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1. Magnetical Obfervations and Experiments 5 by
Servington Savery, Efq; of Shilfton.

PRECOGNIT A

I. TH AT which I call the Magnetical Line, is

the Pofition of a Dipping-Needle when it
ceafeth from ofcillating, and is at Reft in the magneti-
cal Meridian of the Place.

II. By the Word Magnet (unlefs diftinguifhed) T
would be underftood to mean not a Loadftone only,
but either that, or Iron or Steel, when they have per-
manent Polarity, or any thing elfe (if to be found)
which has a fenfible magnetical or polar Attracion.

I Of the magnetical Needle, I always call that
the North End which (if hung horizontally) natu-
rally turns to the North, and that the South End
which turns to the South: But when I ufe the Words
Pole of a Needle, I call that the North Pole thereof
which turns to the South, and that the South Pole
of it which turns to the North.

IV. Of Touched Iron or Steel (or of Untouched,
fo long as it remains in a Pofture which gives it Pola-
rity) as well as of the Loadftone itfelf, I call that the
North Pole which attrafts the North End (7. e.) the
South Pole of the Needle, and that the South Pole
which attrad@s the South End, or North Pole of the
Needle: Or in other Words, I call that the North
Pole, in all Sorts of Magnets, which is endued with
the fame kind of Vertue which the North Pole of
the Earth hath, and confequently is repelled thereby :
E contra, &c.
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V. I prepared Nails of feveralSizes, from the finall-
eft Sort of Bellows-Nails to the largeft Sort of Rafter-
Nails, oneor two of each Sort, or more of the fmaller ¢
1 held each of them perpendicularly with its Point up-
wards, and placing thereon the plain Side of a File
horizontally, 1 filed off a little from the Point thereof
(more or lefs according to the Size of the Nail, per-
haps about the Thicknefs of a Six-pence from a Six.
penny onc), Thenona plain Hone, held horizontally,
I placed the Nail upright, with its Point downward,
and {o rubbed off the Strokes of the File. Then I
rubbed it a little on a Piece of Leather. Note, The
truer this little narrow Plain is, and more exaétly per-
pendicular to the Nail’s Axle, the better,

VI. 1 prepared Iron Bars of different Lengths after
the following Manner : I made each End in the Shape
of the lower Fruftum of a Pyramid, cuttranfverfe toits
Axis about the Middle,. or a little higher up. Then
I filed the Ends of the Bar as plain and perpendicular
to its Axis as I could, and polifhed them with a Hone,
&c. as I did the Nails.  See the Figure.

< I

V11, One of the NeedlesI ufed untouched, for try=
ing Experiments, was made thus: I took fome Iron
Wire, about the Size of a fmall Knitting-Needle, and
in Length abouttwo [nches and a half. With aHam.
mer I made it juft flat enough inthe Middle, to be able
to fix the Point of a Punch pointed, to as true a Cone
as I couldy its Sides (as I guefs) made an Angle with
eachiether at the Vertex of about 45 Gr. or more; in
the Middle of the Wire 1 punched a Hole at leaft

half
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half Way through the Thicknefs thereof, and wrought
the Hole with a Drill (pointed like the Punch) that it
might be truly round, and cleanfed off the Afperit
which the Punch and Drill had raifed round the Hole,
left it thould injure the Top of the Pin when it was
placing thereon. Then T bended it in this Form,

/TNe—a

taking Care to bend it the right Way, that the Hole
might be on the under Side. Then I marked one End,
by flatting it a little with a Hammer, that it might
beknown from the other. Then placing it on a fharp
Pin, to find which End was heavieft, I made both alike
in Weight, and deprived it of all fixed Magnetifm.
Then I brought it again toas true a Poife as I could,
by rubbing the heavieft End on a Whetftone, and
not a File, which might give it Magnetifm again. I
fitted a Pin for it of brafs Wire, full fo fmall as the
middle Strings of a Spinnet, making the Point very
meagre and round as well as fharp, and obferved it
frequently with a Lens of two Inches Focus 5 and if it
appeared flat, I mended it on a Hone, and took great
Care in putting on the Needle, not to hurt the tender
Point of the Pin. I put a Glafs over ity to keep off all
manner of fanning by the Air, the leaft Degree where-
of did fpoil the Experiments.

