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as usual, contiaues an air-passage to the phar- 
I n s ,  opening at  the hack of the hard palate by 
a median orifice in cornmoii with its fellow. I11 

sizable skulls, as of a raven, hawk, or eagle, a 
bristle or el en a wooden toothpick readily trav- 
erses the conduit vhich runs betnreeu the basi- 
slshenoid and the unclerlying basi-temporal. 
This nrhole passageway, from outer ear to 
tympanic ca\ itj*. and thence through enstachian 
tnhe to pharyax, represents the persistently 
patulous part of the first post-oral visceral 
cleft of the embryo, only occluclecl by the mein- 
brana tympani, Kear the eustachian orifice 
are observed two definite openiags. Tho 
anterior and superior of these is the fenestra 
ovalis, fitted, as usual, with tlie foot of the 
stapes, as seen in fig. I ,  closecl by membrane, 
which f ~ ~ r t h e roccludes this opening into tlie 
vestibular cality. The other is the fenestra 
rotunda, similarly leading into the cochlea^ 
cavity. The tn-o are generally close together, 
separated merely lq a bony bridge or bar. 
The former lies always in the obliterated 
suture betn een the proiitic and opisthotic ele- 
ments of the petrosal bone, the latter nholly 
in the opistliotic ; both are thus as in inan. 
Close esa~nination at  a point some~hcre  about 
the feaestra 07 alis will cliscorer a minute f o ~ a -  
men, corics1~oi1cling to the human ' s t j  lo-mas- 
toicl foramen ' inasinucli as i t  represents the 
orifice of exit of the seventh clanin1 nerre 
(' l~ortio clnra') from the petrosal bone, heie 
in thc cality of the middle ear, there being 
none sucli upon the outside of the sliull. Thus, 
in tk~e dry skull of a bi~cl. the harcl parts of the 
tympanic cavity, incl~~cliiig the eustacliian tulle, 
can ~ead i l j  he i~lspectecl f~ on1 tlie outsicle ; el en 
the limits of t l ~ e  prootic and opistl~otic bones 
can be determilied 1 ) ~tlle site of t l ~ e  i'encst~a 
ovalis, a11~1 the ossicula auditus be seen in  sit?[. 
T o  see these things in tlie llurrian or any ordi- 
narj  ir~an~inalian ear, requires special 111epnra-
tions, as they lie in a tympanum ~~l- i ich  is itself 
at the bottom of a co~ltlacted tube. Details of 
mere size ancl shape asicle, tlie a b o ~  e general de- 

probably originate radiations,' the writer has 
given reasons in support of the hypothesis that 
different chemical atoms are all connposed of 
the same kind of ultimate atoms, which are iru 
el-ery 'espect equal ancl similar. Reasons were 
also given, tending to shon. that the vibrations 
of these ultimate atoins originate lumiaiferous 
and thermal radiations. And further, suppos- 
ing racliatioils to originate in tlle ribrations of 
equal and similar ultimate atoms n hich are set 
in 7 ibration by the collisio~l of moving mole- 
cules, an attempt mas made to prove that two 
unlilie masses of gas TI hich are ill thermal 
eqnilibrium by radiation will also be so wllell 
misecl ; i.e., lvhen the equilibriun~ depends up- 
oil the collisions of the molecules rather than 
upon radiation. 

The object of the present paper is to consider 
the probable physical state of solid bodies, es- 
pecially as to the amount of energy cdistributed 
among the different degrees of freedom possi- 
ble in suc11 bodies, and to shon, that the same 
hypotl-iesis of equal ultimate atoms would cause 
solids nhich are in thermal equilibrium by ra- 
diation to be also in thermal equilibrium when 
brought into contact, i.e., when the eq~~ilibriuni 
depen(1s upon the collisions of the molecules. 

Let us iiotice, in the first place, nliat is ap- 
parently the mechanical significance of Dnlong 
ancl Petit's lax,, nhicli ~ i iay  be stated thus a-
the amount of heat which must he in~partecl 
to a che~nical atoll1 of a siiilple solicl body to 
increase its tempel at111 e one clegrce is al)p1 "xi- 
mately the san~c  for all the elements. Sen-
mann has further shon n, that, for coii~l~ouncl 
solicls, tl~osc of siniilnr cliciiiical conil~osition 
r e q ~ ~ i r ea11pioxiln:itel~- the sanie n~nount of 
l-ient per cllemical atom. lint the amount is less 
tlian for bi~lil~le solids. Tl-ic~e are, hoverer. 
a 1 erj  fen nnesl~lained exceptions to thesc 
la^^ s ,  77 liicli ale clue l~ossibly to uncertainty as 
to atonlic. n cights. 

