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then thefe animals in 1t live longeft.and move very briskly s
whereas on the contrary the Mclt being not full ripe, we
mu’t with force prefs it oucof the Fifh ,  and then tis diffis

~uic o fee thefe Animalcules alive,

ed Theory of the Variation of the Mag-
netical COMP AS S, by Mr. Ed,
Halley Feilowofthe R. S.

He Vatiation of the Compafs (by which T mean the:
" deflection of the Magnetical Needle trom the true
Meridian, is of that great concernmeut in the Art of Na-
vigation : that the negle& thereof, doeslittle lefs than
render ufelefs one of the nobleft Inventions mankind ever
yet attained to.  And for this caufe all Ships of Confe~
quence (efpecially thofe bound beyond the Equator.) cars
ty with them Inftruments on purpofe to obferve this Vari--
ation : that fo the courfe fteared by the Compafs, may be
reduced to the true courfe in refped of the Meridian .

Now altho the great utility that a perfeét knowledge of
the Theory of the Magnetical direion wouid atford zo.
mankind in general, and efpecially to thole concerned in
Sea affairs s feem a fufficient incirement to all Phrilo{ophical
andMarhematicaljheads,tc rake under fcrious confideration
*he feveral Phanomena  and to endeavour 1o reconcile them

by
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by fame oracral rule s yetfoirisy that 2!maflt all the Au-
tho s, from whomeadifcourfe of this kind ought to have
been cxpedted , pafs by in filence the difficultics they here
encounrer. And thoft that mention this Variation : by
afirming it ro proceed from caufes altozether uncertain
(s arethe cafual lying of Iron min~s and  Loidton es in
in the Earth ) puta ftop to all furthzr contemplstions and
give difcouragement to thofe that would otherwile under-
tzie this Enquiry.  Tis true that noclony fince one Mr.
Bund, an old Teacher of Navizstion. put fortha fiall
Frearife wherein he pretends to cai¢ulate the Variation
but he limits his Hypothefis to the City of London , affirm-
ing himfelf (as he had a great dea! of reafn, ) that the fame
Caleulus is not fuflicient for other placess wherebyit ap-
Dears that hisrule is far fhort of the fo much defired genea
ral one.

