
adults of transition fornls from Kantiloiclea to 
Ammonoidea, and set clo\rn his convictions 
that tlie Alninonoiclea must Irave been clerireci 
from N:iutilus through these trausition fhlnis, 
the gradatioi~s being Kautilini, Coaiatites, 
Ammonites. Barrande then pictures this same 
naturalist as attempting to verity his appar-
ently well-fo~uided conclnsions by ope~l i i~g a 
species of Goniatite with the anticipation of 
discovering rrithin, at the apes, or young shell, 
an identical form a ~ l d  structure to that which 
he had been accustomecl to find in the Kauti- 
loidea, ancl his consequent confi~sion, :~nd the 
overthrow or his theory, upon the exposure of 
a different form. Barrande's dealsa r g u m e ~ ~ t  
fairly with every point ; and his facts are crush- 
ing ref~~tationsof the usual direct, sinlple 
moclcs pnrsuecl by embryologists in handling 
the question of the evolutio~l of types. Bnr-
mncle's work had no orators or lecturers to 
translate it ; ancl thc hyl~othesis of tlie embry- 
ologists, and even e~~olution itself, escaped an 
attaeli, ~rhich,  if supported by pon erful in-
fluences, might have shaken the popular faith 
in the new school of thought. 

H J  att lias denied that there were sueli great 
and essential differences betn-een the elrlhryos 
of the Xaatiloidea and those of the Amlnonoi- 
dea ; and they certainly seem to ha\ e been 
more alike than was supposecl by iK.Barrancle. 
The fact, 11o\\-ever, remains, that Barrande sam 
clearly that the embryos of these two nearly 
allied groups, which are united 1 ~ y  most authors 
into one order, mere, even in the Silnriaii, inore 
easily separal~le from each other than some of 
the aclnlt forms. TJ7hen we can add to this, his 
discovery and thorough cleinonstratioil of the 
distinctness of the tlifferent types of fossils in 
the Silurian, a11c1 their sudden mode of appear- 
ance, we see clearly that he succeetlecl in doing 
the worlc ~vllich has thrown the grentest light 
upon the most obscure and in teres t i~~g periods 
of the world's history, ant1 which has furniilled 
a temperate and healthy opposition to the 
theory of evolution, lIis fkults of logic were 
unhvoidable, n it11 his ~viatllcinatical and C'uvie- 
ria11 ed~~catioii, aritl strong feelings of lo! altj 
to his masters in sc3icnc.c ; but these are only 

slight scratches upon the face of the vast monu- 
nient erected by his labors, his discoveries, his 
eighty-three yews of n~lblemishecl inoral and 
Iaithful life, and his personal sacrifices for the 
aclvancement of science and the truth. 

WHIRLWINDS,  C Y C L O N E S ,  ALVD TOR-

NADOES.' -V. 


CYCLONICcirculation has thns far been cle- 
scribed as if it were effected in radial lines in 
to and out froin the centre ; bnt here, as in the 
whiilmind, perfect raclial motion is impossible. 
A Ilorizontal rotary motion sooil be es-
tablished near the centre by the inequality of 
the inblowing winds. I t  is fo~ulcl, however, 
that all storms yet stucliecl turn from right to 
left in the northern hemisphere, ancl from left to 
right in the southern (fig. 9 ) .  Such coiistancy 
points to soiiletliing 
more regular than tlie 
accidental strength of 
the ~vincls, -to sonie 
cause that h a l l  always 
tarn the iilcliauglits to 
thc right of the ceiltre 
as thcy r ~ u l  in ton arcls 
it in the northern hein- 
isphcre, ancl to the left 
in the southern heuni- 
y111ere ; and this canse 
is Eouncl in the rota-
tioii of the earth on 
its axis. 

