
of tlie argulnent niay be briefly given as folions, 
nliicli, :LS far as it goes, is in l'rofessor Loclge's 0x11 

words :-
1Vherercr a current gains or loses enel.gy, there 

must be a seat of elect,roinotive force ; nncl converse-
ly, vherever tliere is a sent of elcctroiiroti\-r force. a 
current must lose or gain energy in  paisitig it. 

A cnrrent gains 110 energy ill crossing froin collper 
to zinc, hence t,liere is no appreciable electroniotire 
force there. 

When t~current blows fro111 zinc to acid, the energy 
of the coilibiriation which occurs is by no nleanq 
c~ccounted for by the heat there generated, and the 
balance is gained by the current; hence at n zinc 
a.cicl junction there milst be a considerable electro- 
motive force (say, at n unasinliuil, 2.3 volts). 

A piece of zinc innriersetl in acicl is tllerefore a t  a 
lower potential tlian the acid; tllougll llolv much 
lower it is iml)ossible to sap, l~ecaase no actual cllem- 
ical action occurs. 

I t  was not to be cspected that this statenlent of 
vievs, differing so greatly from tilose usually held, 
n-oald be received without some protest, ancl particn- 
larly from Sir William Thornson, -who Iias heel1 re- 
garled as the chief exponent and expounder of the 
metallic-contact theory. Professor Lotlge was per-
fectly snccessfal in inaugnrating a cliscnssion n,liicll 
was full of interest; althongll it car1 hardly be said to 
have contributeci much to tlie discovery of a sobstan- 
tin1 basis of agreemelit, as lie ha.d evidently Iiopecl. 
Sir William 'l'holnsoii liresented his o~vu  v i e w  at  
some length. The subject Tras one snrroandetl by 
grent difficuities. He thought there c o ~ ~ l d  nobe 
cloubt as to a difference of 1,otential at the zinc-copper 
junction, but the question of the electro-niotire force 
of n voltaic cell might be separated from that of ilif-
ference of potential at  tlie junctions. I-Xe fully agreed 
n-it11 Professor Lodge in his vie:\. of tlie seat of the 
'morltirig-force' in I l ~ e  cell. The ' worlring-force ' 
nas  essentially chenlicai force. Cndoubtedly, in a 
certain sense, both tlie cllerilicnl mlcl voltaic or con- 
tact ~ i e ~ r s  of the questiou xvere correct. 

Professor Ro\vlantl. on bcing called upon to express 
his opinion, nrit,ll characteristic fralilrness declared 
tha t  he Bne~r  nothing aboat it. Professor \lTillard 
Gibl~scalled attention to the fact that  this v a s  a case 

the only really gre:tt contributions to our l rno~~iedge sinlilnr to sex-era1 other ~vell-lrrion-n physical problems, 
of the subj.ect were those of Toltn in 1501 and of Sir in nrllich an  attempt to determine the exact point or 
Williani Thomson in 18.51. Of late years tlie so- n force resides hnd not been re~vnrcled place at  ~ ~ ~ h i c l i  
called contact tlieory liad been generally accepteil. with success. I n  such cases much depends upon the 
Tliis theory, as generally understood, Professor Lodge standpoint froni which tlie s~tbject  is vieved, ant1 it 
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sonieti~nes happelled that each of several quite differ- 
ent explanations of a pheilon~erlon iniglit be perfectly 
correct. This proposition calne nearer affording a 
'substantial basis of agreement' than ally thing else; 
bnt it cannot be denied that the impressioll remained 
on the lriillds of marly in tlle section, that the extreme 
views vere  nearly, if not quite, irreconcilable ~ v i t h  
each other. Ainorig the ititerestilig results of the 
discussiori was the soine~rhat unexl~ected liniitatioll 
put upon the gerierally accepted idea of the ' poten-
tial of a body,' by Sir \FTilliam Tlloinson. This he  
defined to be the energy expended in bringing unit 
electricity from an iilfiilite distance to a point in air 
extremely near the surface of the body. 

