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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,

ot

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.
12
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first, on 2 horizontal plane, a line which shall make
with the meridian an angle of 15° west, and thence
descending toward the vertical line, we trace a new
line, which shall make with it an angle of 72°; and
this will give us the magnetic direction for Berlin :
from which you will comprehend how the magnetic
~ direction for every other place is to be ascertained,
provided the inclination and declination are known.

Every magnet exhibits phenomena altogether
similar,  You have only to place one on a table
covered with filings of steel, and you will see the
filings arrange themselves round the loadstone AB,
nearly as represented in ¥ig. 6. of PraTt V., in which
every particle of the filings may be considered as a
small magnetic needle, mdicating at every point
round the loadstone the magnetic direction. This
experiment leads us to inquive into the cause of all
these phenomena. .

The arrangement assumed by the steel filings leaves
uo room to doubt that it is a subtile and invisihle
matter which runs through the. particles of the steel,
and disposes them in the direction which we here
observe. It is equally clear that this subtile matter
pervades the loadstone itself, enieving at one of the
poles, and geing out at the other, so as to form, by
its continual motion round the loadstone, a vortex
which reconducts the subtile matter from one pole
to the other; and this motion is, without dounbt,
extremely rapid.

The nature of the loadstone consists, then, in a con-
tinual vortex, which distinguishes it from all other
bodies ; and the earth itself, in the quality of a load-
stone, wustbe surrounded with a similar vortex, acting
every where on magnetic needles, and making conl
tinual efforts to dispose them aceording to its own
direction, which is the same I Tormerly Eenominated
the magnetic divection: this subtile matter is eonti-

Let. 61. MAGNETIC POWER. 203

nually issuing at one of the magnetic poles of
the earth, and after having performed a circuit round
to.the other pole, it there enters, and pervades the
‘globe through and through to the opposite pole,
where it again escapes. '

We are not yet enabled to determine by which of
the two maguetic poles of the earth it enters or
issues : the phenomena depending on this have such
a perfect resemblance, that they are indistinguishable.
It is undoubtedly, likewise, this general vortex of
the globe which supplies the subtile matter of every
particular loadstone to magnetic ivon or steel, and
glhich keeps up the particular vortices that surround

£, '

Previous to a thorough investigation of the nature
of this subtile matter, and its motion, it must be re-
marked, that its action is confined to loadstons, iron,
and steel ;* all other bodies are absolutely indifferent
to it: the relation which it bears to $hose must
therefore be by no means the same which it bears to
others, "We are warranted to maintain, from mani-
fold experiments, that this subtile matter freely per-
vades all other bodies, and even in all directions ;
for when a loadstone acts upon a needle, the action
is perfectly the same, whether another bodyinterposes
or not, provided the interpesing body is not iron,
and its action is the same on the filings of iron.
JThis subtile "matter, therefore, must pervade all

+ bodies, iron excepted, as freely as it does air, and

even pure ether; for these experiments sncceed

. equally well in a receiver exhausted by the air-pump.

This matier is consequently different from ether,

¥ Professor Hansteen has lately found, that every vertesl object, of

" whatever materials it is somposed, has 2 magnetic south pole above, and o

mognekic narth pole below. This curious faet he has pat beyond a doub,
by measuring the velacity of the oseillations of a magnetic needle on differ-
ait sides of the extremities of the vertieal object.~—See the Edinburgh

FPhilosaphical Jowrnal, vol. iv. P« 299, 300.—~Xn.
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and even mueh more subtile. And, on account of
the general vortex of the earth, it may be ai:f'u‘med
that the globe is completely surronnded by it, and
freely pervaded, as all other bodies ave,-excepting
the loadstone and iron ; for this reason iron m_l‘d
steel may be denominated magnetic bodies, to dis-
tinguish them from others, :
But if this magnetic matter passes freely throngh
all non-magnetic hodies, what relation can it have to
those which are such? We have just observed, that
the magneiic vortex enters at one of the poles of
every loadstone, and goes out at the other ; whence
it may be concluded, that it freely pervades load-
stones likewise; which would not distinguish them
from other bodies. But as the magnetic matter
passes through the loadstone only from pole to pole,
this is a circumstance very different from what takes
place in others. Here, then, we have the distinctive
character. Non-magnetic bodies are freely pervaded
by the magnetic matter in all directions: loadstongs
are pervaded by it in one direction only ; one of the
poles being adapted to its admission, the other to
its escape. But iron and steel, when rendered
magnetic, fulfil this last condition; when they are
not, it may be affirmed that they do not grant a
free transmission to the magnetic matter in any
direction. i
This may appear strange, as iron has open pores,
which transmit the ether, though it is not so subtjle
as the magueiic matter. But we must carefully dis-
tinguish » simple passage, from one in which the
magnetic matter may pervade the body, with all its
rapidity, without encountering any obstacle,

A1st October 1761,

- Lerrer LXIL—Narvse oF THE MAGNETIC MAT-
~TER, AND OF IS RAPID CURRENT. MagNETIC
| .L:CANALS,

I am very far from pretending to explain-perfectly
the phenomena of magnetism ; it presents difficulties
which I did not find in those of electricity. The
canse of it undoubtedly is, that electricity consists in
-too great or too small a degree of compression, of a
subtile fluid which occupies .the pores of bodies,
without supposing that subtile fluid, which is the
gther, to be in actual motion; but magnetism cannot
be-explained, unless we suppose a vortex in rapid
agitation, wlich penetrates magnetic bodies,

.. The matter which constitutes these vortices is
likewise much more subtile than ether, and freely
petvades the pores of loadstones, which are imper-
vigus even to ether. Now, this magnetic matter is
diffused through, and mixed with the ether, as the
gther is with gross air; or, just as ether occupies and
fillls up the pores of air, it may be affirmed that the
magnetic matter occupies and fills the pores of
ether. ’

... I conceive, then, that the loadstone and iron have
_pores so small that the ether in a body cennot force
lis way into them, and thai the magnetic matter
. dlone can penetrate them ; and which, on being ad-
_mitted, separates itself from the ether by what may
" be:called a kind of filtration, In the pores of the
loadstone alone, therefore, is the magnetic matter to
~lie found in perfect purity : every where else it is
_blended with ether, as this last is with the air.

You can easily imagine a series of fluids, one al-
_ ways more subtile than another, and which are per-
fectly blended together, Nature furnishes instances
“of this, Water, we know, contains in its pores par-
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ticles of air, which are frequently seen disghargiflﬂ';
themselves in the form of small bubbles: air again,
it is equally certain, contains in its pores a fluid in-
comparably more subtile, namely ether, and which
on many occasions is separated from it, as in elec-

tricity. And now we see a still farther progression, .

