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for the great body of our fellow creatures that high tuting the amplitude of the vibration. T h e  limits to  
improven~ent, ~vhich both their understanding and this nlovenlent illust clearly be between b d o when 
their nlorals fit them to receive, is an object sufti- 1 there is no vibration, the absolute zero of the atoll1 
ciently brilliant to  allure the noblest anlbition. With- ; and e which can never exceed $ ;r and indeedL-

out claiming such lofty aspirations, the promoters of 
" SCIENCE" yet look forward to the time when their 
efforts to establish this journal nlay be recogllized as 
at  least a step in that direction. 

+ 

ON THE AMPLITUDE O F  STIBRATION OF' 
ATOlIS. 

PROF.-4. E. DOLBEAN,TUFTSCOLLEGE,MASS. 

~l~~~~ is llo\v suficiellt evidellce for belief 
the killetic ellergy of atollls alld lllolecLllescorlsists of 
two olle of whicll is ellergy of trallslatioll or 
free path, the other of a change of for111 due to vihra-
tiolls of of the atolll or lllolecule toward or 
a\vay from its celltre of 	 of a gas 
is i m n ~ e d i a t ~ l y  	 telllpera-due to the forlner wllile the 
tme  of the gas depends solely up011 the latter. These 
two forlns of ellergy lnust illdeed be  equal to  encll 
other in a gas under uniform conditions; for if one 
exceeded the other in energy when there is as free a 1 
chance for exchange as aillong the atoills of a gas, 
there would result an increase of pressure on the one 
hand, or an increase of temperature 011 the other. 
hTow the kinetic energy of a mass ?/c and velocity 7 ,  

?iz 7 ~ "  
is expressed by ---- and applies as well to a n  atom 

as to a lnusket bullet, and if we take the lllass of the 
hydrogel1 atoll1 as unity and em11loy the calculated 
velocity of llydroge11 atollls a t  0" Cent. and 760 mm. 
pressure, ilaillely 1860 metres per second, the energy 

will he -(18Go)g. 
2 

We k110~~7 also how many tinles the llydrogen 
at0111 vibrates per second, by dividing the velocity of 
light per second by soille chosen wave length i ; so . 

that = 
"d If ati;elltio,l be now to tile vi-,, 
I, 

i n ~ ~ s talways he less than that value; for when half 

the major axis of the ellipse is equal to that it has 


1 	 becoine a straight line. As atomic vibrations result in 
ui~cl~ilationsin ether it is evident that amplitude b crT 
~vill g i ~ - e  a n  undulation n f show11 i11 continuous line, 
while inaxiilluill amplitutle c e would give same wave 
length shown in broken line. T h e  greater the actual 
thickness of the ring the less nlust he the possible nlaxi- 
illuill amplitude. 

T h e  amplitude then becomes coillparable ~ ~ r i t h  the 

diameter of the atom, and in this discussion the as-

suined diameter is the one given by Maxwell, namely 

.0000005 'll"l. 


The  numerical value of 4 ~r for such a diameter 

is . o o o o o o ~  11111-1. which represents the theoretical 

maxilll""1 amplit~ide for a llydrogell atom. 


I f  any hydrogen wave lellgth he taken, say C = 
.ooo656z 111111. the ratio of Wave length to l l l a x i l ~ ~ ~ l l ~  

.000656z 
aml~litude is = 1640, that is wave length is 

. O O O O O O ~  

1640 times such amplitude. But hydrogen C is not 

the fundamental vibration, hut according to Stoiley 

is the 20th l~armonic of a fundaillental llaviilg a wave 


,013127714

length of .0131277 14 111111. and -~0000004- = 32819. 


Tha t  is, it is 32819 tiines greater tila11 the amplitude. 

xow,sir  T'\Tillialll T~loll~sol~, on
ill his calculatiolls 


the allloullt of energy in t I ~ e  ether, assumed that the 

allll)litude sllould llot exceed one-hunclredtll of the 

,v,e length, hut that value is evidently very Illally 

tinles too large. A11 undulation with the ware leagth 

of this fundamental for hydrogen is nearly twenty 

times loilger than the longest one that can be seen ; 

and as the se~lsatioil of light depends ~ipoll wave 

length and 110t upon amplitude, or what the eilergjr 

of the ray, it follows that Dr. Drapers' deductions 

concerning the tenlperature of bodies heginning to be 


brating atoll] 13ossessing the saille energy as in the 
free path nlovenlellt, it will 1)e seen that its zjeZoci<~~of 
vibisntio/~must also he equal to 1860 metres per 
second. But vibratory velocity is the product of a 
nunlber ?I into a n  amplitude n , so that v = / t l r  = 
1860. 