Lord Rayleigli described a ga1.i-ihliorneter of twenty 
mires whicll he hacl constructed, by juinilig tlie wires 
in multiple arc ancl also in series, so that the constallt 
of one circuit mas exactly ten times tliat of the other. 
The instriunent mas useful for the accurate stanclard- 
izing of atnnieters for measuring currents of froill 
tcil to fifty amperes. Professor Shuster discussed the 
influence of magnetisin on tlie discharge of electricity 
througli gases. H e  had fouild that tliis irlflueilce~vas 
very different upon the discharge frorn l a r ~ e  electrodes 
froin those usually observed n ~ l ~ e n  srnall electrocles are 
nsed. Tile constructioil of an  apparatus of peculiar 
foriii, with large electrodes, had ellabled hirn to ob- 
tain inany curious effects by tlie introclnction, betn-een 
tlie electr.odes, of electro-magnets' of various forms. 
R e  had also found that Iiorie of tlie usual Croolre's 
effects are produced ill mercury-vapor tubes, aud this 
mas connected in the theory of the operatio11 .ivith tlle 
fact that  mercury mas a lilonatomic substance. 

I n  the cliscussion of a paper by Loid 1Zayleigl1 or1 
telephoning tllrough a cable, Mr. ITr. ET. I'reece re-
lated liis experiences ill telephonirig the Dol~liil and 
1Solyhead cable, a distance of sixty miles, ~vliich had 
been fairly successful; accurately heard coilversation, 
however, could not be carried 011 beyond a distance 
of twenty-five miles. Other esperillle~lts had pro\-ed 
that it was at  presei~t iaipracticablc to use under-
ground wires in cities for distances of more than 
twelve miles. I n  erery experirne~~t telephonic circuits 
were macle metallic. With an  arrangelnent of double 
lilies lle said he had no clifliculty ill spealiing tllrongh 
t ~ oIiundred and forty miles on ox-ergrouncl mires. 

The ninch-talkeel-of, ancl orie inight justly say the 
mnch-abused subject, of the connectio~l of sun-spots 
wit11 terrestrial plieriomena, received co~lsiclerable 
attentiori iri a discussio11 which was opened by Prof. 
A. Schuster. I t  is gene~ally agreecl that  sun-spots 
liare a periodicity; the leiigth of their periocl being 
solne~vhat irregular, varying, iudeeil, from about 
eiglit years to fiftcen or sixteen years, but the meal1 
front maxirnum to  maximuin being about eleve11 
years. This period rriight be tile resultant of several 
perioils superposed; and Professor Balfour Stewart 
had pointed out the fact that the irregularity observed 
could be fairly well accoullted for by supposing thc 
superposition of two periods of about ten and a half 
a l ~ dtwelve years respectively. 

The first noticeable effect of this sun-spot cycle 
was the correspondilig cycle ill the daily variatiorl 

of the magnetic needle, -a relation wIlic11 was also 
generally admitted. Frorii n~aximcun sun-spot aica 
to mininluni sun-spot area, the daily variation of the 
needle changes in the ratio of about three to two; 
and in at  least two instances brief but violent rlis-
turbances i ~ i  the sun had been linonw to be accom-
panied, or at least followed closely, by siniilarly brief 
but marked disturbances of the magnetic iieedle. 
Such was undoubteclly the case in 1850, as observetl 
by Carrington; and again in 1872, as observed by 
Professor Yo~ulg. Professor Loomis has shown that 
there is an intimate relation bet~veen the sun-spot 
cycle and that of the aurora borealis; and. in fact, 
the practical agreement of those three cycles- the 
sun-spot; the magnetic, and that  of the alxrora -
uiay now be consiclered as universally acllliitted. 
But althouglln~uch time alxl great labor have beell 
expended in this direction, it must he admitted that 
no other conllectioii solar d i s t ~ r b a ~ l c e  of as sho\vii 
in siui-spots, ~ r i t h  terrestrial phenomena, has lieen 
so co~npletely proved as to command general coii-
ficlence. 