VII A fecond Needle, which I thought better
than the former, I made thus: In the middle of fuch
a Piece of Wire as the former was made of, I wrought
a Hole through it as perpendicular as I could to its
Axis,or Length, and {o fmall as any of thofe which are
drilled through the Pillars of a Watch, if not {mall-
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ler. And having bended the Wirein this Form,

g

I marked one End thereof, and drove into the Hole
a {inall brafs Pin fitted to ir, which was very round
and fharp at the Point, which refted on a deep Plano-
Concave Lens of Glafs well polithed. (See the Fi-
gure.) 1 fitted a Box for it with a Glafs over it
which Glafs was faftened with a Ring of brafs Wire,
as the Glafles of Telefcopes are ; which Ring kept out
Air, otherwife had been needlefs, The Glafs Concave
was fixed in the great End of a thin Brafs Ferule (like
that off a Staff) juft fit for it, and the fmall End of
the Ferule was fixed in a Hole made for it in the Mid-
dle of the Bottom of the Box : Ialfo put a Ring of
thin Brafs on the Top of the Lens, not only to keep
it in fteady, but to prevent the Pin from going in be-
twixt the Lens and the Ferule, which {poils its Point,

Doubtlefs a Concave of Diamond is much better,
Whenfoever I ufed one of either Sort of thefe Nee-
dles (efpecially for fuch Experiments as required it to
be perfectly void of fixed Polarity) I was obliged to
keep it in a Motion either librating up and down like
the Beam of a Pair of Scales, ortrembling (which is
a fhort pendulous Ofcillation frem Side to Side) orelfe
both librating and trembling at the fame Time; which
{aid two Motions being at right Angles with each other,
are not inconfiftent : And if the Needle is truly poifed,
the horizontal Verticity is neither obftrudted nor ac-
celerated by the Librations, becaufe they are at right
Angles thererewith, nor by the Tremblings, becaufe the
two Ends perfectly balance one another in contrary Mo-
tion..
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tion. 'The Service they do, is to abate that Friction
on the Pin’ Point, which retards the horizontal Ver-
ticity 3 for when the Friction is divided between the
horizontal Verticity, and the Librations or Tremblings
(either of the two latter rolling on the Pin more {pee-
dily) the far greater Part of the Friction is {pent on
the Librations, or Tremblings, and confequently there
is but little left to retard the horizontal Verticity. I
take fuch a Needle to be far better for my Purpofe
than the common ones, which have a heavy Socket
of Brafs, or Steel, in the Middle, ufeful only to render
them portable, but very detrimental in nice Experi-
ments; becaufe the Weight of the Socket not only
blunts the Pin fooner, but alfo encreafeth the Friction,
though the fame Acutenefs of the Pin thould be fup-
pofed to continue. To renew the Tremblings when
they began to abate, I rarely jogged the Box on the
Table, for fear of giving it (and the Needle within it)
a circular Motion, which obftru@s the Defign: But I
found it beft to do it, by jogging the Table gently.
When [ had Occafion to turn the Needle to any other
Point of the Compafs, I elevated that Part of the Box
which was under one End, until it refted on the Bot-
tom, and in that Pofture could turn it as I would;
but before I could let down the Box again to an hori-
zontal Pofition, was forced to wait till the Needle
was very ftill, and to let down the elevated Side eafily,
and with a dire& Motion; otherwife the Needle, as
foon as both its Ends were free, would have more or
lefs of an horizontal Motion.

Meft
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Mot of the known Properties of all Sorts of Mag-
nets which have been difcovered by the Obferva-
tions and Experiments of feveral Perfons, inclu-
ding one or two of my own, arethe following.