The mechmiical esplmiation of lliese esperi- 
~lieirtal Inns seems to be co~~ta inedin tlie 
stateineiit, that, ill simple solids, cohesion and 

scription of the passageways will al~ply p r e t t ~  chemisni are one ailcl i~lclistinguishable ; or, to 
well to any bird, and shoulcl snfice fbr recogni- esllress i t  otller~vise, we maj say that tlie mole- 
tion of the paits ; though the nninber and cules of simple solids are monatomic, tlie cohe- 
va~ie ty  of the iiregular pneumatic open i~~gssion being, of cotuse, much greater in some 
(comparable to those of the human mastoid 
cells) m q  be puzzling at first sight. 

(To be ro?zlinued.) 

OATTHE RIATETIC TfIB011Y OF T B E  SPE-
CIFIC HEAT OF SOLIDS. 

INa paper entitled ' Kinetic consicle~.ations 
as to tlie n a t ~ ~ r e  of the atoniic inotions whicli 

solitls than in others. 
That this is a correct conception of the rela- 

tions of the atoins of a simple solid, is niadc 
probal~le by . i a i i o ~ ~ s  facts, aillong mllicli this 
may be mentionecl, -me1 cnry aucl cacllninrn, 
nh ic l~are knonn to be nlonatoinic as gases, as 
solicls fulfil D u l o ~ ~ g  law, a~icl are ancl Petit's 
therefore in tlie same physico-chemical state 

1 q c ~ e h c r ,i ~ .i F .  
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as  other simple solids. Ailother facl is that 
already mentioned, viz., the specific heat of 
compoui~cl solicls per atom is less than that 
of simple solids ; aacl to this i t  may be added, 
that tlie specific heat of simple solicls is less 
when the volume is inacle smaller by hainmer- 
ing, compression, or cooling, which facts nil1 
be considered more at  length later. 

I t  is shown in the kinetic theory of gases, 
that, d l e n  molecnles of anlike gases are mixed, 
the mean progressive energy of each molecule 
is the same, whate~er  its neight. 

LTov, when a gas is in contact nith a solicl, 
will the collisions of the gaseous molecules 
with those of the solicl cause the latter to ha1.e 
the same mean 1~rogressi1-e energy of T ibration 
as those of the gas ? That will depend largely 
1113011 tlle duration of the collision. If  the time 
occupied by a collision is so brief that on17 a 
small portion of a ~ibra t ion of tlle solicl mole- 
cule is clescribed during the collision, then the 
laws of impulsive forces inay be applietl, ac- 
cording to which the effect of the finite forces 
acting during the inter1 a1 may be neglcctecl. 

111 case the collision is brief, the tlistribution 
of tlle nleail hii~etic energy between the mole- 
cules of the gas and solid will be rery nearly 
the same as between different gases, and tlle 
lncan liinetic energy of n simple solicl mole- 
cule \)ill diffeel little from that of a gns at  the 
sanle temperature. 

I n  cases, 11owe.i er, i11 whicll the modnlus of 
elasticity of the solicls consicleiecl is so great as 
to nlalie the periocl of vibration of tlie mole- 
cnles also brief, their mean lcinctic~ energy 
wonlcl be ~natcrially s~nallel. thail in the p r c ~  ious 
case ; and, if a solid roald be found nliose mole- 
euleswere immov:tblg fixed, no ~ibra tory  cilergy 
wllate~ercould be imparted to ils molecules. 