and that ether contains a matter much more subtile
then itself—the magnetic matter—which may per-
haps contain, in its turn, others still more subtile, at
least this is not impossible. )
Having considered the nature of this magnetic mat-
ter, let us see how the phenomena are produced.' I
consider a loadstone, then, and say first, that besides
a great many pores filled with ether, like all other
bodies, it contains some still much more narrow, into
which the magnetic matter alone can find admission,
Secondly, these pores are disposed in such a manner
as to have a communication with each other, and
constitute tubes or canals, through which the mag-
netic matter passes from the one extremity to the
ather. Finally, this matter can be transmitted throug'h
these tubes only in one direction, without the possi-
bility of returning in an opposite divection. This
most essential circnmstance requires a more partl-
cular elncidation. )
Fivst, then, I remark, that the veins and ]ymphi_;.tlc
vessels in the bodies of animals are tubes of a similar
construction, containing valves, represenied in Fig. %
Prate V., by the strokes m #, which, by raising
themselves, grant a free passage to the blood when
it flows from A to B, and to prevent its reflux from
Bio A. For if the blood attempted to flow from B
to A, it would press down the moveable extremity of

the valve m on the side of the vein o, and totally

obstruct the passage, Valves are thus employed m
aqueducts, to prevent the reflux of the water. I_dp
not consider myself, then, as supposing any thing
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conirary to nature, when I say, that the canals, in
loadstones, which admit the maguetic matter only,
are of the same construction,
-+ Figure 8. Plate V. represents this magnetic canal,
according to my idea of it. 1 conceive 1t furnished
inwardly with bristles directed from A toward B,
~-which present no opposition to the magnetic matter
in its passage from A to B, for in this case they open
of themselves at n, to let the matter pass at o ; but
they would immediately obstruct the channel were
ipito attempt o retrograde course from B to A. The
nature of magnetic canals consists, then, in granting
admigsion to the magnetic matter only at A, to flow
toward B, without the possibility of retirning in the
opposite direction from B toward A.
+-'This construction enables us to explain how the
magnetic matter enters into these tubes, and flies
through them with the greatest rapidity, even when
the whole ether is in a state of perfect rest, which is
- the most surprising ; for how can a motion so rapid
bé produced ? This will appear perfectly clear to you,
if you will please to recollect that ether is'a matter
ex{remely elastic; accordingly, the magnetic matter,
_which is scattered about, will be pressed by it on
every side. Let us suppose the magnetic canal A B
&till guite empty, and that a particle of magnetic
matter m presents itself at the entrance A; and this
article pressed on every side at the opening of the
anal, into which the ether cannot force admission, it
ilt there he pressed forward with prodigions fovee,
. aid'enter into the canal with eqnal rapidity : another
licle of magnetic matter will immediately present
tself; -and be driven forward with the same force;
- @il in like manner all the following pariicles. There
Wwilk thenee result a continual Anx of magnetic matier,
:Which, meeting with no obstruction in this canal,
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will escape from it at B with the same rapidity that
it enters at A. =

My idea then is, that every loadstone - contsins a
great multitude. of these canals, which I denominate -
magnetic; and it very naturally follows, that the
dispersed in the ether must enter’

magnetic matter .
into them at oue extremity, and escape at the other;

with great impetuosity; that is,
etnal current of magnetic matter through the eanals
of the loadstone : and thus I hope I have surmgunted

the greatest difficulties which can occur in the theory .

4

of magnetism.
3d November 1761.

Lerrer XLII1.—MAGNETIC VORTEX.
MAGNETS UPON EACH OTHER.

YVou have now seen in what the distinetive cha

racter of the loadstone consists; and that each con- -
tains several canals, of which I have attempted to*

give a description.

Figure 9. Plate V. rcpresents a loadstone A By

with three magnetic canals a b, through which the
magnetic matter w
entering at the extremities. marked a, and escaping
at those marked b : it will escape indeed with the
same rapidity; but immediately meeting with the
ether blended with the grosser air,
will oppose the continuation of its motion in the same’
divection; and not only will the mation be retarded,
but its divection diverted toward the sides ¢ ¢;  The
same thing will take place at the entrance, toward,
the extremities ¢ ¢ «; on account of the apidity
with which the particles of magnetic maiter force

their way into them, the circulation will quickly g

we shall have a per- -

AcTIiOoN OF -

ill flow with the utmost rapidity; .

great obstrictions:
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overtake those which are still toward the sides e e
and these in their turn will be replaced hy those
Whlch, escaping from the extremities 4 4 b, have been
ﬁh!gady diverted toward ¢ ¢; so that the same mago-
‘lneiflc matter which issued from the exiremities b b b
‘quickly returns toward those marked a ¢ ¢, perform-
ing the civcuit & ¢ d 2 @ ; and this eircalation round
'ﬂ}e loadstone is what we call the magnetic vortex.
2.1t must not be imagined, however, that it is always
—‘i_he same magnetic matter which forms these vortices :
-~ ‘a-considerable part of it will escape, no doubt, as well
toward B as toward the sides, in performing the
eircuit; but as a compensation, fresh magnetic matter
) Wl]l enter by the extremities a ¢ «, so thaat the matter
: which constitutes the vortex is succedaneous and
- Jery variable: a magnetic vortex, swrounding the
loadstone, will, however, always be kept up, and
‘produce the phenomena formerly observed in filings
~iofsteel scattered round the loadstone. o

-+ You will please farther to attend to this cireum-
Istance, that the motion of the magnetic matter in
the vortex is incomparably slower ont of the load-
stone than in the magnetic tubes, where it is sepa-
pated from the ether, afier having been forced into
them by all the elastic power of this last fluid ; and
that on escaping it mixes again with the ether, and
there!:)y loses great part of its motion, so that its
elocity in travelling to the extremities a @ 2 is
icomparably less than in the magnetic canals a b
-ﬂmpgh still very great with respect to us. Yon will
asily comprehend, then, that the extremities of the
1agnetic canals, by which the matter enters into the
adstone and eseapes. from it, are what we call its
poles; and that the magnetic poles of a loadstone
-are by no means mathematical points, the whole
Space in which the extremities of the magnetie
canals terminate being one magnetic pole, as Tn the
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loadstone represented by Figure 6. Pratk V., where
the whole surfaces A and B are the two poles.

Now, though these poles are distinguished by the
terms north and south, yetwe cammot affirm with .cer- ;
taiuty whether it is by the north or south pole that
the magnetic matter enters into loadstones. You will
see, in the sequel, that all the phenomena produced
by the admission and escape, have such a perfect
resemblance, that it appears impossible to determine
the question by experiments. It is therefore a matter
of indifference, whether we suppose that the maghetic
matter enters or escapes by the north pole or by the
south. :

Be this as it may, I shall mark with the letter A the
pole by which the magnetic matter enters, and ‘witl
B that by which it escapes, f without pretending
thereby to indicate which is north or south. Ipr
ceed to the consideration of these vortices, in érde
to form a judgment how two loadstones act upor
each other. ) )

Let us suppose that the two loadstones A B and
a b (Prare V. Fig. 10.) are presented fo eac
other by the poles of the same name A, a, and thei
vortices will be in a state of total opposition. Th
magnetic matter which is at C will enter at A and &,
and these two vortices attempting mutnally to dgstro
each other, the matter which proceeds by E to ente
at A will meet at D that of the other loadstone re-;
turning by e to enter at «: from this must result
collision of the iwo vortices, in which the one wil
repel the other; and this effect will extend to the;
loadstones themselves, which thus situated, undergo.
mutual repulsion. 'The same thing would takeiplace
if the two loadstones presented to each other th
other poles B and b : for this reason the poles of it
same name sre denontinated lostile, because the
actually repel each other,

But if the loadstones present to each other the
oles of a different name, an opposite effect will ensue,
: Eéud- you will perceive that they have a mutnal attrac-
fion.
i In Figure 11. Plate V, where the two loadstones
esent to each other the poles B and 4, the magnetic.
matter which issues from the pole B, finding imme-
diately free admission into the other loadstone by its
" pele a, will not be diverted toward the sides in order
fpyreturn and re-enter at A, but will pass directly by
into the other loadstone, and escape from it at 3,
and will perform the circuit by the sides 4 4, to
- re-enter, ot by the pole o, but by the pole A, of the
-other loadstone, completing the cireunit by ¢ £ Thus
_fhe vortices of these two loadstones will unite, as if
‘there were but one; and this vortex being compressed
gn.all sides by the ether, will impel the two load-
stonés toward each other, so that they will exhibit a
myiual attraction. o
. This is the reason why the poles of different names
“are denominated fiiendly, and those of the same
name hostile, the principle phenomenon in magne-
-tism, in as much as the poles of different names
- attract, and those of the same name repel each other.
Hth November 1761,

Er1ER LXIV.—Naruore or Irow awp STEEL.
‘METHOD OF COMMUNICATING TC THEM THE Mac-
MNETTC FORCE.

