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S C I E N C E .  


a time will aid the passaSe of lynipli; but the anasto- 
inosing vessels will carry the e~nbolic ova as well as 
the lyinpli. Tlie corresporiiling glands will t2ie11, in 
their turn, be invaded; and so on, until the entire 
lyinpllatic system, connected directly or indirectly 
with the vessel in which the parent worm is lodged, 
becomes obstructecl. 

"This, I believe, is the true pathology of the ele- 
phantoicl diseases: lo. Parent Filaria in a tlistal lynl- 
1)hatic; ZO. Preniature expulsion of ova; 3 O .  Embol-
ism of lymphatic glands by ova; 4O.  St,asis of lymph; 
5". llegurgitation of lymph, alid partial con~l~ensation 
by anastomoses; Go. Iiei~ewed or continueti preina- 
ture expulsion of ova; further embolism of glands. 
This process, according to  the part of the lymphatic 
system i t  occurs in, the frequency of its recurrence, 
and its completeness, explains every variety of ele-
phantoid diseases." c. v. EII,EY. 

J N T E R N A L  MOLECULAR ENERGY OF 
A 7'OMIC VIBIZATION.1 

THE object of this paper is to examine at  length 
the relative amount of energy whicli a molecule rnay 
possess with respect to any srnall degree of freedom 
of motio~i wllicli its atoms may liave as to eacli other. 
The tlleorenl of tlie viriiil is appiiccl to this motion of 
the atorns; and i t  is founcl, that in a n r ~ l e c ~ ~ l e  aof 
perfect gai; consisting of but two atonis, ~vhicli are at  
a mean distance, P ,  froin each other, ant1 ~vliicli suffer 
a~smalldisl~lacement whose niean i~ i a s in iu~n  arnpli-
t,ndc is 81. nntlcr tllc ~tctio11 of elastic Corcej, the ciiergy 
of atomic vibratiori will be to that of translation par- 
allel to arty assnnled di1.cctio11 in space as 81. to ?.. i t  is 
fnrther shon7n that tliis result i.; of sncii a cliaractcr 
ai; not to he restricted to ~nolecules of t \ro atcrms 
merely, nor to atorris ~vhich are atiractcd tom;~rcl their 
lrieaii position by forces r a rg i l :~  simply ar the iirst, 
11ower of the clisplacement ; so t,ll:~t t,lic result arrived 
a t  is of a ge~leral nature which rnay be stated thns : 
t,lle energy of interatomic vibratiol~ tlcper~ils i ~ p o ~ l  the 
atomic displacement vitliin the nioleculc, and ill 
such a w:ty, that, wlicn this displecernent is a variish- 
ing quantity cornpared wit11 tile tliinensioris of the 
molcculc~, tlieit this eliergv of internis1 vibration is 
a ~ ~ a n i s h i n gqnnntit,y compared wit11 the encrgg of 
motion of the nlolecalc as a viiole. 

This result is in coniirmatiorl of the results ob- 
taiacd by the aut.Ilor in liis previous pal)cr upon ' .An 
extcnsion of the theorem of tlie virial,' Qtc., in 
~shic l iIlc cxprcssed tlle oilinion that  tllc results there 
obtained lctl to the conc:lusion, that " i n  case partial 
corlstrai~lts not anlo~ulting to tlie loss of entire de- 
grees of freedom are introcluced, the energy \\-ill no 
loliger be equally distributed anlolig tlic co-orclir~ates, 
but will be i~ifluencctl by their constraints." 

This beirlg in clirect contiacliction to the coiiclusiot~s 
~rll ich have been detlnced by Doltz~narn~ arid by \Vat- 
son froni tlie tliscnusion of the (listributio~i of energy 
by the ~ncthoil of getier,!lizeil co-ordinates, all esanii- 
nation is ~nade  of the poilit in tlli3 lritllerto accepted 
tlicory from wllicll thc contratliction arises, and an  
crror is pointed out in tile ~netllotl of cml~loying the 
fuudamental expression for tllc distribntion of veloci- 
Lies. The crror is of this nature: the law expressing 
the most probable d is t r ib~~t ionof velocities with 
respcct to any single co-.orili~iate iq the s;rine as that 
of tlie rriost probable distribution of errors of obser- 

vation, and contains a single arbitrary constant, to be 
determined by tlre observatio~~s I t  has  tlieinselres. 
beell assumed that this constant is the s ;me for each 
co-ordinate, wliicl~ is, in effect, assu~ning the very 
point to be proverl. I t  is here pointed out, that  doing 
this cornlnits an error of i,lte nature as is done 
in assigning equal -weights to unlike observatio~is 
witliout first s h o w i ~ ~ g  that their weights are equal. 

