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HE importance of the fub-

je& of magnetifm, princi-
pally in navigation, and the obfcu-
rity of the caufe which produces
its wonderful phenomena, has, from
ages, excited the attention of very
able philofophers and mathemati-
cians, who, with diligent affiduity,
and profound confideration, have
examined the properties of the
magnet, and have framed hypo-
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thefes for their explanation. Seve-
ral of thofe labours, though not
crowned with difcoveries, are ne-
verthelefs exceedingly ingenious,
and deferve fome attention.
To arrange thofe obfervations in
a proper order, to defcribe the va-
rious hypothefes, and the manner
in which the phenomena of mag-
netifm’' have been attempted to
be mathematically deducible from
them, was the author’s original
intention 3 but when the work was
nearly accomplifhed, its great bulk,
and the intricacy of the mathema-
-tical part, incompatible with the
genius of the generality of readers,
and even with the patience of ‘ma-
thematicians; confidering that thofe
calculations were {eldom productive
of remarkable confequences; the
original
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original plan of the work was re-
linquithed, and much labour was
beftowed in divefting it of the ab-
ftrufe part, and contracting it into
the form in which it is now made
public.

The obje& then of the following
Treatife is to exhibit a comprehen-
five view of the prefent ftate of
knowledge relative to magnetifm ;
the author having difpofed the va-
rious particulars in that order which
feemed moft likely to lead the
reader from the fimpleft to ‘the
‘moft intricate and depending part
of the fubje&, by the plaineft and
thorteft 'ways.

The firft Part treats of the laws
of magneti{i, wiz. of thofe pro-
perties, and their limits, which have
been afcertained by a great num-

ber
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ber of experiments and obferva-
tions, and which are independent
on any hypothefis.

In order to diftinguifh the know-
ledge of certain faés from the fup-
pofition of their caufes, and the
improbability of moft of thofe {up-
pofitions, the fecond, and by far
the fhorteft, Part of the book, has
been allotted to the hypothefes of
magneti{m.

The third Part treats of the prac-
tice of the fubje&, w7z. it contains
a feries of fuch experiments as are
neceflary, and fufficient to demon-
ftrate the certainty of the laws
mentioned in the firft Part, and to
employ them for the various pur-
pofes to which they are fubfer-
vient,

The fourth, and laft Part, con-

tains
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tains the various experiments made
by the author himfelf, relating-to
magnetiim.

There will be alfo found inter~
fperfed throughout the work, va-
rious remarks and hints, ufeful to
thofe who may be willing to pro-
mote the farther inveftigation of
the fubje&; but, on the other hand,
the author has thought proper to
omit {everal trifling particulars,
which might be eafily fuggefted by
the ingenuity of the reader, and
divers experiments, which feemed

to be only variations of thofe in-
ferted in the book.

Laftly. To render the work
more per{picuous and ufeful, two
eopper-plates and a copious index
have been added to it.

THE
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2 LAws oF MAGNETISM.

the fame properties may be communicated
to iron, fteel, and other ferruginous fub-
ftances ; thofe bodies, after having ac-
quired the magnetical properties, are called
artificial magnets.

A magnet, whether natural or artificial,
1s always poflefled of the following cha-
ralteriftic properties, which are infeparable
from its nature; fo that a body cannot be
called 2 magnet unlefs it be pofleflfed of
all thofe properties at the {fame time: nei-
ther is there any inftance of a magnet’s
being produced, which had only one or a
few of thofe properties, without fhewing
any of the reft.

1. A magnet attralts iron and other
ferruginous fubftances.

2. When a magnet is placed fo as to
be at liberty to move itfelf eafily, as, if it
be fufpended by a thread, &c. it turns
one, and conftantly the fame part of its

others, from Heraclea, a city of Magnefia, a part of
ancient Lydia, where it is fuppoled to have been firft
found. It has likewife been calied /apss nauticus, from
its ufe in navigation ; and fiderites, from its propertyof
attrafting iron, which metal is called cid¢@- in Greek.

{urface



- Laws oF MAGNETISM, 3

furface towards the north pole of the earth,
or towards a point not much diftant from
it; and of courfe it turns the oppofite
part of its furface towards the fouth pole
of the earth, or towards a point not much
diftant from it. Thefe parts on the fur-
face of a magnet are therefore called its
poles, the former being denominated its
North pole, and the latter its Souzh pole.
The property itfelf is called the magnet's
directive power, or magnetic polarity ; and
when a magnetic body places itfelf in that
direction, it is faid to Zraverfe. A plane
perpendicular to the horizon, and paffing
through the poles of a magnet when
ftanding in their natural dire@ion, is
called the magnetic meridian : and the an-
gle made by the magnetic meridian and
the planc of the meridian of the place
where the magnet ftands, is called #/e
declination of the magnet, or more com-
monly the declination of the magnetic neede ;
becaufe the artificial magnets, moftly ufed
for obferving this property, are generally
made flender, and {fomewhat in the fhape
of a needle ; or becaufe real {ewing needles

| B2 themfelves
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themfelves have been often ufed for this
purpofe.
© 3. When two magnets are placed fo
that the north pole of one is oppofite to
the fouth pole of the other, then they at-
tra¢t each other; but if the fouth pole
of one magnet be placed oppofite the nesth 7k
pole of the other magnet, then they repel
each other.  In fhort, magnetic poles of
the fame name repel one another, whereas
thofe of a different name attract each other.
4. When a magnet is placed fo as to be
at liberty to move itfelf very eafily, it ge-
nerally inclines ‘one of its poles towards
the horizon, and of courfe it elevates the
other pole above it. This - property is
called the #nclination or dipping of the
magnet, or more commonly, of #be magne-
tic needfe, for the reafon abovg-mentioned.:

' 5. Lafily ; Any magnet may, by proper
methods, be made to impart thofe pro-
perties to iron, fteel, or, in fhort, to moft
ferruginous fubftances. '

The experience and induftry of man-
kind have gradually difcovered, examined,
afcertained, and employed for various ufe-

ful
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ful purpofes, thofe magnetical properties ;
and it is the object of this work to defcribe,
in a concife and perfpicuous manner, the
laws, which have been afcertained by thofe
innumerable obfervatmns; and the ufes to
which they have been rendered {ubfervient.
Thofe laws and their ufes are methodically
laid down in the following pages, there
being allotted to each chapter thofe parti-
culars, which were moft connefted with
each other: but, as the whole a&ion of
magnetiim f{eems to be confined folely or
principally to iron, and-to thofe badies
which contain that metal in fome ftate or
other, it will be neceffary to premife the
natural hiftory and chymical properties of
that fubftance, at leaft fuch as may be
deemed neceffary for the comprehenfion
of the fubje@, or likely to open the
way to farther difcoveries.

By e )P
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CH A P THE:RGTE

Te natural biftory and principal properties
of Iron ; and of the natural Magnet, or
Loadftone.

R ON is, of all the metals, the moft

{fubfervient to human life; and, at the
fame time, it is very remarkable, that its
nature is far from being perfetly un-
derftood, or fufficiently inveftigated. It
is reckoned amongft the imperfe®t me-
tals, on account of its being fubje&
to ruft or calcination; and its {pecific
gravity, though fubject to a little varie-
ty, yet is feldom, if ever, lefs than 7,6, or
exceeds 8 times the weight of diftilled
water.

Iron is found almoft in any place, and
1s extracted from the bowels of the earth,
it being therein found ecither by itfelf in
a metallic ftate, which is called #ative 7ron,
or mixed with various other f{ubftances ;
which compounds, when the iron or mar-
tial part contained in them is in a confi-

derable proportion, are called iron ores.
The
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The iron ores defcribed by the lateft
mineralogifts, and their principal names,
are the following :

1. The fteel ore, which confifts of a
brown calx of iron mixed with iron in
its metallic ftate,

2. The magnet.

3. A mixture of the brown calx of iron
and plumbago.

4. The white or [parry iron ore; being
the brown calx of iron united to the white
calx of manganefe.

5. The magnetic fand.

6. Hematites; confifting of the red calx
of iron indurated, and combined with a
little argill, and frequently with man-
ganefe.

7. Hematitical yellow, red, and brown
ochres 3 confifting of hamatites in a loofe
form, mixed with a confiderable proportion
of argill.

8. A combination of the red calx of
iron with plumbago.

9. Torflen ; being a mixture of the red
calx mixed with a {mall proportion of the
brown and indurated calx of iron.

B 4 10. Emery,
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10. Emery.

11. The grey iron ore ; confifting of the
red calx united to fiderite.

12. The argillaceous iron ores; the two
{pecies of which are, the highland argilla-
ceous ore, minera Jferri ochreacea ; and the
{wampy argdlaceous ore, minera ferri la-
cuftris vel fubaguofa.

13. The red calcareous iron ore.

14. The filiceous iron ore.

15. ‘The muriatic iron ore.

16. The martial calamine.

17. Martial pyrites, which confift of
iron mineralized by fulphur,

18. The white, grey, or blucifb-grey
pyrites.  Marcafite ; being iron minera=
lized by fulphur and arfepic. 3

19. Mifpickel ; confifting of iron mine-
ralized by arfenic alone. e

20. Gombuftible iron ore.

21. Green wvitriol, being iron mineras
lized by vitriolic acid,

22. Iron mineralized by the phofphori¢
acid; the two fpecies of which are, tbe fide-
rite, and the native Pruffian blue ; the lats

ter
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ter of which confifts of iron, phofphoric
acid, and argillaceous earth *.

In extracing the metal from the various
iron ores, two objeéts muft be confidered,
viz. the ftate of the iron, which is in a more
or lefs metallic ftate, and the extraneous
fubftances which are mixed with it. On
thofe accounts, it is almoft impofiible to
prefcribe the moft advantageous method
of extralting the iron from a certain ore,
without making particular experiments
upon it. However, the principal agents
in this operation are, a ftrong heat, and the
admixture of fubftances capable of furnifth-
ing the inflammable principle.

‘The iron, after being extracted from the
ore, and being reduced into the metallic
form, is not always of the fame nature ; and
its various fpecies, the principal of which
we fhall now enumerate, are poflfefled of
peculiar and very remarkable properties.

Cafs iron, viz. iron after having been
fufed by the action of a ftrong heat, is very

* See Bergman’s mineralogy, Kirwan’s minera-
pgys and my mineralogical tables.

hard
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hard and brittle, fo that it cannot be form-
ed into any required fhape by hammering,
nor even by filing.

The malleable iron i1s formed from the
caft iron, by expofing it to a ftrong blaft
of air for fome hours, whilft it ftands in a
red or rather white heat. It is remarkable,
that in this procefs a quantity of liquid
matter comes out of the iron, which when
cold is in the form of black cinders, called
finery cinders, from the name of the fur-
nace employed for the procefs *.

The malleable iron is of two forts, viz.
that called red fhort iron, which has the
property of being malleable when cold,
but brittle when hot; and that called co/d
fhort iron, which is malleable when red
hot, but brittle when cold.

Steel is formed from iron, by expofing
the iron to a ftrong heat for feveral hours,
whilft it is {furrounded by fubftances that
contain a great deal of the inflammable
principle, as charcoal, oleaginous {ubftan-
ces, &c. : hence it is generally believed,

* See Prieftley’s experiments relating to various

branches of nat. phil. vol. iii. feét. xxiv.
that
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that the iron becomes fteel only in confe-
quence of Its acquiring a greater quantity
of the inflammable principle, called phio-
gifton by the chymifts ; but there is {fome
(ort of malleable iron which will never be-
come fteel ; and I am informed by a very
ingenious chymift, that this effe& is owing
to the want of the femi-metal called man-
gancfe ; this gentleman having found, that
the iron, which is wont to be capable of
becoming fteel, contains fome portion of
manganefe ; Wwhereas, that fort of iron
which is incapable of becoming fteel is

quite free from any admixture of that fe-
mi-metal.

By the tranfition from iron into fteel,
the weight of the metal is not at all, or
very little, increafed ; but it acquires feve-
ral remarkable properties. Steel is gene-
rally harder than malleable iron; it may
be hammered when cold, but incomparably
better when red hot ; it may be fufed ; and

it 1s capable of acquiring various degrees
of hardnefs. Hammering will harden it

to a certain degree; but if it be made red
hot, and in that ftate be plunged into cold

water,
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water, or other cold liquor, fo as to cool
it fuddenly, it becomes exceedingly hard
and brittle, fo that it can neither be ham-
mered nor filed ; and, the greater the diffe-
rence between its degree of heat and that
of the liquor, in which it is plunged,
the greater is the degree of hardnefs it
acquires. The. fteel, after having been
thus hardened, may be foftened to any
required degree, by expofing it to 2 proper
heat, which operation is- called Zempering.
The foftening by this means is accompa-
nied by a gradual change of colour ; which
colour, however, is merely fuperficial, but
remains as long as the fteel is not rubbed
with fomething capable of fcraping off
part of the metal.  Thus, if the hardened
piece of fteel be laid upon a red-hot iromn,
or be heated in any other manner, it will
‘firft acquire a - reddifh, then a yellowith
or ftraw colour, which will gradually
deepen, and change into blueifh; deepblue,
and laftly, the fteel becomes red hot. Now,
if the piece of fteel be removed from the
heat juft when it has acquired the ftraw=
colour, it is then foftened a little, and juft

fufliciently
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fufficiently to ferve for points of drills,
and fome other tools; hence this degree
of foftening is called drill temper. If the
piece of fteel be removed from the heat as
foon as it becomes blue, it will be found
to be foftened fufficiently to ferve for
{prings ; hence that degree of foftening is
called fpring temper. 1f the fteel be fuf-
fered to become red hot before it be re-
moved, it will be found to have loft all
the hardnefs which it had acquired in the
firft procefs.

By repeated hardening and foftening,
a piece of fteel becomes lefs and lefs fit
for nice work : but even in fteel newly
formed, there occurs a confiderable varie-
ty; and that fort is reckoned the beft,
which in its fraCtures exhibits a  fmall,
uniform, and filvery granulated appear-
ance.

All  the above-mentioned fpecies or
ftates of iron are capable of calcination,
vz, of being reduced to ruft, and of
courfe, to various intermediate ftates be-
tween that of good 'meial, and that of
red calx. This change, according to the

more
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more general opinion, is occafioned by the
efcape of the inflammable principle; and
in fa&, if the calx of iron be expofed to
a ftrong heat whilft it is furrounded by
charcoal-duft, or other {ubftance abound-
ing with phlogifton, the calx will become
iron again.

In the following pages, for the fake of
brevity, we fhall comprehend all the
above-mentioned {tates or {pecies of
iron under the general appellation of
ferruginous fubflances ; adding the word
metallic to thofe which are in a metallic
ftate, and the word calcined to thofe which
are in a calcined ftate.

A remarkable ph@nomenon happens in
the calcination of this as well as of other
metals, which is, that the metal acquires
weight by being calcined, and the calx
lofes weight by being reduced again into
metal. Thus it has been obferved, that
100 grains of the brown calx of iron will
produce about 85 grains of iron ; and 100
grains of the red calx will produce about
75 grains of iron: and, on the contrary,
the above-mentioned quantities of iron will

produce
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produce 100 grains of the brown or red
calx refpectively.

This increafe of weight has been afcer-
tained to be owing to a certain permanent=-
ly elaftic fluid or fort of air, which com=
bines with the calx in a greater or {maller
proportion, according as the calcination s
more or lefs perfect ; and the diminution of
weight obferved in the reduion of the
calx into metal, to be owing to the efcape
of that fame elaftic fluid from 'the calx.
Upon thefe grounds, fome ingenious per-
fons haveimagined, that the calcination of a
metal, or thereductionof the calx into metal
again, had nothing to do with the inflam-
mable principle or phlogifton of the chy-
mifts ; but that it was all to be explained
by the lofs or acquifition of the faid perma-
nently-elaftic fluid.~—Various arguments
and experiments feem to favour each opi-
nion ; but the nature and limits of the
prefent work not permitting me to expati-
ate on this fubje@, I muft refer thofe
readers, who are defirous of examining it
farther, to other books, where they may be
informed not only of the above-mentioned

{fubject,
iQ
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{ubje&, but likewife of the particulars
concerning the elaftic fluids which may be
obtained from the folution of iron, and
of other properties relating to this muﬂ:
ufeful metal *,

The metallic ferruginous fubﬁances are
foluble in all acids, though not with equal
facility ; and if any vegetable aftringent
be added, the folution will become black ;
but if phlogifticated alkali be added, inftead
of the vegetable aftringent, then the folu-
tion will become blue.

The natural magnet, mentioned at the
beginning of this chapter, is an ore of
iron; and it contains a greater quantity of
iron,either inthe metallic ffate or not much
dephlogiiticated, than moft otheriron ores.
However, though every magnet feems to
contain fome iron in a metallic ftate, yet it
does not follow that every ore, which con=
tains the iron in that ftate, is magnetic ;
there having been found many iron ores,

* Hift. de I'Acad fince the year 1778.—Prieftley’s
Experiments and Obfervations relating to the diffe-
rent forts of Air, &c.—Rozier’s Journal de Phif. for

September 1786—and my Treat;fﬂ on Airand Perma-
nently Elaftic Fluids.
which
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which had all the appearance of good mag-
nets, but were not poflefled of the mag-
netic properties *. |

Befides the iron particles, the natural
magnets often contain a portion of quartz
and argill, and probably fome f{ulphur,
becaufe when made red hot they generally
have a fulphureous fmell; befides which,
many other {ubftances may be found in
them, though not fo frequently as thofe

mentioned above,

Magnets differ in {pecific gravity ac-
cording to the proportion and nature of the
‘other ingredients that are mixed with the
iron or martial part, but generally they are
about feven times heavier than diftilled

water.
Their colour is moftly a dull brown-
ith black; though, as may be-imagined,

* Some old writers on magnetifm make mention of
certain load-ftones fo light as even to fwim upon
water,  But as iron is fo univerfally {pread through-
out the works of nature, it is not improbable that
fome light, fpungy, vulcanic productions may contain
a quantity of iron particles with fome veftiges of mag-
netifm, fufficient to give the name of magnet to the
whole mafs,

(= a con-
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a confiderable difference is often occafioned
by the admixture of heterogeneous fub-
ftances, and by the ftate of the iron contain-
ed in them. The magnets which are found
in Arabia are reddifth, thofe of Macedonia
are blackifh, and thofe found in Hungary,
Germany, Britain, and Italy, have moftly
the colour of unwrought iron.

The hardnefs of magnets is fuch as juft
to afford {parkswhen ftruck with fteel ; but
it is extremely difficult to turn them in a
lathe or to fhape them by a file.

It has been obferved, that generally thofe
magnets, which have a fine clofe grain, are
more powerfully magnetic, and retain the
virtue much longer, than thofe which are
of a coarfer grain; and even longer than
the artificial magnets which are made of
fteel. |

 They are found in many parts of the
world, and almoft wherever there is a good
iron mine. In Europe they are met with
pretty frequently, inthe mines of Germany,
inthe Apennines, in France, in the iflands of

the Mediterranean Sea, in Britain, in Ire-
land,
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land, and in various other places. Afiadges
likewife abound with magnets ; neither are
the other parts of the world without them,
though not very copioufly; or perhaps for
want of fufficient examination fo great a
quantity of magnets has not been found in
them as in Europe and Afia.—~They are
not found of any particular fhape or
fize,

CHAPTER"OT
Of Magnetic attraction and repulfion.

H E various forts of attrattion

hitherto difcovered may be reduced
to five: wiz. 1ft. The attraction of gra-
vitation, or that power, by which bodies
fall towards the centre of the earth, and
by which the immenfe bodies of our pla-
netary {yftem are retained within their
proper orbits. 2. The attration of co-
hefion, which takes place when the parts
of bodies are put in clofe conta&, as when
two {mooth, and like furfaces of metal,

C2 glafs,
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glafs, marble, or other fubftance, are prefied
one upon the other. 3. The chymical
attraction, or affinity, which oceafions an
intimate mixture, and alteration of two
or more f{ubftances of different natures.
It requires the immediate contact of the
parts of the bodies, in order to take place.
Such is the attraétion between acids and
alkalies, between acids and metals, &c.
4. The attraltion of eleCricity, pofleffed
by all forts of bodies when electrified ;
which aéts on f{ubftances of every kind,
and extends its {fphere of ation to a con-
fiderable diftance. 5. Laftly; The attrac-
tion of magnetifm, which aéts only upon
iron, or upon thofe bodies which contain
that metal in fome ftate or other ; hence,
befides other obvious peculiarities, this
fort of attration may be eafily diftin-
guithed from the reft.

A piece of iron, or fteel, or other fer-
ruginous fubftance, being brought within
a certain diftance of one of the poles of a
magnet, is attratted by it, fo as to adhere
to the magnet, and not f{uffer to be fepa-

rated without an evident effort, ‘This at-
traction
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traction is mutual; fo that the iron attracts
the magnet as much as the magnet attracts
the iron ; for if they be placed on pieces
of wood, fo as to float upon the furface
of water, it will be found that the iron
advances towards the magnet, as well as
the magnet advances towards the iron;
or if the iron be kept fteady, the magnet
will move towards it. -

The ftrength or degree of magnetic at-
traction varies according to different cir-
camitances ; namely, the ftrength of the
magnet, the weightand {hape of the body
prefented to it, the magnetic or unmag-
netic ftate of that body, the diftance be-
tween it and the magnet, &c.: which par-
ticulars we fhall now examine in their
order.

A magnet attracts a piece of foft and
clean iron more forcibly than any other
ferruginous body of the like fhape and
weight. The iron ores, amongft which
the natural magnet is comprehended, are
attracted more or lefs forcibly, in pro-
portion as they contain a greater or lefs
quantity of metallic particles, as that

S quantity
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quantity is in a more or lefs perfeé metal-
lic ftate, and as it is of a fofter or harder
nature ; but they are all, as well as hard
iron and fteel, attracted lefs forcibly than
{oft iron. ;

If a piece of iron be prefented fuccef-
fively to the various parts of the furface
of a magnet, it will be found that the at-
traction is ftrongeft at the poles of the
magnet (viz. thofe parts of the furface
which, when the magnet is freely fuf-
pended, are directed towards the north
and the fouth) ; that the attrattion dimi-
nifhes in proportion as the izaxt of the
furface to which the iron is prefented
recedes from the poles ; and is very little
or not at all perceivable about thofe parts
of the furface, which are equidiftant from
the poles.

The attraction is ftrongeft near the fur-
face of the magnet, and diminifhes as it
recedes from it: viz. if a piece of iron be
placed in contaét with one of the poles of
a magnet fufficiently ftrong, they will ad-
here to cach other, and theére is required ~
a certain force to feparate them ; but if the

L) | fame
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fame piece of iron be kept at an inch
diftance from the fame pole of the magnet,
there will alfo be perceived an endeavour
to attract it; but the force required to
prevent the iron running to the magnet
will be found to be much {maller, than
that which was required to feparate them
in the firft cafe ; and if the iron be held
at a diftance greater than one inch, the
attraction will be found to be ftill weaker ;
and f{o on.

Though the attraction between the
magnet and the iron, or other ferrugi-
nous body, 1s ftronger within a fhort
diftance than farther off, yet the law of
that diminution has not yet been afcer-
tained, notwithftanding the repeated en-
deavours of the greateft geniufes philofo-
phical and mathematical. For inftance, it
is not known whether, at a given diftance,
the attra&tion of a magnet in general is
twice, three times, or any other number
of times greater than at double that dif-
tance. 'The analogy of other energies,
which being propagated from a centre,
and expanding into a fphere, have their

C'y denfitie
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denfities diminifhed in the proportion of
the fquares of the diftances would eafily
perfuade one to expect the fame law
In magnetics ; but experience does not
thew i1t. Various accurate experiments,
made by different philofophers, have
been attended with different refults. In
fome, the attradtion feemed to decreafe
in the inverfe ratio of the diftances, with
fufficient regularity; but in others it de-

creafed much fafter, or in different pro-

portions at different diftances : {o that the
only general conclufion, which may be in-
ferred from them, is, that the decreafe of
magnetic attraction is not flower than the
inverfe ratio of the diftances ; viz. at dou-
ble the diftance the attraction is half as
ftrong, or rather lefs; at treble the diftance
the attraction is onethird as {trong, orrather
lefs; and {o on ¥,

In order to give the reader an idea of
the above-mentionedirregularity refpecting

* From fome other experiments made with mag-

netic needles, which will be confidered in the feque],‘
it appears that the attra@ion decreafes in the ratio of

the cubes of the diftances. -
9 magnetic

L.
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magnetic attraction, and alfo of the diftance
to which it may extend itfelf, I {hall {fub-
join four experiments, accurately made by
the learned Mufichenbroek *.

Exe. I. A cylindrical magnet, two
inches long, and weighing 16 drams, was
fufpended to ene fcale of an accurate ba-
lance, and under it there was placed, upon
a table, a cylinder of iron, which was ex-
altly of the fame bulk and thape. Things
being thus prepared, the cylinder of iron
was fucceffively placed at different diftan-
ces from the magnet, and at each diftance
the degree of attraction between the iron
and the magnet was afcertained by weights
put in the oppofite fcale of the balance,
'The refults were as follow, iz,

Diftance in inches. Attraltions in grains,
e
i =" o g
i AR
2 e e o 0
4 —— — — 18

* Introduction to Natural Philofophy, chap. xix.
Exp.
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Exp. II. A fpherical magnet, of the
fame diameter as the cylindrical one ufed
before, but of greater ftrength, was affixed
to one of the {cales of the balance ; and the
cylindrical magnet, ufed in the preceding
experiment, was placed upon the table, with
its fouth pole upwards, and facing the
north pole of the fpherical magnet. In
this difpofition of the apparatus the at-
tractions were found to be as follows :

Diftance in inches, Attra@ions in grains.
6 — — —_ . 2I
B s et 5%
4 Tt B o T3
8 il Lot S
2 - — — 04
1 — —— w100
Q — — — 260

Exe. ITI. Inftead of the cylindrical
magnet, the cylinder of iron was placed
upon the table, and under the globular
magnet. The refult was as follows :

Diftance
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Diftance in inches. Attractions in grains,
6 ~— - ™ 7
§orirmsl dibe 10 ag ey o1
d itaomuread wml AuiTE doRs
83 s i — 25
2 — e 0§
bo totrman oitrnsow oo 0193
@ ol e il ol e g &

Exp. IV. Inftead of theiron cylinder, a
globe of iron of the fame diameter as the
fpherical magnet was placed upon the table,
and the attractions were found to be as
follows :

Diftance in inches. Attrattions in grains.
. |

2

3%

6

9
16
30
64

290
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* The fame magnet was found toattra® a fhorter
cylinder of iron with lefs force, but in the fame
Tatio,

10 From
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From thefecond and third experiments it
appears, that, when in contad, a magnet at-
tracts another magnet with lefs force than a
piece of iron. This has been confirmed by
many other experiments. But the attra&tion
between twao magnets begins from a greater
diftance than between the magnet and iron;
hence it muft follow a different law of de-
crement,

The attraction between a given magnet
and a piece of iron is fubject to a varia-
tion arifing from the weight and thape of
the iron; there being a limit, in the weight
and fhape of the iron, in which the magnet
will attract it more forcibly than either a
greater or 2 {maller one : but this moft ad-
vantageous weight and extenfion of the
piece of iron c_ﬁn cnnly be determined by
actual experiment, it being various accord-
ing to the various nature, ftrength, and
fhape of the magnet, as well as of the
iron.

Magnetic attraction takes Placc between
the magnet and fuch ferruginous bodies as
were not magnetic before, or between the

contrary poles of two magnets : but when
¢y twa
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two magnets are placed with their polés of
the fame name toward each other, then,
inftead of attracting, they repel each other.
However, it often happens, that though
the north pole of one magnet be placed
near the north pole of another magnet,
or the fouth pole of the one be placed near
the fouth pole of the other, yet they attract
each other: and fometimes they thew no
attraction nor repulfion.

In order to reconcile this apparent con-
tradiction, it is neceflary to mention firft
another phenomenon, which takes place
whenever a piece of ferruginous fubftance
1s brought near a magnet; and which
indeed is the foundation of, and ferves to
explain, 2 great many other appearances,
otherwife unintelligible, in the fcience of
magneti{m.

The phenomenon, in thort, is this : 77z,
When a piece of iron, or any other fub-
{la_nce that contains iron, is brought with-
in 2 certain diftance of a magnet, it becomes
itfelf a magnet, having the poles, the at-
tractive power, and in fhort EvVery pro-
perty of a real magnet. That part of it

which
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which is neareft to the magnet, acquires a
contrary polarity : thus, if an oblong piece
of iron, A B, be brought within a proper
diftance of a magnet, fo that the extremity
A of the iron may be oppofite the north
pole of the magnet, then this fame extre-
mity A will become a fouth pole, and the
other extremity B will become a north
pole.—This law will be rendered very evi-
dent by the experiments in the Third Part
of this treatife.

The magnetifm acquired by being placed
within the influence or the fphere of acti-
vity of a magnet, in foft iron lafts only
whilft the iron continues in that fituation,
and when removed from the vicinity of the
magnet, its magnetifm vanithes immedi-
ately ; but with hard iron, and efpecially
with fteel, the cafe is quite different ; for
the harder the iron or the fteel is, the more
permanent is the magnetifm which it ac-
quires from the influence of a magnet;
but it will be in the fame proportion diffi-
cult to render it magnetic. If, forinftance,
a foft piece of iron and a piece of hard

fteel, both of the fame fhape and fize,
be
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be brought within the influence of a
magnet at the fame diftance, it will be
found that the iron will appear much more
magnetic than the fteel ; but if the magnet
be removed, the foft iron will inftantly lofe
its magnetifm, whereas the hard {teel will
preferve it for a long time.

From thefe obfervations two confequen-
ces are evidently deduced, wviz. firft, that
there is no magnetic attraction but between
the contrary poles of two magnets ; for the
iron, or other ferruginous body, that is pre-
fented to a magnet, muft become itfelf a
magnet before it be attracted : and fecond-
ly, it appears why a magnet muft attra&t
a piece of foft iron more forcibly than hard
iron, and much more than hard fteel, viz.
becauie the hard iron, and more efpecially
the hard fteel, does not become fo ftrongly
magnetical as {oft iron, when prefented to a
magnet.

We may now refume the fubject of mag-
netic repulfion, and thew why the magne-
tic poles of the fame name may repel, at-
tract, or not act at all upon one ano=
ther,

Indeed,
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Indeed, the law of repulfion being al-
ways exerted between magnetic poles of the
fame name, nearly as {trong as the attraétion
between thofe of different name, remains
certain and immutable ; but it often hap-
pens, that one of the magnets, being more
powerful than the other, will change the
pole of that other magnet, in the fame
manner as it gives magnetifm to any other
piece of iron which is expofed toits influ-
ence, and then an attra&ion will take place
apparently between magnetic poles of the
fame names ; though in faé it is an attrac-
tion between poles of different name, be-
caufe oneof them hasbeen atually changed.
Thus, {fuppofe that a powerful magnet be
placed with its north pole very near the
north pole of a weak magnet; it will be
found that inftead of repelling they will
attract each other, becaufe that part of the
weak magnet, which before was a north
pole, has been changed into a fouth pole by
the action of the ftrong magnet.

As thofe bodies which are pofieffed of
any magnetifm cannot be very readily af-
fected by the influence of another magnet,

for
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for the very fame caufe which renders them
capable of retaining any magneti{m at all,
namely their hardnefs ; and, as the power
of a magnet diminifhes in proportion to
the diftances from its furface, it follows,
that when the north or fouth pole of a
weak magnet is from a confiderable diftance
gradually brought near the like pole of a
powerful magnet, the pole of the weak
magnet cannot be changed very eafily;
hence, beyond a certain diftance, wviz.
before the faid pole be changed, the two
magnets muft exert a repulfion againft
each other ; but when the fmall magnet has
been braught fo near the powerful one as
that its pole may begin to be changed, then
neither an attraction nor a repulfion will
take place ; and when the two magnets are
approached nearer than that limit, then,
the pole of the weak one being changed,
an attraction will enfue.

After thefe obfervations, the ingenious
reader may eafily imagine that the decreafe
of repulfion between homogencous mag-
netic poles muft be at leaft as much if not
more irregular than the.decreafe of the at-

D traction
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tra®ion at different diftances. Itis likewife
evident, that many objects muft be had in
view in attempting to inveftigate the law of
that decreafe. :

Neither the attraction nor the repulfion
of magnetifm is fenfibly affe@ted by the
interpofition of bodies of any fort, except
iron or ferruginous bodies in general.
Thus, fuppofe that when a magnet is pla-
ced at an inch diftance from a piece of iron,
there is required an ounce of force to re-
move it ; or, which is the fame thing, fup-
pofe that the attraction towards cach other
is equal to one ounce; it will be found that
the faid degree of attra&ion remains con-
ftantly unaltered, v7z. always equal to one
ounce, though a plate of other metal, or of
glafs, or paper, or other body, be interpofed
between the magnet and the iron, or though
they be inclofed in feparate boxes of glafs
or other matter. Neither the abfence
or prefence of air hasany effect upon them.
In thort, no other {ubftance befides iron,
or thofe bodies which contain that metal
1n any of its metallic ftates, does fenfibly
affect the attraGion or ‘repulfion of mag-

netifm.
Heat
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Heat weakens the power of a magnet ;
and a white heat deftroys it entirely, or at
leaft in a great meafure. Hence it appears,
that from this caufe alone, befides others
which may concur, the power of a magnet
muft be continually varying.

The attractive power of a magnet may
be increafed confiderably by gradually ad-
ding more and more weight to it ; for by
this means it will be found that the mage
net will keep {ufpended on one day a little
more weight than it did the preceding day ;
which additional weight being added to it
on the following day, or fome time after, it,
will be found that the magnet can keep
fufpended a weight ftill greater, and {o on
as far as a certain limit,

On the contrary, by an improper fitu-
ation, or putting a very {fmall weight of
iron to it, the magnet may gradually lofe
much of its ftrength.

It has been faid by various authors, that in
thefe northern parts of the world the north
pole of a magnet generally has an at-
traCtive power fomewhat ftronger than the
{fouth pole, but in the fouthern parts of

D2 the
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the earth the fouth pole of the magnet is
faid to pofiefs the greateft attractive power.
This law, however, has net been yet pro-
perly afcertained.

The holding of a piece of iron of fome
magnitude to one pole of a magnet, in-
creafes the attraction of the other pole, fo
as to enable it to lift a greater weight.

It has been obferved, that amongft the
natural magnets, the {malleft generally pof-
{efs a greater attrative power, in proportion
to their fize, than thofe which are larger.
There have been often feen natural magnets,
not exceeding the weight of 20 or 30 grains,
which could lift a piece of iron that weigh-
ed 40 or 5o times more than themfelves,
Mention is made of a {fmall magnet wore
in a ring, which weighed about three
grains, and was capable of taking up 746
grains, or nearly 250 times its own weight;
and I have feen one which could not weigh
more than fix or feven grains, and was
capable of lifting a weight of about 300
grains. But magnets of above two pounds
weight, fcldom lift up 10 times their own
weight of iron.

1t
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Itoften happens, that a natural magnet, -
cut off from a larger load-ftone, will it-
felf be capable of lifting a greater weight
of iron than the original large load-ftone
from which it was cut off. This muft be
imputed to the heterogeneous nature of the
large load-flone; for, fuppofe that one
part of it contains a good quantity of pure
metal ftrongly magnetical, the reft of it
- being impure, or mixed with other fubftan-
ces, it is plain that the impure part can only
obftru¢t the action of the purer part;
hence this latter, being feparated from the
reft, muft a¢t more powerfully than the
whole together did. . -

As both magnetic poles together attrac
a much greater weight than a fingle one,
and as the two poles of a magnet are ge-
nerally in oppofite parts of its furface, in
which fituation it is almoft impofiible to
adapt the fame piece of iron to them both
at the {ame time; therefore it has been
commonly practifed to adapt two lbwoad
pieces of {oft iron to the poles of a load-
ftone, and to let them project on one fide
of the magnet, becaufe in that cafe, the
pieces of iron being rendered themfelves

D 3 magnetic,
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magnetic, another piece of iron could be
conveniently adapted to their projections,
fo as to let both poles act at the fame
time. Thofe pieces of iron are generally
held faft upon the magnet by means of a
brafs or filver box. The magnet in this cafe
is faid to be armed, and the pieces of iron
are called the armature.

In fig. ift of plate I. A B reprefents
the magnet; C D, C D reprefent the ar-
mature or pieces of iron, the projections
of which are D D, and to which the piece
of iron F is made to adhere. The dots
E C D C D reprefent the brafs box, having
a ring E at its upper part, by which
the armed magnet may be fufpended.
Thus the two poles of the magnet, which
are at A and B, are made to attat D D,
where the ftraight piece of iron F may
be conveniently applied.

For this purpofe, and to avoid the ar-
mature, artificial magnets have been made
in the fhape of a horfe-fhoe, having their
poles in the truncated extremities; for
which reafon they have more power than

the flraight magnetic bars,
| CHAP.
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C:H-A Pi- IV,

Of the Magnet's directive property, or
polarity.

T is an invariable law in magnetics,

that no magnet is without a fouth and
a north pole; but it often happens, that
the fame magnet has more than two poles,
viz. {fome of one name, and fome of the
other. The figure, and alfo the hetero-
geneous nature of the magnets, is the prin-
cipal caufe of their often having more than
two poles. It is impoffible to determine
the number and fituation of the poles in
a magnet without actual trial; and the
method of afcertaining them is, to prefent
the various parts of the furface of the mag-
net in queftion to one of the poles of ano-
ther magnet that is freely fuf'pended; for
thofe parts of the magnet, which repel
the other fufpended one, have the fame
polarity, and thofe, which attract it, have
a different polarity. For inftance, if the
magnet be prefented to the north pole of

D 4 the
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the other fufpended magnet, then thofg
parts of the former which repel the latter
are poflefled of a north polarity; and
thofe, which attract it, are poffefled of 2
fouth polarity.

‘Two laws may be remarked, with refpe&
to magnets that have more than two pple’ﬂ.
The firft is, that the parts adjacent to one
pole are pofieflfed of a contrary polarity ;
and the fecond is, that the number of
poles of one denomination in a magnet is
either equal to, or differs from the num-
ber of poles of the other denomination by
one. Thus, if the magnet has four fouth
poles, then it will have either four, or
three, or five, north poles.

Good magnets, of an uniform texture
and properly fhaped, have only two poles :
and they lie in oppofite parts of their fur-
faces ; fo that a line drawn from the one
to the other paffes through the centre of

the magnet ¥,
| In

* Here it muft not be underftood, that the polarity
of 2 magnet refides only in two points of it; for, in
truth, it is the half, or a great part of the magnet, that

15
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In fuch magnets, the line between the
two poles'is called the axzs; and a line
formed all round the furface of the magnet
by a plane, which divides the axis into two
equal parts, and is perpendicular to it, 1s
called tbe equator of the magnet. It ap-
pears, therefore, that philofophers have ap-
propriated to the magnet the poles, the
equator, and the meridian, in imitation
of the terraquecus globe ; but, to com-
plete the fimilarity, magnets have been
often made of a fpherical thape, with the
poles and eqﬁatnr marked on their furfaces.
When fo fhaped they have been called zer-
rellas, that is finall earths.

If a magnet be broken into two or
more parts, each part is a perfe&t magnet
of itfelf, having two, and {ometimes more
poles; though not every one of the parts
has always the fame number of poles,

is poflefled of one polarity, viz. has the property of
repelling the contrary pole of another magnet, and the
reft of the magnet is poffeffed of the other polarity:

the poles then are thofe points in which that power is
the ftrongeft,

‘The
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The poles of the fragments generally, but
not always, anfwer to the poles which
were neareft to them in the original
magnet.

When a magnet can move itfelf freely,
as, if it be {ufpended by a fine thread, or
if it be made to float on water by means
of a piece of wood, or if it be poifed on
a point, and provided it be not difturbed
by the vicinity of iron, &c. it will place
itfelf fo as to direct its north pole towards
the north, and the fouth pole towards the
fouth. Befides, it deprefies one of its poles
below the horizon, at the fame time that
the other pole is elevated above it.—Of
this latter property or inclination, we fhall
treat in the next chapter, and fhall exa-
mine the former only in the prefent.

