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where, waiting for noon, the moment of ﬂrﬁr 1
ascertain by observing the sun, 1 find that my time-
piece indicates only 58’ 15" after X.; so that then it
is not yet noon at Berlin, and the difference of time
is | hour 1 457, from which I conclude, that the
place at which I have arrived is to the eastward of
Berlin; and as one hour gives 15 degrees, one mi~
nute of time 15/, and 45 seconds of time 11’ 157,
the difference of the meridians will thevefore be 15°
26’ 157, I find, then, that I am at a place to the
eastward of Berlin, whose longitude is greater than
that of Berlin by 15° 26’ 15”; now the H.oﬁmﬁgmm of
that city being nearly 31° 7’ 15, the longitude of the
place where I am must be 46° 33’ 30", Thus I have
discovered unider what meridian I now am ; but Iam
still uncertain as to the point of the meridian. In
order to ascertain this I have recourse to astronomi-
cal observations, and find the height of the pole to
be precisely 41° Knowing likewise that T am still
in the northern hemisphers, as I have not passed
the equator, I discover that 1 actually am at a place
whose latitude is 41° north, and longitude 46° 33
30", 1 take therefore my globe or maps, and
trace the meridian ‘whose longitude is 46° 33 30",
I look for the place whose latitude is 41° and at the
point of intersection I find I have got to the city of
Constantinople, without having occasion to apply
for information to any person whatever.

Thus, at whatever place of the globe I may ar-
rive, possessed of a time-piece so_exact, 1 am able
to ascertain the longitude of it; and then an observa-
tion of the height of the pole will show me its lati-
tude. AN that remains, therefore, is to take the
terrestrial globe, ora good map, and it will be easy
for me to ascertain where I am, however unknown
to me the country may in other respects be.
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It is much to be regretted, that artists of the
greatest ability have hitherto been unsuccessful in
the construction of time-pieces, such as I have de-
scribed, and such as the case requires. We meet
with a great many very good pendulum machines,
but they go regularly only when fixed in undisturbed
situations; the slightest concussion is apt to derange
their motion; they are therefore totally useless in
long sea voyages. Tt is obvious that the pendulum,
which regulates the motion, is incapable of resisting
the shocks td which it is exposed in navigation.
About ten years ago, however, an English artist
pretended that he had constructed a time-piece proof
against the motion of a ship at ses, and that after
having tried it a long time together in a carriage on
the road, it was impossible to perceive the slightest
derangement ; on which the inventor claimed and
received part of the parliamentary reward proposed
for the discovery of the longitude, and the rest was
to be paid after it had been put to the proof of a
long voyage. But since that time we have heard no
more of it; from which it is to be presumed that
this attempt too has failed, like many others which
had the same object in view.®

19¢h September 1761,

Lzrrer L.—FEcuieses ofF THE Moown, a THIRD
METHOD OF FINDING THE LONGITUDE.

Trom want of the exquisite time-piece, of which I
have endeavoured to give you an idea, the eclipses
-of the moon have hitherto vmmwv‘oosmmmﬁ.m& as the

* The saccess of these attempts has been very great.  The chronome-
ters of Harrison, Bavnshaw, Arnold, &e. in England, and those of M.
‘Breguet in Pavis, and of M, Jurgensen at Copechagen, enable the navigatar
to determine his longitude at sea with an extvnordinary degree of neeuracy.
—En.
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most certain method of discovering the longitude ;
but these phenomena present themselves so rarely,
that we have it not in our power to employ them so
often as occasion requires.

Vou know that the moon is eclipsed when it
passes into the shadow of the earths it is possible,
then, to observe the moment when the moon begins.
to enter into the shade, and when she has emerged ;
the one is denominated the beginning of the echpse,
and the other its end; and when both are observed,
the mean time betwixt them is denominated the
middle of the eclipse. The moon is sometimes
wholly immerged in the shadow of the earth, and
remains for some time invisible ; this we call a total
eclipse, during which we may remark the moment
when the moon entirely disappears, and that when
she begins to emerge; the former is called the be-
ginning of total darkness, and the latter the end of
i.. But when a part only of the moon is obscured,
we call it a partial eclipse; and we can remark only
the moment of its beginning and ending. You know
likewise that eclipses of the moon can happen only
at the full, and that but rarely.

When, therefore, an eclipse of the moon is ob-
served at two different places situated under different
meridians, the beginning of the eclipse will be clearly
seen at bath, and at the same mstant; but the time-
pieces at these different places will by no means m-
dicate the same hour, or any other division of time
exactly the same: Imean well regulated time-pieces,
each of which points precisely to XIL when it is

noon at that place. If these places are situated

ander the same meridian, their time-pieces will no,

doubt indicate the same time at the beginning and
at the end of the eclipse. But if these two meridians

are 15 degrees distant from each other, that is, if

the difference of their longitude be 15°% the time-

. pieces must differ a complete- hour from the begin-
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ning to the end of the eclipse; the time-piece of the
place sitnated to the eastward will indicate one hour
more than the other : the difference of 30>in longi-
tude will occasion that of two hours in the time Emw.
cated by well regulated clocks or watches; and so
on, according to the following table :

DIFFERENCE OF LONGITUDE. DIFFERENCE OF LONGITUDE.

| OFf Degrees. A Of Time, Of Degrees. Of Time,
150 1 Hour. 105° 7 Hours.
30 2 ' 120 8
b 8 135 9
G0 4 150 10
75 5 165 11
6 180 12

If, therefore, the difference of the longitude were
150°, the time-pieces would differ ten howrs from
the beginning to the end of the eclipse.

Thus, when the same eclipse is observed at two
different places, and the moment of its commence-
ment is exactly marked on the time-pieces at cach,
it will be easy to calculate, from the difference of the
time indicated, the difference of longitude between
the two places. Now, that where the time is more
adyanced, must be situated more toward the east,
and consequently its longitude greater, as longitude
is reckoned from west to east.

By such means, accordingly, the longitude of the
principal places on the globe have been determined,
and geographical charts are constructed conformably
to these determinations. But it is always necessary
to compare the observations made in & place, the
longitude of which was not already known, with
fhose which had been made in a known place, and.
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to wait the result of that comparison., Were I to,
aryive, then, afier a long voyage, at an, #.E.wsmﬁwf
place, arid an opportpnity presented itself of there,
obzerving an eclipse of the moomn, this wauld, in.the.
fivst iusfance, afford me no assistance toward the
discovery of the longitnde of that place; Hnm&@bwr
till afier my retun, compare my ohservation with:
another made in a known place, end thus I should
learn too-late where I was at that time, The grand
point‘in request is,” How am 1 at the moment to
acquire the necessary FmowEmﬁoP that I may take
my measures accordingly ? . i
Now, the motion of the moon beng mo.@ﬂmonM
known, it is possible to attain this satisfaction; for
we are therehy enabled not only to nm.HnEm.ﬂm before-
hand all firture eclipses, but to ascertain the moment
of the beginning and end, according to the time-
pieces of a given place. You know that our Berlin
almanacks always indicate the beginning and the
end of every eclipse visible at that ¢ity. In the
view, then, of undertaking a long voyage, I can fur-.
nish myself with a Berlin almanack ; and if an op-
portunity presents itself of observing. an eclipse of
the moon 2t an unknown place, I must mark exactly.
the time of it, by a time-piece accurately regulated:
by the sun at noon, and compare the moments of
the beginning and end of the eclipse with those indi-
cdted in the almanack, in order to ascertain the
difference between the meridian of Berlin, and that
which passes through the place where I am. .
But beside the rarity of eclipses of-the moon, this
method is subject to.a farther inconvenlence; we
are not always able to distingnish with sufficient ac-

nuamm% the moment of the Gm@@wwﬁm. ._mb@ @b@ of ﬁm@
eclipse, which comes on so imperceptibly, that a
mistake of several seconds may very easily be cgm

mitted. ~ But as the mistake will be nearly the
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ame at the end as at the beginning, we calcnlate
niddlé point of time -between the two moments
erved, which will be that of the eclipse ; ‘and we
‘afterwards compare this with that which is indicated
by the almanack for Berlin, or for any other known

o .-
f the almanack’ for next year should not be pub-
ed when I sef out on my voyage, or supposing it
ast more years than one, there are books con-
ining “the eclipses calculated for several years to
o