Now altho 7through want of fufficient obfervations and
fome other difficulties which I fhall anon fhew) I cannot
pretend perfeCtly to eftablifh ¢he numbers and rules of a
Calculus which fhall precifely anfwer to the Variations of all
parts of the World : yet [ fuppoleit will not be unaccepta-
ble to the curious to propofe fomething of alight into
thisabltrufe mvftery : which, if no other, may have this
good effect to ftir up the Philofophical Genzy of the age
to apply themfelve: more attentively to this uleful fpecu-
lation.  But' before Iprocce-d, ‘twill be neceflary to lay
down the grounds upon which 1raife my Conclusions s and
atonce to give a Synopfis of thofe Variations which 1 have
reafon to look npon as fure , being moftly the obfervati-
ons of perfons of good fkill and Integrity.
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In Baffins Bay at Sir Thomas } 80, 00 W 783 00 N 1516 s7 @0 W,
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Names of Places, Lorgitnde. y Latitnde, Avmo | Variation,
o 4 o Dom © !
At Sea - so o W.| 38 an N 1432 |7 30 W
At Sca - 31 30 W.| 43 so N 168 s 30 M
Ar $ca - ~— | 42 o  W. 21 o N 1678 2 40 E.
Cape St. Auguftine of Brazile 35 30 Wof 8 o 'S 160 |s 30 E.
Cape Frio a1 10 Wl 12 40 S, 1679 1z 10 E
At Sea off of the Mouth of the
River of Plate e } 53 o0 m [39 30 S 1670 o 30 E
Acthe Eaft Entrance of Magele 6 w.
lan Straits } 8 o0 2 50 S 1679 |37 oo E.
At the Welt Entrance of the 75 oo W. S. 1670
Mugellas Straics 3o ’ 4 To E.
Baldivia 73 00 W {40 oo S. 1670 8 10 E
At Cape &’ Agulbase———a=—— (16 30 E. ]34 50 S. 1622 2 oo W
{ 1675 |8 oo
At Sea q1r o E.§32 30 S 1675 o o
At Sea 20 o Wl3 o S. 1675 1o 30 E.
At Sea- - 32 o W.'24 o §. 167% 1o 3» E
At St Helena e [6 35 W, 116 o S. 1677 e 40 E,
At Afcenfion =——————— 114 30 w. |9 o S. 1678 t o> E.
Ac Jobanna s> |44 o0 E. |12 15 S, 167¢ 19 30 W,
At Mombafa — {40 o0 E. {4 a0 S. 167§ 16 oo W.
At Zocatra 56 o0 E. |12 30 N 1674 17 oo W,
At Aden, acthe mouth of the L | .
Red-S;a. . > 47 3 E 13 co N 1674 Iy oo w,
At Diego Roig, ——————— 61 0 E. |0 o s 1676 |20 3
AcSea - 64 30 E o o L 1676 |15 30
At Sca s5. 0 E. 129 o & 166 !24 o0 w,
A Bombzy ———————— {72 30 E lig o N 1676 112 oo W,
At Cape CoMmOrin e mommes 76 co E. (8 yg N. 1680 8 48 wm
At Ballafore —~— 187 o0 E. |a 30 N, 168> 8 220 W
At Fort St. George —— 1% o0 E |13 1y N 168 |8 10 w.
At the Welt pomt of Fava 1040 E. |6 40 . 1676 |3 10 w
At Sea ~ - $8 oo E, 39 o 8. 1677 27 30 W.
A the Ifle of St. Pasl- 72 © E. 138 o &, 1677 (23 30 w
At Van Diemens Land- 1420 E. |42 29 8. 1642 o o
At ?ew Z;(Mlﬂdm N —— 11700 E. |40 50 S, 1642 9 o E.
At Three Kings Iile in New=
tZedﬂ’ld & i 169 30 E. 4 35 S. 1642 8 40 E-
At theifle Rotterdam in the }, 18400 E. 20 15 & 1642 {6 20 E.
South Sea e » E
on the Coaft of New-Guines | 149 00 E |4 30 S 1643 18 45 E
2 the WeR point of New-Grigea | 126 00 E' jo 26 & 1543 1Y 30 K

Tho
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Tho 1 could with we could obtiin from the Spinia ¢
«~hat Variations they find intheir Voyages from the ma-
nilhas towards Acapulco, thro the Norta part of the South
Sea 5 as likewife what it is at Fapan, from the Dutch :
yet, (confidering the number ofthefe oblervations I have
collefted , andthat they are madein parts of the World fo
remcte from Ewrope, and from one another ( 1 {uppofethat
the Theory that anfwers thefe will fcarce failin thofe Re-
gions from whence we have as yet no account.  Bur firft
we muft make fome remarks upon the foregoing Table. and
Firft.

That in all Zurepe the variation at chis time is Weft,
and more inthe Ezftern parts thereof than the Weftern -
as likewife that it feems throughout to be upon thein-
creafe that way-

Secondly that onthe Coalt of America; about ¥irgina ,
New. England and New- Found land , the Variation is like-
wife Wefterly s and that it increafes all theway as yougo
Northerly along the Coaft {o as to be above 20 degrees at
New-foundiand , nearly 30gr, in Hudfons ftraits , and not
lefs than 57. degreesin Baffins Bay; alfo thatas you fajl
Eaftward from this coaft the Variation diminifhes. From
thefe twoit isa Legitimate Corollary: that Somwhere bo—.
tween Eurtope s and the North-part of America, there ought to
be an Eafterly Variation | or at leaft no Wefterly. and fo ]
conjeCture it is about the Eaftermoft of the Tercera If-
lands.

3. That on the coaft of Brafile there is BEaft Variation
which increafes very notably as you go to the South~ward
foasto be 2. degrees atClape Frio, and over againft the
river of Plate 20 & degrees : and from thence failing fouth-
wefterly to the ftraits of Magellanit decreafes 17 degrees,
and at the weft entrance but 14 degrees. '

4 That ar the Eaftward of Brafile properly focalleds
this Eafterly Variation decreafes, fo asto be very liutle

RE
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at St, Helena and Afcenfion , and to be quite gone andthe

Compafs point trueabout 18 degrees of Longitude Weft
from the Cape of Good. hape.

