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PREFACE TO REVISED EDITIO .0 
If 

IN presenting an amended dition of P~rL I. of my Ea t India Directory,l t me explain thRt 
revision became necessary after that convulsion of natur in uuda tr it in the year 1 83, 
whereby the northern half of Krakatoa lalan!! was blown into th air, sev ral populou towns 
and villages along the Java anu matra hores were submerged by the tid I wav , and 80m 
uaefullighthou w re thrown -down. this volume of the irectory only 4escribea too trait 
of $unda 88 a gateway from th Indian an into the Java and China as, the value of the 
work became much diminish ,whilst her books (speedily revised by their authors) cam 
prominently forward and took thc wind out of our saila. 

To remedy this imperfection, the twelve pa s (from p. 632 to 643) have been written. 
And for the purpose of introducing much new information 0 importnn e to all navigatgrs of 
the Indian Ocean, and in th inter t of tudent in meteorological i nee, a upplemen~ 
Chapter has been drawn up. This chapter, ides giving 'ome Ults 9f half-a-<: tury' 
meditation upon the wind of our globe, d not confine its remarks Asia only, but intro-
duces the reader to the 1101ar winds at tho two solstitial J>eriods, wne the 81lD (10 of ~e 
winds) is in Oancer and in Capricorn alternately. 

In the Preface to the first edition, I have co~nt d most fayourably upon the Wind 
and Current Cha brought out by the .British Admiralty in 1 3, after my book had been in 
print. Such portions of th chart a cov red tbe Indian cean were reproduced by me 88 0; 

COnve) .mt basis. upon which th variou p for sailing ve were s out upon 
the four Wjnd Charts, while tho e f r teamers were shown u n the two Current harts. 
With reference to the Win!! Charts, it s ms proper to call th t ntion of navigators to wbat 
is an at itrary and utterly unfa.ir chopping up of t Y (11: into f ur quart r , as follow :-
Januar --March; April-June; July eptember; ctober-Decemb if. uch a ~rl •.. 
presents a most fallacious iewof tho winds. Those of January jn tb Tropic (and indeed 
everywhere) differ much fron;.. March, while those f pril c me from nearly opposi quarters 
to those of Jun The solstitial winds of December differ ) 0 gr atly from those xperi n d 
in October. Thon, again, htiJf ovember would run better ' on \Ill fours with cembel, 
January, and lf bruary, but aroh should ~ left out. April would repr nt the ~ntre of II 

86880ne1)1 racmg part of Mar and the arly half of May. Likewise, if the winds of June, July, 
and August '"had beon char d together, Buch a cbart '\vohld indicate far better tlie gen I 
winds for thOle months. October, again, QuId rep nt the centre of an~ther n, coupled ::l:U 3g end of Septemoor and a m iety of November. Having myself laid do n the 

. ill this fashion, for I,ot only th Inclian cean and China eas, but for all th world 
(1Uld, moreover, taking them out of th xcellent book publi hed by the Admiralty), it haa 
~ a labour of love to plae what I have gl aned before th nautical world-and not for their 
co 'd ~tiQn only, but for the ecientific public-in th upplcmentary Chapter of . olume, 
.. well lUI in ~ II., wherever the subject embraces the China ea and Asiatic Archi ago. 

Primary belts of winds ~ thus introduced, not indeed as a novelty, because bri f allu ion 
to ~ bad preTionsly been made at p. 299, in th G' noral Rel1lIlrks upon the wiDds of IniliA, 
_ well .. in the Introdu tion· at p. xvi, cone ruing monsoons or periodi • c.la. y 
ambftioD Ja. if spo.red, and ncouraged by public approval, to bring out an Atlas of the univenal 
wiDda in their 8t!MOns, and therein to nlarge mo fully upon the orihern and uthern 
,G1'8l'f1toWL "hi I have merely sketched in outlin ill thIS new edititn at Chapter I. 

t bri eIlueion-adopting the language of Arnold Guyot-to the primary belts of . Dds 
hriDg out in abong ie'1ief, e en 8y venturing a dash of ~th~eJ!~!1SllllODutw." .... 

'_I!!t~. to • • '1ll~ iJl order to fl t IUlIl ,1 .. 1' n . . .. ~. 
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have no fear or hcsitatiqn in Bllying that the Admiralty have made a false start by 

lJ •• ~ perly groul)ing the lUonths to~th r. What trouMe might have 1;e 1. saved QY at once 
charting the winds for each mQ"lth 3epafately ; and his will hav to be done sooner or later. 

nly the Admiralty, ' with th Me orologicat Department of the Board. of Trade, POB8C8S 
materials for a better ystem, with numerouS young and intelligent naval officcrs 118 useful 
ag nta for carrying it out. It is too much expect the public (w.hose servants th yare) to 

1 wait patiently 1Jluch longer f r til compilation of more useful charts on a better chosen basis, 
, ven if wind charts be not prodn . d for every month of the year. 

imilarly, navigators and phys,ical geographer have been led astray by the publica.tioll 
of 0. very pretty Gea6ral Chart of the urrents for Atlantic, Pacific, and Iudian 0 erms. It is 
surely most unreasonable to xp ct identical currents in Jo.nuary and July. The attempt to 

( ) roup them thus tOgether only tends tOl irreverontly xhibit a Creator God 118 the author of 
f0nfU8i.ot;l; in ,which character, neither a right-mind d seaman, like Maury, nor a really earne t. 
physical geographer, sueh as Arnold Guyot, could contemplate the God 'who made the worlds, 
the Omniscient One, who has been r v alOO to us in the Holy Scriptures. 

The e brief remarks upon the winds of the Ull.iverse, the author hopes, may be-aeain to use 
th words of Arnold Guyot-" the forerwmer of a more complete work, the material!! of. whioh, 
gradually collected during long years of study, and still daily accumulating, he hopes to arrange, 
and work out more at leis~," in an "essay towards a first approximation to charts of co­
existinjl; winds." It can only be called a first I'tt.ompt, because we have made a false start, and 
must retrace our sLeps nnd begin again j ~nd the result will only be n first approximation whereon 
many blanks exist j but hundreds of navigators may carry with them into every ocean this 
framework and scaffolding, aud build ther on and therewith for the ultimate improvement of a 
structure which shall furnish the rising generation of mariners with graphic pictures of the 
wind& in their season 

The class of usef1}l men, who make provision for our merohant ahips in stores -of all kinds 
and nav.gating applianb s, are known as 8hip'8 hU8ba'fl.{b.. As an "old salt," with half a cen­
tury's experience of what a vossel ne ds, I appeal to thOse of London, Liverpool, Cardiff, 
Glasgow, and other large ports, to patro-\lise my India Directory, the child of my .old age. As 
was said in my earlier Pr face," uch a book as this is necessarily a collatioIffrom the remarks 
of one or two centuries of sailor-pioneers." Individuals can only add thereto, each hi mite, 
and all -we ciilt,. trult say i~, in the words of Ollr adorable Redeemer- " Otb.P:t men 1 ( ured, 
and yft:; have enlier6d .into th .it labours." . 

" c 

?..oNDON, l'Oth AuglUt, 1891. 



· HVDROGJUI'H\' is a progtessiv.e science lind might take for her mo~to .. Line upOQ line, line upon 
line; h re a little, and th re a llttle." Oue man's life-time suffices ·not to accullwlate note of .hi 
own exp rience 1 therefore such IlJ bOOk as this is neces.sarily a collation from the ,remark at one or 
two centurie 'of eailor-pioneerll. l'ho 0 compilel'$, who cater now-a-days for the nauti<;al public, 
f.!lUf!t be up and doing to /provide such food as ,Il1IlY atisfy the gr0!tt 8.1.1<1 ir1oree.sin/i; demand. Th~ . 
author's object ther fore has been to make a complete an H India Directory" Ill! the preseJ..:"' ~ow-
ledge of Indiall Ocean navigation will permit. , . 

The opening of the, ez Canal having c mpletely revolutionis d the Ocean traffic of the East 
Indies. it became nece sary to mak the Fir t S etion of this Book descrirtiv (tf the steamer 
highway through the Mediterranean fmd Red SelL,). Thi sectiQn is brief, but Horsburgh's vel'Y 
useful pIau of giving the latitud s und longitudes of places with the description of lights Ilnd oth r 
landmarl<s in their g ographi al seqll nee, that the mariner may find Ilt a gIn e all the useful 
information he n eds on his outward bound voyage, 'bas been mqintained, Having furrdshed tbi 
missing link to the · navigation of our Ocean highway tdwards the Etst Indi the It or has 
made provi ibn for sailing ve~sels as well It StfiaID\'l~ going out hy LIle' pe of Good Rope Route. 
bein$' Fersuaded that sai1illg "e8&el$ are not aj)out to be antir ly uperse ed by steamer iu thes 
days 0 dear coal; persuaded nlso that at\. accurate knowledge of Indian mou 'poni§ will enable 
sailing shj~ to compote successfully on many- lines or bigbway with 1.\11 iJllt full-powered teamers, 

Some description of the entire contour of Aftica ;s giv~] il.l th ccond 'action for the first 
time; that of th East Coast from tbe Cape of Good Hope to Suez is tbe most !\Iabor ,but we 
have j tVuch t~ learn of the coilSt between Natal and GtV\rdafui. "or that eL e must look to 
the intelligent officers of the mercantile marine wbo may corom nce those tmde operation aloug that 
coast which are soon lik ly to follow the abo1itien qf the illfamous slave trade. The <)escription of 
the coutts of Al!abia, Persia, and British India, is gleaneu from the writings of Captain Haine I 

Albanj'".Grieve, and Constable. LN., of Oommanders Ward and FIeathcote, I.N., and frow th:;. 
author's own West Coast of Hindostan }l~lot. 

The projection of the I" berg Cbart is novel in a book of this kind. but it shows 80 much 
better than ¥e~a:tor's projection what ~s' the space of sea available for ship traffic tQ the South of 
the Cape ani! Anstrnlia. ,. , . ' 

The author bas end avourM to sbow tM be t tracks for steamers in 0ppo ite monsCl9nS on two 
separate ~arts, whioh al~o ' dcd!ne the prevailing ocean currents. 'rhe e cllartA and the variou 
remarks on t, Passages" thro~hotl~ tlle book (giving the aULbor's pe~onal experien e and that 
gathered from analysis of manx ships' logs) should tend to shorten ste mer oyages considerably, 
or at any rate to gi"e 11Rvigatol's gr o.ter confidence in adopting any particular r ut. We hop 
see one or more coaling 8tation'iestabli!!hed iu the central portion of the Indiau cean, and theu 
llie breaking dowll of a stea~ r ill be a less disastrous affair than hitherto. 

Four ,other ch~t8 e~bibit. he probably be t tracks f?r sailing vesse~s throughout th.e :rndilu 
Ocean durlD~ four ulfl'E\rent perl ds of the y al'. Th (t Will supply a de Ideratum to marmers. In 
the. constl!ucUon of these wind tl d pllssag charts th,c author has had the most op ottune ai 
of the excellent wind and ourre 't Atlas, I'ecel~tly pnblished ,by tbe dmiralty. 'he track 
which have been deli.n ated ar what may be called 'studdlug- ail tracks." that i to sa 
allowiqggenerilUy for the wind be ng abeam, o\' abaft the beo.1n. Oonsideration Jf the vexatio 
delays endured by 8hips~iu ero s ug tlertnin portioLS of the Indian Ocean .... has led to a n 
SYIlI.en) adV()()lIted ,in this book, whic may be explained 1,\ follows :-DitTerent helt of ind have 

,"'-"no 00 l)/l . l i (unrtb or outh of the Equator. For instance after roundi 
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nsoon. It iii obvious then that if she falI to laward in one bett of wind. ahe will be .n 1K 
o tuindlDClM as sbe enters I\d,ioining belt. Again:-at the oppo ite seuon of !'be year. 

. . Trade bloW! nwly up to tOe II tor, ld tll!\pl Westing mast be made. hUst in the 
o-wiDd region, to enable her to ~ tl, the deS'll" d goal. 

-ill be ob erved that no Iltt rot t is mado 'to retain on the passage chnrta tboee names by 
. ch t '],s adopted by former nil. igators wore known to the world. They were not the I'etlult of 

ricnet> ... t merely tentative tracks: uor W81'e our ancestors II.cquaiuted with the (now well. 
ed) belts of wind which are eJ(hibited Oil theae Wind and PlI.ssage Charts. 
He umes a great reo ponsibility who would perform the fun~tions of " Indian OcelUl Pilot," 

and DO ould undertal. such n taak withollt considerable personal experienc of Eastern 16&8. 
n tminte pt serv1bc (durin" which he was accumulating" Note "), of 19 years in those seas, 

;entitleft the author of this .. Xu ia Directory" to a baring from his brother mariners. and in tbe 
patience of lio~>e he 100 forward to r eiving many fro 11 hints from thera-Bs the ramifications 
of our ocean lugh"'ays becom j better known:;:which may enable bim to improve future editions or 
bis book. Waruing (based on tbe expe" lice of former uo.vigators). of those localities where 
xooptionally blld weather may be found, should have the beneecial effect of shorteniug passages 

.-nd rendering (leeanic navigation less perilou than heretofore. A so-called ,cientific nomenclature 
bas 8 . in and altered thousand!! of well-known nam~ upon Admiralty Charts. to the utter 
bewilderment of tb poor seaman. MallY y are must elapse befor existiug .. Directoriefl" can be 
80 al~red Q8 to correspond with tho latest charts. Fortunll(1ely, the author has been able to sive in 
tho "Index" Cn bra.ckots) these nOw-fangled n~mes. 

With gratitude the Author puts on record the names of those who have helped hiq1 in his 
labours. Fi\'8t1,- he would mention the late Mr. Richartl Green, who (twelve years ago) kindly 
permittc.J accelib to all the uluable log of bis Black\vaU Liners. the JlilrBOnTL8l and materj,l of which 
are well kno"n have been second to none of their kind. To the officers of the Hydrographio 
De~ nt of e Actmi lty, peciaUy to Captains Davis and Hoskyn (th lattef Teeelltly 
de and to Staff- tnandet Hull, the pres nt Superintendent of Charts, he is ind'eQted lor 
ready he fI at all times i il'ording him access to the latest issues of Admiralty Charta and Sailing 
Directions. The general public is little aware of the patient. peacefullaoouN! of these intelligent 
gentlemen who belong to tho navigating . lISS of the Royal Navy. 'fhe autllor's ear )st hope is 
that atill further advantage may ere long be taken of tbe world-wide experie.nce of officers of 
i.heir stam , by: mploying double the present number in the Hydrographio Depal'tmeot of the 
British av,-. 

At"the IDdi~ 0 lice there is no lIlfarine Department; but the aui.hor is muoh indeb[ed to 
Mr. Clements ~larkharu. O.1~ .• and to Mr. Trelaw ;y SaunderS, the G ograpber, for acollll8 to all 
ex Ling documents uved from the hands of the d stroyer, when the poOr old lodiap. VI fell 

m : to imaginary political and financial necessities. 
He is al80 much indebted to Lieut. C. R Low, late of the Indian NIJVY, for completing and 

bringing through tbo .press the " Index" to this "India DirectQry' ; and to Mr. W. Parkes, tll8 

emioent htu:oour-engineer, for obsenations on Tides. 
• • 

A. DUN:t>AS " AYLOR, 
.c0""TfR7IrUf, lau [Milll' Hatly. 
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WINDS AND CURRENTS, MAGNETISM, VARIATION OF COMPASS. TIDES. 

Parlioular, or Local Winds, Weather, and Currents, are descn'Ued in thf! ditJerent ~ ", 
thi, worls;, to which the reader i referred. Winds mlly be arranged under three distinct hcuv 
Con.ttant, Periodical, and Variable. Constant winds are tho e which blow ahvaYlJ .u the 8IItne 
(iiteetion, and are called Trade Winos. Periodi<;al Winds, or those which blow oue part th~ 
year in one direction and the other part ill a. oontrary one, are generally call MODsoons. riable 
Winds are tho9(l which are not su~ject to any Qeterruinate periods or uiliformity. 

TJUl):B WI1I1)S se6ni to be oOCll.8ioned by the ruto.tory motion of the earth On its ~m, c0m­

bined with the ilia nce of the sun in rarcfying the atm~8phere between the tropics. The eold 
dense air at the poles would naturally move along the surface of the globe to take the place of the 
hot ~d ail' at the Equator; but the earth', rotatory ' motion, an the grad~aJ1) incr~"wng 
velooityof this motion at itij 8urface fro~ the poles Lo til Equator, obltge the po1ar curr ~ of 
air to diverge f"om their merjdians on their route to the Equaltlr. The pints of greatest. l'U'e" 
faction are those il! the Thlmnal Girdle, or Heat BeU, under the SIlU; lind, as the earth revobell. 
these pI 's pass under the sun from E: to the W.; thu· the denser air I'Q.I\st IIlQ'Ve. toWard8 t rD, • 
and occasion a. 09nstaht Easterly wind in the ocean remote from land 'between the tropic8. ' 

As the earth revolves on I axi, each point 011 il$ surface has Ii rotawry E. vel~t1 propor. 
tional to the radius of ita circle 0 latitude. A l"Vitlq from N. in the. N. ~pic, becomes a N.E. md. 
and 8. S. wind, in the S. tropi~ becomes a S.E. wj~d. The earth is also continua.lly acting OD thtl 
air by friction, and communi<llLti to it a rotatory velocity, which counteracts the We8terly teadetroy, 
or (in other words) deprive the ,..ind of its Eo. ting as it nears the Equator; but &8 the wini (8$1 
the S.E. T&de) pM as the Lillf towards the N. 01 tice or Heat Belt,-that is tp IhlY. ~oes ~ 
a pia oC greatest velocity to one of a. 1Ms-it becom a S. by W. 'wind. owing to t.bi.e !ricUQn. 

By the dense air proceeding from botb polar regions in a N. and 8. dil' etion tQward e..ncer 
&Dd Capri ,and afterwards !Dore Westerly towards the poiot of greatest rarefactiou, a • • 

;.ad it produced. on the N. ~ide, and a S.E. wind on the S. side of the Equator. '1'b1l$8 ue 
~ trade wind •• and in their directlon incline towards the Thermal Girdle. When the un ill 
oelll'the Tnlpic of Oancer. or retnrning from it (after tarrying there, almost vertical for two months), 
ha: iN ~1 heated the N. bem.ispher , the a.E. trade wind blows with strength, and its N. limi' 
...... to, and in some pla.oes nearly 100 beyond, the Equator. The .E. trade inel. at the .. me 
• b10 with les!s strength, becoming contracted in its limits; the S limit then ~ 8eqial 
~ to t.be • 01 'IJe Equator; and ~tlVeen the two, we find in the open CJCaIP & It_ lIeU 411 
~,,,'iDcl calms. And ~D, ib tbtl oppoaite season; wbeli ' the 8, hem.." is 8r*Iy heated 

taD. e .E. trMe wwd blow trou~. a.ud approaebes nearer to ,be Equator; the ~ 
• • tIad.e ma. at IiIo tallle time, being dimiDished coosiderably "1 the s " inS.aGe . 

. ud S. ~n~ of air mMt. about the ~ater, they destrot each ether; predacing 
~e cltJIeC&ed up rds, forming an aace~ cur~t. . 

Ir~~l~==r! it a perpetQal ourrent of air proceeding from die poW: ~ to the ~ ..... 
~.~ bile tbe gnril1 of the oold ._ tlt~ _tea' air aaoead to tbie ijJfer fe&iona 
"""11,1\ ... 11· .~)I!~~.:reJ wA ret.~ to the poles, to pr_rve the ~hbtm. the 'Opper CUft'lmt • 

• 
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1\lllil' mast proceed icom thc parts it wh~h the heat is gr atest, 0 that by Il kind of Btmosphoricnl 
cWculotion, admirably adapted 00 th PI' servatiou of animll.l lira. he N.E. trad~ wind belo"" will be 
attended by a S.W. wind above, 81 d tbe S:Jf,. trade winc\ below with, a N.W. wind above. This 
opinion is corroborated by the clouds in tbe upper part of the atmo Vh ro being frequently seen to 
move in a dir ction contrary to the trade wHlds, and by an iustantaneous change of wind of teD 
experienced when the limits of the trade willd are pa d. 

Trade winds are only COlIstallt in th 0 u at a enid \' ble di taHce from land ; for largo: 
islands and continents obstruct the regular currents of th atmo ph re, and thereby produ either 
periodical or variable winds. When land i heated by the sun's influ n ,the atmo phere over it 
!>ccomes rarefied, the air acqui es motion, and a wind is produced, blowing from the ocean toward 
tl-e land. This may be exemplified by tho wind on the African coasts, within the limits C!f tho 

( N.E. trade, blowing ofte1l> from North aud N.W. about Oape d Verde; aud from S W. and 
.S.W. betwut the Ooast of Guinea. and the Oape of Good Hope, within the limits of the S.E. 

trade, in tead of N.E. IUl,d S.E., as is experienced whet) wuH out froUl the land, ju the op n oc an. 
Wh n tbe laud of Austro'lia js hoated by the pl' sooce of the un in the S. hemisphere, the 

wind blow generally from the N.W. upon the N.W. COllst; f,'om the .W. UPOI) the W. C08.8t; 
from the S.W. 'the S., and S.E., upon the S. coast: l.Uld from S.B. und E. upon the E. coast o( 
that extensive tract of land. Wind , indeed, blow nearly alway from the sea by day, towards th 
h/'l8.ted atmo phere over the land; but contiguous to Shores, lall~ breeze' are often experienced, 
coming off dry and parohing. 

High land ob tructs the regular progress of winds. A stead trade willd will 'pllSs over a con· 
sidprabl Lmct of low ]evpI land withuuL being much changed in its direction or va]ocity; particu· 
larly if tht la!ld be barren and de titute of moi tute. But if the wind come in contact with high 
land 9r Ulountains, ins com pres. ed in p8.8 ing o\' r their ummits; as the atmospher , b iug heated 
by th UIl' rays accordiug to it d \lsity, i I"uuch wanner at the boLtom than at the top of 
mounttius; coos que .tly tl e liit i cooled in it ascent, Ilnd being frequently condensed into humid 
cloud or fog, is discbarged in wct mi t,y vapour, or in small rain, upon the top of mountains. 
'fhi may be often seen 011 TalJle Moun~ain at the Oape of ood Rope, or on high islandt; between 
tbe tropics, wben the ~un shines bright beloW, with clear weather arouud. 

The pre ence of the un in either hl3misphere obstructs consid rably the regullu-ity au~ strength 
of the trad \I'it {1 in that emi phere, and "ice versa. • 

{be Traoe Wind xtcnd generally to about 28° 011 each side of the Equator, and there is 
usually a con iderable space between them, in which light variable wiuds prev,Ilii mo tly from the 
W., a cou1lte,.-current of air, forming ill veral pnrt of the lob, near the' Equato a kind of 
mQl9800D, and carrying in some parts a current of watel' with it. 

Tb N.E. and S.E. trad \VindR prevail in the open ea in the Atlautic and Pacific Ocean ; 
and from the great tlxtent of the latt r, they generally blow more teadily in it than in the former; 
and the S.K trade wind ill the S. Atlantic Ocean blows more steadily thao the N.E. trade wind 
to tbe N. of the Equator. where the ocean becomes contracted lJ tWf'en Onee de Verde and the N. 
elttremit.y of the coaat of Brazil; but towards the yY e t India Il)lands, the N .E. trade willd generally 
bloW8 steadily between E. and E.N.E. ~ 

The, B.E. trade wind pr vails aloin the Indian Ooolln, from withiQ. a few degrees of the E. 
SIde of Madag8.8csr nearly to the coast of Au tralia, beLw n t\l parallels of JOo aud 28° S • 

• 01l8005S, or PERIODICAL WINDS, are tho e whi.ch blow half of the yllar from ono 
quarter, and the other half· year from the opposite directiou. They blow more steadily in the East­
Indian Seas than in any other place, particularly to the N. of the Eq'uator, from the coast of Africa 
to the E. side of the Bay of J)englll; also in the Ohina Sea, but with somewhat less regularity io 
the . part of it. ' 

TJie Thermal Girdle under the sun, where the atmosphere beoome rarefied, and the heated 
IIlr uoend , is nature'tI suction·pump, and the principal cause of these winds, as well as of the trade 
wmds. The situation of the land, M connected with th~ course of the SUII, has not 80 much 
i06ueuce as (wmerl,. imtlgined. Sur Iy Aftica is heated enoug\l betw eu April alld Sept.; ,et the 
S.E. Trade, liaving blown toward it in the dil'tlction of Zauzibar, tben turD8 (short of it) towarda 
the N.E., IUld becomes tbe S.W. mon~ooll of the Arabial\ Sea: the e~ten ive l;08.sts of India being 
greatly heated when the sun is v rtie&: to them, a S. W. wind blows from the ocean toward" the 
land to restore the equilibrium. The curreut of air proceeding from tJle OI)e&II, being highlyabarged 
with moisture, is gradUlllly condeu8fld insp rain, which descends ill groat quant.itiee upon tbe,AlOllltot 
a1lndia where high land fronts tho ocean to the S.W., or W.S.W. 