22d Mﬁangmﬁ. 1'761.

rrER LI—OBSERVATION oF THE TCLIPSES oF .
HE Sarerrrves o¥ Juprter, a Founy

B METHOD
F FINDING THE LONGITUDE. :

LcrxrsEs of the sun may likewise assisi-in ascers
ing the longitude, but in a way that requives
re profound resedrch, because the sun is not jm=
ediately obscured ; it is only the interposition of
the- body of the moon which obstructs the trans-
ission of his rays to us, as’'when we employ a pa-
sol to shelter us from them, which does not prevent
ers from beholding all their lustre. = For -the
on ¢anceals the sun only from part of the inhahi-
taiits. of the earth; and an eclipse of the sun may he
clearly visible at Berlin, while at Paris there is 'no
rception of his light. o
:iBut/the moon is really eclipsed by the shadow of
 earth; her own light is diminished or extin-
nighed, by it: hence the eclipses of the moon are
i in-the same manner, wherever she is above the
orizon at the time of the eclipse. - _ L
<1t cannot have escaped yowr penetration, that if
re were other heavenly bodies which from time’
:time underwent any real obscuration, they might -

I
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be employed with similar success as the %Mﬁmmwmm%w
the moon in ascertaining the Houmncmm. 1 he ﬁw QHM..W
lites of Jupiter, which pass sO m.m@:mz, y mcwﬁ the
shadow of their Embmﬁm. mnm.. &Eom_w omMM”w_w Mmmwu e
other of them is eclipsed, may ! . .
MWMMWHMM of these, and ?ﬁﬁmﬁ us with .Euoﬁ?mw Muwmmw”
lent method of mmﬁmuEEEm.ﬂrﬂ wowm.;ﬁ e. A
NOMmers accordingly mﬁ.éwow it i.;ﬁ great _pm.ﬂn E,r.wow
You know that Jupiter has %oE. satelll mmﬂ.. hich
make their revolutions round bim, mmhw. EHv rwwu o
orbit, as Hm?.mmmbﬁmm. m Em annexed mwmﬁ.m ( PLa dbm.dm...
Fig, L), by circles described .Hoﬁﬁm ms?.mu.mw bave
likewise Hmﬁﬂmmmﬁmm the sun in m.Em gur mua orer
to exhibit the shadow AODB behind E.m body of 0
piter. You see the first of these satellites, marke u&u
on the point of entering into ihe shadow ; the Mwmomﬁ 4
marked 2, has just left it ; mﬂm.mﬁm_ mv .E 8 N E,m
wveni distance, but approaching to it; and t
Tourth, 4, has left it a considerable time 280, o the
E As soon as one of these satellites ﬁmmmww Ewo. e
shadow, it becomes {nvisible, and that suc mw %“ Ms
that at whatever place of the globe uﬂ@m .Epum hay %Em
to be, the satellite which was v&.owm mEﬁEmﬁ uﬁaﬂ.MEﬁm,
disappears in an instant. "This entrance 0 a safs lite
into the shadow of J upiter is denominated ..@.::E mw mmﬁ
and its departure from the shadow Emersion ; .awEm :
the satellite, which had for some time been invisible,
r@-appears.
mﬂ@.._m.ﬁwwpwﬁmww%udm and emersions are m&ﬁmEM&mmMW@
{o the determination of the longitude, as J ey ﬁ_ e
place at & decided instant; 50 that when msw h m% Wmmw
nomenon is observed at mma.me.& places of t m g ﬁ.mb =
you must find, in the time indicated by the

pieces of each, the difference which exactly covre-.

sponds to the difference of the distance of ?mﬁmuﬁ-
yidians. It is the same thing as if we oUmmZm. ] m
beginning or the end of an eclipse of the moon; an
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the case is then involved in no difficulty. For some

time past, we have been able to calculate these eclipses
of the satellites of Jupiter, that is, their immersions
and emersions; and we have only to compare the
time observed, with the time calculated for a given
place, say Berlin, in order to conclude, at once, the
distance of its meridian from that of our capital.

This method is accordingly practised universally
in travelling by land; but the means have not yet
been discovered of profiting by it at sea, where, how-
ever, it is of still greater mportance for a man to
know with certainty where he is, Were the satel-
lites of Jupiter as visible to the naked eye as the
moon is, this method would be attended with no
difficulty, even at sea; but the observation cannot
be made without a telescope of ai least four or five
feet in length—a circumstance which presents an in-
surmonntable obstacle.

You well know that it requires some address to
manage, even at land, a telescope of any length, to
direct it toward the object which you wish to con-
template, and to keep it so steady as not to lose the
object ; you will easily comprehend, then, that a ship

at sea, being in a continual agitation, it must be al-

E

could find him, you would lose him again in a mo-
ment. Now, in order to make an aceurate observa-
tion of the immersion or emersion of one of the sa-
tellites of Jupiter, it is absolutely necessary that you
should have it in your power to look at him steadily
for some time together; and this being impossible at
sea, we ave to all appearance constrained to aban-
don this method of determining the longitude.

This inconvenience, however, may be remedied
two ways; the one by the consiruction of telescopes
six inches long, or less still, capable of discovering
clearly the satellites of Jupiter; and there ean be no

most impossible to catch Jupiter himself; and if you
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these would be more manageable than
Mmmﬁnmwwww four or five feet in w.mumﬁw. ._fuﬁmmm.mp.m
actually employlng themselves with mn.nnmmme Mﬁm..
ing telescopes of this sort to perfection; .:n it mw
not. yet been proved whether or notit A«E Hmeﬁ_ﬁ a
mnch address to point them to the object, as those
EF%W%M.MW%W%M% would be to contrive & chair, to be
used on ship-board, which should HmBm% mMm.m Mb&
motionless, so as not to be affected by ._W umm”..w ﬁoﬁ
of the vessel, It does not seem jmpossy %. ) Hm
dexterous mode of balancing might mm.mnn:ﬁm.. ﬁb
fact, it is not long since we read in the mwv e GM.E Mu
that an Fnglishman pretended that he ha nw_um uct-
ed such a chair, and therefore nHEE.mQ £ m @w.%.m
proposed for the discovery of the Fum.;nm,m. 5 mm
claim was well founded, if he indeed noﬁmﬂmnmm. ﬁo
machine, as it would be @mmm_zmu by means o ﬂuﬁwo
observe at sea the immersions and mEmHmSHMm of the
satellites of Jupiter, which are jbmo.sgm y .<MJM
much adapted to the making of this discovery; M
for some thme past 1o farther mention has Gmmm._ ma M
of it. From the whole, you must have H_ManHMm
how many difficulties attach themselves to the ais-
covery of the longitude.

264k September V161,

Lerrer LIL—Tue MoTioN OF THE Maoon, A
Trrre METHOD.

