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numbcr of mistalics inadc, in cach acldition. forth. The apparentlg- lawlcss mi~lcls of a 
All obscrvations and sviggcstioils relating to storm coald be rcduccd to system if thcy mere 
the sul?jcct will hc most gratcfiilly rccci~cd.  supposed lo blow around a ccntre which itsclf 

f I ~ x n uFi i t ~ c ~ r  has st progressive motion. I n  nearing thei ~ .  
Office of Y. 8.  coast-snrrty,

TTTashington,D.0. 

WHIBLWINDS, CYCLOlVES, A N D  TOR-
IVADOES.~- VI. 

HAVINGseen how storms arise, and esam-
iued the gencral motions of thcir spiral wincls, 
t ~ cmust nest consider thcir progressioil from 
placc to place. I t  is now a familiar fact, that 
stor~ns do not remain stationary, but aclvnncc 

centre, the barometer fallu, aucl the winds in- 
crease t l l e i~  strength. The lnanner ancl cause 
of the progressi~e motion must now be cs-
aminecl. 

Thc four rcgions where tropical storms move 
into temperate 1:ltitudes -thc scas sot~th ancl 
cast of India and China, and south-east of the 
United States, in the nortbern hemisphere ; 
nild tliosc east of IIadagascar ancl (prob:~bly) 
of Australia, ill tlic sonthcrn heinisphc~re -arc 

'THE ILEFIOVS OF TBO1,lCAl. CTCLONES. 

a t  a velocity of from five to iiRx ~nilesan hour 
along a linc known as their track. Although 
perceivecl by Frankliii abovit 1750, this, as 
well as their whirliilg inotiou, first found full 
and satisfactory proof at tllc liancls of Dove 
of Berlin (lSl8), and Rcdfielcl of Sew Yorlr 
(1831). The lattcr gave the niore liuillerous 
examples, ai1cl was the first to es1,lain the 
motions of storm-winils at sea. Tlie niethocl 
of his cliscovery was simple enough. Infor-
mation concer~ling the storm mas gathered 
from all attaii~able records, and the coilclition 
of the wintls and weather was lslottcd for cer-
tain hours. A t  once the res~ilt stood c.learly 

1 Continued from No. 41. 

( T h i i ~ NF R O P  STIELER'4 I T T ~ I S . )  

a11 crossed by storm-tracks, rt:nning first wcst- 
marc1 near the equator, the11 turning toward the 
polc, ant1 l3assing arou~id the apes of a para-
bolic curve near lxtitu~lc 30'. into an obliquely 
easlmarcl course. Thc more nvuinerons storrns 
of tcinpcratc lntitucles haye less regular tracli-s, 
but are nearly always characterizecl by a strong 
east~vard element in their inotion ; their chief 
rariations to the right or left being dependent 
011 thermal changes nritli the seasons, and on 
the configiiration of land and water which 
they traverse. There have been four causes 
suggested to determine the progression of the 
storm-centre : namely, the gencral winds of the 
region, and especially the stronger and less 
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variable upper currents ; tlie supply of warm, 
moist air, ancl consequent occurrence of heavy 
rain; the relative strength of the inblowing 
winds; ancl a certain effect of the earth's 
rotation. All these causes of progression are 
variable in amount, ancl in relation to one an-
other ; ancl i t  is therefore natural to find their 
resultant inconstant. 

The first-named cause is the most evident, 
the most powerfi~l, and nras tlie first recog- 
nized. The general or planetary circulation 
of the winds will require that any disturbance 
in the moving atmosphere shall partake of its 
motion, and be carriccl along in the direction 
of the cnrrent within which it is gener:lted. 
Thus a storm arising in the equatorial calms 
is carried westward as soon as i t  attains snf- 

of unequal warmth aiid moisture, sysnmetrical 
cloucl-forming and rain-falling on all sides will 
be impossible ; there will be more rain, ancl 
hence less cooling, on one side than on the 
other;  aucl just as the liberation of latent 
heat ' aicled in the formation of the first cen-
tral barometric depression, so it will now tend 
to displace this centre to the side where the 
greatest amount of rain falls. If no other 
cause but this acted, the storm would ad\,ance 
regularly toward the region of heaviest pre-
cipitation : hnt this advance Trill not be like 
the bodily transference oP the rotating IT-inds 
ei'fected by the general atmospheric currents ; 
i t  will be rather the abandoning of one cen-
tre of attraction as a stronger one is cre-
ated beside it,  - the continual filling-up of 

