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On l~nds. 3~I 

the view of procuring the bet~ poltib]e information ~n thi~ 
fubje&, I applied to Leith, Aberdeen, and Peterhead, on the 
ea[~ coati: ; and to Greenock, Dublin, Liverpool, and 13riftol, 
on the well 

In the appendix to this report I have inferted the queries 
and anfwers;: by which it may be feen that there is only one 
opinion as to the dangers and inconvenieneies of the prefent 
navigation, and the advantages which may be expecCted from 
the propofed inland navigation, if tmited with a naval ~ation 
in the Moray Frith, or on the adjacent ooaft of Scotland. 

This fanO;ion of experienced people, who are all deeply 
interefled i~.commercial concerns, will, I trulY, fatisfy your 
lordflfips, that it has not been upon unfubftantial grounds 
that I have ventured to recommend this great national ob- 
je&. 

My eKimate of the expenfe of formin, g this navigation is 
nearly 35o,oool., and the time reqmred to complete it would 
probably be about feven years: this divifioa would require 
an annual fupply of 5o,ooo 1. 

Upwards of thirty veffels have been wrecked on the court 
of Caithnefs in the memory of Alexander Miller, of Staxigo. 

[To be cominued.] 

LVI.  On lY~nds. By RICHARD KII',WAN, E,S/. ' LL.D.  
iP.R.S, and P.R.L-d.* 

Of the Origin of the general Trade H17nds. 

T H  0 U G H  the oriein of the gei!eral trade winds appears 
to me to have been ~ltlv eftahlifhed by Dr. Halley, yet it 
feems he has explained himfelf too briefly, finee his explana- 
tion has been mifunderftood by many, and was thought 
obfcure even by d'Alembert t .  

To uuderfiand it more perfe&ly, let us fuppofe the fun for 
the fir['c time in the meridian, and to communicate its heat 
every inflaut fifteen degrees all around. If  it were to remain 
in this fituation the furrounding air eo.uld have no other mo- 
{ion but upwards, for the lateral dilatations being equal, 
would neceffarily check each other, but in the feeond, and 
all the fueceeding inflants, the fun moves weftwards ; there- 
fore, of the origit~ally equidifiant eaiiern and wcitern points, 

* From his paper entitled " Of the Variation~ of the A.tmofphere 
I~OI ,  ~' 

t. Sue la Caufe des Vents. v. 
X 4 the 
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3 t,~ On ~V~nds. 

the weftern, to which the fun approaches nearer, is m o r e  
heated than the eaf~ern, from which the fun recedes ; there- 
fore in this, and all the fucceeding inftants, the eaftern, being 
more cooled, will prefs on the weftern, and thus an eafiern 
wind will be eflablifhed. 

It is true, that, in the northern hemifphere, the northern 
air alfo preffes upon the more heated fpaces ; but as this alfo 
follows the fun's path to the weftward, it becomes alfo cart- 
er!y, preferring only a left" points of its primitive dire&ion. 
D Alembert adds alfo the folar aftra&ion, which~ according 
to him, elevates the air in the points over whic[~ the fun is 
vertical, and confequently produces a dilatation advancin. .g 
from eaft to well But M. De la Place, not denying this 
eaufe, confiders it too weak to produce tingly any confidera- 
ble erie& ~. 

About the year 1735 Mr. Hadley publiflaed a very different 
account of the origin of the trade winds (Phil. Tranf. Abrid. 
viii.:p. ~5~o); which, however, has been re'e&ed3 by the. moft 
dlftmgulihed aflronomers that have fince attended to this ob- 
je&, as d'Alembert, fur la Caufe des Vents, art. 376 and 
385 ; Gentil Voy.; B.'rgman Erde Befchreib. ii. p. 91. 

According to Mr. Hadley, the air, being rarefied towards 
the equator, is confequently invaded in the northern hemi- 
fphere by the northern, and in the fouthern hemifphere by 
the fouthern colder air. 