Twe heavens furnish us with one resource more
for discovering the longitude without the assistance
of telescopes, in which astronomers seem to place

# The invention here wﬁ.&mm to was Irwin's Marine Chair, ...q_umnw was
tried at mm.m: "bus it was not found to answer the purpese of the inventer,—
Ep.
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the greatest confidence. It is the moon, not only
when eclipsed, but at all times, provided she be visi-
ble; an unspeakable advantage, considering that
eclipses are so rare, and that the immersions and
emersions of the satellites of Jupiter are of such dif-
ficult observation; there being a considerable time
every year -during which the planet Jupiter is not
visible to us, whereas the moon is almost constantly
in view.

You must undoubtedly have already remarked,
that the moon rises every day almost three quarters
of an hour later than the preceding, not being at-
tached to one fixed place relatively to the stars,
which always preserve the same sitvation with respect
to each other, though they have the appearance of
being carried ronnd by the heavens, to accomplish
every day their revolution about the earth. I speak

~ here according to appearances; for it is the earth

which revolves every day round its axis, while the
heavens and the fixed stars remain at rest; while the
sun and planets are continually changing their place
relatively to these. The moon has likewise a motion

_abundantly rapid from one day to another, with re-

lation to the fixed stars.

If you were to see the moon to-day near a certain
fixed star, it will appear to-morrow at the same
hour at a considerable distance from it toward the
east; and the distance sometimes exceeds even 15
degrees. The velocity of her motion is not always
the same, yet we are able to determine it very ex-
actly for every day ; by which means we can calenlate
before-hand heyr true place in the heavens for every
hour of the day, and for any known meridian, say
that of Berlin, or Paxis.

Suppose, then, that after a long voyage I find my-
self at sea, in a place altogether unknown, what use

can T make of the moon, in order to discover the
VOL. IL H
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lengitude of the place where I .mB.._U ,Hrmp.o_ wmmwwo
difficulty with respect to the Fﬁnﬁmm.u ..wdm% .m. mnmp.”
where there are means abundantly nm._WEw ow ﬂ cer
taining the height of the pole, to which the laf
: alwa L tion, then, will be
is always equal. My whole attention, y yill be
directed to the moon; I will compare her AMM the
fixed stars which are nearest, and @pobwm c nmumem
her irue place relatively to themn, ou mnowum are
are celestial globes on ﬁ._..:nw all the mﬁw sta e
arranced, and that celestial n.rm.ﬁm are 1 méﬂum oo
mﬁanmm&u similar to mmomumwr_n.mu maps, o W wnm_._“wwn
represented the fixed stars which appear in 2 erisin
quarter of ihe heavens. On taking, mﬂ.ﬂw m.wom tial
charp on which the &Mw@ stars to which t m” Mbmm
is pear are marked, it will be an easy Emﬁmﬂ nogﬁm.
tevmine the true place where the moon mn. tha fime
is; and my watch, which I have taken carc to X % .
late there, from an ohservation of the E%Emw o
noon, wilt indicate to me the time of ﬁwuw% UnAY ob-
servation. Then, from my .Wﬂoﬁ;mmmm 0 .m mbwb s
mation, I calculate for Berlin, at what hour mH m. %
appear in the same place where 1 have mm%wﬁ mermupm
the time observed exactly correspond ﬁm o e ime
of Berlin, it will be a demonstration thai mmwwup.ﬁz
where I am is w«m&m&% mnder the .EmE&.ma or e Emu
and that consequently the longitude Hmwﬁwm %W ne.
Bui if the time of my o_ommﬁﬁﬁow is s.o_u tha ﬁ.o  Ber
lin, the difference will give that which Hmm e cen
ﬁrm meridians; and reckoning 15 mmmﬁmMm c.u._nnm%m %H.
hour of time, T compute how mHEoﬁﬁ MWM %uﬂm_cm te of
at is greater or less
wam.wwﬂnmm WHMHM“ érmmm time is more advanced has

s the greater longitude. L
mj%wmm is mm abstract of the manner of mmﬁmE._EEmw“
{ongitude by simple observations of the Eoou*..:s ,
vemark, that the happiest moments for snceesshiily

*

i - : ter-
performing this operation, and for accurately mm.
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mining the moon’s place, are, when a fixed star hap-
pens to be concealed behind her body; this is called
Oceultation, and there are two instances favonr-
able to observation, that when the moon in her mo-
tion completely covers the star, and that when the
star re-appears. Astronomers are particularly atten.
tive to eatch these instants of occultation, in order to
calenlate from them the moon’s true place.

I foresee, however, an objection you will probably
make respecting the time-piece with which I suppose
our navigator provided, after having maintained the

_impossibility of constructing one that shall be proof
against every agitation of a ship at sea. But this
impossibility respects only such time-pieces as are
expected to preserve a regular motion for a long
time together, without the necessity of frequent ad-
justment; for as to the observations in question, a
common watch is quite sufficient, provided it go re-
gularly for some hours, after having been carefully
adjusted to the noon of the place where we are; sup-
posing a doubt to arise, whether we could calenlate
from it the succeeding evening or night, at the time’
we observe the moon, the stars likewise will afford
the means of a new and accurate adjustment. For
as the situation of the sun with relation to the fixed
stars is perfectly known. for any time whatever, the
simple observaiion of any one star is sufficient to
determine the place where the sun must then bej
from which we are enabled to calculate the hour’
that a well regulated time-piece ought to indicate.’
Thus, at the very instant of making an observation
by the moon, we are enabled likewise to regulate our’
time-piece by the stars; and every time-piece is sup-~
posed to go regularly for so short a space,

29tk September 1761,
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LETTER LIIL.—ADVANTAGES OF THIS rasT ME-
THOD ; 115 DEGREE OF PRECISION.

Tes last method of finding the longitude, found-
ed on lunar observations, seems to merit the prefer-
ence, as the others aré subjected to too many diffi-
culties, or the opportunities of employing them occur
100 seldom o Dbe nseful. And you must be abun-
dantly sensible, that snccess depends entirely on the
degree of ‘precision attained in forming the calcula-
tion, and that the errors which may be committed
wonld lead to conclusions on which we could place
no dependence. It is of importance, therefore, to
explain what degree of precision we may reason-
ably hope to attain in reducing this. method to
practice, founded on the considerable change which
the moon undergoes from one day to another in her
position. It may be afirmed, that if the moon’s
motion were more rapid; it would be more adapted
to the discovery of the longitude, and would procure
for us a higher degree of precision. “But if, on the
contrary, it were much slower, so that we could
scarcely discern any change of her position from day
to day, we could derive very little, if any, assistance
from. her toward the discovery of the longitude.