When a magnet, that is freely fufpended,
has only two poles, it will place itfelf
very readily in the magnetic meridian, or
in that plane in which other good magnets
are wont to place themfelves: but when
it has more than two poles, it may hap-
pen, that thofe poles are {o fituated as

that
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that the magnet will not traverfe, that is,
it will have no diretive power, and yet
it will attra&, repel, &c. Suppofe, for
inftance, that an oblong magnet poflefles
a north polarity equally {trong at each
extremity, and a fouth polarity in the
middle; it is plain, that as each of the
extremities has an equal tendency towards
the north, neither of them can be direGed
towards the north in preference to the
other; confequently the magnet cannot
traverfe *. Indeed, when both extremities
have the fame polarity, it happens very
{feldom that they are precifely of the fame
ftrength ; and therefore, excepting this
cafe, the magnet will always traverfe:
however, as the cafe has happened fome-
times naturally, and it may, though
with difficulty, be effe@ed by art, it is
proper that the young experimenter be

apprized of it, in order to prevent f{urprife
and miftakes.

* It is hardly neceffary to obferve, that if this fame

magnet be broken in two pieces, the parts will trayerfe
very xea.dil}',

The
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The dire&ive property of the magnet
is the moft wonderful, and altogether the
moft ufeful part of Ehe fubjet. By it
the mariners are enabled to conduét their
veflels through vaft occans, out of the
fight of land, in any given direction ; by
it the miners are guided in their works
below the furface of the earth; and tra-
vellers are conduéted through deferts,
otherwife impaffable. The ufual method
is, to keep an oblong piece of magnetic
fteel (7. e. an artificial magnet) fufpended
fo as to move very freely ; which will place
itfelf always in the plane of the meridian,
or not much diftant from it, vzz. with
one and the fame end towards the north,
and with the oppofite end towards the
fouth; then, by looking upon the di-
re¢tion of this magnet, or magnetic
needle, they dire¢t their courfe {fo as to
make any required angle with it, vzz. to
go in any required direction with refpect
to the parts of the world. Thus, fuppofe
that a veflel fetting off from a certain
place, muft go to another place which is
exactly weftward of the former; in that

cafe,
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cafe, the veflel muft be directed fo that
its courfe may be always at right angles
with the fituation of the magnetic needle,
and fo as to let the north end of the
needle be on the right hand fide, and the
fouth end on the left hand fide of the
veflel ; for, as the magnetic needle lies
north and fouth, the dire&ion of eaft
and weft, which is the courfe of the
veflel, is exaltly perpendicular to it.—
A little reflection will eafily thew how the
veflel may be fteered in any other di-
rection.

An artificial fteel magnet fitted for this
purpofe, in a proper box, is called the
mariner’s compafs, or fea compafs, or fimply
the compafs *.

Though

* The magnet’s attraltive power has been known
to the remoteft antiquity; it being mentioned by
Homer, Pythagoras, Ariftotle, Plato, and others _
The Jews were acquainted with it. See Kircher de
magnete, lib. i. cap. v. But the earlieft knowledge
of its direftive property, or the difcovery of the ufe

ofthe magnetic needle in Europe, was not known be-
fore the 13th century.

Th
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Though the north pole of the magnet,
m every part of the world, is dire¢ed near-
ly towards the north, yet it happens very
feldom that it points exa&ly towards it,
and, of courfe, that the fouth pole of the

magnet

The honour of this invention has been much con-
tended for ; but by the confent of moft writers it
feems, that a certain Flavio or John de Gioja, or
Giova, or Gira, a Neapolitan, who lived in the ¥3th
century, has the beft title to the difcovery. Dr. Gil-
bert, an Englifh writer of the 16th century, in his
book de magnete, affirms, that Paulus Venetus brought
the invention of the compafs to Italy in the year 1260;
having learned it of the Chinefe. Ludi Vertomanus
afferts, that when he was in the Eaft-Indies, about
the year 1500, he faw a pilot direct his courfe by a
magnetic needle faftened and formed like thofe now
in ufe. And Mr. Barlow, in his Navigator’s Supply,
anno 1597, relates, that in a perfonal conference with
two Eaft-Indians,. they aflirmed, that, inftead of our
compafs, they ufed a magnetic needle of about fix
inches in length, fufpended upon a pin in a difh of
white china earth filled with water, in the bottom of
which there were marked two crofs lines to indicate
the principal winds ; the reft of the divifions being
left to the {kill of their pilots. But thefe two laft ob-
fervations, being of a date much pofterior to the ufe of
the magnetic needle in Europe, conclude nothing
with refpect to its original difcovery ; fince the ufe of

that

L]

IQ
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magnet points exactly towards the fouth.
In other words, the magnetic meridian
does feldom coincide with the meridian of
the place, and generally declines a few
degrees eaftward or weftward of it. This
declination is different in different places,

on

that magnetic property might have been introduced
into Afia by fome European.

P. Duhalde, in his General Hiftory of China, vol.i.
in the annals of the Chinefe monarchy, fpeaking of
the Emperor Hoangti, when he gave battle to ¥ch:
Yeou, fays, < He perceiving that thick fogs faved the
¢ enemy from his purfuit, and that the foldiers
¢ rambled out of the way, and loft the courfe of the
¢ wind, he made a carr, which fhewed them the four
¢¢ cardinal points: by this method he overtook Tch:
¢ Yeou, made him prifoner, and put him to death.
¢¢ Some fay there were engraved in this carr, onaplate,
¢¢ the characters of a rat and a horfe, and underneath
“¢ was placed a needle to determine the four parts of
¢ the world. This would amount to the ufe of the
“¢ compafs, or fomething very near it, being of great
“antiquity and well attefted.”

And, in another part of the fame book, {peaking of
certain ambafladors, fays, ‘¢ After they had theirau-
“¢ dience of leave, in order to return to their own coun-
¢ try, Tcheou Kong gave them an inftrument, which on
“ one fide pointed towards the north; and on the oppo-

“ fite
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on land as well as at fea ; and is alfo con-
tinually varying in the fame places. For
inftance, the declination in London is not
the fame as at Paris, or as at the Cape of
Good Hope ; and the declination in Lon-
don, or at fome other place, is not the fame

now

¢¢ fite fide towards the fouth, to diret them better on
¢ their way home, than they had been direfted in
“ coming to China. This infirument was called
¢ T¢hi Nan, which is the fame name as the Chinefe
¢ now call the fea compafs by : This has given oc-
“ cafion to think, that Tcheon Kong was the inventor
“¢ of the compafs.”—This happened in the 22d cycle,
above 1040 years before Chrift.

Renaudot adduces {trong reafons againft the know-
ledge of the mariner’s compafs amongft the ancient
people of China, and of Arabia. See Kircher de
magnetey 1ib. i. cap, v,

Sir G. Wheeler fays, that he had feen a book of
aftronomy older than the year 1302, which mentions
the ufe of the needle in aftronomy, but not in naviga-
tion. And in an old French poet, named Guyot de
Provins, who wrote about the year 1180, there is ex-
prefs mention made of the load-ftone and the compafs;
but their ufe in navigation is obliquely hinted at,

The Spanifh jefuit Pineda, and Kircher, affirm
that Solomon knew the ufe of the compafs, and that
his fubjects did adtually ufe it in their navigations.

Notwith-
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Fow as it was 20years ago, or fome time ago.
The change or variation of the declination
may be obferved even in one hour’s time ;
or, more properly fpeaking, the magnetic
meridian, in one and the fame part of the
world, is continually fhifting its fituation.

This variation cannot be owing to anyim-
perfectioninthe conftrution of the magne-
tic needles, orto the various ftrength of dif-
ferent magnets, becaufe all the magnets or
magnetie needles, that are kept in the fame
place, thew exaétly the fame declination,
provided they be frecly fufpended, and not
placed within the influence of each other;
or of other ferruginous bodies ¥, |
The

Notwith{tanding the forégoing remarks, it is fiill
very doubtful whether the ufe of the compafs in navi-
gation, or even the traverfing property of the load-
ftone, was known by any people before the Europeans
began to ufe it, in or about the 13th century; in
I".'u'hlll'.'.h time the above-mentioned Flavio, or John de
Gioa, if not the inventor, was at leaft the firft who
ufed it for the guidance of veffels in the Mediter-
rancan, *

* The difcovery of the declination of the magnetic

needle Is generally attributed to Sebaftiun Cabot, a
Venetian, who is faid to have difcovered it in the vear

E 1500
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The uncertainty of this declination in
different parts of the world, is one of
the greateft impediments againft the perfec-
tion of navigation; and therefore philofo-
phers have {pared no pains in endeavour-
ing to inveftigate its caufe, and, if poflible,
to correct the errors that neceffarily arife
from it ; but human induftry has not yet
been able to elucidate this obfcure part of
the fubje@ of magneti{m.

Ever fince the difcovery of the declina-
tion of the magnetic needle, ingenious
perfons, both at fea and on land, have
affiduoufly endeavoured to afcertain its
quantity in different places; and their ob-
fervations have been not only regiftered in
books, but are alfo fet down in good {ea
charts, for the ufe of future navigators :
however, thofe obfervations can ferve for
a few years only, on account of their being

1500 ; though in truth it was Columbus who, as
is mentioned in his life, difcovered it, in his firft voy-
age to America in 1492; but the variation of the
declination, or the variation of the declination in the
fame place, but at different times, was difcovered by
Mr. Gellibrand, a profeffor in Grefham College,
about the year 1623,

inconftant
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inconftant and fluctuating in the fame
places ; nor has it yet been difcovered that
this variation or fluctuation is fubject to
any law or period ; though various hypo-
thefes have been framed for its explana-

tion. |
When the compilation of the prefent
work was firft begun, my defign was to
infert 1n it all the obfervations relating to
the declination of the magnetic needle,
which had been made in different parts of
the world, and at different times, for the
ufe of thofe perfons who might wifh to
inveftigate the caufe or period of that varia-
tion ; but, after having extracted the ob-
{ervations of divers navigators and othér ob-
{fervers from the accounts of voyages, &c.
it appeared that the bulk of thofe obferva-
tions alone, independent of any other part
of the fubjet, would require a volume
larger than the prefent. Confidering; there-
fore, that this additional volume could be
of ufe only te a few {peculative perfons (and
probably it would not be produtive of
any ufeful theory ; fince, as will be parti-
cularly mentioned in the fequel, the caufe,
Ef 2 . upon
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tipon which the declination and its varia-
tion are likely to depend, feems to be itfelf
very flutuating and irregular) I have con-
tented myf{elf with fubjoining only a lift
of a few obfervations made in various
parts of the world, together with the obfer-
vations made at different times in London.
After which I fhall conclude this chapter
with fome general obfervations relating to
the declination, and a {pecimen of the
daily variation.

N. B. By the declination being eaft or
weft, is meant, that the north extremi-
ty of the magnetic needle is on the eaf-
tern or weftern fide of the meridian of

the place.

Latitude, Longitude, Declination, | Years in which
North. Welt. Eaft. the obisrvations
O ! o I o ! were mades

70. . 17+1103. 24.[30." 2I1.1 1779.
64, A8 TOLS R ST R G e 6 |
66. 36.1167. 55.127. go.
65. 43.(170. 34 |27- 58,
63. 58.l165. 48.}26. -25.
59. - 30. TAO RSO Eas L.
§8. 14.]139. 19.]24. 40.
Ln el R B SRR R
53+ 37-1134. 53-120. ,133;

"~ Latitade,



LaAws oF MAGNETISM. 53

Latitude, Longitude, Declination, [ Years in which
North. Welt. Weift. the obfervations
o / o ! o / were made.

RO - 87154, W 40,120, 0. 1776,
48, " 24.] I5. S%6.132. 38.
40 41. [ TS Tov[22i* 24!
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L SIS 3SR T o RN 1
20.7 3041430, "=8. 114, 5 e,
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16. 37-122. wmo.|10. 33.

I5. 2541835 30.1409.7 TF
T30 32-2as i 481 50,5 o
Y2 otapenl. k4, | 7O, A8,
LI §l-l24,° 5501 ¥8.5 To.
L e R AR
TR 1S 1o AR B A
asmagchar it i TR
3 45 22,0340 (48 Bk
2. 40:|24.5 30,117 A2:
I B4e]26:° 52, 140, 37
Q. 5I.[ 27,8710, (|4, 50,
O LiZul B nsvion | 4. | 20,
South.
Tavo 13 a8 #eBill 9. #po.
2 40.| 29, g7 ] i2v. 52,
3. 37-|30- 14.| 2. 14.
4. 22.130. 29.) 2. &4.
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. 0.l22, Lol io. ot
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=
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Latitude, Longitude, Declination,
South. Well, Ealt.
.0 / o I o /
6. ‘ . 30.|oo0. d

TR REL 3‘:‘1 & g

o0 80| | 34e 20.}00. 1 Ze
8.. 43.-1ig4. 208k00.5i18,

: Eatt,
9o 1-[F34" 50190 443
19 4-i34- 49:§909s 30
12. 40-1'34; 49.} 1+ 12,
13. 23-| 34. 49.| 1. 1.
4. 11-||. 285 40k Lt O
15.  83+11 34 404} [1s . 152
36.7 12, |F a5, 200 {280 8
¥8+5 goaly 35, 5okl a8 el
20, 0]l 30, Ll $52. 208
21. 37-] 36. 9.1 3. 24.
od.. 171130, DO T T 24
20, 47.| 34. 27.| 3- 44.
28, Tpiib e ieal R SV
20. ‘2. QA SN | 2.7 200
Weft,

33- 43.| 16. 30.| 4. 44.
3@. 37.|! <G gamli - ey,
: : .1zedlg2. .

3 52-i-23.448 . 12
40. 36.1173. 34.[13. 47
42. 4.|167. 32. Ig.ﬁﬂly.
44. 52 [Tl Al EERE S U
40, 15.|144: 50.| 17" 46%
48: 41.{ 69. 10}27:% 308

Years in which
the oblervations
Were made.

1776,

Declination
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Declination obferved in Landon at diferent
times.

Years. Declination.
[=]

7
o e o
IEBORNT T T, I

161201 PN Tou e
L0223 - Ge2atr:0: Eaft.
1633- 4. 5

AT Y e
e M L
JOOEST 1" 20
1666-{ 1. 35k

1672.| 2. 3o0.

1683.| 4. 30.

ghaz.t 0. G

3700s =818 0.

1717. 10. 42.
1724.|I1. 45. | g
v726mhIdy  156. 1]
1730-113. ©00. Lyyeft,
1735+ 14. 106.
1740.|15. 4o0.

I74511 16.5 53,
1750:|17. s54. |
1760.|19. 12.

1765. 20. PO,
1770.|20. 35.

g oy B R
1775.121. 30. |
I?ED_ '
1785 s

E 4 When .



56 LAws oF MAGNETISM.

When the variation of the magnetic
needle was firft difcovered, it was to the
caft of the meridian of London, and of
feveral other places on the continent. It
has been fince that time advancing conti-
nually towards the weft, fo that in the
year 1657, the magnetic needle pointed
due north and fouth ; and, at prefent, its
variation is about 22° weft. This gradual
advance of the needle’s variation from the
eaft to the weft, has been obferved in va-
rious other places ; but in fome parts of
the world the variation has neither moved
with the fame celerity, nor towards the
fame way. The rate of its increafe has
‘neither been very regular, viz. if the va-
riation increafed was 1o minutes in one
year, it did not keep conftantly increafing
1o minutes more for every fubfequent
year ; though fometimes it has thewn a
confiderable degree of regularity for a few
ycars. In fhort, the obfervations and theo-
ries hitherto made, relating to the varia-
tion of the magnetic needle, do not point
out any way, by which the declination ina
given place, and for a given time, may be

foretold with any degree of certainty.
The
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The daily variation is evidently affected
by the heat and cold ; though their not
being always proportionate to each other,
fhews, that heat is not the only caufe upon
which it depends.

I thall now add, as a fpecimen of the
daily variation, the obfervations made at
~ different hours of one and the fame day,
and alfo, the mean variation for each month
in the year, according to the obfervations
of the late ingenious Mr. Canton *,

* Phil. Tranf. vol. li.—If the reader be defirous
of examining .arther the obfervations made concern-
ing the variations of different places, and at different
times, he may confult the Phil. Tran{.-——the Hiftory
de I’Academie de Paris—almoft all the A&ts of other
academies—the obfervations made in the courfe of
Capt. Cook’s voyages, and publithed by Mr, Bayly
and Mr. Wales.—&c. &c.

The
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Tbe declination obferved at different bours of
the fame day.

June 27th, 17359.

#ours. Minutes . (Declination Weit.|Degrees of Fahrenheit's
o 7 thermometer.

B0 e b P 62.
Bt el 18- L pBE: 62.
8. 30.|18. 35s8. 65.
e 9 8 & P 67.
o XN Bt rHI0 BT 69.

By v ioviltiger napr] 6841
100 980} IO bl 70.
O R K T S ¢ 70.
Af:r:rnmm{ 3- 10. | 19. 8. 68'
7. 20.138. " 50 61.
e o B R 59.
"L T o0, TR e7E.
The meanvariation for each month in the year
January -_— — &
February — — 8. 8.
March —_ —_ 1§. 17.
April —_— — 12. 20.
May - — 17 e Oh
June — — 12 205
July — e 13- 14.
Augult —_— — 12. I9.
September — —  Il. 43
O&ober e — 10,3t 20%
November ——— 8.0,
December e P o

CH A P



LAws of MAGNETISM. 59

C HA BATIE LB 0o Xt

OFf the magnet's inclination, or dipping
| | needle.

A KE a globular magnet, or, which

is more eafily procured, an oblong

one, like S N, fig. 2. of plate I; the ex-
tremity N of which is the north pole, the
other extremity S, the fouth pole, and A
is its middle or equator. Place it hori-
zontally upon a table C D ; then take ano-
ther fmall oblong magnet # s (2 common
{mall fewing needle, made magnetic, an=-
{wers perfectly well for this purpofe), and
fufpend it, by means ofa fine thread tied to
its middle, in fuch a manner as to remain
in a horizontal pofition, when not dif-
turbed by another magnet, &c. Now, if
the faid {fmall magnet, being held by the
upper part of the thread, be brought juft
over the middle of the large magnet,
within two or three inches of it, you
will find, that this fmall magnet will turn
itfelf {o as to direct its fouth pole s towards

the north pole N of the large magnet, and
its
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1ts north pole # towards the fouth pole
S of the large one ; agreeably to the mag-
netical law mentioned in the preceding
pages, viz. that poles of different name
attract each other. It will be farther ob-
ferved, that the f{mall magnet, whilit
kept juft over the middle A of the ];u:gc
one, will remain parallel to it, and con-
fequently in a horizontal fituation; the
reafon of which is, becaufe the poles of
the fimall magnet, being equally diftant
from the contrary poles of the large one,
are equally attracted. But if the {mall
magnet be moved a little nearer to one end
than to the other of the large magnet,
then one of its poles, namely that which
is neareft to the contrary pole of the large
magnet, will be inclined downwards ; and
of courfe the other pole will be elevated
above the horizon. It is evident that
this inclination muft be greater according
as the {mall magnet i1s placed nearer to
one of the poles of the large magnet, be-
caufe the attraction of the neareft pole will
have more power upon it. Farther, if
the {inall magnet be brought juft oppofite

ong
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one of the poles of the other, it will
turn the contrary pole towards it, and
will place itfelf in the fame {traight line
with the axis of the large magnet. —
Obferve the fig.

After comprehending this very cafy ex-
periment, the reader, in order to under-
ftand the phenomena of the magnetic
inclination or dipping needle upon the
- furface of the earth, needs only imagine
that*the earth is the large magnet, and
that the magnetic needle, or any other
magnet, is the fmall magnet of the pre-
ceding experiment; for, admitting that
the north pole of the earth is poffefled of
a fouth magnetic polarity, and that the
oppofite pole is pofiefled of a north mag-
netic polarity, it appears, as 1s con=-
firmed by actual experience, that when a
magnet, properly fhaped and fufpended,
1s kept near the equator of the earth, it
muft remain in a horizontal fituation ;
that if it be removed ncarer to one of the
poles of the earth, it muft incline one
of its extremitics, namely that which is
pofiefled of the contrary magnetic pola-

l'it‘_'.i';
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* rity ; that the faid inclination muft in=
creafc in proportion as the magnet or
magnetic needle recedes from the equa-
tor of the earth ; and laftly, that when
brought juft upon either of the poles of
the earth, i1t muft ftand perpendicular to
the ground, v:z. in the fame ftraight line
with the axis of the earth. The direction
of the dipping needle, in any place, is
called the magnetical line.

My reader muft not be furprifed to hear,
that a fouth magnetifm is attributed to
the north pole of the earth 5 it being only
meant, that it has a magnetic polarity
contrary to that end of the magnetic
needle which is dire€ted towards it ; and,
as we call that fame end of the needle a
north magnetic pole, we muft of neceflity
attribute a contrary polarity, that is, a
fouth magnetic polarity, to the north pole
of the earth. With a proper change of
names, the fame remark muft be under=-
ftood of the fouth pole of the earth, which
therefore muft be confidered to be pof=
fefled of a north magnetic polarity.

That the whole body of the earthacts like

a real
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a real magnet, is a {uppofition, not only
fuggefted by the fimilarity between the
phenomena of the dipping needle and the
above-mentioned experiment ; but is con-
firmed by many other experiments and ob-
fervations, fo that it would be fcepticifm
indeed to doubt of it: we fhall, however,
examine this fubje&t more at large in the
next Part.

If the poles of the earth, vzz. the ex-
tremities of the axis, about which it
performs the diurnal rotation, coincided
with its magnetic poles, or even if the
magnetic poles were always at a fixed
diftance from them, the inclination of the
magnetic needle would be regular, and
navigators could derive great advantage
from it; for it would not be difficult to
determine, by mathematical means, the
degree of the inclination of the needle in
any given latitude ; and confequently, by
obferving the atual inclination of the
dipping needle in any required place, the
mariners could thereby afcertain the lati-
tude of that place. The cafe, however,
is far different ; for the magneticlpoles of

the
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the earth are continually fhifting fitua=
tion, and that without any known regu=
larity or period : hence, the inclination,
as well as the horizontal direétion, of the
needle is continually changing in the fame
place, and generally it changes very little
in one place, and a great deal or nothing in
another ; fo that the exact degree of its in-
clination, in any given place, can only be
alcertained by actual experiment.— Here
follow a few obfervations of the inclina=
tion of the needle in various places.

Latitude, Longitude, f The north end of | ¥ears ih whick
North, Eait. the needle below | the obfervati-
the horizon. ons were made.

o ! o ! o !

53+ 55-1193- 39 69. 10. [ 1778.
A0. «30: 233\;&&'10. TE L

Ads S5 ls Ot 10. (2T aET e
cdoiatita e v e el b B ¢
Qoo 55 PR 866 1 2.
2git - w80l 16 poigelbe:ii .
24sn 184 b ERs FLT . £0 e O
RO A, [ IO 0. | Eh - LE,
P O e R

: 234. 35~ 48- 26.

12, I

10. - Uotfigesk poREALO T2,
L . 2| 204 10.|37.: 25.

O gl it e gopinag

Latitude,
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atitude Longitude The north end of | Years in which
- !-'HS.:;.nEI:.Ir Eaft. g the needle below | the obfervarions
the horizon. were made.
o ' o] ! o !

4. 40.| 30. 34.|22. 15. [1776.
Faousd ol 838 ri2 I 57
T R VTORRT- 7 oA PN PR W

Eaft. Sﬂur_hhl::d be-

RS TR OIS e v o o pye
1g.: 2d.]204. TI.l14I. O

i e b Sl T Rl o el 8

35- 55-| 18. 20.145. 37.11774.

il R e e

45. 47.'166. 718, 70, = 5. '1773.
Two principal obfervations may be made
with refpe& to the dipping needle: the
firft is, that its inclination does not alter
regularly in going from north to fouth,
or from the latter to the former, along
any meridian; and the fecond is, that
its alteration in the fame place, at dif-
ferent times, 1s very {mall: Thus, in
L.ondon, about the year 1576, the north
pole of the dipping needle ftood 71°. ¢0'.
below the horizon ; and in the year 1775
it ftood at 72°. 3, the alteration of the
inclination in fo many years amounting to
lefs than a quarter of a degree, which may
F be
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be even attributed to the error of the in-
ftruments, fince, as will appear in the
fequel, thofe inftruments are far from

having attained to any perfeétion, even in
the prefentage.

——r T N —— e

CHAPTER VI

Of the various bodies which are attratled
by the magnet.

ROPERLY {peaking, the magnet
attrats only iron, in whatever ftate
that metal may be ; but, as moft natural
bodies contain too fmall a quantity of
iron to be called ferruginous, and yet
they arc attraCted by the magnet, it is
proper to enumerate them in this chapter,
not only to fhew the great difperfion of
iron throughout the works of nature, but
al{o, becaufe thofe obfervations feem likely
to open the way to farther difcoveries in
other branches of philofophy as well as

magnetifm.
‘A he lift of thofe bodies is very com-
prehenfive ;
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prehenfive ; there being hardly any fub-
ftance, but which, if not naturally, at
leaft by fubjelting it to the action of fire,
may be rendered, in fome meafure, capable
of being attracted by the magnet.

Iron is attrated with different degrees
of force, according to the different ftates
of its exiftence; but it never becomes
quite infenfible to the magnetic power.
Even the pureft calx, or the compleateft
folution, that has been produced of that
metal, when properly examined, is found
to be in fome degree attraCted by the
magnet. :

Soft iron, clean and of an uniform tex-
. ture, is attracted more forcibly than the
hard, or any other fort of iron. Steel, efpe-
cially when hardened, is attra&ed much lefs
forcibly than iron. The f{cales which are
feparated from the furface of red-hot iron
when hammered, and the particles of
burned fteel that are produced from the
collifion of a flint and fteel, are attracted
by the magnet about as well as pieces of
good iron that equal them in bulk.

The black calx of iron is attracted very

| ) weakly,
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weakly. The red calx, or ruft, whether
it be produced by the a&ion of acids, of
fire, or of expofure to the atmofphere, is
attracted very little; but it never, becomes
quite infenfible of the magnet’s action,
though it be repeatedly wathed and pu-
rified.

When the particles of iron are in the
form of bliack fcales, or even in that of red
calx, they 2re often of fuch a nature, per-
haps owing to their hardnefs, as to acquire
a weak but fenfible polarity from the in-
fluence of a ftrong magnet; fo that, by
changing the pole of the magnet that is
prefented to them, they may be made to
turn accordingly ; though, in general, theyaze
attracted alike on every fide.

Befides the different ftates of purity, the
attration between the iron and a magnet
is fubje& to a confiderable variation, arifing
from the fize of theiron; for a fingle piece
of iron of a certain bulk, which, as was
obferved in the 3d chapter, muft be de-
termined by experiment in any magnet,
is attracted more forcibly than either a

larger or a {maller picce, or than many
' pieces,

m——
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pieces, which, taken all together, are equal
to it in weight ; hence it follows, that a
quantity of iron is attracted with the leaft
force, when reduced into the {malleft bits,
or fineft powder.
The ores of iron are attraCted more or
- lefs readily, according as they contain a
greater or fmaller quantity of metal, and
as that metal is in a more or lefs perfet
metallic ftate ; but they are always at-
trated, even thofe which contain fo {mall
a quantity of metal as hardly to deferve
the name of ores. |
By the action of fire, the iron ores are
generally put in a ftate of being much
more readily attracted, which is evidently
owing to their acquiring. more of the in-
flammable principle, or to their approach-
ing nearer to the perfe® metallic ftate.
In fadt, if thofe ores which are very weakly
attracted, be expofed to the aétion of fire,
when they are furrounded by fubftances
“ that abound with theinflammable principle,
they are thereby rendered much more ca-
Pablc of being attracted, than if they be
Foaq expofed
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expofed to an open fire, and to the current
of air, by themfelves.

The ores of other metals are generally,
though weakly, attracted by the magnet,
which fhews their containing fome iron ;
fuch are the ores of lead, of tin, and of
copper. Native cinnabar i1s likewife at-
tracted ; but the facitious cinnabar 1is
not *,

The pure metals are not attracted ; and
it 1s very fingular, that though pure lead
is not attracted in the leaft by the magnet,
yet its calx is a little attracted. The calx
of tin is likewife attracted, but even in a
{maller degree .

Of the {emi-metals, zinc, bifmuth, and
particularly cobalt, as well as their ores,
are almoft always attracted by the magnet.
Antimony is not attracted unlefs it be firft
expofed to a gentle fire. Arfenic is not
attracted at all.

# This remark fhews, that the colour of a mineral
is not always a fure indication of its containing iron ;
for both forts of cinnabar have the fame red colour.

t See Brugman de aflinit. magnet. § xxxix.

A certain
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A certain fort of bifmuth is faid to poffefs
avery fingular property, which is, that the
magnet repels it on every fide *.

Whoever confiders the vaft difperfion
of iron throughout the world, and its being
always capable of attrattion towards the
magnet, will eafily believe, that there is
hardly any fubftance in nature, which, if
not in its ufual ftate, at leaft by burning,
may be rendered capable of being in fome
meafure attracted by the magnet.

The other minerals befides the metallic,
are almoft all attracted by the magnet, at
leaft after having been expofed to the action

¥ ¢ Bifmutum colore albo, argenteo, nitente, tra-
¢ hitur a magnete, crefcitque illius attractio ex igne
¢« femimetallum hoc in calces vertente ; fed bifmu-
¢ tum cujus colori magis obfcuro quid de violaceo
inhzrebat fingulare admodum phznomenon exhi-
buit. Ejus fcilicet portio, circello chartaceo aqua
innatanti immifla lente, ab utroque magnetis polo
in omnem plagam repellebatur. Huic fimile quid
me femel tantum, et cafu, inter millena experi-
menta magnetica, obfervafle memini, in molecula
exigua ex lapide noftro molari excuffa. Repulfio
hec bifmuti fingularis in attractionem ignis ope

£c
11
(11
L1
(11
(14
11
[ 11

¢ mutatur perquam tamen centinuo exiguam.”

Brugman de affinit. magnet. § xI,

B of
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of fire *..  Of the pure earths, the calca-
reous is left or not atall, and the filice-
ous the moft frequently, attracted. Sand is
generally attracted, efpecially the black
fea-fand, which evidently contains a good
deal of martial earth, or rather half-form-
ed iron.

Amber and other combuftible minerals
are generally attratted by the magnet, efpe-
cially after burning.

Of the precious ftones, thofe which are
pellucid, as the diamond, and cryftals, are
not attracted,  The amethyft, topaz, chal-
cedony, and generally thofe which are de-

¥ When fubftances are to be burned, or, as it is
called by feveral mineralogifts, are to be roafted, for
the fake of rendering them more eafily capable of be-
ing attraled ; it has been recommended by various
ingenious perfons, to furround them with what they
call a reducing flux, viz. with fubftances that con-
tain abundance of phlogifton, in order to revivify,
as much as poflible, the fmall quantity of iron calx
which is in the fubftances to be examined ; but care
fhould be had, that, in this operation, fome quantity of
iren be not imparted to thofe fubftances by the redu-
cing flux itfelf.—A common earthen crucible, though
itfelf magnetic, yet it has been found that it impar(s -
no iron to the fubftances that are expofed in it to
the fire,

prived
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prived of their colour by fire, are not
attraGted. The other precious ftones are
all attracted ; viz. the ruby, efpecially the
oriental, the chryfolite, and the tourma-
lins, The emerald, and particularly the
garnet, are not only attratted, but fre-
quently acquire an evident polarity from
the influence of a ftrong magnet, fo that
afterwards they are attrated from one fide
and repelled from the other. The opal is
but weakly attracted.

Almoft every part of animal or vegeta-
ble bodies, after combuftion, is in great
meafure attracted by the magnet. The
fleth, and efpecially the blood, after burn-
ing, are attra¢ted moft, but the bones
are attracted lefs powerfully. The ve-
getables, after burning, are almoft all,
though not all with equal force, attraGed
by the magnet. But unburned and frefth
animal or vegetable {ubftances very {eldom,
if eyer, fhew any perceptible attraction
towards the magnet.

It is very remarkable, that even foqt, and
the duft which ufually falls upon whatever
is left expofed to the atmofphere, are fen-
fibly attracted by the magnet.

' Thus
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Thus it appears that iron, though divi-
ded into exceedingly fmall particles, is in
fome ftate or other mixed with every fub-
ftance ; that it is to be found in animals, in
vegetables, in minerals, and even in the air;
that in every ftate of exiftence it always
thews fome attraction towards the magnet;
and that its exiftence in feveral fubiftances
can be difcovered by no other known me-
thod befides the magnet. But a judicious
enquirer might afk, Why muft we conclude
that a {fubftance contains iron, only becaufe
it is in fome meafure attraced by the mag-
net ? and when he is told, that the mag-
net attracts only iron, he might again atk
for a demonftration of that law.—Indeed
it feemsalmoft certain, that fome bodies, in-
dependent of iron, are attrated by the
magnet; but, as the proofs of this aflertion
depend upon fome of the author’s own
experiments, which will be related in the
laft Part of this work ; it {feems not proper
to admit the above-mentioned affertion as a
law in this place.
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CHAPTER VIL
Of communicated Magnetifin.

H E N a piece of iron or fteel, or,

in fhort, of any ferruginous body,
15 prﬁ:fented to a magnet, within a proper
diftance of one of its poles, it becomes in=-
ftantly magnetic, the part of it, which is
neareft to the magnet, acquiring the con-
trary polarity, &c.

This acquired magnetifin is ftrongeft
with foft iron, and weakeft with hardened
fteel, or with the brittle fort of caft iron;
the other forts of iron or ferruginous
bodies acquiring a ftronger or weaker
power, according as they approach the
hardnefs of the latter or the foftnefs of
the former. But the permanency of the
acquired magnetifm follows juft the reverfe
of this rule; fo that the hardeft fteel re-
tains it for many years with little or no
diminution ; whereas very foft iron lofes
it entirely the moment it is removed from
the influence of the magnet; the other
ferruginous bodies preferving it for a lon=

10 ger
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ger or fhorter time, according as they
participate more of the nature of hard
fteel, or of that of foftiron. Hence it may
be deduced, that, in'general, the beft method
of making artificial magnets, confifts in
applying one or more powerful magnets to
pieces of the hardeft fteel, becaufe thofe
picces will thereby acquire a confiderable
power, and will retain it for a long time;
taking care, in this operation, that the north
pole of the magnet or magnets be applied
to that extremity of the piece of fteel which
is required to be made the fouth pole, and
that the fouth pole of the magnet be applied
to the oppofite extremity.—In the fame
manner as a piece of fteel or iron is ren-
dered magnetic, a weak magnet may be
rendered more powerful, or its power may
be reftored when loft.

Itisevident, that in this method the ope-
rator {hould have one or more magnets, by
the application of which the fteel, or other
ferruginous body, may be rendered magnet-
ical ; therefore it may be atked, By what
means is magneti{m originally given, to

fuch artificial magnets as are faid to have
that
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that power imparted without the inter=
ference of any magnet ?—The anfwer to
this queftion is, that no magnetifm at all
can be communicated to any ferruginous
body whatever, without the action of ano-
ther magnet ; and that, in the method vul-
garly called, of giving magnetifm to ftecl,
&ec. without the aid of amagnet, the begin-
ning of the magnetic power is communi-
cated from the earth, which is a real mag-
net; and therefore there is no magneti{m
communicated but by the action of another
magnet.

The experiment which fhews the mag-
netifm of the earth in the cleareft man-
ner poffible, and by which means the be-
ginning of that power is communicated in
the above-mentioned method, is the fol-
lowing :

Take a ftraight bar of foft iron (one of
two or three feet in length, and about three
quarters of an inch in diameter, will an-
{wer perfeétly well), and, in thefe parts of
the world, if you keep it ina vertical pofi-
tion, that is, with one end A towards the
ground, and with the other end B upwards,

you
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you will find that the bar is magnetic;
the extremity A being a north pole, capable
of repelling the north pole of a magnetic
needle, and the upper end B being a fouth
pole, capable of repelling the fouth pole,
and of attracting the north pole, of the
magnetic needle.~If you invert the bar,
placing it with the extremity B down-
wards, its polarity will be inftantly rever{-
ed, B becoming the north, and A the fouth
pole ®*. The explanation of this curious
phenomenon is eafily deduced from the
foregoing obfervations ; for, fince in thefe
northern parts the earth is poflefled of a
fouth magnetic polarity, the loweft part of
the iron bar, by being neareft to it, muft
acquire the contrary, namely the north
polarity ; the other extremity of the bar
becoming a fouth pole.

It follows likewife (and it is confirmed
by actual experiment) that in the fouthern
parts of the carth the loweft part of the bar

* An iron bar of four or five feet in length, and
above an inch thick, in this fituation, will be capable
of attracting a fmall bit of iron, ora common fewing-

needle, )
acquires
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acquires the fouth polarity ; that on the
equator the bar muft be kept horizontal,
in order to let it acquire any magneti{m
from the earth; and that, even in thefe
parts of the earth, the moft advantageous
fituation of the bar is not the perpendi-
calar, but that a little inclined to the
horizon. In fhort, in every part of the
world it muft be placed in the magnet-
ical line, v/z. in the dire&ion of the dip-
ping needle *,—If the iron bar, inftead of
being kept in the magnetical line, be
placed in a dire&ion perpendicular to it,
then it will acquire no magnetifm, becaufe
in that fituation the actions of both poles of
the carth upon each extremity of the bar
arec equal. If, inftead of the above-men-
tioned two directions, the bar be placed in
any other pofition, then it will acquire
more or lefs magnetic power, according
as it approaches nearer to the former
or to the latter of the faid two direc-
tions.

A bar of hard fteel, or of hard iron,
does not acquire any magnetifim from

* Sce the fifch chapter of this Part,
the
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the earth, like the bar of foft iron, be=
caufe the magnetic power of the earth
is weak, in proportion to that which is
required in order to render a fteel bar
magnetic. ;

Having thus defcribed the general
phenomena of communicated magnetifm,
we muft now proceed to enumerate the
particular laws, which have been afcer-
tained concerning them.

A magnet, by communjcating mag-
netifm to other fubftances, not only lofes
nothing of its power, but has it rather
improved.

A magnet can never communicate a
greater power than itfelf pofiefies, or even
an equal degree of it; but feveral mag-
nets, of nearly an equal degree of mag-
netifm, when joined together, have a
ftronger power than one of them fingly;
hence, in order to impart a ftrong mag-
netic power to a given body A, by means
of a weak magnet B, one mutft firft render
feveral bodies C, D, E, F, &c. weakly
magnetic, and then, by properly joining
£:D, E, F, &c. tngether,_hc may com-

municate
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thunicate to another body, or feveral other
bodies, a ftronger magnetifm, till, at laft,
he will be able to communicate to A the
required degree of magnetic power.

It is almoft fuperfluous to mention, that
when the ferruginous body is applied in
conta® with the magnet, it acquires 2
ftronger power than if it be placed at fome
diftance from its furface.

When a ferruginous body is expofed
to the influence of a magnet, though it
acquires the greateft part of the power at
the very firft perceptible inftant; yet, in
order to acquire the utmoit degree, of
which that body may be capable, it muft
remain in that influence for a confiderable
time. Soft iron acquires the maximum
of magnetic power very readily ; but; ac-
cording as the nature of the ferruginous
body is harder, {o the maximum of the
power is communicated {flower.

Agreeably to thofe laws, it has fres
quently been obferved, that bars, and other
pieces of iron, by having remained a long
time in one fituation, have become mag-

& netic.
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netic ¥, Sometimes iron bars, which
were not capable of a permanent mag-
netifm on account of their foftnefs, have
in time, and by being left expofed to the
atmofphere in a due fituation, acquired a
confiderable degree of magnetifm; but it
has been alfo remarked, that thofe bars
have, at the fame time, become harder;
which is, perhaps, owing to a partial
calcination, or to fome other hitherto un-
afcertained change in the nature of the
iron.

The polarity thus communicated by the
earth toiron bars, is more or lefs permanent,
in proportion to the degree of hardnefs of
the iron, the time of their remaining in one
fituation (the moft proper being that of
the dipping needle), and laftly, the fhape
of the iron, or the proportion between
the thicknefs and length of the pieces.

An oblong piece of iron made red hot,
and then left to cool in the magnetical

# 1t is frequently found mentioned in books, that
fome pieces of iron, which had remained in one fitua-
tion for many eenturies, were become as ftrongly
magnetic as good natural magnets.

line,
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line, acquires thereby a degree of mag=
netifm, which is more or lefs permancnt,
according to the nature of the iron, The
reafon of which is, becaife, whilit red hot,
the ifon is foft, and therefore the earth
can render it magnetic more eafily ; but,
when cooled, it becomes harder, 4nd con-
fequently more tenacious of the acquired
power.