(HaviNg settled the nature of the loadsione in
lese eanals which the magnetic matter ean pervade
in only one direction, because the valves they con-
“fain prevent its return in the contrary directionm,
u can no longer doubt that they are the continu-
ation of those pores (Fig. 8. Pratr V.), whose fibres
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sufficient to change their situation. The
nagnetic ‘matter .of the vortex, entering into .the .
z_IIVJJ.]. then easily dispose the first magnetic poxes
meets following its own directions—those
s.t-'vghose sitnation is not very different; and
fun through them, it will act in the same
0 on the adjacent pores, till it has forced a
Passage quite through the iron, and thereby formed
9%9 magnetic canals, The figure of the iron. con-
ot

EJ:[ greatly to facilitate this change ; alengthened
scribing, but are scattered over the whole mass, a

#nd placed in the same direction with the
g‘g £%, - is most iﬁapted to it, as the magnetic mat-
ribing, but are : ] i pdssing through the whole length, disposes
this dleOSI']ill,Dﬂ 13 a]l t&ey w&nlt to l_’e“‘;ﬁ‘e llle.al 112 : Here a-great many particles in their j1g15t,situaptidn
neis. In that case, they still I't?tﬂm»1 g eir f’]?.?? r to form longer magnetic canals; and it is
qualities, fmd are not distinguishable from othe that the more there is the means of formin
masses of iron and steel, except that now they ha and the longer they are without interruptio g
besides, the properties of the loadstone; a knife any a rapid will be t{e motion of theemup ' otl-ll’
a needle answer the same purposes, whether they, and the greater the magﬁetib force, Henene
have or want the magnetic virtue. The cha 8¢ s likewise been remarked, that ?When the
which takes place in the interior, from the arran, ced in a magnetic vortex is violently shalen
ment of the particles in the order which magnetisy it acquires & higher degree of magnetism
requires, is not externally percepiible; and the 'oF s, because the minute particles are by such
or steel which has acquired the magnetic foreg on agitated and disengaged, so as to vield
denominated an artificial magnet, to distinguish y to the action of thge ’ £ T
from the natural, which resembles a stone, th arielrates them '@ magnetc maiter
th-e magnetic praperties are the same in _bOth- ciﬁg accordingly a small bar of ivon a & (PL;T];?.-
will have a curiosity, no-doubt, to be informed 2.} in the voriex of the loadstone A B, so
what manner jron and steel may be brought to| rection may nearly agree with th f’ t]:sla
ceive the magnetic force, and so become artifi ent d e f ofﬂ}:e n ﬂ e[:ig;: matter 'ta;:riﬁ '1(13'
maguets. Nothing can be more simple; and thy s through the baragand fm';u fn’ i}: ma, Wltti
vicinity of a loadstone is capable of rendering especially if at the same time th, Eﬂe G
somewhat magnetic: it is the magnetic vortex wk or Stmcfg to facilitate the trar o g o is
produces this effect, even though the ivon and loads ise ohservable, that thé. ;?;ﬁn;lﬁzwgattei
, Sm;f shoul_d 11101': dcop?e into contact. _— ‘ nters at the pole A of the lgaélstone,.:and
[Towever hard iron may ﬂPl‘)em% t 3_.1133']_- £ at the pole” B, will enter the bar at the ex-
which eontain the magmetic pores formetly repre 4; and escape at the extremity 5, so that the
sented arve very pliant in substance, and the small S ‘ ) ¥ O at the

point in the same direction ; so that several of th
particles, being joined in continuation, consti
one magnetic canal. It is not sufficient, therefoy
that the matter of the loadstone should’contain m
similar particles; they must likewise be disposed |
such a manner as to form canals continued from o
extremity to the other, in order to grant an uninte
rupted transmission to the magnetic matter. l
Iron and steel, then, appavently contain such pg
ticles in great abundance; these are not, howeve
originally disposed in the manner I have been i
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extremity ¢ will become the pole of the same n
A, and b the same with B. Then taking this ation. differs.only 18 degrees from the vertiz
a & out of the magnetic vortex, it will be an erti akposition ; the vertical position, accordingly, differs
magnet, though very feeble, which will supply! i ' le from the direction of the magnetic vortex :
own vortex, and preserve its magnetic powery! f iron, long kept in that position, will be at
lang as its magnetic canals shall not be interrupted trated with the magnetie vortex,-and -must
This will take place so- much the more easilytha sequently acquire a magnetic force. '
the pores of iron are pliant; this the same cir s il ther countries, where the inclination is im-
stanee which assists the production of magnetil . eptible, which is the case near the equator, it is
contributes likewise to its destruction. A mnatur ertical, but rather the horizontal. position,
magnet is not so0 easily enfeebled, beecanse the pox renders bars of iren magnetic ; for their. posi-
ape much closer, and more counsiderable efforts:is st, correspond to the magnetic inelination, if

rould have them acquire a magnetic foree. - I

requisite to derange them. I shall go more largel ol
‘ ' - here only of iron; steel is too hard for the

into the detail afterwards. ‘
I here propose to explain the manner of mo&k se, and means more efficacious must be em-
6-gommunicate the magnetic virtue to it.*.

; and as it is nearly the same all over Europe,

naturally rendering iron magnetic; though the fpre
which it thence 'acquires is very small, it will assis
us in comprehending this remarkable and almes
universal phenomencn. It has been observed, tha
the tongs and other implements of iron which!
usually placed in a vertical position, as well as b
of iron fixed perpendicularly on steeples, acquix
time a very sensible magnetic force. Tt has likew
been. perceived, that.a bar of iron, hammered | in
vertical position, or heated red hot, on being plung

into cold water in the same position, becomes someé
what magnetic, without the application of any load
stone.

ifin: Scovesby has lately discovered a method of maling artificial
ifolely from the process of bammering soft steel.  He found chat,
eel, 6} inches long, L of an inch in diameter, and weighing
; len ha.n:&mered in o vertienl direetion, on a surfuce of metal
ous, acquived,, after seventeen blows, 2 lifting powes of 64
en p similar l.Jar._WD‘s higmmered,, with its lower end vesting on
suizll poker, it lifted o nodl of 88 gruins weight, after fwenty-
. When ihe poker hed been previously hammered in 2 vertical
gle blow gave the bav n lifting power of 20 gruins; and in
e ten blows produced a lifting power of 188 grains,,  When.a
i s strock upon the bar when held with the other epd up, its
18, tyns dlmost entively destrayed. R
. nrioud résults have o most important practical application. Capa
In order to account for this phencmenon, hgsi;‘b?ﬂggna hi‘{f :Jvfe o e et o the Mindy o
> - : the Timb- of : > of scissors, or eve inti :
have 0].‘!1}" to veecollect thai the earth iiself is a ]1 g ch tl'ai‘vers,seII with great ficility, wh:unsﬁsllatmlflzdﬂh?' ZUEL;E;
stone, and consequently encompassed with a lina e;% h“‘{?‘ X By this weans the shipwrecked mariner. may guide.
netic vortex, of which the declination and inclinatio For & ?:b 25 pecurately as il e bad heen able to use Lis com-
; Hor, favther informption on this subjeci, see the Edinburgh
of the magn etic needle every where ) sheow the s, vol. ix. p. 2485 Philosophical Tremsactions, 1822,
direction. _ If then & bar of iron remain 10ng*]11 inburgh Philosophical Jowrnal, vol. ix, p.-41,—Ep.

position, there is no reason to be surprised shm.ltldf
beeome magnetic. We have likewise seen, that

inehination of the magnetic needle is at Berlin
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AB (Prare V. #ig. 13.} be a natural magnet, in the
Heinity of which, at the pole B, is place?i “the mass
of iren Cp, and it will be found that this last is
capable of supporting a bar of jron EF. Appl
again to this, at F, an iron ruler GH, in any p(l)sijz
lon. whatever, say horizontal, supporting it at H,
and it will be found that the ruler is not only at.
tracted by the bar F, but likewise capable of sup-
portmg at Fl, needles as IK, and that these neecﬂles
agfmf_ll]l act on ﬂl'ingf of ivon L, and attract them.
e magnetic force may thus be ;

