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from thc summit, aild the snow hacl clisap-
pcared from the island. Aficr the first dis-
turbances were over, it was foancl that the 
northern slope of the summit l~acl fallen to 
the level of the cliffs which form the shore, ancl 
the moontain appeared as if split i11 two. Two 
previously quiet volcanoes on the peninsula of 
Aliaslia begnu sinlultaneously to emit sinokc 
and clust ; aild in the ten-fathom passage bc- 
tmccil Augutin Islancl aucl the maiillancl a 
new islancl, seventy-five feet high and a mile 
ancl a half in cxtcnt, has maclc its appearance. 
I t  is statecl that subtcrraacaa noises had prc- 
viously becil ltcard by a party of hunters, some 
of whom arc rcportcd missing. 

The vo1c:~no has not becil approached nearer 
thail ten miles since the ernl?tioa. at  which dis- 
tance the new island was distiilctly seen north- 
west from Augnstin Island. I ts  dimensions, 
therefore, arc merely approximate. The morn- 
ing of the eruption was perfectly clear, with a 
light south-west miiid, ancl the ticlc extremely 
low. Three days before, all the fish itre said 
to have clisappearcd ii'oin Port Graham. A t  
last accounts smoke mas arisii~g from a point 
on Angustin Island, south from the cleft above 
meationcd, vhich crosses the island from east 
to west. 

It wonld seem as if these events mere local 
manifestations of an amaliening of volcanic 
energy nearly world-wide. TVx. 11. DAIJ,. 

WHIRLW I N D S ,  CYCLONES, AATD TOR-
iWAII0ES.I -1X. 

T o a ~ ~ u o ~ sdiffer from the storms thus far 
mentioned in their excessive violence over a 
very restricted area, ancl their visibly rapicl ad- 
vance. After a great deal ol' theorizing, it is 
now possible to explain them very satisfacto- 

* rily and simply as whirls in the air, a little 
above the ground, into the vortex of which the 
swface-wincls are drawn np wit11 great velocitr. 
Electricity has no essential share in their ac- 
tion. 

ltecent studies, especially the reports by Mr. 
Finley of the signal-Service, have done much 
to show us the regions of, and general coadi- 
tions preceding, toriiadoes. They are rnost 
numerous in Kansas, AIissouri. anel Illinois, 
althongh they have been recordeel throughout 
the states east of the Mississippi, except in 
the far north-cast alld on the central Allegha- 
nies. So they have occurreil in all the months, 
and at nearly all hours of the day ; but their 
time of greatest frequency is in the afternoons 
of June ancl the months acljoining. Where 

1 Concl~idedfrom No. 50. 

most fully studiccl, they seem to occur along 
tllc contact-line of warm so~~thcr lywinds aud 
cooler north-wcstcrly or westerly wiilcls. Local 
quiet and rather excessive wanllth connnoilly 
lsrececlc them, aild chilly wiilds coinc after 
their passage, Rain ancl hail fall in their 
neighborhood, but usually at  zt moderate dis-
tance away from the dcstructire wincl-centre. 
Their advance is nearly alwn-s to the north- 
east, at  about thirty nlilcs an honr. 

