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velocity indefiniteIy great) would seem to give the idea 
that the velocities are enormously great sometimes. 

But it would appear that there are distinct pllysical 
conrlitions tending to limit k110 velocities of the molecules 
of a gas (i. e., the velocities ci..pable of being acyuired in 
the accidents of collision). First, there is the friction of 
the rnoleculee in their passage through the mther. This 
must be cunsideraable at high veiocities, since meteorio 
dust is meas~xreabbhly retarded from this cause; and the 
relative friction or resistance to passage increiiscs as the 
size of the body diminishes. So that probably by the 
known smttli s i ~ e  of molecules, the Irictiou must be very 
great. Second, the resistanco to p~~lszg':is itngrnonted 
fi-om the fact that the molec:ule in in viblxtion [or soae  
analogous motion about its centre of gpv i t i )  in the 
sther.  T l ~ omolecule is like a rough body then, stir.1.ing 
up the zether during itstranslatory notion, which must 
greatly mgment the resistanre to  passage. That there 
is friction in the zther  by the pasage  of molecules is 
also confirmed, as i t  seems, by the fact that waves of heat 
and light conkliiu energy. For how should f i  v ib ra t i~g  
rnolcculo impart energy to the txtller without friction or 
resistmce ? The resistance is, in fact, a measure of the 
energy imparted. It appears a yueatioa whether, if tho 
amplitude of the vibration (or motion which. stirs up the 
sether) of molecules nTero known, the friction or resicrtance 
collld not be calculated therefrom. For we k n o ~the 
number of vibrations accarately by the spectroscope, 
and the energy imparted to the ajthor (or containetl 

speed of the air-molecules themselves-about 1600 feet 
per second-where the resistance ti, passage is very con-
siderable, so it seems that there are in practice physical 
conrlitions limiting hhe ~clocities attainable by the tnole-
cules of gases; the resistance to  passage augmenting 
more than ia proportion to the velocity. It is sot at all 
as if thuse molecules were moving in empty space. A 
molecnIe, if us~umedto ncquiro an infinite velocity, mould 
certainly have to  bo assumed to possess an infinite 
energy. It may be questioned whether even the total 
energy of trwnslutosy motion of the stars in the collective 
universe is ilrfinite in s~m;if not, then a single molecule 
with a, supposecl infivite velocity wuuld require to  hnvs 
a greater total energy tlzan this, The expression "infinite 
velocrty" npprtrently only comes into t h ~  mathemstical cal- 
culations appliei~blo to  a gas, supposed infinite in extent. 
But in these calciilations it socms tacitly to be supposed 
that tho molocnles are moving in empky spnco, which is, 
however, not a, fact. On the cuotruryt, t l ~ o  molecules 
move in R resisting substanco whose obstruction to motion 
increases in a high ratio with the velocity of the bodies 
which traverse the residing substance. 

DISCOVERY O F  BNBTREB ANCIENT ARG1I;CITEl 
QUARRY IN THE DELAWARE VALLJZY. 

BY H. C. MEZCER, DOYLESTOWN, P h  

ON June 23, 1893, wit11 the help of ruy assistant, Xd-
ward I'raukonfield, I discovered another ancient itrgillite 

in tho waves), by the thermopile. To deduce the r ~ ~ i s t -
ance to passage represented by the act of vibrating or 
swinging, wa only appear to require tho ttmplitude of 
vibration t,hee.u Yerlinps n linlitiug value for this could 
be approximntely t~rrived st. 

Another cause tencling to reduce the velocity of trans-
Iatory motion possible to  the molecules of gases in the 
accidents of collision, consists obvioasly in the fact that 
the internal motion of the molecnlo (vibration, rotation, 
&c.) is proportional to the translator7 velocity. So if n 
moleoule attained an escessive trwn~latory velocit-y, i t  
would acquire an excessive vihr~tion. This vibration 
would soon dissipttte the energy in the ~cthor in the Corm 
of waves of heat; nud at the next succeeding csllisione, 
the molecule woulcl acquire a relatively slower translatory 
motion, as it could not retain tho necessary vibratory mo- 
tion (internal motion) whic1.r is tho essentit~l accompani- 
rnent of a very high tran~latory velocity. 80, thcrcforo, 
fom all these causos, the speeds capahlo of being ac-
quired by the molecules of gases in the xccide~lCs of tlrair 
encounters, aro probr~bly tnoderate; and f t ~ rless, perhaps, 
than might be inferred from the theoram that the veioc-
ities Yary between zero and a velocity il~deiinitely great. 

