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of the falls, the other worlis of preservation 
--the timber apron, tlie rolling dams above, 
and tlie crib wliicli hael been placecl below, 
the falls -were described and commented 
u13011. 

Dr.  C. E. E m e q  read a short paper, and 
snbmi~ted  a table, showing the cost of steam 
eugines and boilers complete, and tlie cost of 
operatilig tlie same for three linndrecl and iiilie 
d a r s  in t , l ~  year, including repairs aild renem-
als, aud giving, upon the data  assumed, tile 
total cost per horse-power maintained continu- 
o~lsly.  ITe poi~itetl out  why small engines 
were comparati\rely niore expensive t o  111aii1- 
tain tliaa mere large ones. The  d i sc~iss io~i  of 
this paper mas postponecl until the next clay. 

The  co~ivention re-assembled a t  the s tate  
capitol on JVeclnesday morning. The  discus- 
sion of Blessrs. I k q u h a r  ancl Emery's papers 
was first in order. The  questioil was aslcecl 
whether the anlount espendetl in the preserra- 
tion of S t .  Anthony's Falls woulcl not have 
sufficed t o  establish and maintain a n  eqcliralent 
plant of steam-engines. Dr .  Emely thought 
not. 

I'rof. T. Eggleston followed with a pitper 011 

' S n  accident to  steam-pipes arising from the 
use of blast-furnace wool.' I-Ie attributed a 
corrosiori and subsequent explosion of steam- 
pipes a t  Columbia college to  tlie setting-free 
of sulphur from the mool by tlie action of ex-
tremely clilutecl solutions of organic acids nlid 
the rapid corrosion of the pipe by the sulphu- 
ric acid, sustaini i~g his position by reports of 
analyses :iiicl tests. 

I I e  was strongly opposed by Dr.  Emery,  
who claimed that  the corrosion was due to 
leakage and moisture, with alternate wetting 
and drying of tile pipes, and that  blast-fur- 
ilace mool was entirely ianocuous. 

Mr .  J o h n  Lawlpr of Prairie du  Chien de- 
scribed the constrriction of tlie two polltoon 
drams in the milmay-bridge across tlie Illissis- 
sippi a t  that  place. Each  pol~toon is  four 
hunclreti ancl eight feet long, six feet deep, 
thirty-six feet wick on bot to~l i ,  and forty-one 
feet wide 011 top. Tile interior details, the 
regulation of height of track, the means for 
fastening and for ma~loeuvring the clranrs, were 
describecl a t  lengtli ; ancl the cost was stated 
a s  one-sixth of tlie esti~natecl cost of the usual 
iron swing-bridge. T h e  bridge was built in 
1874, and has  been i11 continuecl use ever 
since. This  bridge mas seen from the train 011 

the trip from Chicago. 
The  last paper a t  this session, by G. Lin-

denthal of Pittsburgh, Penn. ,  was upon tlie 
rebuilding of tlie PlIonongaliela bridge a t  that  

place, from liis design ancl under his direc-
tion. T h e  first portioii of his 1)aper entered 
minute l j  into details of the new structure, and 
was illustrateel by tracings. Tile lattci* por- 
tion was occupied with a discussion of tile old 
suspension-bridge, built in 1846 by Joliii A. 
Roebliiig, the co~idition of the sarne before 
removal, the tests of tile material removecl, 
and the effect of the excessire overloading to 
wliich i t  had beeli exposed for years by the 
increasing and heavy traffic over tile bridge. 

After a b13ief discussion, tlie convention then 
adjourned ; a portion of the rneinbers repairing 
a t  once to  Lsllte 3linnctonka, aticl the remaiu- 
der  going to Blinneapolis, where visits were 
mitde t o  the Wasl ib~irn flouring-mill a~icl to  
the bridges. 

( T o  be c u n t i 7 ~ x e J) 

KINETIC CONSIDERATI0N.S AS TO 
THE NATIJRB U P  T H E  ATOJIIC MO-
TI0,VS W H I C H  I'ROBABLY 0161GINA1'E 
Rrl DIA TfONS.1- I .  

THE assumption that  the mean kinetic 
energy of trauslalion of the molecules of a gas  
is the nicasure of i ts  temperature is one ml~ose 
beautiful agreement with experiment has led 
t o  its acceptauce as  a iieccsszlry part of the 
liirietic theory of gases, and it  has oftell let1 to 
the thoughtless conclusio~l that  this translatory 
motion is also the nlecha~lical source of the 
dist~lrbances in tlie e t l ~ e r  wliicll originate racli- 
ations. I3ut tliere are  many clifllc~~lties in the 
way of accepting this view. One of the first, 
and perhaps tlie least, is the difficulty of con-
ceibing how such a motion of translation, nhich 
is  essential11 longituclii~al, can or ig~na te  a lat-
eral vibration, such a s  light and radiant heat 
must be. 