Wlteil first perceived. the tornado is gcacr- 
ally clcscribecl as EL clarli, funnel-shapccl mass, 
hanging from heavy, elark, agitatecl clo~~cls (fig. 
23). I t s  roaring sound is heard as it comes 
nearer ; aild thc whirling finlnel is ofteu seen 
to swing from side to side, ailel to rise and fall. 
TVithin its clark column, various objects snatched 
from the grotlild may be seen rising aucl turn- 
iiig round a i d  round in the eddying wii~cls : 
pine-trees appear lilte bushes, ailcl barn-doors 
are niistaltcii for shingles. A t  a certain height 
these fragmcnts are thrown laterally out of the 
powcr of t l ~ c  asccncling current, aud then fall 
to the grounil, often with violcncc, from ttieir 
lofty flight. If  such a cloucl appear in the 
wcst or soutll-west, one should make all possi- 
ble haste to the north or sonth of its probable 
track; but there is seldom time to escape. 
The rapidity of the storm's approach, the 
noise of its roaring, the fear that its d a1 -1-l i~ess 
ant1 destruction naturally inspire, too often 
serve to take away one's presence of mind; 
and, bcfore there is time for reflection, the 
whirl has come and passed, and the danger is 
over for those who survive. The force of the 
mind is terrific. Heavy carts have been car-
ried, free from the grouncl, a t  snch a velocity, 
that, when they strike, the tires are bent and 
twisted, and the spokes are brolieii froin the 
hubs. Iron chains are blown through the air. 
Large beams are thrown with sncll strength that 
they penetrate tlie firin earth a foot or more. 
Children. and even men, hare often been 
carried many feet above tlie grouncl, ailit some- 
times dropped unhurt. ii. velocity of mind ex- 
ceeding one hundred miles an hour is required 
to proclace sach effects. Strange examples of 
the wind's strength ale found in the treatment 
of s~nal l  objects : nails are found driven head 
first filmly into planks ; a cornstalk is shot 
partly thro~lgh a door, recalling the firing of a 
candle through a board, Alore than this, the 
wiucl shows signs of very unequal motions in 
a small space : beclding and c l o t l ~ i ~ ~ g  are torn to  
rags ; hariless is stripped from horses. Koth-
ing can withstand the awful violence of the tor- 
nado's centre ; aild ~ e t ,  at  a little clistauce one 
side or the other, there is not only no harm 
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done, but there is no noticeable distllrbaiice in 
the gentle winds. The track of marked distnrb-
ance averages only half a mile, and the path 
of great destruction is often only a few hun-
dred feet wide. 

The whirling at  tlie centre is evident enough, 
in many cases, from the rotary motion of the 
funnel-cloud : it is, in all reportecl cases. from 
right to left, lilie the cyclones of this hemi-
sphere. A t  a little distance from the centre, 
the wind is probably nearly radial, as is shown 
fully enough by the direction in which fences 

scantling four inches square and ten feet long 
was found driven three feet and a half into the 
ground, only forty-five feet from its starting-
point. A large board sisteen feet long was 
found two miles to the north-east, where it was 
identified by the color of its paint. 

Fig. 26 shows a more disastrous case. The 
house was swept away, and its fragments fillecl 
the creek to the south-east. The trees west 
of the house were not hur t ;  but those in the 
grove on the track were blown over to the 
north-east, their bark ancl leaves stripped off, 

or trees are blown over, or and their south - western 
houses and other loose side blackened as if burnt. 
objects carriecl. On the I n  such position, branches 
right sicle of the tracli the have been found twisted 
wincls are more violent, from right to left about 
and their destructire effect the trunks. As the storm 
consequently reaches far- came on, the family occu-
ther from the whirl than pying the house ran out, 
on the left. This iq evi- turning to the north ancl 
dently because, on the - - west. One by one they 
right, the motion of thc FIG.03 1 were blow11 awaj-, -first 
wind and the ad)-ancc of a little girl, who was 
the storm are combined. as has been esplainecl founcl dead ; then a girl and boy, ~ ~ o tseriously 
under cyclones. IIere are several esaml~les hur t ;  nest  the mother was thrown against a 
from the Kansas tornadoes of i\Iay, 1879, as tree ancl killed; and last, the father, carrying 
described in Finley's report, showing the op- the baby, and becoming confused in the rush-
posed currents of air. ing wind, turned back from his safe flight to 

Fig. 24 shows the fence on the right blown the west, was caught up ancl thrown over one 
to  the east ; the fences on the left, to the west hunclred yards to the north-east, and Irilled. 
and south ; and the hay from a stack, scattered The accounts of tornadoes only too often give 
in a curved line. '\\'hen fences are not blown a record like this. I11 six h n ~ ~ d r e dand oclcl 
over, rubbish often collects on their mindnrarcl tornadoes, forty are recorclecl as fatal to the 
sicle. people on their track. I n  these forty, four 

