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not accompanied by a considerable fall of rain" (Loonlis's eighth 
paper). 

As early as 1876 Hinn found, from the observations on t.he 
alpine peaks, that the highest, temperature in the upper air oc- 
currecl witll the highest, pressure, and explainec? it as due to the 
dynamic heating of descentling air. 

In 1886 Docher~ens showed that on tlie Eoropean peaks Pic d : ~  
Midi and Puy de D~rne ,  and on Pike's I'eaB in t.lte United States, 
&he lotvest temperature occurreil wit b the lowcst pressure. which 
was exactly the opposite of oliscrvatforis a t  sea level. He also 
gave an example of sirnultcneous obserrations at, the base and 
sunitnit of 1-11? Puy cle Doinc during a Ion- aild during a, high 
pressare, ns ~ i~oxvn  by tile barometer at both stations. At the 
ease tile ieil~perature was highest with tile low pressure, but a6 
the suninlit the lowest pressure and tenrperature occurred together 
(Alr~erical~Xet~orological ,Tournill, Augu.;t, 1836). 

In ti19 Anze~iccc.tz lileteorologicul Joz~rlzal for &Jay, 1686: Mr. 
Dexeg si-a:ed that, frorn tliirty-fo~tr pairs of observations during 
tiie n-inter iiion~21~ of 1872 and 1873 he  found the average differ- 
ence of teii~pet.:iture between Hi~rlington. Vt., and the top of 
J!oilnt \Vashin;;ton to be 6.6" F. when the latter was xvithin a 
1:uridretl miieq of the centre of an auticjclone. 'i'lie normaldiffer- 
eoce bc.ti.:~eo tilt. two stnticns is 19O. In the rlilfercnt t~uadrrtnl;~ 
of the antic?-ixttioe hc Pounil the f o l l ~ ~ ~ ~ i i ~ g  : north. g o ;d~trercuces 
enst, . U O ;  soiitl~, +.ti0; s7e5t, 12.?Q; average, go. He found t,he 
average difTt.rence t w o  degrees greater in cyclones. Ilazen's re-
s,llts for Blount Washington and 3nrlington, hon-ever, differ from 
iliese (A.ine17ican ~lfeteoroloyiccil Jozozcr?zal, Oclobei, 1887), so that 
further co!~ip:irisons are neecletl. 

In a footnote to a,n article on tlie origin and developraent of 
$corms in the A??zo.ican ,VIeteorologicul Journccl, September: 188G, 
I cited the following reasons for thinking that warmer air is not 
the-essential condition of storm-formation : "Storms sometimes 
originate alor~g the eastern Rocky blonntain slope when the tem- 
perature of the air is lower there than in any part of the United 
States (for an exaniile see t l ~ eSignal Service charts of Jan. 
19 ancl 20, 1886). and storms appear to orginate in this region as 
often in the nixlit as in the day." 

Very recently E3ann has investigated the temperature observa- 
tions at numerous ~tai ions in the Alps during the passage of sev-
eral cyclones (iirleteo~ologische Zeitschrift, September, 1890). amd 
has concluded that the temperature of the air-column as a whole 
is lower in cyclorles than that of the surroundirig air. Hann's in- 
vestigations may not be conclusive for reasons stated by Ferrel, 
hut they certainly add a link to the chain of evidence. 

As a. TUFLIIGof their investigations, Loomis and Hann both de- 
cided that cgcloues were largely the result of mechanical causes. 
IJoomis concluded that t,lley were originated by Lhe conflicting 
winds between two or more anticyclones, and Hann suggests that 
they are wllirls originating in $he upper air. 

Xow, I illink Ferrel, in his recent letter to Ccience, uninten- 
tionally did Davis an injustice by suggesting that Davis had sud- 
denly altered his opinion mprely because Hann advanced these 
viecvs. Davis has for years been the leading exponent in  this 
countrj of the dynamical heating of the air in anticyclones, and 
during recent yeais I have several times spoken with him about 
the nlechanical origin of cyclones; and, if he is now inclined to 
give these views more weight, it is because this last link in the 
chain of evidence !]as convinced him of the necessity of reconsid- 
ering tile condensation theory. 

