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greatest conresit-, farthest away from the 
vestibule. This rlecussation of e ailcl f, like 
the twining inosculatioi~ of f aiicl d ,  is well 
known. I t  may iiot be so generally nntler- 
stood tliat there is (in tlie eagle ; I do not 
linow n~liether or not in birds generally) a 
t l ~ i r d extra-vestihulnr communication of the 
bony canals. J Iy  sections show this perfectly. 
Tile great loop of cl, sweeping past the decus- 
sation of c and ,f, i i  tliro~vn into a car i t j  coln- 
illon to all t h e e .  Bristles threncled through 
each of the three ranals can all he seen 
in (,oiltact, cros5ing one aiiotlier throllgh this 
ctilious estm-~estibnlar chamber. 1 call it 
Llie trivia, or ' three-W:L- place.' I t  is just 
\\here. in fig. 6 ,  the thi ec incnibinnous caiinls 
clecossnte, -iriiclwa~ bct~\ccn tile letters e. f, 
ancl c. I t  does not, of course, follow, tliat 
tile contained rnenihrnnoris cailnls intercom-
municate llcre, anil it :ipl)cors doin Ihsen's 
figllrcs tlint they clo not. Tile arnpullnr dilata- 
tioils of the ends of the canals are w\.cll iriarlied. 
Tlic anatoiny of associate soft parts is es1)lnined 
to some extent under fig. 7. 

The endoljinltll may conlaill otolith5 siini- 
lar to tliose great concretions callecl ' car-
stones ' in fishes. Tlie eqnilibrating flmction 
of tlie labjlintli ancl its finid appears to ]lave 
been determinet1 iilainly fro111 e~perirnents 
upon birds. The apparatus may be likenecl to 
the glass tubes fillecl with water and a bubble 
of ail, by a cornbination of which a surveyor, 
for example, is enabled to adjust his theodolite 
true ; for a bird somehow knon~s how the liquid 
stands i11 t l~ese self-registering Icrelling tubes, 
and adjusts itself accordingly. Obserrations 
made upon pigeons shorn, that, " rvhen tlie 
membranous canals are di~itlecl, .very remark-
able disturbances of equilibrium ensue, which 
vary in character according to the seat of the 
lesion. 7Vlien the liorizontal can:~ls a1 e c3i- 
viclecl, rapid mo~emcnts of the liead flonl side 
to side in a horizontnl plane t a l a  place, along 
with oscillation of the eyeballs, and the animal 
tends to spin round on a vertical asis. When 
the postelior or iilferior ~e r t i ca l  canals are di- 
vided, the head is mored rapidly l~ackwards 
and forwards, slid the aninla1 tends to ese-
cute a Inaclc~+arclsomersault, heacl over licels. 
When tlie superior vertical canals are divided, 
the heail is moved rapitllr forwards ant1 back- 
wards, ancl the aninla1 tenrls to execute a for- 
ward somersault, heels over head. C'o~ni~inecl 
section of the yarious canals causes tile niost 
bizarre contortiolls of the head and body." -
(Ferrier, Funct. of tJ~ebrain, 1876, p. 57.) 
Injury of the canals does iiot causc loss of 
hearing, nor cloes loss of eqnililjrium follow de- 

struction of the cochlea. Two diverse though 
intimately connectecl fuiictions are thus pre-
sided orer by the acoustic nerve, -andition 
and equilibr a t '  ion. 

The wonclerfr~l and enillessly varied songs 
of bircls may acquire for us a nerv signilicance, 
ilow that we unclerstand the illeclianisin by 
~vliich these engaging c.1 eatures derir e pleas- 
1u.e from tlieir own mr~sic. 'I'hough no t n o  
tliings c3nn 1vel1 be concei~ed lzlole cliiTereilt 
tllnn an anatomii.:\l disc:uisition :md n bird- 
song. cither mny lw ~n:rdc lo sal)ier\ c the llur- 
posc of n traer npl~rcciatiol~ of t110 ot1i:~r ; and 
theic innj he ph,~sio!ogicnl :a\l)ccts of ereii a 
' Christmas carol.' Er.l>~ollCoci,~.  

3'ashirrgton, U l i ~ ~ i t m a s ,1662. 