Fig. 22 illustrates, by arrows, the direction of hundrecl and sixty-six lives were lost, a~icls i s  
the wincl, by wliicli sereral buildings were more hunclred and eighty-seven persons were il~jured. 
or less injured ; but most peculiar is the track In  adclition to the ~iolenceof the whirling 
of a man, who, on comlng out of the east winds, an e s l ~ l o s i ~ eeffect is often noted in 
side of n barn, was cnught up by the wincls buildings where the windows and doors are 
anel carried half way around the builcling, aud closed. Doubtless this is one reason why 
there set don n very clizzy, bat unhurt. A t  the roofs are so generally carried away. Doors 
same time, two horses near by were killecl, their ,F,gs, 23, 2-1, and 26 are fro,n Finley,s nepolt on torna-harness stripped off and torn to pieces. A doe, May 29 and 30, lais. 



niid -i-iinclows have been blown outward. Tbe 
four malls of n honsc have fallen ontmnrcl Born 
the centre. Still more dcfiiiite is tlie nccount 
of n rnilroncl-agcnt who had bnrrcd the ~ i n c l o ~ \  -
shutters nncl lockccl the door of his station 
aftcr n train had gone by. h tornado psssrcl 
over it. nncl burst tlic ~\4nclow oopcii outwards. 
Evicleiitly thc air of ordinary density nrithin 
the btlilcling sucldenly espnncls as the outside 
prcssurc of the atmosphere is talien otf' n~hen 
tlic storm-centre lxtsses. possibly this action 
may sic1 in the pll~cking of poultry in torna- 
does : tlie unfortunntc cl~iclicns tlint are canglit 
near the ce~itrc arc nearly n17~ays strippccl of 
their fentlicrs. So with the remnrkablc pene- 
tration of mucl illto clothing, which csnllot bc 
clcnnsecl by repcatcd wnshings : l~erhaps the 
air is c l r a ~ ~ n  out as tlic storin passes, nrld then 
tlic mad is forccd closely into the fabric by tllc 
returning atmospheric pressure. Tlic gromlil 

is sometimes saicl to looli as if 1le:ivily ~vashed 
on tlie central pat11 : it may hc that tlic cupan- 
sion of air in a loose soil aids such ti rcsnlt. 

Kothing call bc bettor proven than thc ex-
istcncc of a continuous a1ic1 ~ io len t  upclraught 
at  the cciltre of the whirl. A11 o1)servcr far 
enough fro111 thc trncli of tlic tornndo to watch 
it composeclly, and ~ e t  m a r  cnot~gli to see i t  
with some clistinctness, selcloin fails to iiote 
the rapid rising of d6bris nncl rubbisii in the 
7-ortcx, whirling as it rises ; ancl n c~irrcnt of 
air strong cnough to lift botirds and beams 
must ascend vith gi-eat energy. Most of the 
fragments thus captured by the \~i11d are thrown 
to one siclc, nntl allowcd to fall aftcr n short 
flight; bnt smaller, lighter objects. s11ch as 
hats, clothes, papers, shingles, are often car-
ried sc7-crnl nlilcs through the cloncls, ancl 
drol~pcd far away from home. But obscr~rcrs 
often report, also, that the estreniitj of tllc 

fcinnel-clouds is seen to clescencl, and from 
hanging aloft it sucldcnlj darts dow:lrnarcl to 
the ground. I l o ~can tllcsc t n ~ o  contrn~lictory 
motions be reconciled? Sirilplg enongll : for 
tlic lnst is purely an apparent motion. I t  is 
simply tlie clowilmnrcl estcnsioil of the cloud- 
forming space faster tlla~i the cloud-l~nrticles 

arc caarriecl al)n-artl. The sainc stj-le of all-
parent nlotion ngaiiist t l ~ e  vind intiy 11c seen 
in some tliuncler-slio~~ers n-here n clout1 forms 
faster than tlic n-i~icl blons, rind so cats its way 
to rriudwnril. Tlicrc llns been much ncecllcss 
mystification liere, for the point n-ns neatly 
explained by FrnnBlin n c c n t n r ~  ancl n quarter 
ago. He n7rotc. tllnt " the spout appcnrs to 
iirop or dcscend froin the cloud, though the 
matcrinls of which it i i  co~nposecl are all tllc 
while ascciicling ;" for the inoisture is con-