The questioil of accounting for the lnagnetic in-
fluence had been colisiclere~l. Were tlie sun made of 
solicl steel, and lnaglietized to saturation, it coultl not 
produce tlie effects upon tlie mag~letic condition of 
the eartll which are now justly attributccl to it. 
TIThetlier electricity is conducted ill some \Tray or other 
froin the smi to the eartli, is a question wl~ich cannot 
at  present be anslverecl, a l t ho~~g l i  it ~roulcl be rash to 
affirni that the space between the sun and the earth 
does not contail1 enough rnatter to conduct electricity. 
I t  has been suggestecl, that  variations in the amount 
of heat radiated from the s u i ~  might be sho~rr-u to be 
an ilnportant factor; aiid some deterniinations of tlie 
total solar radiation llave see~ilecl to iiidicatc that tlie 
total amount ~ a r i e d  from t i~ i lc  to time by as much as 
eight per cent. But the nlcasureineiit of the s11:l's 
racliation is surrounded by the greatest difliculties, 
on account of the nxlkllornri and possibly varying ab- 
sorption of the earth's atmosp1ler.e. Professor Scku- 
stei nrns convinced that t l ~ e  only Inode of attempting 
the solutio~i of the prohlern lag in the clirection 
of evading tliis disturbance by establishing obsel.~ing 
statioils 011 tlie l~igllest accessible points; alicl lie 
suggested the Hil~ialaya ALou~itains as offering, on 
lnarly accounts, the most suitable locality. As the 
questioii nonr stood, he  believed lie was correct in 
sayi~ig that v e  know nothing of tlie variation of the 
sun's radiation. 

The questio11 as to the possibility of iurestigating 
the problem, througli observed temperature effects 
up011 t l ~ e  surface of the eartli, liad na tu r~ l ly  been 
considered. I n  spite of tlie difficulties surro~ulcli~ig 
the subject, there could be no doubt that several clif- 
ferent observers hacl proveci that a contlection existed 
between the sun-spot; period and certain teiliperatnre 
effects upon the eartli. S ~ n o r ~ gthese effects rimy be 
niciitioned the agreemeilt between this period aild 
the best wine years on the Rhine; aiid also ~ v i t h  the 
periocl of the increasiiig and decreasing number of 
cyclones npon the Indian Ocean. 

As to a similar periocl in mean atmosplieric press- 
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ure, the evide~lce n-as very contrailictory ; bnl it rnay 
be safe to add two otlier coincider~ces which seein to 
be established: the number of slllall comets about 
the sun seeills to n r y  illrough a period about in 
agreement ~vit l l  that of the sun-spots; and it has 
bee11 shown, particularly in photographs secured by 
Professor Schuster himself, that the appearance of the 
solar corona depends ill sorne vay  on tllc same cycle. 

Professor Scliuster was followed by Mr. TV. Lant 
Carpenter, who read a l~aper  upoil the same subject, 
prepared by Prof. E. Stemart and Ilirnself. I t  con- 
sisted, in the main, of a descriptioll of sonie very 
elegant methods wliich they had made use of it] dis- 
cussing the temperature observatio~is of Torollto arid 
Kew, for the pnrpose of detecting short periods coin-

mon to solar and terrestrial phenotnena. One of tlie 
results of this investigation was to show, t,hat, in 
general, temperature pliases rnalre their appearance 
at  Toronto eight days before they appear at  Icem; 
while ~vliat  might be called 'magnetic declination 
range weather7 travels fro111 Toronto to Kern in 
about one and six-tenths days. 

The subject mas further discussed by several rnem- 
hers of the section, among whom was Rev. S. J. 
Perry, who toolr a very conservative view of the rnat- 
ter, and declared that much research was demanded 
before ally thing really definite would be li1iow11. 

The sun, at least as to its spectruni, received further 
attention frorn Professor Rowlar~d and Rev. 8. J. 
Perry, -the former exciting great interest in the sec- 
tion by :ln exhibition of several of his latest spectrum 
photographs, arid a discussion of tlie rernarlrable 
advances in this tlirection which had follo~vccl, neces-
sarily, tlie use of his diffraction gratings. Dlr, Perry's 
paper n a s  a discussioll of observations on the spot 
spectrunl frorn 1) to B. 

