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(figure 2) the snowfall in the south was interrupted during 
a temporary rise of temperature, but that in the Ohio val- 
ley increased in intensity as the pressure fell. By the 
morning of the 12th,. the southern cyclone had appeared 
and in connection with it, snow was falling over a large 
area (figure 3). The snowfall as it began over the Middle 
Atlantic States is described as having come from a hazy 
sky. No. 405 of Mr. Bent.ley's (4) photogra hs of snow 

in Jericho, Vt on February 13, 1899 &). &i the cy-. 
clone increased in strength and moved up the coast tlie 
snowfall area becanie more localized and the snowfall 
heavier (see U. S. Daily Weather Map, February 13, S 
a. m., and figure 4). By February 14 a t  S a. m. t,lie cy- 
clone had advanced to Nova Scotia and snow had stopped 
f a h g  over most of the eastern United Stateu, as is evident. 
from f iure  5. 

Figure 6 shows the distribution of the snowfall of the 
whole storni. Two masima of 44 inches each occurred in 
.south-central New Jersey and in southeastern Pennsyl- 
vania. Depths of niore t,han 30 inches were reported from 
sou theas tern Massachusetts, eastern Pennsylvania, Dela- 
ware, eastern Maryland and northern Virginia. Thus, 
t,he snowfall was at  a masimum where the strongest pres- 
sure gradient occurred and where local topography had 
the greatest cooling effect on the snow-bearing winds. 
T h e  distribution of snowfall in this storm is charactmeristic 
of the northeast snowstornis of the Atlantic coast,-the 
heavy snowfall being generally confined to a belt about 
100 miles wide along the coast. 

Snowstorm of February 2&23, 1912. 

The snowstorm of February 20-23, 1912, attended a 
well-developed ellipt,ical cyclone which moved in a nearly 
straight pat,h from the west.ern Gulf States to the Gulf of 
St. Lawrence. In front of the cyclone was the character- 
istic sirocco with heavy rHin and thunderstornis; in the 
rear followed the cold-wave wit.h snowflurries, and on the 
north, was the heavy nortaheast snowstorm. The iso- 
therm of 32' F. passed in a general nortlieast-Yout.hwest 
direction through the center of the cyclone, dividing the 
rain- from the snow-area. Far in front, with t4he usual 
southward bend of the 32' isotherm, the snowfall area 
(figure 7) estended south of the track of the center of the 
c clone. (See I T .  S. Daily 
&eather Ma for February 21, 1912, 8 a. in.) 

8 shows the large southward extent o 
of west-wind snow-flurries. Fi re 
shows this area farther east. T% central Appalachians 
are marked b heavier snowfall 011 the windward side 

dacks had more snowfall t.han the eastern: this was the 
reverse of the conditions of the day before, when an east: 
wind was bringin the snow. On February 

snowfall on the leeward shores aiid mountains. Around 
Lakes Huron and Mich' an, snowfall with southerly 

Taking the storni as a whole (fig. 111, the snowfall, 
although patchy, occurred in belts as was the case in Feb- 
ruary, 1899. The belt of niasimuni snowfall was, on the 
average, 150 to 200 niiles north of the track of the center 
of the cyclone. In this belt the heaviest, snowfall, 30 
inches, occurred on the west shore of Lake Huron, most, 
of it falling on the 21st with the easterly gale. The next 
heaviest snow, 24 inches, fell on the southeast shore of 

crystals shows the small tabular snow-cr sta P s which fell 

Xearer the center, rain fell. 

The snow P all chart, for E ebruary 21 

and none on t r ie leeward. Likewise the western Adiron- 

33 (?. lo) the west winds o P the eastern Great Lakes made ieavy 

winds was beginning with 5 t e advance of another cyclone. 

Lake Michigan with a north and northwest wind (6). 
Thus, both areas of maximuni snowfall were located 
where cyclonic and local effects made the strongest 
combination. 

SUMMARY. 

As illustrated by the great snowstorms of February 
10-14, 1899 and February 20-23, 1913, t,he distribution 
of snowfall in cyclones of tlie enstern United States is 
con trolled by cycloiiic action, temperature, to ography 
an(l prosiniity to large sources of moisture. 5 his dis- 
tribut.ion is roughly as follows : 

1.  The snowfall is spread over a wide territory on each 
side of the track of the cyclonic center. 

2. The heaviest snowfall conies with northeast winds 
and occurs in a belt about. 100 to 200 miles nortdi of the 
track. 

3. The northwest winds in the southwest. quadrant 
Y rinkle light snowfall over t.he country to a distance of 

cyclone. 
4. The effects of local to o raphy ant1 geography 

The writer wishes to acknowledge the courtesy of Mr. 
R. H. Weightnian of the Forecast. Thision, U. S. Weather 
Bureau, in sending tracings of some of t,he 8 p. ni. weather 
maps. 

a \ out 300 niiles south of the track of the center of the 

make the distribution of snoa . p B  a1 patchy. 

IWFERENCER. 

(1 ) Contributii.ins to Meteorology, 18YB. 
c2j Monthly Weather Review. 1911, pp. 1609-1616. 
(3j Mont.hly Weather Review, May 1901; do.. Ann. Sim. 1902. 
(4) Mcinthly Weather Review, Ann. Sum. 190'2, Plate I1 (SSS-!19). 
(5) Detailed accounts of this storm nntl it,s 1ii.iman effects are given 

in the Monthly Weather Review. February 1899, and in the Weather 
Bureau Climate S; t h p  Re1mrt.s. February 1S99, for the different Stat,es. 

(6) For R study r ~ f  sniiw*stiirrus with reference to wind direction and 
cyclonic action see A.  B. Crane. Riiuwst.orms at Chicago. Am. Met. 
Jnurn. lS92. pp. 63-66. 

, ..; 

ON THE INFLUENCE O F  THE DEVIATING FORCE OF THE 
EARTH'S ROTATION ON THE MOVEMENT OF THE 
AIR.(l) 

[Communicated t.o the International Meteorological Congress at Chicago. Ill., August, 
IS*.]' 

By DR. NILS EKHOLM. 

(Dated Statens Meteorologiska Centnlanstslt. Stockholm. 1893. Revised by the 
author, June, 1914.) 

I. ON BELATIVE MOTION IN GENERAL. 

Let there be a system of material particles or oints a t  

stitutes such a system. An observer at  one point of this 
system can detect a motion of the other points on1 by 
means of the changes in their mutual distances nntl B irec- 
tions and will t.hm conclude that t,he whole system is at  
rest.. This erc.eption of motion among the particles of a 
system is ca P led relative motion. 

Now suppose t,he whole sjsteni of material articles to 
include not only the earth but also the whole so P ar system ; 
then all motions are considered nr. relative to this system, 
which as a whole is supposed to be at rest. 

If the system include the whole universe, then the latter 
must iiecessnrily be considered as at rest. Since we have 
no more general system of points, therefore, motion rela- 
tive to the universe as a whole is the most general of which 

which observers are st&ionecl: the earth's sui P ace con- 

i ?dClXrnLY WE.4TtIER REVIEW, Fe!irnsry, 1914, 42: 93. 
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we am able to conceive and may be called UbSOlUte motion. 
More strictly speaking, absolute motion may be dsfined as 
motion relative to a system a t  rest, but such a motion is 
on1 an imagination. 2 meteorological researches motion is generally con- 
sidered relative to the terrestrial system, and our present 
purpose will be to determine t.he general laws of such 
motion. 