But as the parallels of latitude, enlar.ge as they. approach 
the equator, and as the equatorial fpace is nearly m the pro- 
portion of IOOO to 917, the difference of their circumference 
is nearly ~o83 miles ; confequently, the furface of the globe 
at the equator moves fo much falter than under the tropics ; 
and hence the northern or fouthern air, moving from the 
tropics towards the equator, nmft poffefs lefs velocity than 
the parts it arrives at, and confequently appear to move in a 
dire&ion contrary to that of the earth'smo-tion; which being 
from weft to calf, th e air arriving fooner at the ~veAern parts, 
xvill appear tO move from eaft to-weft; and this relative mo- 
tion being combined with that towards the equator, a north- 
eaft wind will be produced on the north fide, ~.nd a fouth-eaft 
wind on the fouth fide of the equator. There as they ap- 
proach the equator fhould become f[ronger and more ea~erly, 
and appear due eaft in the equator itfeif, by reafon of the 
concourfe of both currents from the north and from the 
fouth. There the velocltv of each fhould be at the rate of 
a:o83 miles in the fpace of one natural day, or above 1"33 

Mdm. Paris ~q76. 
miler 
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On / ~ n ~ .  3I 3 

rn~les per minute, if it had not been that before the air at 
the tropics could arrive at the equator, it muft have gained 
tbme motion eat[wards from the furface of the earth or tea, 
whereby the relative motion is diminilhed to the degree that 
a&ualty exiles in it. 

This theory, appears to me rather ingenious than folid, for 
the following feafons : 

I.  Tile trade winds are commonly gentle, moving only 
at the rate of eight miles an hour ; therefore they have fuffi- 
eient time to gain or participate of the motion of the earth ; 
therefore thei?contrarv courfe muff arife from an abfolute 
caufe, and cannot be deemed merely relative. 

~. Becaufe the north-cart wind fcarce ever approaches 
nearer than eight or ten degrees to the equator, and there 
dies away ; whereas it ought there, according to this theory, 
to be ¢~ro~el~. And, on the  contrary, the fouth-eaft paffes 
the equ.ttor ~:~,eral degrees, even when the fun is in the fouth 
tropic. A fa~+~ which, as Gentil remarks, is abfolutelyirre- 
eoneile~tble with this theory. (Gentil Voy. i. p. 638 ; Ibid. v. 
p. H6.)  

3" Becaufe, if the conftant eafierly wind was in the north- 
ern hemifphere, fupplied folely from the north, and in the 
fouthern hemffphere folely from the fouth, we ihould in the 
former have a conftant north wind at leat~ at 35 or 4 ° degrees 
from the equator, or at lent[ from fome northern point, and 
in the latter a conftant fouth wind, or at leaft from fome 
fouthern point ; whereas, on the contrary, a fouth wind 
often prevails in thole latitudes on the north fide of the equa- 
tor, and a north wind on the fouth fide. Thus La Peroufe 
met an E. S. E. in north latitl~de 3~ °, and a due earl in lati- 
tude3 i° ;  and a S .S .E .  in latitude I4 °, and a due ear in 
latitude 16°; and a due north in latitude ~o °, (where then 
was the relative motion ?) and a due fouth in latitude 33 °. 
(See his Journal in La Peyr. Voy. iii.) He alfo met with a 
due north in latitude 27 ° and 4 ~° fouth, and a N.  N. E. int 
latitude ~5 ° fouth. So captain Cook met a S. S. E. wind in 
latitude 3 °0 north, and alfo in latitudes 4o ° and 41°, and a 
due fouth wind in latitude 380 and ~o°; and in the fouthern 
hemifphere a due north in latitude 3"~ 4 °, and 44 °. I might 
produce other infiances from tea journals, and particularl," 
:from that, molt ample and infiru&ive, kept by major Dall~. 
rymple during a voyage to the Eat1 Indies (Phil. Tranf. x778 ) 
but I think the alleged fufflciently prove that the general eaft 
wind is not ftipplied folelv from the north or fouth in thedif- 
ferent hemifpheres refpe6tively. 

4. Becaufe, during our fix fummer months, when the fun 
is in or approaches to the northern tropic~ the eafterly trade 

wind 
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On I¢/'inds. 

• j4nd partakes lefs of the northerly, than when the rum 
il) in or approaches to the fouthern tropic, (Phil. Tranf. 