Kom, Dulong and Petit's lam seems to shon~ 
tliat all siinple solids, even those l lu~ ing  the 
highest n~oclulus of elasticity, ha1e an clas-
ticity so small, comparecl wit!l that broaght 
into action betcvcen molccnles at the instant of 
free collision, that the clistrii,ution of liinetic 
enelgy is approximately the same 21s if the 
body were gaseous ailcl monatomic. But since 
the laws of perfect elasticity require that the 
mean potential energy shall he equal to the 
kinetic, it f o l l o ~ s  that the specific heat of a 

Tlie foregoing statement has been based 
upon the assumptio~l ttiat aiiy clegree of free- 
dom which suffers partial constraint, as clo the 
degrees of freedom of translatioil of a gaseous 
molecule when it becomes solicl, mill have for 
that reason less kinetic energy imparted lo i t  
cluring molecular collisioi~. This subject has 
been treatecl solvewhat at  length in previolls 
papers upon the kinetic theory : but in this 
con~iectio~l to make quota-it may be usef~11 a 
tion from Thomson ailcl Tait : ' ' If  a set of 
material points are struck independently by 
impulses, each giren in amount, more liinetic 
energy is generated if the points are perfectly 
free to more, each inclepenclently of all the 
others, than if they are connected i11 aiiy 
way." 

This inechanical theorein not 01115- has spe- 
cial applicatioi~ to the partial constraiilts intro- 
clncecl into the freedom of motion of molectiles 
when they change from a gaseous to a solid 
state, but it apl~lies, also, to the aclclitional con- 
straints introduced into the clegrees of freedom 
of solicl atoms when those atoms becoine inore 
closely bound together by chen~ism into groups, 
i.e., into molecales. Evidently, the bonds of 
union between the atoms of a coinponncl solid 
molecule are such that these degrees of free- 
dom are coasiderably more coilst~aiilccl than 
tliose mliicl~ ~ulite the atoms of different mole- 
cules ; so that, in compound solids, the forces 
of cohesion ancl che~nism are clifferent, ancl 
quite clistinguishable the one from tlie other. 

Kow, what, aceorcling to the mechanical theo- 
rem a b o ~ e  cynotecl, is the eKect of introducing 
the aclclitioilal eonstraiilts recjuiiecl in order to 
group a siinple solicl, or inisture of sin~ple sol- 
ids, into nlolecules, and thus make it a coin-
pound solicl? 'I'lie etrect will be to climinish 
the inestn liinetic energy of the system as de- 
rived from thc impacts of the molecules of any 
gas surronncliag it. This is, ill fact, what 
occurs, as appears from the experimental trath 
~reviously inentioaecl, -that the specific heat 
per atom of compound solids is less than that 
for simple solids. IIon- ~nnch the specific heat 
per atom is diminished should clepe~lcl npo11 
the intensity of tile cllemical attraction, ~ ~ l i i c h  
certainly must be much greater than the cohe- 
sion between atoins of simple solids, to cause 

simple solicl should he approximately t ~ ~ i c e  such marlied deviations of specific heat per 
tliat of a moilatomic gas at  the same tempera- 
.ture and of the same atolnic weight. 

The actual specific heats of mercury ancl 
cadmiurn gas would be of great  interest ill this 
connection, were thej known, eve11 though they 
coulcl only be detcrininecl a t  temperatures far 
rernovecl from those of their solids. 

atom as compound solicls exhibit. This result, 
wlien coinbiller1 with that arrivecl at in coanec- 
tion with the cliscussion of Gerthclot's law, in 
my paper upon ' 1111 extension of the theorem 
of tile virial,' etc., to the effect that the heat 
evolved in cliei~~ical decornpositioll is greater 

1 Nnt. pi~i l . ,art. 316. 



the greater the attractive force, enables us to 
enunciate the following law, the truth of which 
1 am at  present unable to verify for want of 
sufficient experimental data : those solids, 
other things being equal, which evolve the 
greater amounts of heat of chemical deconlpo- 
sition in changing from simple mixtures to 
compound solicls, are those which have less 
specific heat per atom. The phrase, ' other 
things being equal,' in the above statement, 
refers to the fact that similar coinpo~u~ds which 
are chemically similar are in strictiless com- 
parable. 3Iany other circumstances, tnore-
orer, besides want of chemical similarity, may, 
in special cases, mask the experimeiltal results ; 
yet the truth of the law shonlcl be clearly recog- 
niznble in any geiieral comparison of specific 
Iicats with tlle heat of forillation of compound 
solicls. 