The movement of a material system consists either of a 
translation or a rotation, or of both simultaneously. 
Translation takes place if the straight line ‘oining any two 

and arallel to itself; or, in other worcls, when all points 

velocities and accelerations, although they may vary with 
the time. 

Now, with respect to translatory motion, we know from 
experience that the relative motion of the points in a sys- 
tem is quit,e independent of m y  motion of the system ns 
IL whole. Thus, an observer a t  any point in the sydein, 
unless he has a motionless point of reference outside the 
system, will be unable to detect the motion of the system 
as a whole: but, on the other hand, he mill not need to 
know this latter motion in order to determine the laws of 
relative motion within the system. 

This is not true of rotatory motion, which is of such a 
character that R straight line joininc ang two points of t,he 
s tem is in general continual1;o chanring its direction. G w ,  suppose all these connecting lines to be of conatant 
length, then the system will be in  rclntire rest, but tdie 
laws of motion of a point, moving relative to the system 
will be essentially different from those for a nonrotating 
system. In fact, we will soon prove that in a rebating 
syst.em the relative niotions wit.hin the system will be 
governed not only by the true or ahsohr.te ficcclerfl.liio)h~, or 
forces, but also by two apparent forcea produced by the 
rotation of the system. 

Generally, the motion of a system is &im.ultaireoi.sly both 
rotatory and translatory ; hut in all theoretical researches, 
in accordance with a well-known niechanical principle, we 
may suppose these two s ecies of motion to take place 

sup ose, first, that in any system the point ill moves to 
its H nal position M’ by means of translation onlj ; and, 
second, that all other points of the system are brought to 
their final positions by rotating the whole system about 
M’. Also, since any translatory motion of the syst.em 
does not. influence the relative motions within it, we may, 
for the sake of simplifying t.he study of relative motions, 
imagine the system brought to rest by giving it a trans- 
latory motion equal and opposite to the actual translatory 
motion. 

With respect to rot.atory motion, however, it. may be 
that there always exist8 in a rotating spt-em a series of 
points located on one and the same straight. line that 
remains in the same position for a t  least an instant, thus 
forming an instantaneous m i s  OJ rotation. Generally, this 
axis is cbrtnging ite position and direction wit.h time, rela- 
tive to both absolute space and the rotating system. As 
to t-he terrestrial system, however, the change in the 
direction of the instant,aneous axis of rotation is sa 
extremely slow that ita influence on relat.ive motion 
within the terrestrial system may be neglected; also, the 
rotatory or angular velocit8y of this system is constant; 
and thus our investi ations are very much simplified. 

have to deal chiefly with its veZocity and uccekra.tion of 
motion, both of which are determined a t  any moment by 

points of the system always remains of t h e same length 

of t I? e system have simultaneously equal and parallel 

successiTe1-y and indepenc P ently. For instance, we may 

In investigating t % e laws of motion of a particle we 

55828-1- 

their respective magnitudes and directions, the latter of 
which may be either positive or negative. 

The laws of velocity are easily determined, for the 
a b s h t e  velocity is always the geometrical resultant of 
the velocity of tshe article in its relative path combined 

the moving particle at  that moment coincides. The proof 
of this is ven immediately b constructing the paral- 

tive velocity is the resultant .Df the absolute velocity and 
the reversed velocity of the point of the system with 
which the moving part.icle is coincident. 

As to the enrth’s motion, different parts of it., that is, 

different ahsolute velocit.ics on account o rally the rot.ation; have 
different points in the terrestrial system, 

and accordingly we conclude that a particle moving rela- 
tive to the earth, since on account, of its inertia i t  tends 
to maintain its absolute relocity must generally tend to 
change its relative velocity with reference botsh to its 
mrqpitude and direction. This reasoning, if correctly 
followed, will lead to the exact det,erminat.ion of the 
influence of the earth’s rotation on the relative mot,ions 
of the air. On the contrary, by means of an incomplete 
but very coninion deduction that considers only the 
clian es of magnitude of the relative velocity, neglecting 

explanat.ion first given by Hatlley in 1735 (21, and after- 
w:t.rtls rcprcxlucecl by Dove and several other modern 
writers, especially in popdur f,reatises. 

The coni lete and esnct wlution cf this roblem was 

deduction (31; but the first extendei n plication of 

and lnter by Guldberg and Mohn and others. 
FeiTel’s rlecluctinn, like thak of Coriolis, is purely an& 

lyt.ic:i&, and, ns it. seenis, is an incle endent one. Guld- 
berg and hlohn (5) as well as severa. I! other later meteor- 
ologjste, merely cite the required t.heorems as known from 
trehses  on theoretical dynamics. The purely analyt.ica1 
deduction, although it is esact and general, is not so er- 

general, and very simple proof of the t eorem of C‘oriolis, 
probably due to l>elaunay (6), and so much the more as 
several elementary proofs, e. g. those of Sprung (7), and 
others, are neither rigid and general, nor simple. 

TI. CORIOLIS’ THEOREM. 

with the velocity o F the point of the system with which 

lelogram o 7 velocities. Siniilar T y, we find that the rela 

the c fi anges of direction, we are lead to the old but inexact 

first given !y G. Coriolis in 1835 as a ure P y analytical 

Cnriiilic’ tlicorem t.0 air niot.ions was made K y Ferrel (4), 

s icuous as a geonietrical demonstratjon, and I there P ore 
t P link it may he well to give here a erfectly rigid and R 

Lemma. The acceleration of a mobile mass may be 
geometrically determined as fouows: 

LFt AB, figure 1, represent a part of the path that a 
mobile mass describes in the infinitely short space of 
time dt,  ant1 ‘u its ve- 
locity a t  the poi, t A. 
If there were no RC- 
celerat.ion the mobile 
rimes woulc~, in the A 
time dt, describe the C 

at,h BC=t&, AC 
Ling t,angent i 3  AB 4J 1 a t  A. In  order that 
it niay come to the point B, there is also required a 
component of motion, CB, and to produce this a con- 
stant acceleration,%, must act during the time dt. 
Now, dt being infinitely small, the acceleration during 
this time is necessarily constant. 
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Coriolis’ theorem.-Now let AB, fig. 2, represent the 
absolute osition in space at  the time t, of the path of a, 
mobile 2 which we will suppose to be a particle of air 

A 
jY 

fiy 2. 
moving in the terre3tria.l system ( 8 ) ;  A’B’ its osition 
at  the time t+dt; MilP the position of tlie pat! of ill 
relative to a fixed point in the terrestrind system; hcnne 
MM’ is an infinitely smnll art of a pardlel of Iat,itude on 

the earthJs rotation a t .  the tinie t + dt ,  be carried t,o Af, 
and, similar1 the whole path AB will have bcoii trans- 
ferred to A’B’. Now, let v represent the nbolutt?, nnd 
u, the relative velocity of the mobile AM a.t the time t, and 
v, the velocity of that point in t,he t,errc.;t,rittl y - t en i  wit,h 
which di coincides at  this h i e .  By tnking thc points 
M, and M,’ in AB and A’B’, FO that 

then M,’ will be the actud position of 6he mobilc at  the 
time t + d t ,  and JIM,’ the absolute pnt,li during the t.inie t l t .  