'L'III~, gcncral circulation of is : ~ t  tlre ~ i l ~ i l s  
tiines interrupted b j  local and l e in l ,o i a~  clis- 
tnrbances of very varieil size nncl sticl~gtll, to 
r~1iic.h the general nainc of ' storms ' is gi\en. 
Their most constant fentmes are, a inore or l ~ s s  
lwonol~l~ceclinn arc1 spiral n liirliiig oi' the air 
ne:tr the grot~nd, feeding an np-draught at  the 
centre, and nil ootflo~v above ; and a progressive 
lliotioil from place to place. along n tolerably 
well-clefined track. Cloncls, ancl gciierally rain 
as mcll, accon~pany the laiger storms. 

It  is our object to explain how these disturb- 
ances arise, to esamiiic the causes ancl lnetllocls 
of their peculiar action, ancl to study their dis- 
tribution in time and place. With this end in 
vie~v,tlie slrlall ilost-n liirln inds that coinillolily 
wise in the hot dry air of deselts will be first 
considered. Nest  will collie the great hurri- 
canes ancl tyl~lioons of the tropical seas, and 
the less ~ i o l e n t  rotary storrils of our own lati-
tudes, all of n.hic11 may be grouped together as 
cyclo~les. 'I'he tolnacloes and water-spouts, 
showing a peculiar concentlation of power over 
a very limited area, will be tliscussccl last. 

Tlle clry n.hirl~villds in flat desert regions 
snclclenly interrupt the calmiicss of the air, 
and begin tniniog, cntching r ~ p  (lust ancl sand, 
nncl carrg ing tliern 11p1\ nrtls tilroogh the sljiral 
Tortes to n liciglit of 111:xiiy Il~~ntlretl Tlieyfeet. 
are therefore iiot at all like tliose R 11iils forinecl 
about o11r street-cornel,s at the meeting of 
opposing currcnts of hl~~steriilq or~ ~ i n i l ,  the 
eddies of greatcr slrcngtli sven in v ii~clyPIOI I~ I -

tail1 regions ; for they arise iii n time of quiet, 
and begin their notion withonl :~pparciit cause. 
IIcnce rve m ~ ~ s t ,  a t  the oatsct, inquire into the 

1 Baaed 0x1 a s c ~ i e sof Iccturca deli~creda t  the Lowell insti. 
tute, Boston, in Janu:rry, 1883. 



SCIE  

condition of tlle atmosphere when it lies at  rest, 
examining it especially ~ i t h  regard to the kind 
of equilibrium that then exists, and the changes 
necessary to ljroduce :L tendency to motion. 

\\'hen the air is at  rest, it is normally densest 
and warmest next to the earth's surface, and 
becomes thinner and cooler at successive alti- 
tudes above it. I t  is denser below because 
the earth's attraction pulls it down, and com-
presses the lower la-ers by the .weight of the 
upper ones. I t  is warmer below, mainly be- 
canse the air gets nearly all of its 'heat by 
contact with, or radiation from, the warm earth, 
and not directly from the sun's rays, which pass 
through it wit11 but little obstruction. The 
average rate of upwrird cooling, determined by 
many observations on mountains and in bnl- 
loons, is about one degree E'. for every three 
hundred feet of ascent. I n  this restful con-
dition let us take a blocli of the dry air (the 
e&ct of the presence of water-vapor will be 

' considered with the storms a t  sea) from the 
earth's surface, where the telllperature is, say, 
60" (fig. I ) , and lift it up three hunclred feet, 

to where the telnperature is 
one degree less, or 59". The 
block of loner air expands as 

5 , it rises, because i t  is pressed 
+ on by less a t m o s p h e r i c  

30: 	 ~ r r ~weight, -less, at  least, by 
the weight of three hundred 
feet of air : and, in thus ex- 