I have for severx! years been convi~ced that nlecliaaical action 
had much to do with the origin and development of cyclones, and 
as  working h~potheses in making weather-predictions hare care- 
fully watched the following condition3 as favorable for the pro- 
duction of cyclones: 1. The central region between approaching 
anticyclones. 2. The region ~vllere lower air-currents set in nearly 
opposed in direction to upper air-cnrrents, so as to favor the pro- 
duction of a whirl. This latter condition is 111ost frequently 
brought about in the United States when colder winds, moving 
frorn the north-west near the earth's sorface, set in to the south 
or  south-west of an area of high temperature or very high pressure, 
which give rise to upper currents moving frorn the south. This 
was the condition preceding tb? origin of the very violent storm 

of March 12, 1888. 3. The deflection of air-currents by a long, 
tall range of niotlnt,ains, such as the Rockies. I have several 
tinies predicted the origin of cyclones under these conditions. One 
of these mas on April 19, 1883. 

I have found the following conditions favorable to the increase 
of energy in cyclclnes : 1. The meeting of cyclones rnoring from 
nearly opposite tlirections: 2. The closing-up of a long trough of 
li)w pressure by the pressure incrensing at  both ends; 3. Cvclones, 
being m a i n i ~  controlled in their nioremeats by upper air-currenis, 
are sotljetime~ ca.rried by these toward areasof denseuair near the 
eai.tl1'8 surface, and under these conditions tent1 to increase in  
energy. Exanlples of violent st(1rins. developed, as I think, by 
tiiese mechanical methods, will be found on the following dates: 
Oct. 14, 18X;  Jan. 9, 1889; arid Jan. 9,1856. 

T ! I ~  imrrensc gain that would cclnle from being able to antici- 
pate this class of s toru~s niay be inferred froin the fact that not 
one of those I liahe nlentionecl in this paper was heralded by our 
Weather S e r ~ i c e  in time to be o l  any use, though the amount of 
damage done was enoralous. 

'l'l~e views I hold are, that c!iiTerences of pressure result from 
differcnccz of teinperat~ire o\  er- irn~utanse areas, as hotween equa- 
lor and pole, ocean anti coni,iaeat. This distribution of pressure 
is niodilieti by tile effect of the earth's rotation, and is contiiluous- 
Jg varying with the c!?anges ih tenlperature of the air, 

The sn-ialier cyclones and anticjelones of our weather-maps are 
partly or chieflp brought al;out by tlie mechanical action of 
ciounter-c~~rrmtsin the n1annc.r previously explainecl, though 
greatly modified by local differmces of temperature and density 
within the cyclone: in other words, they are caused Fy forces 
originating outside their field of origin instead of within it, as 
supposed by Fer:el. 

General rains are chiefly the result, and not the cause, of ascend- 
ing currents of air. Differences of pressure in the upper air have 
a very it-rtportant bearing on the origin and development of cy- 
clones. Well-defined areas of low pressure, acconlpanied by pre- 
cipitation and an inward tendency of the upper wind, occasion- 
ally exist in the npper atmosphere without beiag indicated by the 
barornrtric pressure at the earth's surface. 

I have held most of these viems for several years, as will be 
found by m y  review of Loomis in the American 1lfeteorologicaE 
J o u ~ n a l ,and by two articles in .Vature on the origin of anticy- 
clones, and the cause of precipitation (Nature, rol. xxxvi. 1887, 
and vol, xxxviii. July, 1888), ancl have hoped to make sorne 
quantitative estimates of the forces and supposed causes; but I 
have not had the time, and fear I have not the ability to do so. 

I trust Professor Ferrel !+ill not dismiqs these as vague 11ypot:l- 
eses unwortlly of notice, b~ut mill tell us (1) whether the method 
snggested by Loomis is insufficient to generate a cyclonic whirl 
according to mechanical principles ; (2) whether conflicting air- 
currents can be sripposed to have sufficient inertia to aid in pro- 
ducing a whirl, as, for instance, when denser air sets rapidly in- 
ward from both ends of a long trough of lon- presqule; a l ~ d  (3) 
whether sncll cjclones as that of Jan. 20, 1886, which originated 
near the longitude of Denver, where the temperature Tvas lower 
than in any other part of the Uilitecl States, when the observations 
on Pike's Pealr showed no vertical decr~ase a t  all between the 
summit and b2se of the mountain, and when there nas no appre- 
ciable precipitdlion \~-itllia a thousand miles of the place of origin, 
could be expianled by any reasonable assumption of a higher mean 
temperature of the air-column mitliin the field of the cyclone. 

H I ~ E L YCLAYTON. 
Blue Hill Observatv~~,Deo. 29 
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E-landbook of Problems i ) z  Direct Fire. By J a n r ~ shf. INOALLS. 
New York, Wiley. So. $2. 