But, according to the principle stnt,ecl in Sec.t,ioii 1, we 
may suppose the absolute niot,ion from 111 t.o N1’ per- 
formed as follows: First, let t,he earbh receiw n t.ran4n- 
to motion, so 8”: to curiy d U  LO d,L’,, t.lian .X to ill’, 
a n 7  M, to m. It, follows t,lin.t i l ~ m  is equnl t tn t~  a r n ~  
to Mdi,=w,dt. Then let t,he ea.rtli rotate about t, K e nsis 
NM’S, parallel to the eart,li’s a,sis (in the figure N is 
directed northward); therefore AIBl will be carried to 
A’B’, and m to M,‘, and thus they will conic to their 

The path ’IR M,’ will 

p”- !e an infinitely small a.rc of a circle wliox p1n.m is 
pendicular to hrs (also to the eart,h’s axis, and paralle to 
the lane of the earth’s equator), nncl w1io.e cent.er, s, is 
on its. 

Let w re resent the angular velocity of t.he ea.& and 
7 ( = m M f o r  Ml’M’S) be the angular inclination of the 
path of the mobile to the earth’s axis at  the time t :  t,lien 
the angle of rotation, m.x ilf,’ will be wit ,  and the radius 
mx will e ual u,dt sin T.  Hence, the arc mM,’ = wv, sin 

(1) 
pit“, or if P or the sake of abbreviation we put 

the earth. The point ill o P the terre:itritd h y t e i i i  will, by 

UM,‘  = ill‘ ilf,’ = VJt ,  

roper positions at the tinie t + t7t. 

qu = 2o .n~~  sin 7, 
we will have 

3m M,’ 
9a=- d% 

Let us draw at M tangents to the CUI’TOS ,4R and YM’, 
and on thew take the lengths illC’=rJ(if, and MD=v&, 
ancl coniplote t,he ptwdlelogram Jf CIiD: then the 
direction of the cliqonal Nlicoinr:ide.: with t,hat of the ab- 
solute velocity P’, nncl t,he length illIi=rdt is equal. Now, 
according to thc lemma, the absolube acceleration which 

2 Kill,‘ we will represent by 9 is equal to -- 
at2 - 

Also, since K F  is equal a.nd parallel to C2Cfl, the rela- 
2 KF, and tire accelerstion may be represented by 9r = d~ 

finnlh, Fm. being equd and nrnl‘lel to Dill’, since MIF 

tively, bhe n.eceleration of t.he point in the terrestrial 
system niny be repre+ent.ed by 

aiicl SIlin arc erjunl and para1 p. el t,o M D  and JIM‘, respec- 

Kow, accordin: to the well-known theorem of the 
cnm m;.ition of forrea or velocitie;, we we by incpection 
of t \ ie .:liew = ~kem quncliilateral KFm ill,’ [that is, 8 
qundrilateral whose rides are not in one plane], that 
Rill,’ is the geometricrl.1 redt .ant  of IiF, Fm, and mMl’. 
Since the same rewoning applies to any quadrilateral 
siniilar t,o IiFm All‘  a.nd simila.rly situated, and calling to 
mind the niecha.nica1 significance deduced above for. the 
sides 9, yrJ v8, and qu, which axe - times the sides of 
the above quadrilnteral, we have 

9 =geometrical resultant of qrJ cp8, and q+,,; (3) 
that is, the absolute acceleration y is the geometrica 
resultant of the relative acceleration qrJ the acceleration 
q8, of the point on the terrestrial system, and the accelera- 
tion, yU, clefined by equation (1). This is Coriolis’ 
theorem, . -  t,he nieaning of which will now be more closely 

2 
at2 

examined. 
The component of acceleration, vu, is called by Des- 

p6rious coin 1mrntai .y  cc,ccdeiation (acchlbration comple- 
nientaire) ; 8oriolis himself less conveniently calls it the 
composed centr$pttnl nccu1crccti.o.n (acc.6lhration centripete 
compos&) and calls t.he acceleration in tlie opposite 51irec- 
tion. of which we will soon speak. the eom.posed wntrafugal 
accelemti.on (arc616ration centrifuge compos6e). Accord- 
ing to ec1uatinn ( 1  j the magnitude of the complementary 
acceleration, qo, is equal to twice t.he product of the angu- 
lar velocit. of the enrt.h, w ,  into the projection of the 

bv inspection of figure 3 we find t i a t  since the direction 
of cpo! inclutling it,s sign. plus or minus, coincides with 
mil l ’ ,  it is perpendicular to the relative path as well as 
to t.he asis of rotnbion, ancl acts in the sanie direction and 

r relative ve 9 ncity upon the equat.or lane ( =vr sin T ) ;  and 

Let us redraw this part of tlie figure in figure 3. Let 
ii’L be tangent to -lfLll’ a t  ill‘, Since the arc B%M’ 
= v,dt, is a part of a pi~rallel circle of radius r,, we 
shall have 

from which we obtain, t i ,  =T,w. 

m i ’  = ?laat = l’lw dt; 
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Also t-he angle DLitf‘ formed by the two tangents at  
&I and 211’ is equal to wdt; and since in the infinitely nar- 

nz’ 

row trian le D L N ‘  the two angles a t  D and M’ may be 

LD = L M’ = L hi= +Vdt = jwTldt; 
considere f - right angles and therefore equal 

also, the side DM’ may be considered equal to the arc 
D M ,  the center of which is a t  L; consequently 

D M‘ = DLwdt = +waTldt2 = +“dtz 

9,=0’T1=+ 

V 2  

PI 
and thus by equation (2) 

(4) 

Let A be the geocentric latitude and T the corresponding 

V-J 

Tl 

radius (9) of the earth; then 

and thus finally 
r, =T cos 1, 

$ P , = W = r C O S A = -  v,l 
T cos A’ (5) 

p, is called the centripetal acceleration of the earth; it  
forces the parts of the earth to move in parallel circles 
around its axis instead of in strrtight lines in accordance 
with the law of inertia. The force required is taken from 
gravity, and therefore the remaining component of 
gravit.y, called a.pparent grauity, the only component that 
we are able to observe directly on the earth, is a little less 
than the a.6soluute gravity, as that ca.lculatei1 b astrono- 

In  order to conveniently app7y the theorem of Coriolis 
to meteorological phenomena, we must reverse it, as a 
closer inspec tion of the above-named accelerations will 
show.. 

Among all these, the acceleration of t.1i.e point in the 
terrestrial system, ps. is the one that may be most ectsily 
and ezactly determined, since it (IC )ends only upon the 

graphical position of the mobile, z1.s is seen froin equat,ions 
(4) and (5). Next come the absolute accelcrntions 9, 
such as the absolute gravity, t,he gradients of atnios heric 
pressure, and frictio!i. Generally these may either e e cal- 
culatecl, or deterinmed by esperiment or observation. 
More difficult is the determination of the com dementary 

relative velocity v, is kiiom*ii, as will be seen honi equa- 
tion (1); but v, may be tlet,erniiiiei.l by observation. 
Finally, for the relative accelcrdon, q,, there is a t  pres- 
ent no method of experiment or observation to det,ermine 
it, ant1 no other method of ca1culat.ing it t.han by means 
of Coriolis’ theorem. Thus in all nie teorological re- 
searches 9, is to be regnrdecl ns uiiknovv~i in equnt,ion (3), 
which must. be solrccl vvith respect t.o it,. 

lateral ABCD, whose sides, AB, AD, DC‘, and B, are 
equal t.o and have the same tlirsct,ion :is 9. q,, cp!, and vu, re~pectively;~ this clutu!rilat.ernl is thcrcfore similar 
and similarly situaketl to KFm Xl’ in figure 3. 

mers is called, and acts in a sliehtly different c i irection. 

dimensions ant1 mot.ion of the enrt 1 1 and upon the geo- 

acceleration vu: i t  may he cdculatcil: but on I y when the 

For t.his purpose let, us draw in figure 4 t.he skew 

:In figure 4 the side B C has been lettered rpr instead Of rp~-EDITOR. 