(lensed " faster in a right line dovvan~arcls than 
the vapors the~nsclvcs cmi climb in a spiral 
line npwnrds" (Fr:inklin's Works, Sparlis's 
cd., vi. 153, 154; letter dntecl Fcb. 4,  1753). 
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NoT let 11s loolc for the explanation of these 
varied effects, and disco\ er, if possible, the 
reason of the exti enlelj local de\elopinent of 
sue11 iiitense motioiis. 

The esplanatioii given for sand-n liirls ill the 
desert fails to proJicle for the excessive foice 
of the tornntlo. r\. tliin, narm surface-strntnin 
of air n~oulcl be pic~c~ii ted by friction nit11 the 
gronncl from attainil~g any rerj- excessive ve- 
l o c i t ~ ;  and, inoieorer, it i.; ofteii cscessi~ely 
hot witl~out tornncloes follo~ving, ai i~l  loiliadoes 
often 11npl1c11 rnl~c~ii t l i ~~ l i ris not peifectlj still. 
Vet, as tiley occur most f~eqnrntly on n:rim or 
hot nftelnoons, sui fxe -n  nrmtli very pi oi)ably 
ie-enfoices other c:titses u p  to the point of 
T iolent stoiin clevelopinei~t. 

The existence of coi~llicting vc inclr, as :ilrcacly 
noted, gives us rnorcl dlicl. ho loitg as llie cold 
a-ind passes ullcler llie wrrin, tlicre nil1 be 
no gi cat clistui bai~ce foi tile eclnilib~ ium n ill 
rem:rin stablc ; hut ,  if tlie n aim ~viiicl at11:inceq 
~ui~dcrtlie colcl, :~n 1ust:ible ccyuilibrinin may 
result. TT-e ha\ c aiic r t l~  secn tlint n arm sirtu- 
ratecl air requires tlic ,ii~nllcst .i el tical clifferenee 
s f  temperature to destioj its stability; arid 
also tlint the s a t u i a t d  col~dition mny often 
be met ill the cloucl i t ia t~lm,  nltbougli absent 
belonr it. For thesc tvco icasoiis \re iilajr infer 
that a teiiclency to upiet n~111 i)e Inolc fiequenlly 
r eacliecl n few li~rnclic~d or l1ions:~iid St>et x b o ~  c 
tlie eaitll than closer to the qlouncl. Sr~pposc 
that sue11 a conelition i s  ienchecl n-llcii a i i~ass 
s f  nrarn1 southel ly IFind 112s l~rrsllccl itself 
belom the colder iiollli -neslerly strati~iil : the 
surface-air nill oft(a11 lest quiet and bccome 
wniiii belon such a niceting, foi the sanle lea- 
8011 tliat calms occur along the equatoi :it tlic 
meeting of tile t ~ a d e s  :u~d n change n ~ u s t  soon 
nelie? e this l~iinntil~al 'l'lie TI:~iin,tr~:ii~gc~nient. 
aincl, feeling tibout foi .i point of escape t11iougli 
its colt1 cover, so011 ~ n a l ~ e s  liereor Grids x .i ent TT 

it call di:iin :tn7ay upn :lids ; alitl tlleii the elltile 
warm mass, evc1ii n iiiilc or illole ill diuinete~, 
aiicl oftell iiiore than o11c t1rous:~iid f iet  in 

stops. The cyclone is fairly compared, on 
nccoui~t of its great llorizontal extension, to a 
broad, relatirely thin disk. nith n horizontal 
measuie several hnndred tirlies greater than 
its thickness, h n ~ i n g  a spiral motion of much 
rapidity, inward belom nncl out,vaicl &ore. but 
a ceiitial nsceiiding com~joiient of its motion 
so gentle that rninclrops can ordinarily fa11 
don 11 through it. I t s  continuance delsends 
largely on heat deri\,cd from rapor concleiisa- 
tioii : it is therefole self-acting after it has 
once begun, ancl goes oil din~~ring in new air 
loiig after tlir oiigillal supply is exhausted. 
'l'lie tornado is like a c 8 jiiilclei, nrit11 a height 
equal to or gieater than its dinineter. I t s  
warmth is cliieflg irnportecl to tlic point where 
its action begins, p:trtly as seiisible, partly as 