. I. TH a1 the Loadftone, by an invifible Force
which differs from that of Gravitation, and alfo
of Ele@ricity, draws unto itfelf Loadftone, Iron, and
Steel; and with the fame Kind of Force, or Power,
does not (at leaft very fenfibly) attra& any other Body

whatfoever.
II. That the Loadftone attra&s Loadftone, Ironand

Steel with a polar Attraction; and that whatfoever At-
traction is not polar, is not magnetical.

III. That the two oppofite Parts of a Loadftone
attratt moft vigoroufly, and are called theP oles thereof,
The Middle between its two Poles doth not attra® at
all, and may be called its ZEquinoial 5 and from either
Pole to the Middle, the attratting Force does gradually
abate.

IV. That in the fame, and every Loadftone, the
one of its Poles is in Vertue (or rather in Dire&ion)
contrary to the other, and therefore they need to be
diftinguithed from each other ; which is done by ad-
ding North or South. The North-Pole of one Load-
ftone will not attract, but repel the North Pole of ano-
ther, though they are poffeflfed of fimilar dire&ive
Vertue; neither will the South Poles of any two
Loadftones attra&, but mutually repel one another:
But the North Pole of one Loadftone, and the South
Pole of any other, do mutually attract each other;
and though their directive Vertue is contrary, yet the
unknown Caufe of their Attra&tion and Repulfion feems

to be the fame.
V. That
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V. That there is no Difference (at leaft T could ne--
ver find it) between the Force or Strength of Attrac-
tion and that of Repulfion in the fame Pole of any
Loadftone or Magnet, unlefs when a {mall one ap-
proaches fo near to a large one, asto have its Polarity
more or lefs diminithed thereby.

The preceding Properties convince me, that there is
no {uch thing in Nature as magnetical Attraction with-
out Polarity, which is conftituted of Attraction and
Repulfion ; and thefe two Powers being alwaysequally
ftrong in the fame Pole of every Magnet, I take it to
be a plain Contradi¢ton, to fay this or that Load~-
ftone has a ftrong Attrattion, but a weak Polarity
or Direltions

V1. That no interpofed Body whatfoever  (unlefs it
is magnetical) though the moft folid in Nature, was
ever known in the leaft to impede or divert any of the
Effe@s of a Magnet ; but it is always found to attralt
magnetical Bodies full fo-powerfully at the fame Di-
ftance, asif nothing at all was between.

VII. That every Fruftum of a Loadftone is an en-
tire or perfect Loadftone, having in itfelf both Poles as
the whole Stone had ; and that the Poles in each Fru-
ftum have their Dire&ion (as near as the Figure of it
will admit) in the fame parallel Line wherein they
were dire&ed both in it and the whole Stone, before 1t
was feparated therefrom: For the Polarity of every
Fragment is ufually, if not always (before they are
{eparated) parallel to that of the whole Stone, and
confequently to that of each other: And if ever itis
found otherwife, I cannot but think that Loadftone
wants of Perfettion,

Tet
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Figls , o B2
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Let NX vo, Fig. 1#, bealoadftone in the Form
of an oblong right-angled Parallelopipedon, whofe
Polarity is Length-ways, N being its North Pole, e,
the pricked Line, its Equino&ial (or Middle betwixt its
Poles) where it has no Attra&tion, and ¢ ts South
Pole. Let it be biffe&ed at ¢, tran{verfe to its Pola-
rity, or Length. FEach of its Frufta (reprefented
Fig. 2.) when they are placed too remote to a& on
each other) will infallibly be poffeffed of both Poles
(with its Equino&ial in its Middle) as the whole
‘Stone was before its Biffetion: And though originally
the one Fruftum N = was all over a North Pole, and
the other » ¢ all over a Scuth Pole, while they ad-
hered to one another, yet now they are divided, and

