
SCIENCE. [VOL. II., NO. 46. 

that it moulcl bc in rt=adiness to pas5 into 11 at tlie 
same time as tlie heat mliich origilzally carno fro111 B 
is  returned to 11,though rny arrangement of moving 
screens readily accomplished tliiq. as was adnlitted by 
Prof. J .  Willaril Gibbs in liis criticisnl of Iny piil~er.1 

1%.T. EDDY, Ph.D. 

Area of a plane triangle. 
3 1 1  the i7/nthe1nat%cccl maqnxilze (Erie, Pcii~i .)  for 
April, Mr. Jnines Xain l)ul~lislzes, as a inntter of curi- 
osity, a collection of ilinoty-four expressions for the  
area of a plane triangle. 111JIcith~sis (Gnnd, Belgium) 
for June  this list is replxblished; 'and in tlie August 
~ iumberof the sanit? journnl the subject is ialten up 
again by 31. Ed. Lucas, ~vho  extends the collection, 
and classifies illto five groups. Iii the first group arc 
eleven 'unique ' expressions for the area, i.e., expres- 
sions tlint do not ndluit of other sirnilar expressions 
by perilluting the letters; in the second group are nine 
expressions, each aclrnitting of two other similar ex- 
pressioiis by permuting Llle letters; in tlze third group 
are eleT-eri espressioizs, eacli aclmitting of three other 
similar exprcssio~ls; in the fonrth group are seven es- 
pressions, each ad~nitt ing of five similar expressions; 
and, last, the fifth group consists of a single forniula, 
ndrnitting of eleven similar expressions. Thus we 
Iiave a liundrecl and tliil.ty-six expressions for tlie area 
of a p l ;~ne  triangle in terms of tlie sidcs, angles, per- 
pendic~~lars ,seiiiiperimel,er, and r,ailii of the circam- 
scribed, i~lscribed, and escribed circles. M. hTeuberg 
adds also t,liree other ~~~iclassificd theformulae, ~ i t h  
statc~nentthat  niany other such may bc found. Tlle 
total number of espressions foi  llie area of a plane 
triaiigle, in this collection, is therefore a hundred and 
thirty-nine, malting it, perchance, the most complete 
collcelion tliat lias been published. M. I;. 

The Dora coal-field, Virginia. 
111 tlie RTovember nuniber of The V2ginias is con- 

tained a rerien- of tlie report on tlleniineral resources 
of tlie United States, rccently published by the U.S. 
geo1ogic:~l survey, which co~ltaiiis tlie followiag: -
" 111Mr. Charlcs A. Ashburner's report on a~ztlzracite 
coal, p. 32, is this statement concerning the Dora 
coal-field : ' Of one of tho reported a~itliracite locali- 
ties in Viroinia, that in Aagasta county, recent tests 
with tlie d?amond-drill ~ ~ o ~ i l d  seen1 to prove the pres- 
ence of anthracite,' " etc. I n  explanation of the 
above, I ~ o a l dlike to  stnte, tliat, by referring to 
tlie report reviexved, on p. 24 n-ill be found a foot-
note as follows: "Mr. Aslihurner's co~itribatiori and 
statistics end here." I only stand resporisi1)le for a 
po~tiolz of tlre statistics relating to tlie anthracite 
region in  Pennsylvania (DP7 to 24 inclusive). I 
desire to rnake this esplanation public from the 
fact that  I do not wish to I)e iield acco~uitable for 
qziestio~zuble dcitu relating to a coal-field of a very 
uncertain cllaracter, and which I liave never ex-
anliued. 

C n ~ n r , ~ sA, A s l r ~ u r t a ~ ~ ,  
Geologist in chnrge l'e?z?z. n n t h r c ~ c i t ~iurvey. 

?'l~ilndell~l~ia,Penn. 

Syachroilisnl of geological formations. 
I n  SCIEXCEof Dec:. 7 your corresyorideiit, Mr. 

Nngent, takes i s a e  n~i t l i  nie as to my co~~clusious 
bearing upon t,lic? relative ages of geological forrria- 
tions, and collte~lds 1li:ct tlie geological and paleon- 
tological researches of tlin last t~veilty-oiie years (i.c., 
dl~riizg the period tliat has elapsed since tlie publi- 
cation of Professor Husley's adilress referred to in 

1 Sc~eucn ,i. 160. 

lily coiniliunication before tlie Pliiladelpliia academy 
of natural sciences) have only tended ' l o  maintain 
the logical basis ' on mliicli tlie distinguished English 
naturalist rested. As the subject is n very important 
one, and one that  Iias not, it appears to me, received 
it,s full measure of ntt,ention or discussion, I trust  
tha t  you will permit nie a little space for fuller ex- 
planation, even at  the risk of repeati~ig what lias al- 
ready been said in your valuable colnnins. 