By inspection AD is equal to the resultant of AB, BC, 
and CD, as regards magnitude, direction, and sign. Now, 
Al l  = 9,) AB = 9, and BC and 
CD are qu and 9, rezwsed. 
Let the former be denoted by 
+, and t,he latter by #s in re- 
spect to nirtgnitucle, direction, 
and sign; tlicn 
9, = resultant of 9,#, and (6) 

This theorem, which is only 
another form of Coriolis’ the- 
orem, when referred to relcttive 3 
air motion, by putting force 
instead of acceleration propor- A&% 
tional to the relative motion, 
and hereafter representing the 
relative velocity simply by v, may be expressed in words 
in the following manner : 

The externul zm resssed forces, q,, WJL.~CJL accelerale an air 
particle have the fo v lowing components: 

1. The a.bso7,ute im ressed forces. 9 (absolute gravity, 
pmsure  graa,i,cnts, amffiiction). 

2. Th.e centrifti.qn1 force of the earth, #s, at th.e geographical 
point of the partic’le, 4,. being equal to w?r cos A, meetmg the 
earth’s a d s  perpendiculurly, and acting out.uwrd. 

3 .  The dewiat,ing force, #, which is equal to 2wv sin r, is 
parublcl to th.e epucitor plane and perpendicular to the path 
of tlw purticlo, mid acts in n direction opposite to that of 

We call to niiiid that o is the angular velocity of the 
enrt,h and T the radius dram1 from its center to the par- 
tick, 1 the ucocent.ric latitude of the article,. and r the 

ecirth’s axis. 
rent mkm2 

equat,ioiis o€ tlynamicnl lneteorolog , we may treat at- 

met.ioils, quite ns if the ear81 were at  rest. The reat 
aclvnutqe of this method of trent.ineiit is evident rom 
the fact that t,lie earth seems to OLU inimerliate perception 
to be at  rest and consequentsly the air inotions to be abso- 
lut,e motions. Therefore, since Coriolis’ theorem affords 
a quite esnct niethocl of treating t,he meteorolooical phe- 
noinena according to our natural perception of them, it 
is of the highest, iiii ortance to nieteorolo ical science. 

but certainly in an incomplete manner, as several com- 
ponents of forces have been neglected at random without 
determining the errors thereby introduced. 

See Iootnotc. 

the F(ll’t1l~’S I’OtdiOk 

angular inchktion of the pat.h of t K e particle to the 

ini yresscd forces; these having been introc r uced into the 

iiios dieric niot,ions accordine to t IT e usual mechanical 

The two forces (cia and 9 are called a p  

P f 

In fact, this niethod {:is already been genera 5 ly accepted; 

III. APPLICATION OF CORIOLIS’ THEOREM TO DYNAMIO 
METEOROLOGY. 

First, the centrifugal force may be very briefly 
t.reatet1, for as has already been said this force and the 
al>solute gravit form the two corn onents of t h  ap u- 

once fluid sphere has taken the form of an oblate spheroid 
whose surface, being at  all points normal to the direction 
of apparent gravit , constitutes a level surface (surface 

only to the surface of the sea, although it a so applies to 
the icled sea surface drawn through the continents, which 
has been tleterniinecl by a system of levels, and is the sur- 
face to which barometric observations are reduced. 
Thus the horizontal component of the centrifugal force is 

wn.t p m z v t y .  1Lder the action of t s lis force the eart 1 ’s 

de niveau). Bt, t l e present time this ap lies directly P 
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accounted for. The vertical component is considered by 
takin into account the variations in apparent gravity 

part1 by the centrifu al force and partly by t e sphe- 

the distance from the center with latitude. Thus we 
obtain the welLhown forniulas for reducing air pressure 
to normal avit (gravity at  lat. 45O and at  sea level). 

we must remember that two such surfaces are nearer 
each other at the oles than at  the equator, their mutual 

intensities of ap arent gravity (LO). We 

% with f atitude and a.ltitude, this variation bein caused 

roida 9 form of the ear& and the consequent variation in 

With regar T t  to t e distance between two level surfaces, 

distances always f eing inversely proportional to the cor- 

respondin! need not ere enter into the c f etails of this question. 

relative path and on the reative P 

Second, as to the deflecting force 
(I=2ovsin y; (7 1 

velocity, and it must 
its intensity and direction de end upon the position of the 

always be treated as an external impressed force. 
Let us first refer the motion to the earth's axis and the 

equator plane. Let figure 5 pre.sent a north.poler pro- 

v, of the 

If the path is perpendicular to the equator (r=Oo), (I 
vanishes at all points on the earth. 

Second, let ua refer the motion to the zenith and the 
horizon. 
As has just been shown, in the neighborhood o f the  pole 

in a horizontal a m e n t ,  is always equal to 2wv, is inde- 
of the niotion and is directed 

~ r i z o n l a l l y  to the right at the north pole, and to the left 
at t.he south pole; there is no vertical deviat.ion, and 
consequently a vertical eurrmt i8 not deviated at all.  

In the neighborhood of the equator in a north-south 
horizrmtul current, the path being perpendicular to the 

endent of the azimut 

lane, the deviation is zero; but in an eashbest 
current t i e  path is parallel to this lane. Therefore 
( I - ~ w u ,  is directed vertically upwar in a wind from 
the west and vertical1 downward in a wind from the 
east, as will be imme$iately seen from figure 5. If a 
horizontal current blows from some other aaimu th, the 
projection ill(? represents the east-west component of 
w; and thus the deviation is always vertical and propor- 
tional to the east-west component, being directed up- 
ward in a west wind and downward in an east wind. 
Also, we find immediately that in a vertical upward cur- 
rent (I is directed horizontally westward, and in a vertical 
downward current it is directed horizontally eastward, 
and that #=2wv. 

2 equator Y 

Now let us consider the deviat.ion at any  latitude 1. 

1 .  Air current horkontrcl. 
(a) If the current is directed poleward, as in figure 6a, 

4 will be directed horizontally eastward, and the projec- 
tioiiof v on the equator plane being mid ,  we obtain 

(I = 3wv sin R. 
The same vdue is obtained if w is directed toward the 

equator, but (I will be directed westward. 
(h) if v is directed eastward (west wind, Sg.  6b ) ,  (I is 

in the meridian plane paraUel to the equator and directed 

N 

s 
fg. 6 

upward, thus forming, with the vertical, the angle R ;  
and v being parallel to the equator, we get 

(I=2wu. 