Professor Calpillael described a iiew form of induc- 
tion incliiionieter whicli he  had clevised, wliicll was 
a modifiecl form of Lloyd's instrument, a bifilar sus- 
pension being s~tbstituted for an unifilrtr, i~rlcl oiie or 
two otlier changes made. The instrument had only 
beer] irt use n. few weelrs, but it pronlisetl to be of 
considerable value. 

The Earl of Rosse described his lnethod and nia- 
cliinery used for polishing specula, aucl with which 
he had completed at Parsolisto~vn a three-foot and a 
six-foot speculun~. I-Ie also described a clevice for 
securing electrical control of an  equatorial driving- 
clock, wliich he hail recently tried, and found to be 
very satisfactory. I t  was essentially a ' see-saw ' 
esc:lpemeilt, witti a piece of soft iron on an  extei~siorl 
a t  one end. wliichlnoved betn-een t ~ v o  electro-magnets, 
being held firmly by each, during a certain portioii of 
the smillg of {lie coiitrolling pendulum. 111this may, 
he had secured accuracy alid certainty of control, 
even \~,itli crude apparatus. 

Mr. Perry, i r ~  speaking of the great ilnportance of 
accurate coiitrol of all cciuatorial, now that the spec- 
troscope had corrle so to the front, saicl llrat it was 
interesting to bnom that Mr. Huggins, in producir~g 
sorrle of the most perfect telescopic photogr:q)hs that 
had yet been made, had not especially felt the need 
of a more perfect controlling device ; since Mrs. Hug- 

gills was coiistantly at  his side to regulate the posi- 
tioii of tlie instrument, and that  his splendid results 
were largely due to her precision and patierice. 

One of the most interesting and novel papers was 
that of Professor Douglass Archibald, describing tiis 
lriethod of sending aneirionieters into the air by nlearis 
of bites, :~nd thns stndying the ~eloci t~y of the air a t  
different heights. Tile carrying kite was seven feet 
in length; and this was raised ancl afterward soine- 
v h a t  ste~tl ied by a smaller one aboot f o ~ u  feet long 
attached to it. The  anemometers were arranged at  
different points along the line of the larger kite, so as 
to record the velocity at various heiglits, in some 
cases exteading up as high as six hundred feet. 
Altllougll the esperi~nelits thns far nlade were only 
preliminary in their character, some interesting re- 
sults had been obtained. The velocity illcreased with 
illcreased height, but at  a diminishingrate. On 
being questioneel, Professor Archibald declared that 
the most important thing about a kite was its tail. 
111 his kite the tail was made up of cones of canvas 
arranged with their bases towards the mind, with the 
cord running along their axes. They were placed a t  
a distance of three or four feet from each other, and 
six vere  used. Sir William 'L'homson said that after 
illore than a century the kite was again being clecli- 
cated to science, first on one continent, arid now 011 

another. H e  was convinced that the device of Pro- 
fessor Archibald was sure to proue to be of great 
value in lrleteorological research. 

Professor Arcliibaltl made a brief refercnce to the 
t~rorlc already acco~nplished by a committee, of which 
he was a member, lcrlown as the ' l<ralraton. corntnit- 
tee.' Their object was to deterniine, if possible, 
wl~etlier the sun-glows or remarlrahle sui~sets of the 
past year conltl in any way be attributed to the 
general diflusion of dnst fro111 the eraptiol~ of that 
volcaiio. They llad succeeded in collectil~g much 
inforiliation, wliicli 11ad not get been esaniiried ; and 
he could only say illat nothing hacl yet appc:ared 
which was incoilsistenl with the Icrakatoa. theory. 