. fgary_canglclel'nble distances,y and even n?;-gg 2%?1?311;2
its direction, by the different position of these pieccés
of Iron, though it gradually diminishes. You are
perfectly sensible, that the more powerful the lo;d—
stone AB is of itself, and the nearer to it the first
n:il?ss CD, the more considerable likewise is the
tla, ,e&:tf. The late Mr. de Maupertuis had a large
padstone so powerfil, that at the distance even of
several feet, the mass of iron CD continued to exert
q ,vIel-y e(clmsiderable force. “
a0 order to explain these phenomena, you
ply to consider, that the mlz)zgnetic majttgr Wll-lli'::rﬁ
escapes rapidly at the pole of the loadstone B
enters into the mass of iron, and disposes the pore;
it to form magnetic canals, which it afterwards
cely pervades. Tn like manner, on entering into
bar, it will there too form magnetic canals’—and
I_log. dAnd as the magnetic matter, on issuing from
1e body, enters into another, these two bodies must
mﬂergo & mutnal attraction, for the same reason, as

have before proved, that two loadstones which
présent their friendly poles to each other must be
ttracted; and'as often as we observe an,attraction
Etween {wo pieces of irvon, we may with certainty
onclude, that the magnetic matter which issues from

the one is ing into the of
: entering into the other, from the continnal
VOL. IL K

Lerter LXV.—ActioN orF 1.oADSTONES ON IRON.
PHENOMENA OBSERVABLE ON FLACING PIECES O
IRON NEAR 4 LLOADSTONE.

TroveH the whole earth may be considered as g
vast loadstone, and as encompassed with a magneti
vortex, which every where directs the magnetic
needle, its magnetic power is, however, very feeble,
and much less than that-of a very small loadstone:
this appears very siTange, considering the enormous
magnitude of the earth.

It arises undoubtedly from our very remote dis
tance from the real magnetic poles of the earth,
which, from every appearance, are buried at a greal
depth below the smface : now, however powerful
loadstone may be, its force is considerable only whe
it is very near ; and as it removes, that force gra
dually diminishes, and at length disappears. Fo
this reason, the magnetic force acquired in time b
masses of iron suliably placed in the earth’s vorte
is very small, and_indeed hardly perceptible, unles
it is very soft, and of a figure adapted to the pro
duction of a vortex, as has been already remarked.

This effect is much more considerable near
loadstone of moderate size: small masses of iron
speedily acquire from it a very perceptible magneti¢:
force—they ave likewise attracted toward the loa
stone; whereas this effect is imperceptible in the
earth’s vortex, and consists only in directing aa
netic needles, without either attracting them or
creasing their weight.

A mass of iron plunged into the vortex of a loadd
stone likewise presents very curious phenomen
which well deserve a particnlar explanation. No
only is this mass at first attracted toward the 10adr
stone, but it too aitracts other pieces of ron, Let
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ACTION OF LOADSTONES ON IRON.
motion with which it penetrates these bodies. It is
thus that, in the preceding disposition of the bars of
iron, the magnetic matter in its motion pervades all
of them ; and this is the only reason of their mutual
attraction.

The same phenomena still present themselves on
turning the other pole A of the loadstone, by which
the magnetic matier enters, toward the mass of iron.
The motion in this case hecomes retrograde, and
preserves the same course ; for the magnefic matter-
contained in the mass of iron will then escape from
it, to pass rapidly into the loadstone, and in making
its escape will employ the same efforts to arrange
the pores in the mass suitably to the current, as if'ig
were rapidly entering into the iron. To this end,
therefore, the iron must be sufficiently soft, and these
pores pliant, to obey the efforts of the magnetic mat-
ter. A difficulty will no doubt here occur to you;
it will be asked, How do you account for the change
of divection of the magnetic matter, on entering into
another bar of iron ; and why is that direction regu-~
lated according to the lemgth of the bars, as its
course is represented in the figure? This is a very

important article in the theory of magnetism, and it .

proves how much the figure of the pieces of iron
coniributes to the production of the magnetic pheno-
mena, : '

To elucidate this, it must be recollected, that this
subtile matter moves with the utmost ease in the

and that it encounters very considerable obstacles,
when it escapes from them, with all its velocity, t
ve-enter into the ether and the aiv.

Let us suppose that the magnetic matter, after)
having pervaded the bar CD (#ig. 14, Prate Vil
enters mto the ivon ruler EF, placed perpendicnlarly.|
1t would certainly, on its first admission, preserve;

magnetic pores, where it is separated from the ether;:)
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1

the same divection, in order to escape at i, unless it
found an easier road in which to continue its motion :
but meeting at m the greatest obstraction, it at first
changes its direction, though in a very small degree,
toward F, where finding pores adapted to the con-
tinuation of its motion, it will deviate more and more
from its first direction, and travel through the ruler
EF in all its length; and, as if the magnetic matter
were loth to leave the iron, it endeavours to continue
lts motion there as long as possible, availing itself of
the length of the ruler; but if the ruler were very
short, it would undonbtedly escape at m. But the
~ length of the ruler presenting it a space to rim

through, it follows the divection EI%, till it is under
the necessity of escaping at F, where all the magnetic
‘canals, formed according to the same direction, no
longer permit the subtile magnetic matter to change
'1ts'd11'ection, and return along the ruler; these canals
- being not only filled with succeeding matter, but,

from their very nature, incapable of receiving motion
A an opposite direction,

14¢_72 November 1761.

* LErrenr LXVI.—ArMing or LoaDSTONES.

YOU' have just seen how iron may receive the
magnetic current of a loadstone, convey it to con-
giderable distances, and even change its direction.
&0 unite a loadstone, therefore, to pieces of irom, is
much the same with increasing its size, as the iron
.gquires the same nature with respect to the mag-
jetic matter; and it being farther possible by such
-means to change the direction of the magnetic cur-
-yent, as the poles are the places where this matter
enters the loadstone and escapes, we ave enabled to
¢onduct the poles at pleasure.

b
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On this principle is founded the arming, or mount-
ing, of loadstones—a subjeet well worthy of your
attention, as loadstones are thus brought to a higher
degree of strength.

T.0adstones, on being taken from the mine, are.
usually reduced to the figure of a parallelopiped, or
rectangular parallelogram, with thickness as AA, BB,
(Fig. 15. Prate V.), of which the surtace AA is the
pole by which the magnetic matier enters, and BB
that by which it escapes. It is filled, then, the whole
length AB with canals a b, which the magnetic mat-
ter, impelled by the elastic power of the ether, freely
pervades with the utmost rapidity, and without any
mixtuve of that fluid. Let us now see in what manner
such & loadstone is usually armed,

To each surface, AA and BB (Prarte V. Fig, 16.),,
the two poles of the loadstone, are applied plates of
iron @ @ and b b, termipating below in the knobs &
and 15, called the feet; this is what we denominate:
the armour of the loadstene, and when this is done,
the loadstone is said to be armed. In this state, the
magnetic matter which would have escaped at the
surface BB, passes into the iron plate & 2, where the
difficulty of flying off into the air, in its own direc-
tion, obliges it to take a different one, and to flow

along the plate & b into the foot %, and there it is
ander the necessity of escaping, as it no longer finds:
iron to assist the continustion of its motion, The
same thing iakes place on the other side; the subtile
matter will be there conducted through the foot &,
from which it will pass into the plate & a, changing:
its direction to entex into the Toadstone, and to fli
through its magnetic canals. For the subtile mat
ter contained in the plate enters first into the load
stone; it is followed by that which is the foot &, ve
placed in iis turn by the external. magnetic matter,