~ rid. ii. p. z34 ; and Schued. Abhandl. x76~, p. 175: ) 
ich is dire&ly contrary to Hadley s fyftem ; for when 

the fun is in the foutnern tropic, the north wind tour tra- 
verfe more of that fpaee in which the earth's motion eaft- 
ward is Rrongeff, and therefore flaould participate more of 
that motion, as Hadley himfelf fiates : though ftil! partaking 
of it in a fmaller degree than that which the globe itfelf pof- 
feffes, it fhould appear to move weRwards ; yet it fhould pro- 
portionably retain lefs of its original dire&ion from north to 
fouth than when it had traverfed a fpace more diflant from 
the equator, whereas the fa& is that it retains more, and 
often paffes into the fouthern hemifphere into the 13 ° fouth 
l~titude without having any eaflern dire&ion, (Marchand iii. 
p. 551 ;) and an analogous fa& is obferved with refpe& to 
~he fouth-eaff wind when the fun is in the northern tropic. 
Hence it is evident, that it is from the approach of the fun~ 
~nd not from the latitude traverfed, that the eafiern dire&ion 
is derived ; nay, the wind is often more eafterly than north- 
e.rly between latitude ~3 ° and 28°: (Fofter's Obfervations, 
I~. IZ6.) He even obferved that the trade winds extended 
far beyond the tropics when the fun is in the fame hemi- 
fghere, which fl~ows it is the fun that caufes them. 

~dd.y is a term introduced on this fubje&, which explaina 
.l~othing when its caufe is not affigned and proved ; the trade 
~inds are often interrapted by the approach of land ; but the 
interruption) as Foiler mentions, extea~ds only to a few mil~. 
ibid. J27. 

The monfoons or periodical trade winds depending on local 
iiircumftanees , fufficiently explained by Dr. Halley, I ~all 
here pals over ~ though certainly much may be added from 
0bfervations made by fubfequent navigators and traxellerf. 
1[ flaall therefore confins myfelf to the ~ariable winds) a rub- 
le& m, ueh more obfcure. 

Of Variable Winds. 
W~th refpe& to winds we muff lay down one general and 

mdamental pfiueiple, which is, that they always originate 
the extremity of that point towards which they proceed. 

has the eafterly trade wind begin3 at thepoint  neareft the 
tn~ which it follows, and is perpetually renovated and flip- 
lied from parts frill more eaf~erly. Thus ~n the year XTO 9 
~north wind was fooner perceived in England than at Dant- 
le (Phil. Tranf. Abrid. iv. partii, p. IJ 5. And Wargentin 
~Ike~, that when the wind ehan es to the weft, this chan_-e 
~ e ,  place at Mofcow before it g happen, at Abo, which'~ 

fever,l 
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On l ~ n d s .  315 
feveral degrees wef~ of it ; and fooner in Finland than in 
Sweden. (Schwd. Abhandl. 1762, p. I95. ) And Dr. Frank- 
lin, in his xxxvith Letter, p. 389, thinks that the north-eaR 
ftorms in North America begin firft, in point of time, in the 
fouth-weft parts; that is to fay, fooner m Georgia than ia 
Carolina, and fooner in Carolina than in Virginia , &e. He 
found that a north-eaft ftoum began at Philadelphia at fevea 
o clock, but did not extend to Bofton (about forty miles to 
the north-cart) until eleven o'clock. The reafon of which 
he well explains, as the current muft begin in the places 
neareft to that in which the rarefa&ion arifes, towards which 
the current is dire&ed. 

of  Winds. 
That eminent and laborious meteorologift C. La Cottel 

infers from numerous obfervations of malay years, that be- 
tween latitude 47 ° and 6o ° on the weftern flde of our hemi- 
fphere, the wet2 wind, with rome participation of the north 
or fouth, is that which obtains oftenefl. (Roz. 3our. xxxix. 

" 267") Leche obtained the fame refult at Abo, latitude 6o% 
om twelve years obfervations ; Mufchenbroeck, in Utrecht; 

Mr. Dalton, in WeRmorland, latitude 54 °, (fee his Meteoro- 
logical Effays, p. 48 and 88,) from five years obfervations. 