Sonie further contributio~ls to meteorology were 
made in a paper by I'rofessor Jalnes Thonison on 
whirlwinds and waterspouts; in a note on interrial 
earth temperature by Mr. I-I. 6. Poole, in ~ l i i c h  the 
increase i n  temperature at  Wolfville, N.S.,nras shown 
to be in fair agreement with other well-linolvn deter- 
nlinations; and in a paper by Dr. IT, h[nirhe>~cl011 
tlie formation of mackerel sliy. The latter w:~s all 
esteilsion of the explanation suggested rrlany years 
ago by Sir TTTillian~ Tlioinson, by the introd~~ctioli  of 
a third stratam of nloving air. The  effect of oiie 
stratu~il  moviiig over anotlier, as Sir TT7illianl Thonl- 
so11 had suggested, mould be to produce 'waves ' in 
the air, whicli ~ii ight result in long lines of clond-
forms. A third stratum, moving ill a direction at  or 
near a right angle to the first, would tend to break 
these lilies 1113 into small patchep, thus producing the 
peculiar appear:ir~cc Bnowil as the mackerel sky. 

Prof. Chalicller Roberts interested the section great- 
ly in presenting the results of sorne experiments 
whicli lie had carried out to show the diffusion of 
metals; the cases specially considered being the dif- 
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fusion of gold, silver, and platiniun in lead. The 
rate of dilfusiori in tliese cases, and notably in the 
case of golcl, seems lo be e~iormously high con~pared 
with the rate of diffnsion in liquids. 

Mr. W. J. Miliar read a pay?er on iron and other 
metals in a liquid ancl solid state, rnl~icll started a 
lively and entertaining cliscu~sion of t l ~ e  question of 
the expansion of iron on solidification. Mr. Millar 
contended that iron did not expand on solidification; 
while Sir Williain Thornson, and other menlbers of 
tlie section, protested that Mr. Xillar's own experi- 
nients proved conclusively that it did. 

The rnatter of the velocity of light of different col- 
ors was considerecl by Professor Michelson, and also by 
Professor George Forbes. Nr. Rlichelson explained, 
so~new~hat determining the in detail, his rnetl~ocl of 
~eloci tyof light, and gare tlie results of a n  investi- 
gation of t'he velocity of recl and blue tlirougli a col- 
umn of carbon bisulphide about ten feet long. The 
velocity of the mean ray throug2i tliis medium had 
been found to be about 1.75 times its value in air, 
which mas somewhat higher than tlieory wonlcl indi- 
cate; but tlie clifference was dortbi.less attributable to 
errors in experiment. A measurable difference be- 
tween the velocity of the red and that of the blne 
ray had been observed, agreeing very closely mitb 
that indicated bj- tlieory. Professor Forbes's paper 
mas a discussion of the observations by meails of 
71-hich he, in junction mitli Alr. Young, liacl s l i om,  
apparently, that there was a measurable difference be- 
tmeen the velocities of red and blue light iri air. The 
paper was discussed by Sir TT7illiain Tbornson, Lord 
Rayleigli, Professor Newcoinb, Professor Miclielson, 
ancl several others ; ancl the general opiiiion mas quite 
decicleclly against the view that such difference really 
existed. 

On the last day of the session, the section was di- 
vided; ant1 a nurr~ber of papers on pnrc nlatliernatics 
occupied the attent,ion of a snb-section. No report of 
these papers can be made, as the Scielzce reporter 

at  present the attention of many of the English 
chemists. 

The first paper read mas by Dr. TVolcott Gibbs, at  
tlle request of the section, and was upon the complex 
inorganic acids. I t  consisted of a ~e'suinbof the 
magnificent ~vorli whicli be lias done in the field 
which he lias discorered and explored. 

I t  is i~npossible in the brief space at our cornmand 
to do justice to this snperb researcll ;wllicll is destined 
to revolutionize many of our chemical conceptions, 
and in which has been slio~vn the cumulative power 
of the molybdenuin and tungsten oxides, the exist- 
ence of dorniriant and subdominant groups, ancl of 
different lrinds of basicity prevailing within the same 
molecule, and of the production of isomerism by the 
orientation of tlie atoms. 