The compulations ntatle by Incans of the virial 
show co~~clasively that  the inean energy (i.r., the 
weight) is not at all the sarne for one rlcgree of free- 
dom as for anot l~er ;  and, in order to filrd how one is 
related to anotlier, it mill be necessary to take ac-
count of the forces acting, as has been dorie i n  this 
paper and in the previous one. 

This extensiori of the theory leads to nnmerical re- 
sults in close accordance with obser~ed values of the  
specific heats of gases, aild their ratio, witliout pre- 
vious kllowledge of tllcse quautities for any gas; thus  
computing these quantities for t l ~ c  first tirrle solely 
from the gelieral equations of mecllanics. 

ON T H E  DEVELOPLIIENT OF CITLORO-

P l iPLL  A N D  CyOLOR GRALVULES. 


T r r ~view has been getlerally entertained, based 
largely 011 tlie :~rl~nirable ir~vestigatioiis of Arthur 
Qris, that  chloropl~yll-gran~~les a.re produccd by direct 
differentiation of tho ljrotop!asiri of a~si~rti lat ing cells. 
Lccl by liis study of ct:rt,nin r~rotopl:tsniic bodies in 
the cells ~vllere ~intri t ivc nr;ttters are storetl for future 
?me, ant1 f o l l o ~ ~ i n g  out n snygestion ninde by Schlnitz 
in his rccclit ~ ~ o r l r  relative to the assinlil:~t,i:ig bodies 
in cert:tiri Algne, A. F. I\'. Sclriml~cr (73olniz. wit., 
Feb, and March, 1883) lias nmde a dctnilecl examilia- 
tion of the origin of chloropllyli-grit~~~~lei:,~rliicii in- 
dicates that tlie views of Gris are esroiicous. At tlie 
points of gron.th csanrincd 1)y h i ~ n .  Sclliinper urli- 
formly found that well-forinetl g r a~ i r~ l r s  alrraily exist, 
and that, from s~tbsccluent tlivision of these, a11 tlie 
cl~lorophyll-grn~tolesare protluccd. Ir'iom these, and 
not, as heretofore believed, from tlle differentiation 
of the protoplas~n~ic mass in 1,lic cell, arise the gran-. 
nlcs which later, nntler t,lic inflnence of light. take 
on their characteristic color, Or~e  of llle most in-
tcrestiiig cases reportetl 11y bin1 is that of .Izolla. 
The point of growth a t  tlie root coiltains bright 
grecn cl~lorol~l~yll..granulesabont as large as thosc in 
tllc older parts, mlii in thast: granulcs the 11rocess of 
ilivisiol~ is to I)e tli~t~inctly traced. 

I n  tliose points of growth 11-he1,c t,lle tissues are as 
yet free from color, he ha3 becri also able to follow 
tlie (li~~ision, step I)y step, IIP to the prodaction of 
cornplet,c g r c e ~ ~  gi~nnnles. 'l'lie botlicys fro111 wllich 
tlic grarii~les arc protlnccd :we p~ 'c jer~t ,  lifiewisc, in 
all points of growtli of scctllings. Jus t  here is  
fouilcl tllc most iilteresti~ig feillilre of this irrrestiga- 
tioii. Froin these botlies, whicli lie \\-ell terms ' l~las-
titles,' conic tlii,ce clnsscs of protoplas~nic bodies, 
some\vllnt sesembliiig OIIC another in slinpe: ~lalilely, 
1, the cliloropliyll-gr:~ii~iles,or chlornplustides; 2, 
the starch-formers, xvhic:li, with t l ~ c  allied wilite or 
colorless boclies, lie ralls le?icoplastiiics ; and 3, the 
botlies whicll l~oszcss colors otlier than grecn [ fo r  
instance, tlie grar~alcs in petids ancl the like), to ~~~h ic11  
he  gives tlie name chl~omopln.stides. To  illustrate 
this fro111 a singit: c.;tsi:, we xviil allitde to Iinpatiens 
parviflora. 'Thr rcry tritnsparcllt cells a t  t l ~ e  point 
of growtli coiit;lin l~lnirily risible leucoplastiiles. 111 
cells of the sarne age tliey are of the sarne size, often 
constricted, alnra,ys sliarply defined. 'These can be 
traced by plain transitions into chloroplastiilcs on 
the young stcrn and the zone of foriiiilig leaves, 