i-1 panding. it is cooled mechan- 
/ 60'1 ically. I t  has been shown 

FIG.I. that this nlechailical cooling 
of an ascending mass of dry 

air amounts to one degree F. in a hundred 
and eighty-three feet of ascent, wliatever its 
initial temperature ; so that in this special 
case the block is cooled hg- l . G O ,  and its tem- 
perature is rerlucecl to 58.4'. Now, let us 
compare it,  when thus expanded and cooled, 
with an equal-sized block of air beside it, 
whose temper~tture is 59". Evidently, of these 
two blocks of the same volume, ancl at the same 
pressure, the cooler will be the Ileavier. The 
block brought up from the surface, ancl now a t  
a temperature of 58.4", will weigh Inore than 
the air at  59" beside it, and hence it will tend 
to sink; aiid it mnst sinli all the way domn 
to its original level before i t  finds any air ns 
heavy as itself. In  this imaginary experiment 
me have disturbed tlle arrangement of the nor- 
mal, quiet atmosphere ; and the disturbed mass 
returns to its original position as soon as freed 
from the constraining force. Such an atmos- 
phere is therefore in a condition of stable equi- 
librium, like a rod hung by its upper end, which 
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is opposed to any change in its position, and, 
when displacecl, tends to return to its original -
attitude. 

Evidently, when a whirlwind springs up in 
the calm a h  of a desert, as is so often the iase, 
the atillosphere cannot possess this normal sta- 
bility : for then there woulil be no temptation to 
ally such disturbance ; the air would prefer to 
stand as it is. Before the whirlwind can arise, 
there must have been a change to a condition 
of unstable equilibrium, in which the air, like 
a rod balanced on its lower end, is ready to 
move on small provocation ; and we hare now 
to look for the cause of this change. To  be 
guided properly in the search, the conclitions 
necessary and antecedent to the formation of 
the whirls mast be examined. They are, that 
the whirls occur generally in level, barren, 
warm regions, in quiet air, and only in the day- 
time after the sun has risen high enough to 
warm the sandy ground, and the air next to i t ,  
to a rather high temperature. As the first and 
second of these conditions may be present a t  
night as well as by day, i t  must, without doubt, 
be the heat from the sun that disturbs the 
quiet equilibrium into which the air tends to 
settle, aiid, by warming the lower layers, 
causes a departure from the ordinary stable 
condition of rest. 

$ z - q  

Let a case be supposed : the sun llas warmed 
the lower air of the first example to a tempera- 
ture of 90" (fig. 2 ) ,  while the air three hundred 

feet above the desert sands 
has, in virtue of its diather- 
mance, risen only to 70' ; so 
that there is now a difference 
of twenty degrees between 
these two lagers. If  we here 

3001 FEET repeat the experiment of car-
v i n g  a block of surface-air 
to :L height of three hundred 

$4 feet, it is again rnecha~lically 
cooled l . G e ,  so tlrat its tern- 

PIG. 2. peratlire is reduced to 88.4" ; 
and now, comparing it with 

an equal volume of acljoining air at  70°, the 
latter is evidently the hearier, and therefore 
the block of air brought up from the surface, 
instead of tending to sink, as in the first case, 
tends strong!y to rise farther, and continue 
the motion gl ren  to it. I n  other words, the 
air is now in a condition of unstable equi- 
librium : i t  is ready to upset and re-arrange 
itself. The lower layer may be compared to a 
film of oil balanced beneath a quiet sheet of 
water : a little disturbance would cause the two 
liquids to change places, and the oil would rise 
through the water, draining itself upwards. 
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In  such a condition as this, the desert-whirls 
may begin. I t  is clearly not necessary, in 
order to produce this resuht, that the vertical 
decrease of temperature should be as much as 
twenty degrees in three hundred feet, as in the 
case just assumed. In order to pass from 
the stable equilibri~~m, through the indifferent 
to the unstable equilibrium, it is sufficient, in dry 
air, that the vertical decrease should be greater 
than 1.6" in three hundred feet, or greater than 
one degree in one hundred and eighty-three feet. 
Moreover, it is important to notice, that, ac- 
cording to this theoretical explanation, the 
condition of indifferent equilibrium is passed 
before the surface-air is, as Franklin (1723) 
and Belt (1859) have said, specifically lighter 
than that above it. This would require a tem-
perature difference of at least 5.6" F. in three 
hundred feet. I t  is sufficient that the surface- 
air shall be potentially lighter, though ab-
solutely (before any motion takes place) 
hea~~ie r ,than the higher layers, as Reye first 
showed (1864) ; or, in other words, stable 
equilibrium is lost, and inclifferelit eyuillbrium 
reached, when the surface-air is just enough 
warmer than any layer above i t  to make up for 
the change of temperatures produced in equal- 
izing their densities. Any further excess of 
surface-warmth brings about theoretic unstable 
equilibrium. On the other hand, whirlwinds 
of decided activity will not be formed until the 
difference of temperature is much in excess of 
the narrow limits just given, the strength of the 
up-current increasing with its excess of warmth. 
Motion of the atmosphere caused by small dif- 
ferences of temperature would be very gentle, 
and would be percei~ed only in the boiling ' 
of the air, often seen in summer-time over the 
brow of a hill. 

