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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
observation of the moon’s place, will double that
which results from it respecting the longitude of
the place where we are; and, consequeptly, it may
possibly amount to & whole degree: it is proper
farther to remark, that if the moon in 24 hours
should change her relative situation more than 12
degrees, the error in the longitude would 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 a 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 ‘conclusmns \
shiould be equally defective ; some will give the lon-
gitude sought too great, others too small, and by
striking a medium between all the results, we may
rest assured that this longitude will not be one de-
ree removed from the truth.

The English nation, generonsly disposed to engage
genins and ability in this important research, has
proposed 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 he begtowed on
the person who shall determine the longitude to a
degree, or about it, so as 0 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 440 minutes.
The highest prize is destined to the man who shall

ascertain the longitude so exactly that the exror shall
never exceed half o degree, or 30 minutes; end &
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. Mr. Mayer is at
this moment claiming the highest, and I think he is
entitled to it.*

8d October 1761,

Lerrer LIV.—Ox THE Mariner’s CoMpass, AND
THE PROPERTIES OF THE MAaGNETIC 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 artist
‘has hitherto been able to accomplish.
- 'The third is founded on the observation of the
seclipses of the moon, which would completely answer
:every purpose, were not opportunities of employing
it too rare, and least in our power when the neces-
sity may be most urgent.

¢+ % The widow of Professor Mayer received from the British Parlizment
& reward of L.3000 Sterling ; and Euler himself veceived L.300 for
_ ' firnishing the theorems on which Mayer’s Tables are founded. The latter
yéeeived elso a reward from the Freneh Government, and gained several
-grizes for his improvement of the Lunar Theory.——Enp.
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The fourth refers to the eclipses of the satellites of
Jupiter, which wonld answer the purpose extremely
well, had we the means of employing, at sea, tele-
scopes of a certain description, without which they
are invisible.

Fiually, observations of the moon herself furnish a
fifih method, which appears the most practicable,
provided we were able to observe the moon’s place in
the heavens so exactly, that the exror in calculation
(and ervor is unavoidahle) should never exceed one
minute, in order to be gssured that we arve not
mistaken above one degree in the determination of
the longitude.*

T'o one or the other of these five methods persons
engaged in this research have chiefly directed their
speculations: but there is still a sixth, which seems
likkewise adapted to the solution of the problem, were
it more carefully cultivated ; and will perhaps one
day furnish us with the most certain method of dis-
covering the longitude; though as yet we ave far,
very far, short of it. :

1t is not derived from the heavens, but is attached
t0 the earth simply, being founded on the nature of
the magnet, and of the compass. The explication
of it opens to me a new field of important physical

observation, for your amusement and instruciion, on
. the subject of magnetism; and I flattey myself you
wwill attend with delight and improvement to the
elucidations which I am going to suggest.

My reflections shall be directed only to the main
subject of our present research, I mean the discovery

* of the longitude. I remark in genernl, that the
magnet is a stone which has the quality of attracting
iron, and of disposing itsell in a certain direction;

and that it commumicates the same quality fo 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.

Tor this purpose, we provide a needle of good
steel, nearly resembling Fig. 2. of Prare 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, can revolye
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
?ubbmg or touching it with a good loadstone, it will
instantly acquire the magnetic virtue. The twe
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
herizontal position.

It then acquires another properiy 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

# This method is now brought to very great perfection, not ouly by the
improvement of the Lunar Tables, but by the perfection of the sextonts
and cireles with which the Maon’s plase in the henvens is chserved,—JEn.
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the extremity A towsard the south ; and the direction
of the magnetic needle corresponds almost with the
meridian line.

You recollect that, in order to trace @ meridian
line, which may peint out the north and the south,
it is necessary to have recourse to astronomical
observations, as the motion of the sun and stars
determines that direction; and when we are not

rovided with the necessary instruments, 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 points 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 divect the course of a
yessel toward a certain quarter of the world, in order
to reach a place proposed, canformably to geographic
or marine charts, - hich indicate the direction in
which we ought to proceed. Before this discoverys:
accordingly, it was impossible to undertake long
voyages ; the mariner dorst not lose sight of the
coast, for fear of mistaking his course, unless the

sky was umelouded, and the stars pointed out the

wAaY. )

‘A vessel on the wide ocean, without the lnow-
ledge of the proper COUYs®, would be precisely in the:
state of a man who, with a bandage over his eyes,

was obliged to find his way to the great church of
Magdeburg ; imagining he was going one Way, he.

might be going another. _The compass, then, is the
prmcipal guide in navigation; and it was not till after.
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this important discovery that men ventured across

. the ocean, and attempted the discovery of a new

world, "What would a pilet de 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 quar-
ter. He would presently deviate to such a degree,
as. infallibly to lose himself. But the compass im-
mediately pats him right; from which you will be
enabled to judge of the importance of the discovery
of the magnetic needle, or mariner’s compass. .
6t% October 1761,

Lgrrer LV.——DecriNaTion oF THE CoMpass, AND
MANNER OF OBSERVING IT.