L
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Zﬁiﬁl El])‘:lilll%l;]:eri Iim}?elled by the elasticity of the
2n ‘ates the foot 4 and the plate & & wi
. 1 il
m}fuhty whose vehemence is capable of arrangin tixfel
po. It_eIs, and of forming magnetic canals £
ence it is evident that the motion
| i . n must be the
151?;2?1 e(g:: ]1:;0;1; Sld_'"ﬁ’ with this difference, that :};:
_ atter will enter by the foot
by the foot i 4 et oo s
. 1, so that in these two fe
e polon ot e wo feet we now find
' : 'med loadstone ; and as th
f?;‘:;lirlﬁr dtl:ffESEd over the surfaces AA and ﬁﬁoﬁ
ollected on the bases of the feet g it is
how ¢ and B, it is
n:f:;‘tl(ley to be supposed that the magnetic force
b > considerably greater in these new poles.
o fns state, accordingly, the vortex will be more
'lswj?lr] O:V?;}id;:l Thte mati;oer escaping from the foot
5 ) e utmost facility, retur
2, el gthe o ty, return to the foot
] h G; and the f
thelo‘ldstgne oug H rest of the body of
. i will not be encompassed b y
- unless perhaps a small ity of magnetis matios
all quantity of magneti
should escape from th ) 5 G ot being
: n e plaie & 5, from 1 i
e : ) , its not bein,
abs 31 ttlznl change the direction so suddenly ; and unles:
& a hgual.ltlty should find admission by the plate
'te}t:, :h;cllé l;n 1tjmt calsJe might produce a i“eeblelvor
X, ey the subtile matter would i i
: Slatelj_r conducted from the plate 5 & to abz .11:]1311;1‘?
w\;ﬁl,b lef leia armour be well fitted, this second‘vm'te:;
e & most imperceptible, and consequently the
R Etw:aen tl}e fegt is so much the stronger
ey fil principal direction for arming loadstones, is
- ]1;’ BY taoS };?leh bolth SIiu'faces of the loadstone A A
| BB, as the plates of iron, so th
plying them to the loads .
_th tone, the '
touch it in every poi hille matie ey
toug Y point, the subtile matter i
-easily from the loadst irom, wher mmoke
eas toadstone to the iron, whe )
'.'vazitfs by any intervening matter ; but if ?h;]rl;ol?;
m, or a body of air, between the loadstone -

and the plates, the magnetic matter will lose almost
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all its motion, its current will be interrupted, and
rendered incapable of forcing its passage thropgh
the iron, by forming magnetic canals in it.

The softest and most ductile ivon is to be preferred
for the construction of such armour, because: its
pores are pliant, and easily arrange themselves in
conformity to the current of the magnetic matter.
Tron of this description, accordingly, appears well
adapted to the production of a sudden change in
the divection of the current: the magnetic mafter,
too, seems to affect a progress in that divection as
long as possible, and does not quit it till the continu-
ance of its motion through that medium is no longer
practicable: it prefers makinga circuit to a premature
departure—a thing that does not take place ini the
loadstone itself, in which the magnetic canals are
already formed, nor in steel, whose pores do nat so
easily yield to the efforts of a magnetic current. But
when these canals ave once formed in steel, they are
not so easily deranged, and much longer retain their
magnetic force; whereas soft iron, whatever force it
may have exerted during its junction with a load-
stone, loses it almost entively on being disjoined.

Experience must be consulted as to the other cir-
cumstances of arming loadstones.  Respecting the
plates, it has been found, that a thickness either too
great or too small is injurious; but for the most
part, the hest adapted plates are very thin, which

would appear strange, did we not know that the ;

magnetic matter is much more subtile than ether,
=] T

and that consequently the thinnest plate is sufficient

to receive a very great quantity of it.
V7th November 1761,
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LerrEr LXVIL—ACTION AND FORCE OF ARMED
LOADSTONES. '

- A the feet of its armour, then, a loadstone exerts
- s greatest force, because there its poles ave col-
- dected ; and each foot is capable of supporting a
. weight of iron, greater or less in proportion to the
excellency of the loadstone,
+ Thus a loadstone AA, BB (Prare V. Fig. 17.)
_armed with plates of iron @ 2 and 3 &, terminating in
the feet & and B, will support by the foot & not
oenly the iron ruler CD, but this last will support
~another of smaller size ET, this again another still
smaller G H, which will in its turn support a needle
:IK, which, finally, will attract filings of iron L;
-becanse the magnetic matter runs through all these’
--pleces to enter at the pole &; or if it were the other
-pole, by which the magnetic matter issues from the
~loadstone, it would in like manner run through the
_pieces CD, EF, GH, IK. Now, as often as the
-smatier is transmitted from one piece to another, an
attraction between the two pieces is observable; or
- rather they are impelled toward each other by,the
~surrounding ether, becaunse the current of the mag-
il;gtgg;:lgi:jfé between them diminishes the pressure
. When one of the poles of the loadstone is thus
+Joaded, its vortex undergoes a very remarkable’
=-change of direction ; for as, without this weight, the
magnetic matter which issues from the pole 3, di-
wecting around its course, would flow- foward the
. other pole @; and as now the entrance into this pole
- is sufficiently supplied by the pieces which it sup-
ports, the matter issuing from the pole B must take
quite a dilferent road, which will at length conduct
1t to the last piece IK. A portion of it will nn-
-donbtedly be hkewise conveyed toward the last but
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one GH, and toward those which precede it, as
those which follow, being smaller, do not supply in
sufficient abundance those which go before; but the
vortex will always extend to the last piece. By these
means, if the pieces arve well proportioned to each
other in length and thickness, the loadstone is

capable of supporting much more than if it were

loaded with a single piece, in which the figure like- -

wise enters principally into consideration. But in
order to make it sustain the greatest possible weight,
we must contrive to unite the force of both poles.

For this purpose, there is applied to the two poles :

% and B (Prate V. Fig. 20.); a piece of soff iron
CD, touching the base of the feet in all points, and

whose figure is such, that the magnetic imatter which
issues from 15 shall find in it the most commodious
passage to re-enter at the other extremity €. Suach -
# piece of iron is called the supporter of the loadstone;

and as the magnetic matier enters into it on issuing

from the loadstone at 1, aud enters into the other
pole & on issuing from the supporter, the iron will :
be attracted to both poles at once, and consequently -
In order to know -
how much power the loadstone exerts, there is affized .
to the supporter, at the middle F, a weight P, which .
iy Incrensed till the loadstone is no longer capable of”

adhere to them with great force.

sustaining it; and then that weight is said to coun
terbalance the magnetic power of the loadstone: this
is what you are to understand when told that such

a loadstone carries ten pounds weight, such another

thirty, and so on. Mahomet’s coffin, they pretend,

is supported by the force of a loadstone—a thing by
no means impossible, as artificial magnets have:
alveady been constracted which earry more than:

100 pounds weight.
A loadstone armed with its supporter loses nothing

of the magnetic matter, which performs its complete’
voriex within the loadstone” and the irom, so that
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‘nope of it escapes into the air. Since, then, mag-
_ petism exerts its power only in so far as the matter
escapes from one body to enter into another, a load-
' stone whose vortex is shut up should no where exert
- the magnetic power ; nevertheless, when it is tounched
- on the plate at o with the point of a needle, a very
_powerful attraction is perceptible, because the mag-
_Detic matter being obliged suddenly to change its
ditection, in order to enter into the canals of the
“loadstone, finds a more commodious passage by
.-Junning through the needle, which will consequently
“be:attracted to the plate @ . But by that very thing
the voriex will be deranged inwardly; it will not
“flow s0 copiously into the feet; and if you were to
" apiply several needles to the plate, or iron rolers still
ore powerful, the current toward the feet would
be: entively diverted, and the force which attracts
“ the supporter would altogether disappear, so that it
vould drop off without effort. Hence it is evident
vthat the feet lose their magnetic power in proportion
- as the loadstone exercises its force in other places;
and thus we are enabled to account for a variety
-of very surprising phenomena, which, without the
theory, would be absolutely inexplicable.
~This is the proper place for introducing the expe-
. Yiment which demonstrates, that after having applied
itg supporter to an armed loadstone, you may go on
from day to day increasing the weight which it is
able to sustain, till it at length shall exceed the
double of what it carried at first. It is necessary to
show, therefore, how the magnetic force may in
time be increased in the feet of the armour. The
cage above described, of the derangement of the vor-
tex, assures us, that at the moment when the sup-
porter is applied, the current of the magnetic matter
iz still abundantly irregular, that a considerable part
of.it is still escaping by the plate & &, and that-it
K2
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on, and a!most entirely insensible to this action of
$he magnetic vortex, more powerful operations must
be employed to magnetize it ; but then it retains the
magnetic force much longer.
- For this purpose we must have recourse to touch-
o, a.nc_l even to friction. I begin, therefore, with
€xplaining the method formerly employed for mag-
tizing the needles of compasses; the whole opera-
on consisted in rubbing them at the pole with a
good loadstone, whether naked or armed.
The needle 2 b ¢ (Prare V. Fig. 18.) was laidon a
ble; the pole B of the loadstone was drawn over
1t, from b toward a, and, being arrived at the extre-
' ia, the loadstone was raised aloft, and brought
ack through the air to &, this operation was repeated
everal times-together, particular care being taken
at the other pole of the loadstone should not come
car the needle, as this would have disturbed the
whole process. Having several iimes drawn the pole
B of the loadstone over the needle, from & to &, the
-negdle had become magnetic, and the extremity & of
he same name with that of the loadstone with which
had been rubbed. In order to render the extre-
ity b the north pole, it would have been necessary
o xub with the pole of this name in the loadstone,
oroceeding from b to 4 ; but in rubbing with the
uth pole, the progress must be from a to .
: This method of rubbing, or touching, is denomi-
ated the simple touch, hecause the operation is per-
dormed by touching with one pole only; but it is
extremely defective, and communicates but very little
wer to the needle, let the loadstone be ever so
xg:_ell:ant; accordingly, it does not sitecceed when the
eel is carried to the highest degree of hardness
hough this be the state best adapted to the retention
of magnetism., You will yourself readily discein the
defects of this method by the simple touch,

will require time to form magpetic canals in the :
iron: it is likewise probable that, when the currenl
shall have become more free, new canals may be
formed in the loadstone itself, considering that it
contains, beside these fixed canals, moveable poles, .
as iron does. But on violently separaiing the sup
porter from the loadstone, the currentbeing disturbed, :
and these new canals in a great measure destroyed, -
the force is suddenly rendered as small as at the be--
ginning ; and some time must intervene before thesg
canals, with the vortex, can recover their precedin|
state. I once constructed an artificial magnet, which
at first could support only ten pounds weights and,
after some time, I was surprised to find that it conld
support more than thirty. It is remarked, chiefly
in artificial magnets, that time alone strengthens.
them considerably; but that this increase of force
lasts only till the supporter is separated from it.

215t November 1761,

Lerrer LX VIIL—THE METHOD OF COMMUNICAT-
IxG TO STEEL THE MAGNETIC FORCE, AND OF MAG-
NETIZING NEEDLES FoR THE COMPASS: THE
Spaere ToUcH, IT§ DEFECTS; MEANS OF REME-
DYING THESE.

Having explained the nature of magnets in ‘ge-
neral, an ariicle as carious as interesting still remaius,
namely, the manner of comnmmicating to iron, bu
especially to steel, the magnetic power, and even th
higé}est degree possible of that power. '

on have seen that, by placing iron in the vorte
of a loadstone, it acquives a magnetic foree, but whic
almost totally disappears as soon as it is remove
out of ihe voriex; and that the vortex of the eartl
alone is capable, in time, of impressing a slight mag
netic power upon iron; now, steel being barder fha
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Let us suppose that B is the pole of the loadstone
from which the magnetic matter 1ssues, as the. effect
of the two poles is so similar that it is impossible ta
perceive the slightest difference: having rested the
pole on the extremity b of the needle, the magnetic
matter entevs into it with all the rapidity with which
it moves in the loadstone, incomparably greater than
that of the vortex which is in the external air. But
what will become of this matter in the needle? It
cannot get out at the extremity &, it will therefore
make an effort to force its way through the needle
toward @, and the pole B moving in the same direc-
"tion, will assist this effort; but as soon as the pole B
shall arrive at a, the difficulty of escaping at the ex~
tremity « will oceasion a contrary effort, by w}nc‘h
the magnetic matter will be impelled from o toward

b; and before the first effect is entirely destroyed, -
Afterwards, yvhen th.e :
pole B is again brought hack to the extremity b, this !

this last connot take place.
last effect is again desiroyed, but without producing,
however, a current in the contrary direction from &
toward « ; and consequently, when the pole B shall
have got beyond ¢ in its progress toward a, it will
wore easily produce a current from a to b, especially .

if you press more hard on the half ¢ a: hence it is:

clear, that the needle can have acquired only a small
degree of the magnetic power.

Some, accordjl%gly, rub only the half ¢ o (Prate:
V. Fig.18.), proceeding from ¢ to a, and others touch :
only the extremity ¢ of the needle with the pole B
of the loadstone, and with nearly the same success.,
But it is evident that the magnetic matter which
enters by the extremity  only, is incapable of actmg‘ :
with sufficient vigour on the pores of the needle,‘fm |
arranging them conformably to the layes of ma%;le‘ii
tism ; and that the force impressed by this metho L
musi be extremely small, if any thing, when the steel]

is verv much hardened.
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It appears to me, then, that these defects of #ie
siuple fouch might be remedied in the following man-
ner; of the success of which I entertain no doubt,
though I have not yet tried it; but am confirmed in
my opinion by experiments which I have made.

I'would case the extremity & of the needle (PraT
V. Fig, 19.)in a ruler of soft iron E F; and I should
think it proper to make that ruler very thin, and as
straight as possible; but the extremity must be exactly
applied in all points, and even fitted to a groove per-
fectly adjusted for its reception. On resting the pole
B of the loadstone upon the extremity & of the needle,
the magnetic matter which enters into it, meetin
Searcely any difficulty in its progress through the
zon ruler, will at once pursue its course in the di-
_Yection b ¢ ; and in proportion as the pole advances
toward a, the magnetic matter, in order to continue
-this course, has only to arrange the pores on which
ik immediately acts; and having reached a, all these
pares, or at least by far the greater number of them,
~will be already disposed conformably to that direc.
on, When you afterwards recommence the friction
§'the extremity &, nothing is destroyed ; but you

tinue to perfect the enrrvent of the magnetic matter,
allowing the same direction & d, by likewise arrang-
Ing the pores which resisted the first operation; and
ithus the magnetic canals in the needle will always
‘bgeame more perfect. A few strokes of the pole B
will be sufficient for the purpose, provided the load-
stone is not too weak; and I have no doubt that the

t tempered steel, that is, rendered as hard as pos-
ible, would yield to this method of operating; an
speakable advantage in the construction of com-
asses, as it has been found that ordinary needles

ently lose, by a slight accident, all their magnetic

ower ; by which ships at sea would be exposed to
e greaiest dangers, if they had not others in reserve.
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But when needles ave made of well tempered steel,

accidents of this kind are not so much. to be appn.-‘

hended ; for if a greater force is requisite to render
3 I il v », w velu

them magnetic, in return they preserve the poy

more tenaciously.