In drilling, filing, hammering; and; in
fhort, in all thofe cafes in .which iron,
fteel, 8c. is put into violent action, fome
of the pieces concerned frequently acquire
a confiderablé degree of magnetifim; the
origin of which muft be derived from the
earth, and from the changeable nature of
the metal, or the viciflitudes of heat, cold,
and vibratory motion; in which it is ae-
cidentally put.

It feems that, for the fame reafons,
magnetifm is in certain cafes produced by
means of eletricity; the particulars ob-
ferved, concerning which, are the follow-
ing, and thcy were afcertained by means
of the moft powerful eleérical machine
that has been yet made. — They in a

G 2 great
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great meafure, coincide with thofe made
with other machines.

When the bar or needle is laid horizon-
tally in the magnetic meridian, whichever
way the fhock of an eletric jar or battery
enters, the end of the bar that ftands
towards the north will acquire the north
polarity, viz. the power of turning to-
wards the north when freely fufpended ;
the other end acquiring the {fouth polarity.
If the bar, before it receives the fhock,
has fome polarity, and is placed with its
poles contrary to the ufual direction, then
its original polarity is always diminifhed,
and often reverfed.

When the bar or needle is ftruck ftande
iﬂg Pgrpgndicular]y in thefe parts of the
world, its loweft end becomes the north
pole, even when the bar had fome mag-
netifm before, and receives the fhock
whilft ftanding with its fouth pole down-
wards. When all the other circumftan-
ces are alike, the bars feem to acquire
an equal degree of magnetic power, whe-
ther they are ftruck whilft ftanding hori-
zontally in the magnetic meridian, or pera

pendicular to the horizon.
Wh-
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When a bar or needle is placed in the
magnetic equator, the fhock fent through
its length very feldom, if ever, renders it
magnetic ; but if the fhock be pafled
through its width, then the needle be-
comes magnetic, the extremity of it
which laid towards the welt, generally
becoming the north pole.

If a needle or bar ftrongly magnetic,
or a natural magnet, be ftruck by the elec-
tric thock, its power is thereby dimi-
nithed.

When the fhock is too ftrong, with re-
fpect to the fize of the fteel needle, {o as
to render it confiderably hot, then it ac-
quires' either none at all, or a very {mall
degree of magneti{fm *,

Hence, a ftroke of lightning, which is
an eletrical phenomenon, often renders
magnetic picces of iron, of fteel, or thofe

* ‘For thofe experiments, the bars or needles muft
be proportioned to the degree of ele&ric power; other-
wile, they will not fucceed. See Van Marum’s ac-
count of a very powerful ele@rical machine, con-
ftructed for the Mufeum of Teyler at Harlem ; and my
Y reatife on Electricity, vol. i, p. 66, and vol. ii, p. 282.

G 3 bodies
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bodies which contain iron, as certain
bricks, &c. '

If one pole of a magnet, for inftance
the north, be app]ied to one end C of an
oblong picece of iron or fieel, like C D,
fig. 3d of plate I. that end C will become
a fouth pole; and if the bar C D be very
long, there will be found a part of it, not
far diftant from C, which is pofleffed of
the north polarity ; and this is followed
by another part, poflfeffled of the fouth
pu]arit}r; and f{o on alternately, till the
power becomes imperceptible; the nume«
ber of thofe fucceflive poles depend-
ing upon the ftrength, and principally
upon the length of the bar; but if the
bar be of a proper length and thicknefs,
which muft be likewife proportioned to
the ftrength of the magnet employed,
then the bar will have only two poles, its
other extremity D acquiring the north
polarity.

In the latter cafe, if that pole of the
magnet be gradually moved along the fur-
face of the bar from C as far as D, it will

afterwards
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afterwards be found, that the polarity of
the bar is entirely changed, the extremity
C being now poflefled of the north, and
the extremity D of the fouth polarity.

It is evident, that, whilft the magnet 1s
advancing along the furface of the bar,
the fouth polarity of the end C, before it
changes into a north polarity, muft de-
creafe in ftrength; and that when the
magnet is at a certain point M, the end
C has no polarity at all ; its fouth polarity
being juft vanifhing, and the north pola-
rity juft beginning. With refpect to the
extremity D, it muft be obferved, that
its north polarity, by the approach of the
magnet, is increafed as far as a certain
limit H ; after which, as the magnet
comes {till nearer to D, the north po-
larity of this extremity decreafes, till it
vanifhes when the magnet is arrived at
a certain point N ; after which its north
polarity begins to be changed into a {outh
one.
The points M and N have been called
the points of indifference ; becaufe, when the
magnet is at M, the extremity C of the
bar has neither the fouth nor the north

G 4 polarity ;
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polarity ; and when the magnet is at N,
the end D has no polarity. The point H
has been called the culminating point, be«
caufe, when the magnet 18 at that point,
the polarity firft acquired by the end D of
the bar is the {trongeft.

As the determination of thofe points, in
bars of different forts of iron, of different
lengths, &c. not only fhews more evi-
dently the action cfthe'_magnct,*and points
out the advantages and difﬂdvantages at-
tending the practical methods of making
artificial magnets, but is befides likely to
open the way to farther difcoveries; there
have been no pains fpared to inve&igat.:
the particulars on which their fituation
dePci]ds, and a vaft number of accurate
experiments have been made for that pur-
pofe ; but, rotwithftanding thofe endea-
vours; fuch is the various nature of mag-
nets, of iron, &c. that the prefent know-
ledge of the fubje& does not allow thofe
points to be determined, in a given bar,
without a&pal experiments. — The ge-
neral laws which may be deduced from
the various e:{pfriment‘s made for this pur-

pofe, are the following :
1. Lhe
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3. The points M, H, and N do not
come always in the order fhewn by the
figure; but, though their order is not
always the fame, yet it is evident that
the point H can never coincide with, or
come after N, wv7z. nearer to the end D,
than the point N.

2. When the bars differ in length only,
every thing elfe being the {ame, the longer
the bar is (as far as a certain limit, which
&epcnds on the ftrength of the magnet em-
ployed) the greater is the diftance C M.

3. The ftronger the magnet is, which
is employed, the greater is the diftance
C M, as far as a certain limit, which de-
pends upon the proportion between the
power of the magnet and the length of
the bar; and beyond which limit C M
will be fhorter than if a weaker magnet
had been ufed.

4. When the bars differ in length on-
ly, every thing elfe being the fame, the
diftance C H is greater in a longer than in
a fhorter bar, as far as a certain limit,
which depends as has been mentmncd

abovc
5 The
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5. The ftronger the magnet is which is
ufed, the greater is the diftance C H, as
far as a certain limit, which depends as
above.

6. In a longer bar, every thing elfe be-
ing the fame, the diftance € N is greater
than in a fhorter one, as far as a certain
limit, &c. |

7. The diftance C N, in bars of equal
length, is greater when a f{tronger than
when a weaker magnet i1s ufed, as far as a
certain hmit, &c.

8. When the bars differ only in thick-
nefs, every thing elfe being the fame, the
diftance C M is greater in thicker than in
thinner bars; but the diftance C N is near=
ly the fame in them all, as far as a limit,
which depends as above-mentioned.

g. Laftly, when the bars differ only in
hardnefs, the diftances CM, CH, CN,"
are fometimes equal, fometimes greater,
and fometimes thorter, in the harder than
in the fofter bars *. '

Befides the points ‘of indifference and
culmination, there is another peint to be

# See Van Swinden’s Tentamina thesrie mathema-

tice de pbanomenis magnelicis.
confidered,
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confidered, namely, the magnetic centre,
which is the point or part between the
two poles, where the magnet has no at-
traction nor repulfion. With refpeét to
this point, I fhall briefly obferve, that it
does not always lie midway between the
two poles; and that, when one pole of a
magnet is drawn over the furface of an
oblong piece of iron, as in the above-men-
tioned experiment, the magnetic centre
moves forwards in pmpnrtinﬁ as the mag-
net is advanced ; butata certain limit both
the magnet and the faid centre are in the
fame place, or rather in oppofite fides of
the thicknefs of the bar. The motion and
place of the magnetic centre are fubject ta
a great deal of variety, arifing from the
nature, length, and thicknefs of the bar, as
well as from the ftrength of the magnet,
and from the manner of drawing it along
the furface of the iron or other ferrugi-
nous body.

When any magnet, but efpecially an ob-
long one, having two poles, is broke in two,
the magnetic centre of each part is at firft
generally much nearer that end of the piece

9 which
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which is contiguous to the fraGture; but
in time it advances nearer the centre of
the piece. |

What has been beerved concerning ob-
leng pieces of 1 iron or fteel, may ferve to
explain the phenomena which take place
in picces of an irregular form ; the parti-
cular enumeration of all which cafes would
be endlefs, and of little if at all of any
ufe.

Every piece of iron or ferruginous body
is capable of retaining only a certain de-
gree of magnetic power ; fo that if a ftrong
magnet be applied toa comparatively {mail
piece of ftecl, that piece, whilft it remains
within the influence of the magnet, will
appear to be very powerfully magnetic;
but as {oon as it is removed from the vici-
nity of the magnet, its power begins to
decreafe, and in a fhort time comes down
to that degree which the picce of fteel is
capable of, and which may be called sz
point of faturation. Hence it follows, that
if a certain magnet is juft fufficient to com-
municate to a piece of iron or {teel the full

power of magnetifm, of which that piece
1§
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is. capable, a ftronger magnet will not in-
creafe it in the leaft. : |

It has beenlong difputed, whethera piece
of iron or fteel was rendered heavier or
lighter by being made magnetic; but, upon
the whole, it {eems that its weight is not
affeCted by it *. '

As a piece of iron or fteel, &‘.c often
acquires magneti{fm only by ftanding in a
proper fituation ; fo, on the contrary,
magnets may lofe much or the whole of
their power by being improperly fituated ;
for, the fameaction of the earth which tends
to render them magnetic in the former,
- will endeavour to deftroy it in the latter.
The fame thing muft be underftood of the

* Gaflendus, Merfennus, and Gilbert, maintain
that the weight of needles is not altered by being made
magnetic. Mr. Whifton fays he found, by accurate
experiments, that a piece of fteel, weighing 4584 &
grains, loft 2% grains; and another, which weighed
65726 grains, loft 14 grains, by being made magnetic,
With other perfons, magnetifm feems to have increafed
the weight of feel.—But it is very probable that the
vicinity of iron, or of fome other ferruginous body,
might have had fome attion on the magnetic fteel
when it was weighed,

{ituation



d4 Laws of MaenetTisu.

fituation of magnets with refpect to each
other. Thus, if two magnets be placed fo
that their contrary poles may be contiguous
to each other, they will preferve one ano=
ther’s power; but if the north pole of one
be placed near the north pole of the other;
and the fouth near the fouth, then they
will entirely deftroy or diminifheach other’s
magnetifm ; and if their original powers
were very unequal, the polarity of the
weaker magnet will be changed by the
a&ion of the ftronger one.

In general, the fame means, which faci«
litate the communication of magneti{m;
when pieces of iron, &c. are properly fitus
ated with refpect to the poles of the earth;
or of other magnets, will likewife facilitats
the lofs of magnetifm, when the magnets
are improperly fituated ; thus, a red heat
deftroys in a great meafure, or entirely,
the power of a magnet. A fteel bar,;
ftrongly magnetic, will have its pow-
er much diminifthed by being repeatedly
ftruck between two ftones, efpecially if it be
{truck ftanding in a diretion perpendicu=

’ lar
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Jar to the magnetic meridian. A bar of
pretty hard iron, which has acquired fome
degree of permanent magnetifm, by being
made red hot, and then cooled in the di-
rection of the magnetical line, will have
that power deftroyed, or much diminithed,
by a few fmart blows on its middle.

We fhall now conclude this chapter with
an enumeration of thofe particulars which
are principally neceflary to be kept in view,
in order to afcertain the beft method of
conftrudting artificial magnets; referving
the praltical inftructions for the third
Part.

1. The nature of the body muft be
adapted to the power which is to render it
magnetic ; remembering, that the foft fer-
ruginous bodies both acquire and lofe
magneti{im eafier than thofe which are
harder.

2. The fhape of the bodies is to be con-
fidered next, experience fthewing that an
oblong one is in general preferable to any
other. In cafe of fteel bars, they ought to
be quitehard, in order to acquire the great-
eft poffible power, provided one has mag-

J1€L8
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nets fufficiently ftrong for the purpofe ;
and if cylindrical, their diameters ought to
be about th of their length; or if not
cylindrical, their thicknefles ought to be
fuch as nearly to equal the weight of
the cylindrical bars of the fame length,
~and the diameter of which may be about
«xth of their lengths.

3. Several magnets are much preferable
to a fingle one, for the purpofe of commu-
nicating magnetifm ; in the application of
which, it muft be remembered, that the
{fouth pole of the magnet produces a north
pole in the part of the ferruginous body to
which it is applied, and that the north pole
of the magnet produces a fouth pole in
the part, &c.

4. If 1t were required to conftruct a
ftrong magnet, when the operator has ei-
ther no magnet at all, or a very weak one;
he muft proceed gradually. It being im-
poflible for a hard and large fteel bar to
reccive any fenfible degree of magnetifm
from the action of the earth, or of any othet
weak magnet, the opemt:ﬁr muft begin

-with
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with giving magnetifm to feveral fmall
and foft fteel bars, impregnating one
at a time by means of the weak magnet,
or, if he have no magnet, by means of one
or more iron rods properly fituated, which
in that cafe are real, though weak magnets.
Then, by joining in a proper manner the
{mall fteel bars already made magnetic,
he may communicate a ftronger power
to larger and harder fteel bars; which
will be capable of impregnating bars
{till larger; and fo on.

CH A P T BV,

Promifcuous obfervations.

TH E diretive power of a magnet is
extended to a greater diftance than
jts attra&tive power; for inftance, if a
magnet be freely fufpended, another mag-
net, properly fituated within a certain dif-

H tance
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tance of the former, will turn it out of its
wonted direction ; yet the dcgf&e of at-
traCtion exerted by thofe magnets againft
each other, is not fenfible at that diftance;
which may be eafily tried, by fixing one
of the magnets to the fcale of a ba-
lance. The reafon of this property is,
that the direcive power depends both upon
the attration of the poles of different
names, and on the repulfion of thofe of
the fame name; whereas the attraction
takes place only between poles of diffe-
renf names.—In order to render this ex-
planation more intelligible, imagine that
a magnetic needle is freely fufpended, and
is placed within the influence or fphere
of action of a magnet. In this difpofition,
fuppofe that the north pole of the mag-
net attracts the fouth pole of the magnetic
needle with a force equal to ten grains;
and, as the attraction between poles of dif-
ferent names is nearly equal to the repul-
fion between poles of the fame name, it
follows, that the fame north pole of the
magnet repels the north pole of the mag-
netic needle with a force equal to ten

grains ;
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grains : but thofe two forces both concur
in altering the direcion of the necdle ;
therefore, the endeavour of the magnet, to
turn the needle’s diretion, is equal to 20
grains ; whereas the attration, or the
force by which the needle is drawn to-
wards the magnet, is only equal to the dif-
ference between the two above-mentioned
oppofite forces, which difference arifes
from the pole of the magnet being nearer
to oné¢ than to the other of the poles of
the needle.—The fame reafoning may bec
applied to the altion between the fouth
pole of the magnet and the fufpended

needle. |
It has been afferted by various authors,
that if a fhort bar of foft fteel be repeat-
edly ftroked from end to end, in any fitua-
tion, by a fufficiently long iron bar, like-
wife kept in any fituation, the fteel bar
will thereby acquire a confiderable degree
of magnetifm : from which it might per-
haps be inferred, that there is no neceffity
of deriving the origin of magnetifim from
the earth. But an accurate inveftigation
of this pretended fac has thewn, that the
H 2 ; fteel
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fteel bar will not acquire magnetifm in
every fituation. Indeed, as the bar of
iron is rendered more or lefs magnetic by
the earth in every fituation, except that
which is perpendicular to the magnetical
line ; in a random way of making the ex-
periment, it is almoft impofiible to keep
the bar {o near that direction as to acquire
no magnetifm at all from the earth ; but
if, in rubbing the fteel bar, the iron one. be
kept in a fituation nearly perpendicular to
that of the magnetical line, then the fteel
will acquire no magnetifm at all. Befides,
when the iron bar is kept in any fituation,
the degree of magneti{fm which it commu-
nicates to the bar 1s greater or lefs in pro-
portion as the direction of the bar is nearer
to or farther from that of the magnetical
line; which proves, beyond a doubt, that
the communicated magnetifm is originally
derived from the earth.

Thus far, relating to the laws of mag-
netifm, feems fufficient to be inferted in
this Part of the prefent work; and though
there are feveral other particulars neceflary
to be known, yet, as they either relate to

the
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the praical part, or cannot be eafily un-
derftood without the defcription of other
experiments, fo they will be inferted in
other places, which are more adapted to
their reception. I fhall, therefore, con-
clude this Part with removing fome
wrong notions relating to magnetifm,
which have been introduced by ignorance
and impofitien.

The 1mpoftors, who are always ready to
feize every opportunity of defrauding the
reft of mankind, and the ignorant, who are
always fond of myfteries, have, from time
immemorial, attributed f{everal extraordi-
nary properties to the magnet, which are
not only repugnant to reafon, but are ac-
tually contradi&ed by all the experiments
which have been made, and may be re-
peated by intelligent and impartial per-
fons.

It was formerly believed, that there
exifted feveral forts of magnets, fome of
which attracted gold, others attracted flefh,
&c. ; but even very lately it was believed,
by ignorant people, that there was a white
loaditone, which had the property of at-

H 3 traéting
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- tracting flefh : the origin of which error
18, that there are feveral minerals of an
earthy kind, moftlyargillaceous, which ab.--
forb moifture very faft; in confequence of
which, if they be put upon the lips, they
will adhere to it with fome degree of
force. |

A great deal of confufion in the {cience
of magnetifm has been alfo occafioned by
the application of the word magnetifin to
other things, which had nothing to do
withit. The chymical affinity between
metals, has been called the magnetifm of
metals, by fome old authors. The vibra-
tion occafioned by the found of mufical
{trings or pipes, upon others which were
tuned in concord to them, has been alfo
called the magnetifm of mufic. We hear
likewife of the magnetifm of aftronomy,
the magnetifm of water, &c.

But the greateft abfurdities relating tothe
magnet are, its pretended medicinal pro-
perties. As late as the beginning of the
laft century, it was pretty commonly be-
Jieved, that a plaifter made with powdered
loadftone, when applied to wounds, would

extract
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extra& iron, or even a knife, from the
human body *.—It was faid, that the chy-
mifts could extra@ an oil of wonderful
efficacy from the magnet, befides feveral
other preparations. Even at prefent it is
not unufual to find people who believe,
that the application of the magnet cures
the tooth-ach, eafes the pains of partu-
rient women, difperfes white {wellings,
&c.; and,on the contrary, that the wounds
made with a knife, or other fteel inftru-
ment, which has been previoufly rubbed
with a magnet, are mortal.

Without detaining the reader any longer
with the narration of more abfurdities, I
thall only obferve, that authentic fa&s
prove none of thofe pretended medicinal
or poifonous qualities in the magnet ; and,
as magnetifm does not affet the fmell,
the tafte, or any other fenfe of the body,
it is improbable, to the greateft degree,
that it thould have any effe® upon animal

* Kircher, who was himfelf of the contrary opi-
nion, relates feveral fuch ftories. See his work 4e
arte magnetica, lib, iii, chap. ii.

H 4 bodies.
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THEORY OF MAGNETISM.

H E attraction of the magnet, and

very likely moft of its other princi-

pal properties, have been noticed and ad-
mired from time immemorial; but the
caufe of thofe furprifing properties has
eluded the moft accurate refearches of very
able philofophers. Various theories have
been framed for their explanation,and many
conjectures have been derived from other
powers of nature, which were in fome mea-
{fure analogous to magnetifm ; but there is
a wide difference between matter of fa&t
and the offspring of the imagination. The
former is inveftigated and acquired with
labour, and rewards the induftry of the
fearcher; the latter often fhews the
weaknefs
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weaknefs of human underftanding, and
mifleads the blind follower.

Neverthelefs, the framing of hypothefes
in explanation of natural phenomena, has
been of fome ufe in philofophy, fince
they haveat leaft promoted the experimen-
tal enquiry, either for their fupport or for
their deftruction ; the diftinguithing cha-
raCteriftics between a falfe hypothefis, and a
‘true, or very probable one, being, that by
farther and farther examination, the fuf-
ficiency of the latter, in explaining the
natural appearances, becomes conftantly
more evident, whereas the abfurdity of the
former is rendered more manifeft. It is
therefore ufeful, after having afcertained 2
number of facts or laws of nature, to at-
tempt a theory for their explanation, ef-
pecially becaufe, when fuch theory, wvize
the real caufe, is once eftablifhed, the appli-
cation of its effects becomes more eafy and .
general. But every enquirer into the opera-
tions of nature ought to be ferioufly warn-
ed againft becoming too fond of any hy-
pothefis, even when it feems to have the

greateft degree of probability, |
In
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In conformity to thofe obfervations, the
reader muft not expect to find, in this Part
of the prefent work, a particular account of
all, or even of the principal hypothefes that
have been publifhed at different times by
diver sauthors. I fhall only mention, in
brief, what fcems to be more probable,
or what may lead to a farther inveftigation
of the fubject; and muft then refer thofe,
who are defirous of examining other
hypothefes, to the various books written
on magneti{m,

CHENV R TP s RO
Of the magnetifin of the earth.

HE hypothefis of the earth’s being

a great magnet, from which the
magnetifm of the ufual magnets, the di-
rection of the magnetic-needle, &c. muft
+  be derived, is evinced by fo many obferva-
tions, that there can hardly be a philofo-

6 pher
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pher fceptic enough to doubt of its truth,
The principal reafons which prove it, al-
moft to a demonftration, are, firft, that al-
moft all the phenomena which may be ex-
hibited with a ufual magnet, may be alfo
exhibited with the earth, as far as it may
be tried; and, fecondly, that vaft mafies of
iron, or ferruginous fubftance, actually
magnetic, are dug out of the earth almoft
in every part of it.

The phenomena of the compafs, and of
the dipping-needle, in different parts of
the world, and the magneti{m naturally ac-
quired by foft iron when properly fituated,
are exaCtly imitated by a common magnet
or a terrella; but the only phenomenon,
which has not been obferved with refpect
to the earth, and which is the principal
property of the ufual magnets, is the at-
traction of a piece of iron, or other ferru-
ginous fubftance, For inftance, if a piece
of iron be prefented to either of the poles of
a common magnet, it will be attraCted
powerfully by it ; but if it be prefented to
the middle of the magnet, the attraGion

will be found te be hardly perceivable; or at
leaft
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leaft incomparably weaker than at the
poles ; in conformity to which, 1t might
be expected, that a piece of iron fhould be .
attracted more powerfullydownwards when
near the poles of the earth than when near
the equator, which attraction, being com-
bined with the attration of gravitation,
ought to be known by the difference of the
weights of the fame piece of iron, when
weighed near the poles, and when Weighéd
near theequator ; for, if themagnetic attrac-
tion of the earth upon it be at all fenfible, it
ought to weigh more in the former cafe
than in the latter. But this difference of
weights has not yet been afcertained ;
however, if it were to be tried with all the
accuracy neceflary for {o nice an experiment,
I am inclined to think that it would be
found to anfwer, viz. that the fame piece
of iron would be found to weigh fomewhat
more, in places nearer to the poles, than
it does nearer to the equator; but even,
in cafe no fuch difference of weights
were obferved, it would be improper to
infer that the earth does not exert any
magnetic attration towards the iron on its

furf:acc,.



i1o THEORY oF MAGNETISM,

furface, and that this attraion is not {trone
ger near the poles than near the equator ;
becaufe, firft, the magnetifm of the earth
being very weak, the difference of the at-
traction in different places muft be like«
wife very fmall, notwithftanding the di-
rective power is confiderably ftrong ; for,
as was explained in the preceding Part,
the latter of thofe powers extends to a
much greater diftance than the former.
And, fecondly, it muft be confidered,
that the equatorial diameter of the earth
i§ longer than its polar diameter, and that
the attraction of gravitation, or the weight
of bodies, decreafes in proportion to the
fquares of the diftances from the centre of
the earth; in confequence of which, if
we abftract the magnetic attraction, and
confider only the attraction of gravitation,
it will appear, that the piece of iron
muft weigh more when weighed near the
poles than when weighed near the equator;
namely, becaufe, when near the poles, it
ftands actually nearer the centre of the

carth than when near the equator.
If the magnetic needle pointed always due
north
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north and fouth, or always within a certain
diftance of thofe points, it would fhow
that the earth has two fixed magnetic
poles, either coinciding with its aftronomi-
cal poles, or at fome diftance from the
fame ; but the continual variation of the
magnetic needle thows, that thofe magne-
tic poles of the earth move with re-
fpe& to the furface of the earth, and, on
this account, many fuppofitions have been
offered to the public by divers ingenious
perfons. It was imagined, that there was
a large magnet inclofed within the body
of the earth, which being not fixed to the
external part, moved with refpect to it,
and, confequently, occafioned the variation
of the needle; but in this cafe the va-
riation ought to be regular, viz. it ought
to move in all parts of the world, fo as to
an{wer to the two points of the large inter-
nal magnet ; which, however, is not the
cafe.

In order to fupply the deficiency of
this hypothefis, it was farther imagined,
that there were four magnetic poles with-

. 1n
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in the earth, which were moveable with
refpect to each other, and that, therefore,
the variation of the needle ought to be
derived from all their actions conjointly;
which would render the theory of the
variation exceedingly intricate : but, not-
withftanding this difficulty, a regularity,
within certain laws and limits, ought to
be ftill obfervable refpe&ing the varia-
tion ; but no fuch regularity has been yet
proved. In fhort, without detaining my
reader any longer on this point, it will
fuffice to fay, that no theory yet offered
has been f{ufficient to foretel, with cer-
tainty, the variation of the needle for any
futurc period of time, or for any place
diftant from thofe in which obfervations
have been frequently made.

- It is now proper to give a fthort account
of the principal variation charts that have
been publifthed, vsz. that of Dr. Edmund
Halley, which was formed upon the ob-
fervations made in the beginning of the
prefent century ; and the otherchart, form-

ed by Meflrs, Mountaine, and Dedfon,
UPUI'I
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upon the obfervations made in the courfe
of the year 1756 *.

The method ufed in the conftruction
of thofe charts is, to mark .down with
dots, on a general map of the world, all
the places in which the declination of the
magnetic needle has been afcertained, and
then to draw lines through thofe points,
obferving to let the fame line, whether
* crooked or ftraight, pafs through all thofe
points or places in which the declination of
the needle is the fame; thus, for inftance,
a line is drawn through all thofe places
in which the declination is 1o degrees weft;
another line is drawn through thofe places
where the declination is of another number
of degrees, and fo on; which are called
lines of declination 4. It is evident, that

¥ See the Phil. Tranf, for the year 1757,

+ Thofe lines which pafs through the points where
the north end of the needle declines to the eaft of the
meridian of the place, are called /ines of eaft declination 5
the > which pafs through the points where the north
extremity of the needle declines to the weft of the
meridian, are called lines of wef declination; and
laftly, thofe lines which pafs through thofe points
where the needle coincides with the meridian, are
called lines of no declination.

I
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in fuch charts the variation of the mag.
netic needle, in many places, muft be
merely a matter of conjeGure or guefs;
and, though there is a kind of tendency
of the lines of declination towards cer=
tain principal points, yet that feeming re=
~gularity is fubje& to many exceptions,
which render thofe declination charts of
no great ufe.

In Dr. Halley’s chart, the line of no
declination crofies the meridian of London
at about the 55th degree of fouth latitude,
it then proceeds in an arched manner
towards the weft of the faid meridian, and
increafing its curvature as it advances up
into the northern hemifphere, terminates
at Charles Town on the coaft of North
America.

In the other of the above-mentioned.
charts, the line of no declination pafies
more weftward of the meridian of London,
advances with a more irregular curvature,
and terminates on the coaft of Florida, at
about the goth degree of north latitude.

The lines of eaft variation are on the
concave fide of the above-mentioned line,

and
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and the lines of weft declination are on
its convex fide, advancing for a confider-
able extent with nearly the fame curvature
as the line of rio declination : but, as you
come on this fide of the tropic of Cancer,
the lines of weft declination, in both charts,
are almoft perpendicular to the meridians.

In the Indian fea, and in the fea between
the ifland of Madagafcar and the fouth
pole, the declination lines are confiderably
more irregular, foas to render it impofiible
to convey any diftinct idea of the fame by
writing : the reader, therefore, who is
willing to examine this {ubje&t much far-
ther, may confult the faid charts them-
felves.

There is one thing remarkable to be
obferved in thofe charts, which is, that
the declination lines do never crofs each
other.

In my opinion, it feems that the magnet-
ifm of the earth arifes from the magnetifm
of all the magnetic fubftances therein con-
tained, and intermixed with other bodies ;
that the magnetic poles of the earth may
be confidered as the centres of the pola-

I 2 rities
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rities of all the particular aggregates of
the magnetic fubftances; and that thofe
principal PDlE1S muft change place, rela-
tively to the furface of the earth, accord-
ing as the particular aggregates of mag-
netic {ubftances within the earth are in
fome manner or other altered, {o as to
have their power diminithed, increafed,
approached, or removed from the prin-
cipal poles. But, as thofc thoughts are
moftly depending on fome experiments
of mine, I fhall defer faying any thing
farther about them till after the account
of thofe experiments ; which will be found

in the fourth Part. |
Though no regularity has been eftab-
lithed with refpect to the variation of the
needle, yet, as the various fituation of
the magnetic poles within the earth occa-
fions a great variety of appearances, and
as the right underftanding of thofe varie~
eties may be of great ufe to thofe who
wifh to inveltigate this intricate fubject,
the developement of which would be of
valt ufe to mankind ; I fhall now fub-
join the principal cafes, which feem pof-
fible,
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fible, relating to the pofition of the mag-
netic poles; imagining, as 1s moft na-
tural to fuppofe, that they are two, and
that they lie on the furface of the earth.
Thefe cafes are no more than four, viz *.

Case I. I{ the magnetic poles of the
earth had coincided with the true poles
thereof, there could have been no decli-
nation or variation of the mariner’s com-
pafs in any part of the world (that is, if
the carth be uniformly-magnetical); for
in that cafe the needle, in pointing to the
magnetic poles, would always have point-
ed to the true poles alfo; this needle
would therzfore be neceflarily direéted
along the courfe of the meridian, or, in
other words, it would have no declina-
tion or variation either to the eaft or weft
thereof,

Cask II. If the magnetic poles were
fituated in the fame meridian, and in
oppofite parallels ; upon that meridian

* Thefe four cafes were drawn up by Dr. Lori-
mer, a gentleman of great knowledge in magnetics.

L which
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which paffes through the magnetic and
true poles, from the one of the magnetic
poles to the other, and upon the oppofite
meridian all along, there could be no de-
clination, for the reafon mentioned in the
former Cafe. Likewife, upon the equa-
tor there would be no declination; for
though if one of the magnetic poles were
only to a& upon the needle, in pafling
along the equator to the diftance of go
degrees in longitude eaft or weft, the de-
clination would increafe, fo that at go*
diftance from the line of no declination
it would be equal to the angle contained
between the magnetic and true poles ;
yet, as the other magnetic pole, in this
cafe, is always within the fame diftance of
the needle, it will act upon the oppofite
end of it with equal force, and confe-
quently will keep it parallel to itfelf all
round the equator. But in going from
the equator north or fouth, the declina-
tion would increafe fo as to be 180° on
the little arches or fpaces of the meri-
dian contained between the true and the
magnetic poles, which is the greateft pof-

" : {ible
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fible declination in all cafes whatf{oever.
It muft be farther obferved on this cafe,
that the lines of no declination, including
thofe arches of 180° form two great cir-
cles of the globe along the meridian and
the equator, crofling one another at right
angles, and dividing the furface of this
globe into four quarters, two in each
hemifphere, the one hemifphere having
weft declination in the north and eaft
declination in the fouth half thercof, and
in the oppofite hemifphere it would be
juft the reverfe; fo that each of the arches
or femi-circles of no declination would
have eaft declination on the one fide of
them, and weft declination on the other.
The {mall arches of 180° declination,
which are between the true and magnetic
poles, may be reckoned in all cafes as a
part of the lines of no declination; for
there indeed the needle conforms itfelf to
the meridian as well as in the other parts
of the circle, though its ends are reverfed.
In fhort, as all the lines of declination do
coincide and terminate in the magnetic
and true poles, fo thefe arches of 180° are

14 a kind
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a kind of limit, making with each of
thofe lines, as in the prefent cafe, a curve
line or figure returning into-itfelf ; which
. figures, from 180° between the poles, to
o® declination upon the equator, do each
of them include a fpace larger than the
other, till at laft they fill up the whole
quarter of the furface of the globe, and
conform themfelves, as nearly as poflible,

to the fthape and figure thereof.
As a variety of this cafe, it may be add-

ed, that the magnetic poles may be fitu-
ated in the fame meridian, but in pa-
rallels which are not oppofite. In that
cafe the only alteration which could hap-
pen 1s, that in the hemifphere in which
the magnetic and true poles are neareft to
each other, the figures formed by the lines
of declination become f{maller, and the
correfponding figures in the oppofite he-
mifphere, larger. The line of no decli-
nation, which, in this cafe, reprefents
the equator, would alfo be proportionably
nearer to thofe poles which are neareft to.

one another,

CaAsE
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Case III. If the magnetic poles were
fituated in oppofite meridians, and in op-

pofite parallels; upon thofe meridians
which pafs through the magnetic and true
poles there could be no declination, for the
reafons mentioned in the former Cafes.
But upon the equator, eaftward or weft-
ward, to the diftance of go° in longitude,
the declination would acually increafe, {o
as there to be equal to the angle which
meafures the diftance between the true and
the magnetic poles; and from thence it
would, in the fame manner, decreafe for
the other go° to the oppofite meridian.
The declination lines of 10°, 20°, &c. as
far as the greateft declination upon the
equator, in this cafe become arches or
curves, which conform themfelves, as near-
ly as may be, to the courfe and direction of
the lines of no declination, and are called
lines of the firft order. But the lines of
the greateft'equatorial declination crofs one
another at the diftance of go° in longitude
from the meridian or circle of no declina-
tion, fomething in form like the letter X,
or like two gothic arches joined at the
| vertex,
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vertex. They are called lines of the fe-
cond order, and may very properly be con-
fidered as the boundary between the lines
of the firft and third order, as the lines of
no declination are always boundaries be-
tween the lines of eaft and weft declination.
In this cafe, thofe lines of no declination,
including the arches of 180°, form only one
great circle along the meridian, dividing
the furface of this globe into two hemi-
fpheres, in the one of which there is
eaft declination, and in the other weft
declination.

From the greateft equatorial declination
to the arches of 18¢°, the declination lines
of the third order are curves returning
into themfelves, and in thape nearly re-
fembling parabolas erected upon thofe ar-
ches of 180°.

As a variety of this cafe, it may be added
that if the magnetic-poles were fituated in
oppofite meridians, but in parallels which
are not oppofite, then, in that hemifphere
in which the true and the magnetic poles
approached neareft to one another, the fi-
gure formed by the lines of declination

would
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would be fmaller, and in the oppofite he-
mifphere the correfponding figures would
be larger in proportion.

Case IV. This cafe is a very extenfive
one, viz. when the magnetic poles are fi-
tuated neither in the {ame nor in oppoflite
meridians ; and this fecems to have been
the real pofition of thofe poles ever fince
any obfervations of the declination of the
magnetic-needle have been made.

In this Cafe, then, thelines of no declina.
tion cannot be either in the dire&ion of a
meridian or along the equator, as in the
former Cafe, but in a kind of curves, which
are varioufly inclined to both ; ard they di-
vide the {urface of the globe into two parts,
but thefe parts are not hemifpheres, as in
the laft Cafe, for they may be of a very dif-
ferent extent. If the magnetic poles be
fituated in meridians nearly oppofite, the
. curvature of thofe lines will not be fo great,
that is, they become more like to Cafe IIIL.
But as the magnetic poles approach nearer
to the fame meridian, the curvature of the
lines of no declination becomes greater,
till they almoft touch one another, fome-

thing
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thing in form like the figure of the num-
ber 8, and at laft they complete the two
great circles, as in Cafe II. The lines of
the {econd order, which correfpond to the
greateft equatorial declination, if the mag-
netic poles be fituated in meridians nearly
oppofite, have a dﬁclination'hﬁarly equal to
the angle formed between the magnetic and
true poles, as in CafeIII ; butas the magne-
tic poles approach towards the fame meri-
dian, this declination decreafes, till at laft
it entirely vanifhes, as in Cafe II. Theother
declination lines in this Cafe are fo. fimilar
to the former, that they require only to be
referred to it. Laftly, it muft be obferved,
that, whether the magnetic poles be fi-
tuated in oppofite parallels or not, makes
as little difference in this as in the former
Cafe.

Hitherto the magnetic poles have been
confidered to lie on the furface of the
globe ; but if we attentively confider the
fituation which they may more likely have,
it will appear, that in all probability they
arec not fituated near the furface of this

globe, but at fome depth below it ; at leaft
this
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this muft be the cafe with the fouth
pole ; for, fince the water of the fea 1s in-
capable of magnetifm, and the f{outhern
hemifphere, efpecially about the fouth pole,
contains a vaft deal more fea than land ; it
is plain that the fouth magnetic pole muft
be fituated at leaft near the bottom of the
fea; in confequence of which, the variation
of the needle in that hemifphere muft
be different from what it would be if
the magnetic pole were fituated on the
{urface of the terraqueous globe. The fame
may be obferved with refpet to the fitu-
ation of the north magnetic pole. Befides
this, we mut alfo confider the irregula-
rities arifing from the unequal and irregu-
lar fituation of land and fea; it being na-
tural to conceive, that large tra@s of land
on one fide of the magnetic needle, will
draw it away from the real meridian,
whereas a large ocean can produce no fuch
cffect.—This, however, is fubje& to a
great deal of variety, arifing from the na-
ture of the land, the depth of the fea, the
nature of the ground at the bottom of the
fea, &cc. It appears, therefore, that a great

many
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many caufes combine to a& upon the
magnetic necedle, occafioning it to decline
from the true meridian, and that it is almoft
impoflible to form a ufeful theory upon it.
However, as this is a fubject of vaft impor-
tance to mankind, principally for the im-
provement of navigation, I am far from
meaning to difcourage its being properly
examined ; but only think it neceffary to
put all the apparent difficulties before the
cye of the refolute adventurer in this field
of intricate and difficult inveftigation.

€ HAP T ERe, 4L

Analogy between magnetifin and clectricity.

“THEN the knowledge of mankind,
relative to eleétricity, comprehen-
ded only the property of amber, and of a
few other bodies, which, after being rub-
bed, attract {mall bodies, this attraction
was hardly diftinguifhed from that of mag-
3 netifm ;
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netifin ; and in fact old books often defcribe
the above-mentioned property of amber,
under the appellation of the magneti{m of
amber. The modern {cientific improve-
ments, efpecially thofe made within this cen-
tury, have thewn, that ele¢tricity and mag-
netifm are two different powers of nature,
which are quite diftinét from each other;
but, at the fame time, it muft be confefled,
that there is a furprifing analogy between
them ; and, as it is by following the fimi=
larity between two {ubjeéts, that difcove-
ries are often made in philofophy, it feems
neceflary in this place to point out the par-
ticulars in which magnetifm and ele@rici-
ty refemble each other, and likewife thofe
in which they more effentially differ,
| That power which philofophers call
eleGtricity, is of two forts, namely, the
pofitrve and the negative eleirictty. It is
aninvariable law in eleéricity, that bodies
poflefled of the fame fort of | clectricity
repel each other, whereas thofe which are

poflefled of different ele@ricities attract
each other,

Thus
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Thus, in magnetics, there is 2 north and
a fouth pole; thofe parts of magnctic
bodies which are poflefled of the fame
polarity repel each other ; but thofe which
are poffefled of different polarities attract
each other.

In ele&ricity, whenever a body in a na-
tural flate is brought within the fphere of
action ofan eleétrified body, it becomes it-
{clf elettrified, and poffefled of the contrary
ele@ricity, after which an attrattion takes
place ; {o that in truth there is no electric
attration but between bodies poflefled of
different eletricities : for inftance, if a
piece of paper be brought fufficiently near
a glafs tube, cleCtrified pofitively, the paper
will acquire the negative eleéiricity, and
will then be attracted by the tube ; but if
the paper be fo circumftanced as not to have
it in its power to acquire that negative elec-
tricity, then no attraction will take place. !