. That to the Eaftward ofthe aforefaid places a Weft-
ward Variation begins , which reigns inthe whole Znd:-
anSea, and arifes to no lefs than Eighteen degreesunder
the Equator it felf, abonut the Meridian ot the Nor-
thern part of Madagafcar; and near the fame Meridian but
in 39. degrees South Lat. it is found full 27 % degrees =
from thence Eafterly the Weft Variation decreafes, fo as
to be but little mote than Eight degrees at Cape Comorin s
and than Three degrees upon the Coaft of Java ; and 0
be quite extint about the Molucca Iflands , as alfoa little
to the Weftwards of Van Diemens Land found out by the
Dutch in 1642.

6. ‘That to the Eaftivard of the Moluccd’s and Van-Di-
emens Land in South Latitude there arifes another eafterly
Variation, which feems not {o greatas the former nor of
{0 large extent s for that at the Ifland Rorserdam it is fen'ib «
ly lels than upon the Eaft Coalt of New Guineas and,
atthe rate it decreafes, it may well be {uppofed thata-
bout 20 degreesfarther Eaft, or 225 deg:ees Ealt Lon-
gitude from Loidon , inthe Latitude of 20 degrees South,
a Wefterly Variation begins.

7. That the Variations obferved by the Honourable
St. Jobn Norborough at Baldivia and at the Weft entrance of
the ffraights of Magellan do plainly fhew,thar that EaftVari-
ation noted in our third remark is decteafeing apace ; and
that it cannot reafonably extend many degrees into the
South Sea from the Coaft of Perx and Chili, leaving room
for a fmall Wefterly Variation, in that traét of the un-

Ff known
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known World that lies inthemidway between Chili and
New- Z ealandand between Hounds-Ifland and rera.

8. Thatin failing North-weft from St. Felena by A/-
cenfon as fax as the Equator the Variation continues ve-
ry {mall Eaft, andasit were conftantly the fame » fo that
inthis part of the World the Coutfe, wherein there isno
Variation , is evidently no Meridian: bur rather North-
weft

g. Thar the entrance of Hudfons ffraights and the
Mouth of the Riverof Plate being neatly under the fame
Meridian, atthe one place the Needle varies 29} degrees
to the iFeft 5 atthe other 20¢  degrees to the Eaff. This
plainly demonftrates the impoffibility of reconcileing
thefe Variations by the Theory of Bond : which is by twe
Magnetical Poles and an Axis inclined to the Axis of the Earth s
from whence it would follow, that under the [ame Meridian
the Variation fhould be in oll places the fame way,

Thefe things being_ premifed may ferve asa fure foun-
dation to raife the fuperftrutture of a Theory upon. But
firft it would not be amifs to fhew hereby the miftake of
Gilbert and Des-Cartes:  The firft whereof fuppofes: that
the Earth it [elf being inall 1ts parts Magnetical , and the IVater
wot 5 wherefoever the Landis s thither alfo fhould the Needle
turn, as tothe greater quantity of Magnetical matter. But
this in many inftances is not true s but moft remarkably
upon the Coaft of Brafile: where the Needle is fo far from
beingattratted by the Land, thatit turns the quite con-
trary way » leveing the Meridiantolye NBE, which is
juft along the Coaft.  As to the pofition of Des Cartes, that
the Iron and Loadffones bid in the Bowels of the Earth and the
Bottom of the Sea maybe the Canfes that the Needle varies