Professor Huxley, in his anniversary address de- 
liveretl before the London geological society in 1862 
($tiart. joz~rn., xviii, p. xlvi), maintains substan-
t~ally,-

I. Tliat formations exhibiting the same faunal 
facics lnaj7belong to two or more very distinct periods 
of the geological scale as now7 recognized; and, con- 
versely, formations whose faunal elements are quite 
distinct nzay be absolutely contemporaneous: e.g.,
"For any thing that geology or paleontology is able to 
show to tlie contrary, a Devonian fauna and flora in 
the British Islands may have been co~itempora~ieous 
with Silurian life in North America, and with a car- 
bo~iiferous fauna and flora in Africa " (loc. cit.).  

11. That, granting this disparity of age between 
rlosely related faunas, all evidence as to tlie uniform- 
ity of physical conclitioris over the surface of the earth 
during the same geological period (i.e., the periods 
of the geological scale), as xrould appear to be in- 
dicated by the similarity of tlie fossil remains belong- 
ing to that  period, falls to tlie ground. "Geographical 
provinces and zones may ha re  been as distinctly 
marlred in the paleozoic epoch as a t  present; and 
those see~ni~lgly sudden appearances of new genera 
and species which we ascribe to new creations may 
be sirnple results of migration." 

Now, ~ r ~ i t i i o ~ ~ t  wishiiig to enter into the nliriutiae 
of tlie question, I believe a little reflection will clearly 
show, tha t  if, as i t  is coutended, several distinct 
faunas (i.e., f a w a s  cliaracteristic of distinct geo-
logical cpoclis, and separated in age from eaeli oG11el' 
by possibly lliillio~zs of years) ]nay have existed con- 
t~empora~leously,'' evidences of inversion," to quote 
my o\vn words, ''in thc ordcr of deposit, ought to bc 
coin~iion; or, at  any rate, they ought t,o be indicated 
soniewhere, since it can scarcely he corlceived that  ani- 
mals everywhere ~voulcl have observed the sanie order 
of direction in their migrations." Given tlie possible 
equivalency in age, as h)-poti~etically claimed, of the 
Sil~lrian fauna of North America wit,li the Devorlia~i 
of the Britisli Isles and the carboniferous of Africa, 
or any siiiiilar nrrangement, rvhy lias i t  never hap- 
pened, i t  ]nay be asked, tha t  wlien inigration, neces- 
sitated by rtlterations in the physical conditions of 
the environs, commericed, a fauna with an earlier life- 
facies tias bee11 irnposed upon a later one, as the I>e- 
voniari of Great Dritain ~ ~ p o n  the carbonifcrons of 
Africa, or the American Silurian upon the Devonian 
of Britain ? Or, for that ~nat ler ,  tlie Americ:~n Silt[- 
rinn rnay have just as well heen made to succeed the 
African carboniferous. Reference to the a~lrlexed 
diagram, where D regresents a Devoninri area, say, in 
Europe, 8 a Siluriari one in America, ant1 C a car- 
boriiferous one in Africa, -all conteinporarieous, -
\?-ill render this point niore intelligible. 

Now, on tlie proposition here st,nted, reasoning 
from ourpresent ltno~vledge of the antiquity of faiinas. 
and accepting tlie doctrine of iuigmtioii, as iilaiil- 
taincd by Professor Huxley and others, to accoant for  
the possible conteniporaiieityof distinct faunas, it niay 
be assnmed that S (or America) will receive its I)f!vo.. 
nian fauna frorn D ;D (Europe), its carbonifero~~a 
from C ;  and G (Africa), a later fauna fro111 some 
locality not here indicated. I n  other words, a migra.. 
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tion, as indicated by the arrows, \vould set in from 
D to S, one from C to D, one froin S to some possibly 
South American Cambrian locality, and one, bringing 
a Permian or sonie later-day fauna, from an unl rno~~-n 
locality towards C. Were this order of migration to 
continue here, or a t  other portions of the earth's sur- 
face, in this or in a similarly consecutive manner, the 
results obtained would be in perfect, consonance with 
the facts presented by geology. But is there any 
reason vhatever for the continua~lce of this order of 
migration? Surely no facts that h a ~ e  as yet been 
brought to light argue in  favor of a continued migra- 
tion in one direction. Why, then, it might justly 
be asked, could not just as well a lnigration take place 
from S to U , and impose wit11 it a Siluriai~ fauna 
upon a I>evonian ? What would there be to hinder 

a migration froin S to C. placirig the Arnericail 
Silurian fauna upon the carbor~iferous of Africa? 
Why, as I have asked, has it just so happened that  a 
fauna characteristic of a given period has i~zvariably 
succeeded one which, when the two are in superpo- 
sition all over the world (as far as we are aware), 
indicates precedence in  creation or origination, and 
never one that can be sllo~vn to be of a later birth ? 
Surely these peculiar circumstances callnot be ac-
cou~l tedfor on the doctrine of a fortuitous migration. 
And i t  certainly cannot be clainled tliat through a 
process of transnlutation or de~elopment,  tlepend- 
ing upon the e~~olutionary forces, a fauna with a Silu- 
rian facies will, in the course of a possible migration 
toward a carboniferous locality, have assumed a c::lr- 
boniferous or Periniaii character. 