Thus the horizontal component of (I, which we will 
call #h, will be directed toward the equator, and we shall 
have for its magnitude 

( I h = 2 u v  sin 1; 
the vertical component, which we will represent by #z, 
~ i l l  be directed upward toward the zenith, and we shall 
have for its magnitude 

$ha = 2wv cos 1. 
If v is directed westward (east wind), we get the same 

values for (I, (In, and but the directions are reversed; 
(I toward the earth's axis, $1 toward the pole, and ylS 
downward (toward the nadir). 
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(c) If v is directed in any azimuth, it may be resolved 
into two com onenh, as presented in figure 7 the one, 
v,= MX, wifh a north-south direction; the othes, 

vu= MY, with an east-west direction. Tlic effect of tile 
component v, will be, as shown in (a), to produce a coin- 
ponent of deviation directed along XI-, which may be 
expressed by the following equation: 

MU=#,,=2wv, sin 1; 
and the effect of the component v,, will be [as shown in 
(b)] to produce a horizontal component of deviation, 
which may be expressed by 

ill, = #, = 2wv, sin A. 
If the resultant of #= and #ql is represented by +,,, this 

latter will be the horizontal component of the force of 
deviation. Now, by the above formulas, 

: #,=v, : v,; 
and since the right-angled triangles Myc and M X C  are 
similar, therefore also #h : #,=v : v,, and consequently 

#h = 2wv sin A. (8)  
b o ,  the angle CUc is ri lit-angled, and i t  is imniediately 

Hemisphere (for which the figure is drawn), and to the 
left in the Southern Henlisphere. This is the theorem, 
already generally known,. on the horizontal force of 
deviation in a horizontal air current. 

$b2 = 3wv,/ cos 1, (9) 
directed u ward in a westerly wind (v,, directed east- 

westward). 
8. Air current vertical. 

seen that (lA is directe d to the sight in the Northern 

Findy, we get also [from (b)] a vertical force 

ward), an 1 downward in an easterly wind (vq, directed 

The pro'ection of v on the equator being v cos 1, the 
deviating orce will be 

and it is immediately seen that it is horizontal and is 
directed westward in an upward, and eastward in a clown- 
ward current. 

3. Air current directed ohlipuely upward or downward. 

This case may be easily reduced to the two former ones 
by resolving v into three components-the first, u,, north- 
south; the second, v,,, east-west; and the third, v,, verti- 
cal; taken positively to the north, east, and zenithward, 
respectively. 

$b=2 wu cos A, (10) 
il 

From v, we et [by (1. a.,] only a horizontal east-west 
corn onent of % eviatiiig force, which may be represented 
by t rl e equation 

force whic i may be expressed by 

force whic 9 1 niay be expressed by 

(Ir' = 3 wv, sin 1; 
from v,, [b case (1. b.)] we get a horizontal north-south 

#,= -3 wv, sin 1, 

(Iz = 3 wv, cos 1; 

#1/'' = -3 0, cos 1. 

and a vertical force that may be expressed by 

from u, [b cnse 21 we get only a horizontal east-west 

Thus we get the following components: 
#,= -2 wvql sin 1; 
#,= 3 w(v,  sin 1-v, cos 1); (11) 
$h2= 2 w17, cos A. 

Formula (11) represents, as may be easily seen, the 
components of the cleviating force for either hemisphere 
as to mamitucle, direction, and sign, if we make A positive 
at  a nort%ern latitude and negative at  a southern latitude. 

Now let LY be the azimuth from which the wind blows, 
counted from south through west; a will also represent 
the azimuth towards which the wind blows; that is, the 
azimuth of v counted from north throu h east. Let B be 

positive value of p corresponding to an u ward wind, 
and a negative value to a downward wind. %en by pro- 
jecting v on the axes we obtain 

and by putting these values of v,, vu, and v,, in ( l l ) ,  we get 

(12) 

the inclination of the path of the win f to the horizon, a 

v,=v cos a cos ,B; v,=v sin a cos ,B; v,=v sin 8; 

Q,= -2 WL' sin ry cos ,f3 sin A; 

4, = 2 wv sin CY cos cos A ;  
= 3 wv(cos a cos ,d sin 1- sin /3 cos A); 

r % The com lete discussion of formulas (11) and (12) bein 
somewhat ong, I will for this refer to my paper (1) an 
give here only the chief results. 
In the Northern Hemisphere in an obliquely upward 

current the horizontal ccmz. onent of the deviating force of a 
south wind is less, and t t of a north wind w enerdy 
more, than in a horiaontnl current. In  an obli ue y down- 
ward current the severse holds good. As to t%e Southern 
Hemisphere, we need only to interchange the north and 
south in the above proposition. This s-mmetry of devia- 
tion is greatest near the e uator. For instance, in the 
Northern Hemisphere, if t % e upward inclination of a 
south wind is equal to the latitude 1, #=O;  (11) i!p>1, 
4 will be directed to the left. The north and south winds 
are never vertically deviated. 

If in an east-west current the air is obliquely rising or 
fallino p will not be directed exactly perpendicular to v, 
but i r t  e air is rising it throws the east wmds a little for- 
ward and the west winds a little backward, and the reverse 
of this if the air is falling. The west winds are always 
deviated upward and the east winds downward. 

9 L 

IV. RELATIVE PATH OF INERTIA OF AN AIB PARTICLE. 

If no external forces accelerate a mobile, it will, on 
account of its inertia, describe a straight line with a 
constant velocity; this is therefore the absolute path of 
inertia. 

The path that the mobile under the same conditions 
will describe on a moving system, such as the earth, is 
however generally tt curved line, on account of the two 
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ap arent forces and # then brou ht into play, and it 
is B escribed with varying velocity. 5 ut the simultaneous 
absolute path beinu a straight line and the absolute 
velocity constant, tks relative ath is also evidently a 

a particle of air moving relative to the earth's surface, if 
the influence upon it of the absolute gravity, ressure- 

adients, and friction, always balanced ea& other. 
!&e the absolute path is a straight line, such a particle 
could never be at  relative rest. 

In  meteorology there has, however. been introduced 
another definition of the path of inertia, which, while it 
does not well correspond to this name, may yet be of use 
in some investigations. Let us suppose that t,he influence 
of the apparent gravit pressure-gradients, and frict.ion, 

these conditions, if the air particle was at relative rest a t  
the beginning it woulcl remain at  rest; ancl if at  the begin- 
ning it had a certain relative velocity, due to some es- 
t9rnal impressed force, it would on account of its inertia 
maintain this velocity unaltered, ancl only change the 
direction of its relative path; for the only force act.ing 
upon it would be #, which has been shown to be ahvtiys 
acting perpendicularly to the relative ath. Such a path 

1. First, let the original diredon of t,he path be 
parallel to the earth's asis. Then # = O ,  nnd the relative 
path is a strai ht  line parallel to the asis of the earth. 

2. Second, f et  the oriuinal direction of the path be 
parallel to the equator pyane, and the original velocity 
e ual to v. Then the devinting force will be #=2wv, and 
d o  acting arallel to the equator plane. Since # is 
constant an (P perpendicular to v, the pnth will evidently 
be a circle whose radius, p, will be determined by putting 
the resistance of inertia of the particle, -, equal to #, t,hus: 

real path of inertia. Such a pat !i would be described hy 

on the air particle, 2 ways balance each other. Under 

of inertia may consequently be calle J the a.pprent path 
of imrtio. 