. hem the un return into the S. hemisphere, the atmo phcre tb~re beoomea sr-tl7 
. 'Ulland the Thermal Girdle. or thAt belt immediately uudpr the 8un, and a N.E. wiWi IDGIltOOD 
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is then produced in N. latitude~ blowing towards the heated parts aliout the Equator. Thia is the 
dry easQP on the coasts of In?ia, for t~e 'od .blo1l'ing fr~ the land brings fai~ we.ather. Imd tb 
rainy Sen on is produced by wllld blowmg from the oC,ean towrujls the land, W~lC~ IS generally the 
case 01 poth sides of the tropi cs. • • 

. ';rhe S.W. Monsoon prevails from Apri~ to Oct., between the E~uator ~nd tb Tropic of ~~~r. 
and it 'i'e~ches from the East coast of Afnca to the 'coasts of IndIO .. CtllllU. uud 'the Phlhppme 
Islands; its influence extends sometimes into the Pacific Ocean liS far liS tht! Marian lsllUlds. or to 

. about Ion. 145° E.~ lind it rellches as far N. a tbe Japan I slandH. In the ~flm!1 eaSOll, a S.S.W. ~ 
monsoon prevuil to the S. of the Equator in the Mozambique Channel. chRnging I.L few points in 
direction, owing tP. . be.confonnatiorl of lands on each side of that channel. ' . 

The ,W. Mob bon, of the Arabian Sea and Bay of Beugal, is rfIerely a pl~longation .of the 
S,E. Trade, bjqwibg towards the earth's Thermal Girdlll; and we must remember thut:' that girdle .. 
lies to the 'N. or he latitude of Bombay, from mid.May to the end of July. For more ,than three- _ 
score and ten days, the suction-pump has there been at full work. But wily slloulu the wi lid, thu8 
drl,\wn in along the surface of the eu., prefer to fall upon India as a S. W. alld a W. willd, rather 
than upon Arabia ulld Africa as a S.E. \\:ind? .We accept Dove's expl~lIulioll .. that the S.E. Tl'~de 
is (in crossing the Equator) a volume of all' movmg frortl a lower to a hIgh r latItude: thus carrymg 
with it iDtO those higher latitude, tbe ·quatorial velocity, and appearillg con~equelltly as a South 
wind with Westing in it. Sir John Herschel alSo slIys that the earth act · upon the air by friction, 
communicating to it a rotatory velocity. Thus, the S.E. Trade wind. as it approaches the 
Equator, loses its Easting; and, as it passes to the N . of the Equator, acquires Westing, ~ecoming 
a S.W. monSJon. 

We may understand this better if we reflect that at the parallel of Mauritius (heing as much to 
the S. of the Equator as Maseira Island on the Arabian Coast IS to tbe N.), the l'ottl.tory velocity of 
the earth is considerably le8s than at the Equator. Passiug then from that Cupricorn regio~of a 
less rotatory velocity to the Equator, where the greatest velocity is foun , the wind acguires 
Easting; but passillg 00 beyolld the Equator towards th ' Cancel' region (on of Ie s velocit y), it 
acquires Westing. and da elopes itself as the S.W. Monsoon. 

The N.E. monsoon )J/'evails from Oct. to March throllghout nearly the same apace as that 
mentioned above; but-the monsoons are subject to great obstructions from the land; and in con­
tracted pllll:es, such as Malacca 'Strait, they are chunged int.o vlu'iable winds. Their limits are not 
everywhere the ame. nor do they always shift 8[J!(tCtly at the same pel'iod ~ The N. . monsoon ot 
India and the China Sea is no other than the 1Il1ui:turbed N.v:. Trade-wind. The N.W. W\nds 
below the Eqaator ;'l'e simply an extension of lhe ~ E. Trllde, blowing towa.rds the Heat·Belt; 
whilst the !j,un is near tlie Tropic of apricorn, alld dllil'y r-lssiug over the Australian deserts. 

The N.W. monsoon prevails between the N.E. part of Madagascar and the W. coa.st of A&· . 1 

trnlia frorn Oct. to April, aud it is gcuerally confiued betweeu the Equator and 10° or 11° of _So 
latitude, but subject to irregularitit!s. Thi monsoon seldom blows steadily in the open sea, although 
in Dec. and Jan. it.generally pre~ails, and in these mOlltbs sometimes extends from lat. 10° or 
12° S. across the Equator to lat. 2° or 3° N. This is Lhe 1'Iliny monsoon to the S.·ward of the 
Equator, And the S.E. monsoQl'l is ~he dry season. 11/ 

The S.E .• monsoon predornilllites from April to Oct. iu the Ja a Sea and whole Asiatic Medi­
terranean, as far as and beyOtid 'Papua, (New Guinea), and in some places reaches the Equator,­
when the SUll is'1Iear the northel'll t ropic ; but this montioon rouy be considered as an extension ot 
th~ Pacific BtE. trade following the 'un; aod when that lurnin ll ry returns to the S. tropic, 
thIS monsoon recedes to lat 10° or 12° S., backing dOtl )//. like the S.E. Trade near the Ohagos 
Gro~. . 

'rhe parts where the N.W. and S.E'. monsoons prevail with greatest strength and regularity 
are in the Java SeQ, and from thence E .·ward to Timor, amongst. the Molucca and Banda Islands, 
and onward to New Guinea. The Wo terly mon oon blow I1S steadily, strongly, aDd regularly -
along the N. side of New Guin a, at New Britain. New Irelalld. aud all contiguous islands . of the 

. Equator, as far E. as Malantaand tho N. part of the New'Hehrides, as in any part of the Indiall 
Ocean whatever, and extending in a wind of gradually decreasin constancy and conti~ation, from 
hen~&, far E . to the ~o iety and Marquesas Islands. The 'Iimits,llj Jl1titude appear similar to the 
Indian Ocean, from 1° N. to 11\0 S., and occasionally to 19c S., and the period from the beginning 
of J an. to the end of March. 

B&terl,v winds ure tlometimes expel'ieJ'llleo nenr the Equato , in the Pacific Ocean, a great WRy 

to ~he E. rJ New (J uine ... ; and 81 ~ in tbe Atlal)Lie cean, e terly winds at rime occur near, or 
I.L httle to the N .. lIf the }!:quator, forming a coull ter currell.t to the regular KE. Imd S.E. trade 
~d.s which prev,dl 00 each Biue of it. 

- • c 
b 

• 
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IlITD-Tll.OPIOAL HEAT-BELTS of the Indian Oee&D. Some brW explanation of the 
8 '8 paasage over the broad ZOlle between the Trgpios seems highly neoeaaary in "rder that the 
seaman may uDders Ilnd hat w~ me n by the Fxpreasion-Thermal Girdle, or Heat-Belt-applied 
in the foregoing reulIll'k concerning the Monaoons, Thermal Maps have been from time to time 
produced by Bergha ,Dove, and dleir copyists. In all these examples the Equator is recognised 
aa the seat of t.he normal uoth8rm of greatest hoot; that line or band being diverted northward or 
southward, accordinlf as observation ha proved the idea to be inconsistent with ascel'tuined 
facta. Thus, there has appeared (in many a physical atlas) an imagiool'y wal'ing line l'ouud 
the globe, wbich b been styled the " Warmth-Equator," and con'e ponding lines of equal auuual 
t.emperature, clLlIed '" IIlJthCl'lnst gtrdle the higher latituJes. Of course such a piau would bo a 
,D8C6ssity on any sipgle J;llap I~bich should attempt, to holV at one glance the mean ai~cl.~u of wiuus 
.aand enrrents and the means of heat thl'oughout the air and tile eo., But to the selun"a -it i ",'on;e 

han useless.,..it i positive'y misleading, However. we d not object to "Isoth6I'e&." or lineli of 
&qualsummllr temperature; nor to "I: ochiIllMCS," 01' lines of equal wi'ltter tempel'uture, 

The notions on tropical climate which were CUrl'en we ty 'ears ILgo-and even )IOW are enter­
tained by man~ pLy '0111 geographers-were well 'CVI wed in a lUle treatise ou "The Asiatio 
Mediterranean, by Treluwuy !lundars, now Geographct, ILt the India Office,' as follow!! ;-

,j It is admitted that the UII i the paramount source of a.t~osphefic heat, But hi influence 
,.. on the earth i referred to his appltl'Mt path in tbe cliptic; and the real motion of the elLrth in her 

path around the suu has buclJ 10 t sight of, in lIbe onsideratioll of thermal anu climatological 
question,. Now it i& cloar thut whatever iufluence the 'un exert on the earth mu~t be attributed 
to the actual and not to the apparent motious . 

.. .But the motion of th earth around the sun, as described by astronomers, aud in the accepted 
theory of the seasons, is ineonsistent with the facts which goography demon tt'o.tes. The astronomers 
aud ol\inutologi ts say that the earth moves round the un in ~n elliptical orbit. and on a single 
plane, which is regar<\fld as passing thl'ough the centre of the 'surt and the centre of the earlh; the 
ui of the earth rounY which he revolves daily. beiug at an angle of nearl 6Uo 32' to ilie pLwe of 
her orbit. This doctrine is iuconaistent the/act that the sun' vertic day by duy 1.0 successive 
points between tlfe tropics, producing. splfal lines on the earth's surface nearly pa.rallel to tue 
Equator, In fact, the suu's solstitial motion is in the parallel of ~ 0 ~ ne~lJ. ,aud ,of the 
Equa.tor alternately, at illtervals of six months; anu his equinoctUl.1 motio~ is OU thjl bue of the 
Equator nearl.'~,Oinstead ofOill liues parallel to the ~liptic. • 

Five wtinct Zones in the Tropics, It is maiut~jned, therefore, hat tbe earth moves around 
the sun in a spiral path bet.ween two planes, which are respectively coinoidel,l with the verticl:Ll 
action of the SUIl on the two tl'opics, at hi nearest appl'oaq),l to ither pole, severally and- epllrateiy, 
at lUten'a.1 of about six. mou~ls , The iuterval between tfie spirailinQ8 of the SUD'S vert!CilI action. 
on each daily revolution of the earth, ' is about 15' of latitude, subject to variation . 

.. Two bands of greatelt heat therefore e ' t (though they 110 not co-exist) Oil the earth'ij sur­
fal'e. ILrising from the contilluoll vertical ction f the sun ILt eIAch tropio I e parched up with 
heat rul' a period of 62 u lS!;ive days, during whit:h time he if' 'pussi~g from Jat, :Wo to the tropic 
in 23° :2 " aud then back to 200 again, He if! vertica'l for letis tItan one-sixth of that time, over 11 
similar extent of latitude in any «) lor part of his upparent course. The result is a bllnd of deserra 
tfbder ~1:L :h tropic around the t:Arlh. The tropie of C cer tl'llverses the' tierras calilmte8,' or 
desert rt!gions of Mex.ico; the 'ahal'll. of N. Africa, an the Arabian de ert; while the d6tiel't of 
'Mekl'ku on the Coast of. eioochi tau, and that of Thw'r, to the E. of the IIlUU8, are '\0 e to it ou 
the north , The tropic of Capricorn traverse the desert of Atacama ou the Pacific. iu Bolivili; 
the desert of EI Olan Chaco in J,a Pluta; the desert of ~aliha.rj, betwoeu the Jake .l: yas i lind the 
'Orangl! Uivor in South Africa.; and the ireat desert region of Austl'8lia, 80 well described by tu to 
The tropj"a\ r('giou o.ppeary, thel'efol'6, to be burnt up aud dt!sert, with trifling e~o6ption., aria' 
from local mlUsct!, which prepond 'rate over the tlun't! contiuuous vertical action • 

.. The Equatorial region, or the zone witJliu 10° of the Equator, 1.180 pt'esents special 
characteristicll of au excelisil'l: kind, The terut>era,ture is high, and I;CIlI'cely varies; tbe rain falls ill 
torrents dUl'ilg 86\'6nU. month!!; vegitation is Uk and luxurioDa; and auima11ife revels in ita lIlost 
impres8ive and abulldllllt v8.l'ieti The c)o e~ juxtaposition of the 8un to this oulminating portiun 
of the aphere, llI~y jJ_artJy account for its prepoudel'&ting influence the •• 

.. i!he .onel halfway between EI('Ilator and Troploe; (or bet weed 10° and 20° on both i_ 
of the Equator) IUt! 644willy l'elUllrkdble, and peculiltriy interesting <m account of their re ruble 
ftttIeu for the oocuptitiou of 1111111. AU Iltound the earth Within t1Wee iatitudee the coauu, abouada 
1Pth 1akeI, rivera, aud fllrtility, but the vegetation ill not e ceuive. The climate alIo ......... 
the qualities ,Plevailillg iu &.hI! wwperate zones." 

• • • • • 
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l!l1RTlID RDAB.xS .abotlt KOJL80on Winda will be found at pages indicated below. 
F ..I I' Wind and Weather oft' Cape of Good·Hope, 'see ~ge 76 . • For Algea Bay. page 88. 
For Winds and Currents in Mozao1bique Channtl. Bee page ~60. • 
For Winds and Weather at Mauritius and Bod'rigue, Be, page 11211. Between Zanzibar and 

Aden. Nfl! pnge 116. , 
For Win.ds ~t the S. e~tl'eme of the Mu)di\ .. s, 88e pl1~e 57 J. At C ),lon, ~ge 306, 
For Navlgation and Wllld ' of the Arabian Coa t. '66 pag 2:13 . For Perslitl Gulf. page ~79. 
For Winds and \Yeath r on the Malabar Coa t, Bee pages :Ill!} to 307. 
For Monsoons and Gales in the Gulf of Bengal, sell pages 317 to 321. 
For M01l800llil on the W est Coast of umat1'll, see pag 024. '. 
The sntACE CURRENTS of the OCEAN flow ill harmony \\'i h the 'f.l'ade wind.s. aI¥l 

the Alltl.trades. They are pmperly dlst.ipguished by the different and sieuificant nllmes, Drift and 
8trtam. The Drift i merely the wiud 's effect on the surface of tbe oceun. The 8\ream is an 
accumulation of th pllrts of the Drift into a collective mas '. by the interveutioll of 801lie ob ·tacle; 
and onwards it goes because ess on b, fresh drift in its rear. Deep sub.marine current may 
be the effort of nature re toring the equilibr urn which urface currents hllY di turbed; and in thia 
process the rotatiou of the earth is lin active agent. 

In tho Pacific Ocean, a -fai)' fie'W. and where they suffer uo divergence through interposition 
of a continent, the Trade-drifts (low lo.wards t4e West, inclining towards the EquaLor. But, unable 
to escape through chal1uels of the A iatic A Glli elagp into the Indian Ocean (except in a very 
vu.rtial manner at olle sea on of the y ar), and aided by the peculiar po ition ot gl'oat i lttnds. the 
two We ledy streams coalesce and IJI' du '0 an Equatorial* Couuter,cul'l'ent Duwing towards the 
East. B sides this met~od of pre erving equilibriutn. n~ure ha e lA.bli~hed the Japall current in 
the North, which i iden ical in character and origiu to the Gult Strealn. orne have ventured to 
dispute the correctness of Sir John lLerschel's conclusions a to the relation of the trade Wj~8 to 
the Gulf Stream. We venture to thinl, that time wm vindicat the sou 'j argumeuts of that 
eminent man; we only futd him Ivroog when ' misled by ~ ong daLa, ltud sailors are to lie blamed 
for supplying mell of scie ce with hat. He sa.vB in one ce, t. the Nortl~ Pllcili.c currents are as 
yet far from well uode tol5." We wish to et d rs the loliowiug l'elllli.l·k from hi "PhY8ical 
Geography."-" rom mateorol y we learn to rerer th great ),stem of aqlJ& ic circulatio.n (which 
traufjfers tift! waters of e er1 one region of the oCQau. in the course of ti • to ever.):e other). to the 
action of our Trade- wiuda,. and thsir compen ating curreuts, the Anti·trade ; th'emselv the 
results of solar action 'in comoirllitiou 'with the eal'lh' rotation on its axis." 

V ABlABLE WIlinS I'I'e~!li\ in b6th hemi ph rOt! fro,n lat. 28° or 300 to the poles. but those 
from W. IliId W.S.W. generaJ1y predomtnate ill N. laliLUde ; and tho e from W . and W.N.W. 
pr dominate in S. latitudes. 

The prevalence of Westerly \'ind in high latitudes bas been thus accounted for. The nppel' 
parts ?f the atmesphere having a motion towar the polos. contrary to tbe trade winds. and 
becomwg conden dt eyclrld th ir litnits. descend to the s l'f'ace of the ea' h or sea; thus producing 
the motion from the W, towartls tile E., to restore the equili brium whicb has been destroyed by the 
trade winds. Immediutely beyond. the limits or the trade winds, -.he We ·terly winds are generaJ1y 
fOUDd to prevail. • • 

These Westerly winds, in high latitudes, are liab to obstruotion and changes. from various 
causes, t~e influence of the sun boing mutable aud uncet'w'in iu the Temp Zones; but beyond 
the ArctIC aIM Autarctic Circles, where a settled frost and cold atlllosphere coustantly prevail, 
strong gales and !:Iudden shifts of wind are not ,so liable to happ13u at a greater distance from the 
poles. 

• l'~e s.un's presenc in either bemisphere has great £luence upon the prevailing Westerly 
Wi s 111 high latitudes: in the N. Atlantic Ocean the \ ind gtmel'll.lIy inclines to W.S.W. in the 
Bummer months; unu 11l winter, almost constantly to W.N.W .• betwe n the coasts of ~ewfoundland 
and Ireland. 111 the Briti h Chll.l1nol, Easterly wio~s often prevail in Feb .• March. April. and 
part of May; during the other 1nouths, Westerly "iudd prevail lJI·eatly. • . i?n the N.W. COBM of America.' S.W. winds p(dvail in tbe ummer montbs. and Northerly 
Wlnlll! during winter. 

• 1& iI to be dIo.ired !.hat Phyeioal Ge~phlll'll would alter the nomenclature of ()Qean Oummt&. The 
~ ~UU&>rial Ourrent of the PaciflcPi. II ooUJIter-01l1'l'l'nt to the ~., between the Trade ·Drift. forced along bf 
Use .E. ~f!~' wind.. Th_ Trade-Drifts lire 110.0 called reepectively tbtl N. Equlltorial aDd S. Equatorial 

I -) _.,..., siYeD b4rfore the propw Equa~orial E. ourrent w .. mown, (&. alao Ourrentl ill· , • 



xx INTRODUCTION. • I 
In thE!' S. hemisphere, during the summer months, when the sun is near the Tropic of Capri­

c~, the wind are someLimo very variable, but prevail af W. and W. .W. In the winter mouths 
they blow mostly froro W .S.W. 'nnd .W., and BpmetiMfs from . or S.E. Westerly winds prevail 
off' the Cape of Good Hope, ape Horn, and OIlpe Van Diemen, parti ularly when the sun i n tU' 

the Tropic of Cancer ; Lut ou tbe W. COil ts which form these promontories, :he wiud frequelltly 
prevails from the outhward, wheh it is blowin stl'O g frolll the We twal'd (011 d"'ir xtr('l)Iitiell. 
And .E. or outberfy wwds are generally ~ nd t<,! prevail Oiore than any otht:!. ill Ful, .. 1\1 Itrcb, 
and part of April, in the ~~Eof those h au·land . 

LAND and SEA B S may be consider d 8.ll a killd of al tomRting willd ', which lire 
generally experienced in set d IV atber upon coasts or islands between the tropil~ . They uri. 'J 

frolU th circum lImce of land beiug a beller cunductor of h at than wat r, aod coo 'equ lilly h illg 
,. su c ptiLI of a higher degree of tem p I'Ilture by the a i II of Lh A un than the a : this incr flse 
• of temperatu\'e during he doy rarelie~ thu il1cumbent atmosphere, and n rreut of cold !)r air rll ~hes 

in from the sea to supply the delicie. y, Ilud f rob wh fl t is culled 11 sea-breeze. The progre~tI of thi~ 
breeze is r(Jgre tve upon th sea, us it om~lIccs elo, to til !J61'c "'here th motion of the air 
first inclines to- t land , and thou gnu.lualty xl Ids out tg 011; so thut yesstll ~ close in with 
the shore get ~he' r gular breel'!e soouer tllltll those wll ich re in the offing. After sun 'et tbe 
at.mosphore over tb lond becom b llvapomliou ; aud aL \\hHtever im of. the ni~ht it exceeds 
in deusiLy that ov r the sea, the air ta ,es a Ulotiou from the land tow ds the more rurefied Plu'tS 
over the sea, producing wha is ca.1led tue lalld-oreeze. Whis i p1'OgrC88ivt bre e UpOIl the ea, 
as it begills on the 'sb r ,and gradually extends to " ward ; aud its approach way b ometimea 
known by an increased no is of th surf. 

Th I ud and ea.1 rAOZ'" e. te d iu bUI pltlctls oilly to a mall di moce (rom the shore; 
but ou the Malabar a t , ' n the fu.il' t; 6S0ll, v!J t:: rtl th ey prevail probably with ater regularity 
than iJ: any oth p f b gl be, theil' iuHu nce i perceptible at the di roll ce of 20 leagues from 
th la~. When W It.lld I IS atJy beated. ,!ud the evapor ion not sufficient to coo) the atmo phere 
over it b low that of the adjoining ea, tb I'e will b no land- rt'eze, aud in ucb ase the wind 
blolls mostJ.y from ReO.Wllr j : tliis 10 y be 6 erv d in the t )16 te 9.S well as in the torl'id zone. 

During ummur ill liiOglalld, '}1el1 be tbt't is ttled lUld :;elelle, a gentle b1'etlze froUl the 
eo. frlilquently rise . allJ in ·rea.se with tbe lLlt\Jc1e of tb un; it i tro t after UOOll, when 

tile liit· over tll tL lund i · ,,,, auy rarefi ed, ulld it decliue with the ' ttil)g IIUIl. Th e lIIpurution 
from.the lallo · dill"ill ~ lilt' uight illg ill thi u try lIot .~~(~ t to cool tb ulm lRpb 1'e 01' r it 
helow thllt of tb tl adjoi oin, ~e . a lalld ·bl'\;' ze is con equently s I III e iell 'eu ill lh lIigbt. 
The t IfJperature of til e IltlllObphertl b 'iug n ar. the arne oVer l.lnu ilnd ¥eli, ulm:; ~eueru\ly 
pr~vail ill the night. ulltil Ihe a· br e~e returns, Whtlll the Iltm phere 01' l' the land Ltlcomes 
heliterl by the sun in itS diurnnl course. • 

SQUALLS are gell erally M three kioo ; that called the Arched Squall fr quently 
xperiellced. aud is u; ually dist inguished by the arohed form of \h tl clulldol Ileal' r: I boriz II; but 
ometim . it a urn., tb appeanlll 'e of Il del se black cloud , pur, iclll ,.riy when Jli 1al .r tl lll rged with 

rnin or I ctrio matter. roUi the time that th arch or cloud ' til' "Cll Ilbovtl tIle horizun. its 
mutioo i sometimes v ry quick to the ~ nith, the int rval beiu~' sotltctl ly sum i 'lit to allow u bhip 
~? reduce the nece sary Sill before tl wind rellelies bel', WlllCh hupJ.lens when the cloud h .. 
Ilpproached to the zenith. At oLb r times, th motion of th cloud is v ry loll', alld not ullrre­
qUt'ntly it di appears, or i disp 1'8 d, the jmpul 'e of tlJ willd bing til II n t sufficiont to r ILl' h It 
hip. A a g nernl rul , it may b ola rved, that if th I' be nlin ill th"e qu.tlls Qreeeuilig ~he 

wind, tb latt r will probubl'y follow tb min in sudden . vere gu~ts; wb rea. , if the wiud PI' c detl 
the rain, the quall are seldom 0 furiou , iU1d I rminate 111 mod at slio" r of raiu. This geLJ .... ral 
rule, however, is often in terrupt d by the op l'1ui n of local uses. The Descending Squlill i~ 
not 0 !lsily di cern d a th former. L C8. se it issu from clouuti wilicli ure fol;,Pl dill tbe low!:r 
parts of the IHmo ph re uellr tllo 0 rver; Rud wh n clouds al' U funll d, they generally pro­
duce hOlVers of raill and uc' ive qll !\11 of wind The Whi~ Squall i., nnt often experienc ,01; 
but it om ~me hllppell U Ilr or within th tr. pIC . pa iculllrly in the vi inity of mountllilloUB 
18no. 'fhi quail gUliemlly blows I'ery violently for a 'hort time, Ilud IlS it is liable to happell II h II 

the we~tiler is cl 111'. witlioll lilly app arance in the atillo pbere to iudi('ate its upprouch, it i~ COll­
I! quentl.y vel'.\' dtlll~erou. The oilly mlU'k that U cOll1punie:; it i the white broktlll \\ater 011 the 
!lea urtnc . which is tom up hy the force of the wino. 'quail, Ilnd also stol'ms, are sometimes 
p/f)grl'~sive . flt other .lim S ?'t,rll'e si've, IVh II oblltructe h,V Illl oppo ite wiud, or according as tb ' poiut 
of grelllt's{ I'tu'efartion i itUllted, a DlA.,V be 0011 in th descnptiou of the efl·hreeze. Wilen 1& 

l:'lI1HIl "0111 ~ up IIgtlill~t an oppofl ite wind . its mol,i iR ~r atly rel.H.nled thul'eloy, alld It "hip flomt'times 
in Lhis c.;jc OULruuS the .. qUII.ll, lind oyertake other lilliI'll which ar within the liLuitli of the 0l'po&te 

, t 

• 
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wind. Progres i\'e wind, when they have an opposite wind to subdu , are frequently preccrlctl .. -
many bours by a swell, whiph ex.tends n grent way qefo~ them, 

In Strnits or Channel formed betw n hi h lands, stroftg winds ~ nerally blow directly 
through them: this is exp rienced in many parts ,f the Eastern sa, such a the Strait of had· 
WlltI in the Red Sea, the Mozambique Ohannel, Straits of Macas ar and tombock; also in the 
ontmnce of the river Sr. Lawrence in rth mrrica. nnd fr quently in the Fritl of Forth in 

eotlnnd, al tllough the latter is not bounded by r high land, 
In many places between the tropics, wh re hoaJ coral bank shoot ~ut of deep water, a 

lIeerease of the prevailing wind is froquen Iy e perienced upon lem; for whell a teady wind i 
blowing over the urface of the deep water, no ooner does a ship gpt upon the verge of a hoal coral 
b.lUk, than a sudden d crea e of wind i often perceiv d, ThiR is 0 nbll' occa ion d by tile 
atmosphere over these banks being Ie 8 r eBed, and cooler by the incr 8.'1 d evnporation, tban that. 
over the d ep water; <;on~eql1ent)y not requiring so gr at a supply of ai'r t restor~ tl qai\ibriulU;JI 
II the circanljacent parts which are more rarefied and heat , Water, in small quantiti 8, parts 
quickly with its heat, but r Lains it when in large qu lltitie ; ill ther vord , the tluntity of wuter 

vaporated aud the cold gen rated in a giv 11 time i, alway ill pI' por iOll to he e t ut of I:!urface 
and the depth of the evaporating mas : the eVllporlllicJII, t lel'tlfor over b\)al Mn I i alway 
great r than over d ep 'ts of the sea, and th atmo phere, we as the unace th water. 
proportionally cooler v r t former than ov l' the latter, 

The change. of the :MOOll are Inor lik I to be accom auied by storm weather than lhe 
full moon, The Ilutical Almauack gi e~ all th lu ar p 'nts, Wben her mi·diametel' and 
horizontal paralll,\:t aro grBate t, h is n that part of h r orbit I' st ll,e earth. called Perigee, 
When the emi·diameter and horizontal paralla life lea t, he i far est from til earth, or in 
Apogee. The rigee of the Moon i likely to a~o ni d by t reate t change which 
bA.pp n from a single lunar point, The II IV moon. Jlext t erigo.,' iii Iy to II at~eljded by 
gr 'Itt chang of weather. At new moon coinciding with orig e, tl g ea est change m be ex· 
il ct d; and t the eqninox, the )lane fa cbttl)g u Ite J:(r nt. • 

STORllS may he 'Ia d U)) r three ds: G\l-les of Wind, Hurricanes, aud 'Whirlwinds. 
GALES generally happ n 1i y nd th ropi , l 'ide pr the limits o{ T.rade wind ; for in high 

I>ltituues, SIlIea of wi · a or l I'm , b1 w ometirp 'm II d' ee ilin everal day together, parti· 
cularly ring wWlta~·, The~ str ng "Ile prevail rtl stly from £he .tward , and they ar not 80 

Illthl to 'hif ~ u uddenly the rm TI ar the tropics; thi , 11 vever. SOli tim's happen, 
and h nee 'i ned the s of mun ship in th Atlantio Ocean. having their square sails s~t, and 
COliS quently !lot ~ t'p ed r n udden ,han , . 