24¢h November 1761

“bar is of soft iron, as the magnetic matter easily
penetrates it. But if ihe bar is of steel, the attraction
Is frequently very small—a proof that the maguetic
“matier is incapable of opening for itself a passage
“from ¢ to d; hence it is to be concluded that the
loadstone is too feehle, or that the disiance between
its two poles is too great: in this case it would be
necessary to employ n loadstone more powerful, or
‘-whose feet are nearer; or finally, the armonr of the
loadstone ought to be changed into the form repre-
sented in Prate V. Fig. 22.
.. But the following is a method of remedying this
JInconvenience.
" Having fixed the bar as in ¢ d (Prate V. Fig, 28.),
“the loadstone must be several times drawn backward
and forward over it, from one extremity to the
other, without taking it off, till you perceive that
the attraction no longer increases ; for it is undoubt-
edly certain, that attraction is increased in proportion
to the increase of the magnetic force. The bar E F
ill be magnetized by this operation in such a man-
fier, that the extremity E, toward which the pole A
as tmrned, will be the friendly pole of A, and
consequently of the same name with the other pole
B." Again, on removing the loadstone, as mag-
tic canals are formed the whole length of the bar,
e magnetic matter diffused through the air will
e'a passage through these canals, and will make
bar a real magnet. It will enter by the extre-
inity a, and escape by the extremity &, from whence .
a: part, at least, will return to a, and will form a
ortex such as the nature of the bar permits.
take this oecasion to remark, that the formation
vortex is absolutely necessary to the increase of
gnetism ; for if all the magnetic matier which
s out at the extremity & were to fly off; and be
entirely dispersed, without returning to a, the air

Lerrer LXIX,—Ox taE DOUSLE TovcH, MEANS
OF PRESERVING THE MAGNETIC MATTER IN MAG-
- NETIZED BARS.

InstEap of this method of magnetizing iron ot
steel by the simple touch, by rubbing with one p%lze
only of the loadstone, we now employ the double
fouch, in which we rub with both poles at 011(:5,
which is easily done by means of an armed load-

e. _
Stoi’_l.et E F (Prate V. Fig. 23.) be a bar of iron _or
steel, which you wish to render magnetic. H_avulllg
fixed it stendily on a table, you press upon if t e
two feet A and B of an armed loadstone- In t_hl‘.:'
state, you will easily see that the magnetic maiter
which issues from the loadsione by ?he fogt B,' mus
penetrate into the bar, and would diffuse itself in
directions, did not the foot A, on its side, attract t ‘
maghetic matter contained in the pores of the b:ﬂ
This evacuaticn, therefore, at d, will determine th
matter which enters by the pole B to take its cours
from ¢ toward d, provided the poles A and B
are mot too remote from each other. Then th
magnetic current will force its way the bal’,_[l

order to pass from the pole B to the pole A, dis
posing its pores to form magneilc c_:anals_; and it
very easy to_discover whether this is taking place;;
von have only to observe if the loadstone is powe
f'ully attracted to the bar, which never fails if the
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would not supply a sufficient quantity to the other
extremity «, which must occasion a diminution of
the magnetic force. But if a considerable part of
that which escapes at the extremity & refurns o a4,
the air is abundantly able to supply the remainder,
and perhaps still more, if the magnetic canals of the
bar are capable of receiving it ; the bar will therefore
in that case acquire a much greater magnetic force.

This consideration leads me to explain how it is
possible to keep up the magnetic matter in magne-
tized bars. The object being to prevent the magne-

tic matter which pervades them from dispersing in |
the air, these bars are always disposed in pairs of |

exactly the same size. They are placed on a table,

in a parallel situation, so that the friendly poles, or ;
those of different names, should be turned to the |

same side as in Fig. 24, where MM and NN re-
present the two bars, whose friendly poles a, b, b, a,

ave turned the same way. To prevent mistake, a |

mark X is made on each bar, at the extremity

where the north pole is, and to both ends is applied :
a plece of soft iron EE and F F, for receiving the

magnetic curvent. In this manner, the whole mag-

netic matter which pervades the bar M M, and which |
issues at the extremity b, passes into the piece of |
iron It B, where it easily makes its way, to enter at:
the extremity @ of the other bar NN, from which it |
will escape at the extremity b, into the other piece of |

iron F T, which reconveys it into the first bar M M

by the extremity . Thus the magnetic matter will |
continue to circulate, and no part of it escape ; and

aven in case there should not be at first a sufficien

quantity to supply the vortes, the air will supply the;
deficiency, and the vortex will preserve all 1ts force >

in the two bavs.
This dispesition of the two bars may likewise b

employed for magnetizing both of them at once.
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“The two poles of a loadstone must be drawn over
the two bars, passing from the one to the other by

pieces of iron ; and the cirenit must be several
times performed, carefully observing that the two
noles of the loadstone A and B be turned as the
fignre directs.

This method of magnetizing two bars at once
must be much more efficacious than the preceding,
3 from the very first circnit performed by the load-
slone, the magnetic matter will begin to flow through
the two bars by means of the two pieces of iron.
Afterwards, by repeated circuitous applications of
the loadstone to the bars, a greater quantity of pores
will be arranged in them conformably to magnetism,
more magnetic canals will be opened, by which
1e-vortex will be more and more sirengthened,
thol:}t undergoing any dimimution. If the bars
thick, it would be proper to turn and rub them
e same manner on the other surfaces, in order
at the magnetic action may penetrate them tho-

y.
Having obtained these magnetic bars M M, N N,
“LATE V., Fig. 26.) they may be employed in place
‘_he natural loadstone, for magnetizing others,
Fhey are joined together at the top, se that the two
dly poles a, & may touch each other; and the
otlier two poles below, & and a, are separated as far
85 it is thought proper. Then we rub with the two
der extremities, which supply the place of the two
s of a loadstone, two other bars E F, in the man-
which I have above explained.
5 these two bars are joined in the form of com-
a9ses, we have the advantage of opening the lower
fremities as much or as little as we please; which
nat be done with a loadstone; and -the magnetic

cumrent will easily pass at top, where the bars touch

eacli other, from the one to the other, A small picce
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to it with screws marked O. TFach foot is bent
and B, so that the direction of the magnetic
atterwhich freely pervades these feet, ah‘eafﬁr has
nsiderable approximation to the horizontal; so
lat in the bar to be robbed E F it has no need
eatly to change its direction. I have ne doubt,
it by means. of these feet the bar E T' will receive
much greater magnetic power, than if we rubbed
ediately by the extremities of the bars, the depth
whose vertical direction naturally opposes the for-
ion of horizontal magnetic canals in the bar E T.
iy likewise possible, in practising this method, to
niract or extend the distance of the feet A and B
‘pleasure,
ust farther observe, that when these bars lose
me their magnetic power, it is easily restored
& same operation.
‘15t December 1761.
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The greatest obstacles are thevefore su_rmounted_;
and by means of such bars, joined together by
or more pairs, we may rub others of steel proper
hardened, and which may be either of the same sizg;
or still greater than the first, to which the greates
power of which they are susceptible may be thug
communicated. )

Beginning with small bars such as | have described
these operations may be successively applied to bar:
of an enormous size, and made of the hardest steel;
which is less liable to lose the magnetic power. Onl
it is to be observed, that for the purpose of rubb
large bars, several pairs ought to be joined togeth T
whose united weight should be at least double that o
the large one. But it would always be better
proceed by degrees, and to rub each species of bar,
with bars not much smaller than themselves, or it ma
be sufficient to join at most two pair: for when wi
are obliged to join more than two pair, the extremi
ties with which the friction is performed will exte
too far, and the magnetic matter which passes t
way will itself prevent its being directed conformahl
to the direction of the bar that is rubbed; and th
rather that it enters the bar perpendicularly, whereg
it necessarily should take a horizontal direction.

In order to facilitate this change of direction, 1
proper that the magnetic watter should be led o
in a small space, and in a direction alveady approack
ing to that which it ought to fake within the b
which we are going to rub. The following method !