273 

P 
,172 

P 

p=-. 3W 

The periphery being 3np, anti v being the part of 
the periphery described in a second of uean solar 

31cn n time, the time of tlie M-hole revolubion will be A=- 
seconds of mean solar tinie; that is, one. hnlf of a siderial 
day (12). The. rncljus is pr0port.iona.l to v, and if 
v = l  m./sec., p=G S57 meters; if e=10 iii./se c.. p.= 
68 570 meters, etc. The direction of niot,ion is o qlos1t.e 
to that of the earth's rotation; st, the pole the p\me of 
the ath is horizont,al ancl at, the equator it is vertical. 
the Zirection being eastward in the lower half of the path 
and westward in t,he u per half. At any latitude the 
plane of the path, whic! is always parnllel t.o the ,lane 
of the equator, will be inclined to tlie horizon, the ( '1 irec- 
tion of motion being the same as at. the equat.or. 

3. Third, let the original direction of motion be inclined 
by an angle r to the earth's asis. Then let 27 be resolved 
into two components, v cos y and '17 sin y. pardel  res ec- 
tively to the earth's axis and to' t.he equator plane. t h e  
effect of the fist component alone will be to cause the 
particle to describe (by 1 above) a straight line partillel 
to the earth's axis, w1t.h the constant velocity v cos r ;  
the effect of the second component taken done will he 
(by 2 above) to cause the particle to describe a circle 

- - '3 --Iwv, 
by which 

'I) 

v w  

parallel to the equator plane and having the radius 
v sin The actual path will therefore be a helix, having 3w 
ita asis parallel to the earth's asis. 

We may also attempt to determine the path of inertia 
of a particle moving in a horizontal plane at  the latitude 1. 
Here, also, if 1 is constant the path wil! be a circle having 
the radius equal to --; the time of revolution will be 

-. that is, 4 cosec 1 times n siderial day (13). Such 
w sin 1' 
a path of incrt,ia can esist only when certain vertical 
forces, such as pressure ant1 temperature gradients, con- 
strain the particle t.0 always remain in the same hori- 
zontal plane; for instance: when the vertical equilibrium 
of the atmosphere is very stable. 

. 

2) 

30 sin 1 
x 

V. COMPARISON BETWEEN THE THEORY AND EXPERIENCE. 

Thus fur our deductions have been purely theoretical , 
ancl the results given above possess matheinatical cer- 
tainty; but whether the apparent forces generated by the 
earth's rotat,ion are esseutially important t.0 dynamic 
imteorology (le lends u on the order of magnitude of 

are of the same order of m<agnitucle as the absolute forw.8, 
pressure gradients, and friction? which we know from 
observation produce nnd stop air motion. This question 
will now be esaminerl. 
In cumpiiring these forces we shall espress all in the 

cen timeter-gram-.second system. 
The ,un:i.t of force, the dyne or is the force which 

RC ting d uring one second (aec. ), mean time, on a mass of 
one gram Ig.) produces an acceleration of one centmimeter 
(cui.). Thus pressure is measured in dynes per square 

these forces. d i e y  will K e of importance only wdien they 

g. c.m 
sec3 ' 

" )  centimeter (FS c 1 yne =- 
- - 

A norm~l.atmosp1iere (measured by a column of mer- 
cury 76 cm. in height red,u,ce.d to normal density and 
gravity) is equd to 1.O1335X1O6 - and thus very 
nearly a million dynes or one niegaclyne per cma. 

In it horizoiitd air current t>he only moving force is the 
horizuntid g;-adient - dpidx, that is, the diminution of 
pressure per unit of length dong a level surface, or a 
surfwe at all poi1it.s noriiial to ap larent gravity. Let G 
be this gradient in centiiiiet.ers o 1 mercury for 1' along 
the meridian, d p  the tliminution of pressure in dynes/cniZ 
iind dn 6he corresponcling variation of Iengt,h espressed in 
centimeters; we will then obtain 

dynes 
cm3 

d p  1.013% X lo8 90 dynes 
- -- .. G ,  in - - a  tlx -- 76 100' cm3 

that is, 

This equation represents the variations in the pressure 
wtiiig on 1 cul)ic centimeter of air moving in a horizontal 
pnth. In ortler to clbtnin the acceleration in cm./sec.2, 
it  must be Jiricled I,y the miss nf a cubic centimeter of 

air; that is, by the dcnsity of the air, d, in -- ' we thus cm3' 
obtain fur the acceleration produced by the gradient G, 

cm . B, in - a d z -  b secl 
_ -  1 _- d p  0.001300 
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For example, let t.he air have a temperature of 17.O0C., 
a pressure of 75.3 cm., and a relative liuniidit of 70 per 
cent, a condition that nearly corresponds to d e  summer 
mean of northern Europe; then 0"=0.001200, and the 
acceleration sought will be simply equal to G. 

We thus see that at  the mean air density, 

expressed by the same measure of length as the gradient 
itself, if this is given for a meridian degree. 

Now we know by observation the relation between 
gradient and wind velocity in a steady motion. In  a 
cyclone, for exam le, a gradient, of 5 nini. (=0.6 cni.) 
will generally pro B uce stormy winds with a velocit,y of 
about 30 meters per second (v=3 000 cni./ser.2). Then, 
since w=O.OO 007 292, we get by equat,ion (7) for H 
current para.lfe1 to the equntor #= 0.44 cm./~ec.~,  which 
is nearly the same value as that, for the acceleration pro- 
duced by the gradient, this latter being 0.5 cm.:lsm2. 
Further, since, as we know, bhe horizontal deviation of 
the wind from the direction of tlie gradient nmount,s t.o 
a t  least 6Oo-7O0, only G cos 60" to G cos 'TO" or about. 

1 to - of the gradient force will accelerate the air move- a 3  
ment, while the remaining component, G sin GO" t.0 
G siu 70°, or about to -- of G, being perpencliculnr to 
the path, will unite with the horizontal coinpoxnt of 9 
[or = Pw v sin 1 by equation (P I]  in a resul t,mt p~rpen-  
dicular to the ath and trndipg to incurve it, thereljy 
modifying the fistribubion of the mass tml the presspre 
of the air. 

The vert.ical com onent of # [or Q,=?lyi*,, cos1  hy 
equation (~9)  or (11 jfwill ti.1so t.enc1 t.o incurve :.lie lmtli, 
t,he direct.ion being up\\*ard in a west wind (v,, msit,ivc 1, 
and clownward in an east wind iv?, iieqat.iveI, nu( \ t,hcreby 
likewise modify t.he dist.ribu tion of t.he niws and t,he 
pressure of the air. This component has hitherto bcen 
Tery ._ generally neglected, but as will be seen below, this 

b= O . O O l P O O ~ , ,  a the acceleration proclucecl by G will be 

7 16 
17 

will not do. 
Further. as t,he researches of Guldber~ and Mohn (14) 

have slio&n, the resistance of frictio; caused by the 
earth's surface on the lowest strata of the at.niospliere, 
like #, is a utmtity proport,ioiitd t.o 2'; friction=h. 

The coe f2 cient of friction, L, ranges between 0.00002 
and 0.00004 for t.he open sea. and does not esreed 0.00012 
for a very rough continental surface. Friction even a t  
its maximum will therefore be less than +, or 2cu.17, in a 
current parallel to the equator ~%~=0.00 014 5S4). 