If we confider for how great a part of the Earths furface
ex
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ex gr. in the wholeIndianSea, the Needle declines the
fame waysand that regularly : twill follow that the atrral-
ing Subftance that occafions it-muft be very far diftanr.Now
by Experience we find the little force that Iron Guns have
upon cthe Compafs in fhips (their vertue, tho they be demi-
cuiverin , or greater Cannon , being not perceptible at
Four or Five yards diftance ) and the Experiments now
before the Royal Society do plainly fhew, how little a Mag-
netifm there isinmott crude Iron Ores: what quantity
thereof muft be then fuppofed ro make fo powerfuil
a dwverfion at Two or Three Thouland miles diftance 2
Yet I cannot deny that in fome places near the {hore, or
in fhoal water, the Needle may be irregularly directed from
the atorefaid caufes, and that nora litde , as Gaffendums
gives anotable inftance of the Ifland £/ in the Mediter-
ranean Sea : bur thefe differences from the genera] Dire-
¢tion are always figns of the nearnefs of thofe Mugnetical
fubftances, for the production whereof that Hland Elba
has been famous fiom all antiquity. Befides, againft both
Des Cartes and Gilbert, the change of the Variation, which
has been within this Hundred year laft paft more than 13
gr. at London , is an entire Demonftration: tho Des-Cartes
does not ftick to fuy, thar the tranfportanion of [ron from
place to place, and the growth of new Ironswithin the
Earth, where there wus none before, m:y be the caufe
thereof. The fame holds likewife againft the Hyporhefis of
Magnetical Fibres > which Kircher maintaios,

Now 10 propoft fomething that may anfwer che feveral
appearances > and introduce nothing ftrange in Philofo-
phy , after a great many clofe thoughts, [ can come tono
other conclufion than that, e whole Globe of the Earth i
one great Magnet, /fa_z/z'ﬂg Four Ma‘gnez‘iml foless ar points of
attraction, near each pole of the EquaterTwo ; and that,in thofe
parts of the World which lye near adjacent to any one of thefe

d
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Magnetical poles , the Needle is governed thereby , the nearef?
pole being always predominant over tle more remote. ‘The
parts of the Earth wherein thefe. Magnetical Poles lie can-
not as yer be exadtly determined for want of fufficient Data
to proceed Geometrically : but, as nearas Canje&ure can
reach, I reckon that the Pole whichis at prefent neareft
to us lies in or near the Meridian of the Lands end of Eng-
land and not above 2 degrees from the Pole Ar&ick. by
this Pole the Variations in all Europe, and Tartary, and the
North Sea are principally governed; tho with regard to
thot her Northern pole, whofe fcitnation is in a Merédian
pafling about the middle of California, and about x5 gr.
from the North Pole of the World. to this the Needle
has chiefly refpect in all the North 4merica, and in the
Two Oceans on either fide thereof » fromthe Azores weft~
wards 1o Japan, and farther. The Two Southern Poles are
rather farther diftant from the South pole of the World.
The one about fixteen degrees therefrom is in a Meridian
fomeTwenty degrees tothe Weftward of Magellans firaightss
or 9% degrees Weft from London : this commands the
Needle inall the South America, in the Pactfick Sea, and
the greateft part of the Ethiopick Ocean. The Fourth
and luft Po/e feems to have the greateft Power and largeft
dominions of all,as it is the moft remote from the pole of the
World, being little lefs than 20 degrees diftant therefrom,
inthe Meridian which paffes through Hollandia Nova and
the Ifland Celebes about 120 degrees Eaft trom London 5
this Pole is predominant in the South part of Afiica, in
Arabia and the Red Seas in Perfia, India and its Hands,
and all over the Indian Sea from the Cape of Good-Fope
Eaftwards tothe middle of the great Sonth Sea that divides
Afia from America. This {eems to be the prefent difpofiti-
on of the Magnetical vertue throughout the whole Globe
of the Eamth: it remains to fhew how this Hypothlzﬁs