laced beyond the Reach of each other’s Vertue, one
half of the Fruftum N = from the Place of its guon-
dam Contalt =, toits Middle ¢, does inftantly become
a South Pole, and attract ftrongly at the Place of Con-
tact aforefaid, which Attration is gradually lefs and
lefs until it 1s abated to nothing at e. So alfo one
half of the Fruftum , s, from the Place of its for-
mer Contact y to its Middle or Equinocial e, inftantly
becomes a North Pole (gradually abating in Strength
from y to ¢ ) though the whole Fruftum, before its
Separation from the other, was a South Pole: The
Polarity being alfo dire@ted the fame Way in each
Fruftum that 1t was in it (and the whole Stone) be-

7 fOI’e



(303 )
fore the Biffe@ion. The Cafe alfo would have been
the fame, if the Stone had been divided unequally at
x, or elfewhere tranfverfe to its Polarity, Fig. 1/,
and of each Fruftum, one half would have been a
North Pole, and the other half a South one, withits
Equino&ial in the Middle as before. The whole Stone
will lift a larger Iron than either Fruftum; but both
Frufta, while out of the Reach of one another’s Ver-
tue, will each of them lift his Iron, both of which
Irons will be heavier than what the whole Stone
could lift before it was divided. If the faid Frufta
are again joined clofe together at the fame Ends which
originally adhered, Fig. 1/, being as they ftand di-
re@ed towards each other Fig. 24 or if the oppofite
Ends of both are joined together, as they ftand directed
towards each other, Fig. 34,1 do not fee (provided the

oFg3 ,  Tg;  Tge | Figo.
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Joint is very good, that there may be a Conta& all
over it fo good as a Workman can make) why they
fhould not compofe again one entire Loadftone, {o good
as it was before it was divided, in all Refpeds (Allow-
ance being firft given for the Wafte in fawing it afun.
der, and mending the Joint) and their joined Poles
mutually attra@ing one another, attra@ nothing elfe
at the Joint (which beingr in the Middle, would become

t its
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its Equinoial) but tranfinitting their Vertue through
one another, the Pole = of the one Fruftum, Fig.2d,
wholly fpends itfelf in ftrengthening the fimilar Pole
o of the other Fruftuin, by weakning the Pole v there-
ofy, & vice verfd. And if their Lengths thould be
unequal, like the Frufta of Fig. 1/, divided at x,
the Equinoctial would not be at x, where they were
joined together again, but always at ¢ the Middle of
their whole conjunét Length, as it ufeth to be in one
entirc Loadftone of the fame Bignefs from Pole to
Pole: For I apprehend if any Loadftone fhould be
wrought very Tapering from one Pole to the other,
that the Equinoctial could not be precifely in the
Middle thereof, but according to what Degree of Ta-
pernefs it is wrought to, be removed nearer to the great
End: But thefe Things, for want of proper Load-
ftones, I cannot try, nor yet the following on Fig.
7th, which reprefents a Loadftone in the Form of a
Parallelopipedon right angled, in Thicknefs one Inch,
its Breadth 2 f 6 Inches ;_ its Length #¢ 7 Inches or
more, having its Polarity not perfe@tly length-ways
in it, but a little oblique, as the Shade-Lines repre-
fent it. If there is-cut off from one of it’s Ends ¢ d,
the Parallelopipedon b¢de one Inch from the faid
Kind, it will be one Inch fquare, and fix Inches long :
I fuppofe this lefler Fruftum would have its Polarity
changed, and the Direéion thereof, inftead of running
from ¢ fomewhat towards 4, would run from ¢ to-
wards ¢ in the Diagonal Line ¢ ¢, or in fome Line or
other between the Linese b and ec. I alfo imagine,
that if a Cube was cut off, within a little Time after,
from one End, the Polarity therein would be dire@ed
as it was therein, while all the faid Frufta adhered