Thus a ferruginous {ubftance, which is
brought within the {phere of altion of a
magnet, cannot be attracted by either pole
of the magnet, unlefs it acquires firlt a

contrary polarity.
One
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One fort of eleéricity cannot be produ-
ced by itfelf, but is always accompanied
by the other; thus, if a glafs tube be
electrified pofitively onits external {urface,
a negative ele@ricity muft exift, either on
its internal furface, or on the air contigu=-
ous to the tube.

In the fame manner, the two magnetic
poles are always together ; nor was there a
piece of ferruginous fubftance ever produ-
ced, which had one polarity and not the
other.

The ele@ric virtue can be retained and
confined by certain bodies, like glafs, am-
ber, refins, and others, called eleéZrics 3 but
it eafily pervades other {ubftances, called
conduétors, or non-eleftrics.

The magnetic virtue is retained by fer-
ruginous fubftances, efpecially thofe of a
hard nature, like hard fteel, and the mag-
net: but it pervades eafily, and without the
leaft perceivable impediment, all other forts
of fubftances. ,

On the other hand, the magnetic power
differs from the elecric, firft, in its not af-
feGingour{enfes withanylight, fmell, tafte,
or noife ; whereas the eleCtricfpark, thock,

K {mell,
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{mell, and tafte, arc known to every perfon
converfant in eleltric experiments. Se-
condly; magnetifim attra&ts only iron, or
thofe bodies which contain that metal in
fome ftate or other, whereas, the eleétric
power attracts bodies of every fort. Third-
ly; the eledlric virtue refides on the furface
of ele&trified bodies; whereas the magne-
tic is quite internal. Laftly ; a magnet
lofes nothing of its power by magnetizing
other fubftances; but an cleétrified body
lofes part of its eleltricity by eleCtrifying
other fubftances. Here, however, muft be
remarked, that an clectrified body lofes part
of its power, when in ele&rifying another
body touches it, and that body acquires
then the fame fort of eleétricity; but when
that other body is electrified by being only
brought within the fphere of action of the
former, in which cafe, it acquires the con-
trary electricity, then the former body
lofes nothing of its power ; for inftance,
fuppofe that a body A poflefies a certain
quantity of pofitive eleétricity, and that
another body B, in a natural ftate, be gradu-
ally brought near A ; then the body B, when

it comes within a certain diftance of the
ele&Grified
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clectrified body A, acquires a negative
ele@ricity, which negative electricity takes
away nothing of the power of the body
A ; but if the two bodies come very near,
fo as to touch, or as that the eleéricity of
the body A may leap from it to the other,
then the body B will become eletrified po-
fitively, and A lofes thereby part of its
power.—Indeed, if it be duly confidered,
this laft cafe does not feem ever to take
place with magnetifm ; for bodies appear
to be rendered magnetic merely by the ac-
tion of their {pheres of aivity, or by that
power which enables magnets to a& at
fome diftance from their own bodies 3 and
therefore we may juftly f{ay, that eleétrified
and magnetic bodies agree in this, wiz.
that they lofe nothing of their power, when
other bodies are cle@rified or rendered
magnetic in virtue of their {pheres of ac-
tivity.

Several other points of analogy, or of
difference, between magnetifm and eleétri-
city, will, perhaps, occur to thofe perfons
whe examine both fubjets; but if they
be attentively confidered, I think they will

Kia be



132 THEORY oF MAGNETISM.

be found to be comprehended in thofe
which have been enumerated above,

C H AP I E R-:IHI
Of the bypothefis of the magnetic fluid.

HE great defideratum in magnetics
i1s, to know the caufe which, in a
magnet, of whatever fort it may be, pro-
duces the attraction, repulfion, and other
magnetic phenomena. It is really fur-
prifing to obferve, that, by the mere con-
tact, or even by the vicinity of a magnet,
a piece of fteel, &c. acquires feveral ex-
traordinary properties, which it afterwards
retains obftinately, and that without hav-
ing its weight, thape, colour, orhardnefs al-
tered inany fenfibledegree, and without the
appearance of any fubftance being commu-
nicated to it by the magnet, which fub-
ftance is either perceived by our fenfes, or
at all hindered by the interpofition of any
known body.
Human imagination, ever ready to fup-

ply the deficiency of real knowledge,
has
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has offered abundance of hypothefes ; but
their infufficiency to explain .the various
phenomena of magnetifm, renders them
moftly improbable, and often evidently
abfurd. Some have imagined, that the
pores of ferruginous bodies are full of
valves, which permit the paffage of the
magnetic fluid in one direction, but pre-
vent its return backwards. Others have
imagined, that there is a perpetual circu-
lation of a certain fluid from one pole to
the other of every magnet; and of courfe,
that on the earth, which is a great magnet,
there is likewife a perpetual circulation of
this magnetic fluid from the regions adja-
cent to one pole to thofe adjacent to the
other.

Without detaining my reader with the
particular account,and confutation of thofe
and other hypothefes, I fhall only take no-
tice of the hypothefis propofed by the
ingenious Aepinus, which, though la-
bouring under {feveral objeftions, feems
however to be the moft plaufible *,

* Tentamen theoriz eleltricitatis et magnetifmi,
auftore F. V. T, Aepino, chap, i. § iii.

K3 From
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From the analogy of the eftablifhed or
more common hypothefis of electricity,
which goes under the name of Dr. Frank-
lin’s, Mr. Aepinus is led to imagine, that
there exifts a fluid produtive of all the
magnetic phenomena, and confequently to
be called the magnetic fluid ; thatthis fluid
is {o very fubtile as to penetrate the pores
of all bodies; and that it is 'of an elaftic
nature, v7z. that its particles are repulfive
of each other.

He farther fuppofes, that there is a
mutual attraCtion between the magnetic
fluid and iron, or other ferruginous bodies;
but that all other f{ubftances have no
action with, this fluid ; they neither at-
tracting nor repelling each other.

He then obferves, that there is a great
deal of refemblance between ferruginous
bodies and eleétrics, or non-conductors of
electricity ; for the magnetic fluid pafles
with difficulty through the pores of the
former, as well as the ele¢tric fluid pafles
with difficulty through the pores of the
latter, However, there is not a body that
has any action on the magnetic fluid, and

is,
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is, at the fame time, analogous to non-
ele@rics ; for inftance, there is no body,
the particles of which attraét the magne-
tic fluid: and yet this fluid can pervade
its pores without any obftruction. Iniron,
indeed, a kind of gradation of this fort
feems to take place; for the fofter the
iron is, the more freely does the magnetiq
fluid pervade its pores, and, on the con-
trary, the harder it is, the greater oppo-
fition it offers to the free paflage of that
fluid ; fo that the iron, when foft, feems
to be more analogous to non-eletrics than
when hard.

According to this hypothefis, iron, and
all ferrugfnﬂus fubftances, contain a quan-
tity of magnetic fluid, which is equably dif-
perfed through their fubftance, when thofe
bodies arenot magnetic; in which ftate they
fhew no attraction nor repulfionagainfteach
other, becaufe the repulfion between the
particles of the magnetic fluid is balanced
by the attracion between the matter of
thofe bodies and the faid fluid, in which
cafe thofe bodies are:faid to be in a na-

tural ftate: but when, in a ferruginous
K4 body,
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body, the quantity of magnetic fluid be-
longing to it is driven to one end, then
the body becomes magnetic, one extremity
of it being now overcharged with mag-
netic fluid, and the other extremity, un-
dercharged. Bodies thus conftituted, viz.
rendered magnetic, exert a repulfion be-
tween their overcharged extremities, in
virtue of the repulfion between the parti-
cles of that excefs of magnetic fluid ; which
- is more than overbalanced by the attrac-
tion of their matter, There is an attraction
exerted between the overcharged extre-
mity of one magnetic body, and the
undercharged extremity of the other,
on account of the attra&ion between that
fluid and the matter of the body; but
to explain the repulfion, which takes
place between their undercharged extre-
mities, we muft either imagine that the
matter of ferruginous bodies, when de-
prived of its magnetic fluid, muft be re-
pulfive of its own particles, or that the
undercharged extremities appear to repel
each other only becaufe either of them
attracts the oppofite overcharged extre-

mities ;
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mities ; both which fuppofitions are em-
barraffed with difficulties.

A ferruginous body, therefore, is ren-
dered magnetic by having the equable
diffufien of magnetic fluid throughout its
{ubftance difturbed, {o as to have an over-
plus of it in one or more parts, and a de-
ficiency of it in one or more other parts ;
and it remains magnetic as long as its im~-
permeability prevents the reftoration of
the balance between the overcharged
and undercharged parts. Moreover, the
piece of iron is rendered magnetic by the
vicinity of a magnet, becaufe, when the
overcharged part or pole of the mag-
net 1s prefented to it, the overplus of
magnetic fluid in that pole, repels the
magnetic fluid away from the neareft
extremity of the iron, which therefore
becomes undercharged, or poflfefled of
the contrary polarity, to the moft re-
mote part of the iron; which confe-
quently becomes overcharged, or poffefl~
ed of the fame polarity as the prefented
pole of the magnet. When the piece
of iron is rendered magnetic by prefent.

Ing
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g to it the undercharged extremity or
pole of the magnet, then the part of the
iron which is neareft to it, becomes over-
charged, &c. becaufe that part of the mag-
net, being deprived of its magnetic fluid,
attralts the magnetic fluid of the iron to
that extremity of the iron which lies near-
eft to itfelf,

In confequence of which it appears, that,
in order to give magnetifm to a body, as
a piece of fteel, the ftrength of the mag-
net employed mudt be {uch as to overcome
the refiftance, which the {ubftance of the
fteel makes againft the free paffage of the
magnetic fluid ; hence, a piece of foft ftecl
is rendered magnetic more eafily than a
hard one; hence, a ftronger magnet will
render magnetic fuch ferruginous bodies as
other fmaller magnets have no power
upon.

The action of two magnets upon each
other is likewife eafily explained by this
hypothefis. When two equal magnets op=
pofe their contrary poles to each other, they
thereby preferve and ftrengthen their pow-

cr; but when the homologous poles of
L . two
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BAA SR T o

PRACTICAL MAGNETISM,

HE obje&t of this Part of the

prefent work is, to defcribe thofe
experiments which are neceflary to prove
the laws of magnetifm mentioned in the
firft Part ; and alfo, to defcribe thofe in-
ftruments which are neceflary for the ufes
to which magnetifm is fubfervient, In
this defcription, both of experiments and
of inftruments, I fhall principally infift
upon thofe particulars, which, being of a
general nature, may ferve as fixt points tq
guide the ingenious experimenter in the
contrivance of ‘more perfet inftruments,
and in the performance of the neceffary
experiments by the moft eafy means, 1t

being
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being very well known, that, to be obliged
to procure a particular inftrument for al-
moftevery experiment, which is meftly the
cafe with beginners, when complicated and
formal apparatuffes are defcribed, confi-
derably retards the propagation of ufefu]
knowledge.

C-HAPTE Rl
" Defcription of the magnetical inflruments.,

F we colle® under one point of view
the magnetic properties, it will be
found that they may be comprehended un-
der two general clafles, namely, the aftion -
of the magnet uponunmagneticferruginous
bodies, and the action of one magnet upon
another. The firft confifts only in com-
municating the magnetic power; the
fecond comprehends the attraction and
repulfion, a confequence of which is the
direCtive property, viz. the compafs and
dipping needle. Therefore, the principal
inftruments
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inftruments in magnetics are, a few mag-
nets or magnetic bars, a magnetic needle
for the magnet’s horizontal direction, and
the dipping needle, to fhew the mclma—
tion.

- If one do not want to be very nice and
particular, a common horfe-fhoe artificial
magnet, which cofts very little, and a few
fewing-needles, will fhew feveral experi-
ments ; but perfons who wifh to be more
exa&®, and to make improvements in the
fubject, ought to be provided with a
good fet of artificial magnets, which ufu-
ally confifts of fix bars, a few {mall mag-
netic needles, a pretty large needle in a
proper box with a graduated circle, and a
dipping needle; to which may be added,
fome picces of ficel wire, twe or three
bars of foft iron, and a few other things
of no great expence, but very ufeful for va=
rious experiments.

In this chapter I fhall defcribe only the
three principal inftruments, vzz. the bars,
the needles, and d1ppmg needle, the reft
being mentioned occafionally in the de-
fcription of the experiments. |

Thm
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The magnetic bars are generally fix in
number, and they ought to be made of
the beft fteel, and left quite hard; but,
however, there is not a characteriftic yet
known, by which the ftecl, capable of
acquiring the greateft magnetic power,
may be diftinguithed. It will be proper,
therefore, to try the fteel previoufly to
ufing it for the conftruction of the bars.
For which purpofe, take a piece of it,
about three inches long, and about a
quarter of an inch in thicknefs (no
matter whether round or fquare), make
it red hot, and in that ftate plunge it in
cold water, which hardens it {fo that a
file will not touch it. This done, apply
two powerful magnetic bars to its ex-
tremities ; keep them in that fituation for
about a minute, taking care to let the north
pole of one of the magnetic bars touch
one extremity of the piece of fteel, and
the fouth pole of the other bar touch
the oppofite extremity of the fleel :: then
try whether the piece of fteel will hold
fufpended a key or other piece of iron that
may be at hand. Thus, by trying feveral

pieces
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picces of fteel of different forts, and by
treating them all alike, you will eafily
perceive which is capable of lifting the
greateft weight of iron, and, confequently,
that fort of fteel is the fitteft for the con-
ftruction of the bars.

The dimenfions of thofe bars ought to
have a certain proportion, otherwife they
will not be capable of a very great power.
The moft advantageous fhape is when the
Iength is about ten times the breadth,
and about twenty times the thicknefs; fo
that if they be five inches long, which is
the moft ufual length, they ought to be
about  half an inch broad, and about a
quarter of an inch in diameter.—The
cylindrical bars are not very conveniently
managed.

Some perfons have defcribed particular
methods_of hardening fuch bars, viz. by
plunging them, when red hot, in diffe-
rent liquors. It has been confidently af-
ferted, that to put them, when red-hot,
in a mixture of fcraped horn and commen
falt is very advantageous; but, upon the
whole, fimple cold water feens to be equal
to any other {ubflance. :

t
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Tt is immaterial whether thofe bars be
polithed or not; but it will be better to
polith them; in that ftate being lefs apt to
contratt ruft. One extremity of each bar
is generally marked with a line all round,
in order to diftinguifh one pole from the
other, and the marked end is wufually
made the north pole.

To each fet of bars there always belong
two pieces of foft iron, called fipports, each
of which is equal to the fize of half one of
the bars, fo that, when placed contiguous to
one another in one direction, they may be
equal to one of the bars. Thefe pieces
of iron are ufeful when fome other ferru -
ginous bodies are to be rendered magnetic,
or when the fame (et of barsis to be ftrength-
ened in power,

When the magnetic bars are kept toge-
ther, they muft be placedalternately with the
marked end of one contiguous to the un-
marked end of the next; as fhewn in
fig.a.—The method of rendering thofe bars
magnetic will be found in a fubfequent
chapter.

. The conftruétion of the compafs or mag-
£ netic
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netic needle has undergone a great variety,
and ‘almoft every conftruétion has fome
peculiar advantages. The fimpleft mag-
netic needle is a common fewing-needle
made magnetic, and either fufpended by
means of a thread tied to its middle, or by
laying it gently on the furface of water
kept in a veflel; for if the needle be fmall,
it will {wim upon the furface of the wa-
ter, notwith{tanding its {pecific gravity is
oreater than that of water; there being a
kind of repulfion between ‘water and fteel
when clean ; or perhaps the air may con-
tribute to it. If any part of the needle
happens to get alittle below the furface of
the water, then the ncedle goes immediate-
ly to the bottom. 'The inconvenience
attending the firft of the above-mentioned
“fufpenfions, is the tiffnefs of the thread,
even of the fineft fort, -which prevents”
the -free motion of the needle.  The prin-
cipal inconveniences attending the fecond
are, the needle’s generally going towards
the fides of the veffel, and its going to the
bottom on the leaft agitation; which how-

ever may he prevented by a piece of cork.
Ve TR
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The more general, and by far the beft fort
of fufpenfion for magnetic needles, 1s to
let them reft horizontally with their mid-
dles upon fharp-pointed wires fet up per-
pendicularly in a box or other {fupport. The
needle for this purpofe muft have a conical
cavity in its middle, the apex of which
may be above the centre of the ncedle ; fo
that when the needle is laid upon the wire,
the point of which muft be in the apex of
the conical cavity, its centre of gravity
may be below that point of fufpenfion ;
otherwife the needle would fall off very
cafily.

In order to anfwer this purpofe, the
heedles are generally pierced quite through
with a largifh hole, a piece of hammered
brafs is then rivetted into this hole, and the
conical cavity is made into the brafs, fo
that the apex of it may itand very little
above the upper furface of the needle, as at
A, fig. 5 of plateI. In this conftrution, |
the point of the wire B, the very top of
which is often made of hard fteel, whilf
the lower part is of brafs, bears againit
the brafs, and, notwithftanding that the

Lico brafs
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brafs be hardened, yet by continual rubbing
a {mall indenture, or irregular hole, &c. s
often made therein, which occafions a con-
fiderable obftru&ion to the free motion of
the needle ; to obviate which, in the beft
needles a piece of agate is fet in the upper
part of the brafs, and the apex of the co-
nical cavity i1s made in that hard ftone,
which renders the motion of the needle
very free and eafy. The needles thus con-
{iru&ed, are {faid to be furnifthed with an
agate cap, and the beft compafles made for
the fea have this fort of cap *. Fig. 6.
of plate I. fhews a fection of this agate cap
in the brafs, &c.

As a very little irregularity in the thape
of a piece of fteel is often produtive of

* The compafies for the fea-fervice formerly, and
fome even at prefent, are made in the following
improper manner :—the brafs cap is faftened to the
middle of a circular card, upon which the various
points of the horizon, as the eaft, weft, &c. are
marked ; and on the under part two pieces of magne-
tic fteel are ftuck faft to it, fo as to lie parallel, and
to fland about half an inch diftant from one another,
the pin upon which the whole is fufpended paffing
between them. ' _

. more
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more than two magnetic poles, or an im-
proper fituation of the two poles, which
muft be always aveided; fome perfons,
having objection to the perforation made
through the needles, have thought of other
fufpenfions, in which the perforation
might be avoided; the beft of which propo-
fals is thewn in fig. 7. of plate I. where
the magnetic needle A B is faftened to a
piecce of brafs C E D, properly bent: in
the middle cf it, viz. at g, there is a fmall
conical cavity, where anagate cap maylike-
wife be applied. In order to fufpend this
needle, a bar F H, fig. 8. is made faft to the
box K L, in the middle of which baris a
pointed pin I, uponwhich the cavity of the
piece of brafs that is faftened to the needle,
refts ; the needle A B moving below the
crofs-bar F H, and this crofs-bar paffing
between the needle and the piece of brafs
that is faftened to it, wsz. through g of
fig. 7.—It is evident, that the needle, in
this conftru&ion, cannot turn quite round;
confequently, this fort of {ufpenfion is not
fit for the ufe of veflels at fea.

L3 The
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The Chinefe method of fufpending the

magnetic needle is exceedingly ingenious.
The figures g and ro of plate I. reprefent
this needle very nearly of its real fize, and
in two points of view, vz, in the former
the eye of the obferver is in the direGion
of the needle; but in the latter, the eye
views the needle fideway #. I is a brafs cap,
very thin and light, and towards the edge of
it there are two holes, oppofite toeach other,
B B is a very flender flip of brafs, the
upper part of which at A is fhaped like
a ring, through which the needle C D
paffes.  The extremities of this flip of
brafs pafs through the holes in the edge
of the cap I, and are faftened to it by
being turned over its edge. The magne-
tic needle C D, confifts of a cylindrical
ftecl wire, about an inch long, and not
above a fortieth of an inch in diameter;
and, in order to diftinguith its north extre-
mity, half of it is painted red, and the other

* Thefe drawings were made from fome Chinefe
compafles, brought from China by Dr. James Lind,
a phyfician at Windfor. The needles in them are
yery neariy all of a fize, vz, about an inch long.

half
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half is black. All this is fupported by the
pin E, which is faftened to the bottom
of the box, and upon which it moves
very nimbly. In this conftruction, not-
withftanding the needle is above the
centre of fufpenfion, yet the centre of
gravity of all the three pieces that are
conneced together, is below the point of
{ufpenfion, otherwife 1t could not be fup-
ported. * To prevent the needle falling off,
when the compafs, by being carried about,
is turned top-fide down, there is faftened
to the box a plate of very thin brafs, a fec-
tion of which is thewn by FG; it has a
hole through the middle, which, being
fmaller thah the diameter of the aperture
of the brafs cap, prevents its receding too
much from the point of the wire E, and
alfo prevents its falling fideway.

From repeated experiments, it appears,
that the perforation through the magne-
tic needle is of no detriment, or at leaft not
{ufficient to occafion any multiplicity of
poles, or to prevent the needle’s due direc-
tion. Its external fhape is to be more
minded, the irregularities of it being by
far more detrimental. The little {welling

L 4 generally
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generally made about its middle, in order to
give it ftrength juft where the perfora-
tion otherwife weakens it, does no damage,
provided it be as reprefented in fig. 11. of
plate I. and not made with points, edges,
or other irregularities, for the fake of orna-
ment. The magnetic needles, made for the
beft compafies ufed at {ea, are confiderably
broad, and a flender brafs ring is faftened to
their extremities, upon which the card or
paper, with the points of the horizon
marked upon it, is ftretched. But the great
objection againft broad needles is, that the
two poles are frequently not in its axis,
It would be therefore more proper to make
them rather thick than broad ; becaufe, if
in this cafe their poles happen to be not in
its axis, but one be at D, fig. 12. plate I,
whilft the other is at A, they cannot affe&
the direion of the needle, being, if not
in its axis, at leaft in the fame plane with it.
The moft eligible fhape, therefore, feems
to be that thewn by the figures 11 and 12,
which exhibit two views of the fame mag-
netic needle.

The length of the needles commonly

ufed for the fea, is between four and fix
inches ;
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inches; but thofe which are to be ufed fof
obferving the daily variation, called varia-
tion needles, are made longer, fome of them
having been made of more than two feet
in length, in order to render their devia-
tion from the meridian more fenfible.
However, in the prefent improved ftate
of conftructing philofophical inftruments,
if the work be properly done, a needle of
about eight inches length will fhew the va-
riation within much lefs than half a mi-
nute.

Having thus far defcribed the different
forts of fufpenfions, I fhall now enumerate
the particulars which muft be had in view
in the conftru&ion of magnetic needles;
and fhall then proceed to defcribe the prin-
cipal forts of magnetic compafles.

The magnetic needles ought to be made
of that fort of fteel which is the moft
fufceptible of magnetifm ; and they ought
to be quite hard, to retain the magnetic
power longer *,

* The more common needlesareimproperly brought
down to 2 blue temper ; for though in that ftate they
acquire the magnetifm much eafier, yet they, for the
fame reafon, lofe it much eafier,

The
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The fhape ought to be as fimple as pof-
fible, or free from projections and other ir-
regularities, made by way of ornaments. In
fhort, they ought to be conftructed fo as
to have only two magnetic poles, and thofe
in that fame plane which pafies through the
centre of fufpenfion *.

They fhould alfo be made as light as
poffible, in order to diminifh the, frition
on the point of fufpenfion; which, even
when the needles are furnifhed with agate
caps, occafions fome obftrution againft
their motion. "

The agate caps muft alfo be made pro-
perly, viz. their cavity ought to be per-
fectly conical ; which, after havingexamined
{everal of them, I can aflert to be feldom
the cafe; and indeed it is very diflicult to

* The hardening of a piece of fteel in general, by.
the ufual method of plunging it, when red-hot, in cold
water, frequently alters the fhape of it by bending it
efpecially when the piece of fteel is of an oblong form;
for which reafon, in forming the magnetic needles,
they ought to be left by the file fomewhat larger than
neceflary ; hécaufe, after the hardening, they may be
brought to the proper fize and fhape by grinding on a
T urkey-ftone.

12 ﬂmpﬂ
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fhape them properly, on account of the
hardnefs of the ftone.

The magnetic needles, though perfeétly
balanced before the magneti{fm is commu-
nicated to them, will afterwards incline
one of their extremities, on account of the
dipping property of every magnet ; and, in
order to make them ftand horizontally, the
other extremity is loaded with a little
weight, or the preponderating extremity
muft be made lighter by grinding; the lat-
ter of which is a very improper way, be-
eaufe, by altering the inclination, which
happens efpecially when the needle is re-
moved from place to place, its horizon-
_tal pofition is foon deftroyed, in which
cafe it will be neceffary to grind one end off
again.

For this reafon it is alfo improper to
apply a fixed weight to one end of the nce-
dle, which is fometimes done by pier-
cing a hole through the fteel, and putting
a picce of brafs wire in it, {0 as to proje¢t a
little on either fide of the needle. The beft
way, therefore, of adding this weight, is
to puta {liding piece of brafs on the prepon-

derating
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derating extremity of the needle; for, by {li-
ding this piece of brafs nearer to or farther
from the centre of the needle, the weight of
that extremity is eafily altered when re-
quired.

The principal forts of magnetic compaf-
fes are four, wiz. the magnetic needle,
fimply fufpended in a box; the mariner’s
compafs, or that ufed at fea; the azimuth
compafs, or that which is ufed principally
at {ea in order to find the declination of the
needle at any place *; and the variation
compafs, which, being fixed in a convenient
place on land, ferves to thew the daily vari-
ation.

The firft of thofe fpecies requires no far-
ther defcription, than what may be derived
from the preceding pages.

The fecond, or mariner’s compafs, con-
fifts of three parts, wiz. the box, the card or
fly, and the needle ; fee fig. 13. of plate I.

* This is called the ezimuth compafs, becaufe it
ferves to find the variation by obferving the azimuth
of a celeftial objeét ; the azimuth being an arch of the
borizon, contained between the north or fouth and the
point where a plane, which pafles through the zenith
and the celeflial objedt, cuts the horizon,

The
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The box, which contains the’'card and nee-
dle, is made of a circular form, and either
of wood or brafs. It is fufpended within
a {quare wooden box, by means of two
concentric circles, called jimbols, fo fixed
by crofs centres to the two boxes, that the
inner one, or compafs box, thall retain an
horizontal pofition in all motions of the
thip, whilft the outer or {quare box is faft
with refpect to the veflel ¥. 'The compafs
box is covered with a pane of glafs, in order
that the motion of the card may not be dif=
turbed by the wind. Refpecting the con-
ftrution of the needle, enough has been faid
in the preceding pages ; there remains only
to defcribe thecard or fly. The outer edge
of this card is divided into 360 degrees;
within the circle of which divifions-it is
divided again into 32 equal parts or arches,
called the points of the compafs, or rhumbs;
which rhumbs are fubdivided into quar-
ters,

* Sometimes the jimbols confift of one circle, the
axes of which are {upported by the fquare bex, whil:

the axes of the compafs box are juft acrofs the for-
mer.

The
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The rames of thofe rhumbs, beginning
from the north point, and going all round,
are the following : the letters ftanding N.
for north; E. for eaft; S. for fouth ; and W.
for weft.

N. S.

N. by E. S. by W.

N NJE: ¢ S. 8. W,

N. E. by N. S. W. by S
N. E. S. W.
N.E.by E S. W. by W,
E.N./E: W. 8. W,

E. by N. W. by S.

E. W,

E by S. W. by N.
E.S. E. W. N. W.
S.E.by E N. W. by W.
S E. N. W.

8. E. by 8. N. W. by N.
8.SE. N. N.W.

S. by E. 1  N.by W.

T A%B L B
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Notwithftanding the contrivance of the
jimbols, the irregular motion of the com-
pafs in a rough fea is, as yet, a confider-
able imperfe€tion attending the ufe of it
in veflels. This inconveniencé has been
attempted to be remedied by various
means, fome of which' are abfolutely
wrong, whillt others have very little .
effe@. The leaft fkilled fort of feamen
don’t like to have the needle of their
compafs too powerfully magnetic, be-
eaufe, they fay, then the needle is not
fteady. 'The fact is, that when the needle
is not very ftrongly magnetic; it follows
the irregularity of the fhip’s motion mere
eafily, which renders it apparently more
fleady ; but it muft be confidered, that the
very fame caufe which makes it follow the
irregular motion of the fhip more eafily,
prevents, in an equal proportion, its pla-
cing itfelf in the magnetic meridian; con-
fequently, this fort of remedy is a very
improper one. With the fame degree of
impropriety, the corretion of this ob-
ftruction has been often attempted, by in-
creafing the friction between the cap of

the
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the needle and the pointed wire upon
which it ftands fufpended.

Sometimes they have ftuck a few pieces
of paper, like wings, on the under fide of
the card, which, by making a refiftance
againft the air in the box, prevented the
vibrations of the needle. For this pur-
pofe, it has alfo been propofed to let the
needle move in oil or fome other liquor,
keeping it {till fufpended upon the pin as
ufual, in order to let it move concentric
with the box; theoil ferving only to check’
its vibrations.

Laftly; it has been practifed to fufpend
the box, which contains the needle, upon
a pointed wire inftead of the jimbols. For
which purpofe, the bottom of the box has
been made conical, like the bottoms of
common wine bottles ; the apex of which
cone refted upon the pointed wire, and
the convex fide of the faid apex, or that
part of it which came within the box, fup-
ported the needle : but, upon enquiry, I am
told, that at fea none of thofe contrivances

anfwer better than the compafs {upporte
M in
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in jimbols, and conftruéted with the prd-r
cautions mentioned above,

The azimuth compafs is nothing moré
than the forementioned compafs; to which
two fights are adapted, through which the
{fun is to be feen, in order to find its azi-
muth, and from thence afcertain the de-
clination of the magnetic needle, in the
manner hereafter to be thewn. This fort of
compafs is reprefented by fig. 14. The par-
ticulars in which it differs from the ufual
compafs are the following : viz. the fights
F, G, in one of which G there is an oblong
aperture with a perpendicular thread or
wire through it ; and in the other fight F
there is a narrow {lit, likewife perpendi-
cular; the thread or wire H I, ftretched
from one edge of the box to the other;;
and laftly, the ring A B of the jimbols
refts with its piyots en the femicircle C D,
the foot E of which turns in a focket,
fo that, whilt the box K L M is kept
{teady, the compafs may be turned round,
in order to place the fights I G in the
direCtion of the fun. There are on the

k7 | | infide
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infide of the box two lines, which fall
perpendicularly along the fides of the box,
juft from the points where the thread
H I touches the edge of the box. Thefe
lines ferve to fhew how many degrees
the north or fouth pole of the needle
is diftant from the azimuth of the fun;
for which reafon, the middle of the
aperture of the fights Fand G, the thread
H I, and the faid lines, muft be exactly in
the fame vertical plane. The ufe of the
thread, which is often omitted in inftru-
ments of this fort, is likewife to thew
the degrees between the magnetic meri-
dian and the azimuth, when the eye of
the obferver ftands perpendicularly over
it. On the fide of the box of this fort
of compafles, there is generally a nut
or ftop, which, when puthed, bears
againft the card and ftops it; which is
done in order to read more conveniently
the degree of the card which coincides
with one of the perpendicular lines on the

infide of the box.
The variation compafs, being intended
to thew the daily variation of the mag-
Ma ‘ netic
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netic needle on land, is generally made
longer than thofe ufed at fea; and, as it
1s not neceflary to turn it round, the
box, inftead of being circular, is oblong,
{fo that, when the box is kept fteady, the
needle can move itfelf for the fpace of
about 40 or 5o degrees. The divided ar-
ches are either within the box, or upon an
horizontal frame out of the box ; and then
the compafs is faftened on the index, which
moves round the centre of the divided arch
or arches, and on the edge of which there 1¢
a nonius, neceffary to fhew the parts of the
degrees. In this laft conftrution, the
index, which, as has been jult mention-
ed, carries the compafs, muft be moved
fo as to let its fiducial line coincide with
the line which paflfes through the poles
and centre of fufpenfion of the needle:
then the extremity of the index will
pbint out the variation, on the divided.
arch, in degrees and minutes. Butwhen the
divided arches are within the box, then
the variation is known by only obferving
the divifions, which coincide with the axis
of the necdle.

T In
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In both conftru&tions, it 1s evident, that
~ the beginning of the divifions of the di-
vided arch or arches muft be placed ex-
actly in the meridian of the place, or its
deviation from the meridian muft be ac-
curately known, in order that, in reading
the degrees of magnetic variation, a pro-
per allowance may be made.

Thofe compafles are fixed in the plane
of the meridian, by looking at a meridian
mark made at fome diftance, through a
telefcope which is generally affixed to
them; or by fituating them on a meridian
line drawn in the place where they are to
be fixed. But for the method of finding
the true meridian of any place, the reader
muft be referred to aftronomical books, it
being 4n object foreign from the {ubjeé,
of this work.

After what has been faid in the preced-
ing pages, it is almoft fuperfluous to ob-
ferve, that in the conftruion as well ag
in the fituation of the compafies, iron
muft be kept at a diftance as much as pofli-
ble ; making the parts of thofe inftruments
moftly of wood, or, where wood cannot

M 3 be
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be properly employed, on account of the
divifions, ftrength of the parts, &c. to
make ufe of fuch brafs, as, upon examina-
tion, is found not to affe€ the magnetic
needle,

The dipping needle, though of late
vaftly improved, is ftill far from having
attained to any perfection. The general
way of conftruéting it is, to pafs an axis
quite through the needle; to let the ex~
tremities of this axis, like the beam of a
pair of fcales, reft upon two fupports,
{o that the needle may move itfelf verti-
cally round that axis ; hence, when fituated
in the magnetic meridian, it will place
itfelf in the magnetic line, and the de-
grees of its inclination are fhewn upon a
divided circle, in the centre of which the
needle is fufpended.—Fig. 15. is a repre-
{entation of this inftrument; A B being
the needle, the axis of which F E refts
upon the middle of the two lateral bars
CrD, 00 whlch are made faft to the di-
vided circle ﬁ‘ This machine is ge-
nerally placed upon a ftand G; but when
it 1s to be ufed at fea, is fufpended by

aring
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a ring H to a proper frame, {0 as to hang
pcrpendicularly. When the inftrument is
furnithed with a ftand, a fpirit level is ge-
nérally annexed to it, and the ftand has
three fcrews, by which the inftrument is
properly fituated, wiz. fo as to let the
centre of motion of the needle, and the
mark of go° on the lower part of the
divided circle, be exactly in the {fame line,
perpendicular to the horizon.

. The greateft imperfections of this in-
ftrument are, the balancing of the needle,
and the difficulty of knowing whether
the needle, after being made magnetic, is
balanced or not ; for, though it may have
been perfetly balanced before, (which is
gfcertained by its remaining in whatever
fituation it may be left) yet afterwards,
by the adhefion of moifture or other ex-
traneous matter, it may eafily lofe its ba-
lance, which cannot be known with cer-
tainty after being made magnetic,

The method which feems the fitteft to
avoid the error arifing from the want of
balance, is, firft to obferve the dip of the
needle, then to reverfe its magneti{fm, by the

M 4 spplication
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application "of magnets, fo that the end
of it which before was elevated above the
horizon may now be below it ; and laftly,
to obferve its dip again; for a mean of
the two obfervations will be “pretty near
the truth, though the needle may not be
perfe@ly balanced. But of this more in
a fubfequent chapter.

I thall now add the defcription of an
univerfal magnetic needle ; viz. a magne-~
tic needle which thews at the {fame time
the horizontal and vertical diretion of the
magnet, or, more properly {peaking, plac'f:s
itfelf in the magnetical line; whereas
the dipping needle, defcribed before, muft
be placed in the magnetic meridian. This
univerfal needle was contrived by Dr.
Lorimer, and a defcription thercof pub-
lithed in the firft part of the 65th vol.
of the Phil. Tranf.; from whence it is

tran{cribed.

‘¢ Defcription of a new dipping needle, by
D7, J.Lorimer, iz a letter to Sir John
Pringle, Bart. P. R. S§.
¢« Whenever any one meets with a

terrella, or. {pherical loadftone, the firft
6 thing
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thing he does is to find out its poles; and,
having once difcovered them, he knows
immediately how any fmall bit of needle
will be affeGed, if it is placed upon any
part of the {urface of that zerrella. The
~ poles are moft readily difcovered by trying
where the filings of iron, or a fmall bit of
needle, will ftand erect upon the zerrella ;
and this is generally found to be upon two
points which are diametrically oppofite to
one another. But the magnetic poles of
the earth {fecem to be placed obliquely to
one¢ another (fee the Berlin Memoirs,
1757) 3 though where they are actually
fituated is hitherto unknown ; whether
they are upon land or water ; or, in either
cafe, whether we can come nigh to them.
Vet be thefe thingsas they may, it appears
evident to me, that accurate obfervations,
made as near to thofe magnetic poles as
poflible, with a good dipping needle, is
the fureft way to complete the magnetic
theory of this globe, analogous to the
method we purfue in examining the fer-
rella.  But, as all the dipping needles -
which I have feen, appeared to me to be

i
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very ill calculated, for the fea fervice at
leaft, I contrived one upon a different
plan, in 1764, and had it executed before
I left England, by Mr. Siffon. I have
called it an wniverfal magnetic needle, or
abfervation compafs ; becaufe I can by it
take the dip and amplitude, and even the
azimuth, with only one affiftant to take
the altitude for me. 'The needle is of the
fame fhape and fize nearly as thofe ufed
now for the compafies of the royal navy,
and plays vertically upon its own axis,
which has two conical points, {flightly
fupported in two correfponding fockets,
which are inferted into the oppofite fides
of a {mall upright brafs parallelogram,
about one inch and a half broad, and fix
inches high. Into this ' parallelogram is
fixed, at right angles, a flender brafs cir-
cle, about fix inches diameter, filvered
and graduated to every half degree, upon
which the needle thews the dip, by a ver-
nier if you choofe ; and this, for the fake
of diftin&ion, 1 fhall call the circle of
magnetic inclination. This brafs paral-
lelogram, and confequently the circle of

inclination,
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inclination, alfo turns horizontally upon
two other pivots, the one above, and the
other below, with correfponding fockets
in the parallelogram. Thefe pivots are
fixed in a vertical brafs circle, of the
breadth and thicknefs of two tenths of an
inch, and of fuch a diameter, as to allow
the circle of inclination and the parallelo-
gram to move freely round within it.
This fecond circle I fhall call the general
meridian. It is not graduated, but has a
{mall brafs weight fixed to the lower park
of it, to keep it upright; and the circle
itfelf 1s {fcrewed, at right angles, into ano-
ther circle, of equal internal diameter, of
the fame thicknefs, and twice the breadth,
which is filvered, and graduated on the
apper fide to every half degree. It re-
prefents the horizon as it {wings freely
upon jimbols, and is always nearly pa-
rallel to it. ‘The whole is contained in a
neat mahogany box, of an oftagon figure,
with a glafs plate at top, and one on each
fide, for about two thirds down. 'That
part of the frame which contains the glafs
lifts off occafionally. The whole box

turns
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turns round upon a ftrong brafs centre,
fixed in a double plate of mahogany,
glewed together crofs ways, to prevent
its warping or {plitting; and this again is
fupported by three brafs feet, {fuch as are
ufed for cafes of table knives; frofted that
they may not eafily {lip, if the veflel fhould
have any confiderable motion. It. has
another fquare deal box to lock it up in,
to preferve the glafs, &c. when it is not
wanted for ufe. P
- ¢ The ufe of this inftrument is very
plain, as the inclination or dip is at any
time apparent from infpection only; and
al{fo the variation, if the frame is turned
round till the great vertical circle lies ex-
actly in the plane of the true meridian:
for, the circle of inclination being always
in the needle’s vertical plane, the edge of
it will evidently point out upon the hori-
zon the variation eaft or weft., But at fea,
when there ‘is not too much motion, you
turn the frame round till the vertical cir-
cle is in the plane of the fun’s rays; that
is, till the fthadow of the one fide of it

juft covers the other, and the edge of the
circle
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circle of inclination will then give the
magnetic amplitude, if the fun is rifing
or fetting ; but the azimuth at all other
times of the day ; and, the true amplitude
or azimuth being found in the ufual way,
the difference is the variation. If the
motion is confiderable, obferve the ex-
tremes of the wvibration, and take the
mean for your magnetic amplitude or
azimuth., When the {fun does not thine
fo bright as to give a fhadow, you can
fet the brafs circle in a line with his body,
if he is at all vifible, by your eye. The
principal advantage at firft aimed at in this
compafs was, to contrive a dipping needle,
which fhould be fufficient for making
obfervations at fea; as thofe needles, to
be of ufe, muft be placed, by {fome means
or other, in fuch a manner, as that all
their vibrations fhall be made in the true
magnetic meridian, north and fouth, other-
wife they are good for nothing. For if
one of them is placed at right angles,
acrofs the magnetic line, it will ftand
perpendicularly up and down, in any part
of the world ; the leaft dip, therefore, is

alway
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always in this magnetic line. But the
only method of fetting a dipping needle
at fea has hitherto been to placeitina
line with the common compafs needle;
and this muft be very inaccurate, if they
are at any confiderable diftance one from
the other; or if they were near, the two
needles would influence one another, and
neither of them could be true: nay, fup-
pofing them for once to be properly pla-
ced in this line, the leaft motion of the
fhip throws them out again. DBut this
inftrument has a conftant power in itfelf,
not only of fetting itfelf in the proper
pofition, but alfo of keeping itfelf fo; or
of reftoring itfelf to the fame fituation, if
at any time it has loftit; and it is curious
to fee how, by its double motion, it coun-
teralts, as it were, the rolling motion of
the veflel. I have only cne thing farther
to obferve, that, as it is impoflible for
human hands to make any inftrument ma-
thematically true, fo, when we have two
~graduations to look to, as in the prefent
cafe, one on the north, and the other on

the fouth end of the needle, we ought to
attend
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attend to both, and take the medium for
the true dip or variation, pretty nearly.
But in this compafs there is another me-
thod of examining the obfervations. Take
a good artificial magnet, and on the out-
fide of the compafs box point ore end of
it towards the needle, and by moving your
magnet, you may thus gu:de the north-
end of the needle round thf: fouth, or
vice verfa, without opening your compafs
box. The magnet being then laid afide,
the needle will come to its true pofition,
after a few vibrations: but, as both the
needle and the circle of inclination are
now reverfed *, it will not point exadly
to the fame divifion as before ; yet a mean
of the two will be the truth, as nearly, I

believe, as it is poffible forany inftrument
to give it.