'I'h gale of \ ind hich fl PI n Ileal' and WIthin t e tropics are generally of short duration, 
ant.! li>Lhl~t veer rn 11 (1 , ulld 1111' LI, IIIl op osit directi n. • 

HURRICANES or CYCLONES ,lre Idom experi IlC d beyoud the tropic, nor nearer to 
the qlhHlJr IIUI lilt, go or I 0 ~,vr ' , : they rug witb gr atest fury lIeur the tropi in the 
vicinity of tbe l),will·11I 1I I or is\ulld~ , far Ullt in tbe upeu 0 'ellll, th y mrely occur; anu when they 
hupplm withill 10 or the E Il l(~ '. th t',v g 'll emlly ttl'" less viol ellt thull II are I' to the tropios. 

TI1P a .lre dr tirll\ tC lI1tJc 't , ill wllich (11'11 11 tb e ntra p'b"es or r the ship) th wind shi fts 
ullIetilll I:l tluddenIy from one din·l·ti, n to tbtl op[Jll~ile, r isillg lhe \l ll in pYl'alltidl:!: its violence 

• i~ frelJuently so great as to ov rcOIll ~ 1111 I' sis tance, 'nn 'ng'lway th mu I ' IIf ships, Rlld teari g 
u!' tn'es by the roots. The velocit ' of till' wind iu ome violent bUl'l'ilJilll e~ h"s U ~n estimated at 
Ilhout 0 or \10 m. an hour: in Ii ploll lLOt \Iri~ k gule i aWut;..O 111. all hour, In some place, 
hurril!llU s o.~e 0 'cnsi I1Il11yaocompllllieu nil earthquake. 

Cyolonesi< lll\ppen ne r the E. cua<:>t II f l\1u lhtgilscar, n ar th I sland of Muuritiu and R uniou, 
and ttl the E. of the ' islands, wi llin the li\lliLS of tl ',E, Trad : they are als liaule to happen 
Ileal: the coa ts of India, pftrticllIIHrly ill thl' Bay of Benoal at the challging of th mOil 0011 • 

They ar -'alled 'fy.fo II !I by th hille a, alld r qu ntly huppen 01) 1I11t1 lJ('ar tbe eoust of 
Ch;na. extenuing from th nc th E"wftnl f LUGol 'a, alli to the N.E"wl.1rli a ' flU' II~ the Jnplln 
Island. A description of th III' will be f()ul,d ill Vo u)l1e • ec lid of thi Worl, uliJer the title 
II China Sea ;" and the hurri.anes \VlllCh hilppen n ar the island of Mauritill 1111 Bourbon are 
descrih d at page 525 ; 1\ d also in pt r XX. on Pas age, 

Admiral1:!ir Fmnois Bellu~ rt, Rd , for many yettrs Hydrographer of th ' ,\ulltirulty, drew up 
for th ediflnHlClII of s 'amen tb following remarks on R volving Storm :-

The nature of ]lnrrioanet, with ropriety called Revolving Storms (Cyolones), hILS oflate 

• P'driin~on'. ailor'. HOl"D.:Qook of Stol'tnll uld be in the library of every Maetor MarioN'. OoIOilel 
Ouppel', 1i.E.I.<':..s" w.ulbout the lint to DOtice the revolving tendenoy of lheee .torllU. , 

• 
• • • 



INTRODUCTION,. 
\ ( 

' •. yeal'S much engaged the Iltton ion of m~teo;·ologisl alld. philo opbers ; hut it is 8. Bubj ctlor mor.e 
i cdiate importance and of ful' doeper Irr.tere. t to prllctl~ltl eamon, who w~ul~ tberefore find their 
time amply r paid by 1\ aroful perusal of the eve1'i11 worll ~f Redfi Id, PIddIngton, Tbom, Mel· 
drum, aud if 'I il1ium Heid. With n zeal wol:thy fall prIU e th e geutl 1'0 Il have collected the 
f,wt aod endeavoured to de\'elop tbe laws by whioh such .t~rm !II gov. rn d, and .have thereby 
entitled them elvc to the la~tiog tbanks of ~ba wh?lo mllrl~lm? c~mmu111ty ~or havmg, not only 
demon trated the dangerous coos quences of neglectIng the ' Ind~cat\On by whloh thoBe torm~ are 
ill\'nriably PI' ceded,'but for having pointod out . the m 'uu hy whlOh th J: ilia), g nerally b. aVOIded. 

II 

The joinL hluour of the e nutbol bllv II1d e!!~ so forced t,he ubJect 00 the attontlOn of the 
puLlic. thnt to suppose nny commanders altogether. ~glloJ'tlnt of It wonld now be a ever~ r proach. 
Yet there are many who, frun1 want of opportunitIes to study tho e work, are so Imperfectly 
acquainted with the peouliar pbenornenn which Ji tingui 'It. these storm, thut th y iU'~ unable to act 
ill the hour of ueed with d-eci iOIl aud firmness For theu use. therefore. tbe followlIlg page have 
been drawn up; the ol\iect bing to h OlT the ' eal~]llll the nece~sity of s e~ing ~ore . diligently ~or 
full information on theso importflut mlltter::;, alld, III the meantime, to fUI'Ill b him wIth a few bnef 
aoJ genoml rule by which 'he can d tormine whether it be only a ~ommon gal thut is ap~rollcbin~, 
01' whether it is lik IY to bo olle of these rel'olvlllg sto~ms;. and , If t~ l(l.~t r, to 'how hIm how It 

way be eluded, or, if too late for tbat, hoI\' to prevent l119 bemO' drawn lntO'lt vortex. 
Gyration. The space over wbich these storlll ha\' beeu known to expand them elv s varies 

from twenty or thirty to some hundreds of mile ; blowillg contionally round and round a centre or 
vort x, but with all ever I'aryillg force, 11011' lullillg into little more than a ' trong bree7.e, and then 
again suddenly !:Swellillg up iuto a biast of uucontrollable fur,\'. But the p culiar chlll'llcteri tic of 
their revolviug aotion is, that in each hemi 'phere of the world thc gyrati n invariably tll~W place 
ill Olle direction, and that direction contrary to the apparent ~urse of the SlUl; so that in nOlth 
Itltituee tbese storms revolve from right to left, Ilnd in outh latitude from I ft to right. The 
knowledge of this law is the more e pecially importunt, a it not only supplie ' th amau with 
dir cttmeRlls of distiLgui 'hing them from common gnlcs, but it reveals to him tbe arluu] po ition 
of the centre or vortex with 1'0 pect to the place of hit) ve sel, and ther fore point out with unerring 
certainty the wuy to escape from them. 

Progress. But besides the above circular motiou of the winJ round 8- centre, tbe e torm 
bave n bodily progressive movement-rolling 011 ward , if it may be 0 expre e~, along tbeir deso­
lnting tracks, Idomelimes~vith great velocity, al~ som times appeariug to .pau e or I' a1'oo1y to 
advl.lfice more thall 1\ few llliles in the hour, although the impetuosity of the IYind itself round the 
circle may cootinue undimini bed. 

Regions. These stOl'lns occur comlUonly in the thr c great ocean, the atlantic, Indian, and 
PIi'i:ific, but they are seldom found withiu less than 5° or 0° of tbe quater, alJd ho.ve I t yet been 
trac~d into vel')' high latitude . They appe~r to be most frequent alld III t S vere in the West 
Iudl8., l\1odagu car, fiod China eas; and tbe eason in whioh tha;y are most prevalent j during the 
sun's retum from the ummel' solstice; or, in other word , from July to ct. ill the uorthern hemi-
sphere, and in outhem regions from Jan. to April. (' f' 

Path. Thou~h th.ese storm~ in tl'lLver~ing the ocean do ~lOt alway adopt eXllctly tbe same 
path, nor ever travel With auy uulform veloCIty, yet there is so much appal' lit imilarity in tb ir 
<i.novements Itll to show that they are ruled by olla geuel'lll law. To elldeavour to tl'll'e thi law, the 
log books ?f a ~reat numb r of ve sels in Illi parts of the ell. have beeu lUlwiued, 'IS well us tho 
meteorologlll regl~ters of numerous places on shore; and from tbem the movem ' Ills Ill' these &tormt! 
have be~n reduoea into cO~lI~urative tables: their separate tracks graphically represeoted on chart!;, 
a?d theu several chara()ten~ tlCs I\nul.y~ed wllh great labour and zeal by the befole-menLi(Jued autl.ors. 
'lhe general l' suit may b~ t.hus bl'lefiy stat d: -In all cases, within the tropics, Lbey commence 
to the E.; for Bome dar th~y travel a.long a path not exactly W., but inclining II pint Or two 
tow.ardB the pole of that heml ~bet'tl wlJlo.)h they ~r crossing: their rato of movelh lit, though very 
vanable, ~ay. be ILveraged tit I fom 10 to 30, m. 1n the hour; al~d as Lhey ad VRlJOe th 'y em to be 
the more lDohned to c~rve away f~Olli the Equator. WheT! they reaoh the 25th degre of latitude 
~hey generat.y ,curve stIli more .ll 1I ttl they move to the N.E. ~n the N. hemisphel'e, and to the S.E 
1U the S. hemisphere. 0 ca~lOlIally they are found to cros the lil\e of the shore, >Iud to 8Wtlep 
over tbe land that oppo~es theIr progrel:Ss, as Ilppears to be gen.eflllly the ollse ill th En t Indies; 
but by far the gr~tet' Humber ~eem to be repelleJ by any continental coa t, 0 all II) be deflected 
back l? the N.E . III .the N. hemisphere, and te the S.E, on the other side of tbe Equator. The 
Atl~ntlc storms, for IIIsttlllCe,. filmo t always wheel round to theeN. in the Mexican Gulf, and follow 
the 8 a·board of North Arnuflca. 
' .' Vortex. Another remarkable feature of tliose storms is their increasing violence ia the 

~~-rr----~------~~------~----------------~~~----______ ... 
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D8igbbou'lbood~et' t1Iejl' centre or Yortelt j and yet there. tbey are 10 much the more 8tful and 
QDciertalD .. to ruder a Y8I881 absolutely belpless and' onmanR,i_ble. Besides which. as .&. 
approach. the YOneX (aol8118 on the direct line o(ti~ own progreuive motion), the more rapid 
become .... cbansee of the wind till at length. inst.eaU of veeriog point I)y point, as she bad found' 
wbell .teriug the .torm-field. it now flies round at once to the opposire point.-the veeael is taken 
aback, or brought by the lee, in an irresistible squall-and forced il)to sternway agaiost an oyer· 
powering eea, the destructive consequences of which need not be enlarged upon bere. 

Tboae who have dearly bought this experience, lox. having pas through ihe centn of ODe of 
these 1tOn88, describe the croea confused sea there as being tremendous-raised by gusts from 
every point of the compass into pyramidal he&fl8' which strike the veSlfeI on either ide, and with a 
force similar to that of a heavy surf beating over a reef. And yet, on the other hand, there are 
instances on record of the wind suddenly failing in the very vortex, and the clouds dispersing for u 
,hott and delusive interval, though soon, as if the wind had acquired fro b po, er from the trausiaot 
calm, resuming its violence with tenfold fury. It may be added, that few vessels ever went through 
the ordeal of tbe vortex witho\1t losing either masts or rudd r, or meeting witb some worse diauler; 
aod, therefore, at ,,'batever cost of time, trouMe, or loss of ground, the central. part of the storm· 
field will be avoided by every mau iu hi sen· es. 

A few limple rulet ~ given here, ~y whicn Cyclone may be either whoUy a oided; or by 
which. if the vessel be already too near to prevent tbe collision altogether, sbe IDay place herself • 
as to receive them in tbe least disadvantatfous po ition and to extricate herself speedily. 

Protrnoltioa, With that threateniug aspect of the sky which generally precedes all atonns,­
such as the greasy halo round the hun or woon, the rolled and tuft d form of the louds, ith their 
lurid streams of light and extra.ordinary colours, and the heavy bank clingil1g to the horizon with 
ita darting forks and threads of pale lightniog.-every s aman is acquaint J. The best and sure ... t 
of all warnings will, however, he found in tllat invaluable ana seldom.failing monitor. the baro­
.. $II'; the language of which, in the torrid zone, i unmistakeable, beenu there, it i u 11, 
tranquil and undisturbed. When any ucb warning symptoms are 01> erved~n any quarter of the 
world it may be 8upposed that DO tim will be lost in making all due preparation, .!tnd especially if 
to such menacing ap~ance8 be added the confused and trouQled agitation of the sea which often 
precedes these revolviJg storms, and always shows that they are at no great di tIlnce. But, if these 
oombined t»rognostios should occur, within the limits of tho~ region. w~ch have been pointed 01lt 
.. the hot-bed of Cy!lones, let the seaman immediately cousider the po ~ibility at least of his J»eing 
about to encounter a storm of that revolving type of which we have been treating. 

l.eYolutiOlJ.. -Acting ullder thi anticipation, his first care should be to discover the positinn 
of tile stoan with respect to the ve e}, or, in other wor8s, to ascertain its beariog. Fortun*ly 
this is a problem of e trame facility, for. as wo have already staleu, it is one of the remarkable la 
of these storms that iu opposite h\fDispheres they revolve in oppo ite dire. tions-in North latitudeti 
against the couree of the un, tluit is tG say. from right to left, or iu a direction co"trary to die 
mOTement of the h nds of 8. watth. and in (}uth latitude from left to 'right; and secondly. it . 
"nown that. no matter how great. or hoW' little may be Lhe size of the torm-tield, the wina eon· 
tinually blows in a circular course round and rouTld a ceutre or vortex. It therefore fQ1lo that 
this .centre mut nearly be at right angles to that circular course; or, in other words. that t\e 
beariDg of the centre is 10 points of th compass from the dir ction of th wind. ow. til 
two considerations are quite enough for our pUl'pos , for tbey enable us to an, war tbe question 
iDatantly ancPcertainly by the following general rule:-

Rule. Look to the wind's eye,-set its bearing by the corupass,-take the lOth point to 
~ Mt \bereof-and that will be the bearing of tho cen~ of tho $torm if in • latitude; or 
If m-K 'tude, a 10th point to the left of the direction of the wind. For example: suppoae 
~ ~ be in U- N. latitude, the wind from E. .E., and tho barometer and .y indicating 

·llIIjlo.--UlI8D. look at the COiDpau, take a 10th point to the right of E. .E., uad 8. •. 
~ af the bzoewing storm, i/: it be of a revolving type. Or, under 
the weather in 14- S. latitude, with the wind S. .t talt 10 pain to 
R8.E. . I1f' proximately the direction of the centre of im~ 

~==~:;: the v Ul be on the . edge of the ~.field; and in. the , 
"' ~"IM. r~. ,W.~" othing can be more 1UWD.biguoua th8 

~l .. ~.. lUly uuling con i.teratic) to lead. to a diaUnct .. -'~ 
• hen eomewha\ bl the appro..oh Of _~ ....... 

DUght J*l!dbly apply the teD ,l)Oin &.be 
~ .. ,IMI·iWUe, one lOr .~. Witiuk\ iD • ..tbe._w: 
out hle of any reflectibn tie er, 
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I . -BEARING OF Ttl VOK1' X 

1 ' .1. UTI LATl ~·UDF.S. · 

I 

Wind be 
The ortcll: of ho Storm 
will bear from the hip, 

If tho Wind b , 

--- ~----- -----., ---- ,----
NOl'J:.h. 

. by E . 

.~.E. 
N.E. by N. 

. E. . 
.... E . by E. 
E.N.E. 
E. by N 
East. 
'. y . 

E .S.E. 
S.E. byE. 

. E. 
S.E. by . 
S.S.E. t. 
S. by E. 

outh .. 
. byW. 

S .. W. 
S.W. lly S. 
S.\ . 

. W. by W. 
W.~.W. 
W. by S. 
Wet. 
W.l;1y N. 
W.N.W . 

. W.byW. 
L .W. 
¥.W. by N. 
N.N.\V. 
•. byW. 

E. ' .E. 
.E. by E . 

S.E­
B.E. by 
S .. E . 

. by E. 
outh. 
' . by W. 
. . W. 

S. .,by 
.W. 
.W. byW. 

W . . W . 
W. by S. 
Vest. 

W. byN. 
W.N.W,. 
N.W. by W . 
N.W. 
N.\V.by N. 
N.N.W. 

' . by W . 
North. c 
N. by E. 

. .E. 

.E. by N 
_ .E. 
, .E. hy 
B.N.E. 
r: . hI' N. 
East: 
E. b S . 

This table is lllore amplifled In the Jlltr(llhlction to Pllrt tI. 

Tbe b¢al'ing of the storm from the v cl hln:iog thu b eo determined, it would no dou~t be 
\'ery desit'able to ascertain, at the me tiroel its di tance from her j but for this n9 very clear rul 

• have yet b n sugg ted. A g od gue s may however b made from the ql.lickn or IOW1le18 with 
which the storm appears to dev lop itself.-from the increasing . severity of it squal1s.-from th 
faster veering of the wind,-from the rising coufu&ion of a cross swell,-artd especially from 
udden fiuet tiOD of the barometer. which should b carefully n ted every quarter of aD boW' 

whenever there is re9$oo to suspect that a revolving torm is ill the lIoighbourhooJ. 
It is necessary that the seaman sl\ould clearly perceiv that the chall~e oC wind wbiob OOOU¥ 

to bim in any part ot the torm·field eutirely depend on the r lative po ltion of bIa tbip ~ 
vortex. j and moreover that tney may corr ctJy for een, and ought to be well COlI • 
h can determine on hat meaaure~ to adopt,-whether to lib-to, or to fly from the au ... r-w;, 
whether to avoid further entanglement with its vicious circle , or to endeavour to reDder 
IlJrvient to the progress of her voyage. 
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trioal C&UBeII; as it oceure mostly in warm climates, wben· WaDk dense clouds. &lJP8!U' ~ in the 
a oephere, which, being higJ11y charlfed ~th elec~nc ~uid, thunder . or hgfa~iDs IS moatly 
experiElnced with a whirlwind; and at sea. it I almost mvanabJ! accompamed by ~ and bail. 

When 0. water-spout is forming at Il. mal dist:ance, a porboll of -. d~ olond 18 obean'" to 
descend and tretch itself towards the sea in a comcal bape; at the same tIme the aur&ce of the 
sea. immediately under it is agitated, aud ascend. 0. little way, in ~he fo~ of steam, or white .apour, 
from the centre of which a small cone proceedmg upwards UIl1tes WIth that project d from the 
cloud; the water,sPout i then formed; froqu ntly, however. th.e acting cause is not adequate to 
its c~Ulplelion; in which case the half-formed water· pout soon dispe~e8_ . 

There is in the middle of the cone tbat fonu 0. water·spout a white tranepatellt tobe 01 
column whioh, WRen viewea' at a distance, seems like 0. stream of water ascending, and giVeIJ it 8 

very th~eo.tening aspect; but when closely approached, this partly vanishes. I have passed close 
to leveral water-spouts, and through th vortex of some that wore forming, and was enabled to make 
the following observation!) : 

By an electrical force, or ascending whirlwil)d, a circular motion is given to a small part or the 
surface of the 1)611, in whioh the water breaks, and afterward e.cquire a whirling motion with a 
velocity of 2, S, to' 4 or I) knots: At the same time a con iderable portion of the water in tb 
whirlpool is separated from the urfaoe in minut particles, resembling smoke or vapour. IlllOom· 
pMlied by a hissing noise, from the strength of the whirlwind: these particles continue to llICend 
witt> It flpiral motion to the impending cloud. In th centre of the wllter spout there i8 probably a 
calm. in which none of !.he small particles of water ascend; and in this, as W 11 as around the outer 
edg ~ of the water·spout, large drops of rain fall, because in those place the PQwer of the whlrl· 
wind is nOt sdffioient to upport the asoending particle . 

The vacant space in the centrc of the water· spout eem , when viewed at a distance, to he \bat 
wlIichcbas a wbite transparent appearance, like a column of water, or a hollow glass tuhe. In calm 
weath~r, water-spouts are generally perpendicular. but occa ion ally they have an oblique or OI,l"cd 
directioll, according td'tbe progressive motioll givcn t11em by th prevailing winds. Sometimes they 
disperse suddenly, at otber time tbey move rapidly along the urface of tbe sea, and continue 8 

quarter of an hour or more befor tb y disappear. 
Water-spouts are seldom seen in the night; Y t I once passed ncar to larg 011 III a cloudy 

!lark night. The danger from water- pouts is not SO gr at as .y persons apprehend, for it lw. 
been said, that' when th 1 oreak, a large body of water d scenda, sufficient to ink any ship. Thi ' 
does 'Dot appear to be the case, for the water descends only in the form of beavy rain, whElre it u. 
hroken from the ascending whirlwind; but tbere is danger of boats being sw mpe(i. or in 8Dl&U 
e8)'6ls of being overset when carrying ch sail; and large ships, if their top-sIDI are ot. clewed 

o op, lind the yards e;ecured, may be liable to have them carried up to the mast-b~u by the force of 
the whirlwind, and thereby 108e their masts. It is sometimes thought that the firing of a gull 
when near a water-spout win break it, and effect 0. dispersion; the concussion produoed in the 
atmosphere by the explosion destroying in such case the cohesiV;l" force of the"whirlwind. In tb., 
vicinit,Y of' water-~pouts. the wind is subject to fly all round in s~dden gu ta, rendering it prudent 
for ships to take JO theIr square sails. 

