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have been l o l ~ g  since expelled from their re- 
sponsible positions. Tlle re~na in iug  acts com- 
plaiiied of have been clone in pursuance of the 
general policy just outlined. I t  seems eqoally 
clear that these coinplaints, though natural, 
a r c  cu~jrlst. Tlle 1,esiduary legatees h a r e  no^ 

$192.000 to divide. I t  is not l o i ~ g  since tiley 
hntl not l~ing.  Science is  celtainly grateful to  
tlie trustees, since their econolnical l~olicy has 
n1re:ldy caved a large sum ~vliich will e x n t -
{tally go  to rnnliing the Cnliforiiin academy 
of scieiices inore powerful ant1 nseful than i t  
now is. 

l \Titl~regard to  the otlier bequest in wliich 
science is interestecl, -- namely, the J,ick 01)- 
servatory, -there is  every reasoil t o  be e s -
tremcly grateful to  the trustees for tlicir 7.i ise 
administration of the trust.  

Their economy lias certainly been renlarlin- 
ble. Thcy 11a1-e expencled 011 tlie observntory 
t o  Oct. 1, 1833, $134.>.'7.f13 : ancl they hnvc 
reinailling $;i4T,.J 72.02. T h ~ s  $132,000 has 
dolie tile follon i ~ i g  things : the  top of a bleali 
nioantai i~ four thousnnd fcet above the sea, 
and tnrenty-se~cn miles from a to~v1-1, has  beell 
lcvellcd off so  a s  t o  give n sutIlcie11t area foi 
the builtlings (forty tho~lsand tong of rocli 
have been rcmoveil for this purpose alone) ; 
l ~ r i c k  enoogl~  to cornplctt, tile nrl~ole oC the 
buildings hns been nlatlc on th r  sidc of the 
ruountain, and delirered a t  thts top, a t  a total 
cost less tlinll thc plice of lianling tlic sarne 
mount fi'oin the nearest t o v n  ; a l~andsome 

and  well-built n ~ a i n  !)liil<Iii~g 1 1 0 ~ ~i, neally fill- 
isl~ecl (tlie lalge (lome :~lorie iemains ; :I. >mall 
dome, c o n t a i n l ~ ~ g  a 1-cry p t ~ f e c t  tn clve-inch 
equatorial hg Clark, has Lieen in use sincc. 
SOT-ember,1881) ; a four-inch trailsit i i~s t ru -  
ment, ill a con1 enieiit house, i i  in colnpletc 
\vorliing-orcler ; :I pliotolicliogiaph ill n perma- 
nent ho i~se  has beell in nse since I)ecelnl~er, 
1882;  tlre honse for the meritlian ciicle is 
begun ; tlie nieridian circle is half paid for, 
and :i1x1~~nei i t  1x1 s been rnacle on the large 
telescope. This  is the worl: nrhich is to  bc see11 
011 the ~nountain- top proper. J u s t  below this 
are  t l ~ e  l~ouses for the ~vorlclnen, shops, stables, 
c tc . ,  all i n  good c~oiitlition, :uid a very com- 

plete system of water-snpplp in  fill1 working- 
order. 

I t  will appear t o  any  cotnpetent person that  
t h i j  .work llns been done t1ioroughl~-, and that  
i t  lias been done economically. A t  the same 
rate  of expenditore, a t  lcast $300,000 will 
reniai~l  a s  n permanent fond for the s l~ppor t  
of the observatory. 

I t  tllerefore ap1)cars that  the trustees h a r e  
tleserved \,-ell of scicilce in their administra- 
tion of their trust,  not oi-11y in regard t o  the 
C'nlifornia acnderny of sciences, but also i n  
relation t o  the Idicli obserratory ; and it  should 
be the desire of all intereslcd in the adminis- 
tration of this trust t o  strei~gtheil the liancls 
of the trastees in the continnancc of their wise 

JVHIIZL~ V I I V D S ,CYCLO-VBS, A N D  TOR- 
IYADOL?S.~- - I~ .   