This wind in our continent originates in the Pacific Oeeart 
between the above-mentioned parallels, at leaft in wimer; 
the air incumbent on that ocean is then much warmer than 
that of Siberia and Chinefe Tartary that lie weft of it; this 
therefore preffes upon and flows into the fupra-marine, and 
is immediately fueceeded by air ftill further weftwards, and 
thus a current is gradually ef~ablifhed extending to the At- 
lantic, which, though in winter, being much warmer than 
the air of the iflands and continent on which it flows, is 
forced into the current, both by the rupture of the equili- 
brium to the eaftwards, and by the preffure of the much 
colder air of the continent of North America, 

of  Ede,- , 
During the winter months there feems to he a frequent 

fLruggle and conteft betwixt the air incumbent over the Aft,, 
atic continent and that incumbent on the North Ameriea~ 
lying betwixt the above-mentioned parallels and bordering 
on the Pacific Ocean, which of them flaall rule over it. 

The mars of the American air being lefs confiderable, and 
its efforts divided between the Pacific and the Atlantic, is 
generallv,.obli g.ed to yield to its. antagonifl ; thou. g h fometimes 
the Afiauc being warmed~ either by a diffufion of the fu- 

pefior 
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~t¢5 On Winds. 
perior current or by foutherly winds, the colder Amerlcatt 
becomes more forcible. In fummer this muff happen fre- 
qhuently, the E . N . E .  oftene~ prevailing : upon the whole, 

owever, Leche remarked that the eaft and E . S . E .  were 
nearly the moff uncommon ; as did La Cotte in the climate 
of Paris. (Meteorolog. p. 305 .) 

Wi th  us this wind is moft frequent in the months of April 
and May;  and I have obferved in Cook's Journal, tables 9th, 
1oth, and lJ th ,  that it prevails alfo in the fame months in 
the Pacific, therefore the colder continental air then pours in 
u p o n  U$. 

La Cotte alfo obferves, that in the weftern tra&s of Eu- 
rope, in latitudes below 48°, this wind occurs oftenet~ during 
the winter months ~; for the fuperior heat of the Atlantic m 
the low latitudes determines the colder air incumbent on 
Hungary and European Turkey to flow in upon it. 

Of Souther~ Winds. 
A few.y.ears ago, no problem in meteoro|ogy appeared to 

me more dtfficult than to affig.n a caufe for the frequent pre- 
valence ofa  fouth wind even in winter, it being contrary to 
the laws of nature that warm air fbould rufh upon colder ; 
yet I fince difcovered that the eonje&ural folution I then of.  
feted is grounded on a real fa&. 

In the eaf~em parts of our hem]fphere, from longitude 7~ ~ 
to I6o% that is~ from the eoaff of  Malabar to the Moluccas, 
it blows from the north-eaft eonffantly from O&ober unti| 
April. Now this northern blaft muff be fupplied and re- 
cruited from countries frill further north until we arrive at 
the pole, and the polar air muff eonfequently be fupplied by 
that whieh lies fouth of it, and thus~a fouthern current is 
¢i'tablifhed on the weffern fide of our hemifphere. 

InRances to fupport or contradi& this theory do not often 
occur; yet I have found rome that appear to me decifive, in-, 
dependently of the general reafon alleged. Thus I find in 
the ninth table of the third volume of Cook's Voyages~ that 
in nor{h latitude 59 °, and eaff longitude ~o7 °, on the ~Sth 
of May 1778, a ffrong north-weft wind prevailed; and on 
the ~9th day of the ~ame month and yearj an equally flrong 
fouth-weff wind prevailed at Petertburgh, latitude 62 ° and 
longitude 3o ° eaf~. Now the places-of obfervation were 
I77 degrees dif~ant, one on the eaffern and the other on the 
wettern~fide of our hemifphere, (which, at this prox!mity to 
the pole~ argues not a fuperior diftance to that I ha~e men- 