When a wbirlwind happens on land, all the light substances on the ijurface of the earth 'Chill 
its course are carried up in 0. spiral motion by it. I have observed one pass over Canton .... in 
~hioh the water ascended like a water.spout at sea, and some of the ships that were moored ~ 
Its pa~h were suddenly tU~Ded round b! its i~tluence .. After paSsing over; the river, i was olJeenoed 
~ atri~ many trees .of their leav«;s. whIch, wlth the light covering of some of the DQWIeI Of , 

It earned ulrARli~rab1e w~he atmosphare. 
. ~. B~~ is a yery useful instrument, especially in bigh 1at.itaa.,.. in 

c a88J8ung navIgators to alltlclpate o.pproachmg storms, Previous to a hard gale I)f wind. there I . 

c:~y ~ great fall of ~he meroury,. ~d even near the tropics. the fall of it be£0I'& a ItonD or 
ur~cane 18 usuaUy conSiderable: Wlt~lll go or 100 of tbe Equator, there seldom or De\W •• 

humoanl) !lr lltorm o~ long du~tl.on; but whirlwinds, and hard squalls of a few bolU'B· ClOIatis_'*t. ' 
are som~Ss expenenced WltlllD t~ ... parallels, without any fall of the mercury. 
bat"O!Deter IS qf httle use as a guIde m prognoeticating storms whioh may 
troplee; ex~pt that . before a severe hurricane there is often a cousiderable fall 
when the latitude is not less than 14.0 or 16° N. or S. . 

In.high Jatitud~, the motion of CIte mercury in the barometer. lib the ~~'iI!" •• )" 
uno:mam; ~ut pre~ to a stol'Dl; or gale of ~d, there ts oom&oD)ya 
.8 !» ~ before thtt 00DClu8lOn of the gale, ~.,.. at 
eq i1fbrim In the athSoapbere begins to lle restored. ' 



• 
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Al ,11;;11 tho 11:(' 1'1.':' ~ :.:' t before high wind ', it frequ<' lllly illl, con"iderably hefor 
f\ beavy fnll of 'rain : 'lil I \\ " "I t~ln roury stands low, th air is light, anI'! d prived of ex pan i-
llj1it~' or ('I:l .:til;i I)' . t It I' fiJi e UO L ('apabl 'of upporting ucb gil 011 moi lure: al cll J:lt"'iod'~ 
('on.: 'qll·lIdy. raill f:: 'lwml1y fall. Tho morcury!} 0 sinhs OU tlle Approach of thunder and 
Ij,yhtuing, 01' when th o atmoapherr. is highly charge ' with 1 ctric matler, 

o In er ne all li ed w nth r, tb mercury commo~ly tanda high, a18 in cJ ar fro ty weather. 
The mercury, ill the op n en, i gen rally inclined to ri e with E terly, and fflll with :'Ve terl) 
winds. It is lil\ wi n c sanry to r member, that in the N. hemisph re, in , the op n ea, the 
mol' ury ris s wi th Xorthedyand fall with Southerly winds; b cnu e he former, coming from tbe 
frozen pArt near the pl . a~e more dense tban tbe latter, whicb blow from tbe quatonal r gions. 
In th ' . hemi ph ere, the contrary tak s place, for th re the mercury rise with the cOld outherly 
lI'ind ~. and full s with Northerly wind. The e effects are more particularly ob erred in high lati­
tudes in the ocean. for ohstruction and irregularities will always happen near I ud; hecau e thet:e. 
the rarefaction and expan ibility of the atmo phere are not 0 equal a o\'er the ocean: Aft r very 
warm and calm weatber, in winter particularly, a storm i · likely to follow; or at any time that the 
atmospbere i greatly beated above the medium temperature. 

It is proper to ob rve, that in the open ocean between th tropic, in ettled weatber, there 
IS a flux and reflua; in th atmo ph re twiqe every 24 bour • Te embling the tide of the sea; . but 
the e atmo phenc tides d<,p nd u on the sun's in£luenc and the rotation of the artb, and do not 
~01101V the motion of th moon. The rise and fall of the mercury. in con equence of tb(! e titi , 
is about () or 7 hundr dth. of nn inch. In settled weather, near th Equator ; the high station . 
happenin~ ahout 10 o'clock in the moming and ] 0 o'clock at nighl and the low station abeut 
4 o'clock m the morning and v nin~. The regularity of thi ' flu , aud reflux of the atmosphere 
is obs rucled by land, but in the ocean it prevails to lat. 26° North and S uth; and iu fine steady' 
weath . \' it rnn.~· be pel' 'eived a far as lat. 300 or 32° Jo rth or South. : -

By proper attention to the barometer, the xperienced na\'icrstor may often be enalned to 
anticipate chauge of wpsther; and, in some e , he may by its indication eJ'eu take in or ~t out· 
re ~ in the l,ight. 

The LUMINOUS APPEARANCE of the SEA, whicb frequently happen, more particularly 
" tw ell the tropi s, 01' n ar them. in different parts of the glob , is produc d from various causes, 
not gellerally knowu 0 na\'igat l 'S; although it ha been noticed by Ari totle and Pliny, and by 
evernl n uralist in different ag .. inc their time. ariou kind of l1larine anil~aI emit ligbt. 

lout a1t hough the lUlbil1oU8 01 pcamnce of the ea is g nerally pr duced by 1iving onimal , nevl8"the­
Ie some ldnd of dead matter seem to give it a imilar aspect at time; ucb as the exuvile of 
Ii he , or putrefllcflion. 1 hn.ve ometim carefully examined the water of the ea when it was 
lnminou •• 1I1d c lIld lIot diRcern any animation, bu it nppenred onl)" to contain mall rticleCi of 
matter of 0. eltlsky strate-colm,,., whi b di ~ 'olved ,,;th th 8light t touch of th fiugel'; at-other times 
the sen \" 18 vid ntl.\' illuminal d y mall apnrlliog animal . 

A pl'c nl illl' phenomenon is ometime e n in the Banda ea, und other par ' of the E terD 
'ens: ond porticul 'Iy in th 1 bian Sea. betweell th t con t of Africtl and the co t of 
~lIlabnr. (Ilirillg th miny mOIlS<¥ln. Thi I had an opportunit • of oh eIYing at miduight.,·wheu 
the weath l" WI\ cloudy. and tit ea particularly dark ; but it udd nly chang d to a white flaming 
I'olour all round. This ph nom~non bore no r emblanc to th sparkling or glowing appearnnc 
•. bserved 011 other occo iOIl ill en ' noor th Equator, bnt th a WIl of a pI ndid c lour, whit 
Illilk, which did not continu more than ten minu , when it r um d it furmer d rkne ' . Tlli" 
"iu"uIsr ph 1'I0l11eu n bl1 II ell al 0 ou rved by everal pI'li n ar tb Mlilubar Co t. and in 
other parts, ond it appear to b in a great J gr e elucidated by lh ou l"Vl\tiou ' of ~Ir. Lang ta.ff, 
made in Il. pns nge from Port Ja k on toward China. Ab ut IIlllf III I hour fter un et, th n 
changed to milky appenrance, Ilud th hip 8 med to be urroull<led loy it! c \"I 'r d witb 110\. A 
ullcket of water ~ il1.1 houl d up. Ilnd e 'Amin d iu the dark, u gr at llumbel' of globular bodie 
lIere discovered. lill~'cd to!lelh~r, Ileh about tll (\ , ize of a pin' h I1.d. the hain thu ~ m d did 
not excc d thre iuches ill length, and mitted a pal .pbo. ph ~i }jl'rht Tbi xtraordiullry 
appearance of the was \'i iill> two nights : but fl!:I n a the III 0 11 e' rt d h r j u n' , the 
..,'& resumed its nn ural (ltll'l 'ololll\ and e hibited distinct glitlerillg spot·, at other time . 
:\( r. JAngstaff's Oil enatiolh eem to how tbut HIe diffu d light of the i produced by an 
1\ .~mbI8ge of Il1illUtO m d 1I'IID ou • ho urtRe of tile wuter. 

The i'lurface of the 1\ i u u~lly more ubje' 0 b lumi 0\\ after Ion calm and ultzy 
w.!ather Usall Ilt any other tim j fo r; th n it abound with minut m du I\nd sUlall Ul rio anirual. 
~erated in calm weather. whii'h l"t'1l1 r it fo tid both t th mell lid teo At aucb time th~ 

begomea euily illuminated I,.)' the 1"(1, t tii turu:.tul:c of squall, r anytbing that produ<; \ 

, . -
• 
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agitatiou 0 1' fri 'lioll un itli sUl'fu ce. Tbe porpoise, dolphin, dOl'lldo. Illill ulhe)' D"h . , th refore, 
..rtell reflect a vivid ligbt whon swimmilfg near the ul{ace, wbich has inclueo,1 S,)/lle per:;onR to 
a cribe th property of emittil ligbt to everal fi h s; but upon clo e cXllIllinnti"lI. the bodie of 
thos fi hes were fotTnd to he overed witb mirl1te sphericl11 particl s, whicll l1dlit1re to th ir 'ul'fac . 
appal' ntly the alllC:l thllt illumiuated tbe whole of the 8 a at tb time, Hnd in all probuhiJity \\'I 're 
a minute kind of lIled usre . 

A beautiful illumination of the surface of the Rea is sometimes refl ct d fr m th brol<en Wilt r 
or wave at tp h e~d of a 'hip, occasioned by her \" locity thmllgh the fluid , when it Ilb uDcls with 
those animals which mit light. Once T pew' i\' c1 fl ,' plellcficl in tunc of thi ' ldlld 11 or the 
Equlltor. \\'Qen the qUlllltity of gleaming light rc·Oo(:terl fr Jm the II'Il\'es un er tb weath I' how of 
th ship, against the wh ite f"re- ai l. was sLlffi ·i nt to entlhl (' me to read Itll)' puge of a bool , if not 
printed with a very sml111 t.vp , although th night was otlt 'r wi ~(! rlnri, III the timll. 

The T:,eMPERATURE of the SEA is 11 phCIiOITl l' II()1I hi LlI P I'l() hut 1itll ~ investigated, although 
it appears to b closely conn cled with the irnJ!l'Ovem lit or 1IIIIIliml sci 111' , It u ed to be thollght 
thllt tb temperature of the ocean wa suhject to liul vl1riatioll. lJ'lrti l'IIII1I'ly b tween the tropic ' ; 
the te01perature of itlS snrfllc , however , is affected hy 'hllllg s of t:he superincumbent attno pbere. 
us IV 11 as by otbe r local or ndventitiolls callS ' 

1 t. Wh n tb at.mo:ph re has a 101\' tempel'llture, u l'ol'li nn of its cold is imparted to the sur· 
face of the ocean, by which the temp ratur of the II'fil p.r is dill1illisll('d, 

2nd. Tempestuous weath I' rai the tempel'llture 01' the Sf'H: all effect which is probably 
produc d by the agitation or friction of the brollell wuves, 1 h particles of water rubbing against 
each other. 

3rd. Curl' nts hav a more powerful influenc thl1n all." other cause in cbnnging the tempera­
ture of th surfar.e of the ocean; aDd it may he bero oh arved. thnt th saOl rule is applicable in 
this ca8e a that already tated in rega rd to wind s, under the nrticles Tmde Winds alld Marine 
Barometer; viz., Th!lt in either hemi. phere a current pro,'eedi ng from the cold polnr regions 
towar s the Eqlllltorl> diminishe th temp mture of the Rea; whereas il 'l1ITent running from tb 
iut .. -tropical regions toward" ither pol , ruises its tl'rnperllture, It is sUl'pri ing how long the 
gr at b dies of currents pr serv their original temp raWr : t.hllt llll O\\'11 by the name of the Gulf 
Str IlOl loses only tlVO d gl' , of itfl origiuul 1I'III'IIIth in rnlll1illg 1,300 mill4lil into a cooler climate, 
it. being 8lo in summ r in lul. Sgo N, ; fliid in plIssilig tbe balilt of Newfoundland, i is veral 
degr s warmEi'!: than th Rell in it s \'i cinity; thus th exp ri neer! navigator i~ eMbled to ascertain 
whetl be gets into tbe Gulf StrclIlD, mercly loy dnming a bllcltet of \\'Illel' ann feeling its temperature. 

In calm /lnd settled \\'eatller, the temperature of the sell wa found by Dr. J oh n Dllvy to reach 
its maximum about on or t\\'o hours IIf r noon, and its lI.inimum ahout Uluise, Were the tem­
pefatu.re of tbe sea, as well as thut of the pt"110 phere. conjointly regi tercel in the joul'r:fals of navi­
gators, sev ril.l tim fW ry t\\,lll1ty, fuul' hourb, ;t would (Issist gr atly tbe illlprovement of nautical 
cience; Ilnd tbe proximity of land or hoal 1oj1l'lks might pr bably be ascertained by carefully 

ob rving the tempemture of th s a. 
The late CaptailJ J. :? Wil"oll. of the Com pan. J ship H1fih6, It very 0 entific officer. as er­

tained by car ful ob nutioD , thnt tb temperature of the cClltl'ttl part of the str am of Westerly 
'current which prevails along the v I'ge of Cope Agulhas Bnnk, is about 0 or go higher than thllt 
.,!f tho B a beyond the limit.s of tb stream of current; and as the maximum of temp mtu.re is ill 
the middl of the tream of curren t, a ship may be kept in it, by attending to changes of letO· 
perature in the surface water, and thereby be enabled to accelerate her progress to the westward 
auring adverse winds. 

TERRESTRIAL MAGNETISM. 

Terrestrial M:agnetism i one of th j'1.enomenR of nature that for a considertlble time has 
received much and deserved attentioll at the hands of cienc'e: Rnd although tbe time app ars di t:ont 
at which th .true ph)' ical theory tllay b lIIlo1ist..,d, sti ll the rna s of observations accurnulatt;d 
during the last qUllrt r of a c ntury hav laid R seCllr rnunnatiou for this great object. The mag­
ne~i ll c: nditioll of our gloh is manifested I1t its urf'"c:e hy tlo three el menta known liS the Variation, 
Dip, and Intensity :-tb two former term Ill', hoI\' "er. R ldom us d in Ilcienti6c discussions, 
having gi l' n way to th mod m appellAtion of M(lgll etic Declination and Inclination_ The original 
and. mol' simpl name, which 8r fnmlliRI' to v I',\' nilnl'. nre i tained in this brief treatiae. 

M:agnetio Variation is the amollllt h I which th pointin~ of tIle eompas needle varies hori­
' zontally from the true geographical North. The M:agnetio DiP is the angle of inclination to the 

, 
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horizon ~r a treely 8U pended needlll, nOl limited iu motion only to the horizontal plane, as is the 
com pas needle. The Intensity i~ tbo alUount of magu I il' force lI,ting 011 the freely su pender. 
needle, and giving it its direcli uu :-for cOllveuience, thi~ flll! 1I1 ' llt~mu'y I,e r soh d inLo 111'0 com­
poneut . one acting in the horizl)lItul , Lh~ other in v01:llcnl dirt! ·tiOIl , The' furl'p Ilre Ihen dis­
tingui hed us the Total or Absolute, H umlolltal Ilud V ' rtl ":ul. 

The changes to which the ulth's llIagnetislU is ubj eet, .Ire clll ed us jJ rJl'iudicul. SCCLlltll', and 
i'rregular. The periodical changes are dellol d by c rttdu regular IIIOVemelJl~ of til!, lIeedl occur· 
ring in hort illtervuls; as, for example, the diul'llul cbnugl" of the VuriaLion, II luOlluting III Europe 
to 1:l' or 15', aud appal' ntly gover ll ed by tb un whil L abol'e the hor)zoll /ll LU.)' plue. The 
secular changes are eith t' 'lowly progressil'e, or rU11 through a certuin cour e. lhe t:lellltm lS 
returuing finally to their form I' value , ill periuds uf grea t and ullcertai~ mtignituJe: lbus, betw ell 
tlte yel\l's 1057 und 1660, the compus \leedle Ilt Loudull did not sensibly devinle frol1l Ihe true 
Uleridillll: in lli(Hj the direction wus ab ut I tO W. of th e meridiun . (lull thi We~tt.'~·ly V Ul'illtioll 
wellt 011 ;ncl'e~iDg to the yellr 1 1 . wben the muximum , 24° 2 1' \\'us attai ned, ince which tilLle 
the needle bas been g,'n.d ually approaching tlJe lrue IllcriJilllJ , nnrl \\'II S in the yellr 1863, auout 
200 50' W. The irregular ohanges are sucb us apparontlv fun,, \\' \I, uuifurm co urse, and are 
uncontrolled 1,.1' any law. The most remarkable of tit se l'hl1l1 gtl~ lire kIJOWIl .us "m0!Jllet'c dis­
turballces, or storms." during whioh the nee!lle i ~ Hfred d iI,I' U oltivel'ilJ" motioll, LInd 0 'ciliates 
hu'gely on either side of i~ mean po ition. These perwrbtltiOiIS mallifest them 'elves of tell im ul­
tUlIeo usly over 11111 ,1 IlIld sea, ernul' cing \'Utlt IlrellS: ulle of th e 1\I 0~l l' mllr!"II,le ( ept. 20th, 1 41) 
wus uUllel'vrd ut TUl'unto iu Ctill tlda, at Pnlgu tJ, the IIpe of uud ;Jope. Hnd tiL V 1\11 Diemen's Laud. 

Our cu untrymau Hall ey \\'as Lh e firsL P rsuIJ ,,110 Ill'penro to hll\'e tt1IItHl II 'U IT ct view of the 
ystem of terr 's trial maglletism; Ilc COil idered thlll tile vtlritltiun 11IIci dil of the I1tledle could not 

be cOl1sisteutly Ilccollnted fot' 0 11 the 'uppusitiull of lit e elll'th 11I1\'ill ' oilly un lIIuglietic axis and two 
magoeti..: poles, and infelTed that t\\'O llIugn tic poles IIIUSL t'xist ill ell ,h hel\li~plll" re of til ' globe,­
the Oil fixed und the oth~ in motiuu. - ill urd r tv UCCuUlIl fur tlt e dis.:o rduut lUugnetic chRnges. 
To Halley we lire also illtleuted for the (;tlrl i,'st v'ldatioll clll'\'l'l, pLlI.lished ill~1701. un hi 'lctUl'll 
from a voynge in the Atl.lI1 tic O.:el\n ill II "hip 01 lllIri'uJ'nisllCd uJ Willillill IT I. ollecting a large 
number of obs~rvQtions , It e mUl'ked on a churt of the wodd till tho e pltlces ",h",re tb e lIIugnetic !lod 
true mel'ioinills coiocid~d . >llld connecting tltem by 0. line, uh tuilled tlltJ 'Lin , 0 1' liue uf 110 variatiuu; • 
pursuing similar COUI'Stl for those p!llces wh ere the angular different' betwe 11 the wagIJetic and 
true 1'lIel'i iall ' \I' rpo equul in amou lI l, lhe eour~es and ... ystenl of Ihe \'.jl.riuLioll lin,es were clearly 
trae d out. Hulley'~ vHl'iation churL underwent revision in 17-14 IlIlJ 17[)ti-i, UIIO inee that rtillle 
mriouil oth l: rs have been cuntribuled by mell of scieuce; lat r pl'odu,'lions comprehend also tbe Dip 
Ilnd IULl' 1I ity, and ~re therefore, properly, geuent! mllgnet,i,c Cl,,"'to. 

A vafiation chart of the world for the epoch 185 , b) Frederick J. EVIllIS, Ma tel' R:N, 
P.R ' .. WI1S published by tlt e Hydrographil! Office, and re\'ised etlition~ huve followed to tlte 
present yell I' ; iL Ilos no equul. TJJlis chart is specially used fur the II llyigulion of irun-built ship . 
as the 'Ctlnlan, by ob ervillg IIzimulhs of the sun , or otber hell\' Illy I.u l,\'. !LII,I co mparing the vul'ia­
tion of Ili ~ compusstllSo delt:t'mi ll e(~; with tba kuo\\'n variation "I' tl,,~ .. 11I11't, C>lll duteet uuy challgt:ls 
in the deviation of tb 'om pass. .The Admil'lllty MaDual of th e Derillliull of til eompa s· como . 
prises charts of the lil li'S of cq ,"tl dip aud ·quul borizolltal iut II lS ity. • 

The Variation of the Needlll, as befo re allud tld to, is in luust pUrl~ of Ih globe ulld e rgoil~ 
eontiuual c!lIl1Jge. p~ l'lukmg of au annual as well liS a dilt1'1l0./ mrilliioit. The lutt I' foll~ws a 
geneml law in eilh er h roi 'plwl'e : iu the N., the movement of Ih,~ ~. \,01 of th ue dJ 'from 
about 8 A.M. t o 1 l ' .M is from E. to W. ; it theu beeom s staLionul'\', \lnt.! ",illt II IS low wotioll I' U'o­
grndes to the '., Ill'l'h ing ilL the originalr oint ah ut 10 P.~I., a s l; lull pr oscililltiou being ob. l'\'flJl 
during the nigllt: Ito movelll li t in the S. hemisphere i ~ revers ·d ill direction. Tha amount in 
angu1t1r value vari 8 in difforelll Intitudes, ilnd according to th ~eaSOD!;; iIJ Northern Europ it 
a~t.Ilins 15' or 17" The annual change vari s in differellt regionlS; ilL lho preIS nt time in l'l'at 
Britllin the avemge de r<'tl~e b Hbuut 7'. On the E. eousts of .Americ~l. lIellrly ill Lhe am parallel, 
it appeurs to 1)(, i\I(;)l:118illg by a similar amount. At Bombay, Mlldl'll~, ti ll rl ill ElIste l'U ltidia 
s ' nt:ll'al1y, the aUllll III chullg '01 ttl' ~'emarkabl y s lOall , whilst in the Il"cl ell tho Iln '1ual d Cl'eaoe 
during the prcsellt l:t:n tllf

J 
IIns Ilvel'lig ,d ,.1 to /) minutes . 

• A. an inlrodlldion and compo!'ion to the A.lll1iralty ¥allual, we . 8trongly r~commend Staff·Captain 
EYan.' Eleltl.mlnl') M""ual for lho Donations of th ~ Oompa 8 1Il Iron ShlpB. Published by J. D. PotIer, 
31, Poultry, and ilL 11, Ktng Street, 'f0'fer Hill, Lomlun. . 
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INTRODUCTION • 

e • 
'I/-ABLE 

Of tM Variation of Oomp(u8 at different epoch,. for a few places within the limits of thulPOrk. 
appended (U an in8trt4otiv6 6:eamp18 of S«ijlar cTlanges. 

0 0 

( 1580 
... 11 17 E. ["" 5 7W. 

. 1622 6 12 E. 
Bombay 

751 1) 12 W . 
1662 0 0 .•. 1817 0 0 
1720 13 O W. 1859 0 20 E. 

London 
1760 19 30 w. 

·····l J 06 

24- 8W. 
[ 1728 

10 30W. 
·1 1 24 4.1 W. Max. 1785 6 OW. 
1881 24 OW. Maskat •••... 1824 2 7W. 
1845 22 55 W. 1858 0 40 W. 
1863 20 50W. 

{ 
1601 1 OW. ['76ft 

7 30 W. 

1798 15 28W. . 1786 7 15 W. 

. St. Helena 1815 17 80 W. 
Bushll'e.. .. .. 1827 4 12 W. 

1 24 19 34 W. 18~i 1 15 W. 
It. 1840 23 28 W. 

{ 17211 13 50W. 
1009 0 12 W. Aden......... 1800 JIlW. 
1702 12 50'W. . 1 51 4 20 W. 
1724 16 27W. 

Cape of Good 1792 24 SOW. t 1616 J 30 Y. 
Hope "' T 1841 29 7 W. Macao .... .. 1779 0 2W. '1850 ( ::: 29 20W. ... (' 

1 57 29 34 W. 1 41 0 35 E. 

1805 11 42 VT. 1793 8 46 1' 1813 16 40 W. {'" 47 . 
1 2.1- 13 46 W. Sydney. New 1 2J, 8 56 E. 
1 36 11 18W. SouthWales 1 48 9 44 E. 
1 1i~ 9 45 W. (, 1 49 (> 10 9 E. 

The Dip of the Needle engages but little tbe attention of eamen. though it is familiar to 
I h m that the comp!I.Bs needle uoe not retain its borizontality on great changes of latitud . xcepting 
Lhrough the m dium of adjusting ei,ghtB. As the dip is an important elem lit in tbe consideration 
"I' tb changes of the magnetic condition of all vessels, whether wood Or iroll uuilt, a' brief account 
"f its ..nutu lind distribution is added. It has b n already observ d that tbe term magnetic 
pole. is app1i9d to those poaiti nt.l on the urface of the earth wh re the hOri)lOUtll] force disflppent·~ 
I.nda freely ~uspended needle b conle vertical; the nd of the needle \\'hicll points downward in 
"ne herflisph re p!>iolil'lj upward in the other. III like mauue r the term maglietio equator is 
"pplieQ. io tho e pIlle s \Vh re the needle has no inclination or dip. but l' bt.8 in It horiZOlltll1 
direction: this li.ne of no dip is irr gular, .cutting the g ographical Equlltor in two point.8, one 00 the 
Illeridian of' reenwich. and the otb r in about 1700 E. longitude. 