» THoueH the magnetic needle affects the sitna-
tion of Pemg 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.
You have only to present a knife to a magnetic
needle, and 1t will immediately fuit its natural
{»i:g;:ectmn, and move toward the knife; and, by draw-
ing the knife round the needle, you will make it
assome every possible direction, In order to be
assured, then, that the needle is in its natural direc-
tion, you must keep at a distance from it all iron or
steel, as well as magnets ; which is so much the more
edsy, that these substances influence its direction
only when very near jt: once removed, their effect
becomes insensible, -unless in the case of a very
powerful magnet, which might possibly act en the
needle at the distance of several feet,
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But iron alone produces not this effect, ‘as.1ihe
compass may be used to advantage even In nd on
mines.  You are perfegtly sensible, th.a.t ander
ground, in mines, we are in the same condition as at
cen when the face of heaven is overcloud'ed, Emd ’ghat
it is necessary to drive mines in a certain du-.ectmni
Plans are accordingly constructed represeniilg al
the tracks hollowed out in the howels of the earth,
and this operation is regu_lated merely by the comgi
pass; this is the object of the science denominate
subterraneous geometry. )

To returh to our compass, Or magnetic needle, I
Lave remarked that its direction is only almost
northerly; it is therefore incorrect to say that J-d}m
magnet has the property of always pointing Jfnmt .
Having employed myself in the iabncatmln of c:{r}s‘a.ny
magnetic needles, I constantly found thgt t heir dir ef-
tion at Berlin deviated about 15° from the true meri-
dian line; now, an aberration of 15° is very consider~ -
able. )

Figure 8. Plate V. represents first the true meri-
dian line drawn from norih to .sm}th; that which is!
drawn at right angles with it indicates the east to:
the right hand, and the west to the left. No:w ‘the:
magnetic needle AB does not fall on the meridian,
Lut deviates from it an angle 15° _BO North. 'This
angle is Jenominated the declination, and sometimes
the deviation or variation, of the compass or magne-
tic needle; and as the extremity B, meavest _the
pnorth, deviates tolwmd the west, we say the declima-

ion is 15" westerly. . i
tmlIEI;ving thus (fetermined the declination at the
magnetic needle, we can make it answer the same

T g if it pol directly north. The needle
purpose as if’ it pointed d ¥ el
is nsually enclosed in a circle, and you have only to
mark on it the due north at the exact distance h'om
the northern extremity of the needle, so as to make
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a declination of 15° westward ; and the line Norik
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 sccret, the magnetic
needle is concealed in a circle of pasteboard, 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 pivet,* in order to admit of a free revolution:
it assumes, of course, a situation such that the point
marked Noréh is always divected 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 to disguise the declination,
which the vnlgar 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 circumference 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 ueedle, and this last immediately

assumes a certain direction ; the box is then turned
till the northern extremity of the needle B exactly
corresponds with 15° on the cirenmference, 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 circmmference of which is
divided into 860°, to prevent the necessity of turning

* The cap or hollow which vests on the pivo: should be made of Gar-
net, which gives less friction than any other of the precious stones.—En,



182 ol THE MARINER'S COMPASS. Let, 56.

round the box ; then the pasteboard cixcle, which is
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, eastor west, or
any other intermediate point. By the compass like-
wise we distinguish the winds, or the quarters from
which they blow; and from the points marked on it
their names are derived. It is necessary, at any
rate, to be perfectly assured of the declination or
variation of the conpass; We have found it to be
exactly 15° westward here at Berlins but it may be
Jifferent at other places, as 1 shall afterwards de-

monstrate.
10k October 1761,

LEeTTER 1. VL—DIFFERENCE IN THE DECLINATION .

OF THE CoMPASS AT THE SAME PLACE.