lioferring Lo a letter received from the late Prof. Clerk 
M~laxwell,1find that--"The number of molecules whose 
velocity is Inore than five times the meal1 velocity is an 
exceedingly sinall fraction of the whole number, less t?han 
one millionth. But i f  there wera 101pc~molecules, many 
inillions of these tvorild have velocities greater khan Sve 
timea the mean, and yet this would prodace no appreci-
able effect on the wholo inizss." 

It seems, thon, from the above that tho number of 
molecules attaining high speeds is relatively rare. But 
i t  appears none the lcss worth noting distinctly that an 
indefinitely great velocity would mean a velocity indefi-
nitely greater than the speed of light esan. Suppose a 
few moleclrles to attain extreme stellar vel~cit~ies of say 
200 miles per ~econd;  it is mident that tho frictlon in the 
&her (appreciable in the case of meteoric clust) would 
commence to tell in reducing the ~elocity. And rn for a 
molecule supposed to acquire the speed of light itself, 
the molecule would (in traversing the &her) resemble 
much a camon ball moving throughthe air at the normal 

qnat-ry, on the left bank of Neshnminy Creek, on the War-
nor farm, about three-quarters of n mile above the mouth 
of >Till or Labaska Crack (Bucks County, Pennsg-lvania,). 

No arrtificial hollows as a t  Gnddis Eun have yet been 
found in khe surrounding woods, but the rock here rising 
in a !ow dib above tho stream is argillite, aud the water 
eating away the bank below it  has revealed layere of chips, 
liarc coal^ large worked rnassefi, pitted as if to split with 
the grain. pebble h~nlnler  stones atrlrl turtle backs." A 
broken yellow jr~sper spear blade mas fo~rrid by Franken- 
Geld 100 yards higher ap  tho stream. 

IJrhile the GadcZis Bun q~zarry (noticed in Science of 

+Thelale f r o i  Clerk &!laxwellnrrivrd a t  some data as  to the 
size, ctc ,of mt)lecules. If we assume a hycirngen molecule to 
vibrate through a n  awpl~tu(lc (say) two-third5 of it? iiiameter at 
a certain temperalure, we can obimusly get the total &stance 
tral-erscii throl~qh the x th- r  in one second by the molccule 
through its nbrationi. i c?., the total cllrtance equal to the bum of 
tbe ai~lplitodes of all the vibrations of the molecule in one second. 
'l'lint i5, add toge?hor 811 the srnpl~tudei and find what dlstance 
that a-otlld make rn a stralaht l ~ n e .  The s u e  of the molcculc is 
taken from filaxlvell I ilrld this &stance in be about rrinety 
mllcs, 1. e.,the nlolec~lle vibrates a t  the rate of ninety mile4 pet- 
sccond, bv the above assumed a~nplitade of vibration in terms of 
ci~monhiansof rni,lec,~Ie {which ,,eems quite posslblc). According to 
htaxwell, t w o q ~ i l l ~ o n  n wouldhydrogen n~olacules placed 111 row 
occi~pya inflimetre Hence it  sppe.lrs practicable that molecules 
can vihrat? a t  a g ~ e a t ~ s  than plnnctary velocitv, 7%hrchrate a 
map s c c ~ itiqari~liipto soille, considering lio\ir \ma11 the d ~ m e n -
sluaitof III, il, e !.)I< -. (a'ld therefore then ampIitud+s of moue-
ment). 'I'he velocity oi thc ~ a r l h  in its o r b ~ t ,  for instance, is 
cightocn miles pel- iecond, a s  iq laown. The above comparative- 
I V  hig11 cc.;timate for vibrato] y velocity of molcculcs (ninety miles 
1,"' bccond, only a rough ei t~mate,of roursc) may account ration- 
ally Lor the eneigy contained ln the heat-ivavcs of gzscs and 
nther bud~es, which ;, \ is a mLa5urc of the frict~on or re-
siztance oppo5erl by ti.,. , ( I : ,  ; to thc vibrat~onor movement of a 
hocly IU ~t Ca!culation.; r d  this hmd, although, or corrrse, only 
aljpl-oxim.iCe, 111ay give us conceptions or idcds of tile z thcr  struc- 
ture. li 1had by me cZaia :AT lo t l ~ ccileigy bf the waves ernittcd 
bp a g a i  ( I  atllatlng power), it w~>uldobvroubly not he difficult to 
c o m p ~ ~ t c  to ihe mbua-the siatrc reslstallcc oppo5eci by the &her 
tory movenlent or s ~ ~ i n gthc mole~ure 711 In terms of theof ~ t ,  
\-*eight oF the molecu~c, I. c , in  tcrins of gravity Whehher we 
havc here a stvlng of the molccule, a moveinellt of rotation oscll- 
latory in ~ t s  naturc, or any movement of a repeated kind, the 
same considerations evidently In principle appiy. 111 the above 
cnmputation, the wave length of a hydrogen ntulecule is talcen to 
:werage one th~rty-nme t h o ~ ~ s a n d t h  of arr ~nck ,  
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June 9, 1893,) is twenty-five miles by the river above 
Trenton, these much smaller and less noticeable workings 
lie only fourteen miles inland east northeast froin the site 
of the celebrated gravel discoveries. 