The dip incr as s gradually on ithel' side of tb magnetic Equutor. and tile lines of equlII 
II110unt ar n arly parullel to it till wiLhllJ the vicinity of the mllgu tic pIes. A hip ailing along 
toue of th lines of equal dip. ill said to reulIlin in Lil same magnl)Lic latitude, and she changes bel' 
magnetic latitude mOtit rill' " i I)' wheu l1<'r ooulse i~ ilL l'irlht illig]"" to thvse lin"". 
. The dip, like the VUl'laU n. itS slIloj ct LO se 'ulal' ·hlluge; l~e Hllnual del'l'tjllse in the British 
Idlands, and over a great pllrt or Europe. 11Il:; 11\'8l'>\geu for ~e\'E:'1'It1 ,Vcllr:! past, "I'out 3'; in the 
Qoutb Atlantic Oceam it it; IIIOl'l:llbiul:( 0' uuuually: th~ hourly vl\.rilltivII j~ \'ory blllttli. 
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INTRODUCTION. xxxi 

Subj ad i$ the amount ot dip (1859) at severa1 1itations within the limits of this work;-

o 

London...... ......... 6A!=\5 N. 
Cape de Verde llonds 4.:' IL . 
A aension........ .... 1 no . 
Rio de Janeiro...... 12 SO 

St. H elena ...... .. 
Cape of Good 0 
Mau itius .......... .. 
Bombay .......... .. 

o 
2611 . 
6430 . 
64 0 S. 
19 16 S. 

ingnpore . .' .......... 
Sydney, N. S. W .. 
Hobarton .... .. ... .. 

Having thu bri fly noticed those pIinciples and elements of terr trial rna 

o 

for 11. correot appreciu.tion of so impor t a bruuc of knowledge, it will ue nece ury to direct the 
Beuman's attention to the imm d~te practical subject of the local ttraclion, or, in oth r word~, til 
dovill.tioD t)f the campa 's cau ed by the iron in 0. ship. 

The DEVIATION of the COMPASS is 0. subject whioh..o la ,ars has rec8ived umple 
attention from our mOijt oelebrated n igators, math malicians, and, mon of science: of the r01'll') I' . 

Flind 1'8, Pa!'ry, James Ross, Fitzroy, ~d Scoresby, must ue especially noted; whil t tile lauoullj 
of Airy, Sabine, Harris, Johnson, and A. Smith, in the field of theory, have given the ubject II. 

populal' and practical direction. , • 
The uncertainty of the amount of local deviai' n iu a ship, and the necessit.y of determining 

or mailing comp usation forits amount, are facts now 0 universally admitted, tbat it . , unneces ary 
to adduc proofs, or to direct attention to the disfJ.strous consequences of its neglect. But before 
giving th be t prllCtical methods for determining the unt and it application, it is well to offer 
a few general propo itions, based on ob ervation aud ex.periment, and to explain the varying 
character of I cuI deviation, aud its dependence on certain maglletic law . 

1st. That the compasses of all sbips, wbether built of wood or iron, are liable to a greater or 
less degree of deviati.on; but that, in iron ship generally, hl.rger deviations and more variable ,con· 
clition exi t. The rnost l'emad,able of these conditions lll' tJ , thllt in iron built ships the n"utral 
points approxiruate to those poillts of the compass to which the hip's head an& stern were directed 
in building, the deviation being Bastedy when the pal't of the ship which was S. in building is E., 
and We terly when it is W. It follow from tbis thatia all iron hip built head North, the devia­
tion, will be Westerly "'hen tho ship's head is to the '., [llld Easterly when the hip'tl head is to 
the W. ':gli being opposite to what i generally found iu wood·built hips in N, latitudes is often 
It sourc of perplexity. to the seaman. l " 

:lnd. That the amount of deviation in one ship is no guide to the amount in another ves et 
31'd . That Lh rrors are ul\ject to change, on a ohange of geographic position, but speciluly 

of magnotic latitude; and may chauge, from extmneous cirwtOstances, witbout a chll.nge of latitude. 
4lh. 'l'be chauges which th deviations undergo on a change of g ographic po 'tion differ 

according to the structure of the v 'el. In wooden vel:! 'el ' the deviation ' are dependent 011 Lha 
amount of thl! magnetic dip (vlll'yi tlg directly a ' its tangent), diminishipg a the mllgnetic Equlltor 
is Ilppl'oach d, aud change their direct.ion on attaining u. S, mugu tic latitude; the deviatioll do 
not how vel' vaui.;h i~ cbanging froTn the one dir ction to the oilier, but n ar the mugnetic Equator 
have four zero points wbell the hip b ad is on 01' Dellr the magnetic cardiqp.J. poiuts, two EIl>lrerly 
maxima when on or neal' .t: .E. or .W., and two Westerly maxima \Vh n on or near S.E. and N:W. 
111 iron ve I, whet'e tbe standard or azimuth oomplls is in II. po ition rom ved from vertical bars 
0 1' IDa se of iroll, the change is dep ndent on th changes of the earth's magnetic horizontal force 
(varying inl'llT8 ly as th horizonlal force), in ddition to the dip; as the i.llfluence, however, of til 
fir t of tho I III nt prepondorate in mo t ve els, the deviations generally retain the same 
dir ction in both hemi pheres, though varying in amount: 

5th. Exped nCe ha also shown that the d vialions in iron \' sels ar affected by tbe heeling 
of tL~' ship ; the D?agnitude of the error 0 1'0 ulting depending on the Ilmount of h I, and to some 
ext lit on the value of tbe deviatiolls bserved wbile the ship wa on ven ke I, as aJ 0 on the 
origillal diL-ection of the shjp' h ad in buiJding; but in general the max':mUIIl disturuance (or List­
deviatioll) wh n heeling will be found when tbe ship's head' is North or outll by the ob 'erving 
compass, the diHturbl;Lllc vl\nitibing wben the ship's head is East or We8t by th ob ervi'8g ompas . 

Explanation.-The iron entering into the compo ition of a sel and her fittings ,arie 
between the two conditions of hard and 80ft: . n wooden ve8 els the oft predominates; in irou 
ships w !w..ve hard iron in the rolled and hammor plate rorroin t.he hull. 

Soft iron becomes iJ1Yllu~tl.Y magnetic h1 i1l4uction .. (or is induced to b cotlle magnetio), when 
exposed to th inllucn e of th eartl. 01' any other magllelic uody, lIl1d Ii quick.ly 10 os it l1111gneti 'm 
when the influence is removed. aard irtlu docs not, uod 'I' onjiuary circumstllll ·t:S, bt::coluo 
masnotio bl iuduction; but whell magn tiz6d., it retains the magnetic power even after the I 
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influencing body i removed: its magnetism ha therefore received the term II pmnane ,," whilst 
~at of soft iron has received the term II ilulttced."· , . , ' , 

It will be read ily conceiveli that much of tlte iron of a ship mu t be ill an lD,termadlate stato. 
betw en tbe two extremes of ,. hard" and II Bf) L ;" the ma!-(Qetlsm of thi portion h s boen llanleU 
.. slIb'pmnallelll," or .. ,'etenl'ive," und the condition of' thi mllgnaLi III appears to be thl\t it is liable 
to hung frum blows, or trniniug of the ve ai, as also slowly (lud gradually whllA the vessel 
chnnge her magneti latitude. , , " 
. 'I'h lluture of the change in the denatlOn produced by the permanent and, mduced mngneU ~ 

re8pec t i\'~ly. on IL ohange of magneLic latitude, i · tbis :-:-" Th ~r t \'a'ies ,inv ,rsely 88 tho hOI?' 
zOlltal force; tbe econd varies as tbe tangent of the dip; theu cha 1U different magnetic 
latitudes tllRy he thus dt:!scrihe4: at a mugu tio pole of the earth, when he dip is 90°, and the hori­
ZOlll.al force zero, eaeh part be' mes il)fillite :-this indie,ules 11 t, th 'jJ is then 110 direotive forco. 

II For .ome di tanc fl'?01 th lD agll etie pole. the two I~nrts change nearly at the same rat~, 
and therefore the whole val'les 11 urly as th0 tangent of the dip. But as we approach the magnetic 
equat 1', the part which arise fr 01 t.he [loft iron dimil1l ,he the ~ost mpidly., It becomes ~ero ~t 
the Equator, and in . magnetic latitudes hI< the me vu,lu a III corretipoudlUg . magnetic lati­
tudes, ut the op)1lJsite sign. The part which arises from th hllrq il'on does not b come zero at t~e 
mngnetic equator. but becomes a minirllum at that line. nearly coincident with the magnetic 
eqnator, lit which the horizont.al force is a maximum, alld ill S. magnetic latitudes it has the same 
sign I1nd nearly the arne \'alue 11, in . latitud s. " 