A greater difficultj- appears t o  be fonncl ill 
the extremely rnoderatc rilean velocity of tlnns- 
lati011 which the ~nolec~lles  of a gas  are  fur~nd 
t o  have. Rlolecular velocities, whicll are  of 
the  sarne order of magnitutle a s  that  of souncl 
or of a iifie-ball, seem harc11~- fitted to  cause the 
necessary coin~~rcssions or distnrhances in a 
medium in wiiich tlie rate of prol)agation i s  so  
ilnnlei~se; or, to  s tate  it in another way, if 
inolec~iles, in describii~g their paths, originate 
radiations, then the inotion of a rifle-ball ouqht 
also to  clo so, or,  indeed, any  m~ict i  more mocl- 
erate motion, such a s  that  of a ~ e h i c l e  or 
animal. 

A still f~ i r ther  clifficulty is, that tliere is 
another p m t  of' the kinetic theory which ap- 
pears t o  be so related to  this that  both cannot 

1 Presentedin abstmot to t11c Section of che~nistry and p l~ya-
ics of tho Ohio mechanic,' institute, I p r i i  26, 1883. 
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be rigorously true at  the same time, as appears 
from the following consiclerations. T l ~ e  most 
probable clistribution of the component molec- 
ular velocities of a gas in equilibrium is the 
same as that of errors of observation. This 
distrib~ltion is brought about by fortuitous 
molecular encou~iters, an~1 its permanence is 
insured by reason of them. But in case the 
progressive motion of a niolecule gives rise to 
radiations, those molecules whose velocities 
are the greater are the hotter, and coniequent- 
ly radiate more heat to other molecules than 
they receive from tliem. They therefore lose 
pal t of their progressive energy before the next 
enconnter. The whole effect mould be to 
retard the motion of those molecules whose 
kinetic energy is greater than the mean, and 
accelerate those whose liinetic cnergy is less. 
This mould cause a constant interference with 
the tlistribution of velocities according to the 
law of probabilities ; and the interference woulcl, 
so far as we are at  present able to for111 an esti- 
mate of its amount, be sufficient to cause the 
kinetic energy of each molecule to approach 
indefinitely near its meall value cluring the 
time in which it describes a yery small fraction 
of tlie mean path between two successire 
molecular encounters. If  this is the case, the 
kinetic energj of any inolecule cloes not differ 
for any appreciable time from its mean value, 
and is in effect the same daring thc whole 
path, so that there is no such clistribution of 
velocities as has been assumecl. I n  case the 
interference with the assumed law is not so 
complete as this, it must apparently exert an 
important influence upon the distribution of 
velocities, especially in the case of rarifiecl 
gases, in nhich the encounters are coinpara-
lively infrequent. 

Again : if the progressire motion of the mole- 
cnles can originate radiations consisting of 
transverse ribrations, it would appear highly 
improbable that their rotary motion should not 
also clo tlle<same. But, as has been slio~vn i n  
a former paper,l the liinetic energy of trans1:~- 
tion differs from that of rotation for imperfect 
gases ; and the temperature cannot be simply 
proportional to the mean rotary energy, though 
it might possihlg be prolsortional to the sum of 
the rotary ancl translatory energies combined. 

But aside from these clifficr~lties, which may 
serve to show tlie intrinsic improbability of the 
supposition that the l)rogressire motion of the 
molecules originates radiations, we seem to 
reach pretty decisive evidence against the sup- 
position, when we consider the specific heats 

1 An cxtrnsion of the thcol.ei11 of t l ~ cvirisl, otc.- (Sc.  proc. 
Ohio ?aech.inst., Marcli, 1883.) See also SCIENCE,i. 63. 

of solid bodies, or when we consider the nature 
of the radiation itself as revealed by the spec- 
troscope. 

The experimental law of Dulong ancl Petit, 
and the aiialogous results of Neumann,' show 
that in solid bodies we must consider the tem- 
perat~lre to be measured more nearly by the 
energy of the atom than by that of the mole- 
cule. Now, it is harclly supposable that the 
translatory motion of a gaseous molecule should 
originate 1*adiations, while that of a solid should 
not. We shall not, at  this stage of the dis- 
cussion, consider the spectroscopic evidence as 
to the natnre of the motions which originate 
radiations, further than to notice that the char- 
acteristic spectra of gases appear wholly inex- 
plicable, 011 the supposition that they are 
originated by translatory motions, with reloci- 
ties distributed according to the law of proba- 
bilities, or with velocities reducecl by radiation 
to an approximate equality, as it has been 
shown they might be ; for even the simplest 
gases liare spectra consisting of at least several 
lines. 