Mr. H. B.Dixon exhibited tables irt which Bun- 
sen's, 'Iorst~r~ann's, and his own resulls or1 the effect 
of nlass on the ii~coniplete combustion of n~ixtures of 
carboil ~norioxide, llydrogen, and oxj-gen were con]- 
parccl; and tlie discrepancies were fouiid to be clue to 
differences i n  tlie temperature and pressure under 
~vhich  tlie experiments mere concluctecl. Above four 
hundred rnillinletres, tbe pressure did not affect the 
results; and a t  temperatures betweell GO0 arid 140° 
coristant results >?-ere also obtained. I t  is believed, 
that when the inixtures wire exploded below 60°, the 
reaction was interfered ~vit l i  by tlie condensation of 
water on the sicles of tile tube. Furt,her, it \vas found 
that mixtures of carbon illonoxicle and oxygen, in 
cqnivalent proportions. could not be exploded unless 
tliere were aqueous vapor, or sorne body containirrg 
l~ydrogen, present,. With traces of hj-drogen, hydro- 
chloric acid, hydrogen sulphide, or a hydrocarboii 
present, tlie ruixture coulcl be exploded. I t  is sup- 
posed that tlie steal11 is reduced by the carbon nion- 
oxide, and that the liberated liydrogen bums, aird 
re-fornls s tea~n,  which agailr acts on more carbon 
monoxide. By a series of alternate reductions, a 
few rnoleenles of steam serve to carry oxygen to tlle 
carbon monoxide just as the oxide of nitrogen acts fomld i t  impossible to orga~iize a sub-section to f o l l o ~ ~ ~  

the niatliematicians. 

PROCEEDIA7GS OF TI313 S E C T I O N  OF 
CfIEJfICAL S C I E N C E .  

THEsession opened at  tlienoon, Aug. 28, ~ ~ i t h  
president, Sir Henry E. Roscoe. in the chair, Dr. 
Pe r l~ i~ i s ,the retiring president, sat on liis right llsnd; 
ancl Drs. TVolcott Gibbs, C~lailstone, a i~ t l  Frinililand, 
on his left. The room was fillet1 to o ~ e r f l o ~ ~ ~ i i i g ;  and 
the aclclress mas listened to \I-it11 marked atteiition 
and interest, and the comrnents ~tpoil  it nrere uiii-
f o r n ~in their conirneutlation. This is rather surpris- 
ing n-hen 71-e recall the present state of feeling in 
England \vliicl~ the efforts to fonnd a superior insti- 
tution for technical instruction have aroused, but 
his views on chernical ecl~lcation are in coiiforinity 
with those generally entertained in tlie United States. 
I t  will he seen by the papers presented at  this sessioil, 
that the particular phases of the recent advances i n  
chemistry of which the president treated occupy 

in the snlphnric-acid cliarnber. By putting a dry 
mixture of carbon tlisnlphitle and oxygen into a dry 
mixture of carbon monoxitle and oxygen, tile first 
could be inflamed, then by inlroducing a little water 
the carboil ~rionoxide and osygell conld be exploded. 

Professors Liveilig ant1 1)elv'lr read a paper on tlie 
spectral lines of tlre metals tievelopetl by exploding 
gases. Berthelot has recently investigated, by nleans 
of the clironogr;~ph, the rate of yropagation of tlie 
explosion of 111ihtlu.e~ of 0x1-gea will1 liyilrogen and 
other gases; and has found, that,, ~ ~ i t 1 1  a ~nixtnre  of 
liydrogen and oxygen iir the prqportion to form 
water, tlie explosioii progresses along a titbe at; the 
rate of 2,841 lnetres per secoi?:l, n nuinher whicli is 
not far £roll1 the velocity of rnean square for hydrogei~ 
particles, on the dynamic theory of gases, at a tern- 
perature of 2,000°. 

This velocity, though far short of tlre velocity 
of light, bears a ratio to i t  which cannot be called 
insensible. I t  is, in fact, about TUjiobiipart of it. 
Hence, if the explosion were adva~icingtowards the 
eye, the waves of light m~ould proceed from a series of 