There is a force aris- 
ing from the cartli's 
rotation that tcncls to 
deflect all n~otions in 
the northern hemi-
sphere to the right, ~ C I G  'I 
atid in the southern to 
the left ; aiirl tliis deflecting force varies with 
the Iatitncle, lneiilg nothing at  the equator, and 
greatest at  the poles. I t  may he Sound that 
this statement differs from that generally 
nlacle : namely, that lilovi~lg bodies are de-
flcctecl oiily wl-le~~ moving liorth or south, and 
not at all when mo\ ing east or nest : for it is 
t h u s  tllat IIaclley (1732) and Dovc (1835) ex-
1)laiuctl tllc obliclue motioi~ of trade-winds, and 
that Herschel nird others explained the rotation 
of stonns. But this is both illcorrect ancl in- 
complete ; for a body ii~oving eastward is 
tleflectecl as me11 as nrhe~i mo~i i ig  northward, 
a n ~ l  tlie actoal cleflecti~ e force is greater than 
that accoru~tetl for in ITaclley's ex1)laiiation. 
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I t  is tliis deflecti~ e Sorce. acting on n incls 
frorn all sicles, as vas  first sliowil by Tracy1 
(1843), that coinliines witli the centri1)etal 
tendency of the surface-~~iilcls to give rise to 
the iawarcl spiral bloning of tlie storill (fig. 
l o ) ,  -a constant feature of all cyclones. 

I n  all hurricanes, tlie nincls greatly increase 
in strength as the) ne:il [lie centre ofthe storm, 
ancl at the salile time their path I~ccomes iriore 
nearly circular. cause of this n as l~iiefly 
stated for the n-hi~lninds : but it now m11st be 
more fnlly a n a l  zed ; arid it n ill he best to begin 
the attempt by resolving tlie iliotion of tile wind 
at  any point of its spiral track into two rec- 
tangular components (fig. 11) ,-one, along :L 

radius ton-arc1 tlie centre. 
I - - - -- P I?,the centlipeta1 conil,o- 

Y%,P , nent ; tlie otlier, circular or 


I h t  theie is a l l o t l ~ ~ r  impor-ant1 even ~norc~ 
taiit cause in the circnlai elenient of g l o ~ ~ t h  
of the wind's inotion ; namcly, the increase of 
its rotary relocity as the raclins, of rotation 
decreases, in accordance ~vitll tlie lam of tlie 
' ljreservation of areas,' already n~eutionecl. 
Let us suppose, that, nl le~i at a distance of five 
hunclrecl nliles from tlic centre, tlie inhlomi~~g 
n-incl has been tnrnecl to the right of its raclial 
path 1)y tlir caith's cleflecti\e force so as to 
liave the moderate tangential or rotary velocity 
of one mile ail hour : and, disregarding tlie 
further efccts of clefleetion, let us coilsider the 
cousecpiences of graclnally draming this mass 
of air towards tlie centre. Tlie product of its 
radius ancl its rotary velocity must remain con- 
stant ; and hence, as the radius is diniinislierl, 
the velocity must increase, one cyuantity vary- 
ing inversely as tlie other. The ~v ind  lias no 
visible, material coiinection wit11 the storin-
centre ; but it is s l o ~ l y  moTing around that 
centre, under tlie control of ceiltral forces, cle- 
lived from c1iff'creaccs of ten~peratnre alld press- 
ure, that drive it inwards, or. in other morels, 
shorten its raclius of rotation : and coriseyncnt- 
ly. nhcn, in the case snpposed, the radius lias 
been diminished to five n~iles, the velocity niust 
ha\ e been accc1er:rtecl to one l~u~~clrccl inilcs an 
Iionr, - a violcnt liurricane-wind. T l ~ crecog-
nition of this impoitant factor of the storm's 
strength is due to Ferrel (1856). The theo- 
retical incrense of velocitj- thu- pro~idecl is 
nex er fi~lly realized, Sol riiuch rilotion is ovcr- 
come 115- friction : l ~ n t  enough is preseivcd, ,\,,,/',,,{ tangential, I' T. Only the especially in t~opical  stoin~s,  to gi\~c t l i~rn  the ,
 %', 

i:.' 0 :'( )'\ '\'..-,-
\ first of these comes clilcctlj gicatest shale of tlieir clestructire strength. 