T r r ~further qron tll of the desert-nliirl inay 
be biiefly descrit)ccl. T h e  air standing t111ietly 
o n  a flnt, d ry  surface allows the loner  st1 a t a  t o  
be quickly .walsinecl t o  a high temperntuic. If 
the air were in  motion, no part of i t  .would re-
~nair l  long enough close l o  the ground to be 
gre:ltlg wtwmed ; if tlie surfiicc mere not flnt, 
the lower air mollltl f l o r ~  up  the slopes a s  so011 
as i t  was a little hc:itecl, ancl not m:tit t o  ac-
quire a lligll temper:itare : if tile surface \\?ere 
wet, niach of tlle suli's hcnt TT onld be occ~ll~iet l  
ill evapornting the mater (as  n ill be esplainetl 
be lo~v) ,  aiiil monlcl so  be lost t o  the lomcr a i r :  
i t  is  theicfore 0111 in calm nea ther ,  on a 
desert plain, thnt tlie snn can sncceecl in n ai.111-
iug the lower air to  excess, and  so  protlucc :I. 

\ ery unstztble eqi~i l ib~iuln,  nutl a stronq up-
clinught T \ I I C ~t l ~ eupsetting begins. Tile longer 
the dclay befole the o ~ c r t n r n i n g ,  the inore 
heat-ene~gj-  is  accmnulated, nild thc lllorc vio- 
lent the motion n h e n  i t  l)cgins. T h e  loner  
air rises a t  sorile point alnilrst tile op])reaiion 
of the upper layers. 'rile suiionncliilg n:um 
air flows in fro111 all siclea tom:~lcl this cc~otr:tl 
point, and follon-s the 1e:ltler. So011 the nio- 
tioil becomes gcncr:rl ancl dustl i ~ e l ~ ,  nutl  
sai~clare I11owi1 along ton altl tile ceiltrc, lif'tetl  
:iucl carried aloft wit11 the scentlin ling air  
in  its rapitlly r i s i ~ ~ gcurrei~t ,  ailcl tlicn the  
whirlinq column becomes visi1)le. \Jrhen t1111s  
establislled, the illcreased velocity and the rota-  
r~ motion of tile air near the celltie are con- 
s tant  charzlcteristics of the upsetting. Thir ty  
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or forty feet to one side, tlie wind may not be 
strong enough to brush along the sand, and a 
few hundred feet away it may not be percepti- 
ble ; but at the centre it makes a distinct rush- 
ing or roaring sound, and carries light objects 
upwards, sometimes to a hei'ght of several thou- 
sand feet. This increase of velocity of the sur- 
face indraught toward the point of its upward 
escape is a general feature of the motio~i of a 
mass of free particles along a path of varying 
width: the narrower the path, the faster the 
motion. The same increase is seen in the 
growing velocity of a stream running out of 
a lake, so beautifully shown where the Rhone 

those of the tornado, as will be shown far- 
ther on. 

The second characteristic feature of the 
wind's motion gives name to the storm. A 
whirl must necessariljr be formed when the air 
moves inwards from all sides towards a centre, 
for the indraughts will surely fail to follow pre- 
cisely radial lines. Their aim will be a little 
inexact ; and, as they pass to one side or the 
other of the centre, a turning must begin in a 
direction determined by the strongest current. 
This, once begun, is maintained by the centrifu- 
gal force that arises .from it ; a ~ ~ d  the size of 
the central whirl will then depend on the bal- 

FIG. 3. (Taken from Arne. jorrn. sc., 1861.) 

flows from Lake Geneva, or, more simply and 
prosaically, in the running of water from a tub 
by the escape-pipe. In  the case of a desert- 
whirl, the central wind is held by friction with 
the surface sands much below the velocity it 
might attain ; for it must be remembered that 
these whirls are supplied by a comparati~~ely 
thin layer of superheated air next to the 
ground, often not more than four or five feet 
thick. The restmint of friction on such a 
layer will be very considerable, and its motion 
can seldom reach a disastrous strength. It 
is probable that in the desert sand-storms, 
which are described as overwhelming caravans, 
there is a much thicker mass of air in ac- 
tivity, and the conditions of motion approach 

