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adapted for running instead of swimming; and he  
thus explains the loss of the exopodites of l l ~ e  cormo-
pods, the strengthening of the endopodites, the shor- 
tening of the abdomen, the loss of power ill the 
pleopocls, tlie flatness of the botly aiicl abdoine~~,  the 
tl1ickening of the integument, and the loss of ege- 
stalks and of the anter~nary scale. Tile respiratory 
fui~ction of the pleopods 11c a,ttribotes to llie loss of 
the carapace, and the  tliiclrcning of the integunlcnt. 

The general concli~sions of t,his lliglily suggestive 
and interesting paper rnay be si~mmarizecl as follo~vs. 

The Nalacostsaca are clcscentled from the phyllo- 
pods, arnong 11-11ich Sebalia is their nearest relative. 

The Euphausiacca are thc n ~ o s t  priinitive Jlalacos- 
traca. The dccapods originated from t,lle Enplian- 
siacea, al t l~ough the most primitive decapods, tilo 
Natantia, are now widelyseparated from this ancestral 
fonn. The Squillacea staild by the~nseives, their 
nearest, although ilistant, allies being the Eupl~au-  
siacea. They show in certain points a more primi- 
tive condition than ally other ~falacostraca;  although, 
as a whole, they are higlily moclified. 

'She Nysidacea are also derived froln the Enphali- 
siacea; although they are so different from them that 
they mnst be placed in a ~list~inctorder, and the 
group Schizopocla niust be abandonecl. The Mysi- 
tlacea have no close relationsl~ip to the clccal?ods. 

T l ~ e  Curnacea arise iron1 the Xfysidacea, and tlie 
amphipoils anc1 isopotls from a form betwciin the 
Mysidacea and tlie Cuinacea. The ampliipods aiid 
isopods are not a pritnitive group distantly related to 
tlie Podophthalmata, but they are the nlost highly 
specialized of tlie 3Snlncostraca. 

Ile gives the following as his pliylogenetic classiii-
cw.tion of tlie Csustacca: -

LETTERS TO TIIB BDITOR. 
Radiant heat. 

JIn. FITZC:EI:~I,II has favorecl me with a paper ' in  
wliich he  talies exception to nly views r(:spectiilg 
radiant heat,%wl~ercin lie says, -

"Suppose that t ~ v o  rcgiont;, A an<lA', be xrl>arated by three par- 
allel rcrwns, 1, in, :rnd ??, 11aviug aperture> in  tlicrn, z, y, s., capa-
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blc of bcingol)(,ned and cioaeilirom th? (centre, so as to ~ n a k cevery 
tliiny perfectly syinnietrical round tht: line '13,l~erpendicularto 
tile xcrecnt;. NOTI,, if n: be openod for a very short time, a certain 
illlaritity of radiant criergy will escape out of ,i into the reyion 
hctwecn 1 and nz; :ind if ?J be opened w11cn this heat rcachea ill, 
i t  can ccrtainiy be let on into the re:ion inn; and if 2 be similarly 
opened w l ~ e n  it rcucl~es it, thin radiant lieat vill get intq A'. 
Wl~i lea was open, I~o\r~cver,  sonic heat left 2:; but, as 1)r. 1':dily 
olrserves, ?/may 11c cloned so as not to let this even get tliror~glt 
the screen 772, ;1!1c1 it can be all rcti~rnerl into A' by rcticctio~l 
throng11 z or home otl~er apertnrc. So far 1 <,litircly agrec with 
Dr. ICddy, and so far it beemn as if the result h:bd been to trans- 
fer heat from .'I to /: vithout B's loninq any Ilcat tiy having i t  
transferred to A. :\s 1 r~arnetlDr. Edily wlier~ I Irew(1 hin 
paper, there are, hoxvcvcr, other bodies and regions to bo con- 
sidered besides A itnd H. 'I'licre a r r  nlore than tn.o boclirs con. 
sidered : there is the rcgioii of tlic hcreens. Consider ~ ~ 1 1 ; r l  Iia11-
pens mhcn tlie heat that escaped out of f5into tlie n 1 . 7 ~region tries 
to get back into A'. So~ne  door ninst be opened to let it paas; 
and, while i t  is passing in, an a t  least ec~nal amoiint of litmt \r.ill 
be pnssing ont of B into the nzn region, so tbnt yon can never 
rei~lly get the heat that has once left B bbxcli into B agiiin. Tl'l~is 
is true, whether yon arlopt doors over fixed ;iperturea, such as L 
have supposed, or movillg ~Ipertures, such as 111'. lcddy proposed. 
What really takei! place is tliii!: :L certuin quantity of heat es- 
capes out of A and reaches B ;  and a not less ynantity of heat 
leaves B, and is kept entangled in the region of the screens, and 
i t  is  only possible to let tlie heat pass from A to B by means of 
this third region. Hence this only really conles to the sanw 
tlring as letting A r;!diatc some of its heat into thescreen region, 
while B is kept closely shut up. XOTV,be it observed that Dr. 
Eddy practically postulates that this screen region is  at least 
colder than A-in fsct, he assumes it to be perfectly cold, i.e. to 
contain no radiant heat except what is adnlitted from il and B, 
so that i t  is by no lneana contlary to tho theory of excilangea that 
A might cool by ratliating into this region." 

Now, Mr. E'itxgerald has stated oiily two of the 
three things wlficli occur while the door z is open. 
He ornits to state, that  in 11ly process a certain amonnt 
of heat whicli has come from A also passes through 
the door z every time it is opened, into the region B; 
and this is all which is proposeel to be accomplished 
by tlie process which is a t  all unusual or peculiar. 
Thus the fact remains, that althougha definite amount 
of heat fro111 13 remains elltangled ill the region ntn, 
whicli is not increased with the lapse of time, there 
is a coi~tinued passage of heat through this region 
into B, that  being the very object sought to  be accom- 
plished by my process. St is not easily seen how 
the arranmement of screens and apertures proposed 
by Mr. gtzgerald could be so manipulated as to  
bring the heat coming from A into a positiorl such 

1 On Dr. Eddy's hypothesib. that radiant hpat is an exceptioil 
to the second law of tlrermodynamics. By Ocorge B. Fitzger-
ald, N.A.,B.T.C.D., Sc. ;?roc. roy. Dubl. soc., iv. pt. i. 

2 J'c. proc. Ohio maclb. inst., July,  1582. 
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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 conclusions 
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 ~vould 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.. 