'. U tbe lJypotlJesis that all the troll i · perfectly bat'J or pe rfe~tly soft were strICtly true, Jt 
wo •. ld hA po" iule hy 01" "l'I'Uliv J Wu.u ill /lily two mugn ,tit: Illtitude ' to determine the valu of 
the two pllrts epal'aLl.:';, But, in fact, thi i illlpossiule, The sub-permanent or 1'et{)nlil)~ mag­
neti Ill, causes tb ~banges in the lllagnetism of 1\ hip to depend not only 011 the pluce at which ,the 
ship i , but on tb places in which she hilS ueen fur ome preceding day 01' weeks; her magnel1sm 
beiug thus in arreol' of its theoretical amount, to an extent which there appears to be no means of 
~~~ f ' 

It has u en e taLli hed by I' cent illvestigatiolls. thllt n IJauge takes place in a newly-launched 
iron vessel, v n wi thout a clllmge of maglletic latitude; but gen rally that afler a few months' sea 
servioe, no further clltmge of uny importance take pluce without a change rY magnetic latitude. 

Mechanical Correction. From the preceding d tails it is evident that the que~ion of the 
deviation of t~ CQlIlptlSS(S very complicated. and hence the unceasing ,exper~'1len ts and investiga· 
tiont to neutralize its cau es by mechanical em rection. 01' (ill other words) employing an antagoni tio 
influence to the iron of th ship. The gaileI'lL, t:. ,thud noll' adoptod, in the mercantile Davy is tbat 
introduoed by the Astr II mAr Buyal, G 'f 13 , AIry, who, fl'om the year 1 S to the pre ent time, has 
be II engaged in its dis 1I 'sion. H e coll 'idel'S thllt the deviation of the compass may b~ accurately 
conccted by pi ing a mugnet in an athwa1,t.ship direction, fix.ed at a distance determined by trial. 
for correcting the deviation when th ship's head i , 01' (l ; by a magnet in a fore·and-aft 
?ircction, al 0 at tl dist nce determined b.V trilll, for correcting the deviation when the ship' head 
18 E, or W.; and by It mass of umnagltetized imn, at the same )~v t:l l IlS the ompllRs, i the athwart­
s~ip line, or in the fore-and·aft line, according to c' 'cumstlln eS (u ual'1y in the former), also Ilt a 
distance determined by tri I, for correcting the deviation when the smp' he~ i N.E" S.E. .W" 
orN.W. 

The Magnets ara here .employed to correct that ortioll of the error known the" pollll'-
~agnet," or ", emicirclIlar" deviation (or that arisin from the permanent mllgneti!:\111 f the hard 
HOI,l, an? that tn(luced by the vertical pal' uf the earth' force iU the soft iron), and the ~"fllll.g· 
nell zed 11'0n to corr ct th "quadl'l1nt.aI" Ii Viat' n. or that due alone to the transient magnetism 
1t1d/tee in the f iron b the h~l'iz(Jnt.al part of h ea h'B foroe. 

, • rendllr this term clear, we subjoin the follOwing dcsoription from the .J.dmi;att~ MOHcal-The 
~OD, of the eart!l O!l the ,enl!, of the needle, is e OJ·ted in the direction called the li1ttl of f-. ThiJ ill the 
dl"'U~O!1 o~ .the dipplIlg·n d! , VlZ" oward .the m8gll~tio N" b t inclined to the horizon at an alllie ~ual to the 
~lleLio dip at ,th pia a-Ill Ellglund IIbOQt 70° bolow tho horizon,-A rod of 80ft iron held in the dJloection of 
trie dip beoonf..;s 1l181antl, magn?tio. Its '(in England tbtlflpper) end beootnes II S, pole and attract. the N. end 
of the c,ompaa need! •• Itft N. ~lU E~gl.'lOd tho lowe,') end beeoml's a N, pole, d repe1i it. If the rod beiaellned 
to the ~ of tbroo, Its ll1~nCtl8111 tlilUlUlshc8, lind wllon a ight angles to t~ line of fqrGll tlw bar CCUM ~ be 
ma!n~o, 11th molinahon ot the bllr 10 tilt, lino of f\ .'" bo ~till further increased, the end wJa{Ch • N. POle. 
an whloh t~en ro ~n th, , end?f th? ne dIP, bec.o , pol • 8n~a ttach it, It fbllow. from.m., tlUit if 
.. ro(\ of 10ft lr~n b~ In ~~rhclll pO~11 1'"1, It. llpprr elltl wil in N , magnetic itdd attract Il . end of the COJI) 

n~dl. ..U the ma~ he equator, th,o Illlo f foroo of ~he earth i~ horiz til, WIld heMl a me cal Ii of 110ft I 
wiJ.l not be magnetJO, In S, l11"I(IWtl<' lal,ltud 8, the hno of forele of the oaa.ll i. ;"clined Ilpward.- and i theM 

;lAtlLUdes the upper ond of u \'cr~jool bur of oft iron will ~"pel the N. e a COlDp!9 needle, andatirao, tile 8. 

~--------~~~~~---=~~~~~~~----~----~\_---------
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The 1UlDl8fJletized iron, when adjusted, produces its due effect at all parts of the world, 
without ever requiring change, and the quadrantal deviation is considered thus permanently' 
correoted. The elements of polar-magnet deviation are of course l~ble to change on a change of 
magnetic latitude, as already notioed;' but the e cLp,nges may be corrected by re-adj'UlJting the 
position of the magnets, leaving the unmagnlltized iron undisturbed, and that the change ~if there 
is auy) in the' intensity of the correcting magnets will alio be corrected as to its effect on the com­
pass by the same re-adjustment of position_ For more complete detail on the subject of compen­
sation, we must ref r to Mr, Airy's valuable discu sions, given in the Philosophical Transaction' 
for 1839 and 1855, as al to the Reports of the L iverpool Compas Committee. 1857-6 L. 

Many praotical authorities are aver e ' to the correction tby magnets and soft iron) of the 
Standard compass of the sh' ; but, from the great amount of distdrbing force to which steering 
compasses are from their poaitio nerally expo ed, this mecha cal correction i , doubtless, for 
them very desirable; compasses so corrected should however ne: 6t be con idered as eatirely com­
pensated, but that their deviations require verification as frequentl as practicable. 

RULES FOR ASCERTAINING AND APPLYING THE DEVIATIONS' OF COMPASS 
CAUSED BY THE IRON IN A SHIP. 

1. Every ship should be provided with a good azimuth compass. which may be called the 
Standard compass, It should be fixed on a per~nent pillar, and at such a height as to permit 
amplitudes and bearings to be observed with it over the bulwarks; and be also carefully placed on 
the mid-ship line of the quarter-deok or poop, as convenient. and as far as po ible from any con­
siderable niass of iron, such as the spindle of the capstan, chain-rigging. iron davits, &c.; and care 
also observed in pla.lling the lubber-line directly in 0. fore-and-aft line of the hip. 

2, In iron-built vessels, it is desirable that all the compas es, but more especially the 
Standard compa s, should be raised muoh higher than usual above the deck; and the latter titted 
80 as to be readily consulted, 

3. When the ship is ready for sea, with all her iron 'tores on board, and stowed in their 
proper places, as well a the moveable iron-work seoured ill the po itions in which it is intended to 
remain at a, then the deviation of the Standard compas from tile correot magnetic meridian is to 
be ascertained by either of the following mean : viz" by the bearing of a 'distant and well-defined 
object, or by a series of reciprocal observations. In general the former is most convenient, as 
requiring only one oqserver; and advantage can be taken of the ship tending to tides or winds, 
where time will permit. instead of employing hawsers, , 

To aao~rtain the deviations by bearing of a distant objeot. 1. The object selected 1 r 
that purpo e, should be at uch 0. distance from the ship that the diameter of the space through 
which she wings shall make no setfsible difference in its real bearing: thus, if at an anohor with 
a long scope of cable) a distanoe n t less than from 6 to 8 m. \ ould su.m.~; if at moorings or in a 
basin, half th distance ould be sufficient. 

2, If warps arc em'j:>loyed, the ship is tQ be gradually swung, so as to bring her head 
successively on each tIt of the compass: and when steady. and after 0. entIe tapping of the com­
pass-bowl to insure free aotion of the needle. t~ b ring of the selected opje is to be ob erved and 
registerell. It time pr se, 16, 01" e en 8 pbin , will suffioe; but in the latter case, it is advisable 
to obtain the ce.rdinol and in r .. ediate poin • 

S The real or correct m tic bearinE of the saieoted objeot from the ship must then be 
determined. By the term .. re or correc~ lllIlg tl bearing" is mean, f.bat which the compass 
would .hav given on eye1'y point. had it not ~ al t1.Il'bed by the 1 cal attraction or the hip. This 
may be ~erally eJfected by taking a m o.n 0 all the bearings: but a U1' r re ult will obtained 
by oarrYUlg ~ 1:!tandard compas to the adjacent hore, in a position in a direot line bet en the 
ship (thlit p where the compas stO\lu) ~u the di tant object; the belLTi.I1g of the latter will . 
evidently be t same as its C4frect magnetm- earwg from th ship. • 

C,ue however must b talten tba~ the compass i not ' placed on trap (\'olcanic d igneeus) 
roc or exposed to 'th, infiuace of mas s of iron. Buch buried anchors, g -pipes, or any 
r.oll~ion of iro~ . qles in adjGining storehou . 

'rbe cowect.allllfPletic bearini of tho distant eo 1"OR.y also b\'l determin by btaining from 
the ship itt utronomicill bea.riDi. and applyitlg ~ fariation to it.-tbat I ment being deduced 

Qa a variali ~, or elsa dflel'Ulined on sbore in the neighbourhood of the hip's position. 
4 The erence betw D correct mngn lit; bearing of th di taut obje~t, and the socces ive 

lliearings of it which were er d . the lll nrJnl'd t;OffiJ.lil'i Oll l.oim1, when the ship's 1161.Ld Willi 

veL. d 
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on each of the a\'ora1 points, will show the error at each of those points which was ca-Ged by the 
. ship's iron; or, in other wOI'ds, the d8viation of the Standard compass. . 

5. The deviation thus foltad is named East when the N. end of the needle IS drawn to the E ., 
or right hand, aud 'West when it is drawn tQ the W., or Uljt hanu of the magnetic meridian. As 
every eaman is familiar with the terms Ea t and West Yariation, it appears only necessary to 
point out that the terms East and West deviations are preci ely analagous, and may be thU8 
illustrated. A ship is off the Lizard, where the variation is 24° W.; with her head W.S.W., 
she has a West d8viatiol~ of 6°; and with h l' head E.N.E., an East deviation of 7°; in tbe former 
CIlStl, with her head W.S.W., the variation and deviatiou being of the same name, mlly be troated 
a an actual variation on board of SOo W.; and in the latter cas, witb her hell E .N.E ., the 
variation lLud deviation using of dijfol'(mt name, m[\y b t1' ated a a variation of only 17° W. 
W re earnen to consider the similarity of the terms deviation and variation, and the simplicity in 
u ing them. cOlnbined. when convenient to do so, mucb of the mi apprehellsion and mistukes which 
frequently occu\' in practice would ue obviated. 

To asoertain deviations by reciprocal bearings. 1. A careful ob 'erver must go on shore 
with Il second cowpa 'S, lilld place it on itl; staud or tripod in som open spot, uuder tbe couditions 
of beiug free from local influence as before noticed, and wh 1'e it may be di tinctl)' seen from the 
compllss 011 bOllrd. 

2. By mellns of p1'econcerted ignals. the mutual bearings of the shore and ship's Standard 
compa from elLch other are to be observed at the moment the .. hip's head is steadily on each of 
the succe siva points of the compass. The ob el'vations should be simultaneously made as strictly 

pns~jlJle; and to ~uard agRill~t igoals being misinterprtlted, U.e tim at which each bearing is 
takell huuld be noted, both on bore and on board, by compared watch s. 

3. B for, if conveuient, or after the process i completed, the Standard compa s should be 
carried on shore, in order to be compared with the compass wbich had been employed there. by 
means of the bearing of some di tant o~ject; and the difference (if any) is to be recorded; in order 
to cch'l'ect or reduce,the shore b arillga to what they would have been had the ship's Standard com· 
pas8 been so employed. And in all cases when compasses are compared, the caps, pivots, &c., 
bould first be carefully examined. 

The following forms will be found convenient for registering the two Ilrocesses of ascertaining 
the deviations : - . 

(. 

1 
I 

FORK I .-BY BE.uuNG 01' A DISTANT ODoTEOT. 

ObIervations to determine the effect oj S/J,ip's Iron on the Standard Compass oj'Ship .. Pe1'88t:era1lC4," 
., in thlJ River Thames, lat June, 1863. The correct Magnetic Bem'ing oj a OhuI'cl, Steepufrom 

the Ship, being N. 50° E. 8 miles di8tant. 
.. 

Ship'. Head by I.be nearlna or Stoople by DevlaUon or tile I ShIp'S B ad by t1 nearing o( Stt1;ple by DeYlaUOII !If tile 
Standard COmp .... the tannard Comp .... tandard OompAU. Standard Compau. I.be tandard Oompau. Bl.aIIO&rd C_pau. 

I"~ • 
0 I 0 0 , 0 , 

North. N. 4.5 10 E. 4 50 E. South. N.55 10 E. 6 l OW. 
N. by E. 42 ~6 7 S5 ., S. byW. 58 0 8 o .. 
N.N.E. 40 25 9 85 .. S.S.W. 60 4.0 10 40 .. 
N.E. by N. S9 SO t 10 30 .. S.W. by S. 62 20 , 12 20 .. 
N.E . S 60 11 10 

" 
S.W. 6S 15 , I S 16 " N.E. by E. 20 11 40 .. S.W. byW. 64 40 14, 40 .. 

E.N.E. S6 46 I S 16 .. W .S.W. 64 86 l ' 86 .. 
E . by N. 

f 

~ I·' S6 50 14 10 .. W . bya. 6S 4.5 18 " .. East. S6 SO 14 80 .. Wat. 68 16 18 16 .. 
E . by S. I ~ 37 46 12 16 " W. byN'. 60 80 10 80 ,. 
E.S.E. 40 0 10 0 .. W.N.Wo. 69 66 9 66 .. 
S.E. by E . I ' 41 26 I 86 N.W. byW. 68 0 8 o t • .. 
S.E. 4~ 40 5 20 .. N.W. 66 20 6 flO., 
S.E. by S. 47 26 2 35 .. N.W. by N. 66 10 6 10 ., ' S.S.E 60 16 0 16 W. N.N.W. Ii 40 a '0 .. S. by E. I 64 60 4- 60 N. by W. '8 AO 0 ,oB-" 

I. 

~ 

-
, 
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J'OD 2.-BY REOIPROQAL BEAlU!iGS •• 

Ob.ert1ationl to utmnine th6 effects oj Ship's Iron on the Standard Oompass oj Ship" Pmeverance," 
made at a,'cenhithe, River Thames, 1st June, 1 63. 

[Note.-The .Standard , .and an ~zimu~h compass were taken on sbore, and. compared by 
ob en'ing the beanog of a dJ .tant ~hJec.t wIth each compass, the t\\'o compa~. es hemg twelve feet 
apart, in order to pr vent theIr haYJrJg mfluence on each other. The b al1ngs, by the means of 
sevoflll repetitions, 1I'0re found · to agree. The azimuth compass was {etained on shore, and the 
Standard compass l' placed on board.] 

Shlp'. nead by the 

I 
Bearing or tho Shore I Bearing or the Standard DeotaUon ofth 

Tim •• Camp ... from the 

I 
OOmp .... (rom the 

Bltlnaard Campau. Standard Comp .... Compau on Shore. ,.ndard ('amp ..... 

:r.r. - 0 I ... 0 I • 0 , 
Il '20 E.S.E. N. 76 OW. S. 66 OE. 10 DE. 

" 
9 24 S.E. by E. 76 10 66 36 8 86 " 
Il 80 S.E. 78 0 67 40 5 20 " I 

Il 40 S.E. by S. 71 10 68 85 2 85 " ~ I '" 
Il 46 S.S.E . 61l 0 61l 15 0 16 W. 

i¥;f 
Il 48 S. by E. 64. 50 69 4.0 4. 60 " 

" 51 South. ~4. 80 61l 4.0 6 10 .. 
9 56 S. by W. 61 50 61l 50 8 o " 

10 0 '" S.S.W. 68 20 61l 0 10 4.0 .. 
• ~ ,. 

,. 
• And In lIlte manner at all the point. of the Compau. 

It has been already' tated that the terms East and West deviation are precisely analogous to 
that of Eas and West variation, and therefore, in Applying the correction for the deviation to any 
course or bearing, the"8eamlln must adopt the same method exactly as in the case of applying ~he 
variation; that is to say, he is to suppose his eye in the centre of the card, from whence, looking 
along the IJoint in question, he is to apply the Ea t deviaton to the right hand. and the West 
deviation to lhe ltft hand. ,. 

Exampfe I.-If ship's head by Standard compa s he E.N.E., and deviation (see Table) be 
13° 1/)' E., then the correct magnetiC direction of her b ad will be 13° 11)' to the right hand of 
E.N.E., or about E t N. ) 

EIXarnple 2.-lf fith the ship~ head on the same point as in the foregoing example, the 
bearings of IVO islunds be S. E. and W. by S. by the tandard compass, then by applying the same 
corr ction, 130 l/)' E. , and in the same way, the correct mAgnetio benring of tho e two islallds will 
be S. 310 4/)' E., and 0 0' W., or, roughly, S. .E. t E .• and W tN. 

[This xall~ple is instructive as to the necessity of stating the direction of the sbip's bead when 
bearings ure inserted in the log book uncorrected.] 

Example ~-lf it be required to ste r the ves el ou a oertain correct magnetic course, and 
for that purpose to determine what wil e the corre ponding course by the Standard compass, the 
above rule must be revel·sed.' • 

L~t tile pr,posed correct magnetic course be S.E. The deviation for that point by the Standard 
compass is 6° 2q' E., which 1I0W being applied rever ely, or to the left of S.E., gives S. 61>° 20' E., 
or S:E. t E. for the approxvmate oou]'fe to be steered; but to determine the course accurately, the 
deviation dlle tq this partly corrected cours must be employed, instead of that belonging to the 
propo d eoU~!l Referring to the Tdble, with the approximate oourse S.E. t E., and taking the 
preportiooal diJforenoe from the half-p<)int, the proper deviation to be allowed will be 7'· 0', which, 
applied to the left of S.E., gives S. 62° E., or nearly S.E. t E. for the desired course. 

[In vessels with large amount of deviation, where a change of from 8 to 6° between conse­
cutive pointe ie bot uocomCnon, i is necessary to pay due attention to the foresoing example.) 

':& pl'tl'~t, howeIrer, any mi take in sbaping a proper oourse by the StQdard compass, it will 
be found useful fo prepare a Table lillc the following, where the corrections for deviation have been 
applied rlVrruz". as stated in Example 3. and with th correctioos due to the approximate COU1'll4lll ; 

iu other words, the proper courses to be steered. , 
J 

• 
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Correet 
)(agn tic cou ..... 
P po&Cd to be 

made. 

North. 
N, byE . • 
N .. E. 
N.E. byN. 
N.E. 
N.E. by E. 
E .. E. 
E. byN. 
Eost. 
E . by S. 
E .. 1£. 
..;.F. b E. 

. E. 
EtE. by B. 

. . E. 
B. byE. 

" 

INTBO:PUOTION 

TABLE" OF STANDARD OOMPASS OOURSES, 

For Ship II P8rS6V8rafI.Ce," dete,.,ni?l8d in River 17tameB, EnglaM. 

Coun. thorefOre te be .t •• red by StAndard 
Comp ... In ordor to mAke rood t:.. propOile4 

correct mliOCUc COUl"BO. 

o ' 
N. 3 20 W., or nearly N. t: w. 

5 OE. " N. tEo 
14 80 " . by E. t E. 
24 6 .. NN.E. * E. 
84 2,) .. N.E. by N. 
45 5 "N.E. 
66 50 .. N.E. by E. 
65 50 "N.E. by E . • E. 
76 10 ,. E. by . i N. 
655 "E.1 N. 

S.80 5 "E. i 
66 6 "R.F. by E. t E. I 
52 20 "SlE .• E . 
86 65 .E. t S. 
2245 S.S.E • 
615 "B. tEo 

Correct 
Magnetic coUl'lle 
proJl(l8ed to be 

mad .. 

South. 
S. byW. 

. . W. 

. W. byS. 
S.W. 
S.W. byW. 
W .. w. 
W. byS. 
W est. 
W. byN. 
W.N.W. 
N.W. byW. 
N.W. 
N.W. byN. 
N .. W. 
N. byW. 

Cou ..... therefore to lie Iteere(! b7 Standard 
COmp8l1 10 order to IJ1llk_ good the propOlOd 

correct main tiC COUllO. 

o 
S. 6 50 W., or nea.rly S . • W. 

21 35 " S. by W. t W . 
34 55 " S.W. ~ S . 
47 20 S.W. i W . 
6940 " S.W. byW. t:W. 
70 35 .. W. by S. t S. 
81 0 " w. t s. 

K. 8 25 " W. t N. 
79 10 " W. by N. 
6 45 " W. by . tN. 
69 0 " ... W. by W.iW. 
49 10 N.W. t W. 
89 15 N.W. t N. 
29 45 .. N.N.W .• w. 
20 80 It N. by W. t W. 
11 405 " N. by W. 

This Table should be hung in a oonvenient and public place, in or~er that the pilot or officer 
of th wntch mny make immediate u e of it; but it mu t be rememhered that whenever, by shifting 
guns or cargo. or by great change of latitude, the devintion of the tnndnrdtcompnss is found to V8'ly, 
a n w Table should be immediately constructed. Thi may be effected at eo. by. a ries of 
azimuths taktm with tht: ship's hend successively on differont points, and comparing the variatious 
so lIetermined with the kuown variation at the place of observation In any cur ory xamination. 
tbe points of most importance to deterrnin will be tho e of no deviation , of areate t devilltion, and 
at a few of the intermediate points. r 
• Iu an iron hip e8p~cially, it i nIwa.ys d Rirable to determine the oompass '\"ariat\on by aotual 

observation of the sun's azimutJl. and alllplitude frequ ntly during the day, whilst at ~en; for it must 
be remembered, that by tb e menns th TWO corrections. viz., or deviation and variation combined, 
are obtained, and ample warning afforded for any necessi y of the recoil truction of tbe Deviation 
Table. (See P1'8cticul Hints about Compllss s. pnge 32 .) (, • 

It now ouly remains to add, that the marii1el' must romember tha the oorrection found for 
the Standard compa 3 clong to tbat compo. s alone-and to that com pas only while in its proper 
place; and tbat those corr ctions will fumi h no guide whatever to the effect of the ship's iron on a 
compass plnced in any other part of the hip 

It is s ntial, therefore, that the ship's course sbould not only be invariably,directed by the 
Standard compass, but that aU the course and bearing inserted in tbe log. should bl'l those 
shown by tbat compo. salone; th binnacle comptl s or compass bing regarded solely as a guide 
to the helm mnn : thu . \ hen a hip hilS b n pInced on ber prop r course by Standard compass, 
the helm man wiil notice t e point bown by tbe binnacl compass a being that. to w.icn //1 has 
to attend; and a comparl,OI) of 1.be two compa e bould be frequently made 'y the officer of the 
watch. esp cinIly when ver al y alteration c llrs ill the dir ction of tbe CO\l1'Sa. 

Graphic Methods. Tbe d viatiou~ of tb t!lndaru mpas are admin.Dly iilustMted fly 
graphic m€lhods for their determioation and application, publi hed by Olde ci the Lerdl of e 
Admirnlt!, and also by th.e Hoard of T de.. Mr. A. Smith's straight-line method will be 
~ und a slmpl and ?onvemen plan for tabulatmg the r suits of tbe ouservations, and of aakins 
the" cour e" correctloll8. 

We recommend .to am n the adoption of thes iugenioUf aids to the p~ctice at navigation' 
they are obtainable of J. D. Potter, Admiralty Coort Agent. • ' 

• • f , 
I I . 
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REMARKS ON THE TESTING OF COMPASSES. • 
Accidents happening to steamer plying between England and the Ea. .. t Iodies, and generally 

with a fatal result, have caused the of.Lvigation of eastero waters to be loohd upon as abnormally 
dangerou on account of conBicting currents. the charts of these seas to become sadly depreciated, 
and tbe compas. e , together with the ab ence of lights, here, there. and almost &..verywhere. to be 
spoken of as certain causes of disaster. But is this all the truth? Time was when with inferior 
compa s s nnd meagre charts. befor IV knew mnch of the vagaries of surface-currents, and with 
never a light-bou e between Bombay and Suez, the per-centage of en ualties was a hundred-fold less 
than at present. And when \\'e can poillt to a line of steamers who e career during a quarter of 
a centu ry has been a great success, and whose officers acknowledge that such sutce' is due to a 
watchful care over the ship's compasses. we claim to be heard tyhen we affirm that the primary 
CA use of iron steamers getting out of their reckoning is not the mariner's compass 'merely, but 
ina.ttention on the part of rna ter mariners to the compas es placed in their ships. 

Since this volume wa made over to the printer's hand', it has been my good fortune to be 
passenger in more than one teamer under a oo.reful commander. In vessels ably commanded, the 
oompasses reoeive due attention. There nothing is left to chance. but (as already pointed out at 
page 820), if a considerable change in the ves e1's course be imminent. a test is taken of the ezilting 
deviation ou the course about to be steered. Thus all uncertainty will be set aside. It mu t be 
r membered. too. that when a ship cbanges her geographical position considerably, and especially 
when she ba pa ed from one bemisphere to the other, all old tables will be founel useless for 
present purposes, and it becomes indis n able, therefol'tl, that an early opportuuity hould be taken 
of forming new tables, by again swinging the ship and 11 certaining the actun.l deviation. 

Some hort practical examples, a being of mo t value and the be L for ready reference. are 
bere given, to encourage young officers not to neglect their compnsse , for neglect i ure to 
embarrass them in doubt. The careful navigator will never relax his at~tion. nor su r his 
suuordinates to do so. Whell in sight of land the arne careful "sights" of all kinds should be 
taken-to te t the chronometer, the compnss, and the chart-as are an ab olute neces ity when 
out of sight of land, t(',ascertain the vessel's position. It WIiS said of old that the three e entials 
to safe na~gation were, Lead, Latitu4e, and Look·out. In the 'e fa t days may we not insi t upon 
equal attenQon bein po.id to th e other three; Ohart. Oompass, aod Oh"9Mmster? , , 

The officers Df the P. and O. Company have had a longer and more varied xperience 11 the 
navigation of eastern seas than any other body of seamen, and 'it i not.eworthy that their precaution * 
against accident are' more numerous. The question of "clistance 0.#:" when passing island, cape, 
or other la1ldmarks, is not allowed to become a matter of mere gue s·work. In their ship ,the 
officer of t he watoh is enoourag d to determine di tanc S by th changes of bearing in a certain 
time. This method- designat d 'the "four-point bearing " - coosi ·t in noting the exact time 
when the object is four points on the bow. and again when right abeam. The di tance run by tbe 
steamer in the intertal will be thl1 distance of the object at the second observation, assuming that 
one cour e has been mil. ntained during that interval. 

The 8y tern pursued in the P . and O. ve els with regard to compasse which is well worthy I 

of being followecl by other navigators, i liB follows :- • 
T he vagaries of the compass are duly recorded in a form somewhat like that given below. 

Thus, on eac~ sucoessive voyage, as the e el (on about the same course) rel\Ch the neighbour-
hood of her for recorded azimuthf1,! observations, the are repeated and simi larly noted in the , 
book. Discrepanoies are thus found out, and if there be a doubt of the corr otnes of the last- I 

taken azimutha, the ob ervatjons are multiplied.t T hus may the d viation be at auy time examined 
at sea, and their oorre pondence or othel'wi e with the table be certained, by 0. few careful 
azimuths, with tli. ship's head succe sivelyon di fferent points, and especially on that point or degree 
whioh ill to be the D8Xi courae she will have to steer. 

he ret. of the successful vigation of the B. and O. steamers is thi -steering to the 
4egree, ...... nstead 01 (u formerly) te, tlUJ quartlJ1'.po£l1t, by whic~ very rough method j 'OU could not 
f t tck the exact position required to be reached in a " handful of miles." uartermn.sters and 
hel_men, both British an~ Ohine e, readily learn and appreoiate this new syslem, to whioh the 
monster compass-cards of the prescnt day are admirably adapted. 

• To Oaptain OalBman, of the P. and O. eteamor MonloZia, I am indebted {or muoh valuable inform~tiOll OIl 
all queatWDI touohin, the navia_tioD 01 the Indian Ocean, aDd {or ready ace... to the recorda of hiI lhip, from 
which my exam plea are tak • ., . .. . 

t All (lIlueee whioh will be found to produce U'I'e~ularltle6, we ll1IIy mantlon-tho iMrl.CI of the c~ 
IIMdle 011 ita oent e, and the lut or "heellnit" of the lhip. . • 
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Short ractioal Examplea.-The P~ and O. steamer "Mongolia," from India towards 
~ngland. during March and 4pril. before entering the Red Sea, tested her compasses by placing 
tJle ship's head suee sivelyon the different courses she would have to steer in the Red Sea. Again, 
betweeu Aden and Suez, before entering the Mediterranean Sea; a third test between Alexandria 
and Multll ; and lastly, betweeu Gibraltar and Southampton. These examples represent merely a 
few of those actually taken. The results are tabulated as follows ;-