Let us suppose, then, that the moon mw_mﬁm_.mm ber
place among the fized stars a space of 12 degrees in
94, hours; she will, in that case, change it one de-
gree in two hours, and half a degree, or 30 minutes
o an hour: if we were to commit a mistake in ob-
serving the moon’s place, of 30 minutes, it would be
the same thing as if we observed the moon an hont
earlier or later, and we chould commit a mistake of
one hour in the conclusion respecting the difference
of the meridians. Now, one hour's difference in the

meridians corresponds to 15 degrees in their longi-

x
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tude .noummpzmﬁ&%u we should be mistaken 15 de-
grees in the longitude itself of the place we look for;
which would nndoubtedly he an error so mboH.Eo:w,
that it were almosi as well to know nothing about m_w.
and & simple computation of the distance and the
direction, however uncertain, could not possibly lead
to 3 mistake SO very gross. Bot 2 man must have
gone to work in a very slovenly manner, to commit
a mistake of 30 minutes respecting the moon’s place;
and the instruments which he employed must rmdm
been very bad, a thing not to be supposed.
Nevertheless, however excellent the instruments
may be, and whatever degree of attention may have
been bestowed, it is impossible to keep clear of all
error ; and he must have acquitted himself very well
indeed, who has not committed the mistake of one
minute in determining the moon’s place. Now, as
it nfmsm.mm half a degree, or 30 minutes, in one er.
it will change one minute of distance in two EE:EM
of time. When, therefore, the mistake of the Eooﬁ“.m
place amounts to no more than one minute, the
mistake in the difference of meridians will amount
to. two minutes of time. And one hour, or 60 mi-
nutes, being equivalent to 15 degrees of longitude,
there sa_ﬁ result from it an error of half a degree mm
the Eumpﬁcmm : and this point of precision might be
sufficient onH every purpose, were it but attainable
. I have hitherto supposed our knowledge of the
moon’s motion to be so perfect, that, for a known
meridian, we could determine the moon’s true place
for every moment without an error; but we are still
very far short of that point of perfection, Within
these twenty years, the error in this calenlation was
more .&:E six minntes ; and it is buot lately that the
ingenious Professor Mayer of Gottingen, pnrsuin
Hu:m track I had pointed out to him, has mmwnnmmmm& mm.
- far as to reduce this error to less than a minute, It
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may very easily happen, then, that in the calculation
likewise, the error of one minute may be committed;
which, added to that of 2 minute committed in the
ohservation of the moon’s place, will double that
which results from it respecting the longitude of
the place where we are; and, ncnmo&mmu.uﬁmu it may
possibly amount to a whole degree: it is proper
farther to remark, that if the moon in 24 hours
should change her relative situation move than 12
degrees, the error in the longitude wonld be less
considerable. 'The means may perhaps be discover-
ed of diminishing still farther the errors into which
we are liable to fall, in the observation and in the
calenlation; and then we should be able to ascertain
the longitude to & degree, or less. Nay, we ought
not to despair of attaining a still higher degree of
precision. 'We have only to make several observa-

-

tions, which can be easily done by remaining several

days together at the same place. It is mnot to be .

apprehended, in that case, that all the .oos&mmmobm
shiould be equally defeciive; some will give the lon-
gitude sought too greaf, others too small, and by
striking a medium between all the resolts, we may
rest assured that this longitude will not be one de-
gree removed from the truth. )

The English nation, generously disposed to engage
senins and ability in this important research, has

w_.owommm three prizes for ascertaining the longitude,
one of L.10,000, one of 1..15,000, and one of
1..20,000. The first of these is to be Umﬂoﬁmm o1
the person who shall determine the longitude to a
degree, or about it, so as to give perfect assurance
that the error shall not exceed one degree at most.
The second is to be given to him who shall discover
2 method still more exact, s0 that the error shall
never exceed two-thirds of a degree, or 40 mmutes,
The highest prize is destined to the man who shall
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ascertain the longitude so exactly that the error shall

never exceed half a degree, or 30 minutes; and &

higher degree of precision is hardly to be expected.
No one of these prizes has hitherto been allotted : I
do not take into the account the gratification bestow-
ed on the artist who pretended to it from his con-
struction of perfect time-pieces. M. Mayer is at
this moment claiming the highest, and I think he is
entitled to it. *

8d October 1761,

Lerren LIV.—Ox Tug Mariner’s CoMPASS, AND
 THE PROPERTIES OF THE MAGNETIC NEEDLE.

:* You are by this time sufficiently informed respect-
ing the discovery of the Longitude: I have had the
pleasure of explaining the various methods which
‘have been employed for the determination of it.
«- The first, and most natural, is carefully to observe
the quantity of space which we have gone over, and
the direction in which we moved; but the currents
_and tempests to which sea voyages are exposed, ren-
. «der this method impracticable.

The second requires the construction of a time-
piece so perfect as to go always uniformly, notwith-
standing the agitation of a ship at sea; which no arlist
‘has hitherto been able to accomplish. .
- 'The third is founded on the observation of the
'eclipses.of the moon, which would completely answer
:every purpose, were not opportunities of employing
it too rave, and least in our power when the neces-

sity may be most urgent.

3+ % The widow of Professor Mayer received from the British Parlisment

2 reward of 1.8000 Sterling; and Euler himself yeceived L.800 for
firnishing the theorems on which Mayer’s Tables are founded. The latter
véeeived also a reward from the French Government, and gained severdl
-grizes for his improvement of the Lunar Theory.——Enp.
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and that it communicates the same quality to iron
and steel, by rubbing, or simply touching them with
a magnet; proposing afterwards to enter into a more
minute discussion of this quality, and to explain the
nature of it. :

1 begin, then, with the description of a magnetic
needle, which, mounted in a certain manner, for the
use of mariners, is denominated the Compass.

For this purpose, we provide a needle of good
steel, nearly resembling Fig. 2. of PraTe V., one
extremity of which B terminates in a point, the better
to distinguish it from the other A; it ls furnished at
the middle C with a small cap, hollowed below, for
the purpose of placing the needle on a pivot or point
D;:as may be seen in the second figure.
<« The two ends are adjusted in such a manner; that
the needle, being in perfect equilibrinm, ean revolve
freely, or remain at rest, on the pivot, in whatever
situation it may be placed. Before the magnet. is
applied, it would be proper to temper the needle; in
order to render it as hard as possible; then by
rubbing or touching it with a good loadstone, it will
instantly acquire the magnetic virtue. The two
extremities will no longer balance each other, but
the one D will descend, as if it had become heavier;
and in order to restore the equilibrium, something
must be taken away from the extremity B, or a small
weight added to the end A. But the artists, fore-
seeing this change produced by magnetism, make

the end B originally lighter than the end A, that

" the magnetized needle may of itself assume the

horizontal position.

It then acquires another property still more
remarkable: it is no longer indifferent to all situa-
tions, as formerly; but affects one in preference to
every other, and disposes itself in such a manner that
the extremity B is directed to the north nearly, and
H 2
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the extremity A toward the south ; and the direction
of the magnetic needle corresponds almost with the
meridian line.

Vou recollect that, in order to frace o meridian
line, which may peint out the north and the south,
it is necessary to have Yecourse to astronomical
observations, as the motion of the sun and sters
determines that direction; and when we are not
provided with the necessary instriuments, and espe-
cially when the sky is overclouded, it is impossible
to derive any assistance from the heavens toward
tracing the meridian line; this property of the mag-
netic needle is, therefore, so much the more admir-
able, that it poinis out, at all times, and in every
place, the northern direction, on which depends the
others, toward the east, south, and west. Tor this
reason the use of the magnetic needle, or cOMpass, is
become universal.

Tt is in navigation that the advantages resulting
from the use of the compass are most conspicurous ;
it being always necessary to direct the course of a
yessel toward a certain quartel of the world, in order
to reach a place proposed, conformably to geographic
or marine charts, which indicate the dirvection in
which we ought to proceed. Before this discoverys:
accordingly, it was impossible to undertake long
voyages ; {he mariner dorst not lose sight of the
coast, for fear of mistaking his course, unless the

sky was unelouded, and the stars pointed out the

way.

A vessel on the wide ocean, without the know-
ledge of the proper COUTSS, would be precisely in the:
state of a man who, with a handage over his eyes,

was obliged to find bis way to ihe great church of

Magdeburg ; imagining he was going one way, rm,

might be going amother. ‘The compass, then, is the

prmcipal guide in navigation; mﬂ@w_ﬂimw:o:m:mmmc.
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this important discovery that men ventured across
the ocean, and attempied the discovery of a new
world, What would a pilot do without his compass

during or after a storm, when he could derive no

assistance from the heavens? Take whatever course
he might, he must be ignorant in what direction he
was proceeding, north, south, or to any other guar-
ter. He would presently deviate to such a degree
as infallibly to lose himself. But the compass im-
mediately puts him right; from which you will be
enabled to judge of the importance of the discovery
of the magnetic needle, or mariner’s compass. .

i 6th October 1761.

e

EH

Larrer LV.~—DEcLINATION OF THE CoMPASS, AND
MANNER OF OBSERVING IT.