,< , ,  , 1 from the coil\ et*tio~~:ll Tlie total taiigeiitinl compone~~t  of the mincl at cirt8~1-
.' ' i I 

lation, alrenclj desclil)ed ns ..-.. ; dcpcn(1ing on tlie central
' 

' , I\ a r~ i~ t l l: and this one would I ., I I n e ~ ~ e r  -' prodacc mincli of cle~ .-* / 
nstating stlength. Tlic sec- 1 


I ond, oi arisest a i ~ g ~ n t i ~ l ,  
?.-W 

Y' [irst from the clcflccti~ c i'oi cc 

bj' of the earth's tnining. The 
liigliei thc Iatitncle. tlie less 

B I-
TIC- 11. the fiictiou at the bottom of 

the atmoslpllere, a11t1 thc 
greater the clistance from nhich the nincl is 
cleri~ecl, t l~en tlic gieatcr its right-hai~cletl de- 
partme frorn a radial path. Hcncc. in a large 
storm nt sea, here the friction is small, and 
the inclrnuglit hni its source seveinl liui~cliecl 
or even n thonsaiid rniles away from tlie centre 
of low pressure, the cleflecti~ e tangential corn- 
ponent becomes very consiclerable, ancl may, 
near the centre, outrank the centri1)ctal. 

I i c e  Scrchcr,  I YS 

nil?- point iririit tlicrefhre I)e conside~etl as the 
iiiln of the tleflccti~ e e forces, and acce le~a t i~  
ir i in~~stlie loss 70. friction. S e a r  the storm- 
t,e~ltre, wlicie tlie velocity of the v i ~ i d  is very 
grext, this tangential component is much grenter 
than the ce~~tripet:~l .  allel the spiral 1,atli be- 
comes aliiiost circular: n hile the llevei -,e reln- 
tioii lloltls for tlie onter p:irt of the storm. 

I t  nil1 11e c a d r  naderstoocl. that a considcr- 
able ceiitrif~~gal force will be tlevclopetl 19 the 
rapid ceat1:~l rotations, :IS well :ts by tlic earth's 
tleflcctive force : and. c o ~ ~ s e ( ~ u e ~ i e e ,as :L the 
ccntril~ctal force nil1 he pnrtly neut~alized, ancl 
tlie winds will be liclcl out from tlie caeiltre. 
This must increase tlie clel,ressioii :ill cady 1x0- 
dncerl thcre by expansion antl 01erflon- ; ancl, 
as a matter of fact, the lon-pressu~e of n storm-
centre, eipecinllg- i n  tropicnl1:ltitucles. is chiefly 
tlie effect of tliis ~lyiiarnic, antl ~ ~ o t  ear-of t l ~ c  
lier named static cause. But 50 long as the 
nine1 ~naintnins its rapid motion, tllc ncldftiorlal 
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depression is powelless to (Iran it towards the 
centre. Only n-hen its velocity is decreased by 
friction does the barorr~etric grndient, just be- 
fore produced by the centrifugal force, urge 
the wind innards to the ~vicldlc of the storm. 
The aclditional gradient, therefore, lepresents 
potential energy, clelived frorn the actual 
energy of the rotaticg n-inds, ?ild nll rez~cly 
to be transformecl illto actu:il energy again, 
as soon as friction has ilestroj ccl some of the 
velocity of rotation. 

The general interaction of tlie storm-forces 
may now be thus summarized : in obedience 
to a centripetal tendency, produced by cliffer- 
ences of teniperature or of pressure, or both, 
the air moves along the surface to the legion of 
low pressure. On its way, the tleflecti~e force 
arising from the earth's rotation turns it con-
tinually to one side, aild so gives it a more 
and more nearly circular path : and, in addition 
to this, its rotary velocity increases as much as 
its radius of rotation decreases : the langen-
tial component of its spiral motion must theie- 
fore continually increase. With the increase of 
this conlponent, and the decreaqe of the radius 
of rotation, the centrif~igal force ( v 2 s y )  must 
illcrease rapidly, alicl soon come to equal alld 
counterbalance the oiigillal centripetal force, 
ailcl a t  the same time greatly increase the 
barometric gradients. A t  this point the mind 
would blow in a circular path, were it not that 
friction with the sea or gro~uld is coiitiaually 
cons~~nlingsome of its velocity, ancl thus de- 
creasing its centrifugal force, and allon-ing the 
potentla1 energy of the steep ba~oliletric gracli- 
ent to produce centripetal motion. This de- 
creases its radius, and a t  once gives i t  new life, 
again to be l>aitly destioyed ancl re~lc~vecl as 
hefore. ,2hsolntelj circulal motion call t h e ~ e -  
fore neyer be nttainecl, i~lthough it is approacllcd 
very closely iicar tile centre. At sea, where 
friction is small, ailcl i11 tropical latitudes, 
where the stlength of the storm is great, the 
wind is l~nnhle to reach the storill-centre ; for, 
wl:eil the clistnnce from the centre is retlricecl 
to  0111~- f i ~e or ten miles, the ceatriiiigtzl force 
is so great, a i d  the R iiid's course is SO nearly 
circular, tliat it is carried aloft by the up-clranght 
before i t  can enter noticea1)ly farther : the cen- 
tral area is therefore left ~naprovidecl ~vith rio- 
lent winds, and is geneially a co~nltaratioe 
calm, Bno~vn ns the - ej  e of the storm,' of 
which there will be inore to say later. The 
general form of the storm-wiacl's spiral C~LII  