latent'  heat ; but, unlilte the cyclone, its ac-
tion ceases as soon as the original mass of 
warm air escapes npnarcl tlirongll its waim 
cover. On apl)iellencliiig these prc~tlinrities, 
\ \ c  may better al~piccintc its further de~clop-  
meilt. 

The torilado has t n o  motions to be consid- 
ered, in addition to its general progression, -
the spiral iotatioi~, and. tile centrzil upcliaught. 
Tile latter cainiot, escept uiider special concli- 
tioils ~ e t  to he inentioned, becoine very rapid, 
for it ctepe~~ds primaril) , simply on difireiices 
of tempe~nture insufficient to l~rodncc very 
active ~ilotioii ; but tlie foriiier atlaills n great 
velocity near tlie cciitle in vnlne of the iiie- 
cliaiiie~l l)iiiiciple all eacly quoted. -the pres-
e r ~:rtioii of :rrens.' TJ711e11 n nliiilii~g body is 
dran n ton arc1 Lhe centre about 11liich it sniligs, 
its ~eloci ty  of rotation nill inc~ease as much as 
its rarlius of rotation clecireirhes ; tlic centrifugal 
force will also increase, aircl nit11 tile squuie of 
tlie I-elocity, or illversclj as Lhe scluale of tlie 
raclius. TLiis law clainls obeclience f~o in  air, 
as \yell as fro111 solid boclies : hence, if the air 
of :t torilaclo rnass ha\ e a geiitle iolary veloci- 
ty of tnenty or thirly feet a secoud a t  a thon-
sand J n ~ d s  f ~ o m  the centle, this velocity mill 

tllicliness, begins tlic rolaiy iilotioii :I~IC:LC~\increase as the central air is clraineci away 
elescribeci in nhirls aiitl c j clones, ~ i s e s  at tlie aiicl the orlter particles iriore iaxard ; so that, 
centre, :~iicl 1J:rsses anax.  Gcforc clesciihiiig nhen tlieil radius is only one huiiiliecl yards, 
the pecu1i:lr tornado features, let ns cont~as t  the] nill fly nrouncl a t  tlir late of two or tliree 
tlie storm as now eloped vith tlie t n o  hnnclrecl feet n secontl, or over oned c ~  h~iiiclred 
otlier ltii~iis of storms already exljlainctl. 'Hie and fifty iliiles an hour. I t  nlust be nncler- 
slese~t-1>1iirlnlises fioiii a thin laxer of hot tlint there stoocl, lionever, that this ~ e q ~ i i r e s  
dry air, n nrnlccl :it tlie place here tlie m l ~ i ~ l  sho~ilcl haye been no loss of' notion i ) y friction, 
il)egins. ascending in a small coluinn through a 
considelable thickness of colder ail. Fiictiol~ 
n ith tile ground piel erits the attainment of an 
excessive \ elocitj ; arid tlie ascencling current 
call lift only sancl aiicl light objects. As sooil 
as tlic bottom-air is d~xincd ansty, the whirl 

and lielice can be true only for the air at  a dis- 
tance a h o ~  e tlie ground ; ancl, furt l~ei ,  that. in 
spite of the gieat horizon!al rotarx notion, 
there is still only n motlerate reitical current. 
Ancl consequently me have not yet arrived at  
the cause of the violent celitral and upward 
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winds that distinguish the tornaclo f'ronl other The progressive rriotion of tlic tornaclo-
stonns, but this cause is close at hand. centre is so constant i11 its clirection to  the 