Waen I say that the declination of the compass
is 15° west, this is to be anderstood as applying only
to Rerlin, and the present fime; for it has been ve-
marked, that not only is this declination different at.
different places of the earth, but that it varies, with
time, at the same place.®

. The magnetic declination is accordingly much
ceater at Berlin now, than it was formerly. Ire-
S llect the time perfectly when it was only 10°;t and
in the last century there was 2 period when there
was no declination, s0 that the direction of the mag-

netic needle coincided exactly with the meridian
line. 'This was about the year 1670 ; since then the

# Tn the year 1788, AL Schulze found the doviation to be 15028, .
o 1805, M. Bade found it

whiel seems to lave heen iis maxium.
be 183, having heed so low as 17° & in 1788.—FED.
+ Lt was so low as 100 at Berlin in 1717.—LED.
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?}fgh‘:lra'fmn is becnnze progressively greater toward
the est, up to 15% as at this day: and there is
every appearance that it will go on diminishing, 6l
it is again redl:lced to nothing. I give this hov%t’.wel'
merely as conjecture, for we are very far f!rom bei "
able to prediet it with certainty. e
i-ﬁ?gﬁdes, it is wsall known, that prior to the year
, the declination was in' the contrary directio
that is, toward the east; and ihe farther back v:rlé
%?, thq greater do‘ we find the declination eastward .
Now, it is impossible 1o go farther back than to tho;
period w_when the compass was discovered ; this hap-
gﬁneﬁdﬂlm i:,he fourteenth century; but it was 1o£g
o :1]:1 mt?oillls;?v]gglpefo? they began to observe the
lin 3 for it was n rcel
ﬁrs]g that the needle deviated from th(;tzx?ee;iﬁl?gf (llinit
: E: at Lon(_lon, where this subject has been mort;
arefully studied, the magnetic declination, in the
%iasaa’ 1580, was observed to be 11° 15 east; ’m 1622
B0 east; fa 1634, 4° 5 east; in 1657 there was 10
;cl}natmn; but in 1672 it was 2° 30’ west; in 1692
d:e 0(:"1 ewest; and at present it may probably be 18
a bb es west, or more.* VYou see, then, that about
he beginning of the last century, the declination was
geaﬂy 8 degrees_east: that thenceforward it gra-
vally diminished, till it beeame imperceptiblg in

‘the year 1657 ; and that it has since become west-

erly, gradually increasing up to the present time.

—'15: r
B It has preserved nearly the same order at Paris;
3

it there it was reduced to nothing in 1666, nine
-

 years later than at London : hence you will observe

g"-r‘rllost una_cc;ountable diversity of declination rela-
tively to different places of the earth at thé same
time, and to the same place at different times.

» v 18 fati y
In Jenuary 1821, the varfation of the Needle at London, was 240 35’

© west,—Tn,
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At present, not only through all Iarope, but
through all Afvica, and the greatest part of Asia, the
declination is westerly, in soue places greater, in
others less, than with us. It is greater m certain
countries of Furope than at our capital ; namely, in
Scotland and in Norway, where the declination con-
siderably exeeeds 20°3 in Spain, Italy, and CGreece,
on the conirary, 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 Siberia; at Jeniseisk; it disappears too
in China, at Pekin, and at Japan; but beyond these
regions, to 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 proceeds
gradually diminishing, till 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 Afvica, it again becomes
westerly, as I have already remarked.

In order to attain a perfect knowledge of the pre-
sent state of magnetic declination, it wonld be neces-
sary to ascertain for all places, both at land and sea,
the present state of magnetic declination, and whether
its tendency is westward or eastward. This know
ledge would be undoubtedly extremely useful, but
we dare scareely hope for it. It would require men
of ability in every part of the globe, employed at th

same tiue in ohserving, each on his own staiion, the

magnetic declination, and who should communicate
their observations with the utmost exaciness.
the space of some years would elapse before the
cornmunications of the more remote conid be re-
ceived; thus the knowledge aimed at is unattainable