““ Query 1ft. May not a part of this
{mall différence be attributed to the direc-

* Dr. Lorimer means, that the magnet fhould be
applied in fuch manner as to turn the parallelogram
and circle of inclination half way round horizon-
tally, fo that that end of the axis of the needle, which

before pointed to the weft, fhall now point to the
eaft,

tion
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tion of the magnetic influence (whatever
that be) in the fteel bar? and, if fuch an
experiment could be tried upon the pre-
fent 2zimuth compafles, is it not probable,
that the variation in them would be at
leaft as fenfible ?—Query 2d. May not
this be the caufe that two of the beft of
them will differa {mall matter from one an-
other ?~~Query 3d. Would the ends of the
needle being made angular, inftead of the
{quare form, be, in fome meafure, a re-

medy for this {mall variation ?
(5.1 amj 8ca”

The great obje&tion, which feems to of-
fer itfelf againft the above-defcribed in-
firument, is the friction, which, efpecially
at the pivots of the circle of inclination,
may obftrué the free motion of the nee-
dle.—It certainly requires a moft exqui-
fite workmanthip; and the focketswherein
the pivots move ought to be made of

Hg&ltﬂ .

C HAES
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CHATT'E R 711

Experiments neceffary to afcertain the pre-
fence and quality of magnetifin.

THE obje@ of the experiments of
this Chapter is to fhew ‘the me-
thods of finding out whether or no a
body is attractible by the magnet, whe-
ther it pofiefles any magnetifm or not, and,
in cafe it does, to find out its poles.

ExperiMENT I

To afcertain whether a body has any attrace
tion towards the magnet or not.

The various degrees of attraction be-
tween a magnet and ferruginous bodies,
require different methods, in order to be
rendered manifeft.

If the givenr body contain an evident
quantity of iron, the operator needs only
bring an artificial or real magnet in con-
ta@t with it, and he will foon perceive
that there requires a certain force to fe-

N parate
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parate them again ; the quantity of which
force fhews the degree of attrattion be-
tween the given body and the magnet:
thus, when two ounces weight are re-
quired to feparate them, the attraction is
as ftrong again as when one ounce only is
fufficient. In this examination, care muft
be had to let the magnet and body exa-
mined always prefent fimilar furfaces to
each other, and, to come quite into contact;
otherwile, in examining different bodies, it
will be impoflible to compare their va-
rious degrees of attraction towards the fame
magnet.

If the given body be not fenfibly at-
tracted by the magnet, when tried in the
above-mentioned way ; then it muft be
put to {wim upon fome water kept in an
earthen or wooden veflel, by means of a
piece of cork or wood; for if in that
fituation the magnet be brought fideway
of it, the attra&ion will be foon manifeft-
ed by the body coming towards the mag-
net. It will be neceffary fometimes to
bring the magnet within about one tenth
of an inch diftance of the {fwimming body,

in
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in order to perceive the attra&ion; in
which cafe, as the body advances towards
the magnet, this muft be gradually with-
drawn, taking care not to let them ftrike
againft each other; otherwife, after the
impulfe, the body, if hard, will generally
recede. It muft be alfo obferved, to pre-
fent the magnet to the body, when the lat-
ter is at reft.

A ftill fmaller degree of attration, than
what may be obferved by the ufe of water,
may be difcovered, by placing the given
body to {wim upon quickfilver, and by
prefenting the magnet to it, in which cafe
it will move furprifingly nimble.

In this method, the following par-
ticulars muft be minded, viz. the aper-
ture of the veffel, in which the quick-
filver is kept, muft be at leaft fix inches
in diameter ; otherwife, as the furface of
the quickfilver defcends near the fides of
the veflel, and that curvature is propor«
tionably greater in narrow veflels than in
larger ones, the floating body, when the
quickfilver is kept in a veflel of three
or four inches, will be perpetually run-

N 2 ning
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ning towards the fides*. The quick-
filver muft be very pure; but, as it is
very difficult to find it, or to preferve it
pure, it muft be frequently pafled through
a funnel of paper, viz. a piece of writing
paper rolled up conically, and having a
imall aperture of about a fortieth of an
inch in diameter ; for, if the quickfilver
be impure, the floating body will move
with lefs facility upon it than upon wa-
ter. The air about 1t muft not be difturb-
ed much, in order to keep the body with-
out motion, in which ftate one of the poles
of a ftrong magnet is to be prefented on
one fide of it, in the fame manner as when
the experiment is tried on water ; follow-
ing the fame precautions.

ExeperiMENT 1l.

To afcertain whether a given body bas any
magnetifin or not.

This experiment requires exactly the
fame operations as the firft, with only this
difference, vzz. that in this the given body,

¢ A common foup plate is very fit for this purpofe.
n
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in cafe it has not magnetiim f{ufficient to
thew itfelf by a fenfible degree of attraction
when a piece of iron is prefented to it, muft
be placed to fwim upon water or quickfil-
ver ; and, inftead of the magnet, as ufed in
the firft experiment, a piece of foft and:
clean iron muft be approached to it, with
the fame precautions ; for, if the body have
any magnetiim, it will be foon attratted by
the piece of iron, which, for this experi-
ment, muft not be very long nor- very
heavy ; a piece of about half an ounce
weight, and nearly an inch long, is very
proper for the purpofe.

ExperimenT III.

A magnetic body being 8:3‘.‘113??, to_find out its
pﬂff.r.

Prefent the various parts of the furface
of the magnetic body fuccefiively to one
of the poles of a magnetic needle, and
you will foon difcover which parts of the
given body are poffefled of a contrary pola-
rity, by the needle’s ftanding perpendicu-

N3 larly
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larly towards them. Then prefent the varis
ous parts of the furface of the fame body to
the other pole of the needle, &c. |

In this operation, care muit be taken not
to bring the magnetic body tao near the
needle, for fear of changing its polarity.
The diftance at which {fuch an effe& will
take place is various, according to the
ftrength of the magnetic body ; fo that itis
impofiible to prefcribe it; but the operator
will never miftake, if he keeps the magne-
tic body fo far from the needle as juft to
affect it {enfibly, |

ExperiMENT IV,

To obtain the fame objelt as in the preceding
experiment, by other methods. |

If the given body have only two poles?
they may be afcertained without the mag-
netic needle, viz. by fprinkling fome iron fi-
Yingsuponit,and obferving where the parti-
cles of the filings ftand erect and perpendi-
cular to the furface of the body ; for thofe

places
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places are the poles ; and, in order to dif-
tinguith the north pole from the fouth,
place the faid body on a piece of wood, and
let it fwim upon water, or tie it to a thread,
and let it hang freely from it; in which
cafe, the body will foon fhew its north
pole, by turning it towards the north, and,
of courfe, the oppofite pole will be turned
towards the fouth. In both thofe cafes,
v7z, when the magnetic body is made to
{wim upon water, or {ufpended by a thread,
it muft be fo placed as that its poles may
lie horizontally.

This method, however, is not fo pre-
cife as when a magnetic needle is ufed;
firft, becaufe it will not do when the given
body has more than two poles, and, fe-
condly, becaufe, even when it has two
poles only, they do not lie always in the
fame ftraight line; which paflfes through
the centre of the body.

N 4 CHAP.
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CiH'APT BRI

Containing experiments concerning the aétion
of a magnet on ferruginous bodies that are
70t magnetic,

ROPERLY fpeaking, the magnet has

no action upon unmagnetic bodies ;
for, when a bit of iron, or other ferru=
ginous body, is prefented to it, the body
becomes magnetic firft, and then is at-
tracted ; fo that in this chapter it is only
meant to treat of the ation of the magnet
on thofe bodies, which were not mag_nﬁ;tic
before they were prefented to it,

ExPERIMENT I.

To obferve the eﬁﬁ: produced by a magnet
on [oft iron,

Place a magnetic needle upon a pin
ftuck on a table, and, when the needle
ftands fteady, place an iron bar of about
eight inches long, and between a quarter
of an inch and one inch thick, upon the

table,
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table, fo that one end of it may be on ong
fide of the north pole of the needle, and {o
pear it as to draw it a little way out of its
natural direCtion. In this fituation, ap-
proach gradually the north pole of a magnet
to the other extremity of the bar, and you
will fee that the needle’s north end will re-
cede from the bar more and more, in pro-
portion as the magnet is brought nearer to
the bar. If the experiment be repeated,
with only this difference, wiz. that the
fouth pole of the magnet be dire@ed to-
wards the iron bar, then the north end
of the ncedle will advance nearer and
nearer to the bar, in proportion as the
fouth extremity of the magnet is brought
nearer to the iron,

‘The reafon of this phenomenon is, that,
by the approach of the north pole of the
magnet, in the firft cafe, the extremity of the
iron bar, which lies next to it, acquires a
{fouth polarity, and, of courfe, the oppofite
extremity acquires the north polarity ; in
confequence of which, the needle is repel-
led, becaufe magnetic poles of the fame
pame repel each other; but in the fecond

cale,
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cafe, when the fouth pole of the magnet is
brought near the bar, the end of the bar,
which is next to it, acquires the north
polarity, and the oppofite end, acquiring
the fouth polarity, attracts the north end
of the needle.

If, whiltt the pole of the magnet ftands
contiguous to one end of the bar, a fmall
magnetic needle be prefented within a cer-
tain diftance to various parts of the furface
of the latter, it will be obferved, by the at-
traction and repulfion of the needle, that
that half of the bar, which is next to the
magnet, poflefles the contrary polarity, and
the other half the fame polarity with the
pole of the magnet that is applied to the
ron.

The magnetic centre, however, or the
limit between the polarities, is not always
in the middle of the bar; it is generally
nearer that end which is prefented to
the magnet. This difference is greater
as the magnet is weaker, and the length
of the bar increafes ; but when the bar ex-
ceeds a certain length, which depends on
the ftrength of the magnet, then the bar

7 acquires
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acquires feveral fucceffive poles, v7z. when
the north pole of the magnet is contiguous
to one of its extremities, that extremity
becomes a fouth pole; a few inches farther
on you will have a north polarity, then ano-
ther fouth polarity, and fo on. In this
cafe, the firlt magnetic centre comes very
near that end of the bar which ftands next
to the magnet, and other magnetic centres
are formed between every pair of {ucceffive
Poles. .

Thofe f{ucceflive poles become weaker
and weaker in power, according as they
recede from that end of the bar which is
contiguous to themagnet, fothat, inapretty
extended bar, they quite vanifh long before
they come to the farther end of it; hence, if
one pole of a magnet be applied to the end
of a long bar, the other end of the bar will
pot thereby acquire any magnetifm. This
‘will happen, when a magnet, capable of
lifting about two pounds weight of iron,
1s applied to one extremity of an iron bar,
about one inch fquare, and above five feet
long.

On
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On removing the magnet, the bar, if of
foft iron, will immediately lofe all its mag-
netifm, otherwife will retain it a longer or
fhorter time, in proportion to its hardnefs.

If the above-mentioned experiment be
tried with bars of the fame dimenfions, but
of different degrees of hardnefs, it will
appear, from the attraction or repulfion of
the magnetic needle, that foft iron acquires
a {ftronger magnetic power than hard iron,

or fteel, &c,

ExPErRIMENT 'II.

To fhew the aétion of the magnet on ferrugi-
nous bodies, by the repulfion and attraction
of two pieces of wire,

Tie two pieces of foftironwire, AB, AB,
fig. 1. of plate II. each toa feparate thread,
A C, A C, which joinat top, and, forming
theminaloop, fufpend them, by putting the
loopona pin, fo that thewires A B, A B, may
hang at fome diftance from the wall. Then
bring the marked end, D, of a magnetic
bar, which is ufually the north pole, juft

under
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under them, and it will be found, that the
wires will immediately repel each other, as
thewn in fig, 2. and this divergency will be
greater when the magnet is brought nearer
within a certain limit, and will decreafe,
according as the magnet is removed. The
reafon of this phenomenon is very eafily de-
duced from the general laws of magnetifm,
viz. by the vicinity of the north pole D of
the magnet, the extremities B, B, of the
wires acquire the fouth polarity, confe-
quently they repel each other; and the ex-
tremities A, A, both acquire the fame
polarity, namely the north, hence they
likewife repel each other.

If, inftead of the north pole of the
magnet, the fouth pole be prefented, the
wires will repel each other in the fame
manner as before; but now their extree.
mities B, B, will become north poles, and
the extremities A, A, will become fouth
poles.

On removing the magnet, the wires, if
of foft iron, will foon collapfe, having loft
all the magnetic power ; but if fteel wires
or common fewing needles be ufed, they

will



Ago  PracricaL MaceneTisMm,

will continue to repel each other after the
removal of the magnet, the magnetic
power being retained by fteel.

It has been faid above, that, when the
magnet is brought nearer and nearer to the
wires, the divergency of the latter will in-
creale, as far as @ certain limit. The reafon
of this limit is the attraction between the
magnet and the extremities of the wires,
which, when the magnet comes too near,
counteracts the repulfion between the ex=-
tremities, B, B; fo that the wires in that
cafe ftand as thewn in fig. 3. In fad,
when the experiment is tried with fteel
wires, or needles, which retain the com-
municated magneti{fm after the removal of
the magnet, their lower extremities will
diverge more after having removed the
magnet than when they ftand very near it.

ExperimenT III.

To fhew the aition of the magnet upon fer=
ruginous bodies, by means of four pieces of
freel wire or fewing needles.

Take four pieces of fteel wire, or four
common fewing needles, tie threads to
them,
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them, and jointhem two by two, in the man-
ner defcribed in the preceding experiment;
then bring the fame pole of the magnet
under both pairs, viz. one after the other,
by which means they will acquire a perma-
nent magnetifm, and the wires of each pair
will repel each: other. After putting the
magnetafide, if you bring one pair of wires
near the other pair, {o that their lower ex-
tremities may be all in one level, the four
wires will repel each other, forming a
{quare, becaufe their loweft extremities are
all poflefled of the fame polarity.

If inftead of giving the fame polarity
to all the lewer extremities, and the con-
trary polarity to all the upper extremi-
ties, you give onc polarity to the lower
extremities of one pair, and the contrary
polarity to the lower extremities of the
other pair; then, whilft thofe pairs are
kept far from each other, the wires of
each will fly away from one another;
but if the two pairs be brought near,
all the four wires will ftick together
in one bundle ; the reafon of which is,
becaufe the contrary polarities of both

pairs,
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pairs, being put near, will attra& eacls
other, and deftroy the repulﬁun between
the wires of the fingle pairs.

Inftead of two, you may make fe?cral
pairs of wires or needles, and, by giving
one fort of polarity to the lower extremi-
tics of fome, and the contrary polarity to
the lower extremities of others, you may
produce effects analogous to thofe defcrib-
ed above.

ExperiMENT IV.

Of the allion of the magnet oniron filings.

Strew fome iron filings upona ftheet of
paper laid upon a table, and place a {fmall
artificial magnet among them ; then give
a few gentle knocks to the table with your
hand, fo as to fhake a little the filings,
and you will find that they difpofe them-
felves round the magnetic bar, in the
manner reprefented by fig. 4. plate II.
many particles clinging to one another,
and forming themf{elves into lines, which,
at the very poles, are in the fame direction

with

L
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with the axis of the magnet, a little fide-
way of the poles they begin to bend, and
then they form complete arches, reaching
from a point in the north half of the mag-
net to a point in_the other half;, which is
poficfled of the fouth pulanw.

This phcnnmenon, obferved fram time
1mmemnnal has given occaﬁun to: various
perfons to be]u;vﬂ, that there was a circu=
lation of 2 fluid from one of the poles of
every magnet to the other pole, in confe-
quence of which-the iron or fteel filings
were thus difpofed round the magnet, At
firft fight, a perfon little fkilled in. mag-
netics would eafily be induced to believe
the faid circulation of a fluid ; but a little
confideration will eafily fhew the abfur=
dity of the fuppofition, becaufe, if the
fluid, of whatever nature it may. be, did
really circulate from one pole to the other,
and had any-action on th filings, thefe
would be all. driven toward that pole
to which the moving fluid direGed its
courfe. |

The true caufe of the Hifppﬁﬂon of the
filings 1s, their becoming actually mag-

O netic,
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nﬂtié, and their two extremities being
poflefled of different polarities. Suppofe
firft, that only one oblong particle of iron
be affixed to the various parts of the
furface of the magnet; it is evident, from
what has been faid above, that on the
poles this particle of iron A B, fig. s,
plate II. would ftand perpendicular to
the furface, becaufe its farther extremity
B, having the fame polarity as the extre-
mity C of the magnet, is equally repelled
by it on every fide, and is far from the in-
fluence of the other extremity D; on the
fides near to the poles the faid particle will
ftand inclined, becaufe the fartheft pole
of the magnet begins now to act upon
it ; and on the middle of the magnet the
wire will lie quite clofe to it, or, if it be
kept at fome diftance, will lie parallel
to the magnet, becaufe the two poles of
the magnet, being cquidiftant from the
“extremities of the iron particle, have an
equal action upon it. Now, when there
are many particles of iron, vzz. the filings,
near the magnet, thofe particles which
touch its furface are rendered magnetic,

confequently
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confequently they attract other particles,
and thefe being made alfo magnetic, attract
others, and fo on, forming ftrings of {mall
magnets, which gradually decreafe in
power as they recede from the magnet.
As each of thofe particles has two mag-
netic poles, by a little confideration it
will appear, that the fartheft ends of thofe
ftrings or lines which proceced from the
parts adjacent to one of the poles of the
magnet, for inftance, the north, are like-
wife poficfled of the north polarity, and
the fartheft extremities of thofe ftrings
which proceed from the parts adjacent to
the fouth pole of the magnet, are poflefl~
ed of the fouth polarity ; hence, when
they come fufficiently near, they attradt
the extremities of the former firings, and
confequently form the curves delineated on
the figure, : _

The fhaking of the table in this ex-
periment ferves to flir the filings, by
making them jump up a little way, and
thus place themfelves in the proper fitu-
ation; otherwife, the action of the magnet,
will not have power fufficient to difpofe

02 properly
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properly thofe particles which ftand at a
confiderable diftance.

ExperiMENT V.

Tq Shew the aétion of f.ée_magnff-aﬁ iron by
means of a [fufpended body.

Tie a thread to one end of a bit of foft
iron wire A B, fig. 6. plate 1I. about four
inches long, and fufpend it fréely; place a
ftand of any fort in fuch é, manner as to
fupport a bar of foft i lrnn C.Ddotasto.
let one of its extremities C be about threa
quarters of an inch diftant from the lower
extremity B of the wire. = This done, if
you bring cither pr.:-le of a ﬁmng magnet
E ¥ under it, you will find that the end B
of the wire A B will recede from the end
C of the iron bar, becaufe they are both
poflefled of the fame polarity ; but if the
magnet be applu:d to the upper part of the
wire, in thc ﬁtuatmn G H, then the end'
B of the wire will be attra&ed by the ex-
tremity C of the iron bar; becaufe, fup-
pofing G to be the north pole of the mag-

' ct,
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net, C being the extremity of t-hp bar C D,
that ftands neareft to the north pole G,
acquires a fouth ‘polarity, and attracts the
end B of the wire; becaufe B being the
part of the wire which ftands remoteft
from the north pole G, acquires the {fame,
namely, the north polarity.

ExPERIM'_E'NT VI.
To fhew the effelt of magnets on a crooked

apire.

Let an iron wire of about a quarter of
an inch in diameter, and four or five inches
long, be bent fomewhat like a gothic arch, ,
viz. with a fharp corner in the middle,
A BC, fig. 7, of plate II. and tie it faft
to a crofs bar, or let an affiftant hold it
with the corner downwards : then apply
either pole of the magnet D E to one of
its extremities A, and whilft the magnet
remains in that fituation, apply a piece
of iron H, of no great fize, to the corner
C, and you will find that the iron remains
fufpended. Now, if another magnet be

03 - applied
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applied to the other extremity B of the
crooked wire, fo that the pole G may be
contrary to the pole E, the iron H will
immediately fall oft; but if the pole G be
analogous to the pole E, wiz. be both
{fouth, or both north, then the iron H
not only will remain adhering to C, but
the faid corner will be capable of fup-
porting a weight flill greater than H.
The reafon of which 1is, becaufe, in the
former cafe, the extremities A B of
the bent wire being pofleflfed of different
polarities, the corner C was the magnetic
centre, where there 1s no attration nor
repulfion ; whereas, in the fecond cafe,
both extremities of the bent wire being
poflefled of the fame polarity, the corner
C was neceflitated to acquire the con-
trary polarity ; and in this cafe, the bent
wire muft have two magnetic centres, viz.
one on each fide.

EXPERIMENT
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ExperimMeENT VI

Shewing in what circumflances a magnet can
lift the greateft weight.

Take a magnetic bar, and find by trial
an oblong piece of iron, about 4 inches
long, and of a weight little greater than
the magnet will {upport. It is plain that
if you affix this iron to one pole of the
magnet, the moment you remove your
hand the iron will drop; but if, before
you remove the hand, you prefent another
larger piece of iron juft under the lower
extremity of the former, and within half
or three quarters of an inch from it, you
will find that the magnet will then fup-
port that piece of iron which it could not
fupport before, when a fecondary piece of
iron was not under it. In fhort, a magnet
can lift a greater weight of iron from
over another piece of iron, as an anvil,
or the like, than from over a table,

The reafon of which property is, that
in the former cafe, the iron bafis, or infe-

O 4 ror
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Tior piece of iron, becoming itfelf in
fome meafure magnetic, helps to.increafe
the magnetifm of the firlt piece of iron,
and confequently tends to increafe the at-
traction between itand the magnet ; which
does not take place when the iron is lifted
from over a table, or fomething elfe which
1s incapable of acquiring any magneti{m.
In order to render this property more
intelligible, fuppofe that a piece of iron
be affixed to the north pole of a magnet;
it 1s plain, that by the action of the mag-
net, the part of it that ftands next to the
magnet has acquired a fouth polarity, and
its other, or inferior extremity, has ac-
quired a north polarity,  the attraction
being a confequence of this acquired mag-
netifm, and being greater or {maller in
proportion as that acquired magnetifm is
more or lefs powerful; confequently,
whatever tends to increafe that magnetifm
in the piece of iron, muft likewife increafe
the attradtion. Now, when anocther piece
of iron is under the former, that other piece
of iron, being within the fphere of action of

thf:,magnetic bar, becomes magnetic, au'n:l_l
| the
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the part of it which is contiguous to the
north pole of the magnet acquires the
fouth polarity ; but this is contiguous to
the lower end, which is the north pole, of
the firlt piece of iron, therefore it muft in-
creafe that north- polarity, and, of courfe,

the fouth polarity of the upper end of the
firft piece of ‘iron, which ftands next to

the magnet.

In fa&, if, inftead of the fecondary
piece of iron, you put the fouth pole of
another magnet at a little diftance below
the lower extremity of the fufpended iron,
you will produce the fame effect, viz. will
increafe the attraction between it and the
north pole of the firft magnet ; but if you
prefent the north pole of the fecond magnet
under it, then you will produce the contrary
effe&, viz. will weaken its magnetic power,
and, of courfe, diminith the attration.

ExperiMeENT VIIL

To fhew the variable power of a magnet by
Jufpending iron to if.

Sufpend a magnet, ina place that is not

much - fhook, and apply to it as much
2 weight
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weight of iron as it will juft {fupport *,
Let a hook or a fcale, like thofe ufed for a
balance, be faftened to this iron. On the
day following, you may put a little more
weight into the fcale, which the magnet
will fupport. One or two days after, a
little more weight may be added; and fo on;;
the power of the magnet increafing daily =
and, though this increafe of power is neither
unlimited nor very regular ; being affected
in fome meafure by the viciffitudes of heat
and cold, &c.; yet, upon the whole, the
power of a magnet will be confiderably in-
creafed by this artifice.

It is very remarkable, that if, in the
courfe of the operation, the iron were to
drop from the magnet, on replacing it,
you will find that the magnet will no
longer fupport as much weight as it did a
moment before, fo that now you muft di-
minith the weight, though in the courfe
of the following days you may increafe it

* For this purpofe, the magnet, either natural or
artificial, ought to be armed, or made in the fhape of
a horfe-thoe; wiz. fo as to have the poles in one plane;
in this form the effe¢t being more confpicuous.

gradually
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aradually again; “hence, in placing the
weights into the f{cale, or upon the hook,
care muft be taken not to give it any jerk,
{0 as to caufe the iron to fall off ; otherwife
a great deal of the work will be loft.

The reafon of this experiment is, that the
iron being rendered magnetic, tends to
ftrengthen the magnetifm of the magnet,
in the fame manner as any other magnet
endeavours to render magnetic any ferru-
ginous fubftance that is placed within its
fphere of action. When the iron falls off,
the magnet lofes part of the acquired
power, efpecially if the magnet had ac-
quired more than its point of faturation,
there having been removed the caufe which
kept it up; and when the iron is replaced,
the magnet will not recover the loft power
very readily, becaufe there is required a con-
fiderable time to communicate a certain de-
greeof magnetic power to a hard ferruginous
{ubftance, as the magnet is, efpecially when
that magnetifm muft be communicated by
the attion of a proportionably weak magnet,
like the iron weight.

According to Aepinus’s hypothefis of

the
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the magnetic fluid, this experiment is
explained thus :—The magnetic fluid in a
magnet is not equally difperfed through its
fubftance ; but one pole, or half of it, is
overcharged and the other undercharged.
There is a ftrong attraction between the
undercharged part and the fuperfluous
quantity of magnetic fluid in the over-
charged part, and the reftoration of the
balance is in great meafure prevented by
the hardnefs or fome other quality of the
magnet. Now, when the iron is affixed
to the magnet, it becomes magnetic, viz.
that part of it which is contiguous to the
ﬂvercharged pole of the magnet, becomes
undercharged, and the oppofite one be-
comes overcharged. In this fituation, the
undercharged part of the iron, endeavour-
ing to draw the magnetic fluid of the mag-
net towards itfelf, accumulates or draws it
ftill nearer to that overcharged pole of the
magnet, and, on the other fide, the over-
charged part of the iron being contiguous
to the undercharged pole of the magnet,
tends continually to drive the magnetic

fluid away from: that undercharged pole of
' the
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the magnet ; but the power of the magnet,
according to the hypothefis, depends on the
unequal diftribution of the magnetic fluid,
therefore the action of the iron, by endea-
vouring continually to increafe that unequal
diftribution, muft increafe the power of the
magnet, .
- It follows from this experiment, that a
magnet is apt to lofe much of its power
when kept without any iron affixed
to 1t.

ExPerIMENT IX,

To fhew the various effeéts produced 5y#
magnet on  different forts ﬁy“ ﬁrrugmam

Sfubflances.

- Let feveral bars bemade, of different forts
of iron and fteel, but all of the fame di-
menfions, vsz. about five inches long, and

half an inch thick ; then éxamine them;;
one by one, 'in the ﬁ:nllﬂwipg MANNEr ;=
Place a magnetic necdle fo that one pole,
of it may be about an inch diftant from one
end of the bar of iron orfteel, but the
' needle
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needle and bar muft not be in one direc-
tion ; then apply one pole of a magnet to
the other extremity of the bar; by the
application of which, the necedle will
be moved from the fituation in which
it ftood before.  Thus repeating the
operation with all the different bars, it
will be found, that the needle is affeéted
moft when the bar is of foft iron, and leaft
when it is of hard fteel, or of the brittle
fort of caft iron; the other ferruginous
fubftances affe&ting the needle in fome in-
termediate degree between thofe two ex-
tremes.

This experiment plainly fhews, that
the magnet has more altion upon foft
iron than on any other ftate of that metal ;
foft iron acquiring the greateft degree of
magnetic power, and confequently dif-
turbing the needle moft. Hence it ap-
pears why a magnet attracts foft iron
more powerfully than any other ferrugi-
nous {ubftance, viz. becaufe foft iron be-
comes more powerfully magnetic when
a&ed on by the magnet.

In this experiment it will alfo be found,

that thofe bars which become leaft mag-
netic,
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netic, and of courfe affe¢t the needle
leaft, after the removal of the magnet will
retain fome magnetifm; whereas the foft
iron will lofe it immediately ; which evi-
dently fhews, that the difficulty of acqui-
ring magnetifm, and of retaining it when
once acquired, is owing to the fame caufe,
namely, the obftruttion offered by the
ferruginous fubftance to the free paflage of
the magnetic fluid, or of that power which
produces the magnetic phenomena.

€ H AP B Ry IV,
Of the altion of magnets on each other.

ExperiMeENnT L

Yo fhew the action of @ magnet on a magnetic
Sleel wire.

AKE a foft fteel wire, like A B, fig. 8,
of plate II. about five inches long,
and a quarter of an inch thick, and give it
fome magnetif{m, by placing it between two
magnetic bars for a minute or two. This

done,
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dcne, findits magneticcentre C, according to
theexperimentdefcribedin the fecond chap-
ter; then lay it upon a table, and put amag-
netic bar, D E, near it, fo that their north
poles may be towards each other. In thisfitu~
ation, if you examine the wire A B, by means
of themagnetic needle, you will find that the
action of the magnet D C has removed the
magnetic centre C farther from the end B;
and the nearer the magnet is approached
to B, the nearer will the magnetic centre C
come to the extremity A. At laft the end
B of the fteel wire will become a fouth
pole, the north pole will be removed to-
wards C, and another magnetic centre will
arife between thofe two poles.  In this ex-
periment, a great deal of variety is occa-
fioned by the various {trength of the
magnet, the lcngth and foftnefs of the
{teel bar, and the diftance between the one
and the other.

1. If the fteel bar be very, long, it will
acquire feveral fucceflive poles, and the
original magnetic centre C, will not come
proportionably fo near the extremity A as

when the wire is {horter. _
g-1f
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2. If the wire A B bevery thort, by the
approximation of the magnet, 1its poles
will be reverfed, fo that B, which was
the north pole, will now become fouth,
and the extremity A will become the north
pole. _

3. If the power of the magnet D E, be fo
weak, as to come nearly to an equality
with the magnetic power of the wire A B,
then they will have an equal power upon
each other; and the confequence will be,
that the north poles of both will be alittle
removed from the extremities B and D ;
provided the {ubftance of the magnets is
equally foft. |

4. By a gradual approximation of the
ftrong magnet D E, to the ftec] wire A B,
the extremity B of the latter muft have its
polarity firft diminifhed, then annihilated,
and laftly reverfed.

From an attentive confideration of the
above-mentioned particulars, it will ap=-
pear, that, before the pole B is changed,
the two magnets muft exert a repulfion
again{t each other; that when the polarity
of B is annihilated, the two magnets can

e neither
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neither attra@ nor repel each other; and,
laftly, that when the extremity B has ac-
quired a fouth polarity, the two magnets
muft attra¢t each other.

In Cafe 3, the two magnets can have
little or no power on each other; fo that

no attraction nor repulfion will take place
between them.

ExperiMENT II.

To lhew the altion of both magnetic poles, of

two magnets, on each ather.

What has been faid in the preceding
experiment, with refpect to one magnetic
pole, will now be eafily applied to explain
the action of both poles of one magnet, on
the analogous poles of another magnet.

Let CE D, A F B, fig. 9. of plate II. be
two femicircular magnets, and let their
poles of the fame name be approached
towards each other; A, C being north
poles, and B, D fouth poles. The confe-
quence of this approximation will be vari-
ous, according to the various ftrengths of

the
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the magnets, and the diftance between |
them. Thus, if they be unequal in power,
on their being gradually brought near to
each other, the poles of the weak one
muft be gradually weakened, in which
cafe, a repulfion is exerted between the
magnets ; then they are annihilated;

which cafe, no attration nor repulﬁon
will take place; and, laftly, they will be
changed, and then the two magnets will
attract each other. _

If the magnets be equal in power, and
of a very hard nature, they will always re-
pel each other, becaufe the poles of neither
of them are deftroyed or reverfed; but,
if equal in power, and of a {fofter na-
ture, then, when brought fufficiently near,
will deftroy each other’s polarity, and, of
courfe, no attraction nor repulfion will
take place.

In this experiment, the magnetic cen-
tres, E and F, will not be removed from
their places, the action of the two poles
being equal on both fides; fo that the
only thing that can happen, is the genera-
tion of more magnetic centres, and, of

P2 courfe,
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courfe, of more magnetic poles, the num-
ber of which depends on the length, hard-
nefs, and power of the magnets,

ExperimenT III.

To fhew the altion between the contrary poles
of two magnets.

In the two preceding expgriments, the
homologous poles of the magnets were op-
pofed to cach other; but, if they be re-
peated, by prefenting the fouth poles to the
north poles, the phencmena will be as fol-
lows, viz. |

The magnetic poles of each magnet will
be ftrengthened, the nearer they are ap-
proached to each other ; the attraGion will
increafe in the fame proportion, and itcan
never be changed into repulfion. But, as
the degree of attration depends on the
firength of the contrary poles, every thing
elfe remaining the fame, and as the increafe
of the polarity of one magnet from the
action of another magnet, principally de-

pends
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pends upon the foftnefs of one of the
magnets, it follows, that, in certain cir-
cumitances, a weaker magnet may be at-
tra&ed more powerfully than a ftronger
one.

In order to render this kind of paradox
very evident; let two {mall magnetic bars
~ be made, exaltly of the {fame dimenfions,
but let one be made of the hardeft, and the
other of the {ofteft fteel. Let the latter
have a very weak magnetic power, but the
former a greater power. This done, if
you apply thofe magnets fingly, and al-
ternately, to a third magnet, confiderably
more powerful than either of them, you
will find, that the weak magnet, v7z. that
of foft fteel, will be attracted more pow-
erfully than the other; the reafon of
which 1s, that the foft fteel magnet
will have its poles rendered confiderably
ftrongerby the vicinity of the third magnet,
and that on account of its foftnefs, though,
for the very fame reafon, its power will be
foon diminifthed when removed from that
{phere of alion ; whereas the magnet of
hard fteel, though its poles be increafed a

2 little
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little by theattion of the third magnet, yet,
on account of its hardnefs, they will not be

increafed to fuch a degree as thofe of the
foft fteel one.

It appears thercfore, from this and the
two preceding experiments, that when
two magnets are approached near each
other, they may repel, attract, or not act at
all on one another, according to the various
enumerated circumftances ; that the repul-
fion at a diftance may be changed into at-
tration, by bringing the magnets nearer ;
that the attraction taking place when the
magnets are within a certain diftance of
cach other, may be changed into repulfion
by increafing that diftance *; and that a

* Thus when two magnetic bars, pretty long, but
not very hard, and of different powers, are placed in
the fame direction, with the north pole of one contigu=
ous to the north pole of the other, the weak magnet
will have its north pole changed into a fouth pole for
a fhort way, in confequence of which, an attration
will take place; but when the magnets are removed
farther off, then the original fouth extremity of the
weak bar will reftore the north polarity of the op-
pofite extremity, and, confequently, a repulfion will

enfue.
weaker
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weaker magnet, in certain cafes, may be at-
tracted with greater force than a ftronger
one ; this law remaining certain and un-
altered in any cafe, viz. that the poles
of the fame name repel, and thofe of a dif-
ferent name attra&, each other; fo that,
when an attrattion takes place between
thofe parts of ferruginous fubftances, which
were before poffefled of the fame polarity,
it may be concluded, that the polarity of
one of them has been actually changed.

ExperiMmMmENT 1V.

Toincreafe or diminifb the attraition between
a magnet and a piece of iren, by the aition
of anotber magnet, equal in power fo the
Jormer.

Place a magnetic bar, A B, fig. 10. of
plate IT. {o that one of its poles may pro-
ject a fhort way beyond the table, and ap-
ply an iron weight, C, to it; then take
another magnetic bar, D E, like the for-
mer, and bring it parallel to, and juft over
the other, with the contrary poles towards

P 4 cach
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each other ; in confequence of which, the
attraction of B will be diminifhed, fo that
the iron C, if very heavy, will drop off,
and the magnet can only {upport a {maller
piece of iron. In fhort, this attfa&iun
will be diminifhed, and, when the magnets
come quite into contact, provided they be
of an equal power, the attraction will en-
tirely vanith ; but if the experiment be
repeated, and the homologous poles of the
magnets be approached to each other, then
the attration, inftead of being diminifhed,
will be increafed. '
As the attraction between the iron and
the magnet is owing to the iron acquiring
a different polarity, it follows, that whate-
ver contributes to increafe that different po-
larity, increafes likewife the attraction, and,
on the contrary, whatever diminifhes .or
deftroys that different polarity in the iron,
muft likewife diminith or deftroy the at-
traction. Therefore, when the extremities
E and B of the magneté are both north
poles, or both fouth poles, that part of the
iron which is next to B becomes more and
more firongly pofiefled of the contrary po-
" larity,
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larity, the more the magnetsare approached ;
but when B and E are poles of different
name, they will prevent the iron'acquiring
any polarity, becaufe, if the a&ion of one -
tends to communicate to it a north polari-
ty, the action of the other will endea-
your to communicate a fouth polarity to
the fame extremity of the iron.

ExPeErIMENT V.

Do sncreafe or diminifb the attraltion between
a magnet and a piece of iron, by the action
of another more or lefs pewerful magnet.

If the preceding experiment be repeated
with magnets of unequal power, for in-
{tance, the magnet D E be much more
powerful ; on approaching the two mag-
nets to each other, it will be found, that
the greateft deg:eeluf attraction, when the
contrary poles are towards each other, and
the entire deftru&ion of the attraction,
when the homologous poles are towards
each other, will take place before the mag-
nets come into contaét; the reafon of which
the ingenious reader may eafily underftand,
after what has been faid before. |

EXPERIMENT
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ExperIMENT VL

To fhew the generation of the poles, and of
the magnetic centres, in the parts of a
broken magnet.

Take a magnetic bar A B, fig, 11. of
plate II. of very hard fteel, and having
only two poles, A and B.—A magnetic
bar about 6 or 8 inches long, and about
a quarter of an inch in diameter, anfwers
very well for this experiment. The mag-
netic centre of this bar will be in its middle,
C, or very little diftant from that point.
Now if, by a fmart ftroke of a hammer,
you break off F B, about one third part of
the magnet, it might be expected the part
I B, which before the fraGture was all
poflefled of one polarity, for inftance, the
north, would now continue fo; but upon
examination it will be found, that that part
of the fragment, which was contiguous
to the fracture, has acquired the contrary
polarity, namely the fouth, and a magne-
tic centre E will be generated.
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It has been obferved, that the magnetic
centre of this fragment, at firft, is always
nearer to the fracture F, but in time it ad-
vances pearer to the middle of the frag-
ment, The original centre C of the other
piece, A F, after the fracture, will like-
wife advance nearer to the middle of it.