ficient height to reach the upper current, x~~liic~h one depression, and procluction of another. 
must there move from east to west. No equa- 
torial cjclone has ever been observed moving 
eastward. On approaching the ~ ~ e s t e r n  shores 
of the ocean, a part, at  least, of the general 
wincls, turns ton-ard the poles, as may be seen 
on any mind-chart, and in 
l a t i t d e  25" or 30' passes 
from the region of the 
tropical winds into the 
system of the prevailing 
westerly wintls of temper- 
ate latitudes. The storins 
have a striliingly similar 
course, and, on the western 
side of the oceans in these 
latitndcs, never morc to-
wards the equator. Their 
further progress, and that of the nianj, storms 
of the temperate zones, is easterly, with a lean- 
ing towards the pole while crossing the oceans, 
and a variable north-easterly or south-easterly 
advance 011 the continents. KO storm has 
been found crossing the North Atlantic from 
east to mest, or moving from orrr Atlantic 
coast to the plains beyoncl the llississippi. 
Additional ericlence of this style of bodily 
transference of storms will be given in con-
sidering the relative strcngth aiid the direction 
of their spiral winds 011 cliffereilt sirles of the 
centre. 

The importance of the condensatioil of rapor 
ancl consequent rainfall in decreasing the cool- 
ing of the central up-drarrght, ancl so increasing 
its strength, has already been shown. I n  the 
explanation of this process, i t  was tacitlr as- 
sumed that all the surface-indraught was equally 
warm and moist, so that conclensation and 
rain would occur symmetrically about the ceu- 
tre of low pressure. I t  will now be seen, that, 
when a storm-centre is supplied from areas 

'Phis may be illustrntcd by a inodification of 
fig. 8, given here in fig. Id,  in whicli the clotted 
lines s h o ~ ~  the gradients and wincls established 
at  a certain period of the storm. Let it be 
supposed that warmer, moister wincls enter 

on the right, and cooler, drier winds, 011 the 
lefl. JVhere cooler, tlie air will be contracted, 
and the isobaric srrrfaccs clepressed : where 
warmer, from its own warmth, as well as from 
that of the condensing yapor, the air will be 
ex~anclecl, anel the isobars elevated, as shown 
in full lines in the figure. The gradients will 
then be unsymmetrical about the original cen-
tre ; and the previous motion of the winds will 
be acceleratecl at some points, retardecl or re- 
\lersccl at  others. As a result, the pressures 
at  the surface will be changed from their pre- 
vious arrangement to a new one, shown in fig. 
13, in which the region of least pressure has 
nloved to the side of the warmer winds ancl 
heavier rains. Any further inflow of the snr- 
rounding air must now be to the new low-
pressure centre : in other words, the storin has 
aclrancecl to tlie right. Tlie process will be 
continuous as long as the winds on opposite 
sides of the storin are un1ike.l Having thus 

1 Big. 12 may serve furtiler to explain the retardeil arrival of 
the centre of low pressule at altitudes of a mile or more above 



760 	 S C I E N C E .  [VOL.II., NO. 45. 

seen the general action of this cause of motion, who first, sonie fifteen years ago, callecl attcn- 
i t  must now be appliecl more directly. Tilere tion to the co~ltrol of r:tin over storm-tracks. 
are two causes of rail1 i n  a cyclonic storln, - I t  should be notecl tllnt the 
one from the expalision ancl cooling of the lnoist 
air as i t  enters the district of low pressnre, ancl I S O T H E R M  
rises in the ceiltral up-clraught ; the other from 
the aclvance of the wind froill a warnler into 
a cooler region. The first of these mill gen- 
erally be nearly symnletl.ica1 ahont tlle storm- 
centre, ancl llei~ce not prodnctire of any 
lxogressi~e nlotioil: the secoild mill as gen-
erally be ~u~sy~nmetrical .  I n  fig. 14, for the 
northern hemisphere, the parallel lines rcpre- --- - - - - - - - - .._... _ 

change in the 

_ .. .. 