As to the upper strata OI t,he ot.mosphere H. von Helm- 
holtz (15) has shown the friction in a horizontal parallel 
current is so estreniel small t.lint it vanishes altogether 

in the upper strata even a very slight gradient-for esnm- 
ple, 0.1 mni. (0.01 cm.1-if it act, sufficiently long in the 
direction of motion, is able to produce a very great! 17eloc- 
its, particularly as the acceleration is inversely propor- 
tional to the density of the air. For instance, a t  an ski- 
tude where the density is only 4 of t,hat at! sea level (about 
8 km., which corresponds to the average height of the 
cirrus), the acceleration produced by the above- named 
slight gradient will be 0.03 cni./sec.a. This acceleration 
acting rn the direction of motion during 100 000 seconds, 
or about2Shours, willproduceavelocitpof3 000cm./sec. = 
30m./sec.; and with this velocity Q is, as previously shown, 
equal to 0.44 cm./sec.a, which 1s about 15 times greater 
than the component of acceleration acting in the clirect,ioii 
of motion. 

when comparecl wibh t 3: e gradient,. Hence it follows that 

In order more fd!y to esamine the action of the deviat- 
ing force $, we must decom ose it by means of the 
formillas given in Part III. 13 the air current is nearly 
horizontal. formulas 6) and (9) will suffice. Since the 
horizontal component is #h=?Wv sin 1 and the vertical 
component is & = ~ W V , ,  cos 1, the former will attain its 
greatest, import,tmce in the higher latitudes, and the latter 
in t,he lower latitudes. 

The importance of #h has already been shown b sev- 
eral eminent investigators, especially Ferrel, Gu i? dberg 
and lIohn, Koppen, Sprung, De Marchi, and voii Bezold; 
and having thus been generally acknowledged, we need 
scarcely discuss this part of the problem. The following 
remarks may suffice. Even in the vicinity of the equa- 
t,or, where t.his component nearly vanishes, it  is essentid 
to the foriiiat,ion of the trade winds and monsoons. 
This fact, at  once inclicat,es that the vertical component 
#z, even in tlie higher lat,itudes where it is comparable 
with the #h of the lower latitudes, must have an essential 
influence on air movements. To be sure, there exists a 
great cliff ereiice between the horizontal and vertical 
movement,s of the air, ii!asmuch as the foiiiicr may 
aniount to hundreds of miles, while the latter can only 
nmount t,o a few miles: it  therefore follows that, the ac- 
c.elernt,ions and tlie ot,lier conditions of motion being 
equal, the horizontal docit ies must be much greater 
than the vert,ical, since t,he time during which t,lie accel- 
erating forces act, will be much greater in the former case. 
Nevertlielcss, no one will deny that a vertical displace- 
ment of t.he air masses for a few miles may not have as 
niuch influence on t,he weather as a horizontal clisplace- 
ment, of ninny hundreds of miles. And even where such 
vertical forces do not direct,lY produce motion, they will, 
since t,lie concli t.ions of coiitinui ty of moving air have 
n1w:i.y~ to be sat.isiied, cull forth opposite forces, such as 
vertical pressure gradients or frictional resistances, which 
will esseiit,ially niodify t,he coiicli tions of equilibrium or 
motion of the at.mosp1iere. 

Some concrete instances of the magnitude and direction 
of the deviating force + in the upper current.s of t,he at- 
mosphere are here presented from t.he results of tlie cloud 
nieasurenients esecuted by Dr. IC. L. Hngstrom and 

Le t  zm be the mean height of the cloud, vh its horizontal 
velocity, and tuS t.he az1mutsli of #, the other s Wbols 
being those used in the formulas given in Part I d  

1SS5, May 26, S Barometric depression to the 
north of Upsala. Fit:' successive measurements of a 
cirrus cloud. 
z,= S OGS m.; TY = 101.1 ; vh= 15.1 m./sec.; v,= 3.3 m./sec.; 

p-%lo:  #h=O.?o cm./sec.2; n+= 191.9'; 
$,=0.11 c.m./sec2 upward. 

1 S S 5 ,  May 30 ,8  a. ni., depression to the north of Upsala. 
Sis successive nicasurements of a cirrus cloud. 

mvself h UpSdti (16) (lat. 50' 51.5'). 

Zm=7 4.05 in.: n=55.7"; ?'h=$?.o m.; ~ z - 3 . 6  m.; 

+2 = 0.25 cm./sec.a upward. 
,8-:3.(5": #h=o.53 cm./st?c.3, ff+=147.4'; . 

1555, .Tune 15, 1 p. ni., depression to the north of Upsala. 
Three successive measurements of a high cirrus cloud. 

z,=9 143 m.; n=G5.7"; vh=43.5 m.; vZ-6.3 m.; 
j9=S.lo; $h=0.51 rni./~ec.~; n*=1G0.S0; 

#z= 0.29 cin./~ec.~ upward. 
Wit,h regard t,o t,he clensity of the air n t  this height, we 

find that, for t,he last two nieasurenients $,+, is equivalent 
to a horizonbsl grac-hit of about 3 nini., #z to an upward 
vertical gradient of about 1 nim., using t.he ordinary units. 
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In order to judge exactly of the influence of the vertical 
deviating component, (I,, we ou h t  to compare it with the 
vertical pressure radients. T%e calculation mil meas- 

than the calculation and measurement of the horizontal 
pressure gradients. 

If the air is a t  rest we know by the principle of Archi- 
medes that the lift by air pressure is equal to the apparent 
weight of a unit volume of air; thus according to the 
adopted designation, g being the acceleration of apparent 

urements of these 7 atter are, however, much more difficult 

mavityJ 

If, however, these two forces are unequal, the difference 
will represent the vertical moving force of pressure, or the 
vertical pressure gradient, - - - gS, the acceleration 

of which is - $ 3 - 9 ,  and ought to be compared with h. 
If the vertical height z is taken positively upwards, p 

will decrease when z increases, and thus -- will be R 

ositive quantity, representing an upward pressure. 
gutting 

dz 

dz 

the gradient rb is directed u ward when positive and 
downward when negative. Tlus  _e represents the accel- 
eration im arted by the gradient to the unit of volume of 

The only means of determining this gradient by obser- 
vation is given b the bnronietric measurement of 

integrate the equation, we obtain the barometric for- 
mula for measuring heights. The uncertaint;F of such a 
measurement, however, is not due alone or principally to 

e = O ,  for, as the discussion of the barometric 
PlWiY ormu a shows, we are unable to determine with suffi- 
cient accuracy the air pressure, and especially the mean 
air density, which is a function of the teniperature and 
moisture, and even of tlie dust and water particles float- 
ing in the air, for every element of the column lying 
between the two barometers to be read at  its top and 
bottom (17). 
In the general case, E will vary from one element to 

another, and in order to determine the dynamical state 
of the atmosphere, we must write down and solve the 
general hydrodynamic equations, with due regard to all 
pressure gradients friction, deviating force #, condition 
of continuity, and iim1t.e. This seeming at  present impos- 
sible we must confine ourselves to the study of some 
simpie and typical phenomena, comparing them with the 
observed facts. 

In doin this, let us first consider tlie vertical compo- 
nent of &e inf~owing air current of a steady cyclone. 
First, as shown by Hmn and others, the rising mass of 
air in the idowing current of such a cyclone is very nearly 
in the adiabatic or indiflerent equilibrium. 