This experiment may be diverfified in
the following manner :—A fteel bar, of
about fix inches long, and a quarter of an
inch thick, being made quite hard, may be
broke in two unequal parts; thefe parts
may be joined together, and prefled againft
each other, {o as to make them look as it the
bar had not been broke ; in this fituation,
it may be rendered magnetic by the appli-
cation of very powerful magnets to its ex-
tremities ; after which, on examination,
the whole bar will be found to have two
poles on its extremities, and one magnetic
centre in its middle; but if the parts be
feparated, each will be found to have two
poles and a magnetic centre, &c.

What has been here faid of artificial
magnets, has been found true with natural
magnets alfo, and with magnets having

more
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more than two poles; in fhort, if a mag-
net be broke in feveral pieces, every frag-
ment is a complete magnet, having at
leaft two poles and one magnetic centre ;
nor was a piece of a magnet ever produ-
ced which had only one polarity, =

ExperiMEnT VII.

Of remaving the magnetic centre in a magnet,

The fame means, which facilitate the
tranfition of the magnetic power from one
part to the other of a ferruginous body,
have likewife the power of removing the
magnetic centre, in magnets which have it
not in their middle, and to make itapproach
nearer to that point; hence this may be
effeCted various ways, viz. by ftriking a
magnetic bar repeatedly, by heating it, by
hard rubbing, &c.; but it muft be con-
{idered, that thofe very means generally
tend to weaken the magnetifm of the mag-
net ; therefore they onght not to be ap-
plied beyond what may be neceflary to
produce a {enfible removal of the magnetic
centre from its original place.

C H A P-
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CHAPTER.Y.

Of communicated magnetifin, or of the wari-
ous methods of making artificial magnets.

ExpErRIMENT L

To make a piece of iron acquire the magnetifin
from the earth.

TAKE a bar of foft iron, about

~ two or three feet long, and between
half and two inches thick ({fome kitchen
pokers are very fit for this experiment)
and place it firaight up *. Then place a

& In a proper manner of making the experiment,
the iron bar ought to be placed in the magnetical line,
viz, in the diretion of the dipping needle ; but, as
few perfons are furnithed with a dipping needle, and
many may be defirous of performing this curious ex
periment, it will be fufficient for thofe perfons to place
the bar ftraight up, when they are in higher latitude
than 40° north or fouth, but to place it horizontally

when they are nearer to the equator than the above-
mentioned degree of latitude,

magnetic
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magnetic needle on a pin, and, holding the
pin in your hand, prefent the needle to the
various parts of the bar from top to bottom,
and you will find, that in this ifland the
lower half of the bar is poffefled of the
north polarity, capable of repelling the
north and of attrating the fouth pole of
the needle, and the upper half is pofleflfed of
the fouth polarity, capable of repelling the
fouth and of attra&ing the north pole of
the needle. The attraction is ftrongeft at
the very extremities of the bar, it dimi-
nifhes as it recedes from them, and va-
nifhes about its middle, where no one pole
of the needle is attracted in preference to the
other. In fhort, in that fituation, the iron
bar is as much a magnet as any piece of
iron that ftands within the influence of a
magnet *.

If you turn the bar top-fide down, the
extremity of it, which was fouth pole when

* Befides its power on the needle, if the iron bar
be not very fhort, it will even attract fmall pieces of
irén, as filings, &c. that are placed near its extre=
mity.

6 it
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it ftood uppermoft, will now become north
pole, and the other extremity will become
fouth pole.

In the fouthern parts of the world, the
lower part of the bar is a fouth pole; or, to
be more explicit, when, in any pai;t of the
world, the bar is fituated in the magnetic
line, the extremities of the bar will acquire
the polarities correfponding to the neareft
poles of the earth.

ExperiMENT Il

To fix in an iron bar the magnetifin which
is communicated to it by the earth.

The very foft iron acquires the greateft
degree of magnetic power in the fhorteft
time, but lofes it with the fame quick.
nefs ; fo that, if the preceding experiment
be performed with a bar of that fort of
iron, the magnetifm communicated to it
by the earth will not be permanent; but
if it be made red-hot, and be left to cool
in the magnetic line, or if it be repeatedly
ftruck with a hammer, whilft ftanding in

the
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the magnetic line, it will thereby acquire
2 fmall degrec o! srmanent magnetifm;}
which power, how. - e¢ither by leaving
the bar for fome time in an improper fi-
tuation, or by inverting and firiking it
again, will be foon deftroyed.

When the iron is fomewhat harder, the
acquired magnetifm lafts much longer 3
though a longer time, or longer opération,
be required in order to render it mag-
netic.

As the conftant ation of a weak mag-
net on a ferruginous body continually
tends to increafe the magnetifm of that
body; fo the iron bars, which are left in
the diretion of the magnetic line fora con-
fiderable time, become continually more
ftrongly magnetic, and the acquired power
becomes more permanent.

The reafon why iron, by long ftanding;
by hammering, &c. acquires 2 permg-
nent magnetifm from the earth, whereas
by the mere pofition, in a fhort time, the
power is not at all permanent, feems to be
the unequal texture of the iron: fuppofe;

for

4
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for inftance; that a piece of iron is com-
pofed of hard and foft particles, or of
fome; through which the magnetic power
moves very eafily, and others, through
which it moves very {lowly. The former
then, of thofe particles, acquire the mag
netifm at firft from the earth, and lofe it
very eafily ; but by continuing ii the fame
pofition, or by being foftened, &c. the hard
particles gradually acquire magnetifm from
the former, and, having once acquired 1t,
retain that power for a long time. It is,
befides, very probable; and, in certain cir-
cumftances, actually proved, that fome fort
of iron becomes harder by being kept long
expofed to the atmofphere.

ExperiMenT 1l

To communicate a permanent magnetifin to &
Jerruginous body, by means of an iron bar,
whilft this is rendered magnetic by the
earth,

- The fimpleft method of producing this
effct, is defcribed in the Philofophical
Q. ‘Tranfactions,
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Tranfactions, by Mr. Arnold Marcel *;
part of whofe paper I think it not im-
proper to tranfcribe in this place, it being
the firft method of the kind that I find
publifhed.

. ““ In the year,” fays he, ‘“ 1726, making
‘“ feveral further obfervations about the
‘“ magnetical force, which I found in
‘¢ great preces of iron, I made ufe of a
¢ large iron vice, about golb weight, in
“ which I fixed a fmall anvil of about
““ 121b. Upon the bright furface of this
“ anvil I laid the fteel, to which I would
¢ give the virtue, in a pofition of north
¢ and fouth, which happened to be in a
«¢ diagonal of the {quare {urface of the an-
“ vil; then I took a piece of iron, one
¢ inch fquare, and 33 inches long, of
¢ about eight Ib. weight, having at one
¢ end the figure here reprefented (fig. 12.
¢ plate II.) brightly polifhed at A, and
¢ taper at the other end: Then I held
¢ faft down the piece of fteel upon the
¢« anvil with one hand, and with the other

. Mart.j.r:n’s Abridgment, Vol. VI. Part IL. p. 278.
v ¢ I held
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I held the iron bat aforefaid perpendi=
cular, with its point A tpon the fteel,
and, prefling hard, I rubbed the fteel
with the iron bar towards me, from
north to fouth, feveral ftrokes; always
carrying the bar far enough round
about, to begin again at the north, to
prevent the drawing back of the mag-
nétical force. Having thus given 10 or
12 ftrokes, I turned the fteel upfide
down, leaving it in the fame pofition
as to north and fouth, and, after rubbing
it and turning it, till I rubbed it about
4006 times, it received, by degrees; more
and more ftrength, and at laft had as
much as if it had been touched by a
ftrong load-ftone. The place where I
began to rub, was always that which
pointed to the north when the needle |
was hung, the end where I had ended
the ftreke turning to the fouth. Seme-
times it has happened, that in a few
ftrokes I gave the fteel its virtue; nay,
even in the very firft ftroke; one may
give a great deal to a fmall needle. - This
way I have given the magnetieal virtue

Q.2 “ 10
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to needles of fea-compafles, made of
one piece of fteel, fo ftrongly, that
one of the poles would take up %,and the
other 2 whole ounce of iron : although
thefe needles were anointed with linfeed
oil, which made a hard coat, to keep
them from rufting, yet they kept the
virtue ; but in firengthening thefe fort
of needles, I rubbed by turns firft to the
right and then to the left fide.

¢ The fame way I brought the virtue
into the point of a knife, fo that it
would fuftain 1% ounce.

¢ I brought the faid virtue into four
{mall pieces of fteel, each one inch long,
and-'s inch broad, as thin as the fpring of
a watch. Thefe four pieces I joined
together, as into an artificial load{tone,
weighing 18 grains Tray, and then it did
draw up and fuftain an iron nail, which
weighed 144 grains T7oy. This artificial
loadftone has now thefe fix years been
tumbled about, and been lying among
iron and fteel, and in any pofition, and

¢ yet it has rather got more than loft

any of its virtue.

The
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« The magnetical virtue being thus
¢« brought into iron or fteel; I have far-
¢¢ ther obferved, that that end where the
¢« ftroke was begun, would draw to the
¢« north, and where the ftroke ended, to
¢ the fouth, in whatever fituation the fteel
¢ had been laid upon the anvil to give
¢ it the virtue. T'tookapieceof fteel, and
¢ rubbed it from one end to the middle,
¢ and then from the other end to the’
¢ middle, and found it had two north
“¢ poles, one at each'end, and the middle
“ a fouth pole.
¢¢ Further, beginning to rub from the
middle towards each end' of another
piece of fteel, I found it to have at each
end a fouth pole, and in the middle a
north pole.”

A very eafy way of giving magneti{m to
a- fmall piece of foft fteel, is the follow-
ing :—Take two pokers of foft iron, or two'
iron bars, of about an inch fquare, and more
than 3 feet in length, keep them in themag-
netical line, or (if in thisifland) perpendicu-
larly, as thewn in fig. 1 3. of plate II. Then
let the piece of fteel C B be eithér faftened

Qe to
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to the edge of a table, or be held by an af~
fiftant; and, placing the lower extremity of
the bar A B, and the upper extremity of
the bar C D, both on the fame fide, and in
the middle of the fteel, ftroke the fteel
from the middle towards its extremities,
moving the end of the bar C D from the
middle of the piece of fteel towards its end
C, at the fame time that the end of the
bar A B 1s maving from the middle of the
piece of fteel to its other extremity B, and
when the bars are arrived to the faid extre-
mities, remove them from the fteel, and
apply them again to the middle, and fo on;
thus firoking the piece of fteel about 4q
or 5o times on every fide, will give it a
confiderable degree of magnetifm.

Itis evident, that if in this experiment,
when the iron bars aye arrived to the ex-
tremities of the fteel, you bring them back
to the middle of it, by drawing them along
the furface of the ftecl, the experiment will
not f{ucceed, becaufe the magnetic power
communicated by their rubbing the fteel in
one direétion, will be deftroyed by their
contrary motion,

| EXPERIMENT
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EKPERIMENT 1V.

To confiruct artificial magnets, after !ﬁe
manner of Mr. Canton *,

Let fix bars be made of foft fteel, about
3 inches long, + inch broad, and % inch
thick, Let alfo fix other fteel bars be made
quite hard, and about fix inches long, half
an inch broad, and one eighth thick. Each
of thofe fets of bars muft have twa pieces
of {oft iron, called {upports or condu@ors,
both equal to one bar of the refpective fer,
One end of each of thefe 12 bars muft
be marked with a line, which end is to-
become the north pole. Have ready alfo
an iron poker and tongs, that have been
long in ufe,

Place the poker nearly upright, or rather
in the magnetical line, with its point down-
wards ; and let one of the {oft fleel bars be
tied, by means of a thread, to the middle
of it, and with the marked end downwards ;
then with the lower end of the tongs, hcld
alfo in an upright pofition, or in the mag «

* Phil. Tranf. for the year 1751 and 1752,
Q4 netical
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netical line, ftroke the fteel bar from the
marked end upwards, about 10 times, on
both fides, which will give it power enough
to keep fufpended a {mall key. Thus com-
municate the magnetifm to four of the

fmall bars. |
This done, lay the two other {mall bars
on a table, parallel to each other, about 2
quarter of an inch afunder, and between
their iron conductors, A B, C D. fig. 14,
of plate II.; taking care to placé the
marked end of oneof the bars on one fide,
and the marked end of the other bar on
the oppofite fide. Now place the four bars,
already made magnetic, in the form fhewn
in fig. 15. viz. two with their north poles
duwnwé;ds, and the other two with their
fouth poles downwards. The two of each
pair muft be placed breadth to breadth, and
the two pairs being put contiguous to each
other at top, muit be kept open to a {fmall
angle by the interpofition of fome hard
fubftance I. This fort of compound mag-
net, formed of the four bars, muft be
placed with its aperture on the middle of
one of the foft bars A C, taking care to
let
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let the fouth poles H be towards the
marked end of the bar A C, and the north
poles F towards the other extremity, In
this pofition, the compound magnet muit
be {lid from end to end of the faid bar,
viz. when the poles H are arrived at C,
move the compound magnet backwards
the other way, till the poles F come to
A, &c. Thus ftroke the lying bar foug
times, ending at the middle ; from whence
take up the compound magnet, and remove
it to the middle of the other lying bar
B D, taking care, as above, to let the fouth
poles be towards the marked end of the
bar; rub this in the like manner; then turn
the bars A C, B D, with the fides that
ftood towards the table upwards, and re-
peat the operation on thofe other fides.
This being done, take up the two bars
A C, B D, and let them form the inner
two of the compound magnet; and place
thofe which were before the two outfide
enes, between the pieces of iron, or con=-
duttors, and rub them with the compound
magnet formed out of the other four bars,
in the fame manner as before. This ope-

ration
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ration muft be repeated till each of the fix
bars has been rubbed four or five times, by
which means they will acquire a confider-~
able degree of magnetic power.

When the {fmall bars have been thus ren-
dered magnetic, in'order to communicate
the magnetiim to the large bars, lay two
of them upon the table, between their two
conduéors, or pieces of iron, in the fame:
manner, and with the fame precautions, as
were ufed for the fmall bars; then form a
compound magnet with the fix {mall
bars, placing three of them with the
north poles downwards, and the three
others with their fouth poles: down-
wards.  Place thofe two parcels at an an-
gle, as was done with four of them,
the north extremity of one parcel being
put contiguous to the fouth extremity of
the other, and with this compound mag-
net ftroke four of the large bars, one after
the other, about twenty times on each fide,
by which means they will acquire fome
magnetic power.

When the four large bars have been fo

far rendered magnetic, the fmall bars are
laid
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jaid afide, and the large ones are ftrength-
ened by themfelves, in the fame manner as
was done with the {mall bars,

With fome fort of fteel a few ftrokes are
fufficient to impart to them all the power
they are capable of retaining; other forts
require a longer operation; and fometimes
it is impofiible to give them more than a
juft fenfible degree of magneti{m.

In order to expedite the operation, the
bars ought to be fixed in a groove, or
between brafs pins; otherwife the attrac-
tion and friction between the bars will be
continually deranging them, when placed
between the conductors.

After what has been faid in the pre-
ceding pages, the reader may eafily com-
prehend the reafons of the operations here
defcribed, for conftructing ‘artificial mag-
nets,

EXPERIMENT
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EXFERIMENT V.

To communicate magnetifm by means of two.
magnetic bars.

It may be readily underftood, that in
order to communicate magnetifm by means
of two magnetic bars, the operation goes:
on' much in the fame manner as in the
preceding experiment; but as it'is more
convenient to ufe two bars; and as the ob-
fervations which may be made on the ufe
of them are alfo applicable to the other
methods of communicating magneti{m, I
thought proper to treat'of it apart.

In order to communicate magnetiim to
a fteel bar, to the needle of a compafs,
&ec. place the bar or needle A B, fig. 16.
plate II. upon a table; then place the two
magnetic bars C D, E F, ftraight up upon
A B, at a little and equal diftance from the
middle of the bar A B, and in fuch manner
as the {fouth pole D of onc of the bars may
be neareft to that end of the bar A B,
which is required to become the north

10 pole,
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pole, &c. then thefe two bars muft be
flid gradually towards one extremity of the
bar, keeping them conftantly at the {ame
diftance from each other ; and when one of
the magnetic bars, for inftance C D, is ar-
rived at A, then they muft be flid the con-
trary way, till E F arrives at B; and thus
the bar A B muft be rubbed a greater or
{maller number of times till it will be
found, by trial, to have acquired a con-
fiderable power. When the magnetic bars
are powerful, and the bar A B is of very
good fteel, and not very large, a dozen of
ftrokes are fully fufficient. —When the
magnetic bars are to be removed from the
bar A B, care muft be had to bring them
to the fame fituation where they were firft
placed, vzz. at a little and equal diftance
from the middle of the bar A B, and then
they may be lifted up.

In this operation the effe@ of the bars
may be improved feveral ways, which will
be found neceflary when the bar A B is
propartionably large, and it is required to
give it the greateft poflible power. This
may be effected, firft, by joining the mag-

netic
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netic bars at top, interpofing a piece of
wood or other fubftance, except iron, to
keep them apart, as thewn in fig. 17; for
in this manner, the upper poles of the bars
being contiguous, will tend to ftrengthen
each other, and, of courfe, their lower
poles will alfo be {trengthened. Secondly,
by placing the bar, tobe rendered magnetic,
between two bars of {oft iron, or two other
magnets, as fhewn in fig. 17. or in the
manner direCted in the preceding experiment.
Thirdly, the magnetic bars may be inclined
the contrary way, after the manner ufed by
Mr. Aepinus, fig. 18. plate IT. {o that the
magnets C D, E F, may make an angle of
about 15 degrees with the bar A B.

The bar A B may, in the fame manner,
be rendered magnetic by means of an
armed magnet, as fhewn in fig. 1g9. or by
a horfe-thoe magnet, as thewn in fig. zo.
placing both the poles of the magnet in
contact with the bar, &c.

In all thofe methods the bar to be reri-
dered magnetic muft be ﬁmked on every
fide; and in order to let the magnetic cen-
tre fall juft in its middle, care muft be had

to
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to {troke one half of the bar juft as often
as the other half.

Whenever a fteel bar, or in general a
piece of ferruginous {ubftance, is rendered
magnetic by applying two bars, or when-
ever two magnetic poles are applied to it
at the fame time, as ufed in this and the
preceding experiment, the operation is
ufually called the dowbie touch, in diftinc-
tion from the fingle touch, which is when
~only one magnetic pole is applied to it.

ExPpeEriMENT VI.

To communicate the magnetic power to crooked

Sfreel bars.

Artificial magnets are frequently made
in the fhape of a femicircle, or like a
horfe-thoe, for the fake of bringing both
poles in the fame plain. Thefe are ren-
dered magnetic in the {ame manner as the
ftraight bars, excepting only, that the mag-
netic bars which are ufed for it, muft fol-
low the curvature of the fteel bar; thus,
if it be required to render magnetic the.
piece of fteel A B C, fig. g plate II.

place ﬂ
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place it flat upon a table; and to its exa
tremities apply the magnets D F, E G;
joining their extremities F G with the
condutor or piece of foft iron F G,
Then apply the magnetic bars H, I, to
the middle of the piece A B C, and ftroke
it with them, from end to end, following
the dire&ion of the bent fteel ; {o that on
one fide of it the magnetic bars may ftand
in the dire¢tion indicated by the dotted re-
prefentation L K.—In this manner, when
the piece of fteel has been rubbed a fuffi-
cient number of times on one fide, turn
the other fide upwards, and repeat the
operation till it has acquired a fufficient
degree of magneti{m.

In this operation the fame precautions
muft be followed as were recommended
for the method of communicating the
magneti{fm to ftraight bars, viz. the mag-
nets D F, E G, as well as the magnets
H, I, muft be placed fo that their {fouth
poles muft be towards that extremity of
the bent fteel which is required to be
made the north pole, and their north poles

towards the other extremity. The mag-
nets
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nets I, H muft be firft placed on the mid-
dle of the bent fteel ; and after having
drawn them over one leg of it as often as
over the other, in order to let the mag-
netic centre fall juft in the middle of the
bent fteel, they are removed, &c.

EXPERIMENT Vf[.

To communicate magnetifin by the application
of only one magnetic pole.

If a perfon have only one magnetic bar,
or a terrella, with which he withed to give
magneti{in to a needle or other bar, the
only way of effeting it is, to applyone pole
of the terrella, or magnetic bar A B, ﬁg.;
22. plate II. to one extremity C of the
needle, and to draw it all along the f{ur-
face of it till iit reaches to the other EJ:(-_
tremity D ; then the magnet being re-
moved muft be applied again to the ex=
tremity C, and muft be drawn over the
needle as befare. ., Thus the needle J.mﬁﬁ:
be rubbed feveral times, by which means

R 1t
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it will acquire a confiderable degree of
magneti{m,

It muft be obferved, that the extremity
of the needle which the pole of the mag-
net touched laft, acquires the contrary po-
larity. 'Thus, in the prefent inftance, if
B be the north pole of the magnet, then
the extremity D of the needle will after-
wards be found to have acquired the fouth
polarity, and the other extremity C, the
north.

In this operation it is evident, that after
the firft ftroke, when the magnet is ap-
plied again to C, this extremity, having
acquired the north polarity, will have that
power deftroyed by the vicinity of the
north pole B of the magnet; fo that it
feems that every ftroke undoes what was
done in the preceding; however the fact
is, that by repeating the ftrokes the power
is increafed ; but, in general, this method
will never be fo advantageous as when
more than one magnetic pole is ufed ;
hence it onght not to be ufed excepting in
cafe of neceflity, w7z. when one has only

one magnetic bar or terrella.
EXPERIMENT
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ExperiMmeENT VIII.

To fhew the difadvantages arifing from the
improper ufe of magnets of different power,
and of fieel not properly bardened.

After having communicated the mag-
netic power to a {tecl bar, by means of a
given magnet, examine its power; then
take a weaker magnet, and with it rub
the fteel bar again in the fame direétion
as was done before ; ufing the fame pole,
and, in thort, following exaltly the fame
operation ; after whichitmight be expe&ed,
that the magnetic power ﬂf the ftecl bar
was increafed; but, on the contrary, 1t will
be found that its power is diminifhed,
being now not ftronger than if the fteel bar
had been rendered magnetic by the fecond
weak magnet alone.

In this experiment it is required that
the fecond magnet, though weaker than
the firft, yet be not fo ftrong as to
render the ftecl magnetic to its point

R 2 of
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of faturation, v7z. as much as it can
hold ; for in that cafe the difference
between the effets  of: ‘the stwo magnets
could not be obferved. :
It appears, therefore, that' if in’coni-
municating magnetifin, it be advantageous
to ufe weak magnets firft, ‘and then ftronger
ones, yet.the contrary is detrimental,

In refpe& to the fnft nature uf the i’EEf:I
that is ufed for artificial magnets, it muft bc
Dbfﬂl‘?ﬂd t}mt foft {teel, or irom, beﬁﬂes*
ltS Ioﬁng the: magnenc pnwer ver}r eafly,
is fub_;:.&ﬂ to ncqui‘r'é more ‘than two polés.
Th1s may bé"ubfer?cd Im the fﬁﬂnwmg
mann:r.mTake two wires, abaut fourt’een
inches long, and an e1g11d1 of an inch m
diameter ; and let one EE: of {’cpﬁ] qulte hard
and the other of vﬁ'r'y”
but, not of the foftei’c fort then, by méans
of magnetic bars, render thefe two W1res
n:r.agnrat:c:','r ont after the other, treatin g t‘hem
both alike, and it will be generally found,
that tﬁe: wxrc “of hard fteel will have dc-
qmrcd nnly two magnetlc pc}les, one at
“each extremltv, ‘whereas the ﬂthc.r w1re‘
‘Velll have more than two pr.}fes. ¢ e

5 " EXPERIMENT
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ExperiMENT  IX.

To improve natural magnets.

The fame means by which fteel bars
are rendered magnetm or are ﬁrengthened
in power, may be applu:d to increafe the
power of a weak natural magnet, or to
render magnenc certain iron ores; but as
the natural magnets are in general very
fhort, one can“feldom do more than place
them between ftrong magnetic bars; how=
ever, when they are fuﬁiéicntly long, be-
fides putting them between magnets, th‘éjr
muit be rubbed with other magnetic bars,
in the fame manner, and ufing the fame
precautions as were recommeénded in the
methods of making artificial magnets.

For this Dptratmn it is always propet to
remavc the: armat:u'rc from the natural
mdgne{fs 1f they hmre ajnl’, as 15 genarally
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CH ASP RPNl
Of the ufe of the Magnetical Inflruments.

H E magnetical inftruments may be

reduced to three, wiz. the magnetic
bars, the compafs, and the dipping nee-
dle, There needs nothing more be faid,
in particular, relating to the magnetic bars;
their ufe in communicating magneti{m to
other bodies, and in difcovering the pre-
fence of iron in various fubftances, having
been already fufficiently examined,

As to the ufe of the fimple compafs
the reader can hardly expect any farther
explanation; for as its office 1s to place itfelf
always in the fame pofition, it {erves to thew
the bearing of different places, efpecially
where there 1s no cuthr.:r ﬁxed obJecft to
'_guldc the obferver. It may be only pm-
per to remark, that at fea, when the vel~
fel is very much agitated, and of courfe
the card of the compafs is not fteady, the
beft way of determining the true direction of
the veflel, is to take a mean between the

: "y ) extiremes
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extremes of the vibrations of the needle.
Thus, fuppofe the card was to vibrate, fo
that its north and eaft points were the ex-

" tremes of the vibrations, viz. thofe points

did alternately coincide with the fixed line
in the box, then the true diretion of the
veflel would be V. E. or nearly {o.

But as the magnetic needle feldom points
due north and fouth, the bearings of places
cannot be accurately known by the com-
pafs, unlefs its declination be afcertained;
which is eafily known on land, by means
of a variation compafs placed in the true
meridian of the place; but in order to
afcertain it at fea, by means of the azi-
muth compafs, there requires an obferva-
tion of a celeftial object, and fome cal-
culation. 1 fhall now add the rules ne-
cefiary to perform this operation, but with-
out going any farther than the mere opera-
tion; it being incompatible with the na-
ture of this work to explain the aftrono-
mical and mathematical principles upen
which thofe rules depend.

R 4 DeEFINI-
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DEFINITIONS,

The true amplitude of a celeftial object,
is an arch of the horizon contained be-
tween the eaft or welt points of the ho-
rizon, and that point of the faid horizon
which the centre of that celeftial obje
cuts in its rifing or fetting. |

The f{un’s amplitude is reckoned eaft-

ward in the morning, and weftward in the
afternoon ; and its quantity is accounted
from the eaft or weft points, towards the
north or fouth. Thus, if the {un, in fet-
tlng, were to pafs two degrees northward
of the weft point of the horizon, then it
is faid that the {fun’s weftern amphtqde 18
two dcgrees north. -
- "The true azimuth of a calefhal ijﬂ& 1s
an arch of the horizon intercepted _be-
tween the north or fouth point, and that
point where a plain, pafling through the
zenith and the celeftial objet, cuts the
horizon. 5

The fun’s azimuth is reckoned eaftward

in
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in the morning, and weftward in the after-
noon.

It is ufually eftimated from the fouth,
or from the north, according as it is nearer
to the one or to the ather of thofe points.
Thus, if it be found, by obfervation, that
the plain, which paﬂES through the zenith
and a ftar, cuts the horizon juft midway
between the eaft and the fouth, then it is
faid that the ftar’s azimuth is 45° eaftward
of fouth.

The magnetic amplzma’e of a celeftial ob-
JE& is its bearing by the compafs when in
the hurlznn., _

The ?Hdg?iﬁw aztmuth of a celeftial Ulb,;"
je& is its bearing by the compafs when
above the horizon.

The variation is found by . mmparmg
together the true and magnetic amplitudes
or azimuths of celeftial objects.

ProerEm
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PRDBLEM B

To aé@rw at ﬁa the magnetic amplitude of
a ccleftial objelt with the azimuth com-

pas.

Place the compafs on a fteady place,
from whence the horizon may be clearly
feen ; and, Tooking through the fight vanes
of the compafs, turn the inftrument round
till the centre of the fun, or other celeftial
obje&, may be feen through the narrow
flit which is in ore of the fight vanes,
exaltly on the thread which bifects the
aperture in the other fight vane ; and when
the centre of “the celeftial Dbjt& ‘whether
rifing or fetting, is Ju't in the horizon,
pufh the ftop, in the fide of the box, fo
as to ftop the card, and then read the de-
gree of the card which ftands juit againft the
fiducial line in the box, which is the am-
plitude fnught.

In this apcratmn fome aliowance muft
be, made for the height of the obferver’s
eye above the level of the fea.

ProBLEM



PracTicAL MAGNETISM, 2351

Prorrem Il

To cbferve at fea the magnetic azimuth of a
celeftial objelt with the azimuth compafs.

Situate the inftrument in a proper place,
as before, and looking through the nar-
row flit in one of the fight vanes, turn
the box round, till the centre of the ce-
leftial objec, when above the horizon,
may be feen to coincide with the thread
in the {lit of the other fight vane, or till
the fhadow of that thread, when the fun
is obferved, falls exactly along the line of
the index, ~and in the {ame inftant ftop
the card ; then read the degree, as before,
which is the azimuth fought. _

- When the veflel “is' very much agitated,
this, or the preceding obfervation, is beft
performed by two perfons, in the follow-
ing manner; viz, let one look through the
fights, and turn the box till the centre of
the fun coincides with the thread, taking
gare to keep a conftant fight of the co-
incidence, notwithftanding the  motion of

~ the,
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the veflel. He muft then fignify that co-
incidence byiword or fign. to the other
perfon, who muft, at the fame time, ob-
{ferve what degree of thr:: card is agamﬂ:
the fiducial line in ‘the box. “When the
card vibrates very. much the obferver muft
take the mlddlf: degrcc b;tween the ex-
tremes of the vlbratmns, as mentioned m
the bcgmmng of this’ Chaptﬂr. | '

N, B. At t“he fame, mftant in which
the mqgnenc a.-dlmuth c:f a celeftial object
is obferved, the altitude ﬂf the fame ubjc&
muﬁ b._ takf:n wnh a fexmnt o

P xos L~+E M 'III

Tffw !ﬂfzrua'e of the p!a:e gf m’_zﬁrvatmn, aud
the declination. of  a celeflial object, being

]g‘zwn, to find the true anmplitude -of that
@éffﬁ » 23 o """"'.' o~

ba wtas

IIjhf: anallogy is the fo]lawmg, vi%. the
caﬁne of the latitude is to thr:. radm‘s, as
the ﬁne QF thc declmatmn is tﬂ the cofine
of the ampluudc. The ﬁrﬁc fccona and
th_lrcf members of this analogy chg

known,
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known, the fourth, v/z. the amplitude, is
found by the common rule of proportion,
which, by thé help of a Jogarithmical ta-
ble, is performed thus: .

Add the logant.hm .of the ﬁne Gf de-
clination to. the logarithm of the radius,
and from the fum fubtra@ the logarithm
of the cofine of the latitude. Thc re-
mainder is, the ].cganthm of .the cofine of
the amplitudc. For 1ni’canr:e:, 1in htﬂude
38 25, nor;h the i'un 5 declmatmn bemg

.....
p-a

Log. fine of 187 59/ 9;31‘22‘? A
~JiLog. of raiusv Iod 0 &7 10,00600 1
M shimiord: .
4 Sum, = B oS 51227
Lug. cnf:nf? ﬁS“ 25’ = g,ﬁgq.as :
R:mainder - - ,6:321 ir7 ad

75} - J
whmb is the lpgarlthm Of 24. 32 thc am-
Pht.lldf: required ; ‘which is of the fame
name with the given degclination, wz'z.i
north when the declination is ngrth, as. iy

the prefent /inftance, and famh Whnu t};q
dcchnatmn 15 fuuth.

1 v i ta 37

ok e - - "‘J-l -rf 1 -..

g0 PRDRLE*\I

]' -l'..I..|.
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Prosrem 1V.

The latitude of the place of obfervation, the
declination of a celeflial objeit, and its al-
titude, being grven ; required the true azi-
muth of that objet.

If the declination and latitude be both
north, or both fouth, call the codeclination
A; but if they be one fouth, and the
other north, add go° to the declination,
and call the fum A.

Call the difference between the colati-
tude and coaltitude, B

Let the half of the fum of A and B be
called D, and the half of their difference
be called C.

Then add tngetbcr the four f'{}[lowmg
logarithms, wviz. the arithmetic comple-
ment of the logarithmic fine of the co-
atitude, the arithmetic complement of the
logarithmical fine of the coaltitude, the
logarithmic fine of D, and the logarithmic
fine of C,

Now takc half the fum of thofe four

7 logarithms,



PracTicalL MAGNETISM. 255

logarithms, and that is the logarithmic
fine of half the azimuth required.

For inftance, in latitude 40° 38" north,
the fun’s altitude in the afternoon was
20° 46, and its declination §17° x0’ fouth;
required the fun’s azimuth for that time.

The declination + ¢o° = 107° 10/ = ‘A
The coaltitude - = 69° 14’

The colatitude i =it - Wl 7 18

The difference - = it =B
The half fumof Aand B = gt Sl
The half differenceof Aand B = 43¢ 39/ = C
The arith: compl. of log. fine of colat. = o0,11982
The arith. cempl. of log, fine of coalt. = o0,02917
The log. fine of D AL - = 9,95185
The log. fine of C - - = 9,83901
Sum of thofe four logarithms. - = 19,93985

the half of which' is 9,96992, and this
is the logarithmic fine of 38° 5¢/; the
double of which, wiz. 77° 50’, is the re-
quired {un’s azimuth from the north point
of the horizon. ;|

ProBLEM
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i

P ROBLEM V
The true and magnetic ﬂmpf:mdf:, or azi-
mitiths, of & celeftial aé_;fcf':' being given, fo
afeertain - the variation of ' the campaﬁ Jor

. that tune and place.

Let the amplimdes, as well as the azi-
muths, ‘be—all reckoned from the .m::rth
point, which is dong by fubtra&mg
from ¢o° Wheq the amplitude is north~
ward of the caft or weft points, or by ad-
ding it to 9o” when it is fouthward of the
faid’ pmnts thﬁn either the niagﬂc’tic ar'n-
phmde is lefs or greater than the true am-
plitude. - i '

- When. the magnetic amphtude is' lefs
thalgl the true, and they ase/ both on the
fame fide of the north point, their dif-,
ference jis the wvariation towards the con-
trary fide of the north; butif they be on.
different fides of the north point, then
their fum is the variation towards the fame
fide with the true amplitude.

When the magnetic amplitude is greater

L O than
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than the true, and they are on the fame fide
of the north point of the horizon, their
difference thews the variation towards the
fame fide; but if they be on different
fides, then their {fum is the variation to-
wards the fame fide with the true ampli-
tude. Thus, if the magnetic amplitude
is 80° eaftward of -north, and the true am-
plitude is 82° towards the fame fide, then
the variation is 2° weft ; and if the mag-
netic amplitude be 76° eaftward of north,
whilft the true is 5° weftward of north,
then the variation is 81° weft.

What has been here faid of the am-
plitudes, muft be likewife underftood of the
azimuths, when the variation is to be efti-
mated from them. '

Proerem VI

To obferve the dipping of the magnetic needle.

For this operation nothing more is re-
quired than to place the dipping needle in
the magnetic meridian, which muft be af-

S certained
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certained by means of a good compalfs ;
but then the two inftruments muft be
placed fufficiently far from each. other.
Sometimes the frame which holds the dip-
ping needle is furnithed with two fight
vanes on an index, which moves horizon-
tally, and through which a diftant objed,
the bearing of which is accurately known,
may be kept in view, in order to fix the
dipping needle in the magnetic meridian;
taking care to let the plain of the necedle
form the neceflary angle with the index, or
bearing of the diftant object ; which is
{hewn by the divided circle juft under the
index.

To compenfate in fome manner for the
pofiible want of i)alance, the poles of the
dipping needle are ufually reverfed, by
means of magnetic bars; fo that its twe
ends may be made to dip alternately, and a
mean is taken of the two or more obferva-
tions.

The greateft imperfetion of the dip-
ping necedle is, that the magnetifm of the
carth acts upon it differently according to
its different degrees of inclination, and alfo

g : according
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according to its greater or lefs magnetic
power. This property, which at fir{
fight feems to be rather paradoxical, wil
be rendered evident by the fol]uwing €X-
planation.

Let A B, fig. 23. of plate II. be the
dipping needle; the circle, E F, reprefent=
ing one end of its axis ; the lower part F,
of which refts upon the fupport C D; and
E F is the line which paffes through the
centre of the needle, and divides it into
two equal parts. It is evident, that before
the necdle has acquired any magnetifm, if
it be of a uniform figure, and the axis be
truly cylindrical, and placed in its middle,
the needle muft remain in any fituation it
is placed, becaufe the perpendicular raifed
from the point where the axis E F touches
the fupport C D, paffes always through
the centre of the needle, dividing it into
two equal and like parts ; fo that the nee-
dle is' perfectly balanced in any degree of
inclination.  But it muft be remarked,
that though the needle be perfedly ba-
- lanced, yet when it ftands in an inclined
fituation, as fhewn in fig. 24. the part of

S 2 it
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it G A, which ftands above the fupporting
point G, is longer than the part B G,
which ftands below it ; and this difference
increafes as the inclination increafes, be-
caule the axis of the needle is not a mathe~
matical line, but a body of a certain
diameter ; {o that when the needle
ftands perpendicular, the part of it
which lies above the fupporting plain
exceeds the other part juft by the di-
ameter of the axis. Now, when the
needle is inclined, as in fig. 24. fuppofe
that two equal and like forces be applied to
its extremities A and B, it is evident, that
the force applied to the extremity A muft
have more power to move the needle than
that applied to B, becaufe G A is the
longeft lever of the two. This inequality
of effe¢t muft increafe with the inclina-
tion, and 1s greateft when the needle ftands
perpendicular. _ -
The application of thofe forces takes
place when the needle is made magnetic ;
for as the greateft attractive and repulfive,
powers between the magnetic poles of the
carth, and the poles of the needle, act
upon



PracTicalr MAGNETISM. 201

upon the extremities A and B, the irregu-
larity above mentioned muft increafe with
the inclination, and with the degree of the
needle’s magnetic power.

Various methods have been propofed, in
order to compenfate for this irregularity ;
but none has yet been found to obviate it
perfectly ; and they generally introduce
new imperfections. :

CHAP.T E-R:. .VII

Promifcuous Experiments.

ExPeriMENT 1.

T he magnetic paradox.

PON the table A B, fig. 25, of
plate II. place a piece of iron wire,
not above a tenth of an inch long. Let
the magnetic bar E F be held at about 4
or 5 inches above the table, with either

S 3 | pole
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pole downwards, and in fuch a place as
that the perpendicular let fall from it to
the table may touch the table at G, viz.
two or three inches diftance from the iron
wire ; thofe diftances, however, are fub-
ject to a good deal of variety, arifing from
the power of the ﬁmgnet. B

By the action of the magnet the iron
wire will elevate one of -its ends, as repre-
fented by C D, forming with the table
an angle, which 1s larger the nearer the
wire comes to the point G, where it ftands
quite erect. :

In this fituation, if you give gentle
knocks to the table, the wire Z D will

e il_l-};radually proceed towards G, every knock

‘making it jump up and advance a little
way. The reafon of which a fuperficial
obferver would immediately attribute to the
attraction between the magnet and the iron
wire, which being not fufficiently ftrong
to raife the wire from the table, has juft
power enough to draw it a little nearer
to the point G, when the motion of the
table lifts it up. i1
Thus far the experiment fhews nothing
cxtrgordinar}r ;

Al
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extraordinary ; but if it be repeated with
only this variation, viz. that the magnet,
inftead of being held above the table, be
placed below it, wzz. at H I; the event
will be, that the wire, which will now
make an obtufe angle towards G, as repre-
fented by K L, on knocking the table will
gradually recede from the point G, fhew-
ing as if the magnet repelled it; which
has given to this experiment the name of
magnetical paradox ; for, in faét, the mag-
net attracts the wire.

This phenomenon refults from the di-
reCtive property of the magnet a&ing at’
a greater diftance than the attractive, as
has been explained in Chapter VIII. of
the firflt Part of this work.