sent i~ornlal cast and Test isotllcrms, sllo~vi~lg 	 Fra. 14. 
the ns~lal decrease of te~nperature to tlic nortii. 
Of t l ~ c  s e ~ e r a l  rvinds b l o ~ i n g  iilrvurrl to the 
storm-centre, r l  nncl 3,~ h i c l i  nc1v:~ilce trlinost 
aloilg thc salnc isotherin, r i l l  not he seriously 
cha~~gei lin temperatme by their change of 
place ; C, which covrles from a cooler to a 

~vi~i ter:111(1 s1111111ier l~re~filel i t  n'i~lclsTI.OLII(/ 
Iiave a similar effect 011 the courses of ELI-
ropcan storins. 111 the U~litecl States, Pro- 
fcssor Zoolnis irns slion.11 that the velocity, a s  
well ns the direction of aclva~lce, is closely 

tlclpm~denton tlie positiol~ 
-10000 	 . - -- ~- ~--- - - - -

_I______ 


___S@O_,L-~, f L~ 

-
--- . - -.- ------A? 	 ailtl ainolull of tlie rain. 

In  tropical st,ornis l l ~ e  ac----A. \---tioil of this i6anse of 1x0- 
gression is not so clearly 1.L-_. rnnriieil : h r  all tire winds _ 

J w 
equally narin. I t  is rc- 
ported that tile rainy arex 
ortell extends farthest 
nllead of tllc stor111 : but 
it is ilot a t  once apparent 

~vlly it shonl~l, for Ille front of tlie storm is oc- 
cupiccl by ~vincls froin tile north, n-llich come 
fro111 a slightly cooler latit~lde. I t  may be sug- 
gested, that, as their source in a region of high 
pressure (the ' horse lntitacles ') canses them to 
move faster, it also, p~obably, allows thein P 

g r e ~ t e res1)ansion and cooling, 011 entering the 
storm-area, thnn is perinitled ill the winds that 
come nlore slon~ly from the eqnato~inl rcgiol~ of 

VIC, 13 

Rnrnlcr district, will consequently illcrease its 
cal~acity for moistarc, and l ~ e  a clear, cold, 
dr j  ing nincl ; but D will be cliillcd, ailcl must 
proclnce hear71 cloncls aud strong rain some-
where about tElc sliaded part of the figure ; 
and tlie storm-centre mill tllen be transferrccl 
toward t l ~ e  middle of this m i n j  clistrict. 

Standing on the warm side of the storm, 
the celltre mill aplwar to more nearly along tlle 
isotherms to the right. Actnal isotl~ei~ms low pressure ; but tropical storms probably tlc- 
selclom follow lines of Iatitncle, ancl always 
vary their positioil R itli .tile seasons, espe-
cially along contir~ental borclers. Thus, over 
westcrn Enrolx nncl the eastern margin of 
the Atlantic, the summer isotherms run to the 
north-enst : so do the storms. 1x1 minter 
the isotherms run south-castwarcl, ancl the 
storms turil i11 the same direction. Figs. 15 
ancl 16,  illustrating this change, are basecl on 
diagrams in the ' Lan s of the vr~inds,' by Ley, 
the surface. Obscrrations on Mount l\7$ishington have show11 tho 
centre of low pressure thcrc to be :iho~tt tn70 11ul1dred ~n i les  be- 
hirid that  irt sea level (Loonlis), and a. sir?il:t~.retardation 21:1s 
been infi.~,red in E ~ i g l n ~ i dfrom obser~a t ions  of cirros-cloud8 
(Lcy). Fig. 12 shuws this to be directly connected ~ ~ 4 t h  mill. 
fall; for, iii this nnsymmetric;~l storm, the fol.lner 11orizont;~l 
nentml plane is (listorted, so tli;rt tile contrc of low pressurc in 
the upper air is clearly bchind, instcarl of vcrlicaliy iibovc, tlie 
centre on the snrfi~cr of t,lrc earth. 

1 
, / / / 

FIG.15. 

pencl chiefly on the ~rel-nleilt minds for their 
clirectioil and rate of advance. I n  Anstrin none 
of the miilds are very moist, and the rainy area 
has no clefiilite relatioil to the aclvance of the 
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storm : henco here, also, other causes than rain poles : it will therefore be greatest on" tht? 
determine tlte general easterly progression. polar side of a cyclone; nnil the greater th? 
Whatever effect rain ~ o u l c l  hare is eyer-
come by stronger causes. Tlle separa-
tion of c ~ c l o ~ i ea into two inilepenclent 
storms is prob:~bly aided by the irregn- 
lar distribution of rain. 