Adopting the vortex-ring theory of matter, the dark 
ring represents the atom which, ~~rhe11executing its 
sinlplest vibration assumes consecutively the conju- 
gate ellipses and any point n in the circumference 
will ilaove over the line b 4 the latter distance consti- 

luminous will llot llecessarily apply to gases, for when 
extra energy is imparted to the atoills of a gas it is the 
amplitude of their vibrations that is affected, and if 
tile inlpacts are suficieiltly frequent sonle of the has- 
~lloilic vibrations may appear contino~isly, but they 
will not thereby necessarily indicate a higher tempera- 
ture, but shorn that the energy is distributed in two or 
illore periods, some of ~vhich have resultiilg undula- 
tions which may be seen ; hut this mill depend up011 
the density of the gas. S~il)l)ose a body capable of 
vibrating n times per secoild for its f~indamental, be 
struck b times per second; then will the rate of vi- 

bration he interfered ~vitll 
n 
- times. If' b he less
b 

than n, then will the f~indamental vibration have illore 
than its required interval het~veen impacts, and a cer- 
tain nunlber of these fundanlental vibrations wlll be 
made per second. If h b e  equal to n, tllen, after the 
first impact, tr. will vibrate in its own period with in- 
creasing aml~litude, ~vithout interference. I f  b be 
greater than n then will the impacts interfere in all 
phases of the vibrations, the fundaillental mill be  
destroyed, and only some llarnlonics ailcl irregular 
vibrations will be possible ;but the nunlber of impacts 
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per second depends upoil the density, and in solids 
and liquids this secures the destruction of the funda- 
mental vibrations as the energy of vibration is in- 
creased, at the saine time developing the illultitude of 
irregular ones shown in the spectrunl ; while in a gas 
the nulnber of impacts per second is many tiines less 
than the regular rate of vibration, and this secures the 
time for either fundamental or harmonics, and the 
consequent spectra. T h e  nu~nber  of vibrations II 

the hydrogen atoll1 makes \vhen the wave length is 
7) 3x r 0" 

of every other atom, that is, matter has not a mole- 
cular structure, so, a t  certain high tenlperatures that 
differ for different substances, all inolecular groupings 
inust be broken up and the atoins are quite dissociated 
from each other, and this dissociation must occur 
before the i n a x i ~ n ~ n l  it woulcl tenlperature is reached; 
appear that whenever at the sun the temperature 
a ~ l ~ r o a c h e dits maximum, then the elenlents would be 
elementary, uncombined, and if coinpo~~ncls are ob-
served or appear probable froin phenomena witnessed, 
that will be the best evidence that the teinperature is .o131277 inm.will be i1=- =-- -~ ~ ~ 8 6 x 1 0 ' " .  

.I31277 decidedly lower than the above figure. For  hydrogen 

Let 21' represent the velocity in free path motion of the dissociation temperature is onljr about 700' Cent. 

the atoll1 at o" Cent, and 760 mm. pressure = 1860- which is oilly about one-ninth its maximum. 

7'' 186oooo 

)L 

ooo mm. Their amplitude n will equal -=--- iCIARSHIS ODONTOKNITIIES.':'n z 2 8 6 ~ 1 0 l ~ ~  
= S I ~ ~ X I O - "  C011111ari1ig this with the diameter in. 


8134x10-5
of the atoll1 -- = .I62. Tha t  is the ampli- 
5 x 10.' 

tude is equal to .162, the diallleter of the atolll at oo. 

Assunli~lg a temperature higher than this, say 273' 
Cent., then the energy of the at0111 in its free path mo- 
tioil coinpared ~vi th  that it has at  onwill be as 4-:I 
and I : Jr:: 1860 : 2630 111. per second, and as be 

fore amplitude tr ~vill equal 
71 
-

1 
= 

263oooo 
=-

11 2286x10'" 
115x10.'. This c ~ l l l l ~ a r e dwit11 the diallleter of 

. 115x10.' -the atolll gives - That is, the 
5 x  1 0 - 7  

a m ~ l i t u d e  is equal to .23 tile diameter a t  273' Cent., 
a difference of .o68 for 2730.' 