Neshaminy Creek l ior~s  into the libelaware (right bank) 
about three miles below Bristol, (Cuclis Go., Pa.,) and a 
walk to the quarries by following up the windiilg stream 
from the river would cover a distance of about twenty 
miles. 

Iowa Geoloyical Suruey, Volume I: First Anuual Report, 
for 1892. By SA~IUEL State Geologist, @AL\.IX, Des 
BIoines, 1633. 4'72 p., Svo. 10 plates and 26 figures. 
IN addition to the administrative reports, the iirst re-

port of the new survey c o n t a i ~ s  PeTieu papers, one of mhich 
is by the state geologist, three by the asr;istant 
state geologist C. R. Keyes, and the others by 
various mnembers of the survey staff'. The introductory 
paper, by Mr. Iieyes, on the Geological Formations of 
Iowa is a summary of present knowledge of Iowa roclcs. 
The author has here taken occasion to revise the classifi- 
cation of these formations to correspond with the progress 
made in their study in recent years with a very satislao-
tory result. 

The SIOUX quartzite is referred to as a doubtful element 
still in the geological section. The discovery of un-
doubted eruptive rock within these beds in southeastern 
Dakota by Culver a,nd ttobbs, and in presumably t he  
same beds in northwestern Iowa by the present survo-, 
as set forth in fuller detail in Xr.  3. W. Beyer's paper, is 
a matter of much interest and tends to add probability to 
the view entertained by Hayden that these rocks are much 
younger than commonly suppos*d. 

The changes in nomenclature are much for the better, as 
for example, Oneata for Lower Magnesian; St. Croix for 
Potsdam; while in the Devonian the attempt to correlate 
the fowa rocks with the New Pork section is abandoned. 
Prof. Calvin's work upon these formations has resulted in 
a four-fold division with names from places where the best 
sections are shown. 

In  the Lower Carboniferous, or filississippian, the term 
Augusta is advocated for the terrane which Willian~s 
called the Osage, a name here shoivn to be inapplicable. 
TVe n,oulcl cliffer with the author as to the advisability of 
dropping the term Warsaw as a sub-dr~ision of tile 
Augusta ln so far as concerns the rocks of Iowa, for 
though probably of limited developilzent they present 
constant and easily recognized cllaractels through-
out the southeastern part of the state. An error 
occurs in the definition of the St  Louis lilnestone on 
page 72. The hrecciated limestone is not the basal 
mernber, as asserted by the autho;., but in niany sectioils 
along the Des IIoines River there is shown to be from five 
to fifteen feet, or more, of a brown, quite regularly 
bedded niagnesian linlestome ~mder~ lea ththe brec-
ciated member ancl resting upon the arenaceous di~is ion 
of the i't'arsarv beds be lo^^^. 

I n  his discussion of the structure of the Cotzl Measures 
the author presents a saluable contriblition to the litera- 
ture of this subject, and advances conclusions acceptable 
alike for their simplicity and adherence to generally ac-
cepted principles of deposition. 

