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FRIDAY, JUNE 3, 1887. 

ADVANCEiS IN  METEOROLOGET. 

DURIXO Mr. William Ferrel's service as a pro-
fessor in the signal office for the past few years, 
from which he has recently retired, his chief 
occupation was the preparation of a work on 
meteorology that should represent the modern 
attitude of the science, and serve as a guide in the 
theoretical questions that continually arise in the 
prosecution of the practical studies of our weather- 
bureau. The boolr, originally intended to be a 
' professional paper,' now appears as an appendix 
to the late chief signal officer's last report, pub- 
lished by authority of the secretary of war. This 
form of publication involves some inconveniences : 
the making of the book is not so good as fiocli a 
book deserves ; the current page-heading, ' Report 
of the chief signal officer,' is an unfortunate ex-
ample of formality ; but the inatter of the boolr 
is a long way beyond that of any English work 
on the subject, and it n ill take and hold the place 
of a standard authority. 

Its matliematical treatment of the suhjcct car- 
ries it beyond most readers. A more popular 
~vork  by the same auther would be a boon to 
teachers arid students alilre, and would do more 
than this advanced treatise can, to colrect the 
niisconceptions that still prevail in most text-
books, and to induce a consideration of deductive, 
dyeanlical nieteorology as well as of inductive, 
statistical meteorology, that now taltes so large a 
share of the scholar's time. 

The problem of the general circulation of' tbe 
atmospliere serves particularly well to illustrate 
the need of this change of view I t  is, rnoreocer, 
a subject in which Professor Ferrel holds a pecul- 
iarly high position. 

Instead of attempting to reriew all of the ' Rc-
cent advances,' I shall therefore refer only to t h i ~  
great problem, whose successful solution illus- 
trates the high value of our author's methods. 

First, some thirty years ago, Ferrel made the 
initial steps towards its rational soltition ; and, 
with a single exception, there has been no one 
else working in this profitable field until a few oP 
tlie Eciropean ~nathematical ineteorologists lately 
entered it. 

A short acquaintance with the study will suffice 
to show that the temperature, pressure, ant1 rno- 
tion of the atmosphere must be closely interde- 

pendent. Difference of temperature, as between 
equator and poles, must bring about difference of 
pressure ; difference of pressure will cause winds ; 
and the winds would soon restore equilibrium, if 
the difference of teniperature were not continually 
maintained. The equilibrium cannot be reached : 
the winds mill flow in obedience to residual dif- 
ferences of pressure that they cannot reduce to 
zero as long as the sun shines. 

The early attempts a t  the further solution of 
this problem grnerally led to the statements that 
the warnlth of the torrid zone causecl theequatorial 
belt of low pressure; that the cold of the polar 
regions ought to cause areas of high pressure 
there, which mere somehow reversed into lower 
pressures than a t  the equator, especially in the 
antarctic regions ; that the belt of high pressure 
around the tropics mas due to the crowding of 
the upper wincls as they overflowed from the 
equator north and south along the convtxrgjng 
inericlians. The trade-winds, arid the anti-trades 
above them, were normal membersof this general 
circulation ; but tlie prevailing west-south-west 
winds of the north temperate zone, and west- 
nortll-west winds of the south temperate zone, 
were not so e:tsily exldained. Dove called them 
equatorial ' winds, and saw the compensating re- 

turn current in the occasional north-east or ' polar ' 
winds, which are now ] m o m  to be ' accidental ' 
or cyclonic in origin, and quite apart from the 
general planetary circulation. X'Iaury explainecl 
them by supposing a curious crossing of currents 
at the tropical belts of high pressure. I n  the 
torrid zone the equalorial overflow was aloft ; 
hut ontside oi the tropics it  came down to sea-
level, and the return current ran aloft, - a most 
arbitrary and unreasonable 11yl)othesis. Views 
hardly more logical than these still prel ail in inany 
test-hoolis. I t  is indeed now alniost universal to 
ascribe the tropical belts of high pressure to the 
convergence of the rneri~lisns ; though why the 
crowding of the air should disappear in higher 
latitudes, where the meridians converge faster, is 
not exl~lainrd. Sprung calls attention, in his ex- 
cellent ' Lelirbuch der Meteorologie,' to the firm 
bold that this unphysical explanation has obtained, 
and wonders at  tlie very slow an-alrening of me-
teorologists to  Ferrel's theory. I t  is unfortunate 
that a theory so greatly neetled lias been so oh- 
scurely publislieil. The Nusl~ville joztnznl of nzedi-
cine and surgery firat concealed it in 1856. Ru?z-
Me's ??~atheazciticulmonthly gave it a more expanded 