" Mere. Meteorolog. ii. p, z89., &c. 
tioned ~) 
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On Winds. $x 7 
tloned ;) and four days is as t~ort a time as can be allowed to 
the fouth-wefi to fupply the more eat~ern north-wePt. (Mere. 
Peterfburgh I778, p. 9~.) So alfo inthe fame journal I find, 
that from the 4th to the 3oth of May a north wind prevailed 
in the~eaftern part of our hemifphere from latitude,58 ° to 61 °, 
except feventeen days of variable winds; but in London it 
blew from the fouth-wcft during the firft fifteen days of June, 
thus replacing the northern air . .And to replace the confiant 
north-eaff wind on the Indian peninfula to the Moluccas, 
there is a conftant draught from the fouth in the wefterrt 
parts of our hemifphere; accordingly Letke obferved,'that 
on an a~erage of twelve, years it blew I~6 days each y.~ar, 
from OcCtober untd May, from rome fouth point, namely, 
86 days from the fouth or fouth-wefi, and 4 ° from the fouth- 
earl, at Abo, latitude 60 °. 

It is true, that he found it to take place very frequently 
atfo in fummer ; but this is occafioned by the great heat that 
then prevails in the northern tra&s of Lapland. 

.And, upon the whole, more of the fouth air is drawn off 
inwinter than in fummer ; for its flow is gentle in fummer, 
but often fiormy in winter. See Letke's 9th, xlth, and l:zth 
tables. If all other meteorological tables of a feries of years 
had been arranged with equal fagacity and precifion as thole 
of Leche and Dr. Horfeley, a vail fund of information might 
be extra&ed from them. 

At Peterfburgh, during the year I793, Eulerjunior found 
a fouth or fouth-wea wind prevailed 79 days, 5~ from Oc- 
tober to the end of March," and only ~7 in the fummer 
months : it was fiormy in November, December, and Janu- 
ary. I have not noted the fouth-eaft. 

"Mr. Stritter alfo found the fouth wind to predominate at 
Mofcow during the fix winter months of that year, (N. A&a 
Petrop. xi. p. 569 ;) fo that the frequency of this wind in 
high latitudes is certain. 

Of ~rtl:erly Winds. 
In the wef~ern parts of our continent and hemifphere there 

are of all others the leaft frequent in latitudes above 4 8°. See 
La Cotte's and Leche's tables. The caufe of this unfre- 
queney appears from what has been faid of fouth winds. 

But in latitudes below 4 8o the), occur oftener, and oftenel~ 
in thole that are flill lower, as La Cotte remarks. An ad- 
mirable infiance of Divine Providence, that the warmefl: 
winds ~houtd prevail oftene(~ in winter in the coldef~ regions~ 
and eotd winds in the warmefl:! 

But it may be atked, why a fouth wind fhould not prevail 
I n  
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S18 On ~n~s.  

in the eaf~ern tttrts of our hemifphere to fupply the coni~ant 
~torth-eaR wind that prevails in the low latitudes of the weft- 
ern fide ? The reafon is, that on the weRern fide the north° 
eaft winds of low latitudes are eafily fupplied by the conti° 
gumas Atlantic, which is open up to the North Pole ; ands, 
as here, the upper current lets and ceafcs~ there can be no 
deficiency of air. 

Of op[~t~ concoraltant Winds. 
It has often been obferved *, but of late, fince the inver~- 

tion of balloons, evidently proved, that currents of air from 
different and even oppofite points of the horizon, prevail at 
different heights in the atmofphere over the fame tra&s o f  
!and or water. This was originally inferred from the different 
eourfes of the higher and lower clouds ; but as fuch obferva- 
tions were often liable to optical deeeptiom, better proof~ 
were wanting. 

Mont Lores is within thirty miles of Perpignan, but about 
50oo feet higher. Now in March x78o , north and north- 
earl winds prevailed at Perpignan and a wefierly wind at St. 
Louis. In Augur a north ,~ind.,;,~ prevailed at Perpignan and 
an eaft at Mont Louis. Mdm. de la So&dt~ de NIedecine 
de Paris x78o, Derham fufpe&ed t ,  and Gentil has fince 
thown, that changes of feafons eonftantly begin in the upper 
atmofphere ; while a firong wind blows from one point be- 
low, a wind from an oppofite point reigns above, but move 