makes
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makes out all the Variations thar have been obfcrved of
late ; and how it anfwers to our feveral remarks drawn
from the Table. And firft it is plain that (our Europear
North Pole being in the Meridian of the Lands end of Zing-
fand) 3}l places more Eafterly than that willhave it on the
Weft fide of their Meridian ; and confequently the Nee~
dle, refpeting it with its Northern poine, will havea
Welterly variation, which will fill be greater asyou go
10 the Euftwards, till you come to fome Meridian of Ru/ffu
where twill be greateft, and from thence decreafe again.
Thus at Breff the Variation is but 1 3 degrees, at London
4 3degrees : but at Dantzick 7 degrees Weft. To the weft~
ward of the Meridian of the Landsend, the Needle ought
to have an Eafterly variation: were it not that (by ap-
proaching the American Northern Pole, which lies on the
weft fide of the Meridian, and feems to be of greaterforce
than this other ) the Needle is drawn thereby Weftwards ,
fo asto counterballance the direftion given by the Euro-
pean Pole, and to make a fmall weft Variation in the Me~
ridian of the Lands end it felf. Yet I fuppofe that about the
Meridian of the Ifle Tercera,our neareft Pole may fo far pre.
vail as to give the Needlea little turn to the Eaft; though
but for a very fmall fpace: the Counterballance of thofe
two poles permitting no confiderable Variation in all the
Eaftern parts of the At/antick Ocean s nor upon the Weff
Coafts of England and Ireland, France,. Spain, and Barbary.
But to the Weftwards of the Azores the Power of the 4-
merican Pole overcoming that of the Eurgpean, the Nee-
dle has chiefly refpect theretos and turns ftill more and
more towards it as you approachit. #hence it comes to
pafs that on the Coaft of virginias New-England , New-
found land , and in Fludfons-ftraits the variation-is VVeft-
ward s thatigdecreafes asyou gofrom thence towards Ex-
rope; and thatit isle(s in Vzrginia, and New. England than in

New-found Land and Hudfons [fraights, This Wefterly
vari-
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Variation 'again decreafes, as you pafs overthe North
America ;, and about the Meridian of the middle of califor—
nis the Needle again points due North; and from thence
welt-wards to Yedzo and Japan I make no douht bue the Va=
riation is Fafferly; and half Sea overnotlefs than 15 de~
gres, if there be any truth in this Hypothefis of mine.
Therefore I propofe this as a tryal, thar the whole may
be fcann’d thereby: and [ conceive ir will not be hard to
know of the Spamiards how itis, who fo frequencly fail
through that Qcean, in theirreturn from the Manilha
Ifles. This Eaft Variation extends over Japan,Yedzo, Eaft-
Tartary and part of China s ull it meet with the Welterly ,
which (s governed by the Eurgpean North Pole, and which
I faid was greateft fomewhere in Ru/fa.

Towards the Southern Polc the effect is much the fame,
only that here the South point of the Needle is attratted.
Hence it will follow,that the Variation on the Coaft of Bra-
zile , at the River of Plate, and {0 onto the ftraights of
Magellan thould be Eafterly(as in our thirdremark) : if we
fuppofe a Magnetical Pole (cituate about 20 degrees more
Wefterly than the ffraights of Magellan, And this Eafterly
Variation doth extend Eaftward over the greateft part of
the Ethiopick Sea, tillit be counterpoized by the Vertue
of the other Southern Pole : as it is abour midway between
the Cape of Good-Hope, and the JIfles of Triffan &
Acuntia. From thence Eaftwards » the 4ffan South Pole
(Cas I muft take the liberty to call it) becoming prevalenc,
and the South poinr of the Needle being artraCted thereby,
there arifes a Weft variation very great inquantiry and ex—
tent, becaufe of che grear diftunce of this Magnetical Pole
of the World. Hence itis, that in all the [ndian Sea as
far as Hollandia Nova and farther there i8 conftantdy weft
Variation : av that under the kquator it feif i arifes to no
lefs than 18. degrees, wheretis moft.  About the Meridi-
an of the Hland Celebes , being likewife that.of this Pole,
thic
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this Wefterly Variation ceafes; and an Eafterly begins ,
which reaches according to my Hypothefis to the middle
of the South Sea between Zelandia Nova and Chili, leaving
room for afinallWefl-Varwation governed by the american
Scuth I'ole; which 1 thewedto be in the Pacifick Sea , in
the Sixth and Seventh rematk.