be declucecl froin the precetling consitlerations. 
The angle between the tangential component 
and the actual path of the wiiitl, nhich i5 called 
tlie iilclination (fig. 11.) , FI ill vary with tlie 

relation of the circular and centripetal elements 
of the wind's motion ; the tangent of tlte incli- 
ilation will ecyual the radial divided by tlie tan- 
gential con11,onent : hence in the outer part 
of tlie storm the incliiiatio~i vill be large, and 
the wind will blon- almost directly tovard the 
storm-centre ; but nearer the centre the incli- 
nation will become smaller and smaller, ancl 
the wind will blon- in a more and more nearly 
circular path. I t  n-ill also be ~mderstootl, that 
the upper winds, less inflnenced by friction, 
will near the centre have a greater velocity 
and a less inelillation than thc lower ones. 
Moreover, the iliwarcl gradient n-hich they pro- 
duce will hc efl'ective and ilnportailt in urging 
along the slower surface-winds, iu s mnnner 
better illustratetl in a tornado, where this actiol~ 
will be inore fully described. 

(70be L O ~ Z ~ Z I L U C ~ . )  

ON T H E  DEVELOPI~~GNTOF T E E T H  I1V 
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TIIEteeth in the myxinoid fishes are quite 
cliffereilt from those of other vertebrates, and 
h a ~ e  hitherto been supposed to belong i11 an  
entirely different category. Sothing has been 
l i - a o ~ ~ nwith regard to their clevelopment, except 
a brief statelncnt as to their mode of,succes- 
sioil in Petronlyzon by Professor Owen, in his 
' Odoatogrnphy. ' 

The teeth of tlie lamprey are horny, and of 
simple collical shal)c, disposed comcentrically in 
the clome-sliapecl mouth. Besides thew, there 
are horny lingual and palatal teeth. 

The kindness of my friend l'rofessor Bcnecke 
of Rb;nigsberg, ~vho  s e i ~ t  me a nlullber of lain- 
preys a t  the eiltl of their metamorphosii fiolil 
Aminocoetes, has enabled mc to follow out the 
development of these horny terth nith cunex-
pected results ; f i r ,  as far as the esseiitial part 
of the process is conccraed, it differs but slight- 
ly from the' notnlal course of true dental clevel- 
opu~rnt .  There is first formecl a low coilical 
~ ~ ~ p i l l aof sonlemliat reticulate tissue, belonging 
to the ivesoblnst (nz.p.) , and continuous with 
the dermis, which in this, as in other verte- 
bmtcs, is of ivesoblastic origin. Over this 
papilla the epiblnst which lines the cavity of 
the mol~th becomes cstrernely thick, aild con- 
sists of' verx nmncrons layers of cells. All of 
tliese laxers call be contiiluously traced into 
the other epiblast of the mouth, as  well as  that 
of the external slrin. I11 the stage here figured 
there may be seen, immediately overlying tlie 
mesoblastic papilln, a layer of epiblastic cells 
irregularly columllar ancl polygonal i11 shape 
( e . 0 . ) .  These cells are the liomologric of the 