If  these reasons compel us to distrust the 
supposition that radiations originate in the 
progressive or rotary motions of the molecules, 
does the supposition that radia&ions originate 
in the ribratory motion, with respect to each 
other, of the atoms in tlie molecule, afforcl a 
better explanation of the facts? Such a mo-
tion, analogous to the elastic vibrations of a 
bell or other sonorous body, might rery reaclily, 
perhaps, be shown, in case of a complex mole- 
cule, to have such a relation to the molecular 
encounters, and thus to the inean kinetic 
energy of translation, that its energy would 
be clirectly proportional to it for each given 
gas. I n  case this were established, such vibra- 
tions, considerecl as the physical cause of radia- 
tions, would explain the phenomena of gases 
as well as the supposition that they are due to 
the progressive Binetic energy ; and they might 
possibly be sliown to explain tliose of solids 
also. 

Bnt thereis at  least one difficulty, in the way 
of accepting this supposition, wiiich seems in- 
superable in the case of monatoi~lic molecules ; 
for, if radiations coold only originate in the 
vibrations of atoms with respect to each other 
within the molecule, monatoinic molecules 
coold not radiate heat at  all, ancl collld not 
have a temperature. That this should be true 
is not only inconceivable, but contrary to the 
linown fact that monatomic n~ercary gas Iias 
a perfectly ascertainable temperature : he~ice 

1 Ann. phys. c i r e ~ f z . ,xxiii. Wiillncr'a Experimental-physdk,
iii. 506. 
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the motions which originate racliations are not 
confined to sachvibrations of atoms, e l e n  if i t  
be possible that  such vibrations clo originate 
radiations. Ancl this consideration leads us to  
what appears to be the trutli of the matter,  
which is, that  the atoms themselres are in a 
s tate  of internal ribration. A s  mill be  seen 
subsequently, this internal vibration is, no 
doubt, accomplished uniler the actior~ of internal 
forces, which permit extren~ely small deforma- 
tions only of the atorn by ally external forces 
which can be brought t o  bear upon it ; i .e. ,  the 
i n o d n l ~ ~ sof elasticity of an atom is very large 
indeed, and r e l y  large, no donbt, when com-
parecl with that of the inolecale. Indeecl, if 
such vibrations exist within tlie atom itself, i t  
is  not difficnlt to  prove that  tlie force vhich 
binds the parts of a n  at0111 together (and con- 
sequently its mod~ilus  of elasticity) is  much 
greater than the chemical force binding the 
atoms together into a single molecule; for it  
has been shown, in  11137 paper upon the internal 
molecular energy of atomic vibration, that  the 
amount of energy which can be  imparted to  a 
system like this is inversely a s  the moclul~~s of 
elasticity. But  chemical atoms are  boclies 
which we are now supposing to be in  internal 
vibration, bnt  to  which it  has been fonncl ini- 
possible to  communicate energy in amount suf- 
ficient to cause them to fly to  pieces. Since 
atoms clo not become decomposed, whilc mole- 
cules clo under various circumstances, i t  must 
be  that  their lnoclulns of elasticity is much 
larger than that  of molecules. 

This  view accords with that  of Lockyer,l 
who has endea~orecl  to  explain the coiilciclence 
of lilies in  the spectra of different elements, 
and the relation of temperature to spectra, by 
the snppositio~i that  the so-called chemical ele- 
ments are merely niolecules which have never 
yet  been deco~nposed by chemists. It inust 
be admitted tliat the experimental evidence he 
adduces is of a very cogent character : ancl i t  
seems to me that  the demonstration by which 
I have shown tliat the mean energy of such a 
~ i b m t i o n  mould be extremely small explains 
how such a vibration can exist without de- 
composing the more complex atoms erei l  a t  
the highest artificial temperatures, tllough 
Loc l~yer  has reason to thin11 that  they are 
decomposed in the hotter stars,  where only the 
spectra of the elements of low atomic m-eight 
are to  be forlncl. 