entle, until at laf~.lin about three, weeks) it is propagated 
i~k~wnwards. (Voy. n. p. 23, "~'4, m 8vo.) The lower atmo- 
fphere~ he lays, extends to the height of ~88o feet. (Vol. iv. 
p. 48.) At the commencement of winter, when the fun 
a. pproaches the. fouth, tropic, and. the north air begins to flow 
x~ and follow ~t, at muff meet with more refil~ance from the 
lawer denfer air~ as its impetuous courfe in an oppofite di- 
re&ion is more flowly altered (this refpe&s the monfoons) 
than in the rarer fuperior ftrata; and the fame effe&, but in 
a different dire&ion, takes place when the fun approaches to 
the northern tropic. 

It has been faid by many, that winds in the fuperior re- 
gions of the atmofphere are much more violent and impe- 
tuous than in the lower. (Sauffure Hygrom. p. 3o0 : UI- 
loa's Voy. ii.  p. 8I :  Mufchenbr. § 26I~: Bcrgm. Erde 
kugel, ii ,  p, 99 : De Luc, &e.) But the contrary has alfo 
bee-n obferved by Gentil~ above quoted, and bIorveau. 
(A~roR. de Dijon.) 

Utloa's Voy. il. p. 6z. Englith. 
"1" Phil. Tranf. Abridg. iv. parrii, x2~. 

of 
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On t~e Aaron of Gal, anlfm, ~$¢. $I9 

Of the Succ~.ff;o~ of l~nds. 
Well efiabliflled general laws on this head would be 

tremely ufeful, as we m*ght then forefee what wind m,Ri ~ 
next be expe&ed. BetidEs the general fueceffion in an op.~.~ 
country, it is probable there is a local, confined to eertaaa 
.fituations. 

Gentil remarks, that in the fouthern latitudes of our h e ~ r  
Phere, a north-ea~c is fuc~eeded by an eatS, fouth-ea/~, ~rv] 
uth. According to La Cotte, the order of fuceeffion in . t~  

middle latitudes is fouth-werl, north, werl, north-earl, foud~ 
north-werl, earl, fouth-earl. (Roz. Jonrn. xxxix, p. ~67. ) 

Of l/ae- Sdrocco. 
This is a fouth or fouth-eafi wind, known in the foutRera 

parts of Italy, Sicily, and Malta, dirlinguifhed by peeu!i~r 
debilitating effe&s, well defcribed by Brydone, and by I ~ -  
lomieu in his Treatife on the Temperature of Malta. "/~e 
latter has fllown that its malignity refults from the conftit~l- 
tion of the air it conveys, and not merely from its tempera- 
ture, which is variable, from 55 ~ to 80 °. It contains a much 
fmaller proportion of oxygen than air ufually does. qt~lae 
conftitution of the African wind, called barmattan, is as,l, et 
unknown ; it is, at learl on land, loaded with fome unknc/ivrt 
undiffolved vapour, and is much hotter and drier than: ~he 
)Cciroc¢o, but not debilitating, and even wholefome for ani- 
mals ; for though it parch& their tkin, it dePcroys infe&iont 
and cures feveral diforders. (See Phil. Tranf. I78I ~ p. 46j 
&c.) Its dire&ion is alfo we~wards. 

LVII. Repor~ prefented to the Clafs of the ExaEt Sdences of 
the Academj oJ'Turin, January x2, I8o3, on the ANion oJ[ 
Galvanifm, and the Application of this Fluid and of sElec, 
tricitj to ~ledicine. By A. M. VAssALx-EaNDX *. 

T H E  Galvanic experiments made on the xoth and Idth 
of Augut~ lafi, in the prefenee of a great many fpe&ators~ by 
Giulio, Roffi, an d myfelf, on the head and trunk of three 
decapitated criminals, an account of which has been pub- 
liflmd, ~ave rife to feveral qud~ions in regard to this egenb 
and by ~ analogy refpe&ing ele&ricity. Thefe two ~/uids, 
and the ufes to which they may be applied, have bec~me a 
~ommon fubje& of converfation among well-informeSper- 

~* From the ffournal de IJbyfiqu~, Germinal~ an.  , *. 
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