Aclmit for a moment that tliere is no friction north-east or east, that i t  cannot depeiitl on local 
betwecn the air and the ground. W e  shoi~lti coilditioils ~vitiiiii itself, lrut niust rather iesult 
then haye a tall I ertical cylinder of air, spin- from its bodily transportntiori by tlie prevail- 
ning slrouild near tlie centre a t  a terrific speed, ing wincls, n ith filiicli tlic tornado-tracks agree 
a t  tlle base as nell as aloft, and conseq~~ently very well in direction and rate. I t  will last 
clevelopiug a great centrifi~gal force. As a re- coiistitnted the till tlie loncr warin air, ~ \ - l i i ~ l ~  
sult, tlle clensity of tlie central core of air must original unstable ninss, i i  esllausted. This 
be greatly cliininishecl. Nost  of the central air generally liapl~ens in nl~out 311 lio~lr, nlien 
ln~lst  be clra~\-11 out by friction into the wliirl- 
ing cylinder, and prevented from retuiiiing by 
tlie centiifiigal force. Tlie core will bc left 
n i th  a feeling of emptines.;, like an imperfect 
r7acuuin. IS tliere weie any air ntaar by not 
coiitrollcd by tile centrif~lgal forcc, i t  ~ronld  
lush ~io lent ly  into tlie central corc to  fill it 
again. ;"\'ow consider the efyect ol' fliction with 
the piortiiil. 'l'he lon eiiiiost air is p r e ~  entctl 
from attainii~g the great iotary velocity of the 
n ~ p e r  palts, and conseclue~~tly is inilch less 
aulcler the contiol of the centrifugal force, 
which is measni~ecl by the sqaare of tlie ve-
locity. The s~lrface-air is tliercforc just what 
is u anted lo  fill the incipient v:rciium : so it 
rushes into tile core t~ntl 111) throilg11 it nit11 a 
\ elocity compara\)le to that of the T\ hirling it- 
self ; ancl this inzun~d-rushing t r  h. is the destrz~c-
five surface-blast of t7te torituclo. 

Tliis exl)lanntion, first liroposecl by 1\11. Ii'er- 
sel a few Seals ago, is nlost ingenious nil 
sntisfactoq-. X o r e o ~er, lie lins followed its 
sever:tl pal ts by close nlathc1natic:rl anal> sis. 
ant1 shonii that tlie ~rioderate aiitcccclent con-
clitioiis are :1mplj suL%cient, to account for all 
the \-iolence of the observetl results. 

There are still several points to be considcret2. 
The mliiiling motion has been (1esciil)ed :rs 
corresponding in nearly all cases ~ ~ i t h  that of 
northcin cyclones ; aiid J c t  it  cannot be sup- 
posecl that the intlranglit nincls of a tornado ale 
diawn froin sufllcient clistniices to sliow tile ef- 
fect of tlie eaitll's deflcctire foice : it is nlore 
probable that the tornado is to be regarded as 
:I small wlliil mitiliii a Iargci one, for tlie warm 
and colcl wincis are piobn1)lj ],art of a laige 
c j  clonic system in n liicli cliif'~~reatin1 and iotaiy 
motions are established ; ancl. nhen s ~ ~ c l i  minds 
ihrln a sinall local mhiil of tlieir own. it ill 
rotate in the same clirection as they clo, fioin 
right to left. For n like 1e:Lson the planets ro- 
tate on theii axes in the diiection in mliicli they 
rerolre around the sml. Tlie constant direc-
tion of rotation in torn:rtioes inay therefore, by 
itself, be taken as ericlcilce that theil cause is 
not in a st:rgnant atinospliere, like that of the 
desert-whirls, but is connectecl with the con-
flicting currents of a large, gentle cyclone. 

it lins tra~eisecl  a distance of nearl\ thirty 
~ni l t s .  