2 TroucH the magnetic needle affects the sitna-
tion of vam. directed from south to north, there
are accidental canses capable of deranging this

. direction, which must be carefully avoided. Such

are the proximity of a loadstone, or of iron or steel.
Yon have only to present a knife to a magnetic
needle, and it will immediately quit its natural
m.ﬁmoﬁouu and move toward the knife; and, _.u% draw-
ing the knife round the needle, you will make it
assume every possible direction, In order to be
m..q.mﬁm&u then, that the needle is in its natural direc-
tion, you must keep at a distance from it all iron or
m.ﬁ.,mmr as well as magnets; which is so much the maore
edsy, that these substances influence its direction
only when very near it: once removed, their effect
becomes insensible, unless in the case of a very
powerfill magnet, which might possibly act on the
needle at the distanes of several feet.
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But iron alone produces not this effeet, .mm.ﬁrm
compass may be used to advantage even In irol
‘mines. You are perfectly sensible, that under
ground, in mines, we are in the same condition as at
cen when the face of heaven 15 Odmp.&o:&.mmu muwm mrmﬁ
it is necessary to drive mines in a certain direction.
Plans are accordingly constructed representing all
the traclks hollowed out in the howels of the earth,
and this operation is wmmn.amﬁmmr merely by the noEm
pass; this is the object of the science denominate
subterraneous geomelry. )

To return to our compass, Or magnetic needle, I
have remarked that its direction is only almost
northerly; it is therefore incorrect to say that ﬂpw
magnet has the property of always pointing north.

Having employed myself in the fabrication of many

magnetic needles, I constantly found that their &S.mnn

tion at Berlin deviated about 15° from the true meri~
dian line; now, an aberration of 15° is very consider~
able, E

Fignre 8. Plate V. represents first the true merl-
dian line drawn from north to moﬁww that which is!
drawn at right angles with it indicates the east to
the right hand, and the west to the left. Zo,.a .mu@
maanetic needle AB does not fall on the meridian,
but deviates from it an angle 15° BO North. ‘This
angle is denominated the declination, and someiimes
the deviation ov variation, of the compass or maghe-
tic needle; and as the extremity B, mneavest the
north, deviates Jﬂ.ﬁ.m the west, we say the declina-
ion is 15” westerly. i
EoWH%i:m thus %mﬁmeﬁmwm& the declination of the
maghnetic bmm.&mu we can .E&ﬂw it mﬁmimmu %um mmﬂw
purpose as if it pointed directly north. = The Ewwmﬁ e
is nsually enclosed in a cir le, and you rm:qm only to
mark on it the due north at the exact disgance trom
the northern extremity of the needle, so as to make

»
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a declination of 15° westward ; and the line North
South, Fig. 8, will indicate the true meridian line,
and enable us to ascertain the four cardinal points,
north, east, south, and west,

The better to disguise the secret, the magnetic
needle is concealed i a circle of pastebonrd, as re-
presented in the figure, only the needle is rendered
invisible, the pasteboard covering it, and forming
but one body with it, the centre of which is placed
on a pivot,* in order to adnit of a free revolution :
it assumes, of convse, a situation such that the point
marked Norgh is always directed to that point of the
horizon ; whereas the needle, which is not seen, in
effect deviates from it 15 to the west. This con-
struction serves only io disgnise the declination,
which the vulgar consider as a defect, though it be
rather an object worthy of admiration, as we shall
afterwards see; and the pasteboard only increasing
the weight of the needle, prevents its turning so
freely as if it were unencumbered.

.. To remedy this, and more commodionsly to em-
ploy the compass, the needle is deposited in a circu-~
lar box, the cirenmference of which, divided into
860°, exhibits the names of the principal points of
the horizon. In the centre is the pivot or point
which supports the needle, and this last immediately
assumes a certain divection j the box is then torned
till the northern extremity of the needle B exactly
correspands with 15° on the cireumference, reckon-
ing from. the north-westward ; and then the names

marked will agree with the real quarters of the
world.

-.At sea, however, they employ needles cased in
circles of pasteboard, the circomference of which is
. divided into 860, to prevent the necessity of turning

* The cap or hollaw which vests on the pivot sheuld be made of Gar-
net, which gives less frietion than any other of the precious stones.—HEn,
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round the box ; then the pasteboard nmnnwmuivwnrmm
called the compass, ndicating the real quarters of
the world, we have only to refer to it the course
which the ship is steering, in order to ascertain the
direction, whether north or south, east or west, or
any other intermediate point. By the compass like-
wise we distinguish the winds, or the guarters from
which they blow; and from the points marked on it
their names are derived. It is necessary, at any
rate, to be perfectly nssured of the dechnation or
variation of the conpass; We have found it to be
exacily 15° westward here at Berlin; but it may be
diffevent at other places, as 1 shall afterwards de-
monstrate.

10z October 1761.

LEeTTER 1. VL—DIFFERENCE IN THE DECLINATION |

OF THE CoMPASS AT THE SAME PLACE.

Waex I say that the declination of the compass
"is 15° west, this is to be andevstood as applying only
to Berlin, and the present fime ; for it has been re-
marked, that not only is this declination different at.
diffevent places of the earth, but that it varies, with
fime, at the same place.®
" The magnetic declination is accordingly much
greater at Berlin now, than it was formerly. I re-
oollect the time perfectly when it was only 10°3t and
in the last century there was 2 period when there
was no declination, s0 that the direction of the mag-
netic needle coincided exacily with the meridian
line. 'This was about the year 16703 since then the

# In the year 1786, M. Schulze found the deviation to he 180 25!,
which seems to have heen iis maximum.  Io 1803, BE Bode found it to
be 18v &, having heen so low as 170 & in 1788.—FED.

+ It was so Juts as 100 at Berlin in 1717.—Ln.
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mwmr%m_m_o: is Umnc:wm progressively greater toward
the est, up to 15% as at this day: and there is
every appearance that it will go on diminishing, till
it is again reduced to nothing. I give this wogmmﬁw.
merely as conjectiire, for we are very far from bei :
able to prediet it with certainty. e
me%mEmmu it is well known, that prior to the year
, the declination was in the contrary direction,
that is, toward the east; and ihe farther back ém
W%u ﬁrm. greater mo. we find the declination eastward
Now, it is impossible 1o go farther back than to ﬂ:m
period .ﬁ_mb the compass was discovered ; this hap-
wm“nm.mnrub the fourteenth century; but it was long
o Mw: E%owy_mmm,wmwmummomm they began to chserve the
rlin ; for it was no reei
m_.mm that the needle deviated from ?mﬂ%mmhmmmww MHFMH
: nmsn at London, where this subject has been more
arefully studied, the magnetic declination, in the
wmﬁ‘ 1580, was observed to be 11° 15 east; uE 1622
B0 east; fa 1634, 4° 5 east; in 1657 there was 10
,m&,ﬁ_m:cb“ but in 1672 it was 2° 30’ west; in 1692
Mm .c. west; and at present it may ?.og.m_% be 18
n_mmg%mm. west, or more.* You see, then, that about
he beginning of the last century, the declination was
meﬂw. 8 degrees east: that thenceforward it gra-
¢ % ly diminished, till it beeame imperceptible in
e year 1657 ; and that it has since become wesi-
mw..a: gradually increasing up to the present time. ,
Hn has preserved nearly the same order at Paris;
but there it was rednced to nothing in 1666, nine
years later than at London : wgomnwon will obser o
a“most unaccountable diversity of declination H&qm
tively to_different places of the earth at thé mmbm-
time, and to the same place at different times. *