Were  i t  true that  every degree of freedom 
must have the same kinetic energy, we conld 

1 Discuseion of tile working hypothesis, that tllr so-called 
(cilemical) elernet~ts are coinpound bodies (~Yc~tzire, J a n .  2 atid 
Jan .  9, 1879). Necessity for a new dcl~arturc in spectrum annly- 
sie (LVut7cre, Nov. 6, I Y'iS). 

not aclmit the possibility of such a ribration ; 
for not only woulcl soch large amounts of  
energy be required b j  the clegrees of freedom 
which seein certainly to  exist Ir)etween the  
atotns of complex niolecules a s  to  entirely con- 
tradict esperin~ental  ralnes of the specific 
heat, but the supposition of additional de-
grees of freedom witliin each atotn wonld 
require a n  a m o ~ u i t  of eiiergx, on the whole, 
inally times the actual specific heat of such 
boclies. But  of energy lien the  a n i o ~ ~ n t  re-
quirecl by  slicll degrees of freedom is nearly a 
vanishing qaantity, a s  I l i a ~ e  sho~vn ,  there is  
nothing to prevent us  from assumii~g that  t o  
be the trnth which spectroscopic evitlence 
makes most probable. 

W e  may notice. in passing, that the princil~le 
upon n~hich this paper rests, that ~ ihra t io i i s  of  
this character can exist n~itliont absorbing a n  
appreciable amount of kinetic energy, enables 
us to  explain a t  the same time the extremely 
moderate rate a t  which exchanges of heat t a k e  
place betn-een bodies b j  radiation. They be- 
come only very slowly of the same terupera- 
ture, which fact needs explanation in ~ i e w  o f  
the extremely rapiti propagation of radiations 
themselves. N o r ,  according to our sul~posi- 
tion, during a molecnlar encounter the mole- 
c~ i lesare r o ~ ~ g l i l g  shalien, and there is a deter- 
minate clistribution of energy t o  be found among 
the atoms. a t  i ts  conclusion, in the form of in- 
ternal atomic vibration, which distribution is 
due to  the circamstances of the encounter. 
'l'hose atorns which b j  chance h a r e  more energy 
than others radiate more iapitlly ; and since the  
relocity of rarliation is so great. ancl the 
atomic cl~stnnce so  smnll, we inay aisuinc 
that  the several atoms acquire almost instan- 
taneously a n  energy of internal vibration 
sensibly equal to  the mean, so that  in a g a s  
this is their condition d~i r ing  almost the entire 
free path of a molecule. I n  case the gas i s  
becoining cooler by radiation to  surrounding 
bodies, tlre atoins vliich radiate to  these bodies 
lose more of their I iloratov energ1 than they 
othernise n.ould, and thus have lcss mean 
eiiergj of internal vibration than they shoultl 
have under the law of distribntion which de- 
termines n h a t  fraction this energy shall be 
of the mean kinetic c3nergy of the molecules. 
At  the n e s t  encounter, the atoins r e c e i ~ e  their 
proper share of tlie iiiean liinetic energ-, 
~ v l ~ i c h ,being partially lost by radiation, is  again 
suppliecl ; and so on. Anil because this trans- 
forniation into internal atomic ribratio11 must 
take place before i t  call l)e radiated, and be- 
cause a t  the same time the energy of this 
vibration is but an nnappreciable fraction o f  
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the total kinetic energy, the process of ex-
change bg radiation is, on the whole, slow, 
were,however, the translatory motioll the 
direct cause of radi&ion, the exchanges be-
tweendiathermvus bodies must appwelltlg he 
nearly instantaneous. 

( T o  be conti?tued.) 

OYSTER-CULTURE IN HOLLANL). 

THE first of a series of papers on the European 
oyster and oyster industry of the Eastern Scheldel 
has just been published by Mr. P. P. C. HoeB, secre- 
tary of the commission of the zo6logical station of 
the zoSlogical society of Holland. I t  is to be fol- 
lowed by a series of papers gotten up in similar style 
by eminent specialists: lo.On the embryology of the 
European oyster; ZO. On its food, parasites, and com- 
mensals; 3 O .  A review of the fauna of the Eastern 
Schelde; 4 O .  A report on the physical conditions pre- 
sented by the Eastern Schelde; 5O. A report on ex- 
periments made to determine the conditions under 
which the fixation of the larval oyster occurs. 

I n  this report the author devotes a short chapter 
to a discussion of the classical allusions to the animal, 
from the Homeric period to the time of Oppian. Then 
comes a chapter on the references to the oyster found 
in Conrad Gesner's f l i s t o~ ia  nnimalium, lib. iv., 
edition of 1060; follo~ved by an  exhaustive bibliog- 
raphy of ninety pages, in which the works of up-
wards of two hundred and seventy-five autliors are 
mentioned, covering the period from 1685 to 1883, or 
nearly two hundred years. 