I think, might be effectnal for this purpose. X
Plate V. Fig. 27, represents five pair of bars M M
NN, joined together, but not in th-e form of a com
pass, There is at top abar of soft iron C D, to.ke_e
up the vortes; below, I do not rub immediately
with the extremities of the bars, but I case these exs|
tremities on each side in a foot of soft iron, fastenin

TTER LXXI—CoNSTRUCTION OF ARTIFICIAL
AGNETS IN THE FORM OF A HORSE SHOE,

HOEVER wishes to make experiments on the
jopenties of the loadstone, ought to be provided
i a: great number of magnetic bars, from a very
up to a very large size. Each may be consi-
-as a partienlar magnet, having its two poles,
kene north and the other south. :
¥ou must have considered it as extremely remark-
s that by the interposition of the magnetic powenr,
thesfeeblest which can be supplied by a wretched na-
l.loadstone, or by a pair of tongs in the chimney
avper;: which have acquired by Iength of time a
mall-portion of magnetism, we should be enabled to
ease that power to such a degree, as to commn-
-to the largest bars of steel the highest degree
fmagnetic force of which they ave susceptible. It
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would be needless to add, that by this method wé
ave enabled to construct the best magnetic needles
not only mmch larger than the common, but mad
of a steel hardened to the highest degree, which rei
ders them more durable. 1 have only a few word
to add on the constrnction of artificial magnets 7
which have usually the form of a horse-shoe, as ya
must no doubt have seen.

These artificial magnets answer the same purposes;
on every occasion, asthe natural ones, with this adva
tage in their favour, that we can have them mu¢
more powerﬁﬂ, by giving them a sufficient magnitud&ii
They are made of well tempered steel, and the figw
of a horse-shoe seems the most proper for keeping
up the vortex. When the mechanic has finishey
his work, we communicate to it the greatest degr
of magnetic power of which it is susceptible, by mez.
of the magnetic bars, of which I have given a d
seription. It is evident, that the greater this mag
is, the larger must be the bars we employ ; and t

is the reason why we should be provided with b
of all sizes.

In order to magnetize a horse-shoe HIG (Pram
V. Fig. 28.), which oughtto be of steel well temper
we place on the table 2 pair of magnetic bars A
and B D, with their supporters of soft iron app
on both sides, but of which the figure represed
only one E T, the other having been remaved|
make way gradually for the appﬁication of the -fe
of the horse-shoe, as you See. In this state, th
magnetic matter which pervades the bars will mg
strong efforts to pass tlrrough the horse-shoe,
poles of the bars being adapted magpetically to thg
of the horse-shoe; but considering the hardness
tempered steel, it will not be sufficient fo arraf
the poves, and open for itself a passage. The sa
means, therefore, must be employed to this el

hl . " - .
lcltlak“’;e;ecpx escribed for the magnetizing of bars
ke aﬁﬁlpasls) fm'med_ of another pai.? aof mag:

i e And T theu_l in the same manner over
ed, snd the sabile matter of tho b oY%
ned, ' natter of the bars -

: alln% alxt°’e giltlé ffm the vortex pf that ﬁuid,. bPariE—
e most ¢ taken, in this operation, that the

; biouch the extremiien Ao B of e Lo

would disturb the curr o e bers for
o : ent of the magnetic mat-

o slcg])lfv:ﬁ;ﬂf pass immediately from tl?e bagsni]r?tto

B o th ompass ; or, the vortices of the bars

g hecom ];ilss w01}1d mutually derange each other
e orse- 12? vglﬂl thereby acquire very greal.:

e, el t}a 1tva ed by an impetuons magnetic
temt. Withoui' drelma.n_ls to be done, is to detach

o ellangmg the current, If the

R separnted S ently, the magnetic vortex will b

yed, and the artificial magnet will retain ver;

& i

mai?:ﬁs be}ng kept up no longer than the mag-
o arﬁpiﬂvades: them, it must be concluded
et stgte e ecs1 Whlch %01'111 these canals are m‘i
bed sta a,c tal‘l that this state subsists only whii;a
e 51 3 _ztn_d th_aii as soon as it ceases, these
5 s’itu g’ﬁ eir elasticity, will deviate frofn their
£ on, and the magnetic canals will 1)1::
oSt yed. This we clearly see in the
e s Wf ose pores are quickly arranged
Iy Eoon I;') & magnetic vortex, but retain
"y o Tlgf etic power when removed out of
;moveal;]e buiseﬁgovesdthaththe pores of iron

e, b ndowed with an elastici 1
hangﬂez t%leu- ISIL‘LIZ:LUPD as soon as f01}3§t22;§efh1%11
e onoec o corin pores i e

o ¢ hem by the magnetic for
es place chiefly in bars of ivon Igng exlfols(:aeci
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to the vortex of the earth. The pores of steel ax

much less flexible, and better support the state i

to some derangement, as soon as force ceases to act
on them; but this derangement is less in propo
tion to the hardness of the steel. For this reason,
artificial magnets ought to be made of the hardest
steel: were they to be made of iron, they would;
immediately acquire, on being applied to magnetic
bars, a very great degree of power; but the momen
you detach them, all that power would disappe
Great precantien must therefore be employed i
separating from the bars magnets composed of well
tempered steel. For this purpose, before the sepa
ration, you press the supporter, which is of very soff
iron, in the direction of the line M N, (Prate ¥
Fig. 29.) taking pariicular cave not to touch the bar:
with it, for this would mar the whole process, and
oblige you to repeat the operation. On the applica;
tion of the supporter, a considerable portion of thi
magnetic mattex which is cireulating in the magne
G HI will make its way throngh the supporter, an
form a separate vortex, which will continue after th
magnet is detached from the bars.

Afterwards, you press the supporter slowly forw, }1
over the legs of the magnet to the extremities, %
represented in the figure, and in this state permitis
to rest for some time, that the vortex may be allowell
to setile. The supporter is likewise furnished wi
a weight P, which may be inereased every day
being always understood, that the supporter is to bl
so perfectly adjusted to the feet of the magmnet, as 0
touch them in all points.® '

8th December 1761,

* Anp accouns of Couloml's improvements on the method of magneti
bars of steel, will be found in the article Magnetism, of the Edink
Encyclopedia, vol. xiil. p. 264.~—Ep.
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ITER LXXII—On Dmpmms ; INsTRUMENTS
WHICH THAT 5CIENCE SUPPLIES: OF TELESCOPES

| D Microscores. IIFFERENT FIGURES GIVEN
To (31.455E5 or LENSES.

Tuze wonders of dioptrics will now, I think, fur-

nish a.subject worthy of your attention. This science

novides us with two kinds of instruments composed

f glass, which serve to extend our sphere of vision,

e

colv.ering objeets which would escape the naked

There are two cases in which the eye needs assist-

gf:i: the first is,_ when objects are too .distant to
dmit of our seeing them distinctly; such are the
eavenly bodies, respecting which the most iuipqrtant:
iseoveries have been made by means of dioptrieal

truments.  You will please to recollect what I
e said concerning the satellites of J upiter,...Which
1st.us in the diseovery of the longitude ; ' they are

le only with the aid of good telescopes; and

those of Saturn require telescopes of a still better

struction.
There are, besides, on the surface of the earth

bjects. very distant, which it is impossible for us to

and to examine in detail, without the assistance
lescopes, which represent them to us in the
manner as if they were near, These dioptri-
lasses or instruments, for viewing distant bodies
denominated Telescopes. ’
The ather case in which the eye needs assistance
en the abject, though sufficiently near, is too
t0 admit of a distinet examination of its parts
wewished, for example, to discover all the parts‘

fthe leg of a fly, or of any insect still smaller ;—if

-Wer}f disposed to examine the minuter particles
e-human body, such as the smallest fibres of the

uSC €s, or O i. L1 ".’E':, l
. 2 ner 1t WO e uapossiple Lo
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