statement, but only carried it before a limited 
circle of reaGers, from 1838 to 1860. A briefer 
and mole popular accoui~t al)l)eared in the Ameri-
can jozcrnccl of sciepzce in 18G1, when school-mas- 
ters might have seen it more generally, had not 
tlieir attention been distracted by the mar. Other 
brief articles have appeared in the same journal 
and in i?mtu?-e. About ten years ago, an extended 
memoir, entitled ' fiIcteorologica1 researches,' ap- 
peared as appendices to the coast-survey reports 
for 1877 and 1878, where they were said to bc 'for 
the use of the coast pilot.' Like the earlier 
articles, these researches were too advanced and 
too little lmoxvn to reach the school-master di- 
rectly ; but a review ot tllern in ~\~ut?c?-eby Archi- 
bald has brought them I~efore British meteorolo- 
gists, where they were truly a i  much neetled as 
with us. Still, it is only in Gerlnany that they 
have had much effect on recent text-boolrs, and it 
is to be feared that even tlie present ~vorli may 
not reach the readers who ought to hare it : l-rence 
tlle hope expressed already, that Professor Ferrel 
may w r ~ t e  a more popular boolr. W r  may hope, 
further, that it may find a way into our schools 
through some regular booli-prtblishers rather t11:tn 
tln ough dealers in second-hand qovernment re-
ports, R~ilecting on this, how different was tlre 
im~necliateconquest of popular iutcvest by Iblaury.9 
famous ' Physical geog~aphy of the sea ' from the 
long obscurity of Ferrel's ' Essay 011 the winds,' 
and horv different the brief life of Maurj's theories 
fro111 the cor~tinually increasing vitality of Fer- 
rel's ! Perhaps, at ter all, the ATashrillctjo7cr~znlis 
a good me<diuiu of publication for Lhe young scien- 
tist. 

Ferrel sho\vecl in his filst article, that, in con- 
sequpnce of the eartli's rotatioil, all the ntmos- 
phere outside of the tropical belts of lrigl~ prccs- 
ure nus st have a general n1otioi-r from west to 
east, and t his disposed of Do1e's north-east, ' 110-

121 ' ~ i n da i  a lnember of the planetary circula- 
tion. IIe also shomecl, that, as a consequence of 
tile general eastnartl motion, the atmosphere 
would he drawn from the poles and thrown 
toward the tropics, tllus c d ~ ~ s i n g  tlie tropical belts 
of high pressure, and revelsing the 1)olar 11igI-r 
pressure, that would be caused by the cold of the 
frigid zone, into polar low pressures. But, in  
order to explain the oblique iecesslon of the sur- 
face wincls in temperate latitudes from the tropics 
towards the poles, Fertcl then reverseil the whole 
ciicnlation of the minds at  the tropics, placing the 
return current fro111 the pole a t  the top, ml~ile it is 
a t  the bottonl in  the torrtd Lone. 