toge--
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together; but if the leffer Fruftum & ¢ 4 ¢ (hould long
remain feparated from the whole Stone, before the faid
Cube was cut off, that the Polarity of the Cube would
be more or lefs fixed, and conform itfelf more or lcfs
to the Dire&ion of the Line ¢¢. However, this
is certain, that if the two Frufta are joined together,
as they ftand direted Fig. 2, or Fig. 3, with the
North Pole of one to the South Pole of the other,
they affift one another in lifting Iron. If joined Fig.
4th with the South Pole of one againft the South Pole
of the other, by repelling they reciprocally deftroy
each other’s Vertue, and alfo hinder one another’s At-
traction at the North Poles, which are not joined. If
they are placed together, as in Fig. 5¢b, though they
endeavour to avoid one another, yet they do not de-
firoy each other’s Vertue fo much as in the preceding
Cafe, nor yet at.all if there is a perfe¢t Conta&:
For if this Pofture of two Magnets actually adhering
would diminifh their Vertue, one Part of the fame
Loadftone would deftroy another Part of itfelf, and in
a very fhort Time there would be no fuch Thing as
Magnetifm. In this Pofture they mutually help one
another’s Attraction, becaufe their Polarities are di-
re€ed the fame Way. If they are applied, as in Fig.
6th, with their Sides together, and their Polarities
contrarily direted, the North Pole of the one (at
either End) attraéting the South Pole of the other, and
the South Pole the North,they fcarcely injure one ano.
ther’s Vertue by fo lying together, but hinder each
other from attra&ing other Things, by {pending their

Vertue on each other.
VIII That all magnetical Attracion (as alfo Repul-
fion) is mutual ; for Iron or Steel attraét the Load.
Tt 2 ftone,
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ftone, as that does Iron or Steel, and they allo one
another,
1X. That every Loadftone communicates Vertue
to Iron or Steel, not only by Conta&, but even by
an Approach of them within its attradtive Sphere,
more or lefs as nearer to, or farther from its Body ; and
likewife its Poles, alfo according to the Shape, Bulk
and fpecifick Vertue thereof, and Figure of the Iron
or Steel, and their Proportion of Magnitude to one
another. Iapprehend, that though a great Magnet (I
mean of {uch as are fimilar in Figure and fpecifick Ver-
tue) will lift confiderably larger Irons than a {mall
one, yet the fmall one fhall give to the fame Piece of
Steel (provided it is not too large for it to conquer)
well nigh (if not altogether, as to Senfe) fo ftrong a
Touch as the great one. And I have experienced,
that if the fmall one is fpecifically pretty much better,
it will givethe fame {mall Piece of Steel a confiderably
ftronger Touch than the great one can, though the
great one is capable of lifting perhaps three or four
Times fo much as the fmall one. Note, That if the
great one is fo ftrong as to give the {mall Piece of
Steel fo much Vertue as it is capable of receiving (for
there is, I fuppofe, a #e plus ultra ) that then fhould
the finall Stone be ever fo much better, it cannot mend
the Touch given by the great one. Some write, that the
Loadftone lofes none of its Vertue by communicating
of it to Iron or Steel, which I fomewhat doubt the
Truth of, efpecially if the Stone is fmall in Proportion
to the Steel, in which Cafe I have knowntouched Steel
lofe confiderable Vertue.
X. That Steel is not only more receptive, but more
retentive of Magnetifm than common. Iron ;. Iron or
Steel
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Steel hammered hard, than the fame while foft ; but
Steel hardened by quenching, than either of them.
My Obfervation has been, that Steel cannot be feafon-
ed too hard for Retenfion (nor, as I think, for Recep-
tion) of Magnetifm; but may fometimes warp too
crooked for its- intended Ufe, and muft be made right
again fome Way or other, either with a Grinding-
Stone, or (if that willnot do) by heating it to a blue
Colour, and gently hammering it while hot ; but if
it can be helped, the Temper for the blue Colour is
too foft. ,