Ineqllalit;7- in the strength of the inblow- 
ing ~ ~ ~ i ~ i c l s  i s  a result of irregular dist,ri- 
bution of haromet~,ic pressure in the rc-
gions aro~~ncl tllc storm ; and tlie strougcr 
inclraugllt mill come from the higher press- 
ure, because thc grat1:cuts will be stccp- 
est on tllat side. TLus, in the case of 
the West India. ht~rrieanes, the higllcr FIG. 17. 
presswe is to the north or north-east in 
the ' horse latit~~cles ' :~bove nalnecl, and tlie storm's cliaineter, tlie morc rn>irkccl the differ- 
lover prcssure to the south, near tlie eqnator ; ence between the two sicles. I ts  effect will bt: 
and tlle i ~ o r t h ~ r l ywinds mill therefore be lo mnlre t,he ccntrift~gal force on the tn-o sides 
stronger than the southerlj-. Tile stronger uncqual, as in tile prc~ious  cnusc; btlt the  
the wind, the grcntcr its ccntrif'tlgal force; resultant inotion n7ill here be always from 

tlie equator. I n  tile absence of other cnuscs of 
motio~i, cj-clones ~voulcl tiierefore move alorig 
meridians : as i t  is, they iicarly always llavc 
a inore or less lirono~~nceclpolar tenclcncy ; 

\ ancl their failure to 111o~e clircctly f ro~n  tiic! 
' e ~ u a t o r  is due to the other catlses of 1)rogren- 
sion alrtlady mentioned. 

(7'0 lie coiztiwued.) 

--- .-- ---

--.. A COii3CIArAT lOh' FVA LNUI:  
A rr,cur,rhn nut lins recently been s e ~ l tto 

me from Mr. S. L. Binganian, Pughton-11, Clles- 
FIG. 16. 

ter c o ~ ~ n t y ,  It ~ v a s  forllld on his lawn I'enn. 
and, if this is ilot equal on all sicles, tlie cciltre uncler a blncli-n-dnut tree (Juglaiis nigr:~). 
of lowest pressure will bc c1ra1~1i towarcl the Mr. Binga~n~iil s:t,~-s, "There is n pccan about 
point where it is strongest. Tliis will be ~vl- ere sixty feet fiom it [the walnut-tree], and a. 
it  has to bend sharply arot~nd fro111 its original shellbarli s o n ~ e  three !runclrecl xards off'." 
clirection, ancl rimy average about 136" from Tile nut is di~-iilccl into two parts, as viewet? 
the source of the mild : hence, if the stronger I I~IOII  the 011 t sic1 e . 
nrintl corlic fro111 tlie north-east, the storm- 'L'here is a s1na11 por- 
cent,rc vill niove west ; if fro111 tlie cast, north- tion at the base end, 
nlcst, as in fig. 17  ; and so on. Conscqaentlj, whicll has a covering 
this cause will aicl the first n:unecl in reqniring siinilar to that of a 
tlie storm to clcscrihe a curvet1 track in passing black wxlnut. 'L'lle 
from the torrid to tlie tcniperate zone. It mill upl)er and larger pitrt 
also aid tlie coalesci~lg of' two rieigliboriiig of tlle nnt has n cov- 
storms, vr:hicli lias not unfreqtlently been ob- ering closely resem-
served ; hut, as a rule, it plays a subortliiiate bling that of a shell-
part in ileterlnining the direct,ion of aclvance. hark (Carj-a alba) . 
'rlhe slower adrnace of sucli of our storms as This esocarp is four- 
llave extra strong wincls on their western sicle ~ d ~ e c l ,  :Land partial 

(I,ooniis) is probably also clue to this cause. separat.ion lias talien 


The fotirth cause of a storm's advance is a place at  the 11l)pcr oncl. 
peculiar effect of the deflecti~e forec arising I n  its testure ant1 adherence to tlie shcll this 
from tlic earth's rotation. I t  lias alreaclg coreriiig is mnch lilrctllat of the orclinaq black 
been sllo.rvn that this force iiicrenses townrtl the waliiut. Upon etittiilg the nut in txo ,  tlie shell 