ance between the centripetal and centrifugal 
forces. In ascending at the centre, the wiud 
follows an upward spiral course, like the thread 
of a screw of steep pitch, with a diameter of 
five to twenty feet. The direction of turning 
is indifferently one way or the other, accord- 
ing to the side on which the indraught happens 
to pass the centre. The height to which the 
whirling column rises will be determined. by its 
mixture with the adjoining air, and consequent 
cooling until its temperature is that of indiffer- 
ent equilibrium ; and at this elevation the cur- 
rent will turn and spread laterally to make 
room for that which follows. Such a whirl will 
continue as long as its cause lasts ; that is, as 
long as it is supplied with warm air at the base. 
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Manifestly it must stop in the afternoon, as the 
sun's heat decreases ; and it can never occur 
at night,'for then the surface-air is, as a rule, 
cooler than that above, and the atmospheric 
equilibrium is correspondingly stable. Further, 
the whirl will remain at one place, unless, as is 
often the case, it is carried along by a general 
motion of the upper air. 

There is a very strong point of evidence, if 
any is needed, in favor of the view that heat 
applied to the lower layers of the air will pro- 
duce a whirlwind. This is the fact of their pro- 

Fro. 4. (Taken from Abhandl. gebellsch. wiss. Gott.) 

duction over fires. Much interest was excited 
in this question in connection with the arti- 
ficial causing of rain, some forty years ago, in 
this country ; and observations were carefully 
made of the whirls formed over burning woods 
and canebrakes, showing them to be very sim- 
ilar in form and action to those naturally aris- 
ing on dry plains (fig. 3). Similar whirls have 
been seen over volcanoes (fig. 4) ; and on a 
calm day the smoke ascending from a factory 
chimney may be seen to have a slow rotary 
motion. Heat is therefore an amply sufficient 
cause of such disturbances. No other excite- 
ment is needed, and electricity has no essential 
part to play. In recognizing this, we see the 
chief difference between the older and newer 

Sand-whirls are common in all desert or 
dry regions, where they often have the name 
of spirits or devils, from the fantastic and 
apparently evil way in which they flit across 
the burning sands. They have neither clouds 
nor rain. When well and frequently devel- 
oped, they may grow to dangerous strength, 
and lift much dust and sand into the upper air, 
where it is blown long distances before falling. 
In this way they serye as important geologic 
agents. Vessels west of the Sahara, or east of 
China, are thus often powdered over with fine 
dust slowly settling down after a long flight 
from its desert source. 

The smaller water-spouts, doubtless, belong 
near here in our scheme of classification ; but 
as they are usually aided by rapor-force, aud 
approach the character of tornadoes, their con- 
sideration is best deferred till later. 

Finally, before going 011 to the larger storms, 
one point of much importance must be empha- 
sized. The change from the stable equilibrium 
of night and early morning to the unstable of 
noon is effected entirely by the snn's heat, 
which warms the lower air, and causes it to ex- 
pand. In expanding, it lifts all the upper air 
that rests on it ; and this is no small piece of 
work, for the air that is lifted weighs about t~ 

ton over every square foot. When a point of 
escape is found, the heavy upper air sinks 
again, as the expanded air is drained off (up- 
wards) at the centre. I t  is this gravitative 
force of the sinking air-mass that causes the 
dust-whirlwind, in re-arranging the disturbed 
equilibrium of the atmosphere; but gravity 
would have no chance to show its strength, if 
the air had not been lifted by force from the 
sun. The winds of a dust-storm, therefore, 
depend on gravitative force brought into play 
by the sun's heat. All storms and all winds 
ha\-e more or less closely this relation to solar 
energy and terrestrial gravity. 

(To be continued.) 

THE INTERNATIONAL FISHERIES EX- 
HIBITlON. - FOURTH PAPER. 

ON the 1st of October, at noon, the number 
of visitors to the exhibition passed the much 
desired limit of two millions ; and, although 
the rainy season had set in, the daily average 
of attendance was still increasing. The finan- 
cial success of the enterprise was more than 
certain two months. ago ; and the receipts of 
each day since have been swelling the surplus 
fund, the disposal of which is now a fruitful 
subject of discussion in England. Although 

theories of storms. the-organization is a private one, the characGr 