In order to explain the immediate
caufe of this phenomenon, it muft be con-
fidered, that the wire K L, fig. 26, plate II.
being rendered magnetic by the action
of the magnet H, is inclined to it accorde=
ing to the abovementioned laws of the
dipping needle; but, on account of its
weight, and becaufe it is fupported not in
its centre, but by one end, namely K,

| S 4 which
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which ftands upon the table, it does not
incline fo much as it ought to do if it
were freely fufpended by its centre, the
end K now being a little higher than its
proper fituation. Let M N be the per-
pendiqular, which paffes through the cen-
tre of the wire. Now when, by the mo-
tion given to the table, the wire is made to
jump ; this, whilft remaining in the air,
will take its proper inclination, as thewn
by » Q, its centre remaining in the fame
perpendicular M N ; for the diretive
power of the magnet H alts at a greater
diftance than its attraction. In this fitua-
tion it is evident, that a perpendicular P O,
let fall from the lower extremity r of the
wire, touches the table in a point farther
from G than the point K; and as the
wire after the jump comes down to the
table again with the proper inclination,
yiz. parallel to » Q, it follows, that now
its lower end muft touch the table at O
and thus every knock will force it to re-
cede a little more from the point G, which

lies juft over the magnet H.
The fame explanation applied to the firft
Parl;
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part of the experiment, will fhew that the
wire muft in that cafe, viz. when the
magnet is held above the table, approach
continually the point G.

This experiment may be diverfified by
ufing iron filings inftead of the iron wire;
for, in the firft cafe, the filings difperfed
over the table will be gradually collected
about the point G; and in the latter cafe,
the filings placed about the point G will
be gradually forced to recede from that
point.

ExperiMENT ]JL

To arm natural and artificial magnets.

When a piece of natural magnet is re-
quired to be armed, the firft operation is
to find out its poles; then let the magnet
be properly thaped, viz. either in the form
of a terrella, or in the more ufual one of
a parallelopipedon, in which latter cafe
care muft be had to let the poles fall about
the middle of two oppofite furfaces, in

which
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which direction the magnet ought to have
the greateft length poffible; it having been
often obferved, that a natural magnet is
weakened in power much more by cutting
off a part of its length, in the direion of
the poles, v7z. fo as to make the magnetic
axis thorter, than in any other direction.

After having fhaped the magnet pro-
perly, let two plates of foft iron be made,
equal in breadth to thofe furfaces where
the poles ftand, and to project a little way
on one fide of the ftone, as thewn by fig. 1.
plate I. Thofe projections D, D, muft
be much narrower than the breadth of the
plates. For magnets {maller than one
ounce, the lower {urfaces of the projec-
tions to which the iron F is to be applied,
need not be larger than about one tenth of
an inch; and from a quarter to half an
inch is fufficient for larger magnets.

The thicknefs of the plates C D, C D,
muft be proportioned to the power of the
magnet ; there being a certain fize, which
is the propereft for any magnet, a larger
or fmaller thicknefs than which being not
fo advantageous. This thicknefs cannot

be
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be eafily determined without actual trial ;
hence the beft way is to make them very
thick at firft ; then filing a little off,
and examining the power of the magnet
alternatcly ; for the power increafes gra-
dually till a certain degree, at which limit
the filing ought to be difcontinued.

It is indifferent whether the armature
be kept on by tying, or by a box, whe-
ther of metal or of wood'; but as the box
is the moft permanent, this ought to be
preferred ; and it may be made of any metal
excepting iron or fteel,

When the magnet is {pherical, the are
mature, or pieces of iron, muft be adapted
to that {urface, and each to cover about a
quarter of it.

What has been here faid about the na-
tural magnet, is equally applicable to the
artificial ones; fo that many magnetic bars
may be joined together, and may be armed
fo as to form a very powerful compound
magnet.

The armature rather ftrengthens the
power of the magnet, for the fame reafon
for which a piece of iron, affixed to a
magnet, tends to render it more powerful.

If
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If the artificial magnets be made in the
fhape of a horfe-fhoe, or of a femicircle,
then there is no need of the armature, it
being fufficient to join them together, ei-
ther by rivetting or by a box ; and, indeed,
even with f{traight bars the compound
magnet may be made without the arma-
ture ; but then, as the two magnetic poles
cannot act in the fame plain, it is proper
to have two of thofe compound magnets,
for the purpofe of givin'g, more conveni-
ently, magneti{fm to other bodies *.

* % By this means the late Dr. Gowin Knight con-
ftructed two very powerful artificial magnets, or ma-
gazines of magnetic bars, which are now in the repo-
fitory of the Royal Society. Each of thofe maga-
zines confifts of 240 bars, difpofed in four lengths, fo
as to form a parallelopipedon, every length containing
64 bars. All thofe bars are kept together by means
of iron braces, and the whole is fufpended upon
pivots and a proper wooden pedeftal or carriage, fo as
to be eafily placed in any required pofition.—For a far-
ther defcription of thofe magnetic magazines, fee the

Phil. Tranf, vol. LXVL. p. 591.

EXPERIMENT
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ExperimMmenT IIl

To communicate magnetifin to a needle by
means of electricity.

Place a {mall fewing needle, or a picce
of fteel wire, on a table, and conneét one
extremity of it with the outfide of a charged
electric jar or battery *, by means of a wire.
Let the other extremity of the needle be
connected, by means of another wire, to
one branch of the ufual difcharging
rod ; then bring the other knob of the
difcharging rod in contaé with the knob
of the jar or battery, fo as to make the
difcharge, which paffing through the nee-
dle will render it magnetic, or reverfe its
poles, &c. according to the circumftances
enumerated in the firft Part of this work.

* This jar or battery ought, at leaft, to have two
fquare feet of coated furface, but this depends on the
fize of the needle. See the writers on electricity
for an explanation of the elerical inftruments,

EXPERIMENT
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ExperiMENT IV,

To fhew that magnetifm requires a certain
time to penelrate through a prece of iron.

Place a bulky piece of iron, for inftance,
a fhort piece of about 40 or go Ib. weight,
fidleway of one of the poles of a mag-
netic needle, fo as to draw the needle a
little out of its natural dire¢ion. Then
" apply one pole of a ftrong magnet to the:
fartheft end of the iron, and you will find
that there requires fome time, v7z. {ome
feconds, before the needle be affected by it.
This time is different according to the
different fize of the piece of iron, and of

the power of the magnet.

ExPERIMENT V.

!

To imitate the natural magnets.

Take fome martial ®thiops, or, which

is more eafily procured, reduce into very
fine
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fine powder the fcales of iron, which fall
from red-hot iron when hammered, and
which are found abundantly in {miths
fthops. Mix this powder Wlth drylng lin-
{eed-oil, fo as to form it into 2 very {tiff
pafte, and fhape it in a mould fo as to give
it any form you require, whether of a
terrella, a human head, or any other. This
done, place it in a warm place for fome
weeks, and it will dry {o as to become
very hard. Then render it magnetic, by
the proper application of powerful mag-
nets, and it will acquire a confiderable
power *,

EXPERIMENT

* The late Dr. John Fothergill, giving an account
of Dr. Knight's magnetical machine, in the 66th
vol. of the Phil, Tranf. p. 595, mentions the fol-
lowing remarkable circumftance; which, however,
I think muft have been partly occafioned by fome
miftake or mifinformation. “¢ 1 do not know,” fays
be, *¢that the Doétor left behind him any defcription
‘¢ of a compofition he had made to form artificial load-
‘ ftones. I have feen in his pofleflion, and many
¢¢ other of his friends have likewife {een, {uch a com-
¢ pofition ; which retained the magnetic virtue in a
*“ manner much more fixed, than cither any real load-
‘¢ ftone, or any magnetic bar, however well tempered.

s In
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ExPErRIMENT -VI.

To weaken, or to deftroy the magnetifm of a
wire, by bending.

Communicate the magnetic power to
an iron wire, or {oft fteel wire, of about
four or five inches in length, and about %

¢¢ In the natural ones, he could change the polesin an
¢ inftant, fo likewife in the hardeft bars ; but in the
¢¢ compofition the poles were immoveable. He had
“¢ feveral fmall picces of this compofition, which had
“¢ ftrong magnetic powers. The largeft was about half
¢ an inch in breadth, very little longer than broad,
¢ and near a quarter of an inch thick. It was not
¢ armed, but the ends were powerfully magnetic;
“¢ nor could the poles be altered, though it was placed
“ between two of his largeft bars, and they were very
¢ ftrongly impregnated. I'he mafs was not very
“¢ heavy, and had much the appearance of a piece of
“¢ black lead, though not quite fo thining. I believe
¢ he never divulged the compofition ; but, I think,
¢ he once told me, the bafis of it was filings of iron,
¢ reduced by long-continued attrition with water to
¢ a perfelly impalpable ftate, and then incorporated
¢ with fome pliant matter, to give it due confift-

¢ ence.’.

of
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of an inch in diameter ; then roll it round
a fmall ftick, fo as to make four or five
revolutions round the ftick ; after which,
on ftraightening the wire again, its mag=
netifm will be generally found to be quite
deftroyed by the bending, or confiderably
weakened.

The effe¢t 1s the fame with fhorter or
longer wires; for if they make one revo-
lution round the ftick, the effe& will take
place, which is evidently owing to the
ftrefs or derangement of the particles of
the wire, as is rendered more evident by
the following obfervation; wiz. that if the
wire be of fuch {pringy nature as to re-
cover its ftraight fituation if left to itfelf
after coiling it round the ftick, then its
magnetifm is either not at all, or little di-
minifhed ; {o that in order to produce the
above-mentioned effect, a ftraining of the
parts of the wire is abfolutely neceflary.

When only the middle of the wire is
bent, and its extremities remain ftraight,
then the magneti{m is {feldom deftroyed, or
even diminifhed.

35 If
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RAu R T IV,

NEW MAGNETICAL EXPERIMENTS.
€

T T T e —

AVING in the preceding pages

taken notice of whatever had been
afcertained with refpect to magnetifm, and
of the expsriments which feemed neceffary
to prove thofe magnetical laws, I fhall
now briefly relate thofe experiments of
mine relative to magnetiim, which were
attended with fome apparently ufeful event,
arranging in each chapter thofe particulars
which are naturally more connelted to-
gether, without paying any regard to
the time in which the experiments were
made, and alfo without mentioning a va-
riety of unfuccefsful trials, or of pro-
Je€ts not yet verified by actual experience.

T 2 CHAP-
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CHAPTER: I

Defeription of a new fort of fufpenfion for a
magnetic needle, principally intended for
afeertaining fimall degrees of magnetic at-
tralion ; and fome remarks iz the ufe of
quickfilver.

REVIOUS to the narration of the

experiments on the magneti{m of brafs
and of iron in its different ftates, which
are to be related in this Part, I fhall de~
feribe the magnetic needle generally ufed
for thofe experiments, which is fufpended
in a particalar manner ; it being a very
fimple, and at the fame time a very nimble
~ {ort of fufpenfion.

Experience having fhewn, that large
magnetic needles are not proper for expe-
riments wherein -a ‘very fmall degree of
magnetifin muft be afcertained, and the
free motion of the ufual f{mall needles
being proportionably mare obftruéted by
the nature of their fufpenfion, even when
furnifhed with agate caps, I endeavoured

to
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to contrive a fort of fufpenfion which
might anfwer the purpofe better than the
needles fufpended in the ufual manner;
and, after feveral attempts, at laft I con-
ftru&ed a chain of horfe-hair, confifting
of five or fix links, to which the needle
was fufpended. Each link is about three
quarters of an inch in diameter ; and the
extremities of each piece of hair, which
is formed in a ring, are joined by a knot,
and fecured by a little fealing-wax. ‘The
link on one end of this chain is fufpended
on a pin in a proper frame, or on any fup-
port that may be at hand; and to the link
of the other extremity, which lies lower-
moft, a piece of fine filver wire is hooked.
This wire is about an inch and a half
long, and its lower extremity is faftened
round a {mall and cylindrical piece of
cork, through which a common fewing
needle, made magnetic, is thruft hori-
zontally, Thns the magnetic needle is
kept fufpended by a hair-chain, the links
of which, on account of the fmoothnefs
and lightnefs of the hair, move very freely
in each other, and allow the needle more

+ 3 than
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than a whole revolution round its centre,.
with fo fmall a degree of friction as may be
confidered next to nothing. By compar-
ing this needle with others of the beft
fort now in ufe, I find it much more
{enfible ; for when bodies which have
an exceedingly {mall magnetic power are
tried, this needle will be frequently at-
trated by them when the others are not
fenfibly affected.

In order to try farther the delicacy of
{uch fufpenfion, I placed a piece of look-
ing-glafs under the needle, and nearly ho-
rizontal ; {o that the image of the needle
was feen in it. Now, as a fine line
had been previoufly marked on the glafs,
things were fo difpofed as that the image
of the needle might coincide with the line
marked on the glafs, the eye of the ob-
{erver being placed in a proper point of
view ; afterwards, by fhaking the needle
cither very gently or very quickly,
I repeatedly endeavoured to place it out
of the magnetic meridian ; but every

endeavour proved ineffectual, for the nee-
| dle
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dle conftantly fettled in the fame diretion,
without any fenfible deviation.

With a needle thus fufpended a vari-
ation compafs might be very eafily con-
ftru&ed, and it would, perhaps, be more
accurate than thofe commonly in ufe. For
this purpofe the needle ought to be about
three inches long, and the piece of look-
ing-glafs ought to be fixed upon the index
of an Hadley’s fextant, which muft be
placed horizontally under the needle, with
its edge or fiducial line in the meridian
of the place, in order to obferve the daily
variation of the needle. I have made only
a rough model of fuch a variation com-
pafs, and it feemed to an{wer very well.

This conftru¢tion appears to have the fol-
lowing advantages over the common fort :
1{t. The needle being cylindrical, and with-
out a hole through the middle, would be lefs
fubject to have more than two poles. 2dly.
The needle being flender, its poles would
ftand more exactly in its axis, which with
the common flat needles is feldom the cafe.
3dly. It will appear, by a little confidera-

i A tion,



280 New EXPERIMENTS.

tion, that in this conftruction there‘is nd
need of the needle’s centre of motion
keeping always in the fame ‘invariable
point, which renders the conftru&ion both
very caly and very accurate. And, laftly,
as the fextant may be placed at a confider-
able diftance below the ncedle, and the
reft of the frame may be made of any fize,
there would be no neceflity of placing any
brafs or other metal {o near the needle as
might affect it in cafe this metal had any
magnetifm, which generally happens with
brafs.

In order to examine the magneti{fm of
divers fubftances, befides the above de-
fcribed needle, I ufed to place the f{ub-
ftance to be examined, upon water, fome-
times refting it upon flat pieces of cork
or upon quickfilver, which laft method,
though incomparably nicer than the others,
is however very troublefome on account
of the folluwing circumitances, for which
reafon I generally contented myfelf with
ufing only the needle fufpended by a hair
chain,

In the courfe of the experiments in

which
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which quickfilver was ufed, I obferved =
remarkable phenomenon, refpecting the
{urface of that metal; it is, that though
fubftances will float upon it wonderfully
nimble when it is firft poured out into the
open veflel, yet a fhort time after, wiz.
after having remained for an hour or two,
and often a thorter time, in the open vels
fel, a piece of brafs or other fubftance will
by no means float upon it with equal fa=
cility ; fo that fome {ubftances, which af-
ter firft pouring out the quickfilver into
the open veffel were evidently attracted by
the magnet, an hour after were not in
the leaft moved by it.

The only effe¢tual method which would
render the quickfilver again fit for the
purpofe, was to pafs it through a funncl
of paper, as defcribed in page 180 ; which
operation I have been obliged fometimes
to repeat four or five times in about two
hours time.

There fcems to be formed a kind of
cruft upon the furface of the mercury
thus expofed, which, though invifible by
mere infpection, may be perceived by mov-

lﬂg
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ing the floating fubftance upon it ; for
foon after, having paffed the quickfilver
through the paper funnel, the floating {ub-
ftance, when moved, feems to proceed by
itfelf; whereas fome time after the fame
fubftance, when moved, feems to commu-
nicate that motion to the adjacent quick-
filver, and to drag it along with itfelf,
fomewhat like what happens when one
moves fomething that floats upon the fur-
face of a liquor which begins to coagulate.
The formation of this cruft I attributed
to the imperfect metals, which, though
in {fmall quantities, are generally amalgama-
ted with the common fort of quickfilver;
for that amalgamation tending to dephlo-
gifticate thofe metals, the half calcined
part floats at the top; and it is moft likely
that the faid deph]agtﬁimtmn gocg on gery
quick in the open air.” What
this fuppofition is, that the purer the
quickfilver is, the leaft is the cruft formed,
or oppofition made to the floating {ub-
ftances ; however, I have obferved it in
fome meafure, even in the pureft quickfilver,
and am inclined to think, that it muft be

partly
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partly owing to fome moifture or invifible -
duft, which adheres to the {urface of the
quickfilver that is expofed to the atmo-
{phere,

CrHAP:- T E:R ol

Examination of the magnetical properties of
brafs.

FEW years ago, being intent on
making fome magnetic experiments,

in which brafs was concerned, I ufed to
examine firft whether the pieces of brafs
had any magnetiim or not, and rejected
thofe pieces which had an evident degree
of that power, In the courfe of thofe
experiments I remember to have obferved,
that thofe pieces of brafs which had been
hammered were generally magnetic, and
much more {o than others; in confe-
quence of which I made no ufe of ham-
mered brafs in thofe ExPe,rir_nents. But
10 about
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about a year and a half ago, having or-
dered a theodolite at a philofophical in-
ftrument fhop, I particularly enjoined the
workmen to try the brafs, both foft and
hammered, before they worked it, and to
make no ufe of that which had an evident
degree of magnetic power. They found,
that hammered brafs, even f{uch as before
the hammering had no magnetifm, could
afterwards' difturb the magnetic needle
very fenfibly. Thefe obfervations induced

me to make the following experiments.
Experiment 1. Anoblong pieceof brafs,
weighing fomewhat lefs than half an ounce,
being examined, by prefenting every part
of its furface to the fufpended needle,
fhewed no fign of magnetifm whatever,
It was then hammered for about two mi-
nutes; the confequence of which was, that
it became magnetic fo far as to attract ei-
ther end of the needle from about akquartcr
of an inch diftance. This fame piece of
brafs being now put into the fire {o as to
become red-hot, by which means it was
foftened, and when cold being prefented
to the fufpended needle, its magnetifm was
8 found
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found to be entirely gone. Hammering
made it again magnetic ; foftening by fire
took the magnetifm away a fecond time:
and thus the magnetilm was repeatedly
oiven it by hammering, and was deftroyed
by foftening ; fometimes fhewing to have
acquired a fenfible degree of that power
even after two or three ftrokes of the ham-
mer.

Experiment 11. The refult of the firft
experiment would naturally induce one to
fufpec, that the hammer and anvil might
have imparted {ome {mall quantity of fteel
to the brafs, which rendered it magnetic ;
and that this magnetifm was deftroyed in
{oftening the brafs, infomuch as the fire
calcined the {mall quantity of fteel that
had adhered to it. In confequence of
which confideration, I took other pieces
of brafs befides that ufed before, and ham-
mered them between card-paper, changing
. the pieces of paper as often as was necef-
fary, fince they were eafily broken by the
hammer ; but the pieces of brafs became
conftantly magnetic by the hammering,
and their magnetifin was deftroyed by fire.

(A
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In this experiment I generally gave to
the brafs not above thirty ftrokes with the
hammer. :

Experiment 1II.  Still fufpe&ing that
the hammer and the anvil might have im-
parted fome fmall quantity of iron to the
brafs, becaufe the pieces of card-paper
fometimes were broken by the firft or fe-
cond ftroke, in which cafe either the ham-
mer or the anvil touched the brafs, I
hardened a piece of brafs by beating it be=
tween two large flints; @7z, ufing one for
the hammer, and the other for the anvil.
The piece of brafs became magnetic,
though in this cafe it feemed tohave acquir-
ed not fo much power as when it had been
hardened with the hammer; buat it muft
be obferved, that the flints being rough
and irregular, the piece of brafs could not
be hardened by them fo eafily, or fo
equally, as by the other methed.

The flints, being examined both before
and after the experiment, were found to
have not the leaft degree of magnetifm.

Experiment IV. A picce of brafs, which

by hammering had been rendered fo ftrongly
magnetic



New EXPERIMENTS, 287

magnetic as to attract either pole of the
needle from about a quarter of an inch
diftance, was put into a crucible, together
with a confiderable quantity of charcoal
duft, which furrounded it every where.
The crucible was covered with clay, and
being placed into the fire, was kept red-hot
for about ten minutes. After cooling, the
piece of brafs was taken out of the cru-
cible, and being examined, was found to
have entirely loft its magnetifm. The
object of this experiment was to afcertain
whether the lofs of magneti{fm, in a piece
of brafs that was foftened, was owing to
the calcination of the ferruginous par-
ticles, which, notwithftanding the preced-
ing experiment, might ftill be fufpected
to be imparted to it; becaufe in this
way of foftening the brafs, the ferruginous
particles being furrounded with charcoal
duft, could not have been calcined ; hence
.the brafs ought not to have loft its mag-
netifm, which however was not the refult
of the experiment.

Experiment V. One of thofe pieces of
brafs, which had been ufed for the fore-

going



288 New ExXPERIMENTS.

going experiments, and which had been
deprived of magnetifm by fire, was ham-
mered between two large and pretty thick
pieces of copper, which had not the leaft
magnetifm ; and after a few ftrokes of
the hammer, it became fenfibly mag-
netic.

Experiment V1. In order to examine the
difference of this property in brafs of va-
rious kinds, I have tried a great many pieces
of Englith as well as foreign brafs ; fome
of which was very old, and fo fine and
uniform, that an eminent watchmaker of
my acquaintance ufed it for the very beft
fort of watch-work. But I find that they
moftly have the property of becoming
magnetic by hammering, and of lofing that
power when foftened. 'There are, how-
ever, fome pieces which acquiré¢ no mag-
netifm by the hammering, though they are
rendered equally hard by it as thofe which
acquire the magnetifm. By attentively
examining them, I have not yet been able to
diftinguifh, without a trial, which pieces
are capable of acquiring magnetifm, and
which not ; the colour, apparent texture,

and
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and degree of duéility, feeming to afford
no fure indication.

Experiment VII. The preceding experi-
ments {eem to render evident the exiftence
of magnetifm, or of the power of attract-
ing and being attracted by the magnet,
independent of iron; yet an objection
may be made againft this confequence,
which 1s, that the brafs which becomes
magnetic by hammering, and lofes that
power by foftening, might contain a {fmall
quantity of iron, to which that magneti{im
was owing ; and that this iron, or martial
earth, difpzrfed through the fubftance of
the brals, might become phlogifticated by
the action of the hammering ; infomuch as
the brafs being forced into a fmaller fpace,
might perhaps give fome of its phlogif-
ton to the martial earth, and thus render
it fenfibly magnetic ; and, on the contrary,
the action of the fire in foftening, might
 remove that phlngif’mn from the martial
carth, and give it again to the brafs; hence
the former, remaining quite dephlogiﬁicif_
ed, would no longer fhew any figns of
magnetifm, The confideration that iron

U maJ
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may be dephlogifticated or calcined more
eafily than brafs, gave an apparent weight
to the fuppofition; but the following ex-
periments feem to expel every doubt.
Having chofen a piece of brafs, which
would acquire no magnetifm by hammer-
ing, I placed it upon an anvil, together
with a confiderable quantity of crocus mar-
t7s, which crocus had no aéicn on the
magnetic needle; then began hammering
the brafs, and turning it frequently, in or=
der to let part of the crocus adhere to it 3
and, in fact, the crocus had, in {feveral
places, been faftened fo well into the brafs,.
that hard wiping with a woollen cloth
would not rub it off. The brafs appeared
red in thofe places ; but, after having been
hammered for a long time, it acquired no
magnetifm whatever. The hardening,
therefore, could not render the iron calx
{o far phlogifticated as to affe¢t the mag-
netic needle. |
Experiment VIII. In order to diverfify
the preceding experiment, I drilled a hole,.
about one-eighth of an inch long, and little
more than one-fifticth of an inch in diam-
s eter;
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eter, into a piece of brafs that was not
rendered magnetic by hammering, and
filled it with crocus martis; then I ham-
mered the piece of brafs, thus inclofing
the calx of iron, and afterwards prefented
it to the fufpended magnetic needle; but
there was not the leaft fign of attrattion:
the martial earth, therefore, had not ac-
quired any phlogifton from the brafs by
the a@ion of hammering.

Experiment 1X. The fame piece of
brafs, containing a fmall quantity of ecalx
of iron, was put into the fire, and was
made quite red-hot, in which ftate it re-
mained for about three minutes, Fhen,
after cooling, it was prefented to the mag-
netic needle, and this was attrated by the
brafs only in that place wherein the calx
of iron was contained. 'The action, there-
fore, of the fire had rendered the martial
earth fo far phl’ugiﬁicatéd as to attract the
magnetic needle; hence, if the magnetifm
of brafs were owing to any ferruginous
matter contained in it, a piece of brafs
ought to become magnetic when foftened;

Uz which
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which is contrary to the foregoing obferva-

tions. |
Experiment X. A hole, fimilar to that
mentioned in the VEHIth Experiment, was
diilled into a piece of brafs that would not
become magnetic by hammering, and into
it was put fome black calx of iron, which
was f{o far phlogifticated as to be attractable
by the magnet, and the hole was clofed by
a few ftrokes of the hammer. In confe-
quence of this, the piece of brafs, when
prefented to the fufpended needle, would
attract it only about that place where the
magnetic calx was contained. This at-
traction was very weak. ‘The piece of
brafs thus prepared, was then put into the
fire, and was kept for about {ix miinutes in
a heat very little thort of that neceflary
to melt brafs, and after cooling I prefented
it to the needle, expe&ing that the fire
might have dephlogifticated the calx of
iwon fo far as not to let it at any longer
upon the needle; but the attraction ap-
peared to be of the fame degree it was be-
tore the heating. | il
It

y,
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it feems, therefore, clear, that the mag-
netifm acquired by brafs, when hammered,
is not owing to iron contained in it; and
confequently, that magnetifin, or the power
of being attraéted by, and attrafiing, the
- magnet, may exift independent of iron.
Experiment XI. A {mall quantity of
iron was mixed, by means of the blow-pipe,
with about four times its weight of fuch
brafs as would not become magnetic by
hammering. The whole globule weighed
about two grains, and it attratted the
magnetic needle very powerfully. I then
melted this globule of brafs and iron with
about fifty grains of the fame fort of brafs
as had been ufed before. After cooling,
the whole lump of brafs appeared to have
very little }Jﬂwer upon the magnetic nee-
dle, every part of its {urface attralting one
end of the fufpended needle, fo as to let it
juft adhere to it when the air was not at
- all difturbed. But this weak and hardly
perceivable degree of magnetifm was not
increafed by hammering, nor annihilated
by: foftening.
In this experiment I thought to have
Plcts fufed
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fufed and incorporated together brafs and
iron ; but {fome fubfequent trials gave rea-
fon to believe, that the iron is concealed
in {fome part or other of the melted brafs,
rather than equably diffufed through the
fubftance of the latter; and the principal
reafon for this fuppofition is, that when
thofe picces of mixed metal are tried upon
the quickfilver, {fome points in their f{ur-
faces are generally attradted by the magnet
in preference to others.

It muft here alfo be ocbferved, that hav-
ing repeated moft of the preceding ex-
periments, by examining the pieces of brafs
upon quickfilver, and prefenting the mag-
net to them, inftead of prefenting them
to the needle, the refult was, that very fel-
dom a piece of brafs occurred, which was
not affeGted by the magnet ; and even
when they were not affected by it, their
indifference was not very clear and de-
cifive ; and indeed there arc very few
{fubftances in nature, which, when ex-
amined by this means, are not, in fome
degree, attracted by the magnet; fo general
is the difperfion of iron, or fuch is the

tendency
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tendency which molft bodies have towards
the magnet.

Such brafs which in the former experi-
ments appeared to have no magnetiim na-
turally, nor to acquire any by hammering,
was now found to be moitly magnetic,
though in fo fmall a degree as to be dif-
coverable only when floating upon quickfil-
ver; but thofe pieces of brafs which na-
turally had not any degree of magnetifm
fufficient to affect the needle, nor acquired
any by hammering, but yet fhewed fome
tendency towards the magnet when float-
ing upon quickfilver, never, or very fel-
dom, had that tendency increafed by ham-
mering.

It is now proper to collect, under one
point of view, all the obfervations which
have been deduced from the foregoing and
other experiments relating to the magnetic
properties of brafs. Itappears, therefore,

1ft. That moft brafs becomes magnetic
by hammering, and lofes the magnetifm
by annealing or {oftening in the fire, or at
leaft its magnetifm is fo far weakened by

U4 it
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it as afterwards to be only difcoverable
when fet to float on quickfilver.

2dly. That the acquired magnetifin is
not owing to particles of iron or fteel im-
parted to the brafs by the tools employed,
or naturally mixed with the brafs.

3dly. Thofe pieces of brafs which have
that property, retain it without any dimi-
nution after a great number of repeated
trials, wzz. after having been repeatedly
hardened and foftened. But I have not
found any means of giving that property
to fuch brafs as had it not naturally.

4thly. A large piece of brafs has gene-
rally a magnetic power fomewhat ftronger
than a {fmaller piece; and the flat furface
of the piece draws the needle more for-
cibly than the edge or corner of it,

sthly. If only one end of alarge piece
of brafs be hammered, then that end alone
will difturb the magnetic needle, and not
the reft.

6thly. The magnetic power which brafs
acquires by hammering has a certain limit,
beyond which it cannot be increafed by

farther
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farther hammering. This limit is various
in pieces of brafs of different thicknefs
and likewife of different quality.
7thly. Though there are fome pieces of
brafs which have not the property of being
rendered magnetic by hammering, yetall the
pieces of magnetic brafs, that I have tried,
lofe their magneti{m, {o as nolonger to affelt
theneedle, by being madered-hot;excepting
indeed when fome pieces of iron are con-
cealed in them, which fometimes occurs;
but in this cafe, the piece of brafs, after
having been made red-hot and cooled, will
attract the needle more forcibly"with one
part of its furface than with the reft of it;
and hence, by turning the piece of brafs
about, and prefenting every part of it {uc-
ceffively to the {ufpended magnetic needle,
one may eafily difcover in what part of it
the iron is lodged.
8thly. In the courfe of my experiments
~on the magnetifm of brafs, I have twice
obferved the following remarkable circum-
ftance :—A piece of brafs, which had the
property of becoming magnetic by ham-
mering, and of lofing the magnetifm by
foftening,
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{oftening, having been left in the fire till
it was partially melted, I found, upon trial,
that it had loft the property of becoming
magnetic by hammering ; but having been
afterwards fairly fufed in a crucible, it
thereby acquired the property it had origi-
nally, vzz. that of becoming magnetic by

hammering.
gthly. I have likewife often obferved,
that a long continuance in a fire fo ftrong
as to be little thort of melting-hot, ge-~
nerally diminifhes, and f{ometimes quite
deftroys, the property of becoming mag-
netic in brafs. At the fame time, the tex-
ture of the metal is confiderably altered,
becoming what fome workmen call roften.
From this it appears, that the property of
becoming magnetic in brafs by hammering,
is rather owing to fome particular con=
figuration of its parts, than to the admix-
ture of any iron; which is confirmed f{till
farther by obferving, that Dutch plate-
brafs (which is made not by melting the
copper, but by keeping it in a ftrong de-
gree of heat whillt furrounded by /lepis
calaminaris) alfo poffefies that property ;
at
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at leaft, all the pieces of it, which I have
tried, have that property.

From thefe obfervations it follows, that
when brafs is to be ufed for the conftruc-
tion of inftruments wherein a magnetic
needle is concerned, as dipping needles,
variation compaffes, &c. the brafs thould
be either left quite foft, or it fhould be
chofen of fuch a fort as will not be made
magnetic by hammering ; which fort, how-
ever, does not occur very frequently,

B0 o VU 0 R 0l 1) T 44

Examination of the magnetic properties of
Jome other metallic fubffances.

HE refult of the experiments on

brafs induced me to examine other
metallic fubftances, and efpecially its com-
ponents, wzz. copper and zinc : though
the refult of the experiments has not been
very remarkable, excepting with platina,
which
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which metal has properties in great mea-
{ure analogous to thofe of brafs.

Having examined various pieces of cop-
per, by means of the fufpended magnetic
needle, and having never found them mag-
netical, except only fometimes in fuch
places which had been filed, and where
fome particles of f{teel might have been
left by the file, I next proceeded to ham-
mer fome pieces of it, not only in the
ufual way, but likewife between flints:
the refult, however, was very dubious; for
though, in general, they had no effect
whatever on the needle, yet fometimes I
thought the needle was really attracted by
fome pieces of hammered copper; but
then this attractive power was f{o exceed-
ingly {fmall as not to be depended upon.

Zinc, either not hammered, or ham-
mered as far as could be done without
breaking it, fhewed no figns of attrattion
whatever, when prefented to the magne-
tic needle., Neither had a mixture of zinc
and tin any action upon the needle.

A piece of broken refleCor of a tele-
{fcope, which confifted of tin and copper; -

a mixturc
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o mixture of tin, zinc, and a little cop-
per ; a piece of filver, both foft and ham-
mered ; a piece of pure gold, both foft
and hammered; a mixture of gold and fil-
ver, both hard and foft ; and another mix-
ture of a great deal of filver, a little cop-
per, and a lefs quantity of gold, either be-
fore or after hammering, had not the leaft
action on the magnetic needle.

Nickel is a metallic fubftance, which
has been fufpected to poflefs fome de-
gree of attrattion towards the magnet,
independent of iron ; and this fufpi-
cion has been founded upon obferving,
that nickel retained its magnetifm after
having been repeatedly purified*. There
are, however, perfons who have denied the
magnetifm of purified nickel ; and I have
feen fome pieces of it which did not, in
the leaft, affet the magnetic needle. It
is probable that thofe pieces were not pure
nickel, and perhaps fome cobalt was con-
tained in them; but I {ee no reafon why
the nickel, when alloyed with a little co-

" * See Kirwan’s Mineralogy, p. 342 and 367,

balt,
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balt, fhould fhew no attraction towards
the magnet, if that property did really be-
long effentially to it.

Platina was the metal I laft examined,
and the experiments made with it feem to
deferve particular attention.

Experiment 1. A large piece of platina,
which after having been precipitated from
its folution in agua regza, had been fufed,
or rather concreted together, being pre-
{ented to the fufpended magnetic needle,
fthewed not the leaft fign of magnetifm.
1t was then hammered; but after the third
or fourth ftroke of the hammer it broke
into many pieces, feveral of which being
tried, thewed no attraction, nor could any
of the fineft particles be attracted by the
maguet prefented very nearly over them.
'The broken furface of this piece of pla-
tina was full of cavities, fome of which
were large, and others juft difcernible;
and altogether the metal feemed to have
undergone an imperfect fufion.

Experiment 1I. The grains of native
platina were examined next, by putting a

magnet juft over them ; but the magnet
attracted
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attratted not above ten or twenty particles
out of about half an ounce of platina: and
thofe which were attra®ed had little or
no fhining metallic appearance, like the
reft, and were exceedingly {mall,
Experiment 1I1. Having picked out fe-
veral of the largeft grains of platina, I
prefented the magnet to them; but they
were not in the leaft attracted by it. One
of thofe grains was then hammered; by
which means, after about eight or ten
ftrokes, it was fpread into a plate, about a
tenth of an inch in diameter, and nearly
circular; afterwards, the magnet being pre-
fented to it, the former attracted it from the
diftance of about one-twentieth of an inch.
The other grains being all hammered
one after the other, were rendered by it fo
far magnetic as to be attracted by the mag-
net, and to difturb the magnetic needle
when prefented to it. But there were fome
- amongft them which acquired no mag-
netifm at all, though they had been pur-
pofely hammered much longer than the
others.
As far as I could obferve, thofe pieces
9 which
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which would not acquire any magnetifm
by hammering, had not a very fhining ap-
pearance before the hammering, though
afterwards they could not be diftinguifhed
from the others by their appearance ; and
they feemed not to {pread under the ham-
mer {o eafily as the others.

In general, three or four ftrokes are fuf-
ficient to render a grain of platina evi-
dently attractable by the magnet; but about
ten {trokes give it the full power it is fuf-
ceptible of.

Experiment 1V. Thofe grains of platina,
which in the preceding Experiment the
hammering had rendered capable of being
attratted by the magnet, being put upon a
charcoal, were made red-hot by means of
a blow-pipe ; and afterwards, being pre-
fented to the magnet, and likewife to the
fulpended needle, they fhewed not the leaft
fign of attraction. Heat, therefore, de-
prives them, as well as brafs, of the pro-
perty acquired by hammering. A fecond
hammering rendered themagain attractable,
though not fo quickly, nor in fo great a
degree as it had done the firft time, How-

ever,



New EXPERIMENTS. 205§

ever, it muft be obferved, that the pieces
of platina having been rendered flat and
thin by the firft hammering, could not be
fo eafily ftruck, nor fpread much more, by
the fecond.

- Experiment V. When the grains of pla-
tina were examined by the magnet whilit
floating on the fucrface of quickfilver, al-
moft every one of them was attracted 1n
a fmall degree; and this attraction was
generally fomewhat increafed by the ham-
mering, even in thofe which had i1t never
increafed fo far as to attraét the magnetic
needle.

If it be true, as thofe experiments feem
to prove beyond a doubt, that the power
of being attra&ted by the magnet may
exift, or may belong to other fubftances,
independent of iron, it muft follow, that
the attraction of a few particles of any
unknown fubftance by the magnet is not
a fure fign of the prefence of iron. Hence
thofe fubftances, which hitherto have been
confidered as containing ferruginous par-
ticles, for no other reafon but becaufe the
magnet attracted them in a {fmall degree,

X muft
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muft be confidered as dubious; and the
conclufion of the exiftence of iron ought
not to be admitted, except when thofe
patticles, which have been feparated by
the magnet, appear to be iron by fome
other trial ; for though it be true, that iron
is always attracted by the magnet, yet it
does not hence follow, that whatever is
attracted by the magnet muft be iron.

okl A S T be R a1V

Experiments and a&ﬁv'wﬂrf&m relating to the
attraction between Jerruginous jfﬁ{iﬂ'ﬂﬂfﬂ

and the magnet, in their different flates of
exiftence.

T is a propofition well eltablifhed in
magnetics, that foft iron, or foft fteel,
acquires magnetifm very eafily, and Jlofes
it with equal facility ; but that hard fteel
acquires that power with difliculty, and
afterwards
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afterwards retains it obftinately. From
the confideration' of thofe propertics, I
was led to imagine, that if a piece of
fteel, whilft red-hot, were placed between
magnetic bars, and whilft ftanding in that
fituation cold water were to be {uddenly
poured upon it, fo as to harden it, there
might, perhaps, be obtained an artificial
magnet, much more powerful than what
can be produced by the ordinary way ;
becaufe the magnetic bars, employed for
fuch purpofe, would communicate a great
degree of magnetic power to the fteel,
when red-hot, and confequently foft, which
power would be fixed upon the fteel by the
hardening.