till after the expivation ol years. Now, though no

But
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very considerable change takes place in the direction
of the magnetic needie in two or three years, this
chal_lge, however small, would however preve];t the
attainment of complete information respecting the
present state of the various declinations of the mag-
nefic needle, from observations made at the same
time in the different regions of the globe. |
The same thing holds with respe?:t to times past;
to every year corresponds a certain state of magneti(:
declination proper to itself; and which distingnishes
it from every other period of time, past and Tutwre
It were, however, sincerely to be wished, that wc'z
had an exactly detailed state. of the declination for
ane year only; the most important elucidations of
the subject would certainly be derived from it.
. . The late Mr. Hzlley, a celebrated English astro-
nomer, has. attempted to do this for thebyear 1700,
founding his conclusions on 2 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 inio his account, most of those whic’h he
has employed were made several years prior to
1700; so that at this era the declination might have
undergone very considerable alterations. 1t follows
that this statement, which we find represented on a
general chart of the earth, must be considered as
gex!t;remel_y defective ; and, moreover, what would it
10w avail us to know the state of maguetic declina~
tion for the year 1700, having since that time under-
gone a considerable change?
s i(‘)th:er English geographers have prodoced, poste-
or to that period, a similar chart, intended to
represent all the declinations, such as they were in
. the year 1744. But as it has the same defect with
that of M. Halley, and as they likewise were
unable to procure observations from several coun-

N
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4hence through the Philippine Isles and New Hol-
land. It is easy to judge, from the track of these
two lines, that they have a communication near both
poles of the globe.
-; Having fixed these two lines of no declination, -
My, Halley remarked, that every where between the
first and last, proceeding from west to east, that is,
through all Enrope, Aftica, 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
draw a line through all these places, which he calls
the. line of jve degrees west, He found likewise two
lines of this description, the one of which accompa-
:p;ed, as it were, the first of no declination, and the
ot_her the last. He went on in the same manner
ayith the places where the declination was 10°; af-
terwards 15° 20°% &ec., and he saw that these lines
of great declination were confined to the polar re-
sgions; whereas those of small declination encom-
passed the whole globe, and passed throngh the
£Quator.
.+.In fact, the declination scarcely ever exceeds 15°
;gg_the_ equator, whether west or east; but on ap-
proaching the poles, it is possible to arrive at places
Jhere the declination exceeds 58° and 60° There
zre undoubtedly some where it is siill greater, ex-
igeeding even 90°% and where the northern extremity
of the needle will consequently twn about and point

tries on the globe, they did not scruple to fill up
the vacant places, by cousulting Hulley'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.®

13tk October 1761,

Lerrer 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 Halley proceeded to represent the magnetic
declinations, in the chart which he constructed for
the year 1700, that if you should happen to see it
you may comprehend its structure. ‘
" Fissi, he marked at every place the declination of
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
Shere was then none, ‘This line was neither a meti-
dian nor a parallel, but run in a very oblique direc-
fion over North America, and lefi it near the coasts
of Carolina; thence it bent 'its course across ih
Atlantic Ocean, beiween Africa and America, Be-
side this line, he discovered likewise another in
which the declination disappeared ; it descended
through the middle of China, and passed from

# Very correct and interesting charts, both of the varintion and the i
of the magnetie needle, have been rarently constructed by Mir. Hansteel
of Cheistiania in Norway, and published in his very able wok oun th
Magpetism of the Earch. Mr. Hansteons charts will he found in the ]
Edinburgh - Philosophical Jowrnal, vol. iv. p. 368,—En. S

% This was found to ha the case in the voyages of Cuptain Ross and
piain Parry. On the 5.K. point of Byam Maxtin's Istand, in West
ong, 1080 44/}, and North Lat. 75¢ 9', the varintion was 1656° 50" east,

having been 1280 50’ west in West Long. 910 Lat.
740 40\ —Fu, oG $12 47, md.th Lar
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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,
that the declination is precisely 10° east; I should
then take my chart, and look for the two lines under
which the declination is 10° east, fully assured that.
I am under the one or the other of these two lines,
which must at once greatly relieve my uncertainty.
Finally, T would observe the height of the pole,
which being the latitnde 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 m
- uncertainty is reduced to two points very distant
from each other; now the circumstances of my
voyage would easily determine which of these two
laces is that where I actually am.
% You will admit that if we had charts such as I have
described, this methodwould be the most commodions
- and aeeurate 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 poweér to
éonstruct one for the time past, which would be of
no use for the present titme, for want of a sufficient
niinber of observations, we are 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
‘torsprofit by this method, however excellent it may
e in itselfl
Y 192k October 1161. S

