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wasting his time, but their necessary preserva- 
tion strikes at  a still inore ~ i t a l  point in using 
up funds which could otherwise be emplo~ed 
ror the publication of the results of researches. 
They also equally interfere with tlie purchase of 
delicate instruments, the employment of labor 
to directly assist in carrying ont the pnrposes 
of research. prevent the purchase of such 
specimens or collectioi~s as may be essential, 
and cut off ol>portuiiities for travel and study 
in other museums or parts of the world. 

We think, therefore, that, while the Xational 
mnseum may open some paths to the iiiresti- 
gator, it will neither directly do the Tery best 
work in this direction, nor give us any grounds 
for believing that i t  will introduce a lienr era of 
prosperity for abstract inrestigation. I t  will 
add oiie more to the useful scientific institu- 
tions of its kind, it will undoubtedly contribute 
to the progress of scieiice b ~ -  increasing the 
opportunities for emplojment and by the ex-
ample of its officers ; but it will not do much 
for them or for us i11 the way of ail exalted 
ideal. 

If  the museum of education had been lim- 
ited b~ a wise policy of selection in its ac-
cilrnalations of materials, and placed under a 
distiiict staff, we could have made no such ob- 
jections ; then the practical objects of its ex-
istence would not hare sufferecl, as they now 
surely will, from the ps~chological tendeiicies 
of the investigating curators ; nor, on the other 
hand, would the investigators themsel~ es have 
been clistracted by having a clouble purpose 
in all that they were doing, and frequently 
obliged to sacrifice oiie or the other. We  do 
not wish to imply that the musemns shoulil 
not be uncler one general head, and have all 
the bellefits of mnt~lal association, but siml~ly 
insist that the ideals are quite distinct, anrl 
the officers should realize this by being under 
clifferent regulations, and under a different gov- 
ernment, in each of the two museaiils. The 
investigator cannot avoid placing on eshibition 
the record of his own and others' work ; and 
he will find a thousand good reasons for crovd- 
ing the cases with fine collections, because they 
are fine, and because thej are important in 

research, or unique, or remarliable ; and the 
educational idea will be suborclinate or com-
pletely lost in such parts of the museum, so 
far as the average stltdeiit is concerned. 

The cost of the museum will be enormous ; 
but if its lessons can be easily mastered by 
the average student, ancl in this case the 
student is thc average congressman, he will 
not begrudge the funds which are necessaq 
for its support. I t  must be remembered that 
these are keen men, quick to see tlre advan- 
tages of such lessons as the museum can teach 
them ; especial11 if. like tlie library, i t  can 
make itself really usefir1 to them, and keep up 
with the time.. by illustrating the new results 
of cliscovery and research in all clepartrnents 
of learning in ail esplaiiator~ and popular way. 
TVe imagine that they mill not be slow in call- 
ing upon the officers of the museum whenever 
they have need of their services, and that they 
will be rather disgusted if any of the require- 
ments of research interfere with their desire for 
information. 

While we wish the greatest success to the 
National znuseum and its energetic and de- 
servedly popular director, and have the high- 
est respect and friendliest feeling towards 
their undertaking, and a faith that they will 
filially work out a better result than is prom- 
isecl, we think that neither this faith nor their 
great scientific achievements, of which we are 
jnstlg proncl, nor the liberality of the govern- 
ment, can entirely make up for the absence of 
the public recognition of a more purely scien- 
tific ideal in oirr Kational museum. 

ICINETIC CONSIDERATIONS A S  TO THE 
N A T U R E  OF T H E  ATOMIC MOTIONS 
W H l C H  PROBABLY ORIGINATE RA-
DIA TI0NS.l- 11. 

IIAYINGnow sufficiently cleared the field of 
inquiry by this prclimiiiary discussion, let us 
consider the proposed hypotliesis somewhat 
more closely, both as to what it is precisely, 
ancl as to how far it is in accordance with the 
phenomena. The whole outcome of Lockyer's 
investigations, to nlhich we have referred, 
leads to the conclusion that atoms of the chemi- 
cal elements are complex bodies, all of which 
1 Concluded f1.0111 No. 24. See ~ l ~ oPro<.Ohio?nech. inst., 1 1 .  S O .  
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are formed of ultii~iate atoms of the same Bind ; 
so that, on this hypothesis, there is hut one kind 
of substailce from which all others are com- 
pounded. Cheniical atoms might he compared 
to a chiine of bells all cast from the same ma- 
terial, but each having its on n special series of 
harmonic vibrations. 

necessary result flowing from this hypoth- 
esis would be, that the atoniic weights shoulcl 
all he exact multiples of some fraction of the 
atomic weight of hydrogen, which would in- 
clude Prout's hypothesis as a particular case. 
The experimental data are, perhaps, not j e t  
sufficiently precise to enable us to obtain a 
trustworthy result as to the probability of the 
truth of Proat's liypothesis ; yet Clarke's l re-
sults as  to the atomic %-eights seem to show 
that the hypothesis has a high degree of proba- 
bility. 