The correction of this inversion appeared un-
consciously and independently in a blief palm-
' On the gmnd of atmospl~e~ic currents circula-
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tion,' by Prof. James Thon-rson, read before the 
British association a t  Dublin in 1557. I t  occupies 
but little mole than a page in the report of the 
meeting, and has never been expanded in the Inore 
complete form that it  fully deserved. Thonlson, 
like Ferrel, saw that tlre general motion of the 
atmosphere rnust be eastward, except in  thetrade- 
wind belt, and that the centrifugal force of the 
great polar whirls thus generated would decrease 
the pressure at  the vortices or poles ; but Tbom- 
son perceived also that the lowest part of the 
oblique return current, losing velocity by f r i c t i o ~ ~  
with the earth, tends to flow towards the pole, to 
supply the partial void in the central parts of the 
vortex. He states explicitly, " that, ill temperate 
latitudes, there are three currents a t  different 
heights; that the uppermost inores towartli the 
pole, and is part of a grand primary circulation 
between ecluatorial aud polar regions ; that the 
lowc.ralost moves also towards the pole, but is 
only a t11i11 stratuin fornliog part of a secondary 
circulation ; that the n-riddle cnrrent moves from 
the pole, and constitutes the return current for 
both the preceding ; and that all these three cur-
rc2nts have a prevailing molion from west to east 
in advance of the earth." This was a most sig- 
nificant addition to Ferrel's first paper, but it 
laclced quantitative completeness. Ferrel'ssecond 
paper ulodifies his first statenlents and diagranis, 
i~ltrocluciilg the three-current system, ant1 ~ e f e r -  
ring to Thornson's paper in  a final parag~aph, 
fro11 rvl~icll we may infer that the correction had 
occurred iucleyenclently to om. author. Be thiq a3 
it msy, Thon~soa's suggestion deserves inore 
recognition than it has generally received. A 
second ~uodification of the plan of genera,l circula- 
tion appeared in the 'Researches ' of 1877, in which 
the north-e:tst wi~lcls of' the arctic regions are 
omitted from the schen~e of winds that would ap- 
pear on a liotnogeneous earth, and t l l~is  by impli- 
cation referred to a class that may be called con- 
tinental, as depending directly and indirectly on 
the diversity of land and water surface on the 
globe : they are not lrnown to occur arooncl the 
south pole, where the surface is so largely water. 
Thus simplified, the schenle appears in the present 
work, where it demands the closest attention. 

Auother great generalization is that which con- 
nects cyclonic storms with the general circula- 
tion. I t  may be sun~mariaetl as follows : a cyclone, 
or revolving storni, that appekbrs in mod sym-
metrical clevelopolent in the tropical region:;, has 
a centre of decidedly low pressure, surrounded by 
a ring of sligllily higher press,ire than the nor- 
~ n a l; outside of the ring, the surface winds n-rovr 
away from the centre and turn to the right of a 
radius ; inside of the ring, the surface minds cir- 
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culate around the cenlre, blowing obliquely along 
a n  inward, ascending, left-handed spiral with in- 
creasing velocity, until they turn to an outward 
spiral aloft. The central lotv pressure in  this caie 
is primarily due to its high mean temperature, and 
secondarily to the centrifugal force of the whirl 
and tlie deflective force of the earth's rot<~tion. 
This 1s a cyclone with a warn1 centre. The gen- 
eral winds of the norlhern hemisphere constitute 
a c j  clone with a cold centre : their centre of low 
pressure is a t  the pole, and their rlng of high 
pressuie is around the tropic of Cancer, and, 
except for the lower member of surface wincli, 
the currents approach the centre alott, along a, 

left-l~anded,inward, descendiilg spiral, and tuln to 
an o r ~ t w a ~ t l  In this case, the press- spiral below. 
ure a t  the centre woultl be high, owing to the 
cold, \! ere it not lowered by the centrifugal force 
of the whirl. In warm-ceatred cyclones, the 
steepest graditsnti and highest velocities are near 
the surface : in cycloilcs of cold centres, they are 
in the lofty regions. The enormous prog~ess 
marked hy such a g(1neralieation rrlay be apItie- 
ciated by reading the vague ancl vain tlieones of 
other authors. Ferre19s theory of tornadoes ii 
another monutnent of deducti\e study, checked 
by a fulness of knowledge of facl, as far as ob- 
servations and recolds allow. 