Finally, having drawn similar lines througjh thoe
places where the declination was eastward 107, 155 -
90°, and so on, Mr. Halley filled up the whole :
chart, which represented the entire surface of the -
earth, under each of which lines the declmf,mon is
universally the same, provided the observations are
not erroncous. My, Flalley has accordingly scru-
pulously abstained from continuing such Iines be-
yond the places where obseryations 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 chart was constructed ; and though the place in
question should not be found precisely under .oueri
the lines traced on the chart, by comparing it with
the two lines between which it might be sii_:uat_ed,
we could easily caleulate the intermediate declination
which corresponds to it. If I found my present place
to be between 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 tlu:e one or tht.a ot:,her,
I could easily find the means which would indicate|
the true declination. : ) :

From this yon will readily comprehend, that if we
had such a chart thus exact, it would assist us 1n'
discovering the longitude, at least for the time to
which it corresponded, In order to explain thi
method, let nus 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 place's. :
where there is no declination ; then the two where if
is 5°, 10°, 15° 20°, both east and west: let us fart_hep
suppose that, for the greater exactness, these lines
were drawn from degree to degree, and that I found
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bserved.  That pole of the loadstone which is’
direcied 1'101'thward is called its north pole, and that
w_,lych points southward its south pole.
. L have already remarked, that a magnetic needle
as. well as the loadstone itself, assmmes this situation’
which appears natural to it only when removeci
from the vicinity of another loadsione, or of iron.
When a magnetic needle is placed near a loadstone
1is situation 1s regulated by the poles of that load.
_stone ; so that the north pole of the loadstone attracts
tl:le.southern exiremity of the needle; and recipro-
cally, the south pole of the loadstone the northern
xtremity of the needle. For this reason, in refer-
ng one loadstone to another, we call those the
fniendly poles which bear different names, aud those
the hO_Stll? which bave the same name. This pro-
perty is singularly remarkable on bringing two load-
i stones near each other; for then we ti’ind, that not
.: only do the poles of different names mutually attract
: but that thase of the same name shun and repel each
?ﬁ::evf; p Thisd 115 still };nore conspicuous when two
magnetic needles are br ithi spher
2 sgnefic needles ought within the sphere of
In order to be sensible of this, it is of much im-
portance to consider the situation which a maenetic
needle assumes in the vicinity of a loadstone. 8
w{The bar AB (Prate V. Fig. 4.) represents a load-
:-stone, Whose_ north pole is B, and the south pole A :
You.see varions positions of the magnetic needle'
under the figure of an arrow, whose extremity marked
i1s-the north pole, and @ the south. 1In ‘all these
Dositions, the extremity & of the needle is divected
taward the pole A of the loadstone; snd the extre-
mify @ to the pole B. The point ¢ indicates the pivot
on which the needle revolves; and you have only to
_conmde_r the figure with some attention, in order to
determine what situation the needle will assume, in

Lrrrer LVIIL—WHY DOES THE MAGNETIC
NEEDLE AFFECT, IN EVERY PLACE OF THY
EARTH, A CERTAIN DIRECTION, DIFFERING IN
DIFFERENT PLACES ; AND FOR WHAT REASON
DOES IT CHANGE, WITH TIME, AT THE SAME
PLACE T

You will undoubtedly have the curiosity to bes
informed why magnetic needles affect, at every.
place on the globe, a certain direction; why this.
direction is not the same at different places; and .
why, at the same place, it changes with the course-
of fime ? I shall answer these important inquiries te:
the best of my ability, though, I fear, not so much to
your satisfaction as I could wish. :

I remark, first, that magnetic needles have this
property in common with all magnets, and that it is
only their form, and their being made to balance and
revolve freely on a pivot, which renders it more con-
spicuous. The loadstone, suspended by a thread,
turns toward a certain quarter, and when put in 2
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, 7.
as by them iron is attracted with the greatest force.

They are denominated the poles of a loadstone—a
term borrowed from that of the poles of the earthy
or of the heavens; becapse the one has a tendency:
toward the north, and the other toward the souths
pole of the earth: but this is to he understood a5}
only almost, not exactly, the case; for when the
name was imposed, the declination had mot yet been
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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 it
would assume at every place a certain situation, as:
we see actually to be the case round the globe. Now
if the plobe itself were that loadstone, we should
comprehend why the magnetic needles every where
assumed a cerfain direction. Naturalists, accord=
_ ingly, inorder to explain this phenomenon, maintain
that the whole globe has the properly of a magnety
or that we onght to consider it as a prodigious load~
stone. Some of them allege, that there is at theij]
centre of the earth a very large loadstone, which has
exercised its influence on all the magnetic needles
and even on all ihe loadstones, which are to be 3
found on the surface of the earth; and that it is thi
influence which directs them in every place, con
formably to the divections which we observe them te
assume.