The facts of geology and paleontology are, it appears 
to  me, decidedly antagonistic to any sucll broad con-
temporaneity or non-contemporaneity as has becn 
asstuned by Professor I-Iuxley; and their careful con- 
sideration will probably cause geologists to deniilr to 
the st,atement tliat " all competent authorities will 
probably assent to the proposition t81iat physical gcol- 
ogy does not enable us in any way to reply to taliis 
question: Were the Britisll cretsceons roclcs deposited 
a t  the same time as those of India, or are they a mil-
lion of years younger or a n~il l ion of years older ? " 

ANCELOHF;ILPI~IN. 
Academy of natural scicncea, 
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BEVOIZEproceeding to an :rccouat of the rest 
of the work, we shall adcl a few more morcls of 

1 Cot~clulicilfrurri S o .  30,. 

exlilni~ation 1111011 the harmonic solutiolls of the 
clifferential equation ( 6 ) ,  expressed in polar 
co-ordinates. On attempting to integrate this 
equation, it is found that there is an infinite 
number of particnlar solut io~~s ,  beforeas was 
statacl must necessarily be the i'ilct ; and each 
of these solutions is the l~roduct of three fac- 
tors. One factor is an arbitrary constant ; 
ailother factor is tlie radius vector raised to 
any integral pones, yositire or negative ; and 
the remaining factor 1s a function of the angular 
co-orclinates, clepelldeiit for its form upon the 
espoiient of that power of the raclius vector by 
which it is m~iltiplied. I t  is this last factor. or 
coefficient, which gives tlie name of' spherical 
harmonics' to the solution : indeed. tliese fiulc- 
tiorls of the angular co-orclinates are tliein-
selves surface-hnrinonics. 

If  me restrict ourselves, as is usually doile, 
to ie:d i~ltcgral po~v-ers of the radius vector r, 
po,sitive and neg:ltire, then, from the xvell-lcno~vn 
principle that a general sol~ltion is obtained by 
taking the sum of particular soltxtio~ls, we should 
ha\ e the most general possible solution by tak- 
ing the sum of a series of particular solutions, 
such as have just heen described, in wllicll the 
powers of r have a11 integral values between 
f n ~ ~ d  .- m  But since it is found, upon 
computing the f~ii~ctions of tlie ai~gular co-ordi- 
nates nhicli constitnte their coefficients, that 
the coefficients of ~ h a l ~ d  'hnrc identical, 1.-'" 


it will he more corire~iicnt to write the gen- 
eral solution in thc form -

V =1 u,j',, (0 ,  0) -t ( a ,r t b ,  r - " , f l  ( 1 1 ,  Q) 
f ( L I ~r' + b ,  r-Z),f2 (0, $ )  + . . . 

f ( c ~ i ~ l+ ?)i?,- ( i+ l ) ) , l i( f l ,p) + . . . ( 8 )  

In  app1~ iag this to : ~ i i jgivcn case, either all 
the arhitra1.y coilstants a v:inish, or all the con- 
stants 6 ;  tllus g i ~ i n g  rise to the two gciieral 
forms of s o l ~ ~ t i o ~ l  before mentioned, in mliich 
there is a selies of terms, eitlxcr in ascending 
integral powers of r, or of clescencli~ig integral 
powers of r. 

A value of V consisting of sereral tFrms is 
a compouncl spherical harmonic of the clegree 
(positive or iiogatire) of its numeiically high- 
est power of' T .  A value of T i  consisting of 
a siugle term is a simple harmonic. 

Returning, now, to tile consideratio11 of chap- 
ter r i i ,  p. 35, e~ititlecl' Statics of solids a i ~ d  flu- 
ids,' the subject of ~igicl solids is disposed of in 
the course of thirty psrgcs, nearlg, half of which 
is occupied 8 ith iiiexte~lqihle strings in tlie form 
of cate~lnries of rarions Bi~ids. 

The at~thors haste11 on to thc Inore intricate 
matter of elastic solids. -15 is nell l i110~11 to 
staclcrrts of t!~is suldect. the g c n e r ~ lpioblenl 