#H:.w nuary 162 .
«qﬁﬂ.luu..“r ary 1521, the varjation of the Needle at London, was 240 mm._
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At present, not only through all Euarope, but
through all Afvica, and the greatest part of Asia, the
declination is westerly, in sowe places greater, in
others less, than with us. It is greater m certain
countries of Furope than at our capital 3 namely, 1n
Scotland and in Nerway, where the declination con~
siderably exceeds 20°3 in Spain, Italy, and Greece,
on the contrary, it is less, being about 12°; on the
western coasts of Africa it is about 10° and on the
eastern 12°. But as you advance eastward into Asia
it progressively Jiminishes, till it entively disappears
in the heart of Sibexia, at Jeniseisk; it disappears too
in China, at Pekin, and at Japan ; but beyond these
regions, 1o the eastward, the declination becomes
easterly, and goes on increasing in this direction,
along the north part of the Pacific Ocean, to the
western coasts of America, from which it ?.Onmmmm
gradually diminishing, tll it again disappears in Ca-
nada, Florida, the Antilles, and toward the coasts
of Brazil. Beyond these countries, toward the east,
that is, toward Europe and Africa, it again becomes
westerly, as I have alveady remarked.

In order to atiain a perfect knowledge of the pre-
sent state of magnetic declination, itwonld be neces-
sary to ascertain for all places, both at land and seay
the present state of magnetic declination, and whether
its tendency is westward or enstward. ‘This know-
ledge would be undoubtedly extremely useful, but
we dare scarcely hope for it. It would require men
of ability in every part of the globe, employed at the
same titne in observing, each on his own station, the
magnetic declination, and who should communicate
their observations with the utmost exaciness. But
the space of some years would elapse before the
communications of the more remote conld be re-
ceived; thus the knowledge aimed at is unattainable

till after the expivation ol years. Now, though no

.

very considerable change takes place in the direction
of the magnetic needic in two or three years, this
%E.ﬁmu however small, would however ?.mdmmﬂ the
attainment of complete information respecting the
present state of the various declinations of the mag-
netic needle, from observations made at tlie same
time in the different regions of the globe. |
. MWM. mmwﬂm.ﬁgu.m holds with respect to times past;
VEry year nc:mmmoumm a certain siate of magnetic
declination proper to itself, and which distinguishes
it from every other period of time, past and Toture.
It were, however, sincercly to be wished, that we
had an exactly detailed state. of the declination for
gne year only; the most important elucidations of
the subject would certainly be derived from it.
. The late Mr. Halley, a celebrated Fnglish asiro-
nomer, has attempted to do this for ﬁwmuwmmp. 1700
founding his conclusions on o great number of ob-
servations made at different places, both by land and
sea; but beside that some very considerable dis-
tricts, where these observations ‘were not made, are
not taken into his account, most of tliose Srwnw he
has employed were made several years prior to
1700; so that at this era the declination might have
unlergone very considerable alterations. It follows
that this statement, which we find represented on a
general chart of the earth, must be considered as
6x w.mim_.ua defective ; and, moreover, what would it
now m.zmm us to know the state of magunetic declina-
tion for the year 1700, having since that time under-
gone a considerable change?
.mmﬁmmnﬂ %ﬁmrmw..m.mom_‘%rmwm have mp.onr.uommu poste-
or to that period, a similar chart, intended to

Zxepresent all the declinations, such as they were in

the year 1744, But as it has the same defect with
that of Mr. Halley, and as they likewise were
unable to procure observations from several coun-
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iries on the globe, they did not scruple to fill up
the vacant places, by cousulting Haulley's chart, -
which certainly conld not apply to 1744. You will
conclude, from what I have said, that our knowledge
of this important branch of physics is extremely im-
perfect.®

1844 October 1761,

Lerter LVIL—CHART oF DECLINATIONS; Me-
THOD OF EMPLOYING IT FOR THE DISCOVERY OF
THE LONGITUDE. .

It may be proper likewise to explain in what
manner [Talley proceeded to represent the magnetie.
declinations, in the chart which he constructed for
the year 1700, that if you should happen to see ity

you may comprehend its structure.

the magnetic needle, such as it had been there ob-
served. He distinguished, among all these places,
those where there was no declination, and found that =
they all fall in a certain line, which he calls the line
of no declination, as every where under that line .
there was then none. This line was neither a meri-
dian nor a paralle}, but run in a very obligne direc-
tion over North Anerica, and left it near the coasts
of Carolina; thence it bent 'its course Across the
Aflantic Qcean, between Africa and America. DBe-:
side this line, he discovered likewise another
which the declination disappeared ; it descended
through the middle of China, and passed from 3

# Very correcé and interesting charts, both of the variation and the dip
of the magnesic needle, have been recently gonstrucied by Mr. Hansieen
of Christiania in Norway, and published in his very sble work ou ghe
Bagnetism of the Earth. M. Hansteen's charts will be found in the

Edinburgh . Philosopliical Jowrnal, vol. iv. p. 368.—En.

Firs, he marked at every place the declination of 3
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ghence through the Philippine Isles and New Hol-

" Jand. It is easy to judge, from the track of these

itwo lines, that they have a communication near hoth
poles of the globe.
. Having fixed these two lines of no declination,
Mr. Halley remarked, that every where between the
first and last, proceeding from west to east, that is,
through all Europe, Africa, and almost the whole
of Asia, the declination was westerly; and that on
the other side, between those lines, that is, over the
whole Pacific Ocean, it was easterly. After this, he
observed all the places in which the declination was
5 degrees west, and found he could still conveniently
%m@ﬂ.m line through all these places, which he calls
the line of fiwe degrees west. He found likewise two
lines of this deseription, the one of which accompa-
pied, as it were, the first of no declination, and the
other the last. e went on in the same manner
with the places where the declination was 10°; af-
terwards 15°, 20°% &c., and he saw that these lines
S great declination were confined io the polar re-
sgions; whereas those of small-declination encom-

passed the whole globe, and passed throngh the
Luator.

- ceIn fact, the declination scarcely ever exceeds 15°

o the equator, whether west or east; but on ap-

{roaching the mo_m.mu it is possible to arrive ut places
cwhere the declination exceeds 58° and 60° ‘There

- are undoubtedly some where it is still greater, ex-

speeding even 90° and where the northern extremity

-of the needle will consequently turn about and point

i

at % This was found to be the case in the voyages of Coptain Ross and
Laptain Parry.  On the S.E. point of Byam Martin's Iskand, in West
.Long, 1030 44}, and North Lat. 760 @', the varintion waas 1656° 50 east,

Javing been 1280 50' west in West Long. 910 .
40 A.—Eo. st in West Long. 910 47, and North Lat
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myself at a certain place on sea, or in an unknown
“gountry, I would in the first place draw a meridian
ling, in order to ascertain how much my compass
devigied from it, and I should find, for example,
thap the declination is precisely 10° east; E shonld

then take my chart, and look for the two lines under

Finally, having drawn similar lines m:.onm.uw ﬁu..wm
places where the declination was eastward 10°, 155
90°, and so on, Mr. Halley filled up the whole
chart, which represented the entire surface @m ?.m
garth, under each of which lines the mmnHE.maos is
universally the same, provided the ohservations are
not erroneous. Mr. Halley has accordingly seru-
pulously abstained from continning such lines be-
yond the places where observations had actually
feen made: for this reason the greater pavt of his
chart is a blank, _