But there is no oceasion to have recowrse fo
loadstone concealed in the bowels of the earth.
surface is so replenished with mines of iron and loads
stone, that their united force may well supply the
want of this huge magnet. In fact, all loadstonesi]
are extracted from mines—an infallible proof thaf
these substances are found in great abundance in the
bowels of the earth, and that the mwnion of all theig
powers furnishes the general force which produce
all the magnetical phenomena. We ave likewis
ensbled thereby to explain, why the magnetic decli
nation changes, with tivle, at the same place; fou
it is well known, that mines of every kind of metal?
are subject (o perpetual change, and particulauly
those of iron, to which the loadstone is to be vefex
red. Sometimes iron is generated, and somelimsy
it is destroyed at one and the same place ; there ar

;::cf)rdmgly at this day mines of iron where there
;,f‘ewd 1}011&' 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 totsﬂ
mass of loadstones contained in the earth is under-
-ﬁombg very considerable changes, and thereby un-
ti?)u tedly the poles, by which the maguetic declina-~
ﬁmlz .15 regulated, likewise change with the lapse of
Here, then, we musi look for the re

7 maguetic declination is subject to fhana;s;l svg}::yoli‘lie—
: ._del'able at the same places of the globe. But this
“very 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
forehanc], unless we could find the means of sub'ect-
ing the changes of the earth to some fixed lan A
}c;j}g series of observations, carried on through ;eve-
ral ages successi ‘mi i

el ges su e ;\;ily, might possibly throw some
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LI:TTER LIX.—ELUCIDATIONS RESPRCTING THE

CAUSE AND VARIATION OF
r THE DECLINAT
~* MagNETIC NEEDLES. rom of

. Trose who allege that the earth contains in its
womb a prodigions loadstone, like a stone with 2
- kernel in fruit, are under the necessity of admittin
in order to explain the magnetic declination, that th%é
stone is successively shifting its situation ’ It must
in that case be detached from the cavth in all i:s
uparts.; and as its motion would imdoubtedly follow
i certain law, we might flatter ourselves with the
Tope of one day discovering it. Buot whether there
e such a magnetic stone within the earth, or whether

the a 1.01’1@.'5 scatt H } c o
1 ].0 db G d up 'uld (lo win L]ll ong ll lts
VoI, Il.
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entrails unite their force to produce the magnetical
phenomena, we may always consider the earth itself
as o loadstone, n subserviency to which every par-
ticular loadstone, and all magnetic needles, assune
their direction.

Certain naturalisis have enclosed & very powerful
magnet in a globe, and having placed a ‘magnetic
needle on its surface, observed phenomena similar
to 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 distinguished from the natural poles
round which it revolves. These poles have nothing
in eommon between them but the name; but it 1s
from the position of the magneiic poles, relatively
to the natural, that the apparent irregulavities 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 elucidate this subject, I
remark, that if the magnetic poles exactly 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 wo
be exactly that of the meridian line.

doubt be an unspeakable advantage in navigatien, as

we should then know with precision the course of

the vessel and the direction of the wind; whereas,
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
could furnish no assistance toward ascertaining the
longitude, an object which the declination may sooner
ar later rendey attainable.

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

This would no =

"_;“ip.'.d P -
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, tgral, and that if they were divectly opposite to each
. other—which would be the case if the magnetic axis
of the earth? that is, the straight line drzm?n fron; the
ane magnetic pole to the other, passed through the
centre of the earth—then magnetic needles would
universally point toward these magnetic poles, and
lt‘would be easy to assign the magnetic direction
E?] oper to every place ; we should only have to draw
or every place a circle which should at the same
time pass through the two magnetic poles a.ud‘the
zrila‘g&e f\_:vi]ﬁch this circle would make with the meri-
clinat(')mn, e same place must give the magnetic de-
A I{} this case, the two lines under which there is no
declination, would be the meridians drawn through
the magnetic poles. But as we have seen thatuq
l'ea]y{;]_ywri; these two lines without declination are ,nlcﬁ
]i:;leil; i v1113, btut;];:ake a very unaccountable direction,
e ent at no such case actually takes place.
alley clearly saw this difficulty, and therefor
$9£g11t lmnselfpob]jged to suppose a donble loaclstonz
. nir e]!)alo'e?els of the earth, the one fixed, the other
: f,ovea. e; of consequence, he was obliged to admit
a?;lcf POIES of the earth, two of them toward the north
. IWO toward the south, at unequal distances. But
this hypothesis seems to me rather a bold conjecture :
it hy no means follows, that because these Jlines of
10 dec].}nntlon are not meridiang, there must be four
- magnetic poles on the earth; but rather, that there
are only two, which are not directly opposite to eact
gh:r; or, w_hlch comes to the same thing, that'th;
thzf:ﬁﬁ. axis does not pass through the centre of
. Tt }::emams, therefore, tl}ﬂt we consider the cases
o which these two magnetic poles are not direct]
opposite, and in which the magnetic axis does nayt