P. AND O. STEAM SHIP, "MONGOLIA," A. OOLEMAN, OOMMANDER. 

Date and Tim .. [ Lat. 

---
N. 

18'74. I l"8 
I 

0 
lrtuoh 27th, 

.... K. 

--=- ~ 

--. 
I N. 

0 I 

1874. 19 0 
M&l'Ch 81st, 

.... K. 

• .. 
I 

N. 
1874. 0 I 

A.prilBth. 82 40 
J..K. 

.. -- ... --

N. 
I 

B 25 1874. 8
0 

April 17th. 
J..)(, 

• A.prillBth. 8 
.... K. 

920 

•• 
l~.'" 

I 

BOMBAY TO ADEN. 

. 
I i Dllferonco Variation 

Shl~~ ~~ad, U ShIp'. Boad bclweon Truo Total Lon. of by Standard Head and DeTlaUon. BIaWtI:a. 
Compast. , Comp .... COIl1jl .... 

~ . 
--- - '-

E. W. 
0 I 0 I 0 0 6 Cow. o I 

Shipeteadyand 60 20 280 S. 5400W. ..= S.60W . 880W. 
II 62 20 " -a II 70 " 740" 510 .. upright. 

i II 70 24. " . § " 80 .. 9 86 " 7 6 " 
.. 79 85 II ~ West. 10 25 '. 7 55 .. 
II 87 7 .. om N.80W. 12 58 II 1028 " 

N.84 5W. Q 
II 70 " 14 I) " 11 85 .. 

" 78 56 " 
Q 

" 60 " 13 55 " 11 25 II III 
I , 

SAllE VOYAGE CONTlNUED.-ADEN TO SUEZ. 

I o I I ~ 'E. W. 
0 I 0 I 

N. 1'0 E. 3 sow. o I 

I Shipeteadyan 89 10 4 45 N. 6 aOE. I ::s 1 15 E. 
N. 6 20W. ! .§ North 620" ., 185 W. upright. 
" IB 50 .. I ~ N.I0W. B 50 " 4 5" ~ 

• II 80 55" I .. " 20 " 
10 55 .. 6 10 It 

I I II 43 15 II j og " 80 .. 13 15 II 8" 80 II 

II 54 15 II III "40,, 14 15 II 9 30 " 

d 

. 
SUUt HOId.KWARD 'YOYA6K.-ALEXAND.RlA TO MALTA. 

.... 

E. W. ~ 

0 I 0 I 

N. 79 45W. 
..ci 

N. sow. cl.9 4s w. o I 
26 20 7 30 .... 12,15 W. Ship eteady, Q 

" 70 0" .§ " 50 .. 20 0" 12 80 " 
" 59 0 " ~ " 40 " 19 0" 11 80 " 

• • " 47 15 " '" " 80 " 1715 " 945" 

I 
II 34 45 " "§ II 20 " 14 41> " 7 15 " 
" 21 45 II m " 10 " III 45 " 4 15 II 

" B 15 " North 8 15 " 045" 
• 

SAME HOMEWARD YOYAGE.-GlBRALTAB TO ENQL&ND. 

W. W. 
, 

I -I 
I . 

'730 o I 
N.62 

I 

N. BOW. a02 I 
1230 · 19 ao OW. 

~ OW. Ship pitching 
.. 50 15 " ::s " 20 " 801li .. to ~" comp ... rathe. 
.. 87 45 " .§ " 10 " 17 ~" 8 1 " un.teady. 
" 22 80'" ~ North .. ' 22 80 " 8 0" 945 21 0 
" B 80 " .. N. ilO E. ]B 30 " 280 E. 

N. 5 1'5 E. § "OO n 1445 .. , _ 616 11 

., 17 15 II /XI "80,, 1245" B Hi" 

.,81 o II ,t 40 " 9 0" 12 0 .. 
, .,4.280., " 60 ,. 780" 1880 .. 

I 
I 

I . • 



INTRODUCTION. 

OomparilOn of the ~ ceg. iug witl! the following tabulated statement-and it will be noticed 
tbat the observations in neady tb same 10cf\Jity, but on different 'voyages, are placed abreast of 
eacb otber-will sbow that occasionally the deviation on one cour e differ 8° or 4° in two 
8uccessive voyages. It is clear, therefore that old Deviation Cards must not b trusted. and that 
the compasses cannot be too frequently tested. 

P. & O. STEAMER" MONGOLIA," A. COLEMAN-COMMANDER. 
BOMBAY TO ADEN. 

'2 
Ship', Hea4 DlJl'ereace 

Variation 8hlp', Reu, ~~ be't .. ~en TrJie ToW Date and TIme. Lat. Lon. of True . ~i 
by 81 an4a.N Dead and Deviation. Bemaru. 

Oompau Oompul. Compua. 

- --- --_ . 
N. E. W . 

n , 0 , 0 , 0 , 0 0 0 , 
18740. JS 50 4940 2- SO S. M sow. ..d S. 60 W. 6 SOW. 8 OW. Ship tolerably 

June 28th. It 64 00 .. "'ii 
It 70 " 600 11 a 30 .. steady. 

A.K. II 70 4S •• .~ .. 80 " 9 15 It 645 .. 
II 77 45 II ~ West 12 15 II 9 45 II 

.. 8630 .. co N. SOW. IS 30 .. 11 0" , 
N. 85 30W. "§ .. 70 .. 15 SO .. 18 011 
" 76 45 .. t7.l .. 60 .. 164S .. 140 15 .. 

SAME VOYAGE (CONTIKUED) .-ADEN TO SUEZ. 
• t 

N. E. W. 
0 I 0 I 0 I 0 , 

'!3 0 0 , 0 , 
18740. 1980 8900 6 0 N.46 OW. '" N. 80 W . 15 OW. 10 OW. Ship steady 

July 2nd. " " SS 15 .. 8 
.n ·20 " 18 16 .. 8 16 .. and upright. 

.... K. II 21 45 II ~ II 10 .. 11 4S .. 6 45 II . .. 8 SO .. "§ North 8 30 .. 8 80 II 

N. 4 IG E. N. 10 E . 6 45 II o 45 " 

I 
• 

t7.l . 
• 

" SAME HOMEWARD VOY ... GE.-ALEXANDRIA TO MALTA • 

N. E. W. • 
0 I 0 I 0 I 0 , 0 0 I 0 , 

18740. 82 SO lro2O 716 -N. 89 45W. 
~ 

N.70W. 1945W. 12 SO W. Ship .teadl 
July 14th. " 8046 II '" 

.. 60 II 2045 II IS SO .. with a slig t 
.... K. .. 71 00,. 8 " 60 II 

21 0" IS 45 II lilt to port. 
,. 60 SO II ~ "40,, 20 ao II IS 15 II 

~, " 49 SO II .. II SO .. 19 SO II 12 16 II 

• It 37 80 .. "§ .. 20 II 17 SO ,. 10 15 II I 

" 24 15 .. t7.l " ]0 II 14 15 II 7 011 . 
to 11 45 .. North 11 45 " 4 SO " 

SAKE HOUW.ABD VOYAGE. AS ABOVE."-GIB'RALTAR TO ENGLAND • . '~. 
N. • W. W. 

0 I 0 I 0 I 0 , 0 0 , 0 , 
18740. 86 " 8~ 1960 N.6S OW. 

~ 
N. SOW. sa Ow. 1310 W. Shig upjht 

July 2Jnd. ,.6040 to II 20.,. SO 40 .. 10 60 n an .tea y. 
.... K. " S6 45 II 

=' .. 10 to 26 45 II 6 56 ,. 
0 , 

,;2S80 .. ! North Ja 80 II 340 .. • 
0 , 0 , 

9 49 II N. 10 E. 1949 11 0 1 E. to 
.July Jard. 4tO 0 9410 11 0 N. 850 E. co 

"20,, 16 10 It 460 II Ship with & lU 
.LolL II 16 86 II ! "80,, IS 24 II 7 86 " to starboard, 

I ,. 2S 46 II "40 ,, n 111 " 945 .. u.d lInSteady 
I" "4080,, "50,, 980" U 80 " oompua. 

, 
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• The examples on the two pr ceding pages clearly show that a considerable differ(fQcu in tho 
amount of deviation must be expeoted on oon ecutive voyages, even in well-found vessels, and under 
the most careful mftnagement. 

The Standard Compass has been oalled'" tbe heart of Ii ship, and dema.nds (as we have 
endeavoureu to sQ.ow in lhe preceding pages) the constant attention of tbe commander and officers 
of till steumers "plYiug betweeu England aud the Bast Indies through the Suez Canal. We bave 
/tlready meutioued tue stanJard Louok,; which treat of the compass and magnetism generally. Any 
uouk of reHdy reference, which lllay save the tilue of the officer of tbe watch (who cannot coo­
velliuntly be spared from his oth!::l' manifold duties, for of~.repeated calc Illations of the sun's true 
azimuth), is all invallluble addition to the 'eamall's Ubnuy. 'rherefore we call attention to a new 
book of Azimuth Tables, fur computing tIll:) Sun's true bearingt-the want of which has long 
been felt-affecting, as it does, so large It jJol'tion of lhe Atlantic, Pacific and Indian Oceans, the 
West Indies', tue Hed S 11., the Arabian and Ohina S ItS , and the Bay of Bogal, as well 8S the 
inoreasingly-ill1portant passages between Australia and China and Japan, which we shall describe 

. . 

in " Part Second" of tbis work. • 

• "Praotioal Nautical Surveying," by Commander Thomas Hull, R.N. This little book gives many useful 
hints to scamen-I< how to construct a plan of a bay or harbour, how to deteet errors in the chart of a piece of 
coast-lin!:, or frame 1.1 report on a newly·discovored island, rock, or shoa1." . 

t I< Sun's ~~e Bearmg, or .Azimllth 'robles," oomputed for intervale of four minutes, betwllOli the E~t18tor 
!tond tbe parallel of 80° Latitude-being n completion to the Equator of the late Captain Birdwood's ~illluth 
l 'ables between ao" and 60" Latitude-by Captain David, R.N., .Jj' .R.G .. , and published oy J. D. rotter, Agent 
for Admiralty Charts, 31, Poultry, and 11, King Street, Tower Hill, London. 

« 

.. 
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• 
THE TIDES OF THE INDIAN OOEAN. 

The rise and fall of the tide twice a day, or n arly 0, is quite familiar to e;ery one, and it win 
be taken for grant d that this j du ~o the attraction of the sun and moon ; for, although the 
planets x rcise a rtuil, amount of attraction, still their distances are so enorm that. the effect 
thereof in the tides is quite inappr ciable. 

Now the moon (oupposed t·o be on one side' of the earth) tends to draw up the water nearest to 
it, "and produces high water. Ev r.v pn.rt of the earth fe Is the moon'R influence, but not all 
equal ly; those parts D Ilr st to it neces arily feel it the most, and those furthest feel it the lea t, 
so that the water neare t th moon is heaped up most; but at the arne lime that the moon is 
effecting this, it tend to draw t he earth away from the water on the oPPO ite ide, so that there 
would be a ri e of th woter there relatively to the earth' surface. vVe sce, then . that at an,y 
moment there are two high water from the attractive forces, and, of cou e, there will be two low 
watere t the intermediate points of the surface between tpem. The sun again influences the 
water in the same way. 

Now the moon makes her apparent circuit in 24 hours and 48 minutes: therefore the moon's 
wav will recur twice in that period, or at every] 2 hours and 24 minutes; thus we see there is a 
emi-diurnal lunar tide, and also another solar tide. 1 t is evident that if tbe e two waves follow 

the same direction nearly (a indeed tbey do), on the surface of the earth, tbey must produce the 
effect of one wave recurring nearl y at the period of the greater of the two, but modified in its 
hei ht by tbe smaller wav. Thus. wh n the uUlrtlits of the two happen to coinoide, the ummit 
of t combined wave will be at its highest. When the hollow of the smaller wave coincides with 
the summit of the larg r, the summit of the co mbined wave will be at its lowe t. 

Now, as the sun's wave reCUl'S ev ry 1 ~ hours, and the moon's wave every 1!2 hours 
24 minutes, the sun makes thirty wave ' ill about the same time that the moon makes 21} aves; 
and if at the first of the e 29, tbe summit of the two coincide, at the 15th the summit of the 
moon's will coincide with the hollow of the sun 's. and at the ~9tb the summits of the two will 
19ain nearly coiucide. The heigbt of tbe first and last will be the sum of the two, and that of the 
middle on will be th6' difference. The e are in fact the 3pring tidu, or great tides which occur 
every forttflght, at or soon after new and fllll moon; and tbe neaps or small tides occur in the 
intermediate week . • The amount of the lunar tide i more than double tT!at of the ~olar tide. 

Diurnal inequality. At spring tides the effects of sun and moon are tbe same throug~out 
the year. At neap in Mummer and winter, the moon make the circuit of the Equator, and in 
spring anq.autumn that of the tropical zones. At new RL\l full moon, during summer and winter, 
the sun and moon exert th ir attrnctive forces togetber upon alternate belt of the earth's surface, 
so that the consecutive wa\, (caused by thes attraction) although recurring at the regular times, 
or nearly so, will be in them elve t different. In spring and autumn, the attractions are exerted 
upon the Equator each time, con iquently the consecutive waves will be nearly similar. 

At the quarters of the moon. when the un and moon are at right angles to one another, in 
spring and autumn the moon will be on th tropics aud the sun on the Equator; and in ummer 
and winter the moon will b itl the Equator nnd tlle sun in the tropic . The effe9t of tbe e varying 
causes is that, in Bummer and wint r, altern8te spring tides are high and low, and neap tide are" 
nearly regular. Iu spring nnd autumn, the spring tides are regular, and neap tides alternately vary. 
Thus we see that there are diurnal and emi-diurnal tides, both lunar and olar, which are called 
the IIhort period tidell, and the difference in the alternate superior and inferior high waters 
produced by them repre ents what i call d th diurnal inequality. 

Long period t~de.. Besides the above tide , we must consider that the moon, according as 
she is in the E'¥lator, or further and further from it in either N. or . declination, will cause a 
fortnightly tide, oonsisting of ~i e at. the Equator and fall at the pol ,on the average of 24 hours 
when the moon i CfOIsin tbe Equator, and fall at the F1quator and ri e at the poles wben the 
moon, is in greatest N. or S. declination. And for a similar reason there will be a semi annual tide 
for solar declination. W shall thu!! under mnd also that the tide wave, who e' Bum it is in tLe 
Equator, is greater th"Q one who summit is nOlle or the other ide of the Equator-that th8 
heigbt of the tide depends in fact upon the decliflation of the sun and moon ; being greatest when 
the declination i8 zero. aad least hen the declin tion (\vhetber N. or S.) is greatest. Now 
Equinoctial tides are well known to ba the highest. At the' ~~quinoxe8, the sun and moon act in 
conoert,u~n the Equator, when thby bave the greate8tefi'ect. 

AgmQ :-aocording &8 the moon it! in apogee 01' perigee, there will be a Ie er or a greater 
\ 

• 
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heapiug up or IVlJ.lllf rOltud the Equator amf a si~lking at the poles: aud tbis is the clase of a 
nthly lunnr tide. And for siUlil r rea ons. there I an ~nn."al ~olar tJ~~. . . . 

Summary. Th above i a lJi'ief explnulllloll of th prmcI! almeq.ulI.htles 10 the tlde-genera~tng 
forces; th~ other mrnor nes. depending on the moon's. pert~rbatlOus, .need not be tahn IDtO 
coil id ration in our brief account of the tides. But tho mt Iltgent marmer must remember the 
f our f ollowing chief tidal constituent (as explai ned above) that are found in most localities:-

:Firstly.-Dunar and solar scmi-diurnal tides. 
condly.-Lunar and solar diurnal tides. . . 

Thirdly.-Lunar fortnightly and solar semI-annual tIdes. 
FOllrthly.-Lunar monthly and sola.r anuu~1 tide: .. 
In th Gulf of Ca'mbay tbere is a dIurnal meqllaltty of 7 or 8 feet 10 tbe heIght, but the two 

, tides arrive at their regulnl' intervals: there i no ineq~ality of time. But nt many l?calities,. there 
is more or les:; diurnal inequality, both ill height and tlme, and a want of due attentIon to thIS fact 
has doubtless introduced confUllion into the record of local observations. It so happens tbat the 
diurnal inequality bere (on the coasts of England) i s~ ~mal~. that it is c~r.;sider~d a .comparatively 
unim]Jortant matLer. Taking their Imowledge fron Bl'ltlsb tIdes, ollr nR\'lgators 111 dIstant seas are 
often unprepared for the above ph nomenon. Thus ob~erved ~Ilct, wh.i ~h afe really of great 
impOl'tllllCe, have sometimes ' been set dowo as merely accIdental Irregularltles due to local causes. 
It j well known that the night higb tide is higber than tbe day high tide, both at Calcutta and 
BomLllY, ill the winter sell on 01' N.E. monsoon, when the sun is in Cl1pl'icorn. But in the S.W 
monsoon, with tbo sun in Cancer, the duy high water is highor than that of the nigbt. This 
phen menon also occurs in the Gulf of Cl'ltch. 

The Admimlty publish Tide Tables for many B ritish Ports, and it is to be boped that such 
tables may eventu!1lly be drawli up for the Port of Briti h India. Then the mariner would 
beuefit by tho predicted beight of the tide for any day- the exact height due to the attraction of 
sun aod moon, but sti ll liabl to differ Oil auy day owing to two oauses which are not calculable 
beforch4ud; firstly, th weight of the atmosphere as indicated by the barometer ; and !'Iecondly, 
the ffect of the wind. which wben from one direction may "aise, and in others may lotOer the tide, 
affecting both tim and height. 

The Tide-Wave. After th e graphic method , adopted by Dr. Wbewell ill bis .. First approxi­
mation towards drawing a map of Oo·tidctl Lines ," we have given a chart of the Indial" Ocean, 
showing roughly tbe Co-tidal Lines, 01' the progress of the Wave of High Water in bours of 
Gr en\vich time. Mr. William Parkes, tbe eminent harbour engineer-wbo bas deeply studied the 
tid of Karachi, Bombay, alld Calcutta, and to whose writings concerning .. the Tides" we are 
ind bted for much of the above brief exp\s.tnations-does not think this mode of illustration the 
most'corr ct, but we adopt it a the most graphic to engage the attention and interest of' seamen. 
Mr. Parkes publi hes Anllual H Tide TallIes" for Bombay and Karachi, by authority of the 
Secretary of State in Oouncil of India. From these we take a Table and two examples (in tbe next 
page!!) to show their utility /lnd what benefit we should derive from similar " Tide-Tables" for 
Calcutta and other Ol'eat Indi,l}) ports. • 

The Age of the Tide. .01'. WheweJl's collated observations showed that n ~reater Dumber of 
high waters occurred between 6 and 7 hours after the passage of the moon. It will be seen that 

e lines at tb e Cbago and eych 11 e groups, and at Mauritius. differ little from this. But in its 
progress th Tide-wflve uffer great retardations and impediments wbich cause variations to the 
amount of se\'eral hoUl '. [f they extend to 12 hours, it becomes a question whetber the tide which 
we see is due to'one trnn it of the moon or another. It may be either a very quick, c~mparati"ely 
unimped d tide, form d by a late passage, ' or a much retarded tide formed by an earlier one. If 
we can trace the impediments, we can at once decide; but if not, we mu t com pere the heights of 
several suc(',e ive tide with the changing rf)l lltive positions of tb tl heavenly bodies. We Imow w'hat 
varill.ti II ill the tid the changes in the positions of the heavenly llodies will cause, and we mu~t 
s e "ow long after uch cbange of position the variations in the tides actually occor. This interval 
is called tbe age of the tide, and it imply ropresents the time that has elapsed since the sun and 
moon were in 6 e p sition to form it, aud illcludes bot\} tbe tiule occupitld iu forming and tbe time 
during which it has iuce been rolling about upon the sea. Thu the tide on the West coast of 
Ireland is two days old, whilst tbat on the Ell t coast of Eugland is tlVO and a·half days old and 
the highest spriug tides occur respectively two days and two and a-half days after the new aDd full 
moon. 

Tidal Current.. The tide· wave in the deep sea is merely an undulation; but, when Ihallow 
leas 01' bays are I'eached, the movelll".nt of tbe water i discernible. Th general principle il that 
iu,tbe deep sea there is a quick mo~emCl1t of the wave, and a slow movement of tbe water' i'n the 
• allow sell th,flre is a. slow movement. of the wave, and. a quick movement of the witer, ';hicb is 
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zt.lled th tidal current. Tile e currents are frequently spok n of lUI the flood and ebb ttd~8; but 
l11 terms (although sanctioned by usage) are not corr ct, because flood and ebb are applied to tbltt 
rising and falling of the wu.ter, which is quit~ a different thi~g. ~l'he. flood ourrent in a cb~nnel 
!;uppli e9 witter for tl16 wav~, but the wave reqUire. water after Its sUlllm.lt lls passed any partlcul r 
poiot, so thllt at thuL POlllt .flood current cont.lUues, u.1Lbough ebb ttdt III y have commenced. 
tiilD ilarly ebb current muy continue, after flood tide bas co mmenoed. In the Gulf of Cam bay the 
ebb cun Ilt frequ ntly I'uns for all bour and a half after a tUllllow water; and in the Persian Gulf, 
the tidal CUfrent has been observ d to run on for nearly tbree hours at some places after the water 
has begun to ri e or fall. 

Tidal curr uts have al so mucb to do with the formation of bars at the mouths of Indian rivers. 
Therefore, unless the hal'bour ngineer has a full knowledge of their set and force, and whether 
they act in conjunction with or ill opposition to the ocean currents, his plan for improvement may 
be render d nugatory. • 

The Tide-W ave of the Indian Ooean. Of cour e it is mere hypothesis that a great wave 
pass S (II 011 the chart) to th IV stIVltrd, round the S.W. extremity of A'us tralia into the Indian 
Ocean. Yet certain anomulies in the Lides at King orgo's Sound- where there sometimos 
appears to be only one tide io the day-seem to indicate 11 s cond wuve as coming some hours after 
a first wave, and tbu adding to the fir t high water and producing a prolonged tide. The second 
wave (if we may so call it for distinction) must be also hypothetical, but it might be confirmed by 
accurate ob entltion ut til K eeJings I slands and at the Chagos group, in conjuuction with others 
at Sunda t.rait, at the E. end of Java, and along the N.W. coa t of Australia. 

Tbe tides of the A 'iatic Archip lago bave yet to be inve tigated, but our conviction i (as the 
chart repre ents) that the wave dOWll Mulacca trait, and that which flows to Ea tward between 
Java and Australia (till it me ts the Pacific wave which has come through Torres Strait) are.a back­
ward undulation from the WIlV which the moo.J has formed nnder herself a she pa ses over the 
deep sea near the Keeling I sland, where high water occurs about two hours sooner than at Sunda 
Strait, or about four hours after the passage of the moon; wheroas at Torr s ~Lrait the highll\ ater 
lti aboui 9 hours after tbe moon. We a sume tbat Lhe moon doe tbu pick up, as it were, a fresh 
wave; and, as the tide follows the moon, the (:rst eft CL clo 0 to the W. shore of Australia and the 
S. coast of Juva, must b. to dl'/ll\' tbe water away from the land, in order to form a tide-wa\' to the 
W. of tha~and. A certaiu space f water uehind the moon i required to form a wave; this wave 
than, when brought \0 a head, as it were, may be easily supposed to fall b§.ck upon the coast of W. 
AUiitralia, cau ing hi~h wat r at Swan Hh'el' at a later bour than at the .W. Cape, and later'still 
at King George's ound, where (we are told) the flood current come in from the Westward, and the 
diurnal ineq\lo.lity or the times i · very great, 0 that som times th two tides come 010 e together, 
and the wattr fall so little b tween them, as if there were only one tide ill tbe day. ~ 

In tbe ulf of Carpentaria, Flinders fouud great illequaJiti s, nud was induced to b lieve that 
there wa only one tide in the dlly there al ' 0. Thi might be due to th great inequality of time 
bringing the two tides together, or to th great inequality of beight cau ing the smaller tide to be o\·er· 
looked, but reoorded faots ur to II' to d tel'mine by. We mu t I o.\'e to the ri ing g 11 ration of 
sci ntific mariners the task of elucidating the progre s of the tide-wave in tho Eastern sea, and 
of ~ howing to their fellow seum u how the tidal ourrents are interfered with by the periodical oc Ill) 

cunents and prevailing winds. Ml'. Parke bas given a sketch of the tide in the selLS b tw n the 
PlI.cifio and Indjan Ocean , and thus remark. " High wat r occurs at every hour of tbe twel\'e, al 
some part or other. The two tides of the day differ from one another in all or almo t aJl par ; but 
ill some c s 'the difference i in the height of high water, in orne in the level of 1 w water; in 
soule in the time at which the summit of th wave arrive ; in olhers, in the time at which the hoi· 
low of the wave passes; but each pas es Lhl' ugh it regular s ries of cbanne from fortnight to 
f('rrnight, from year to y 0.1', and from era to ra; each change following the influence of the 
diffel'cnt positions' of the h avenly bodie . The diurnal inequality ( 0 marked a feature in the e 
tloes, arise {rom the fact tbat the two way ,formed in different parts of the ocean, trayel by routes 
JitTering in length, dil'ectioll Ilnd c;onformation. Tbe meeting 01' th crO ing of two wave muy 
PI"s nL gr at m dificatiolls. Where ~he summit of one comes near the ummit of anot. ar, we hall 
hlll' O a wave of double height. Wh re the summit of one coincid with the hollow of another, we 
,hu.ll bave both oblitt!l'uttld." 

A method of finding the heigh t of tide* at any hour, for the principal ports which rum . 
.. Tide Tables" prepared for them-sucb a Bombay and Karu.uw,-i givcn in tbe next page. 

• To Mr. W . Parkes, O.E., we arb ind~bted for this table and exnIDple. Much of the foregoing infonna· 
tion h .. been gleaned from Mr. Parkes' little book on "The Tidee," a'1d froID Oolonel Walk'lr'a "Note. on th 
bannonio Ulllijlil of Tidal Obtervation8.·' • 

• • 
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TABLE! 

For finding the Height of the T:d at any interme~iate perlod .of flood or ebb,-the amount of rise 
and the times of low and hIgh water belOg known. , 

, 

T.t.! '"" "",:J Tide above Low Water level. , 

to High Water. One·sixth One-t,hird Half·flood. 
Two-thirds Five·sixths High Water. 

Flood. Flood. Flood. Flood. 

" 
Feet: ft. in. ft. iu. ft. in. ft. in. ft. in. . ft. in. 

4 g ~r 10 2 0 3 0 8 r 40 
6 1 2t 2 6 3 8t 47 60 
6 o 6 1 6 30 46 66 60 
7 07 1 9t 86 6 8t 66 70 
8 o 8t 2 0 40 60 7 8t 80 
9 o 9 2 3t 46 6 Bt 8 2t 90 

10 o 9t 2 7 6 0 7 6 921- 10 0 
11 011 29t 5 6 

i 
B 2i 10 1 no 

12 10 8 1 6 0 811 110 12 0 
.18 10 I 3 8t 6 6 9 t 12 0 18 0 
14 lIt a 7 70 I 106 12 1 14 0 
16 1 2t 3 9t 76 11 2t 13 9t 16 0 
16 1 3 41 80 Ull 14 8t 16 0 
17 1 3t 43t B 6 128t 16 8t 170 
IB I 1 r- 47 90 13 5 16 7 18 0 

• 19 :. t- i 49* 96 14 2t 17 6 19 0 I' 
20 It 17 I 6 1 100 1411 I 18 6 200 

For the corre pondinj:( periods of ebb tide use the same figures, b~ consider them Il.8 the 
amounts of faU from High Water level. 

t • 

• 
EXlln'LlI I.-To find the height of the water at Bombay at 5 P.M. on Se~t. 13th, 1~78 . 

. Previous High Water . 3h .. 14m. (from 'l'ide Tuhle) 2ft. 8m. Height above Zero. 
Next Low Water lOh. 2m. u 4ft. llin. Depth below Zerd. 

Duration of ebb 6h. 4Bm. 7ft. 7in. Fall of Tide. 

One.sixth of dural ion of ebb is 6h. 48m. + 6 = 1h. 8m. Therefore one-8ixlli ebb oocure at 811. 14m. + 
lh. 8m. = 41\. 22m., end one-t ird ebb at 3h. 1410. + 2h. 16m. = 6h. 30m. 

Fail (from Table) at one·sixth ebb for tide of 7ft. 7in. = Oft. Bin. 
u " one-third ehb " " = lit. llin. 

~ Whence boight of water at 4h. 22m. is 2ft. 8in. - Oft. Bin. = 2ft. Oin. 
" " ,,6h. 30m. is 2ft. in. - 1ft. 11in. = Oft. 9in. 

< 

or, (according to prol'ortion), at h. Om. tile Jleight of the water is about 1ft. 6in. abov~ Zero. 

EXAMPLE n .-To find the height of the water at Bombay o.t 4 A..M. on Sept. 16th, 1878. 
Previous Low Water • Oh.28m. (from l'ide Table) 8ft. oin. Depth below Z~ro. 
Next High Water 8h. Om. " " 2ft. llin. Height above Zero. 

Duration or flood 'Th. 82m. 6ft. 4in. Rise of Tide: 

Therefore, one·sixth flood = lb. 15m. '; one-third 1I.00d = 2h. 8m.; one-half flood = 8h 406m. 
Prev ip L . 'V. + ana· lixth flood = Oh. 28m. + Ih. 16m. = 111. 431U. 

" L . W. + one-third " - Oh. 2 m. + 2h. 31m. = 2h. 69m. 
" L . W . + one· half ,,= Oh. 2Bm. + ab. 46m. = 4b. 14m. 

Rise at balf flood (from Table) for tide of 6ft. 4in. =. . . . . . 8f\. 2in. 
Proportion 1 riSIl in 14m. (from Table; one-fifth of dilI'. betwoon 1ft. 6in. And 3ft. 2in.). = Oft. 4.iD. 

Ri8(\ up to 4 A..H. .. 2ft. lOla. 

Therefore, 2h. 10m. deduoted from 8ft. lIin. leave8 Oft. 7in. bew Zero, 0 r:quired hoieht ot water. 
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GENERAL REMARKS ON TIDES. • • • 
Until )ate years only, few seamen have noticed the real distinction betwe n high water or 

full sea, and the turn of ~he stream ;-which may take place sooner or later than high, or low 
water, by a quarter, or half a tide (more or less), bUt seldom with it, except at the bead, or end of 
a tidal inlet, estuary, or harbour. 

Example.-From the Atlantic, for example, a gradual elevation of the ocean, an xces iTely 
broad Hat wave, impinges on the western shores of the British I sland and wells around them, by 
th north and south. After raising the water, everywhere, succe ively, or simultaneously (accord­
ing to thll coast line and other circum tances) the e two north and outh waves meet near the 
Strait of Dover. 

The tide wave that travels northward, and right round the British Isles, is longer on its course,' 
and meet n ar Dover the swell of a tide nearly two day!'! younger (or later) which bas pas ed up 
the Brit' h Channel. Winds, either Northerly or S.W ., must retard the one ~nd hasten the other; 
thus making an alteration, by several mil es, in the meeting place of the two tides. 

Looal Peoulili.rities of the tides vary in all imaginable ways; but th it main principles or 
features are everywhere similar, only difforing in degree. The ocean is slightly influenced by 
gravitation, and very small movement of 80 vast a mass suffice to impel secondary waves against 
sbore , and these again sond off their derivatives, in great variety, according to the conformation of 