I t  is not desired to imply by this reference to 
deductive tuethods that nieteorological observa-

we mnst not confouncl the inore recent develop- 
ment of our subject with its past history. 

The period of mesn~erism is sufficiently under- 
stood from the numerous writings on the subject, 
but it  wollld be a mistake to suppose that in Braid's 
' Exposition ot hyl)notis~l~ ' the end of this sul-)ject 
1i:bcl been reacl~etl. In a later work I hope to 
show that tlie fnndatneutal idras ot hionlagnetisin 
lial e not only lrad in all periods of this century 
capable and entliusiabtic actvocates, but that even 
in our day they have been subjected to teits by 
French and Englisl-I ~nvestigators from which they, 
have issuetl triuml)hant. 

Tlie second clit iGon of this historical derelop- 
ment is cart ied on bv Braid, whose most in3 por- 
tant service \\a? crnplrasizing the sultject~rity of 
the phenomena. \VitllouL any conilection with 
him, and yet by following out alrrrost exactly the 
same experiments, Professor I-Ieidenliain reaclicd 
his physiological explanations. A third di~is ion 
is based upon the discovt,ry of the llypnotic con- 
dition in an~mals ,  ant1 connects itself to the ex-
perii?~~nturtz In  1872 the first writings 1 t ~ i t ~ t 7 ) i l ~ .  
on this subjcct appear froill the pen of tlic physi- 
ologi<t Czcrmalr ; and since then the investiga- 
tioris hare been continued, particularly by Profes-
sor Preycr. 

Wllile England and Gerrnany were led quite in- 
dependently to the study of the s a n e  phenomena, 
France expericriced a strange development, wlrich 

tions and their statistical study shoulcl in  any ~ a y  shows, as notl~ing else could, how trnth every-
decrease : they are, of course, the essenL~al foun- where comes to the surface, and froill small be- 
dation for further study. But it  is a matter of ginnings swells to a flood which carries irresistibly 
regret that so few willing ant1 interested o b s e ~ ~ e r s  all oppositiou with it. Tlris Fourth division of tlie 
go beyond this foundation-work far enough to 
discover the intense interest of the broader, pbys- 
ical study of nieteorological phenomena. \Ve 
may take pride in recognizing Espy and Ferrel as 
leaders in  modern meteorology, but me must take 
care also that they have followers. 

W. hr. D h ~ l b .  

Hk-PiVOTISJf 1N FRANCE.' 

THE voluntary production of those abnorrnal 
conditions of the nerves which to-day are denoted 
by the term 'hypnotic researches ' has manifested 
itself in  all ages and among most of the nations 
that are known to us. Within modern times 
these phenomena were first reduced to a system 
by Mesmer, and, on this account, for the future 
deserve the attention of the scientific world. The 
historical description of this department, if one 
intends to give a connected account of its develop- 
ment, and not a series of isolated facts, must be-
gin with a notice of Mesmer's personality, and 

1 Trallslittecl for Science from Der Spir~x. 

liistory of hypnotism is the more important, be- 
cause it  forms tire foundation of n trailscendental 
psychology, and will exert a great influence upon 
our future culture ; and it  is this division to which 
we wish to turn our attention. We have inten- 
tionally limited ourselves to a cElronologica1 ar- 
rangement, since a systematic account would 
necessarily fall into the stucly of single pbe-
notnena, and wonld far exceed the space offered 
to us. 

James Braid's xvritings, although they were dis- 
cussed in detail in Littr6 and Ibbin's 'Lexicon, ' 
were not a t  all the cause of Dr. Philips' first 
books, who therefore came more independently 
Lo the stndy of the sanlc? phenomena. Braid's 
theories became known to him later by the ob- 
servations made upon them in Beraud's 'Ele-
ments of physiology,' and in LittrB's notes in  the 
translation of Muller's ' Handbook of physiology ;' 
and 11e then wrote a second brochure, in which he 
gave in his allegiance to Braidism. His principal 
effort was directed to withdrawing the veil of 
mystery from the occurrences, and by a natural 