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
De not exactly in the very centre of the earth, hutat a
considerable distance from it. Now, if the magnetic
poles are not dipmetrically 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 requisite 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 All up the countries where no
observations have been made; and were it possible
to assign, for every future period, the places of the
two magneiic 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 eavth, or for four magnetic poles, in
order to explain the declination of magnetic needles,
as Halley supposed ; but for a simple magnet, or two
magnetic poles, provided its just place is assigned to
each* It appears to me, that, from this reflection,

# The phenomens render it absolutely uecessary to admit iwe 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
magnetisn. )

24i¢h October 1161,

Leprer LX.—IncranaTion on Dip oF MaeneTIC
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
have, without putting this in practice, made several
experiments to ascertain how far the maghetic force
brought down the northern extremity of the mag-
netized needle, and I have found that it sunk so as
to make an angle of 12 degrees with the horizon,

" and 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
a double effect on needles; the one directs the needle

the two southern poles, A and @, are thus situated, according to Hansteen,

An 1823,
l\llnrth Lat, West Long.
Pin 699 34 and 2710 38 from Greenwich.
b B85 9 142 11
A 65 48 132 11
2 78 25 .. 223 8

The pole B moves round the north pole of the globe m‘i?ﬁ.i
b, which is weaker ihan B, in . B60,
A moves round the south pole of the glabe in 4608.
ety which is weaker than A, in . 1304.
See the Reinburah Philosophical Journal, vol. iv. p. 117.—En.
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ON THE MAGNETIC NEEDLE.
toward a certain quarter of the horizon, the devia-
tion of which fromn the meridian line is what we call
the magnetic declination ; the other impresses on it
an inclination toward the horizon, sinking the one
or the other extremity under it, up to a certain
angle.

Lot d ¢ (Prate V. Fig. 5.) be the horizontal line,
drawn according to the magnetic declination, and
the needle will assume, at Berlin, the situation b a,
which makes with the horizon d ¢ the angle 4 ¢ b or
e ¢ a, which is '72°, and consequently, with the ver-
tical /g, an angle & ¢ g or 2 ¢ f of 18 degrees. This
second effect of the magnetic force, by which the
magnetic needle affects a certain inclination toward
the horizon, is as remarkable as the first; and as the
first is denominated the magnetic declination, the
second is known by the name of magnetie inclina-
tion or dip, which deserves, as well as the declina-
tion, to be every where observed with all possible
care, as we find in it a similar yariation.

The inclination at Berlin has been found 72°%#* at
Basle only 70 the northern extremity of the needle
being sunk, and the opposite, of consequence, raised
to that angle.
are nearer to the northern magnetic pole of the earth;
and in proportion as we approach it, the greater
becomes the inclination of the magnetic neeﬁle, or
the move it approaches the vertical line; so that if
we conld reach the magnetic pole itself, the needle
would there actually assume a vertical situation; its

northern extremity pointing perpendicularly down-

ward, and its southern end upward4 The farther,

on the contrary, you remove frow, the northern mag- - '

* In 1803, it was found by Humboldt to be 690 53 at Berlin.—E=.
On the 18th July 1820, the inglination of the needle was olzerved
by Mr. Subine to be 58¢ 43' 5" at Winter Harbonr in Melville Island,
in West Long, 1109 48, and 740 47 of North Lat.—Ep.

This takes place in countries which
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netic pole of the earth, and approach the southern,

- the more the inclination diminighes; it will at length

disappear, and the needle will assume a horizontal
position, when equally distant from both poles; but
in proceeding toward the south pole of the earth,
the sonthern extremity of the needle will sink more
a]:&d more under the horizon, the northern extre-
ity rising in proportion, till at the pole itself the
needle again becomes vertical, with the southern ex-
tremity perpendicularly downward, and the northern
npward.