Had we such a chart accurate and complete, we
should see at a glance what declination must have
predominated at each place at the time for which
the chari was constructed ; and though the place in
question should not be found precisely under one of
the lines traced on the chart, by comparing it with
the two lines between which it might be mwm:wﬁwmu
we could easily caleulate the intermediate declination
which corresponds to it. If I found my present place
to be Dbetween the lines of 10° and 15° of western
declination, I should be certain that the declination
there was move than 10° and less than 15°; and
according as I might be nearer the one or the other,
T could easily find the means which would indicaie
the true declination. _ )

From this yon will readily comprehiend, that if we
had such a chart thus exact, it wonld assist us 1n
discovering the longitude, at least for the time to
which it corresponded. In order to explain this
method, let ns suppose that we are possessed of a
chavt constructed for the present year, we would see
on it, first, the two lines drawn through the places
where there is no declination ; then the two where it
is 5%, 10°, 15° 20° both east and west: let us mz.ﬁ._uﬂ
suppose that, for the greater exactness, these lines

=)

were drawn from degree to degree, and that I found

I am under the one or the other of these two lines,
which must at once greatly relieve my uncertainty.
Finally, I would observe the height of the pole,
which being the latitude of my place, nothing more
wonld remain but to mark, on the two lines men-
- tioned, the points where the latitude is the same with
that which I have just observed, and then all my
- uneertainty is reduced to two points very distant
from each other; now the circumstances of my
voyage would easily determine which of those two
places is that where L actually am.

%+ ¥ou will adwit that if we had chavts such as I have
deseribed, this method would be the most commeodions
and accurate of all for ascertaining the longitude ;
but this is precisely the thing we want; and as we
are still very far from having it in our powér to
¢omstruct one for the time past, which would be of
no use for the present time, for want of a sufficient
number of observations, we ave still less insttucted
respecting all the changes of declination which every
place undergoes in the lapse of time. The observa-
tions hitherto made assure us, that certain places are
subject to very considerable variations, and that
others scarcely undergo any, in the same interval of
‘time ; which strips us of all hope of ever being able
“tprprofit by this method, however excellent it may
‘be in itself.

Y 19tk October 1161. -

Gk

which the declination is 10° east, fully assured that
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Lerree L.VIIL-—-WnY DOES THE gbmzmﬁ..
NEEDLE AFFECT, IN EVERY PLACE OF emm
EARTH, A CERTAIN DIRECTION, DIFFERING I

DIFFERENT PLACES 3 AND FOR WHAT WMWWOZM
DOES !PT CHANGE, WITH TIME, AT THE ,:;Em
PLACE 7

You will undoubtedly have the curiosity to U.n;,
informed why magnetic needles affect, E..w BMH.%
place on the globe, a certamn direction; why Mp
direction is not the same at different places ; and .
why, at the same place, it changes with the course
of time? I shall answer these imporiant inquiries to

the best of my ability, though, 1 fear, not so much o4

our satisfaction as 1 could wish. -
Y I remark, first, that magnetic needles have wrmm
property in common with all magnets, and that-it 18

only their form, and their being made to balance and!;

revolve freely on a pivot, which renders it EOHM .nou.wn
spicuous, The loadstone, suspended by a threa s
turns toward a certain quarter, and when put in &
small vessel to make it swim on water, the vessel
which supports the loadstone will always affect a

certain direction, Every loadstone fitted with two

opposite points, the one of which is directed to thes

north, and the other to the south, will be subject to
the same variations as the magnetic needle,

These points are very remarkable in all loadstones)s 3§

on is attracted with the greatest force. !,

toward the north, and the other toward the sout

pole of the earth: but this is to be understood asy’

l
only almost, not exactly, the case; for when the

name was imposed, the declination had not yet been:

. the hostile which have the same name.
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cbserved.  ‘That pole of the loadstone which is’

“directed northward is called its north pole, and that

‘which points southward its south pole.

x Lhave already remarked, that a magnetic needle,
as. well as the loadstone itself, assumes this situation,
which appears natural to it only when removed

from the vicinity of another loadstone, or of iron.

When a magnetic needle is placed near a loadstone,

ibs situation is regulated by the poles of that load-

stane : so that the north pole of the loadstone attracts
the southern exiremity of the needle; and recipro-
cally, the south pole of the loadstone the northern
extremity of the needle. For this reason, in refer-
ing one loadstone to another, we call those the
friendly poles which hear different names, aud those

- This pro-
perty is singularly remarkable on bringing iwo load-

- slones near each other; for then we find, that nof

only do the poles of different names mutually atiract,

but that those of the same name shun and repel each
other., This is still more conspicuous when two

magnetic needles are brought within the sphere of
nintual influence.

+:In order to be sensible of this, it is of much im-

portance to consider the situation which a magnetie

needle assumes in the vicinity of a loadstone.

«The bar AB (Prate V. Fig. 4.) represents a load-

stone, whose north pole is B, and the south pole A :
-you-see various positions of the magnetic needle,
‘under the figure of an arrow, whose extremity marked
biis the north pole, and « the south. In all these

positions, the extremity b of the needle is divected

taward the pole A of the loadstone ; dnd the extre-
‘mify & to the pole B. The point ¢ indicates the pivot

on which the needle revolves; and you have only to

-consider the figure with some attention, in order to
determine what situation the needle will assume, in
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whatever position vound the loadstone the pivot ¢ is

fixed. :
If there were, therefore, auy where a very large

loadstone AB, the magnetic needles placed round 1t
would assume at every place a certain situation, as

we see actually to be the case round the globe. Now

if the globe itself were that loadstone, We should

comprehend why the magnetic needles every where :
assumed & certain dirvection. Naturalists, accord
ingly, in order to explain this phenomenon, maintain:

that the whole globe has the property of a magnety.
or that we onght to consider it as a prodigious load~
sione. Some of them. allege, that there is at the
centre of the earth a very large loadstone, which has:
exercised its inflnence on all_the magnetic needles;
and even on all the loadstones, which are to be
found on the surface of the earth ; and that it 1s this
influence which directs them in every place, €O«
formably to the directions which we observe them ter
AssIme.

But there is no oceasion to have recourse to
loadstone concealed in the howels of the earth.
surface is so replenished with mines of 1ron an ‘
stone, that their anited force may well supply the
want of this huge magnet. In fact, all loadstone
are extracted from mines—an infallible proof thats
these substances are found in great abundance in the
bowels of the earth, and that the nnion of all thei
powers furnishes the general force which produce
all the magnetical phenomena. We are likewisg
enabled thereby to explain, why the magpetic declis
nation changes, with time, at the same place; foy

it is well known, that mines of every kind of mstal’

ave subject o perpetual change, and pavticulauly

those of iron, to which the loadstone is to be refer

red. Sometimes iron is generated, and somietime

it is destroyed at one and the same place ; there
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“wn.E.mqu at this day mines of iron where there
M.wmwmm Hwoum. formerly; and where it was formerly
ound in gr eat abundance, there are now hardly an
traces of it. ‘This is a sufficient proof that the Sﬁmw
mass of loadstones contained in the earth is under-
-going very considerable changes, and thereby un-
mOn_u.nm&M the poles, by which the magnetic declina-
mm“w .Hm regulated, likewise change with the lapse of
Here, then, we must look for the re
maguetic declination is subject to M_ummeMM- mMMM%o_MWm
...m_mHmEm at the same places of the globe. But this
yery reason, founded on the ineonstancy of what is
+© passing in its bowels, affords no hope of our - ever
... being able to ascertain the magnetic declination be
- forehand, unless we conld find the means of mﬁv.mn_“..
ing the n..._umummm of the earth to some fived Hm.%._ %
prm series of observations, cavried on throngh wmﬁwl
ral ages successi i 1
o ges su mnrwwm.w.? might possibly throw some

m 20t October 19761,

"Lerrer LIX.—ELUCIDATIONS RESPECTING THE

J CAUSE AND VARIATION OF THE DecLivaTion oF

L MAGNETIC NEEDLES.