In order to put this proje& to the trial,
{ix magnetic bars were {o difpofed, in an ob-
long earthen veflel, as that the north poles
of three of them might be oppofite the
{outh poles of the three others, forming
two parccls of bars, lying in the fame di-
re¢tion, and about three inches afunder,
which was nearly the length of the ftecl
bar which was intended to be rendered’
magnetic.  Things being thus difpofed,

v 2 _ the
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the fteel bar was made quite red-hot, and
m that ftate was placed between the mag-
netic kars; after which, cold water wae
immediately poured upon it, which ren-
dered it {o hard as not to admit being filed:
its magnetifm was found to be confidera~
bly ftrong, but by no means extraordinary.
From repeated trials with fteel bars of dif-
ferent fizes, and by ufing a greater or
lefs nuinber of magnetic bars, I found,
that fhort fteel bars acquire a proportion-
ably greater degree of magnetifm, by this
method, than thofe which were longer ;
that the magnetifm in the longer bars is
not proportionably as ftrong, principally
becaufe the artificial magnets, being placed
at their extremities, have very little power
oni thofe parts of the pieces of fteel which
are nearer its centre ; and, laftly, that
when, in order to remedy the juft-men-
tioned inconvenience, more magnets aré
placed nearer the middle of the {teel bar,
then this pieee of fteel generally acquires

many fucceflive magnetic poles.
Upon the whole, it feems that though
this method alone be not {ufficient to
5 communicate



New EXPERIMENTS. 305

communicate to fteel bars an extraordi-
nary degree of magnetifm, yet it may be
of great ufe in conftructing large artificial
magnets ; for if thofe bars, inftead of be-
ing hardened in the ufual way, by plung-
ing them, when red-hot, in water, be
hardened whilft ftanding between powerful
magnets, they will thereby acquire a con-
{iderable degree of magnetic power, with-
out any additional trouble to the work-
man. - They may then be polifhed, after
-which they may be rendered more {trongly
magnetic by the ufual method of touch-
ing them with other magnetic bars ;
whereas it is a very laborious operation to
render magnetic large bars of hardened
fteel from the very beginning, v/z. when
they have none of that power.
In the courfe of performing thofe trials,
I frequently obferved, that the pieces of
fteel, whilft they were red-hot, feemed not
to be attracted by the magnets; fo that
the leat fhock, and even the pouring of
the water, could remove them from the
proper fituation, which rather {furprifed
me ; becaufe it has been aflerted by (ome
A3 authors,
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authors, that the magnet attraéts red-hot
iron as well as cold. Kircher efpecially
fays, that he tried the experiment*, and
found that the piece of iron, heated fo as
to be hardly difcernible from a burning
coal, was attralted by the magnet as eafily
as when cold ; and he even affigns a reafon
why the power of a magnet is deftroyed
by a great degree of heat; whereas the
red heating of the iron will not prevent
its being attraéted by the magnet. The
reafon he gives is, that the fire corrupts
and calcines the magnet, but purifies the
iron. The following experiments were
made in order to afcertain this matter :

I kept a piece of fteel in the fire till it
was quite red-hot, and in that ftate pre-
{fented the magnet to it, {o as to touch it
repeatedly in various places; but no fign
of attraction could be perceived before the
rednefs difappeared. I mean, however,
fuch rednefs as may be evidently feen in
the clear day-light; for, as was thewn by
other experiments, when the magnet be»

# De Magnete, lib, I. p. II, theorem XXXI,
2ing
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gins to attract the heated iron, the rednefs
of the latter can {till be feen in the dark.

Having repeated theexperiment with dif-
ferent pieces of iron, and of fteel, the re-
fult was conftantly the fame, vzz. whilit the
iron or fteel remained quite red-hot, or
white-hot, the magnet did not attract it ;
but the attraction began when the degree of
rednefs, which is clearly perceivable in the
day-light, began to difappear; and it was
as {trong as ever when the iron was cooled
a little more than ‘when the rednefs quite
difappeared in the dark. In regard to this
limit, or maximum of attraction, I think I
have obferved, as well as the nature of
the experiment would permit, a difference
between fteel and iron; which is, that in
the fteel the maximum of attraction fol-
lows the difappearance of the red heat
fooner than in iron.

‘This experiment is {ubject to two four=
ces of miftake, which perhaps mifled
Father Kircher, and which it is neceflary
to mention, for the fake of others who
with ta repeat it., The firft is, that
when a picce of iron, of no great extent

X 4 18
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15 red-hot, or even white-hot, in one
place, and below a red heat in other parts,
the magnet will frequently attradt it,
though the red-hot fide be prefented to
it. The fecond caufe of miftake is, that
when a fmall piece of iron or fteel, as a
common fewing needle, is made red-hot,
and is then prefented to the magnet, if
the magnet touch it, that conta&t cools it
inftantly below the neceflary degree of
heat, and of courfe the attration takes
place. It is owing to this laft caufe that
I have not yet been able to afcertain,
whether the attraCtion between the mag-
net and the iron be quite annihilated, or
only diminifhed to a great degree, by ren-
dering the iron red or white hot; fo that
I can only fay with certainty, that a mag-
net will not attract a certain piece of iron
red-hot or white hot; whereas it will at-
tra& another piece of iron, at leaft fifty
times bigger, if it be cold, or below a
red heat.

To try this experiment in a different
and more convincing manner, I heated a
large iron nail till it was white-hot, and

in
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in that ftate placed it upon an earthen fup-
port, near one pole of the magnetic nee-
dle, fo as to lie not in the fame direction,
but on one fide of it. Then, looking at«
tentively on the graduated circle of the
compafs, I obferved, that the needle was
not in the leaft moved from its natural
fituation, whilft the nail remained red-hot;
but as foon as the rednefs began to dif-
appear, the needle advanced towards the
nail, and a few feconds after the needle
pointed directly towards it.

I tried whether, in this experiment, any
difference was occafioned by the magnet’s
being natural or artificial ; but, as it might
be expected, there was none.

In purfuance of thofe magnetic experi-
ments wherein heat is concerned, I tried
the effects which took place when the
magnet was heated ; but, as the diminution
of its power by heating, and an increafe
of it by cooling, were obferved and de-
{fcribed by the late Mr. Canton*, I fhall
only add a circumftance, which may per-
haps be new. It is, that an artificial mag-
net, after having had its power diminithed

# Phil, Tranf, Vol. LI,
by
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by heating, does not recover it intirely again
by cooling ; having conftantly found, that
the magnets which had been heated, after
cooling would never hold as great a weight
of iron as they did before.. The heat to
which thofe magnets were expofed never
exceeded that of boiling water. This was
rendered more evident by the following
experiment.

A magnetic bar was placed, in an earthen
veflel, at fome diftance from the {outh pole
of the needle of a very good compafs ; by
the attion of which magnet that end of
the needle was drawn feveral degrees from
the magnetic meridian, or from the di-
retion in which it flood before. In this
fituation of the apparatus, boiling water
was poured into the veflel wherein the
magnet ftood, in confequence of which
the needle went back two degrees and a
half. Scme time after, when the water
was quite cold, the needle was found nearer
to the magnet, but not {o near as it ftood
before the hot water was poured into the
vellel.

Next to the effe@ts of heat, I was de-

firous
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ficous of trying what could be effected by
decompofing the iron ; and for this pur-
pofe an earthen veflel, containing about
two ounces of iron filings, was placed near
the fouth end of the needle of the com-
pafs, by which the ncedle was drawn a
little out of its natural dire&tion. Hav-
ing marked where the needle now ftood,
fome water firft, and then fome vitriolic
acid, were poured upon the filings, which
occafioned a brifk effervefcence, and a co- -
pious production of inflammable air; but
foon after the beginning of the effer-
vefcence, I was {urprifed to obferve, that
the needle came nearer to the veflel, thew-
ing that the attraction between the needle
and the filings had been increafed by the
action of the vitriolic acid upon the lat-
ter, which is contrary to what could have
been expected ; for if we confider that the
power of a magnet is diminifthed by heat,
and that red-hot iron has either no attrac-
tion at all, or an exceedingly {mall de-
gree of it, towards the magnet, we might
have concluded, that the a&ion of the

vitriolic
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vitriolic acid upon iron would immediately
diminith its attraction, befides the other
ftrong reafon, arifing from the dephlogifti-
cation of the iron occafioned by the effer-
vefcence; and, in fa&, fome time after,
when the violence of the effervefcence,
and of courfe the prodution of inflam-
mable air, begins likewife to diminifh ;
and at laft, when the effervefcence is hardly
perceptible, the needle is found to ftand
farther from the veflel containing the
filings, &c. than it ftood before the vitri-
olic acid was added, which diminution of
attraltion is certainly owing to the lofs of
phlogifton ; it being well known, that iron
1s lefs and lefs attracted by the magnet in
proportion as it approaches nearer to the
calcined ftate.

As a fingle experiment ought not to be
depended upon, when an error may be oc-
cafioned by many concurring circumftan-
ces, I repeated this experiment with great
precaution, taking care that nothing might
fhake the needle, or the reft of the ap-

paratus; but the refult was nearly the
{fame,
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fame, the attraGtion between the iron
filings and the needle being at firlt in-
creafed by the action of the vitriolic acid.

In order to afcertain that this effe& was
not owing to the heat generated by the
effervefcence, the pot, with fome iron
filings, was placed near the magnetic nee-
dle, as before; then fome boiling water
was poured upon the filings, which heated
them much more than the diluted vitri-
olic acid could have done; but the mag-
netic needle was not moved in the leaft
from its original fituation.

The f{ufpicion which occurred next was,
whether the effervefcence might not agi-_
tate the iron filings, fo as to bring a greater
number of them to that fide of the vefiel
which ftands contiguous to the magnetic
needle. In order to obviate this objetion,
the experiment was repeated with a fingle
piece of fteel wire, twifted in various di-
re€tions, fo as to be admitted into the
pot; in which cafe the metal prefented a
large furface to the acid, and it was not
{ubjet to be moved by the effervefcence.

The
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The refult was fimilar to that obferved
with the filings, v/z. the attraion was
increafed by the action of the acid on the
wire : and here follows the particular ac-
count of the experiment.

About fix yards of clean fleel wire,
fomewhat lefs than one-fiftieth of an inch
in diameter, being twifted in various di-
rections, was put into an earthen veflel,
which was placed near the fouth end of
the magnetic needle, which in confequence
of that was drawn from its natural fitu=-
ation, wvzz. from 281° to 280°.  After
adding the diluted vitriolic acid, a ftrong
effervefcence commenced, and the needle
came to 279° 47'. About five minutes
after, it ftood at 279° 35'; five minutes
after this, it ftood at 279° 30’. And a
little after this obfervation, it apeared to
be even fomewhat nearer to the pot than
the abovementioned point. The experi-
ment was then difcontinued ; and on re-
moving the pot, the needle went back to
its original fituation, wv/z. 281°, which

fhewed, that its alteration, during the pro-
' cefs,
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cefs, was occafioned by the action of the
acid on the fteel, and not by any extrane-
ous caufe,

| On examination, the wire was found
only blackened on its furface, but not
nearly confumed ; I had, therefore, the
curiofity of trying the fame wire again,
and accordingly it was placed, in the fame
veflel, near the magnetic needle, which
attratted the latter from its original fitu=-
ation 281° to 280°. After having added
the acid, the needle came nearer, as in the
preceding experiment ; and a fhort time
after it ftood at 279° 30’, at which time
the pot was removed, there being no oc-
cafion to continue the experiment any
longer.

On pouring the liquor out of the pot,
the wire did not appear to be much wafted.
The pot was then replaced near the
needle, fo as to attrac it a little, as be-
fore; but on pouring boiling water upon
the wire, a pretty brifk effervefcence took
place, and the needle was, in confequence,
attracted ftill nearer. 'This experiment
{hewed, that though the diluted acid had

been
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been poured out, yet there remained a
quantity of it adhering to the wire, which
was f{ufficient to renew the effervefcence,
when affifted by the heat of boiling water.
Upon the whole, it appears, that the
action of vitriolic acid upon iron or fteel
increafes their attraction towards the mag-
net; that this increafe of adion has a
limit, after which it begins to decreafe;
and that this limit feems to come fooner
when iron than when fteel is ufed; but,
however, with regard to this laft particular
I am not yet quite certain, fince, in the
experiments hitherto made, the variety in
the fhape or bulk of the iron or fteel may
have occalioned a confiderable difference.
After the refult of thofe experiments,
it was natural to examine the effe& which
other acids might have on iron and fteel ;
therefore the above-mentioned experiment
of the fteel wire was repeated with nitrous
inftead of wvitriolic acid; the refult of
which was, that the attraction between
the magnetic needle and the wire was in-
creafed, but not fo much as when vitri-

olic acid had been ufed. The maximum
of



NEw EXPERIMENTS, 321

of the attraction feemed to come fooner
when nitrous than when vitriolic acid is
ufed ; after which limit the attraction de-
creafes much fafter in the former than in
the latter cafe, which is evidently owing
to the metal being more eafily dephlogifti-
cated and diflolved by the nitrous than
by the vitriolic acid.

The marine acid was tried next; but,
notwithftanding all the precautions I could
take, it always occafioned a very weak
effervefcence, and the needle was not in the
leaft affected by it.—A ftrong effervefcence
feems neceffary to increafe the attraction
between the magnet and iron or ftecl.

Y CHAP-
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CHAPTE R V.

Promifcuous experiments, and fome thoughts
concerning the caufe of the wvariation of
the needle.

HE following experiment will fhow,

that an exceedingly {mall quantity
of iron will render a body fenfibly capa-
ble of being attracted by the magnet.
Having chofen a piece of Turkey-ftone,
which weighed about an ounce, I ex-
- amined it by a very fenfibly magnetic
needle, and it did not fhew the leaft de-
gree of attraction, the needle not being
moved from its ufual direction by the vi-
cinity of any part of the f{urface of the
ftone; I then weighed a piece of fteel,
with a pair of fcales that turned with the
twentieth part of a grain, and afterwards
drew one end of it over the furface of the
ftone in various direCtions. This done,

the piece of fteel was weighed again, and was
2 found
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found to have loft fo fmall a part of its
weight as not to be difcernible by that
pair of fcales; yvet the Turkey-ftone,
which had acquired only that {mall quan-
tity of fteel, affected the magnetic needle
very fenfibly.

Chemiftry feems not to afford any means
by which fo {fmall a quantity of iron may
be decifively deteted in a body that weighs
one ounce. Hence it follows, that though
no iron ‘can be difcovered in a body by
chemical methods, yet it fhould not be
concluded, that the faid body, if it affect
the magnetic needle, does not owe its‘mag..
netifm to fome {mall quantity of iron con-
ceated in 1its {ubftance.

Having examined the magnetifm which
iron acquires from the earth by mere po-
fition, in bars of various lengths, T always
found them pofiefled of only two poles,
even when the bars were about twenty feet
in length ; one half being poffefled of one
_ polarity, and the other half of the con-
trary polarity. Sometimes, indeed, I found
more than two poles, but then the bar
was not of a uniform nature, and its poles

| iz were
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were not eafily reverfed by inverting the
pofition of the bar.

After having thus related the refult of
experiments, I may be permitted to add a
few thoughts concerning the application
of thofe obfervations towards accounting
for the variation of the magnetic needle.

This wonderful phenomenon has, fince
it was firft dilcovered, employed the
thoughts of very able philofophers ; many
hypothefes having been offered, not only
for its explanation, but even to foretel the
future variations in various parts of the
world. I need not detain my reader with
a particular hiftory of thofe hypothefes ;
but fhall only obferve, in ,ge:iera], that
neither have their predictions anfwered,
nor were any of them founded upon evi-
dent . principles.  The fuppofition of a
large magnet being inclofed within the
body of the earth, and of its relatively
moving with refpect to the outward fhell
or cruft; the fuppofition of there being
four movcable magnetic poles within the
earth; the hypothefis of a magnetic power,
partly within and partly without the fur-

I face
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ficc of the carth; together with feveral other
hypothefes on the fame fubjelt, are not
only unwarranted by attual experiments,
but do neither {cem analogous to the other
operations of nature. The late ingenious
Mr. Canton, F. R. S. was the firft, who
endeavoured to account for the daily varia-
tion of the magnetic needle by the heat-
ing and cooling of the magnetic bodies in
different parts of the earth’s furface;
which was in confequence of his having
firft obferved, that the action of the mag-
net on the needle was diminifhed by heat-
ing, and increafed by cooling*.

Following Mr. Canton’s judicious me-~
thod of deriving the explanation of na-
tural appearances from properties actually
proved by experiments, I think, that the
increafe and diminution of magnetic at-
traction, by heating and cooling of the
magnet, as obferved by Mr. Canton, to-
gether with the refult of the experiments
defcribed in the preceding Chapter, feem
fully fufficient to account for the general
" variation of the needle,

# Phil, Tranf, Vol. LI. p, 3q8. \
Y 3 If



326 New EXPERIMENTS,

If we colle&t under one point of view
all the caufes hitherto afcertained, which
can increafe or diminifh the attracion be-
tween magnetic bodies, we fhall find, that
the attration between the magnet and
iron, or between magnet and magnet, is
increafed by cooling, by a regeneration of
iron, or phlogiftication of its calx, and,
within certain limitations, by the aion
of acids upan the iron ; that this attrac-
tion is diminifhed by heating, and by the
decompofition of iron; and, laftly, that it
is probably annihilated by a very great des
gree of heat,

Thefe truths being premifed, it muft
be confidered, firft, that, according to in-
numerable. obfervations and daily experi-
ence, the body of the earth contains al-
moft every where ferruginous bodies in
various ftates and bulks, Secondly, that
the magnetic needle muit be attracted by
all thofe bodies, and its fituation or di-
reGtion muft be determined by all thofe
attractions confidered tﬂgether,' viz. from
their common centre of acion, Thirdly,
that by removing or altering the degrees

of
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of attrattion of fome of thofe bodies,
which are fituate on one fide of the mag-
netic meridian, more than- of thofe fitu-
ated on the other fide, the above-men-
tioned common centre of attrattions, and,
of courfe, the direGtion of the magnetic
needle, muft be altered, which, in fa&, is
the variation of the needle. And, laftly,
that this alteration in the attractions of
fome of the ferruginous bodies in the earth
muft undoubtedly take place, it being oc-
. cafioned by the parts of the earth being
irregularly heated and cooled, by the action
of volcanos, which decompofe or otherwife
alter large mafles of ferruginous {ubftance;
by earthquakes, which remove ferrugi-
nous bodies from their original places;
and we may add alfo by the aurora borealis;
for though we are as yet ignorant of the
caufe of that {urprifing phenomenon, it is,
however, certain, that the magnetic nee-
dle has been frequently difturbed when the
aurora borealis appeared very {trong.

The magnetic needle, therefore, being
neceflarily affected by thefe caufes, and they
appearing fufficient to acount for its varia-

) §7 ) tion,
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tion, it feems unneceifafy to have recourfe
to other hypothetical caufes, which are not
eftablifhed on actual experience.

In order to exemplify this explanation
of the variation in a familiar manner, I
made the following experiment:——Four
carthen veflels were difpofed round the
magnetic needle, two near its fouth, and
the other two near its north pole, but not
at equal diftances. In one of thofe veflels
there was placed a natural magnet; the
{econd contained feveral fmall bits of mag-
netic fteel mixed with earth; and in each
of the other two there were put about
four ounces of iron filings. Things be~
ing thus difpofed, and left undifturbed for
about half an hour, the needle remained
unaltered. Then the pieces of magnetic
{teel and earth were ftirred with a ftick,
in confequence of which the needle was
agitated. After this, fome diluted vitri-
olic acid was poured upon the filings in
one of the veflels, the action of which at«
tracted the needle that way; but whilft
the needle remained in that fituation, fome

diluted vitriolic acid was poured upon the
iron
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iron filings in the other veflel, which ftood
on the other fide; in confequence of which
the needle went back again towards its for-
mer dire&ion. Whilft the effervefcences
were going on in the two veflels, the magnet
in the firlt veflel was heated by means of
boiling water, which occafioned another
alteration in the diretion of the magnetic
needle ; and thus, by altering the ftate of
the ferruginous fubftances in the vefiels,
the needle’s direction was altered, in evi=
dent imitation of the natural variation.
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APPENDIX.

ACEREN T ORI

O page 10.—In the procefs for con-

verting caft iron into malleable iron,
befides the action of heat and air, the
metal is alfo hammered in various direc-
tions by heavy hammers.

To page 131.— Amongft the other
points of analogy between magnetifm and
eleCricity, the following obfervation muft
be enumerated ; vsz. that when the zurora
borealis (which has been thought to be
an electrical phenomenon) forms a lumi-
nous arch towards the northern part of
the horizon, the moft elevated part or

middle
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middle of that arch is generally in the
magnetic meridian.

To page 153.—In the ufual conftruc-
tion of magnetic needles, the points or
extremities of the needle, which indicate
the divifions on the graduated circle, &c.
are below the point of the needle's fuf-
penfion ; hence, when the needle vibrates
not horizontally but like a pendulum,
thofe points cannot be fteadily dire&ed to
the {fame divifions; to avoid which, in the
beft fort of needles, efpecially thofe ufed
for variation compafles, two pieces of other
metal are affixed to the extremities of the
needle; which pieces are firft bent alitleway
upwards, and then they are turned again
horizontally, fo as to terminate in the fame
line with the needle’s point of f{ufpenfion,

To page 162.—~The pivots of the jim-
bols of this, as well as of the common
fort of compaffes, muft lie in the fame
plane with the point of f{ufpenfion of the
needle or card; in order to avoid, as much
as poflible, the irregularity of the vibra-

tions. -
A LETTER
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A LETTER # the AuTHoR.

Dear Sir,

When you was pleafed to mention your
having inferted, in your new publication
on Magnetifm, the general cafes I had fur~
nithed you with, refpeéting the declinations
of the magnetic needle which would refult
from every poflible afflumed pofition of the
magnetic poles, fuppofing the earth to be
one great homogeneous natural magnet; I
withed that you had added, as an exam=
ple of the laft and meft important cafe,
the real ftate of the magnetical declina-
tions about the middle of this century;
which, from the beft obfervations I could
then procure, I had alfo committed to pa-
per above twenty years ago. But I find it
would now come too late for your Printer;
and, upon farther confideration, I am of
opinion, that it would be of much more
confequence, if either yourfelf, or fome
of the other ingenious Members of the
Royal Society, would take the trouble of
comparing the magnetical obfervations
made during the different voyages which,
by order of his prefent Majefty, were all

. undertaken
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undertaken and performed during the time
I was abroad; and from the whole, to-
gether with fuch other helps as they might
have accefs to, if one general chart, fuch
as Dr. Halley’s, was now publifhed, it
would not only prove a valuable prefent
to our modern navigators, but might alfo
furnifh a material ftep towards the invefti-
gation of this curious and interefting fub-
ject. !
It is very remarkable, that when Cap-
tain Cook, in his fecond voyage, croffed
the line of no declination, which pafles
through the continent of New Holland,
the declination of his compafles altered
about 14° in two days run : again, in his
laft voyage, though not fo far fouth, the
alteration of the declination, in proportion
to the diftance, was greater than ufual
near to that line. The dipping-needle
likewife fhows a confiderable degree of
inclination upon this line. In fhort, from
various confiderations it would appear,
that if this Earth has the common pro-
perties of a natural magnet with only two
poles, one of them muft be fituated in

this line; and, though not within the 6o°
of
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of latitude, as Mr. Euler imagined, yet
it may poflibly be found not far from the
70°. If, therefore, it appears practicable
to fail to the 70° of fouth latitude, or
beyond it, about the meridian of Botany
Bay, keping in eaft declination ; and then
to run weftward till the weft declination
becomes evident : if at the fame time they
have a dipping-needle on board, that with-
out much trouble could give the magnetic
inclination at {ea with a tolerable degree
of accuracy *; and about a hundred weight
of foft iron, with a good balance, I cannot
help thinking that fome curious difco-
very might be made.

The ingenicus M. Maupertms, in his
letter to the late King of Pruffia on the
advancement of the {ciences, among other
curious articles, having mentioned a north-
ern voyage, adds, ‘to obferve the phe-
““ nomena of the loadftone, on the very
“ {pot from whence it is fuppofed to

* See the defcription of my dipping-necdle, page 168,
and in the Philofophical Tranfadtions Veol. LXV,

‘¢ draw
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*“ draw its original influence.” But
{fuch voyages were not in the power of
Frederic the Great. It is to our pre-
fent gracious Sovereign that the world
will ever be indebted for fuch noble,
extenfive, and difinterefted difcoveries,
All accefs to the north pole having been
provcd impracticable, by the voyages of
Lord Mulgrave and Capt. Cook, it now
only remains to be determined, whether
it is pofiible to come at the fouth magnetic
pole ; which, for the reafons already men-
tioned, feems at leaft more probable, if it
bejudiciouflyattempted.—~Along with this,
I have fent you a few curfory obfervations
on the declination, which I have always
confidered as the moft important, as well
as the moft curious part of the fubje& of
magnetifm. If you chufe to publith them
in your Appendix, you are not to confider
them as complete or infallible: I only
wifh to take this opportunity of exciting
enquiry into this very interefting fubject ;
and when your Book comes to a fecond

edition, I hope to have it in my power to
communicate
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communicate fomething more fatisfattory
on this head; for I ever am,
Dear Sir,
Your moft obedient
humble fervant,
J. LORIMER.

Mr. CAavaLLo,

1ft. That line, which I fhall call thé
Atlantic line of no declination, feems to
take its origin from the north magnetic
pole, and croffing the different meridians
in a fouth-eafterly direction, refembling
in form the long letter S, it traverfes the
continent of North America, enters the
Atlantic ocean to the northward of Charles-
Town, and fo proceeds towards the fouth
pole. Upon the weft fide of this line
there is eaft declination, and upon the
eaft fide thereof, weft declination ; which
laft gradually increafes as you go to the
eaftward, till you get beyond the Cape
of Good Hope, or about mid-way be-
~ tween the Atlantic and the Eaft-India
line of no declination, where it amounts
to 31°, about the latitude of 48° fouth ;
< and
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and then it regularly decreafes to the Eaﬁ..
India line of no declination.

Again, as you go to the eaftward of
that line of no declination, the eaft
declination  increafes. rapidly till you get
to the eaftward of New Zealand, where
it is upwards of 13° even'in that lad
titude; but from thence as you proceed
eaftward, 'for about 40° in longitude,
this: declination appears to dcereafe ;
and again it increafes till you are to the
eaftward of Cape Horn; whesze, in - the
latitude of: g1° fouth, it amounts ‘to 21"
28’, and then gradually decreafes to the
Atlantic line of no declination’ aforefaid.
Upon the whole, it would appear, that
thefe obfervations agree pretty nearly witly
the 4th general cafe which I formerly fent’
you, except in that decreafing eaft declina-
tion to the eaftward of New Zealand. But
admitting that the vaft body of water in
the great Pacific ocean, which. cannot
have any magnetic properties, fhould have
no effe& in producing this irregularity,
yet :we are not to expe@ even “that the
folid parts of this globe can be-fo uni-

formly
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formly magnetical throughout, as to an=-
{wer entitely with calculation in every
part thereof. -
2d. The magnetic needle not only de-
clines, or varies from the true north, dif-
ferently in different parts of the earth at
any one time; but likewife in the fame
place this declination is different at
different times: I would therefore call
it, by way of diftin&ion, the variation of
the magnetic needle.
3d. At London and Paris, where the
moft accurate obfervations have been made,
towards the latter end of the fixteenth
century (and we cannot pretend to much
earlier obfervations) there was between 11°
and 12° of eaft declination, which gradue
ally decreafed ; fo that in lefs than a hun-
dred years afterwards, there was no decli-
nation at all in thofe places. From 1657
at London, and 1666 at Paris, a weft de-
clination began, and has ever fince in=
creafed, gradually though not uniformly,
or in the direk proportion of the times ;
for fuch is the nature of the magnetic de-
Z 2 clination,
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clination, that, like the apparent motion of
the planets, fometimes itis fafter, fometimes
flower, and at other times it is ftation-
ary ; analogous alfo to the elongations of
the inferior planets, at one time it is to
the eaft, and at another time to the wett,
‘alternately.

We may further obferve, that the de-
clination lines of the fame name, have
always refpectively pafled London fome
years before the fame lines arrived at Paris;
and the like obfervations have been made
in other parts of the northern hemifphere:
that is, in this hemifphere, the Halleyan
lines have rcgularlyi' paffed thofe places
firft which lay moft wefterly; and {o in
order thofe which lay more to the eaftward.
For in the latter end of the fixteenth, and
the beginning of the feventeenth century,
there was an ecaftern declination over moft
parts of Europe, while on the coaft of
North America a weft declination prevail-
ed ; the line of no declination being then
fituated about the Azores. This line of
no declination has ever fince moved gra-

dually
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dually eaftward, the lines of eaft declina-
tion receding before it, while thofe of the
weft declination have regularly followed it.

4thly. In the fouthern hemifphere, how-
ever, it is quite otherwife; for about the
latter end of the fixteenth century, a line
of no declination pafled near to the Cape
of Good Hope, upon the eaft fide of which
there was weft declination, and upon the
weft fide thereof eaft declination; each of
which declinations, in going eaftward or
weftward, gradually increafed to a certain
degree, and then in the {fame manner de-
creafed to nothing, fomewhere to the eaft-
ward of Java, one of the Eaft India
iflands,

Thedeclinationin the Pacificocean hasnot
as yet (in 1775) been {o fully afcertained,
only in general we find, that the declination
1s cafterly over moft part of that extenfive
ocean. The line of no declination, which
was then fituated a little to the eaftward of
the Cape of Good Hope, has ever fince
been moving to the weftward, and the
lines of eaft declination have gradually re-

Z 3 ceded
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ceded before it, while thofe of the weft
declination have followed it with a pro-
portional pace; fo that at the Cape of
Good Hope there is now a confiderable weft
declination (about 22°), and the line of no
declination has moved many degrees to
the weftward thereof.

sth. From the preceding obfervations
then it plainly appears, that the Halleyan
lines in the fouthern hemifphera do gra=-
dually move from eaft to weft, while the
motion of thofe lines in the northern he-
mifphere i1s from welt to eaft; and here
we fhall reft the matter for the prefent.

I juft beg leave to obferve, that in treat-
ing of this fubjec, I have all along only
endeavoured to explain the manner inwhich
magnetifm a&s upon this globe; yet if
the preceding conclufion is admitted, viz,
that the progreflive motion of the lines
of declination in the northern hemifphere
is conftantly from welt to eaft, and in the
fouthern hemifphere from eaft to weft,
this difcovery will be of as great ufe to us
in framing, regulating, or judging of our

7 ~ future
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AGATE CAPS, for compafs needles, defcribed,
page 148.

Amplitude of a celeftial objecl, what, 248—how afcer-
tained, 250,

Animal fubflances attralted by the magnet, »3.

Armature of a magnet, what, 38—conftruétion of,
265—ftrengthens the power of the magnet, 267.

Artificial magnets, what, 2—general method of mak-
ing them, 76. 80. 221~—made without the inter-
ference of any magnet, according to the vulgar
idea, 77—particulars neceflary to be kept in view
in confiructing them, gs—Mr. Canton’s method
of conftructing them, 231-—crooked, how made,
239—in what manner they are to be armed, 267—
a new method of conftruting them examined,
307.

Aitraftion of gravitation, 1g=—of cohefion, 1g—chy-
mical, 20—eleétrical, 20,

Attraétion, magnetical, 2. 19. 20—takes place between
magnetic poles of different name, 4—is various ac~
cording to circumftances, 21—whereftrongeft, 22—
is mutual between the magnet and iron, 21—law
of its diminution not yet gfcertained, 23—is not

affeCted
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affeted by the interpofition of any fubftance ex-
cept iron, &c. 34=—in what manner it may be in=
creafed or diminifhed, 35. 215—of the north pole
of a magnet ftrongeft in the northern hemilphere,
&c. 35—of one pole of the magnet is increaled by
applying a piece of iron to the other pole, 36—is
proportionably ftronger in fmall natural magnets
than in larger ones, 36—~~between the magnet and
other bodies, 66—between the magnet and other
bodies, how afcertained, 177-——between the mag-
net and brafs, 284. 295—is not a fure indication of
the prefence of iron, 305—is increafed by the action
of acids on iron, 315.

Axis of a magnet, what, 4T,

Azsmuth compafs, what, 156—defcribed, 162~ufe of
~ defcribed, 248. 250, &c.

Azimuth of a celeflial objeét, what, 156—in what man-
ner muft be afcertained, 251. 254.

B
Bars, magnetic, defcribed, 143—proper way of keeping
them, 145—conftruion of, See drtificial magnets.

Brafs, its properties relating to magnetifm examined,
283—fummary of the obfervations relating to its
magnetifm, 295—caution concerning the ufe of,

299.
C

Caps for compafs needles, of brafs, 147—of agate, 148.

Centre, magnatic, what, 88 —its generation and motion,
208—removed, 220.

Chart, declination, what, 112—Dr. Halle ’s
: ; 112, 114.
—Mefirs. Mountain and Dodfon’s, 1:’;2: 114. .

Cinders, finery, what, 10,

Cobalt attraéted by the m t, 70—
ogre magnetf?:. agnet, 70—a fort of,, repelled

Communicated magnetifm, 2q. 7s.

Compals, mariners, what, 45—its invention, 45—its
variation,
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variation, 46—principal forts of; t s6=—defcribed,
156. 332—Its agitation attempted to be prevented,
1b0. : i ;
Compafs, variation, defcribed, 163. 332. |
Compound magnet, conftrultion of, 267, 268, =
- Condudtors for artificial magnets, what, 1 505
Copper not magnetic, 300. ;
Culminating point, what, 88—Ilaws concerning it, 8g,
218, { ot .
D

Declination of the magnetic needle, what, 46—not ow+
ing to the imperfect conftruéion of the needles,
&c. ag—dilcovery of, 4g=lift of the declination in
various places, 52—in London, 55—eaft or weft,
what, 52—how afcertained, 249. 2 56—lines of the,
what, 113. 337.

Dipping of the magnet, or of the magnetic needle,
what, 4. 42—in what manner is to be obferved,
257. . :

ﬂfp}afﬂg-—uud’fe defcribed, 166—ule of, 257 ==imper-
tections of, 258. . =)

Directive property of the magnety 42— its ufes, g4q4—is
extended to a greater diftance than the attraction,
q7. 263.

Double touch, what, 23q. | :

Earth, confidered' as a large magnet,.ﬁ_l—if.s magi
netifm fhewn, 77—hypothefis of its magnetifm,
107—conjeéture relating to its magnetifm, 115,

Earths attralted by the magnet, 72.
Eleftricity produces magnetifm, 83. 269—its analogy
to magnetifm, 126. 331. ' .
Eleétrics, what, 129.
Eqguater of a magnet, what, 41,
F  Ferruginoys
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¥

sous [ubflances, what, 14=—become mag‘nétiu
F;;Tui?ﬁﬁro{gﬁ wiﬂ:in the ;'phere-nf a magnet's ac-
tion, 29. :
Filings of irom, the magnet’s action on them, ‘192,

Finery cinders, what, 10.

G

Gold not magnetic, 301.
H

Heat diminifhes the attraltion between the magnet
and iron, 309. 310. 313.

Heating of a magnet, a remark thereon, 314.

Hor fe-fhoe magnet, defcribed, 38.

E
Fimbols, what, 157.
Inclination of the magnet, or of the magnetic needle, 4.
42. 5sg=lift of in different places, 64.

Inflrumen’s, magnetical, defcribed, 141—their ufe, 246,

Jrom, is attracted by the magnet, 2. 20—the attrac-
- tion is mutual between it and the magnet, 21~—its
ores, 7—natural hiftory of, 6—its {pecific gravity, 6
—caft,what, g—malleable, 10. 331—red fhort, what,
10—cold fhort, what, 10—is calcinable, 13—foft,
is attratted more powerfully than ferruginous bo-
dies, 2 1—is attracted with different degrees of force
accordingto its various ftates, 67.31 s—attracted dif-
ferently according to its various fize, 68 —when
foft it does not retain the magnetifm, 75—acquires
magnetifm by pofition, 77—its weight not affected
by being rendered magnetic, g3—acquires mag-
netifm by remaining long in one fituation, &c. 82
~—acquires magnetiim from the earth, 221—=when
red-hot is not attracted by the magnet, 309. 310—
effects that happen in the decompofitien of, 315—
an exceedingly fmall quantity of is attractable, 322.

L Lap 15
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L

Lapis heracleus, what, 1.
Lapis nauticus, what, 2.
Lead, its calx attracted by the magnet, 70.

Lines of declination or of wariatiom, what, 113—of
weft declination, 113—of eaft declination, 113—
of nodeclination, 113-—obfervations on them, 337,

Load-flone, what, 1.
M

Magnet, natural, what, 1. 16=—its etymology, 1—ar-
tificial, what, 2—its charaéteriftic properties, 2—
its poles, 3—its directive property, 3—its declina-
tion, 3—attralls iron, &c. 2. 66—attrallts and re-
pels another magnet, 4—its colour, 17—its hard-
nefs, 18 —where found, 18—its power weakened by
heat, 35—Iofes nothing of its power by imparting
magneti{m to other bodies, 8o—cannot communi-
cate a {tronger power than itfelf poffefles, 8p—its
power weakened by an improper fituation, g3—its
aftion on magnetic bodies, 184—often has more
than two poles, 3g—why it attra&s foft iron more
powerfully than any other ferruginous body, 206.

Magnetic properties in general, 2—poles, 3— pularitf,
3—necdle, 3-—meridian, 3—attradtion and repu
fion, 2. 4. 19.—8ee¢ Attraction and Repulfion.

Magnetical inftruments, See Inflruments—line, what,
62—ncedle, See Needle.

Magnetifm communicated, 29. 7 5—requires a certain
time to be communicated to hard iron, &c. B1—
not always communicated by rubbing a piece of
ftcel with an iron bar, gg—its analogy to cleétrici-
tv, 126—communicated to iron from the earth,
221. 22§5—an ealy way of communicating it to a
fmall piece of fteel, 220—in what manner is to be
communicated by means of two magnctic bars,
2 36~—communicated by the application of one mag-
netic pole, 241-——communicated by means of elec-
tricity, 83. 26g—requires a certain time to penee«

trate
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trate through a piece of iron, 270=—of a wire weak-
ened or deftroyed by bending, 272—of fplit wires,
274.
Magnets, their altion on each other, 207.
Mariners compafs, See Compafs.
Medicinal properties of the magnet not true, 102.
Meridian of a magnet, what, 42. |
Metallic mixtures, certain not magnetic, 300. 301.

Minerals, earthy, attra&ed by the magnet, 72—in-
flammable, attralled by the magnet, 72.

N

Noatural magnets, in what manner their power may
be impaired, 244—how ftrengthened, 245—their
power impaired much more by cutting off a part
in the direétion of the axis, than otherwife, 266—
in what manner muft be armed, 265—imitated,
270

Needle, magnetic, its declination, 3—its inclination or
dipping, 4—its conftruction various, 146-—its beft
fort of fufpenfion, 147. 332—an improper way of
conftructing them,148~a fort of {ufpenfion wherein
the perforation is avoided, 149—Chinefe way of
fufpending it, 150—for the variation, how con-
ftruted, 153—a univerfal one defcribed, 168—
particulars to be kept in view in the conftruétion
ofy 153. 332—dipping, defcribed, 166—the author’s
peculiar way of {ufpending it, 276.

Nickal, whether magnetic, 301.

Nations, erroneous, relating to magnetifm, 101.

O
Obfervation compafsy what, 170,
Ores of irem, 7.

P

Paradsx, magnetic, 261.
Paint
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Point of [aturation, g2—culminating, 88. 8g. 218.

Points of the compafs, what, 1§7—names of, 158—
table fhewing the angles they make with the meri-
dian, 159. . gata

Points of indifference, what; 87—laws concerning
thﬂm, Sg- id 4 r

Platina, its magnetic properties; 302,

Polarity, what, 3. |

Poles of a magnet; what; 3—of the fame name repel;
but of different name attract each other; 4.28. 32—
how afcertained; 3g—their ufual number, 3g9. 40—
their {ituation in good magnets, 40— f{ucceflive ones
in the fame bar, 86. 187—fome of their poffible
fituations examined, 117—to find them out in 2
magnetic body, 181. 182—their mutual action on

cach other, 210. 212. 217—their generation in a
brokeén magnet, 218—in long bars of foft iron only

two, 323
Q

ﬂnic}ﬁhw.- ufeful for afcertaining the attrallion be-
tween the magnet and certain fubftances, 17g—re-

marks on the ufe of; 280«

R

Repulfion between magnetic poles of the fame name;
4 29+

Rbumbs, what, 157—their names, 158—table thewing
the angles they make with the meridian; 159,

S
Silver, not magnetic, 301I.
Single touch, what, 239.
Steel, what, 10—its properties, 11—how hardened,
11-—how tempered, 11—which fort of it is beit,

13—how to find out the fort fit for magnetic bars,
143—when red-hot is not attracted by the magnet,

309. 310
Stones,
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Stomes, precious, fome of them are attracted by the
magnet, 72.

Supports, what, 145—neceffary in the conftruction of
artificial magnets, 231.

9 b

Tempering of fteel, what, 32.

Terrella, what, 41.

Theory of magnetifm, 105,

Teuch, double or fingle, what, 239.

Traverfing property, what, 3.

) \4

Variationy of the magnetic needle difcovered, §0==daily;
s8—needle, 153—compafs defcribed, 163—com-
pals of 2 new fort propofed, 279—the author’s
thoughts thereon, 324—an experiment exemplify-

Ang ity 328 .o pi Dl o

Vegetable fubflances attralted by the magnet, 73.

Feffel at {fea, im what manner is fteered by means of
the compafs, 44. |

N g
IWater, ufeful in the method of afcertaining the at-

tration between the magnet and certain {ubftan+
ces, 178.

| Z
Zine, not magnetic, 3c0s
