The description of the Cretaceous formation is pro- 
fessedly taken from Professor Calvin's notes. Evidence 
is accumulating to show that these rocks have a much 
greater development in Iowa than heretofore considered. 
Three divisions are recognized aud correlated with 
Hayden's Dakota, Fort  Benton and Niobrara groups. 
The position of the Fort  Dodge gypsurrl beds and the 
Nishuabotua sandstone are left undetermined. 

I n  Mr. Beyer's paper there is given an aeeount of the 

discovery in  a deep well at  Hull, Sioux County, Iowa, of 
quartz-porphyry-an eruptive rock, interstratified with 
sandstone. It occurred all the way from seven hundred 
and fifty-five feet do~vn io twelve hundrej. and twenty 
feet, aggiegbting about one hulldred and eighty-seven 
feet in thicliness. To account for the presence of these 
rocks, the author advencaes two theories: (1) that they 
were due to secular outfiow of lava upon the ocean 
bottonz in Palreozoic times, (2) that they represent 
intrusive subterranean sheets from a Post-Car-
boniferous volcano. The latter view is considered 
the most probable. I n  the absence of eviclence as to the 
ag.0 of the sanclstolles, howeyer, me see no reason why a 
t h ~ r dview may nol be entertained, viz , that they were 
secular overflows fro111 a Post-Carboniferous volcano. 

Pu D1ir. Xi. F. Bain's paper we have an interesting and 
instructive discussion of the St. Louis limestone as found 
iu ~labasl ia  County, Iowa, while 3Ir. G. L. Housen's paper 
deals ni th  the economic phases of some Niagara lime- 
stcjnes. 

An Annotated Catalogue of hlinerals and a Biblio-
graphy of Iowa Geology by Mr. Iceyes, complete the 
volurne. The latter paper occupies more than half of the 
repori and shows esridence of much care and painstaking 
labor, though a paper by the writer on the Iceokuk lime-
stone, publislled in the Anzerzcara Journal of Science for 
October, 1890, has evidently escaped the atlention of the 
antlzor. 

The report has been printed from nehv and excellent 
type, the iliustrations ale exceptionally good, and alto- 
gether the volume in its make-ap presents a pleasing con- 
trast to ninny sirnilar publications. 

Typogrfiphical errors are not uumerous, though some 
occur in prominent places, as, for euarnaple, in the word 
Survey on he title page, and in the words Tennessee and 
Territory on plate VI, though these can hardly be con-
sidered typographic.al. Errors appear also in the words 
Baildstoae, p. 149, and Glacial, p. 130. A further 
CI-lticism iuigllt be made on the lettering on the back of 
tho volurne which scarcely seems in keeping with the 
plcasing eiYects of the text. But  these are nzinor matters, 
anJ  the survey and the state are to be congratulated up- 
on the general excellence of their first report. 
The Jficroscope : I t s  construction and management. Ia-

cluding Technique, Photo-micrography, and the Past 
and F ~ t u r e  of the Microscope. By DR. HI,NRIV ~ N  
HEORCI~, Ant-Professor of Botany and Director at  the 
werp Botanical Gardens; late President of the Belgian 
3Iicroscopical Society; Hon. F'. R 11.S.and New York &I. 
8. English edition re-edited and augmented by the 
author from the fourth French edition, and translated by 
Wynlle 5;.Baxter, F.R &I.S.,F. G. 8. With tbree plates 
and upwards of 250 ilhrstrations. London, Crosby, Lock- 
wood & Son, New York, D. Van Nostrand Co., 1893. 
382 p,Boy. Svo. 
ITis due mainly to Professor Abbe, of Jena, that, dur- 

ing the past twenty years, a real science of "microscopy" 

has come into euistence, the aim of which is to develop 

the theory of the objective and to enlarge its hitherto 

lirniced powers. I n  fact the practical application which 

he has rliade of the laws of diffraction is the basis of by 

far the greater part of all the advance which has recently 

been inacle in the use of the n~icroscope for scientific pur- 

poses. His investigations have not only resulted in the 

production of lenses of unequalled delicacy and perfec- 

tion but have imparted a new interest to the study of 

pureiy theoretical optics and have given rise to a large 

and growing literature of the subject. The increased 

importance thus conferred on this phase of the matter, 

together with the rapid broadeningof the field of re-

search, has let1 to a desirable separation between the study 

of the iizicroscope as an instrument, and the study of the 

results of its employment, 
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