TT'ith same data the inaxiinuin temperature of the 
hydrogen atoll1 may be calculated for as 

(.162)2 : (.7854)' : : 273' : 64190 
which would be the highest teinperature the atoll1 
could have if it could have such an amplit~lde, and 
this will be  reduced as the thickness of the rillg ill- 
creases. Any additiollal energy the atom would re- 
ceive could not possibly heat it but wouldbe exl~ellded 

ill rotati~lg it or ill givillg to it a free patll 
motion. I n  like rnallller the amplitude for a single 
degree is found to be ,0098 diameter, or very nearly 1 
one-hundredth the diameter. 

'$or other atollls than llydrogen wllell they have the 

sallle ellergy their amplitude ~l lust  varjr illversely as 
' their illass, so that for oxygell the allllllitude at  273 

\vould be +162 
= .oI  its diameter, its lliaxi- 

1U 1 
munl tem1Ieratili.e will be 6 4 1 9 ~16 = 1o27o;l0cent . ,  i 
a nuinber altogether too high for the same reason 11as was given for hydrogen, ~lainely it assumes that the I 

ring has no thickness. 
If these coinputations have ally value they may 

be  applied to the solution of the temperature of the I1 sun. 
T h e  elelnents having the greatest density l n ~ ~ s t  have 

the highest maximunl temperature. In 
twenty-five eleineilts have been determined spectro- 
scopically and the average density of these twcnty- 
five is 63. Now 011the hypothesis that these ele~llents 
exist ill eq~la l  qllantities ill the sull, ~ h i c l l  is llOt Ver) 
probable, the lllaximum temperature of tllat bodg lroolp 
be about 400300" Cent. 

As at  absolute zero each atom is quite independent 1 

Were there no other proofs of 111s zeal and success 
in extending the bounds of knolvledge, the writer of 
this inag~lificent monograph would be fanlous as-for 
ten years at  least,-the sole discoverer, describer and 
possessor of the remains of Extinct Toothed Birds of 
North America. 

I t  majr befall almost any diligent explorer to find 
the remains of some species previously unknown, but 
few have had- or so well-deserved--the privilege of 
preseilti~lg to the world a new series of facts embody- 
iilg a new idea, a t  once easily appreciated by the 
,,]any, alld servillg the few as for profound 
consideration. Tha t  a bird with teeth is, most liter-
ally, a rn rn  nvis, may be coilceded without extensive 
acquaiiltance with either Latill or Ornithology; on 
the other hand, it is probable that ilaturalists have 
not yet wholly realized the import of this f ~ ~ l f i l l r n ~ ~ ~ t  
of a prediction which might have been made legit- 
imately--though we are not certain that it ever was 
--at anjr time duri~lg the last tweilty years. 

Aside froill the Appendix, the present volunle em-
braces detailed descril~tions of the bones and teeth of 
Heqbei-oie?zis and Ichthyu~l~is;  a general description of 
the "Restoration" of each genus; and a "Conclusio~~" 
einbracing the author's views L I ~ O I I the taxonon~ic re-
lations, and l~robable evolutioil of these two forms, to- 
gether with Archie@ter~~.r. 

T h e  following are the principal characteristics of 
the two Americall genera, clliefly as recapitlllated 
"11011 11. 1 8 7  111 he~$erorlIis, the articular ends of 

vertebral celltra are saddie-shaped, as ill recent 
birds; in Ichthj,urlzis they are biconcave, as in many 
fishes : fihthyori~is has a g ro in ine~~t  sternal keel for 
the attachme~it of the n~uscles of the well-developed
millgs; ill .~~e~ef ,or i2, ;s ,  the sterllum is ~vitllout a keel, 
and each wing is represented by oilljr a rudinientary 
humerus : the wing-bones of hhthj~or/2is have tuber- 
cles evidently for the attachment of feathers; no signs 
of feathers have been observed with Hesjero?,izis, but 
they doubtless were present in life : in both genera, the 
caudal vertebrre are few, so that the holly tail is short 
as ill recellt birds : in botll, the nlalldibular rallli 
to have re~na i~ led  perinanently ulluilited by bone : in 
both, as indicated by casts of the crairial cavity, the 
~rosencephalon was narrower than in recent birds of 

*Odontornithes: A i l o n o g n p h  on the Extinct Toothed Eirdrof North 
p e r i c q  with thirty-four p la t e s  and forty \voodcuts. With an Appendix 

I V I I I ~a Synopsis of American Cretaceous Birds. By Othniel Charles 
Marsh, Professor of Palzeontology in Vale College, Memoirs of the Pea-  
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