'Ylie tornado thus constitutecl nlay be likened 
to a very a c t i ~  e air-pr~mp, carliccl along a few 
1111ndr~tlfcet :ihore tlic giountl, snckiiip np the 
air over which it 1):lsses. I t  is for this ieason 
tliat tlie s111 face-n incls are so nearlj ladial. 
For this rc:iion an cncloseil niass oS air, as in 
a lioltse, iuclileiilj esploclrs as tlie I acunin is 
fornlecl o ~ e r  it : nncl as tlie air rurlles to the 
centre, ancl there expands aiitl cools, its vapor 
becoines ~ i s ib l e  in the great f~lniiel, or spout, 
pendent from the clouds a b o ~  c. Ko rain can 
fill a t  tlic centre. Rotlies mnch hearier t1is11 
rain arc lifted t l le~e ,  instead of diopped : so 
tlic rain must i k e  throng11 the centi:jl core, 
anti fall to one side of tlie storm, or before or 
ljehiiicl it. If the exl)nnsioii be T ery great, 
and the altitude rcachecl by the drops rather 
execisire, tlien tlley nil1 be frozen to hail-
stones before falling. TZail-storms allill torna- 
does co~ninoiily go togetlicr : tliey niutually 
esplnin each othcr. 3:lectiicity lins no impor- 
tant part to play in the disturl)ance. 

I t  mas stated ruiiiller c j  cloncs that tlieir cen-
tial baiometliu cleljression liacl tn o c:tases, -
the o\-evfiom caused by tlie central warmth, 
and tlie clislling-ont of the air lo- centrifilgal 
forcc. Tlie f i ~st  of these is oitlinarily regarcled 
as tile cEecti\ e cnnse of the ~ ~ i n c l ' s  inward 
blo\~ing.  I t  112s :rlle:tdj been poiilted out that 
the second aiicl greatcr part of tlie depression 
is also elf'ecti~e i11 dra~ving in the n inds 1~71ien 
f'ricLion dccrcases tlieil rotarj I elocity. VTe 
nlay no\v call attention to n tliiitl cause of cen- 
tripetal no ti oil in the cycloile alieady alluded 
to, in nliieli it  is like the torn:~tlo. 'I'ile upper 
winds move nit11 great rapitlity, anrl cause a 
strong baroinetric clepressioii at the cciitle of 
thcir mhirli~ig ; but a t  the bare of the storm, 
where friction \pith tlie sea. or  still Inole n i th  
the lancl, rediiccs tlie lover mi~icl's motion, and 
so diininiblies tlieir cei~trif~igal force, me may 
have an inillraught of the tornado style, in 
which the ceiltrif~~galclirninution of central 
pressure i11 the upper wiiitls is an effective 
cause of celltripeta1 motion in the lower mii~cls. 
While this is not the principal cause of snrface- 
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minds in a cyclone, it may be an important 
aid to  central warmth. 

Water-spouts are c1osel-j- allied to tornadoes : 
but when seen in small form they approach the 
character of simple desert-whirls ; that is, they 
then depeilcl merely on air warmed a t  the place 
where they occur, and not on the running to- 
~ e t h e r  of warill and cold minds from other re- 
b.

g1011s. A probable cause for the excess of 
their strength ahove that of the sand-whirls lies 
in the smoothness of the water-surface on 
which they spring up, which will allow a long 
time of preparation ; and in the moistnre in 
the air. which will cause the warming of a 
vreater thickness than if the air mere T7ery dry. 
?he greater the thickness, the more their action 
will rcsenlble that of a typical tornado. The 
appearance of the down\~ard  extension of the 
f~ulnel-shapecl cloud to meet the rising colnnln 
of water is almost certainly o n l ~  an appear-
auce, a ~ l d  has the esplauation alreacl- quoted 
from Franklin's ingenious writings. 

TT7e h a ~ e  relied largely, in the preceding ex-
planations, on deductions from general prin- 
ciples, checked by the results of observation. 
The writings of many investigators have been 
examined, and in a few cases their names hare 
been giren ; but the literature of the snbject is  
now so extensive that full reference has been 
deemed nnaclrisnble. Little attelltion has been 
paid to the older theories, in which conflicting 
winds and electricity were looked on as the 
chief causes of storms. The latter is regurclecl 
as an effect rather than a caase ; and, while the 
former has much importance when rightly con- 
sidered in connection wit11 the earth's rotation, 
it is  of small 1-alue as originally stated, and is  
then limited to the proclt~ction of short-lived 
storms in mountainons districts. The more 
important factors of the modern theory of 
storms are the consideration of the conclitiolls 
of stable and r~nstnble equilibrinm of the at- 
mosphere, the true measure of the action of 
condensing water-vapor, the frill estimation of 
the effect of the earth's rotation, and the recog- 
nition of the necessary increase in the wind's 
relocity as it is clrawn ill toward the itorm- 
centre. W. It. Dams. 