Then follows a paper on the organs of generation 
of the oyster, by Mr. Hoek, accomparlied by an  
excellent series of lithographic plates representing 
microscopic tlansverse sections of the Enropean 
oyster. The text of this is i n  Dutch and French on 
alternate pages. A chapter is devoted to a historical 
rQaum6 of our knowledge of the anatomy of the gen- 
erative organs, and is succeeded by an account of the 
author's inveatigation~. 

A second part is devoted to the physiology of re-
production, and is preceded by an historical sketch of 
this part of the subject, from the time of Leeuen- 
hoek to the present. The author gives a summary 
of his reaults, both anatomical and physiological, as 
follows: the genital gland is not a compact organ: 
i t  lies on the surface of the body of the animal under 
a thin layer of connective tissue (mantle), below which 
branched ducts spread out over the reproductive 
organ, connected on the inner side with t he  reproduc- 
tive follicles, which have a generally vertical direction 
to the surface of the visceral mass, and which arias- 
tolnose with each other. The generative products 
develop on the walls of the follicles, the ova and 
spermatozoa being formed side by side. Tlie author 

1 VernZ(sg bnztrent onderxoekingen op  de oestev en de  oester. 
cultz~ur hetrekking hebbende. d$everi~lg i .  (With tftle in 
French : IZc~pport sur ler recherci~es co,tcer?~ant I'1n~ih.e et 
l'ostrdicultrrre. Livraison i.) Leiden, E. J.Bri l l ,  1883.  253 
p., 5 lithographic plates. 8'. 

inclines to the belief that  the generative products are 
developed from the ectoderm. The ova are devel-
oped from single epithelial cells adherent to the wall 
of the parent follicle, while the mother-cells of the 
characteristic masses of sper~natozoa are 0111~ par-
tions of such cells. The organ of Bojanus does not 
have a compact structure as in other lamellibranchs, 
but is composed of a mass of ducts and blind sacs, 
wllicll forms a thin flat plate of considerable extent. 
Contrary to what may be noted of the reproductive 
glands, the organ of Bojanus extends somewhat in to  
the mantle. The ducts and cavities of the organ of 
Bojanus pour their contents into a longitudinal cav- 
ity, --the urinary chamber, -the walls of which a re  
also excretory in function, and open oiltwardly by 
way of a short urinary canal. The external orifice 
of the renal organ opens into the same cleft as the 
genital duct, a little behind the latter, but they do 
not actually join. These genito-urinary sinuses lie 
below the adductor on either side of the ventral pro- 
cess of the body-mass. A reno-pericardiac canal 
connects the urinary chamber with the pericardiac 
cavity. I t  is probable that  the auricles of the heart 
also exercise an  excretory function. 

An oyster which has fry in the branchiae is the 
parent of the same. At  the moment of emission 
from the ovaries, not only have the ova been ferti- 
lized, but they have also passed tllrough the first 
stages of segrrientation. Tlie sperm necessary for 
fecundation does not come from the same parent. 
The water which flows over other oysters in the vi- 
cinity charged with sperm, which they have set free, 
is carried into the mantle-cavity of egg-bearing in- 
dividuals, and into their genital d i~c t s  and their 
branches. The oysters of the  Eastern Schelde are 
two years old before they have brood; they are most 
prolific at  the age of four or five years. There are 
more sperm-bearing oysters in the Eastern Schelde 
than egg-bearing ones. All of the mature eggs are 
laid a t  once; the production of sperm is probably 
contintled for a longer tirne. I n  every instance that 
was investigated, the production and eiriission of ova 
is followed by a period during which no sperm is pro- 
duced. A large proportion of the spat found fixed 
on tlie banlrs ill the Eastern Schelde was probably 
riot derived from the oysters inhabiting the culti- 
vated beds. Culture appears to act injuriously upon 
the reproductive powers of the animal. I n  old oys- 
ters the liver is much inore developed than in younger 
ones. This greater development of the liver is de- 
pendent upon the less marked developme~lt of the 
reproductive organs. J. A. RYDER. 

GALTOAT'S HUllfAN l.=.ICULTY. 

17aqniries iuto ilrsman ~fncul ly  ant/ its developme7at. 
By FRANCIS F.R.S.G A L T ~ X ,  New York, iVIac-
millan, 1883 12 f 380 p , 6 pl. 8 O .  

MR. GAZT~N'S1-esearches have for a good 
while attracted the attention of 14:nglish and 
American stuclents of psgcholog~ slid nnthro-
pology. As theg are here brought together, 