I t  must be, then, the sun's heat, as was snp- 
posed, that destroys the normal stable equilibri- 
um of oar atmosphere ; and to a disturbance of 
this kind we  can refer more or less directly all 
storms, and. indeed, all winds that blow about 
the earth. Without the heat that is constantly 
showered down on us, me should soon gravi- 
tate into a lifeless condition of stable eqoilib- 
rium, chemical, organic, and physical, and there 
remain in endless dealh. Rut the sun zllows 
no such inactivity on its attendant planets : it 
keeps them alive and at work. 

(Tobe co,~tinued.) 

T H E  F R E N C f i  ECLIPSE ESPE.DITION. 
P. J. JANSSEN, the leader of the French expedition 

which visited Caroline Island to observe the solar 
eclipse of May 6, has made a report to the French 

acaden~y of sciences, which is published in full in the 
Uz~lletitl, hebdomndaire de 1'Association scietatifique, 
no. 181. I t  contains, first, an  interesting account 
of the voyage to Caroline Island, and a brief descrip- 
tion of the island, with the difficulties encountered i n  
landing the instruments; then follows a statement of 
the instrumental outfit and the plan of observations. 
The search for intra-mercurial planets was assigned 
to Messrs. Palisa and Trouvelot. Tire formerused an  
equatorial of 0.16 111. aperture, having a short focus 
and large field: the latter was provided with an equa- 
torial of the same size, which had a finder of 0.08 m. 
aperture, thus giving the observer two telescopes. 
The finder had a field of 4O.5,  and was used in exam- 
ining the region in the vicinity of the sun, while the  
larger instrument was intended to give the position 
of any strange object that  might be noted by means 
of its position-circles. I n  order to avoid the  neces- 
sity of reading the circles, an attachment was made 
to both right ascension and declination circles, by 
which fine marks could be made upon the circles and 

.' verniers by the observer's assistants, and the corre- 
sponding readings determined a t  leisure. The finder 
was also furnished with a reticule containing crose-
threads, and a position-circle for use i n  noting the 
appearance of the corona, to the drawing of which 
Mr. Trouvelot gave a portion of the time of the total 
phase. 

The search for intra-mercurial planets was also con- 
ducted by the aid of photographic apparatus, which 
Mr. Janssen thus describes : -

" A t  my order, Mr. Gautier had prepared an equa- 
torial mounting with an  hour-axis two metres long, 
carrying a strong and large platform, upon which were 
fastened the following photographic apparatus: a 
large camera having a lens of eight inches (0.21 m.), 
made by Darlot, giving a field of 20° to 2 5 O  (plate of 
0.40m. by 0.50m.), and designed for photographing 
tlie corona and the region about the sun with refer- 
ence to the stars there found ; a second camera, with 
a Darlot lens of six inchcs (0.16m.), giving a field of 
2(j0 to 35" (plate of 0.30m. by 0.40m.), for the same 
purpose; and a very fine apparatus by Steinheil, for 
studying the  corona. A second mounting carried, 
several carneras with lenses of four inches (0.10 m.), 
giving a great amount of light, and designed to deter- 
mine by very sensitive plates what are the limits of 
the corona, -an apparatus of great light-po~ver, the 
exposnre lasting during the whole of totality." 

For spectrum analysis the following :tpparatus was 
employed: '' a [reflecting1 telescope of 0.50 m. aper-
ture, having a very short focus (1GO m.), and supplied 
with a direct-vision spectroscope of ten prisms; the  
slit of the spectroscope could be placed at  different 
position-angles, and rapidly operled or closed, at tlie 
pleasure of the observer. An excellent finder, sup- 
plied with a reticule, was placed near the spectroscope, 
and distant from it by such an  amount, that, when 
one eye had fixed upon some point of the corona in  
the finder, the other coultl obtain the spectroscopic 
analysis of this point." There was also attached to  
this telescope a biquartz polariscope by Prazniowski, 
and a spectroscope for showing Respighi's rings. A 