Tf tlie chemical atoms of all bodies are as- 
su~neclto be formed of ultimate atoms, which are 
in all respects eynal and alikc, this hypothesis 
furnishes n basis for inrestigation a t  once defi- 
nite and simple, some of whose conseqnences 
we shall now endeavor to shon. to be in ac-
corilance with experimental facts. 

VTe wish, in the first place, to show that this 
lij7pothesis will make the temperature of a gas 
proportional to its mean kinetic energy. A 
chemical atom r n q  he assnmecl to be a per-
fectly elastic body, as its deformation is as-
sumed to be extremely small. I3ut accorcliilg 
to the ~natllematical theory of elastic impact,' 
" nhen two such boclies come illto collision, 
sometimes ~ 4 t h  greater and sometimes with 
less mutual velocity, b ~ ~ twith other circuin- 
stances similar, thc vclocitics of all particles 
of either body a t  corresponding times of the 
impacts will al\~-ays be in tlie same propor-
tion ;" fro111 which it is clear, that in a mix- 
ture of two liinds of gas, as l~ytlrogea anti 
oxjgen for example, when the mean velocity 
of the molcculcs is so increased that thc vibra- 
tion of the ultimate atoms of thc hydrogcn is 
increased a certain pcr ccnt, thcn that of the 
ultimate atoms of the oxygen is iilcrcasccl by 
the same pcr cent. But the circumstanucs 
of tlic cncountcrs and thc fo~ccs  acting be-
tween thc nlitmate molec~~lcs cleterininc what 
fraction the mean kinetic encrgy of vibration 
of thc ultirnate atoms shall bc of that of thc 
molccules ~vhosc encounters cause thcse vibm- 
tions. Sincc the circumstances attencling the 
encounters arc clependent simply npon the 
forccs actiug between the ultimate atoms as- 

' C'onstanta of niltu~'c,paI't v. 11 recalculrrtioll of tllc atolllic 
weights. Washinoton,  1882. 

2 Il'iiolnson nndqT':lit'a ?intoral philosoplrg, 18Bi, ar t .  305. 

sumed to be in all respects equal, the energy 
of their vibration will be the same in ail atom 
of hydrogen as i t  is in an atom of oxygen ; for 
each degree of freedom of every ultimate atom 
of either element is similarly circumstanced, 
both as regarcls forces between itself and other 
ultimate atoms of the same chemical atom, and 
also as regarcls the impacts of other ~nolecules. 
The prol~osition of the kinetic tl~eory nhich 
nlakes the euergy of each degree of' freedom 
the same, wliicli has been erroneously applied 
to  the clegrees of freedom of 1nolec!1les, can 
therefore be correctly applied to tile ultimate 
atoms. 

13~1tit might not, a t  first glance, be apparent 
whether these ribrations are caused by, and 
are proportional to, the mean progressive 
energy of tlie molecules, or to their rotary 
energy combined with it. But it is not clif- 
ficult to show that the rihrntioris of the chenii- 
cal atoms with respect to each other are pro- 
portional to the mean progressive energy alo~ie, 
and then to show the saiire for the ultirnate 
atoms. Although, in the l?nper upon the 
vibratory motions of atoms within the mole- 
cule, we have for mathematical purposes con-
siilered the centrifugal force as causing vibra- 
tions of atoms with respect to each other, ~ e t  
in fact the vibrations so cansed are vanisli~ng 
~~uanti t ies,compared with those caused by the 
colnporient of the irnpnlsive force acting during 
an encounter along the line joining the atoms 
of a ~nolecule. The niagnitude of such a vibra- 
tion, other thiags being equal, depends upon 
the suclilenncss of thc impulse ; ancl the sud- 
clenness of the force called irito play duriug 
:L cliange of rotary velocity, by deviation from 
motion in a tangc~nt to motion in a circlc, can 
bear no comparison to tllc suddenness of a 
clircct impulse along the raclius of tllc circle. 
Hcnce the direct impulse dae to the progres- 
sive motion nccd alone be considerccl. 

I t  thus appcars that the encrgy of vibration 
of chcmicnl atoms ~ i t h  respcct to each otlicr 
in a simple gas is proportional to its mean 
progressive encrgy. Thc same is true of the 
vibrations. with rcspect to each othe~., of the 
ultimate atoms which form a cllcmical atom, 
ancl for the same reasons ; for tlic forccs which 
act upon the ultimate atoms arc thc i~npulscs 
clue to the cncounters of other molccules, and 
those clnc to the remaining chemical atoms of 
the same molecule. The energy of the lattcr 
of these motions is proportionnl to the former, 
as has just been shown ; hence their sum is so 
also: therefore thc cncrgy exerted to deform 
a chemical molecule, and set it in vibration, is 
proportional to the mean progressive energy. 
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But it is to be noticcd that the in~pulses 
due to the vibrations of the chemical atoms 
within a rnolccnle are vastly more frcqucnt 
than the molecular impulses ; and it appears 
probable that the vibrations of the cl~emical 
atoms set up during an encounter will rapidly 
decay, even in case they do not thcmsclvcs 
directly originate radiatioi~s. The vibratory 
energy of this kind may then bc changed 
almost instantly into that of vibration of the 
ultimatc atoms. 