THE CRITICAL S T A T E  O F  GASES. 

THE Philosophical magazine for Augusb, 1583, con- 
tains a letter from Dr. William Ea~nsay which refers 
to observations upon the critical state of gases, pub- 
lished in the Proceedings of the London royal society, 
1879-SO. The chief observations that had previously 
been made upon this interesting snbject are those of 
Cagniard de la Tour (dnnales d e  chirnie, 2;me s6rie, 

xxi. et  xxii.), Faraday (Phil. trans., 1823 and 1848), 
Thilorier (Annriles de cilimie. ?@me se'rie, lx.). Nat-
terer (Pogg .ann., xciv.), hndrewa (Phil. trans., 3569). 
Andrews found that when a gas was cornpressed in a 
closed space, a11d was maintained a t  a temperature 
below a certain limit, the pressure of the gas increased 
up to J fixed point, beyond rvhich condensation oc-
curred. The pressure at  which condensation takes 
place increases rapidly with the temperature of the 
gas. At and beyond a certain temperature -the criti- 
cal temperature -no amount of pressure can produce 
anv of the usual ~henomena  of condensation. The 
isothermal lines below the critical temperature are 
apparently discontinnous, one portion representin5 
no change of pressure corresponding to a change of 
volume. Above the critical temperature the isother- 
mals are continuous. 

The experiments of Dr. Ealnsay were made upon 
benzine and ether, and a mixture of equal ~veigllts of 
benzine and ether. I n  one experitnerit a closed glass 
tube, somewhat ill the shape of an hourglass, mas 
used. One end of the tube was partly filled with 
ether, and was heated in an  inclined position. The 
liquid expanded until, at the moment tlie meniscus 
disappeared, it nearly filled the lower half of tlie tnbe. 
On cooling, the liquid all condensed in the lower 
half. 

The experiment was varied by inverting the tube 
after the meniscns had disappeared. On cooling, 
the liquid condensed in the upper half of the tnbe. 
The tube was next maintained for some time at  a 
temperature above that at  which the meniscus disap- 
peared. On cooling, an  eqnal quantity condensed in 
each d i ~  I t  was observed, that, after ision of the tube. 
the meiiiscus had disappeared, the part of the tube 
containing liquid had a different index of refraction 
from the other part. 

The conclusion to be drawn from these results is, 
that, at  and above the critical point, the density of 
the liquid is the same as that of its saturated vapor: 
conseq,~ently, after a sufficient time, the liquid and 
its vapor will become mixed. Above the critical 
point, the surface tension of a liquid disappears. 

This conclusion is confirmed by the experiments of 
&I. IIefoundCailletet (Conzptes rendzcs, Feb. 2,1880). 
that when the lower part of his experimental tube was 
filled with liquid carbonic anhydride a t  a temperature 
of So ..5, and the upper part was filled with air and gas- 
eous carbonic anhydride, a pressure of a hundred and 
fifty to two hundred atmospheres was necessary to 
cause the liquid to mix with the gas. At the sugges- 
tion of Mr. Jamin (Conzptes relzdus, Nay 21, 1SS3), 
hydrogen was substituted for the air in the upper 
part of the tube, and i t  mas then found that a greater 
pressure was necessary to produce the mixture. This 
result would necessarily follow if we suppose that the 
mixture takes place when the densities of the liquid 
and the gas become equal. cannot say that the 
liquid is converted into gas by pressure. 

Though the densities of a liquid and its saturated 
vapor are equal, above the critical point, the two 
states of matter are still distinguished by other physi- 
cal properties. Their indices of refraction are differ- 