THIS book, which is believed to be the first of its kicd ever pub- 
lished, shows the close attention now given to what maybe called 
the scientific side of modern warfare, or, rather, of preparation 
for war. It is devoted wholly to problems in gunnery involving 
the use of ordinary service charges of powder and angles of ele- 
vation for the guns not exceeding 1 5 O ,  which is the definition of 



SCIENCE. 

''direct fire." The author of the book, Capt. Ingalls of the First 
Regiment United States Artillery, instructor of ballistics a t  the 
United States Artillery School, has already given to the public two 
works on the same subject,-" Exterior Ballistics,"and "Ballistic 
Machines." This work was prepared while the author was en- 
gaged in t e a c l ~ i ~ ~ g  ballistics to student officers a t  the artillery 
school a t  Fort Monroe, and most of the exarnples are such as were 
given oat from time to time to classes under his instruction, as 
exercises in ballastic fortnala. I t  will prove to be of permanent 
value, not only to the particular branch of the service for which 
it  was intended, but also for other branches, both regular and 
militia. The most important of the examples may be worlredout 
ni th  a very sligfll knowledge of mathematics, arithmetic and a 
little algrebra being sufficient for many of them. 

AMOSG THE PCBLISBERS. 

I N  LLppi?~cott'sAlcxguzi~~efor January, 1891,  we note " The 
State of S%'asllington," ail article by  Rfajor RIo~es P. Handg,v hich 
will surpribe the many who knotr little of this section of the coun- 
t ry;  and "The Iioad Xovement," an article by Lewis M. Hanpt, 
C.E., wliich contains some suggestions for the much-needed iiu- 
prorement of public roads. 

--Messrs. Houghton, Rhfflin, & To. announce a new edition of 
Mr. Lovvell's " Fable for Critics " T h ~ s  poem, in eh ich  all the 
prominent Arner~can authors of the period at  which it was wnt-  
ten ale zevien ed with lceen appreciatioil mingled with goocl-na- 
tnred banter, Mr. Lowell cornpo~ed when he was under thlrry 
years of age. " This jeu d'esp~at.''says Mr. Lowell in a prefatory 
note, " was extemporized, I maF fairly say, so rapidly was it wiit- 
ten, purely for lng OR^ arnusernent, and with no thought of pub- 
licatlon. I senl daily instalments of it to a friencl in New York, 
the late Charles F. Briggs. He ulged me to let i t  be printed, and 
I at  last consented to its anonymous pnh1ic:ttion. The secret was 

kept till after several persons had laid claim to its authorship." 
There are twenty-six authors mentioned in the poem, and the 
publishers have made the book more interesting by securing por- 
traits of each of these writers, taken about the time the original 
edition was published. These are reproduced in outline, and are 
inserted ill the text a t  the point where each author is mentioned. 
~l solist of the authors alluded to is also given for the first time, 
that the surmises to which the fable has always given rise will a t  
last be set a t  rest. 

-The first number of T71"ireucte~*iologicalWorld, edited by P. 
Paquin, M.U., Columbia, Mo., has appeared. 

-A paper on the '' Echinoderms from the Northern Coast of 
Yucatan and the IIarbor of Vera Cruz," by J. E. Ives, assistant 
to the curator in charge of the Academy of Natural Sciences of 
Philaclelphia, is published in the "Pioreedings of the Academy of 
Natural Sciences of Philadelphia," Sept. 30, 1890. The Echino-
dcmnzcttu which form the subject of this paper mere collecled on 
the nor than  coast of Yucatan and at  Vera Cr~tz,  in the spring of 
the present >ear, by an expetlltion f r o ~ n  the Academy of Natoral 
Sciences of Philadelphia to investigate the natural history of 
Yucatan and Mexico. The resutts in this depaitment are inter- 
esting. One new genus and three new species are described, a 
lihtle-lmon-a species is figured for the first time, the synonymy of 
this species and of some others has been studied with profitable 
results, and the ~najority of the species collected supply new 
localities which form connecting points between the northern and 
southern portions of the great West Indian, or eastern tropical 
A ~ n e r i c a ~ ~littoral fauna. The northern coast of Yucatan pos-
sesies a sandy beach largely made up of shell fragments. The 
mater of1 the coast is very shallou~, the ten-fathom line being 
twenty miles from the shore, and the hundred-fathom line about 
one hundred and fifty miles. Three miles off the shore in theneigh- 
borhood of Progreso, the bottom is of asancly character, althougln 
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