According to the hypothesis which we arc 
now considering, the temperature of the bocly 
and the intensity of the radiation depeiitl solely 
on the vibratory energy of the ultimate atoms ; 
but, since these nltimate atoms are assumed to 
be in all respects equal, they vibrate under the 
action of the same forces, and have the same 
degrees of freedom aucl constraint within the 
chemical atoms of one element as they do 
within those of a different element. Hence 
i t  appears, that if the ultimate atoms of two 
different gases have the same vibratory energy 
(i.e., cause ~ibmtions  of the same inteasitj.), 
so that tlie flon- of radiant energy is the same 
from all the ultimate atoms of each gas, then 
there be no clisturbauce of this equilib- 
rium when these gases are mixed ; in nhich 
ease the distribution of energy is effected by 
molecular encounters, which distribute equal 
mean amoui~ts of energy to each molccr~le, in- 
stead of by radiations, vc-hich distribute equal 
mean amounts of energy to each ultimate atom. 

I n  attempting to account for the high specific 
heat of liquids, I have elsewhere given reasons 
for supposing that it is due to a certain per 
cent of clissociatioi~, which increases with the 
temperature. I t  apl)ears probable, that, al- 
though some small amount of clissociation may 
exist in @ses also, there is not so large a per 
cent as in the liquid state, nor does the pcr 
cent necessarily increase with the temperature ; 
for by reason of the frce progressive motion in 
a gas, which does not exist in a licpicl, any 
dissociated atoms have a much better opportu- 
nity to recombine ; atlcl, as the velocities (espe- 
cially those of free atoms) increase wit11 the 
tetnperatrrre, these opportunities increase, as 
well as the number of dissociations occurring 
in a unit of time ; so that, at a high ternpera- 
ture, an atom of gas may not stay dissociated 
so long as at a loaer temperature, while in a 
liquid this interval mill not be sensibly affected 
by the temperature. 

I t  is thouglit that tlie Ian* of I>ulong and 
Petit receives reasonable explanation on the 
hypothesis that the nltinlate ato~rls hdvc each 
the same kinetic energy at the same temper- 

atnrc, as will be sl~own in a sabsequcnt paper ; 
but perhaps thc stroilgest direct e~idence in 
favor of the proposed hypothesis is found ill the 
fact that even the simplest elements, such as 
hydrogen or mcrcory, have spectra of several 
liiics at least, showing that thc source of the 
light must be sufficiently cornplex to be able to 
vibrate in a number of different ways, such as 
may well bc possible for an atom formed of a 
namber of ultimate atoms, but such as is in- 
concei~vtble in a molcc~~le consisting of one or 
two ~erfect ly  liard atoms. H. T. EDDY. 

THE NATIONAL RAILWAY EXPOSI-
TION.' -TV. 

TIIBexhibit of locomotives mas rernnrkahly 
complete. and comprised engines differing 
widely in size ancl power, aud adapted for every 
variety of work ; hut a certain uniformity of 
the design of the nlain features mould seem 
to indicate that locomotive practice has settled 
don.11 into a certain groore. and that the meth- 
ods of construction now :lclopte(i are so satis- 
factory that fev exliibiters propose to greatlj 
improve upon them by any radical alterations, 
though one or two of these new departures, 
such as the Wootteii firebox and the Stevens 
valve-gear, seem likely to come into extensive 
use. 

The i~iain tendencg. of locolnotive design 
seenis to run lather in the directioil of larger 
bearing surfaces and stronger working parts 
than in any novel niethods of construction ; 
~ h i l e  soand and accurate n-orkmanship, and 
plenty of good material judicioasly distributed. 
are relied on to 111alie :I locomotive durable, 
harcl-n-orBi11g, aiicl trastmorthy under trying-
conditions. 

Mr. E. S h a ~of IIariiig, Bfich., exhibits a 
model of an el~gine of construction for 
' logging ' purposes. These small railways are 
exceedingly light in construction, and the rails 
and ties are generally laid directly on the snr- 
face of the ground, without any great attention 
being paid to preliminary grading or align-
ment ; and lherefore a suitable locomotive must 
unite consitlerable tractive power mith great 
flexibility of \\heel-base, and a small weight, 
on a113 one pair of wheels. Mr. Shay aecom- 
plishes this by using a Forney type of loco- 
motive, having a pair of drivers under the barrel 
of the boiler, aild a four-wheel truck, carrying 
the tank and fael, behind the firebos. All the 
wheels being made of the same dinmete?, a pair 
of vertical engines are secured to one side of 
the firebox, working a longit~~dinal shaft which 

1 ( 'ont~nuedfrom No. 23 .  