Let us first suppose such a niass of air to be at  rest. 
Then we have 

air a t  the % eight z. 

heights. In fact, i ! in equation (151 we put E = O  niid 

If now a particle of air be thrown upward, by means of 

the weight gb of the unit of volume of air will decrease. 

an impact for instance, both the lifting power - dP Tz and 

But since the surrounding mass of air is in adiabatic 
equilibrium, -1 and ga will always decrease a t  the same 
rate. For since-the moving air mass has not time to give 
out or receive a sensible quantity of heat, its change of 
&ate will be adiabatic; conse ueiztly, during its motion 
it will always take the same jensity as the surroundin 

remain zero, and the only forces acting upon the moving 
air particle will be the devintinw force Q and the friction. 
But the latter may be newlecteg on account of its small- 
ness; hence the air particre, under the influence of #, will 

erform the apparent path of inertia described in Part IV. 
ft must be remembered, however, that if the air is satu- 
rated with moisture but not charged with fog, the adia- 
batic equilibrium, and consequently the ath of inertia, 
will esist in an upward motion on1 , w\ile the stable 
equilibrium, which will be spoken of g elow, will manifest 
itself in a clownwarcl movement.. 

In  reality the air column of a cyclone is not in equilib- 
rium, but is rising under t,he influence of a vertical 
upward force, which is t.he resultant chiefly of the vertical 
pressure gradien t :md t.he vertical component (Iz; also, 
its dift’erent strata are rotating around a vertical axis. 
That the acceleration of these vertical pressure gradients 
will probably in most cases be smaller than (I, and even 
than especially in the upper strata, is shown b the 
following reiisonmg. The vertical pressure gra&ents 
must genernlly be smaller than the horizontal ones, 
becimse the frictional resistance is less, and the flow less 
checked than in :t horizontal current. Now since the 
horizontal pressure gradients are general1 not greater 

+, and not greater than 

conclusion. In fact: it niav be shown that in those cases 
the mean value of E is rohably negative, and therefore 

direction. To prove this, we must compute the upward 
velocity, v,, that would be woduced by the action of y& 
alone, and compare it with the observecl value of u,. 
Now? Qz is pro ortional to the westerly component of 
velocity, v,. an$ this, as shown both by our own cloud 
measurements and those of H. H. Clayton, is very nearly 
proportional to the altitude z. Thus for (I, put Pz, 
where c is a constant, we get 

air in the same level. Thus, the vertical gradient wi fi 

than Q, or even +a, the vertical gradients wi s 1 be less than 

The above resu1t.s of c ? oud measurements confirm this 

directed downwardl anc f teiiding to move the air in that 

. 

dz 
dt if we suppose that simultaneously z=O and -=vg=O, 

the first integral of this will be (18) 

v,” =CY. (16) 
By means of the observations cited above, we get 

1S85. May 36. May30. June 6. 
0 11 0.35 0.29 

SOGSOO’ 740’ 914; 

v, (calculated) -295, 430, 515cm./sec.; 

c 3 , L  

thus, by equation (16), at the measured heights, 

while t i ,  (observed) ~330, 360, 630cm./sec. 

yater In the first two cases the calculated value is 
than the observed, and only in the third is it a litt e less; 
but in this case the observed value may be too great on 
account of errors of observation, the value being calcu- 
lated from only three successive observations. Generally 
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we have not found vertical u ward velocities so 
those given above, although f l  orizontal eastwa rat veloci- as 
ties amounting to more than 50 m./sec. are not uncom- 
mon, and the values of q5z are roportional to this. 

Hence i t  seems that general P y, at least in the southern 
part of the cyclone where westerly winds blow in all the 
strata, the verticaf upward velocity that would be pro- 
duced by (GL and thus indirectly b these strong westerly 
winds, is greater than the one rea 8 y observed. Now the 
observed velocity is produced jointly by q5z, the vertical 
pressure adient E ,  and the friction (whch latter may be 

and thus it follows that E must be ne ative. ne lectedf 
!Ius remarkable result may be expressed in the ollow- 

ing manner: A part of the as uivu of the westerly Winds 
revailing in the cyclone is used in pumping the air up, 

Ey means of (I., against the mean vertical temperature 
gradient e, which tends to make it descend. 

Now Prof. H a m  has shown (19) that the mean tem- 
perature of the air column in the inflowing winds of a 
cyclone is genzrally so much lower than that of an anti- 
cyclone, that the vertical temperature gradient of the 
former must probabl be directed downward. This re- 

forth much criticism, as the incontestable fact of an 
u ward motion in cyclones seemed then inex licable. 
$ann himself has pointed out that the mechanic3 energy 
(& vivu) of the u per current may be able to pump u 

believe that I have now shown how this transformation 
takes place. Of course, there may be modes of trans- 
formation other than the above, but this evidently will 
accomplish much. As to the uis  viva of the upper cur- 
cents of the cyclone, it may originate partly from the 
general atmospheric circulation, and partly from the 
mechanical energy produced by the c clone itself from 
the latent heat of aqueous vapor. T i e  proportion be- 
tween these two sources of energy is probably quite 
variable. 

There is another observed fact, which is ex Iained by 

in westerly upper currents than in easterly. Now, since 
is directed upward in the former and downward in the i”. atter, the air will generally rise in a westerly current and 

thereb be cooled, so that the aqueous va or contained in 

cirri consist. The reverse will take place in an easterly 
current. 

The vertically deviating component #z will also have a 
marked influence on the propa ation of the cvclone center. 
Considering the well-known %iagrams of clement Ley 
and Hildebrandsson, we find that all strata, u per and 

Thus the currents of all strata iu this quadrant will have 
a downward acceleration (#z negative) which after ti time 
will give t~ downward velocity. This will reach its maxi- 
mum somewhere to the west of the center, in the rear of 

f 

sult, although deduce B from incontestable facts, has called 

JE the air of the cyc P one against the pressure gradient. 

the action of #z. Clement Le and Hildebranc f sson have 
observed that the cirrus clou B s are much more numerous 

it will l e condensed and form the ice nee R les of which the 

lower, have a westward com onent of horizont &p velocity 
in the northwest quadrant o P the cyclone, but in no other. 

the western half of the cyclone and that the reverse will 
happen in the eastern hdf. Obviously this will contrib- 
ute to fill u the western part and empty the eastern part 
of the cycone, P so as to displace the center eastward. 

668281-34--.1 

Certain1 the propagation of a cvclone is a very compli- 

causes, but I t8hink the cause above named is in most cases 
a very efficacious one that may not be neglected. 
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XETEOR0U)GY AT THE LICK OBSERVATORY.‘ 
By WXLLUM GAFIDNER REED. 

[Dated, University of Calffornia, Department of Geography, June IO, 1914.1 

INTRODUOTION. 

The Lick Observatory was founded under two deeds 
of trust by James Lick of San Francisco, the h t  dated 
July 16, 1874, and the second Septembey 21, 1875. 
These provided for “a powerful tdescope, * * * and 
also a suitable observatory connected therewith.” gter 
a careful consideration of various possible sites (restncted 
to the State of California by the terms of the trust) the 
choice was Mount Hamilton, Iat. 37’ 20’ north,  OW. 
121O 38’ west from Greenwich, altitude: 4,:09 feet above 
sea level, located among the Coast Ranges m the eastern 

1 The writer wishes to thank the memben of the stafl of the obOt.rvatory, without 
whose coo emtion and assistance thb stiidv could not have been made snd in p a t t b k  
to thank 8irertor W. W. CamDbelI for thk meteorolo&al dab, the bhotographa, and - . .  
numerous other courtesies at tho observatory. 