Similar principles erideatly apply to the 
cases in which simple solids are permaneiltly 
decreased in volume by hammering or com-
pressioil ; Cor then greater cohesive forces are 
bronglit into action, ailcl the specific heat is 
dirilinished. I t  reinains to be shorrn, in con-
clr~sion, that thermal equilibriiun, which lias 
1)ecu established by collisions of gaseous ancl 
solid molecules. will continne to exist wlleil its 
continuance clepencls upon radiations between 
equal ancl silnilar ultimate atoms ~vhich are 
set in ~ ih i a t ion  by molecular collisions ; or,  to 
state it differentl~, it remains to be shorn11 that 
tlie nltimate atoms of a gab ancl a solicl in 
contact, each hare tile same mean ribrator1 
energy with respect to each of their deqrees 
of freedom with respect to cach other. %his 
appears to be a direct consequence of the laws 
of constrained motion ~ ~ h i c h  hare becn consid- 
ered in this ancl p re~ ious  papers. I t  is only 
necessary that the impacts of a pair of solid 
~nolecules with each other should be such as 
to mutually impart ancl receive the same mean 
amounts oC energy as wonlcl those of a gas-
eous and a solid nlolecule a t  the same ternpera- 
tnre, to cause it to be a matter of ii~differeilce 
~vhethera given solitl nlol~cule is s tr~ick by 
another solicl molecule or by a gaseous inole- 
cule ; ancl, when so struck, eacli ultimate atom 
ill receive its proper proportion of energy, 

IT-l~etherit foim part of a solicl or of a gaseons 
niolecnle. 

I t  is my intention to return to this slibject 
hereafter, ancl to treat t l i ~  vibrations of ulti- 
mate atonis more at length, in the hope of 
being able to shorn, more precisely than l ~ a s  
been done so far, how the characteristic clirer- 
ences in the spectra of solicls and gases arise. 

11. T. E D D ~ ,Ph.D. 

CLIIIfAT E  I N  THE CURE OF CONSUiCfP-
TION. -I. 

THE prevaleace of lshthisis pulmonalis is 
such a well-attested fact, that to adcluce statis- 
tics to prove it would seem to he labor thrown 
away. Since the eraclication of small-pox in 
consequeace of tlie introdnction of raccination, 
phthisis lieads the list as the prime cause of 
the large mortality. The insurance companies 
recognize the fact, and the statistics of the 
New-York mutual life-iasurance company show, 
that between the ages of twenty anel thirty 
years the mortality from phthisis is thirtg-
three per cent of the whole mortality. The 
U. S. census for 1870 shows that in the state 
of illaiile the inortality from consumption was 
fifty per cent for the same ages. 

Eqt~ally well linown is the belief in cliillate 
as a cure for the disease. There are certain 
well-recognized climatic conditioils knorrn to 
be fai7orable to the prophylaxis and cure of the 
disease. This lino~vletlge is largely empirical, 
based upo11 trial ancl observation ; bnt there is, 
~~nclerlyingit, a substratum of conviction, that 
is jnstifiecl, on the one hanrl, by careful clinical 
obserratioas, and, on tile othcr, by facts ascer- 
tained by carefullr condl~cted expcrimeats. 

Tlle writer proposcs, in the thoughts to be 
presented, to make these rarions eleii~ents his 
tests in searching out a desirable climate in 
tlie I-nited States for the cure of 1)htllisis. H e  
offeis, as his clata for forming an opinion, 
carefully compilecl tables, furnisliccl by the Sig- 
nal-service bnrenu, U.S.A. ; and he wishes t o  
emphasize tlle fact, a t  the outset of his re-
marks, that n climate mag- become desirable 
quite as much hy comparison as on account of 
its intrinsic properties ; that eren tliougll it may 
not possess in itself all desirable qualities, yet it 
may contain so inally as to be, by comparison 
with others, the climate par excellence. JVit11 
this thought in xiew, the mritcr has prepared ta- 
bles embracing nll the chief resorts in this coun- 
try for phthisical inralicls, -tables embraciilg 
a range of the whole country, from Jaclzsonr~ille 
to St. I'aul, and f,i,om Boston to Los Angeles. 

H e  has given the clata lor Augusta, Ga. ,as the 
best suhstitnte for Aiken, S.C., at ~ ~ , h i c h  place 
there is no signal-station ; ancl in doing so lie 
tlliilks that he is pre aenting data~vliich mill fairly 
represent the climatic conditions of Ailien. 

EIe n~ishes to gra tefnlly acl<non,ledge his in- 
clebtediless to the chief signal-officer, U.S . A * ,  
to the ohserrers 8.t each of the stations in- 
cluclecl in the tables:, aacl especially to  Sergeant 
F. 11. Keal of thtj Denver station, for their 
kinclness in furnishing him with the data from 
which the tables arle compiled. 