V Vhat 1 have now faid , does plainly fhew the fuffici-
encic of this Hypothefis for folving the Variations thatare
asthis time obferved in the temperate and frigid Zones,
where the direction of the Needle chiefly depends upon the
Counterpoife of the forces of two Magnetical Poles of
the {fame nature : and I fuppofe Ihave fthewn how it comes
to pafs, that under the fame Meridian the Variation (hould
be in one place 29 # Weft, and inanother 20 + Eafts as]
noted in my ninth remarque.

In the Torrid Zone , and particularly under the Equi-
noltial, refpedt muft be had to all four Poles, and their
pofitions well confidered , otherwife it will not be eafy to
determine whar the Variations fhall be : the neareft Pole
being always the ftrongeft; yet not fo, as not to be
counterballanced fometimes by the united forces of two
more remote; a notable inftance whereof is in our 8t re-
mark , where I took notice , that in failing from St. AHe-
lenaby the 1{le of Afcenfron, to the Equator, on a NW.courfe
the Variation is verylitile Bafterly and in that whole Traét
unaleerable. for which I give this reafon, that the South
American Pole (which is confiderably the neareft in the
aforefaid places, ) requiring a great Eafterly variation i3
counterpoized by the contrary attraction of the North-A-
meriwanand the Afan-South Pole 3 each whereof {ingly are,
in thefe parts, weaker than the American-South-pole; and
upon the N/7. courfe, the diftance from this latter is very
lirtle varied ; and as you recede from the Afan-South—pole,
the ballance is ftill preferved by the accefs towards the

North-American-Pole.. I mention not in this cafe the Eu-
70~ -
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opean Noreh-Pole 5 its Meridian being little removed from
thofe of thefe places ; and of it felf requiring the fame Va-
riations we here find. After the fame manner we mighe
proceed to conclude the Variations in other places under
and near the Equator : but I purpofely leave it for an ex-
ercife to thethoughts of the Serious Reader , who is defi-
red to help his imagination, by having before him a Map
or Globe of the Earth; and to mark thereon the Magneti-
cal Poles in the Longitudes and Latstudes 1 affign the m.

Thus T hope I have not loftmy Pains and "Study in this
difficult Subject : believing that Thave put it paft doubt ,
That there are in the Earth Four fuch Magnetial Points
or Poles which occafion the great variety and feeming irregularity
which 7 obferved in the vartations of the Compafs. Bur to cal-
culate exaltly what itis,  in any place affigned, is what I
dare not yet pretend tos thoIcould wifhit were my hapa
pinefs to be able to oblige the world with{o ufefull a peice
of knowledge. there are difficultics that occur that render
the thing as yet not feafible, for firft there are a grear ma—
ny obfervations requifite » which oughtto be made at the
fametime s notat Sea , but athore ; with greater care and
attention than the generality of Saylors apply. And befides
it remains undetermined in what proportion the atwra&ive
power decreafes , as you remove from the Poleof a Mag-
net 5 without which it were a vain attempt to go about to
calculate. There is yet a farther difficultie , ‘which is the
change of the variation, one of the difcoveries of this
laft €enturys which fhews, that it will require fome
Hundreds of years toeftablith 2 complear doérine of the
Magnetical Syftem. From the foregoing Table ic {hould
feem, thatall the Magnetical Poles had a Motion Weft«
ward : burifit befo, tis evident that it is not a rotation
about the Axis of the Earch; for then the Variations would

continue
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continue the ‘fame, in the fame parallel of Latitude (the
Longitude only changed) as much asis the motion of the
Magnetical Poles. but the contrary is found by Fxperience;
for there is no where in che Latitude of 53: North, be-
tween Lngland and America, a Variation of 51 degrees Eaft,
at thistime : as it was once hete at London. it feems there=
fore that our Eurapean Pole isgrown nearer the Pole Arc-
tick than it was heretofore s or elfe thatit has loft part of
its Vertue. But whether thefe Magnetical Poles moveal.
together with one motion,or with feveral 5 whether equal-
ly ot uncqually 5 whether circular or Libratory : if cir-
cular, about whag center; if Ltbratory, after what man.
ner; are fecrets as yet utterly unknown to Mankind s and
are relerved for the Induftry of future ages.

Gg VVilhelm