coasts and the depth or shallowness of the waters adjacent to them. 

Sometime t ese derivative tide-waves succeed at equal intervals, sometimes they combine 
and accumulate; at others they follow in such exact ucce Rion as completely to neutralise one 
another. and thu cause an appearance of no tide a.t a.ll. Between such extreme cases there is 
every variety found, in various parts of the world; and they may all be illustrated by reference to 
a wave .advancing against a cluster of rock, on any sea shor , which may be observed to circle 
around, fill cavities more or Ie s gradually, form every kind of eddy, with streams chasingeeeh other 
without rising, or meeting in accumulation ;- exemplifying in miniature, ~hat takes place, on a 
groat 'cale, but \'ery much more gradually, throughout the world. 

Preoaution.-W,henever a coast IS approacbed from an open ocean, the tidal stream, or 
current tide near the shore, should be carefully considered. In some places there is a set of 
many mile, perhaps 20 m., or 30 m. , along shore, or towards the land .. in one titJ.ej but, happily, 
on most ea-boards th re ar no uch ex treme dangers. • 

Tides of th" Indian Ocean.-Of the tides in Australian and Chinese seas, we have much to 
learn. We have a fair knowledge of the tide of the I~dian Ocean, northward of Mauritius, but 
80me an8malies require to b cleared up. We shall learn more of the Arabian Sea and G;ulf of 
Bengal tides, when the scientific ob ervations, now under charge of the S\lrveyor.General of India, 
along her hore , become published and multiplied. 

Anomalies present them elve in the 0 ulf of Manar and the Red Sea. In the former region. 
it baa been noticed that ometi~es four slight tidal ri ing and corre ponding falls occur in one 
day. The tidal chart ma.y partly account for this, as it shows that a direct wave may come up the 
Indian Ocean causing the first high water, and that this is afterwards followed by another wave 
thrown back down the Malabar coast. In the Red Sea, tidal not s have been gathered at the wre~k 
of many a vessel, as well as by the tal nted surveyors of the Royal Navy, , ho, of late years, have 
been emploled there. Thus we ar enabled to draw up the following remarks. 

TIDES IN THE RED SEA. 

The Gulf of Suez seems to have a tidal influence of its own wbich is not a continuation of the 
Indian Ocean wave that enters th Red Seo.. The latter seems to reach the Dbalac Bank; tbence 
merf'ly faint indications of any tide are found till northwa.rd of Ko air. Distinct tidal currents are 
found iletWtlen the mouth of th u1£ of Ahkaba, and Shadwan and the Jafatain Islands. 

Riae.-Tbel'e is at spring, a ri e at Suea of 7 ft., and at Rae Gharib of 2 ft.; but (the Royal 
Nllvy surveyor tate) th I'e i no .tidal rise aud fall at Toor, nor yet at Oape Ze' ee. Theyalsd 
stllte thut it is H. W. in lhe bay to the west of the islan~s Shadwan and Jubal when it is L. W. at 
Su z, Rnd 'lJic~ 'lJBTBIi. 

The tidal current, throughout the length of the Gulf of Suez above Toor and Zeitee, is said 
to run to the northward, hilst the water is rising lit S ez; nod again , to set to the southward when 
the wat.er is Calling at Suez. The maximum spring tide rate is It m. per hour. 

The attentive reader of a.ll the foregoing brief remarks co Tide ," will a ily understand that 
the moon mu t 1lick 11p R wave to form H. W. at Suez; and. in doing so, the effect tnu t be to draw 
away water from ~om(' cli~! lilt !loin ! OhO('T\'ntioos indioate that point to be between Toor and 

-------~--~-----------------.~ 
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eitee; that the source of her supply is the broad Red Sea below the Sinai peninsula, and that I 
the Strait of Jubal is her feeding channel. 'l,'hus we bave some little;'olue to certain (apparently) I 

anomalies in the tidal ourrents of that strait, which are said to run longer to the Northward tban f 
to SouthwRrd. Exact observations of tidal phenomena in the Gulf of Suez wore not initiated until 
the mt\r'time canal was opened. We cannot therefore tell how much of this ex.tra Northward Bow I 

may be due to the demand caused by evaporation from the broad surface of the Bittel' lakeB. A 
flood stream of seven hours, contrasted with an ebb stream of only five hours (see further on), indicates . 
the effect of evaporation. This, however, is a questio~ more for the physical geographer than for 
the seaman. But it is for the latter especially that these remarks on the tides are introduced. 

A vessel's course is sensibly affected by t4e tidal cnrrents in Jubal Straits. Some few 
., remarks about tbem will be found at page 161. The ebb current sets a vessel to the west, and the 

flood to the 8Jlst. If the set be at its maXimum, i.e.,' about 2 m. per hour. and directly athwart her 
course, a steamer going 10 knots in the houf; may find that the coursli made good differs one entire 
point from that attempted or intended. ' . Such deviation in narrow channels may be productive of 
disaster during foggy weather. The fatal accident to the Peninsular and Oriental Steamer Oamatic, 
in December, 1869; may partly have arisen from these currents. The diving operations at her 
wreck fully e~ta.blished tllili fact, that, at that season of the year, the current ran more frequently 
to the N,W. in the vicihity than tp the South. 

Suez Canal Tides" 'There is no perceptible tide or current in Lake Timsah nor yet in the 
Great Bitter Lake. Tne tidal inBuence in the southern portion of the canal, extends from Suez 
to I\oout .m. within the south end of the Littlll Bitter Lake, and it is at the latter position that I 
the demaroMion pf th-e salt lake water from th~ Red Sea water occurs . 
. -: . The tid,"- stream between Suez and Chalouf (the latter beillg 11 m. from the canal's S. 
entrance) turns to the Northward about two hours before H . W. at Suez ; thus the canal Bood· 
current runs for 7 hours. The stream commences at Chalouf to run Southward about one hour 
before ft is L. W , at iuez, and coutinues little more thtin 5 hours. At the F, and C. of moon the 
tidal stream tuns Northward fr{)m 9h. 30m. to 4h, 30m .• and Southward frOID about 5h. to 10h. 
It is ~aid that the time occupied by the North and South tidal streams is different, in consequence 
of the unvarying height of the water in the Bitter lakes; but surely much of t:he difference 'is due to 
evaporation tbere, The current cannot run Northward until the flood tide at Su z has I'focn above 
the level of the ~akes, whi~h is about two hours befofe H . W., at which time it tUl'll ~ to run up, and 
contiJues running during the latter part of the Suez flood and throughout two· thirds of the ebb 
tide at Suez, or until the water there has again flllllln to the mean level. The,canaJ stream then 
turns to run Southward about one hour l1afore L. W .. and continues to run out till th~ Buod tide 
has Again raised the water above the level of the Bitter lakes. , 

Velocity. In this tidal part of the canal, between Chalouf and Suez, spring tides run at the 
rate of 2t knots an hour, and occasionally much stronger. The trength of the stl'eam increases 
from Chalouf to near Madama, where it is strongest. Off tho mlluth of Suez cl'<lek, precaution is 
necessary, and allowance must be made tor tbe strong tidal current (either into or out oj the creek, 
according to flood or ebb) setting sometimes across the axis of the canal. and frequently in thc con· 
trary direction of the canal. current. 

Rille and FalL A spring ti e rises half a foot at the S. entrance of the Little Bitter 'Lake ;, 
about It feet at Ohalouf; !l ft. at Madama, and 7 ft . at Suez. At the latter place with a strong 
Ioutherly wind in the Gulf of Suez, the water rises from 8 to 9 ft. at the head of elle Gulf and 
must then affeot the wa.ter in the C8J?al. to some small extent. ' 



SECTION I. 

ENGLAND TO MALTA, SUEZ AND ADEN. · 

CHAPTER I. 

ENGLAND TO GIBRALTAR. 

FERROL-OORUNNA-OAPE FTN ISTERRE-AROSA BAY-VTGO-TAGUS - LAG OS BAY-OAPE ST. KARY­

OADIZ-OAPE TRAFALGAR-TARIFA-GIDRALT"n DAY-AFRIOAN COAST-TANGIER-CEUTA­

WINDS, TIDE S, OURRE~'rS, RAOES, I N GIBRALTAR STRAIT-PASSAG}O; -WINDS ANoD OURRENTS. 

(VARIATION OF COMPASS A'r FALMOUTH, Q3° W. ; AT GIilRALTAR, 19° W.) 

In accordance with the plan laid down, a description of the land and ports likely to be 
approached, either in outward or homeward-bound vessels, will be given, and then general directiolls 
for making the passage, to ensur the safety of the ship and a quick voyage. 

So excliltional is the necessity for approaching the coast or making any harbour in the Bay 
of Biscay, that we n~c;l only describe one or two ports which , in case of not weathering Cape 
Finisterre, it may be nece sary to bdlLl' up for. Furth r information will be found in the Sectitln , 
from England to Cape of Good Hopt> Ipp 33 to ~7). 

FERROL HA)IlJOUR. The blJ./ formed by CHPfl PI'ir~rino and Hermino Point may be called 
the entrance\o the thre inlets of F errol. B tan7;O~ and Onrnnna: the distance between the two 
points being 5 m. 1'rol. th northen inlet. is th be~ t .. ItS il i enclo fld by high laud, and shelters 
from all winds; the entrance b twcen Pribrino Ligut ann oitelada Poin t is nearly It m. broad ; 
but, as you go in, it narrows to a channel. which, in some part, i not more than 2 cables wid.;. 
though it is It m. in length; having passed this channel the harbour i spacious. 

There is no danger in making Ferrol. Either poillt of the entl'lluce can be rounded at 
8 cables. La Muela Rock. which lie off' Begnno Poin t. i now marked by a Red buoy. Having 
pI!. ed this, Il mid-channel course mu. t be kept until wit!lill the harbour. when you must haul to 
the N.E. for anchorage. 

Light. The N. point of entrauce. Priorino Chico. ha a light, fixed. White, giving a Red 
Hash every two minutes; visible 12 m. ; elevated 90 ft. Lnt. 43° 'l I .. Ion. ° 20' W . 

Cape Prior, 6 m. to N.N.E. of ,hico Priorino . . has II brightfixecllight, 450 ft. high. 
CORUNNA BAY. The outhern inlet is not so clear of dllngel' ru Ferrol. A rocky bank, 

Jaoentes, a mile in extent, lies imm diately before the port, It m. to .E . of the light; in fine 
weather it may be ero ' ed, but it breaks h avily in bad weath r. and mu t be avoided. As the 
shore is bold on b th sides, and enn be approached to 3 01' 4 cables, you hould keep either shore 
abt'oad until within thi bank, when th Bay may be aid to be nteren : this entrance, between 
Herminio Point and Mera Point, is I t, m wide 

Lights. If coming from the W., the light-house of the Torre de HercuIe , 380 ft . above the 
Roa, it> conspicuollS, Ilnd will Ie d up to the Bay. Her ul Light iR fixed. Whit, flashing every 
three minutes; visible 16 m. After rounding H erminio P oint. which i i m. K .E. of the 
light, steer about , .K by S. until an Diego Cl~&tl op 110 to E. of RR.n Antonio ell ·tle; bing 
then clear of tb~ Cabanes rooky shoal. whicb brenkR when there is much sea, steor for the light on 
San Antonio Cllstle, and, haviug rounded it at a cable distance, you may anchor. Vessels above 
"0 Ions are bound to employ a pilot. 

1 

• 
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lIetween OOl'1lDD.& aDa Yinhterre there are two ligbu.. Sisargas Light i., J'Laled,~i.te 'j bu' 
Ouhes Red every four minutes, Je.l 4.So 22' N., Ion. 80 60' W. Cape Villauo lJght is fiNd; 
'ili.bl~ 10 m.; lat. , 8° 10' N~, Ion go .}3' W. Afrioan Rook Iiea hlLlf a league off Cape Toriww&, 
8 m. W.S.W. frol\1 Villallo. Imd 12 m.w N. of Finislerre. (See 0.180 p. 34..) 

CAPE FIlIISTEltRE. The land to the N. of this cape, is high, with .. flat top, The Oape 
itself i~ not high, hUI ,~ u~ily t f'cuguise d by the light-house, oes.rly 470 ft aoo'·e the 1188... 

Fini6tem Light is I'",·,,/dlli (·I·ery 30 seconds; visible 20 01 , ; lat. 4.2° 68' N ., Ion. go Ui' W_ 
. The coast from CUIK' Fiui.h~".e to Cape Silleiro, 60 m .• is broken by a aerie>! (If dee:r inlet&. 

the heedllUlds between whlcl ) an. rugged. As many dangel"8 lie off the shoro, it shoul not be 
approached at night or ill tlJlek wcnther. 

Alo ... Bay l~ an tlx tensive inlet with good ~helter, and mBy be resorted to in case of 
emergency willJ a l elldin~ wind Ilud hy dllSlight. 'l'he nutra.nce is 2 Ill. wide. Tht.: W. side of it. 
Salvora I fland, i~ di.~li1JHldsIJc(1 hy a light.houS!). A lOid chanllel oour8e, after rounding Brisan 
Point. leads sllfely in, wlwlI the HUll Light-llOllije will he seen. Passing betWtH,'U the Hua Ligllt;. 

'beuse, and t.hat on thc N.W. ~lJd I>f Aro"l\ hll\nt!. you (- J\I"I 11&.111 to thi) W. into Pud,kt. B"y. 
Ou 1Iland, I) D1 to the S. "f Arosa nil)", afford~ safe anchorage 011 ita E. side in W. winds, 

at 8 cahlce from the 811m·c. A 1igl,t . 1H)u~e i~ on the S\Jmrnit of the islulld, which i~ 400 ft. high. 
In roun,ling OnB lsland, give II. bllrth to the rucks uff tho S. end. 

VIGO :BA.Y, !I. detjl lLml ~uf'i ililet, is fronwd bJ tile Cies or U:J)"OIlIl islunds. The middle 
illand. Faro. hus II. r8J'v/"j!l[j !iglit . M15 ft. IJjgh. Uutler the lel! of the islllllds, there is safe 
anchonlge in 9 or 10 fllthll!n~ i1< W. gllies. Vigo BII.\' ell), 1.,0 Imtur~tI eithor to the N. or S. of 
tbOlf:J islauds, acoording to tho wind. Entering hy tb, ' N. cbauud, elire mu~t be taken to Il.I"oid 
• reef of rocks, whicb exteud Ii 10. N. from Cahallo Puint; by koc\lillg Ctl.pe H <Ju,ure iu tl.line 
witb the hill of ]1\ . _ Seu", .. old Alba about S S.B. i E., Imtil Monte Ferro belU"il S. t W. Then 
.teer for the latter until tho centre of the Bay opens. 

By dIe 8 pru!!lLge, Cape Mar ill linf with the light Ilo\1l1e of Monte do la Guill., bearing E. by 
N., will lead in mid·channel btitween the dungers ofT Ht. Martin Isla.nd and those off tho UJ!l.in. 
Wbell Faro Light-hoos\: OpeWl 10 tho E . of St. Martin, IJlI.ul to the N.E., towards the cel.ltre of the 
Bay. By keeping lOidwl\Y between the shores dll danHIJ!"8 are al·oided uutil the town of Vigo ill 
put, then anchor in from 6 to 9 fathom.. _ 

lk>twt'en Vigo and Lisl)(m there is no port that a ve~selllligllt ron for without II. .. i1ot. 
. J1U'liDgI and Farilhoe. are a remarkRblc clusler o[ itdeUi, between 3QO and 40U ft. high, otT 
Olpc uun-oeiro. Durliugs Light r tIJQltu every three WiuuttlB: 13lHI ft. abo,·o Bell.. T~e ciul.nllcl 
belween them and the main i~ clear_ In foggy w..,athur keep well to the W. 

TA.GUS AIVU. The approacp to the Ta.gue. from the N., is well'marked by the Cinlrll 
moulituinB, 1.700 ft. high. lind also hy Cape Hoea (Rock of LiHbon), a cliff aLout' CltiO ft. high, 
with a light-house on the summit. Cape lw.o is 4 m. S. of Roca, and frolll thelJee th" COIIISt 
tremb to S.E. '. m. to Guiu Light, then to the E. tv Cascacs nay; where, during 8ummeJ' mouths, 
""hfO N. ",·jnds prevail, aDc.borllge Illlly be sought in 10 to l;.e fllthoms with Fort St . .MllJ·tha in 
aliDe ",i.th Guill Light-hoiUC, N.W .• W., and the town of C~6'i nearly open to N. of CII.8C&61 
Fort. 

'1:he entrance to the Tagu~, between flirts SI. Julian lind Bugio, is 1 i m. wide. Off both fotta 
there are dangeroua IIsndy ,hOllIs extending to the W., nud hsving between them e. deep chauntl 
nearly It mile brood. These Bllnd·lJanks are the N. and S. Cllchopo. Between N. Cacbopo aJld. 
Fort St. ,TulilUl iB th~ narrow Nooth e!Jlnnel, which can only bo tuken with a fair wind. 

Belem CUtIlI, on the N. Bide of the 'fsgus, IS m. abovo Fort San Juliau,' aud abou' 2 m. 
below Li~h()n. is promimmt in entering the river; it stands on a projec:t.ing point, nearl, irlsu~ted 
at bigh wnkr; near it is the quarantine station. Hore are tile health and customa officel, al14 oil 
it all ve$~I·I. a)·e bOllrdad on entering_ Bdem is almost counected with Lillbon. ' .. 

Cacllopo Shoalt, The N. shoal extendH froTU Fort Bt Julian about W. b, S. i 8. ai m.,. 
'and hu a ,hOll patch of 6 ft. Th8 S. shoal extends from Bugio Fort W.S.W. If In.: thiI &hoi: 
h .. 8. like depth, and is marked by White buoys. · ., " , 

The liar, between the oot.Pr extremes of the two ahoa!., ha& 6 and 7 rathoma oyer it ,at L. W. 
Ipringe; tbe chaane\ within lOOn deepells to \I fathoms: between the two forts there is 19h.t.hol1l5 
In 8. W. galtl!l the 1101. frequently br"aks htavl on the Bar; in winter, when lh4 ._h~~li.liu"g 
,tbi. break contiuuer; for days together, and It luoh times the DIU' is impusahle. '. ~".\,.,.,:, ' .. " 

LlGllTI. Ct.pe Roell haa a nrolvilig light. altemating Red and Wbite .e",1)' .lQQ....... j 
~e,attod. ~OO ft.; ovi.ible \10 UJ.: IlLt_. 8.80 4f1' N., 1011. ,,0 .~O' w. QUa ~., • . ~,~.;~.~l). ! 
1aigb; "fWble 1:l m. Lights are exhlbned from Forb Jul\t.tl {fta!eItJ 1.114 .Bupl{m. .... }:.i ' i~ J 
·Boa StIOI*I, Deu~ele: 0aetJe, au uma" &ti light_ . I , ,, . : y~~':~. , .. : J 
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The Ti&e. oftha Tagus aN d&ngtlr'0U8. Of\' Li.sbon City. the ebb sometimes tWlI! 6 or "i knoli. 
f'hr.n trl·shea come down after rain. Flood i8 generally much wellker.than ebb The curreut lie'» 
directly through the S. channel and over the Btlr ; 011 ftoud S ,;m., and on ell!. 4 m. al\ hour. To euter 
durin~ ehh you mot have a strong breeze. H. W. at F. and C •. oa the BRf, at ~iiL.; rise 1U ft. 

Windt. Within tbt'l rjl'er the willrl cornel irregularly down. the valley'" 0 '1 eitLl!r lIiJe, 
excl'!prillg wllen it blows up 01' down river, when it is prell)" .,;to'II< I)" , . 

lilotl are usually found off the CutTlIU"C. or u.t CIW.:Y.eS LOIn .. ... Tlie ll" hoftl$ ha~c a Dlue Rag 
at the yard.arm or tll l'i r "'1""11 !llIij,.. ' • • 

DiucnOlifS -The North Channel into thlJ Tagus requires '"" liuowlcdg" of tbe tides. !lnJ 
in a sailing ressel II colnulIl.l1diug breeze. H i(v ill!( plUlaetl Guill. lIud C~jws. bring CU~ijilh!lS PoJint 
(the E. termination of the S . ~horc) iu Ii un with the S, face of Fort Sun Julian bearing E. by 
S. r 8.,-or if wishing to borrow on U1P. CadlOjJo, Delt:Ul Towtlr 011 with the S.B. extrcme of Sail 
Jlliian Point ;--I'Iteer in with either of the allO l'e marks until Liuia Li~hl·hou~e is iii ami .... ·iLh tillil 
an~ or centre of the higl1 pl\1't of Snutl!. l\Iartlu\ F ..,rt, N.W. -I W .; then 11.('1'1' this Illth'T mark ..,11 •. 
and it wi1l1aad in mid·cbanllel, in nlll les~ llilln (j fathoms allow water. 

When the celltre of MOllnt Cordonl. (ou \.ho S. shore) cOlues tn oue with llugio,Tower. bl'.IlrinR 
nbont S.E. t S., atcer for Jlugio Ulltil SIlU TholUlJ,s Fort (which is whit" Klld a long half mile N.B. 
of Sail JulitUl) opens to E. of tht! yellow fort of ClI.te]:w:cte; then haul into the ril'er, but carefully 
allowing for tid8ll, as the flood ll<'ts right on thc sheml e.'(tending Crom SIlU Julian, while the eub 
sets directly on the N. Cndlopo. 

Monllt Cordovll. is 1:.1 m. from S!ll~ Julian For·l . alld Inll.y not be visible; iu Ibi" €lillie, baTing 
cntcr&d the N cbannel, Its 8110 11 ItS tho rock" II.t Clitei t4Zcte Point are opel! of lho S E. angle of 
Fort San Julian, steer for Bugio t'urt till thc batk!'), at Catcluetl' Point, San 'I'hOIDIIS Ji'ort (tho 
next to it), and the ouler windmill. IIrc ill lill t) boari ng ~.E. by E., IInJ then haul more to E. into 
the river. With Rnna. Church ill one with QUill \..;1 "Sova. ImJ CWsllilhlUl Poillt in aile with the 
S. face of Fort Sao Julian, a ves~el will be in the centre of thu fairway, and hlH'a Guia Light-bouM 
in one with the blt~tioll of Santa Martha Fort. 

~e South Channel is the !Jriucip al oue iulo the ri'·er. Entering with Cl. fair wind. and 
rouodmg the S. extreme of N. Cne lOpo, keep the Penillha (or W. pli.rt of the mountaiull of Cintra) 
bearing N. t E., and orell 10 W. of CI.'ICa08 F ort, umil Bugio Fort comes in one witb EsUillla 
Dome, E . i- .:t. Theullteer toward8 Bugio, keepiug it ill one lI'itll E~tJi,Jll1. Dome, in which line the 
nar connectmg the N.'and S. CttCbopos will L.., l 'rO!l:lf;d in tht! deepest water, not lesH than 8i 
fathoms; end when the PlipS 111'1.' in 011(' with Ja{'(>I'-~ LdJcr. E. by N. iN., It \'ell561 will lie inside 
~e Bar, and in deepe' \Vater. No\\,' run up willI tl JC P"I''' iH one with JlI.col'li Ladder, or if the 
WInd banr tg the N., borrow!lij (<lr fI.S tbe N. lllrlliug IH:U'~ ( Paps iu one with Culas, E, by N. 
r N.) 1 the wi~d be frorn S .E., borrow tOl\'lIr,]s llH! S. ltl ruiug IOlI.l'k (Pap" in line with the 
cypress tree,) bearing about E.N.E., !Jut nvoid guing tno !l('nr Dugio, as the tides there are Ilrong 
and irregular, Rnd tb~ shoal 8leep~to 
. . Having passed betw('en Bugio 8.fId San Julian, keel' ,,, the N. 80 as to clear the aandy Bat 
dlIJlde Bugio, till Belem Cll8tll! i~ in Hue with the S. })Il.rt IJf the city of Lishon, bt.oaring E. t B. 
p~ Belom Ca~tle at ~ or a cables off. and then P!'QCt>"J to the lI.ochorllge. keeping Fort San 
Juhan and all its outworks olHln to the S. of tbe J1arupd of Belum ClUl-tie. This >Am c1.r the 
ahoa)a or AlcantaJ-a, until the I'rnlscl arrives off the Packet Rwin;. wbere there ill IUlchorage ill from 
]0 to 14 fathoms, or farther up ill I~ to 16 fathoms mu,]. 

TuruiDr tluough the South Channel A "&lRel .,uwdiuij RE . toward. the W. t.aiI of N. 
Caohopo. ahould keep Ptmiuha PCIlk hoMriuij N. i E., opt'll 10 \Y. of CUCIlet! Fort, and in not ltMIS than 
HHatbollls 'Water, nntil the S. part of the city of Lisbon is in \ine with Uugio f'ort, E. t S. ; theu haul 
to the wind. The tuming-mark for theN. "ide of thechaunel i~ tl18 PklPS iuline with the Mirante O!' 

~~ of Cuiu E by N. iN,; and the turning mark: for the S "iJe of tIle chrumel ill thtl Pap8 in 
IUle ,lInth .!-he 0ypre9s tree (whictr shlnd. a third of a milt! E. of Jacob'" Ladder.) E.N.E. 

TIle N. lUl'lling mark illl:Wlftl and prudent, as &. \'E:!i8el wi,lI /lut IIpproucb any part of the N. 
Oadltopo Ulf.Nr than t m. Tire S. turning mark ('.tlrrietl It ve~lIe1 within It .pable. of 
6. ~, and III the tid. b~~1 are unt.ertain, the shOilI ijhoJuld 00 Ilppl'1)aehed .... ith caution. 

1 Ban. Churr.h open W . of Quinta, bearing N. by F.. t E., c1elllllthe tail of the S. Cachopo, 
an~ II !JII.~eLl¥Orkiug in. ~ not ~o to the E. of this liue until well in the clmnnel. A mill ou .. 
b~ ~t, .~,'N.E. df ~or{ san Juhan, open to E. of Fort San Thom&l>, bearing ~.E. by E., clean , 't~."'~:~r ~~.·Cllc.bOp'o, and ita: good, DMJ:, laima.y mark in rl1lllliug out through Ulfl 8 . cbannel. 

, ~:~I~j~i.I'".,onnd s.. Jtilian 'extend. a ghort di.tance from the fort, but deep<lllll immodi 
" MeJt.t.ii.~\~ ·.~; San Thomu Fo.rt _all open E. of lhumall hl,ttety ofJl~taluete. oJ.,. 
the '~" :- ,~.:ttf . tbiI-.bt*. . ; - . 



• 
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4 ENGLAND TO MALTA. [SECTION I. 

Having passed Forts San Julian and Bugio, tand to either shori into 12 fathoms; a good 
mark for clearing tlle sboulqor of the sands, inside of Bugio, is Belem Oastle in one with the 
oitadel of Li uon , whioh stands on the Brst rise of the land from the S. point of the city. Between 
Medao Poin t and the vilhtge of Trafaria, the S. shore is bordered by a bank of the latter name, 
whioh extends off full a tf)il'd of a mile. with deep water close to it. To olear this bank, the houses 
at Torr V (;Iha must be to N. of Trafarill cliffs. Above Trafaria the S. shore of the river is olear, 
witb d ep water as far as Cas 'ilhas Point 

etween Fort Sail J ulinn and Belem Castle tbe N. hore i bordel'ed by a narrow bank, but 
W . of tbe co tIe it extend off atm. 'I'h shol'e on the S. side of the castle i teep; thence 
it is agaill bordered by 0 bault, which in places extends lIeady 2 cables off, with 5 fathom on its 
edge, and deep water close-to . 

When nearing Alennlara Lank , th mark (for cl aring it in 7 fathoms,) is San Julian Ca tIe 
and outworks open of the parapet of B lem astle, until Alcantara, which appears l ike Lhe angle of 
a fort with a wateh·tolver, bears N. t V\r . The bank will then be passed, und tbe shore may be 
approach d until the tow I' of San Julian is in one with the parapet of Bolem Castle; and this is a 
good mark for !!-nchoring in an in-shore berth in 7 or 8 fathoms water, off the Packet stairs. A 
ship of heavy draught will be far enough out in 12 or 14 fathoms, good holding ground of stiff mud, 
and ou t of the strength of the tide . 

At night. If coming from the N., bring Guill. Light to bear N., and run for it until Bugio 
Ligbt bear E ; then steer for Bugio until San Julian Light beal's N.B.; when an E.N.E. course will 
lead between the two lights. When Belem Light is een, bring it to bear E. by ,as the vessel 
will be nearly in mid channel, and tben run up the river. 

III cute 'ing from the S., brillg Blin Julian Light to bear N.B., and run on that bearing until 
the Bugio Light bears E ., then proceed as directed above. an Julian Light N.N.E. just clears the 

, S. Cachopo in 4 flilhoms. 
Whl n Cape Roca Light is shut in with Guia a vessel will be nearing the shoals, and within the 

influen 'e of the river tides, and therefore a cautious ani! constant reference to the bearings will be 
neces8H ry. Should the ebb tide be running, be cal.'efulnot to be set too near Bugio, and if in any 
doubt, steer more to the N. . 

CAPE ESPICHEL TO CAPE ST. VINCENT. Cape Espichel Light-house is 6'25 feet above 
the sen. Th ooast from thitl cape to Riberia river is g nerully low and sandy; on warts to Oape St. 
"incell t it gradually rise, with steep rocky cliffs The Sierra de Monckique (its highest part, 
Foya, elevated 3, 30 feet) is r marltable, 8 leagues B.N.E. of St. Vincent Cape. . 

CAPE ST. VINCENT' is about 200 ft. high, having a convent, Jight-hou e, and other 
buildings on the summit. A good offing should be kept off this Cape, as the currrnts generally 
set ~l'Ong along shore, with a tendeuey towards the Cape. 

L!§'ht. Cape St. Vincent Light ,.evolves every 2 minutes i 220 ft. high; visible 20 m. 
Lat 3i 3' ., Ion. go 0' W. 

Sagres Point. Shelter from N. winds oon be found ~ . of this point in 11 fathoms, about 
'l m. frum the shore; but, directly the wind changes, vessels shonld leave. 

Lagos :Bay also affords Illlehorage during N. winds Large vessels should anchor to E. of 
Piedarlo Point in 12 to 15 fatbolOs. Springs rise 13 ft .; H . W. F. and C. at 2 h . 

CAPE ST. MARY is the S. island of several, low and sandy. A light· bouse stands on it. 
Ve Is in the vicinity of the Cape should not approach the coast in thick weather, as the water 
rapidly shallows towards the Cape • 

There i no port betwee Cnpe St. Mary and Cadiz that a vessel of any size can take without 
a pilot, allll anchorag off t.hem can only be obtained in fine weather. The bay between these t 0 
plu.ces i to be avoided. 

Guada.lquivir River has a light on its S_ side. flashing every minu~ i elevated' 220 ft. ; 
visible 2!2 m. It is 12 m. to N. of Cadiz, flDd a good landmark for that port. 

CADIZ :BAY, betw ' n R~ta and Cadiz, i lit m wide, and between Cadiz and St.. 
atalina. 3 m., but rock!! and sboals'make it much narrower for navigation. In approacbing from 

W., the l'frst land seen will prob bl be the mountain of ·Ronda, Ulrique, and Medina. Ronda is 
the highest of an extensive cblliu 24 m. inland. Ulrique is not so distant, but less conspicuous. 
Medina, a. pyramid hill, ia lowest, but near its summit bas a remarkable tower. The hou es of 
Medina on the W. slop of the mountain appear as a whiLe patch. Bevil. tower, 6 m. to .N. of 
Rot·l. is also a good mark 011 this coast, Ii it can be seen fur off. 

Rota is a small fvrtifi d town . with afia'ed White li~ht on the mole. A reef extends from 
. the point and sboal wllter to Rota Reef, a patch with :It fathoms. A lUd buoy it on ita S. 

point, S.S.E. 1\ 1ft. from Rota. ·A rocky shoal 11.1 ' 0 extends It m. to the W • 

.. 
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