It were devoutly to be wished that experiments
had been as carefully and as generally made, with the
view of ascertaining the magnetic inclination, as of
determining the declination; but this important

_grticle of experimental philosophy has hitherto been
- too much neglected, thongh. certainly neither less

curions nor less interesting than that of the declin-
ation. This is not, however, a matter of surprise:
Experiments of this sort ave subject to too many
difficulties ; and almost all the methods hitherto
attempted of observing the magnetic inclination have

failed.  One artist alone, Mr. Diterick of Bésle, has

succeeded, having actually constructed a machine
proper for the purpose, under the direction of the
welebrated Mr. Daniel Bernouilli. He sent me two

sof the machines, by means of which I have observ-
ed, at Berlin, this inclination of 72 degrees ; and
‘however curious in other respects the English and
French may be in prosecuting such inquiries, they
‘have put no great value on My, Diterick’s machine,
though it is the only one adapted for this purpose. #

e DEE of the simplest wachines for mensuring the dip of the needle, is
Capt. Scoreshy’s Magnetimeter. A bar of iron deprived entirely of its

“magoetism, either by heat, or by hammering it in the magnetic equator, is
/placed in the magnetic meridian, upon an inclined plane. This plane is
Fraised or depressed by & wheel naud pinion, till the iron bar exercises no sction

whatever upon a compass needie placed near it. When this happens, the bar
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This instance demonstrates how the progress of
science may be obstructed by prejudice; hence Ber—
ln and Bésle ave the only two places on the globe:
where the magnetic inclination is known.

Needles prepared for the construction of compasses:
are by no means proper to indicate the quantity of
magnetic inclination, though they may convey a

rough idea of its effect, becanse the northern extre-

mity in these latitudes becomes heavier. In order
to render serviceable needles intended to discover the
declination, we are under the necessity of destroying
the effect of the inclination, by diminishing the:
weight of the northern extremity, or increasing that
of the southern. To restore the needle to a hori-
zontal position, the last of these methods is usually
employed, and a small morsel of wax is affixed to:
the sonthern extremity of the needle. You are abun-~
dantly sensible, that this remedy applies only to these
regions of the globhe where the inclinatory power is
so much, and no more; and that were we to travel
with such a needle toward the northern magnetie
pole of the earth, the inclinatory power would in~
crease, so that to prevent the effect we should be
obliged to increase the quantity of wax at the south-

ern extremity. But were we travelling southward,

and approaching the opposite pole of the earth, where
the inclinatory power on the northern extremity of
the needle diminishes, the quantity of wax affixed
to the other extremity must then likewise be dimi-
nished; after that it must be taken away altogether,
being wholly useless when we arrive at places where

is in the magnetic equator, and consequently the eomplement of the incli-
nation of the plane on which it rests is the dip or indlination of the needle
at the place where the observation is made. This angle of inclination was
measured by a vertieal graduated circle, adjusted to zero when the har had
o horizantal position.—See the Edinburgh Transactions, vol ix., ond the
Edinburgh Philusophical Jowrnal, vol. ix. y. 42., for & full account of
this instrument,~—¥En,
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the magnetic inclination disappears. On proceeding
still forward to the south pole, the southern extre-

‘mity of the needle sinks; so that to remedy this,

a morsel of wax must be affixed to the northern

- extremity of the needle. Suoch are the means em-

ployed, in long voyages, to preserve the compass in

& horizontal position.

In order to observe the magnetic inclination, it
would be necessary to have instrnments made on
purpose, similar to that invented by the artist of Bsle.
His instrument is called the Tnelinatory ; but there
it little appeavance of its coming into general use. It
i¢ still less to be expected that we should scon have
charts construeted with the magnetic inclination, si-
milar to those which represent the declination. The

-same method might easily be followed, by drawing

lines through all the places where the magnetic

"inclination is the same : so that we should have lines
-of no inclination; afterwards other lines where the

inclination would be 5% 10% 15° 20° and so on,

‘whether novthward or southward. ¥

29tk October 1161,
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Lerter LXI—True MAGNETIC DIRECTION ; SUB-

« TILE MATTER WHICH PRODUCES THE MacNETIC
.. POWER, -

In order to form a just idea of the effect of the

earth’s magnetic power, we must attend at once to
the declination and inclination of the magnetic needle,
ai every place of the globe. At Berlin, we know the
declination is 15° west, and the inclination of the
northern extremity 72°. On considering this donble .
effect, the declination and inclination, we shall have
the true magnetic direction for Berlin, We draw

# See Note on Letter LVI.
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