~Trose who allege that the earth contains in its
womb a prodigions loadstone, like a stone with a
- kernel in fruit, are under the necessity of admittin
. in order to explain the magnetic declination, that ﬁmm
stone is successively shifting its situation g It must
in that case be detached from the earth in all its
: wE.._”m.w and as its motion would undoubtedly follow
w certain law, we b&mrn. flatter ourselves with the
Uomw of one day discovering it. But whether there
; Mmmw%uw wﬁwummmmnwn m.wnoum within the earth, or whether
e loadst nes scattered up ..EQH down throngh- its
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entrails unite their force to produce the magnetical
phenomena, we may always consider the earth itself
as o loadstone, in subserviency to which every par-
ticnlar loadstone, and all magnetic needles, assume
their direction.

Certain naturalists have enclosed a very powerful
magnet in a globe, and having placed a ‘magnetic
needle on its suriace, observed phenomena similar
io those which take place on the globe of the earth,
by placing the magnet within the globe, in several
different positions. Now, considering the earth as &
loadsione, it will have its magnetic poles, which must
be carefully meuﬂ;ﬁb& from the natural poles
round which it revolves, These poles have nothing
in eommon between them but the name; but it 1
from the position of the magnetic poles, relatively
to the natural, that the apparent irregularities in the
magnetic declination proceed, and particularly of
the lines traced on the globe, of which T have endea-
voured to give you some account.

In order more clearly to elueidate this subject, I
-emarl, that if the magneiic poles exacily coincided
with the natural, there would be no declination all
over the earth ; magnetic needles would universally
point to the north precisely, and their position would
be exactly that of the meridian line. This would no
doubt be an unspeakable advantage in navigatien, as

we shomd then know with precision the course of

the vessel and the. direction of the wind; wheveas,
at present, we must always look for the declination
of the compass before we are able to determine the
true quarters of the world, But then the compass

conld Furnish no assistance toward ascertaining the
longitude, an object which the declination may sooner

or later rendey attainable.

Hence it may be concluded, that if the magnetic
poles of the earth differed very greatly from the na- ¢

Ewmr and that if they were divectly opposite to each
omrmelqﬁgnr would be the case if the magnetic axis
of the msz,bm that is, the straight line nr.msMH m.oE, the
ane jagnetic pole to the other, passed through the
centre of the earth—then magnetic needles would
universally point toward these magnetic poles, and
;.ic:ﬁ be easy to assign the magnetic mw,mnmoﬂ
wu m%my. to every Emcm.w we should only have to draw
or every place a circle which should at the same
time pass through the two magnetic poles, and the
mﬂmwm menw this circle would make s&“ruﬁrm meri-
nzsmmg. e same place must give the magnetic de-
%Mm meu.m case, the two lines under which there is no
e ion, .SonE be the meridians drawn through
he magneiic poles. But as we have seen that 3
Hmmrm.mw. these two lines without declination are uﬁMw
wawm i Mmu _uncw.r_”mwm a very nnaccountable direction,
e ent that no such case actually takes place.
En m.m\ clearly saw this difficulty, and therefore
Fﬂpm H__w v:ﬂmm_m,ovrmm& to suppose a double loadstone
&mﬁﬂ Ewawm wm of the earth, the one fixed, the other
Hovest H mu. WQbmmm:gnm.. he was obliged to admit
fouz ﬂwﬂ omw o H. ﬂm earth, two of them toward the north
mud 1 oward the south, at unequal distances. But
this hypothesis seems to me rather a bold conjecture :
it'hy no means follows, that because these .__Emm of
10 mmnfsmﬂou are not meridiang, there mnst be four
MM@WME%&% on the earth; but rather, that there
 on y two, which are not directly opposite to each
mn mmw mmor Q.Eo_u comes to the same thing, that the
&%@mﬁw. axis does not pass through the centre of
o It m.mﬂpmam» therefore, mwmﬁ we consider the cases
0 which these two magnetic poles are not directl
apposite, and in which ‘the magnetic axis does ﬂo%ﬁ
pass through the centre ol the earth; for if we em-
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brace the hypothesis of the magnetic nucleus within
the earth, why should one of its poles be precisely op-
posite to the other? This nucleus may very probably
Lie not exactly in the very centre of the earth, butata
considerable distance from it. Now, if the magnetic
poles are not diametrically opposite to_each other,
the lines of no declination may actually assume a
direction similar to that which, from observation, we.
find they do; it is even possible to assign to the two
magnetic poles such places on the earth, that not
only these lines should coincide with observation,
but likewise, for every degree of declination, whether
western or eastern, we may find lines precisely
similar to those which at first seemed so unaccount-
able. )

In order, then, to know the state of magnetic
declination, all that is vequisite is to fix the two
magnetic poles; and then it becomes a problem m
geometry to determine the direction of all the lines
hich T mentioned in my preceding letter, drawn
for every place where the declination is the same:
by such means, too, we should be enabled to rectify
these lines, and to fll up the countries where 0o
observadens have been made; and were it possible
to assign, for every future period, the places of the
two magnetic poles on the globe, it would nndoubt-
edly prove the most satisfactory solution of the pro-
blem of the longitude. _

There is no occasion, therefore, for a double load-
stone within the earth, or for four magnetic poles, in
order to explain the declination of magnetic needles,
as Halley supposed ; but for a simaple magnet, or two
magnetic poles, provided its just place is assigned to
each.* It appears to me, that, from this reflection,

* The phenomena render it absolutely uecessary to admit twe mag-

uetic poles. The twa northern poles, which we may catl B and b, and
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we are much more advanced in our knowledge of
magnetism.

24i¢h October 1161,

Lemzr LX.—IncrinaTion or Die or MacnETIC
NEEDLES.

You will please to recollect, that on rubbing a
needle against the loadstone, it acquires not only the
property of pointing toward*a certain point of the
horizon, but that its northern extremity sinks, as if
it had become heavier, which obliges us to diminish
its weight somewhat, or to increase that of the other
extremity, in order to restore the equilibrium. I
Lave, without putting this in practice, made several
experiments to ascertain how far the magnetic force
‘brought down the northern extremity of the mag-
netized needle, and I have found that it sunk so s
to make an angle of 72 degrees with the horizon,
iand that in this situation the needle remained at
rest. It is proper to remarlk, that these experiments
were made at Berlin about six years ago ; for I shall
show you afterwards, that this direction to a point

below the horizon, is as variable as the magnetic
declination.

+ Hence we see that the magnetic power produces
2 double effect on needles; the one directs the needle

«rm_ﬁmﬁw southern poles, A and g, are thus situated, according to Hansteen,
North Lat, West Long.
Bin 690 84 and 2710 38" from Greenwich.
5 85 9 142 11
A 68 48 132 11
a 78 2. 223 8 -
- Years,
The pole B moves round the north pole of the globe in 1740.
e———au b, whith is weaker than B, in . B860.
A moves round the south pale of the glabe in 4608.
y whicl is weaker than A, in . 1304
See the Reinburah Philosophical Journal, vol. iv. p. 117.—En.




