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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 
110 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- 



ent:  tlie liquid is capable of clissolving solids wliich 
are insoluble in the vapor. The latter fact is proved 
by the experiments of FIannay ancl Hogartli (Proc.  
roy .  soc., Oct., 1S79), and also by similar experiments 
of Dr. Ramsay. A small piecc' of potassium ioclide 
was placed in the lower part of the experimental tnbe, 
which was partly fillecl with a~~l iydrons  Thealcollol. 
upper part of the tnbe mas free ft.om alcohol, but its 
sides mere corerecl with a film of crystalline potassiom 
iodide. When the tnbe Ivas heated and the rnelliscus 
disappeared, the salt in tlie lower part of the tube mas 
clissolved, while that in the upper. part remaillet1 un- 
changed. Similar observations nere  niade on eosine. 

Dr. Ramsay's secoritl paper contnilis the isotliermal 
lines for benzine, ether., ant1 a nlixt,nve of benzine 
and ether, below arid above tlie critical ternperatares. 
The apparatus used reseinbletl that  of A.ndrem-s. 
The rnost re~narkable feature of these lines is, that, 
below the critical te~nperatorc for benzine, there 
appears to be a tliminution of pressnre correspoiltlingr 
to a dirninntion of vol~une, iinuicdiately before corn-
plete co~~ilensation t i~kcs place. This plienomcnon 
appears rery slightly in a nlixt~ire of beilzi~ie and 
ether, but is not apparent in elher alotle. I t  has 
bee11 sug~ested  by James Tlioirlson ( P ~ o c .  Y O U ,  soc., 
1871) that the isotlierinals for ail gases might have 
sotnewhnt this forni below the critical tempcrat11r.e. 
Ilr. Ramsay cxplains the fact by supposing that the 
molecules, when t11e gas lias been compressed to a 
certain estent, begill to exert nintual attraction and 
relieve tile pressure. The fact may be connected 
wit11 the observed phenotrienoi~ t11at the iueniscils of 
beriziue relnairls easily ilistiriguishable until it van- 
ishes, mlieroas the nieniscus of ether soon beconlcs 
hazy. A t  the part of tlie isothermal nndcr con~icl- 
eralion the substance is evidently in a coriiiitiou of 
nilstable eqnilibrinrn, and it is tlifficult to see how 
this part of the curve could have been detected exper- 
imentally. 

The critical temperatnre and pressure of a niix-
tare of benzine ancl ether were fonntl to be not far 

That mixture is, physically spealtilrg, homoqeneous 
in the same seiise as a mixtwe of oxygen and llyclro- 
gen gases may be ternird hoinogeneor~s." 

C. E. PES~OSE,  

COLOIZED S R I E S  A PTEE Ah1 ERUPTION 
OF COTOPAXI.' 

TIIE remarliable sunsets which have been recently 
witnessed upo11 several occasions ha~ ,e  brouglit to rny 
recollection the still more remarkable effects wliich I 
witnessed in lSS0 in South America, during an erup- 
tion of Cotopasi; and a perusal of your highly inter- 
esting letter in the Tin~esof the 8th inst. has caused 
me to turn to nly notes, with the result of fincling 
that in several points they appear to have some bear- 
ing upon the matter which you have brouglit before 
tlie pnbiic. 

On July  3, ISSO, I vas  engaged in an ascent of Chirii- 
borazo, ancl w:ts encamped oil its western side a t  15,-
800 feet abovc tlie sea. Tlie nlorriing mas fine, ancl all 
the surroundillg conntl,y was free from mist. Before 
sunrise we saw to olir llortli the great peak of Illiniza, 
and tnenty nliles to its east, the greater cone of Coto- 
pasi;  both without a clout1 aroliil~l them, and the  
latter without ally snlolie issuing frorn its crater, -a 
iuost uill~sual circ~uil~stance: incleetl, this mas the  
o i~lyoccasion on ml~ich we noticed the crater free frorn 
smolte during tlie mliole of our stay in Ecuador. 
Cotopasi, it s l~o i~ ld  be said, lies about forly-fire miles 
south of the equator, aud was distant iron1 us sixty-
five rniles. 

We lint1 lcft our carnp, arid had proceeded several 
hundred feet np~rards,  beiilg t,hen lnore tlian 16,000 
feet above the sea, when we observcd the coinmence- 
rrlent of an eruption of Cotopaxi. zit j.45 A.M. a col- 
unin of smolre of inky b1;~clcr~ess began to risefronl t he  
cmter. I t  ~veiit up straight in the air, rapidly curling, 
17-itli prodigious velocity, and in less than a mirinte 
had rise11 20,000 feet above the rim of t,lie cmter. I 

rerno~ecl froin the lnean of the cl,itical t e ~ n ~ ~ e r a t n r e s  had ascended Cotopasi some inonths earlier, and had 
and pressures of tlie compoIientn. 

No direct c:xperirneiits have yet b(>ei~  ruatle to ascer- 
tain mhcthcr 11cat is cvolred wlieti a gas is convertetl 
into liquid by pressure at above its tenii)erat~~rea 
critic:~l tempeiatlire. Mr. Jail i i~i  conclndes th:lt nt 
and beyond the critical point tlieri: is no 1att:nt licat. 
This conclasion, hornever. does not seem l~r.ob;rble; 
since the molecular constitution of a liquid ancl its 
vapor are probably different, evon ahore the critical 
temperature. 

The conclusions which Hamsay draws from liis 
experiments are sum~ned ul? as follo~rs :-
" lo.A gas may be defiried as a body whose niole- 

cules are composeel of a small nnmber of aloins. 
"2O. A liclnid may be regarded as formed of ng-

gregates of gaseous molecules, forming a rriore coin- 
plex molecule. 

":3O. Above the critical point, the matter nlay coil- 
sist mholly of gas if a snficient volume be allo~ved, 
wholly of liqnicl if tlie volume be sufficieritlg dimirl- 
ished, or of amixture of both a.t intermediate volumes. 

found tliat its lieigllt vas 19,600 feet. JVe knew that  
me sanr froiri our stnl.ion tlie upller 10,000 feet of the 
volcano^ ant1 1 esti~natetl tlie Iieight of llte colrunn of 
snioke a t  cloublc tlie l i~ ig l i t  of the portion seen of t he  
mouiitairi. The to13 of tlie coiturr~~\vas therefore 
nearly 40,000 feet above the sea. :It tliat e l e~a t ion  i t  
eiicouiiterecl a ponerful wind blowing froni the east, 
a t~t lmas rapiclly borile for twenty irliles to\var&s the 
Pacific, seeming to spread very slightly, a~icl remaining 
of inky blaclcness, l?resciiting the appearance of a 
gigailtic iiivcrteil L_. drawn upon an per-otl~er~vise 
fectly clear sky. I t  mas then cauglit by a wind blom- 
ing froin tlie north, and mas borne tomarits us, and 
appeared to spre:tcl rapidly in all directions. As this 
cloucl cnnie nearer and nearer, so, of coiuse, it seemed 
to rise liiglier and higher in the slcy, althongh i t  mas 
actually descei~ding. Several liours passed I~cfore the 
as11 conn~ienced to intervene between tlie sun and 
oruselres; and, when it (lid so, we witnessed effects 
which sitnply amazed ns. We saw a green son, and 

1 From Nat?ive,Ucc. 27. A letter sent to Mr. Norman Locliyer. 