XI. It has been obferved ,.that oblong Piecesof Iron
or Steel applied any how tothe Loadftone, receive
Vertue chiefly (fome fay only) as to their Lengths.
This was what induced me to explain Fig. 7#5,.
in the Middle of Pag. 304. For I think it a
parallel Cafe with this here, and fuppofe that the
Vertue may incline to run length-ways even in the
Loadftone itfelf. However, I think if it muft be al-
lowed to be length-ways, it is fometimes found to be
very irregular in pretty long Pieces, as North Pole
againft North Pole, South Pole againft South Pole fe-
veral Timesin the fame Piece, which feveral contrary
Polarities have been obferved by feveral in Wires, and
I have feen in a round Bar (of which Irregularity, and
the Method of curing it, more hereafter) But fuch
contrary Polarities feem unaccountable.

XII. That fuch Iron and Steel as has magnetick
Vertue communicated to it, does alfo communicate
thereof to other Iron or Steel after the fame Manner
aLoadftone does. Which Vertue, after never {o many
Communications, is, as to its Nature, perfectly the

fame with that of the Stone itfelf, having both Polc,sé.
1 and
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and will touch other Steel, and that a Compafs, {o
well as the Loadftone itfelf, and fo vigorous, if ufed
as hereafter is direted.

XIII. That the Earth contains within it, at or near
its Center, a L.oadftone or Magnet (probably fpherical)
large enough very fenfibly to affect magnetical Bodies
all over the Surface of the Earth. The Poles of its
Attra&ion are confiderably diftant from thofe of its
own, which are the fame with thofe of the Earth’
Diurnal Rotation. This internal Magnet muft either
be loofe from the Body of the Earth, and revolve
within it very littleflower, or elfe, if it is fixed to the
Earth, the very Polarity itfelf muft have changed its
Situation in refpeét of the faid Magnet, One, of which,
{everal recorded Obfervations in diftant Years fuffici-
ently prove. The former {eems moft probable : How-
~ever, I imagine (was it not for the Charge and Trou-
ble) an Experiment might be ‘made which would
thew whether or no it is poflible in Nature for the
Poles of the faid Central Magnet to change their Situ-
ation in refpe&t of itfelf, as well as of the Earth, as
will appear when I give the Defcription of it.

XIV. That every Loadftone within its attractive
Sphere has a Power (the nearer either of its Poles the
greater) to keep one Piece of Iron fufpended to ano-
ther, efpecially if that to which it is {ufpended is
the largeft, and their Ends be bright and clean,
where they touch one another; and if the {ufpended
Tron is not too heavy, the other will draw it up from
either Pole of the naked Loadftone atually touching
it, and will alfo keep it fufpended, till at a confidera-

ble Diftance therefrom; but will not draw it off in
fuch
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fuch manner from the Armour of unarmed Stone, if
the Armour and Iron are both of them brightand clean
at their Conta&. Hence 1t muft follow,

XV. That an armed Loadftone can lift more with
either of its Poles, ufed fingly, than the fame can lift
naked ; and this it will do, though the Armour thould
be narrow, and touch very little of the Stone; how
much more then will it lift, when the plated Part
thereof covers all the End of the Stone, and fecures
all the Vertue of that Pole to which it is applied,
leading it to the other End which attre&s? Itake {oft
Iron to be fo good for Armour as the choiceft Steel, if
not better.

XVI. That notonly Steel or Iron regularly touched,
but alfo oblong Iron void of permanent Vertue ({o
long as it hasa tranfient Vertue by Pofition of either
of its Ends towards the Pole of a Loadftone large
enoygh to affe¢t it at a confiderable Diftance) will
perform all that any Loadftone can, though not with
the fame Degree of Power: For either of them will
attreét, keep- one Piece of Iron f{ufpended to another,
and communicate fome Degree of permanent Polarity
to Steel well hardened, as I have experienced, and alfo
to an Iron Wire.

XVII That the Earth’s central Loadftone, or Mag-
net, has allthe fame Vertues which others have, and no
difcovered ones befides; and though we cannot approacl
it, yet it a&ts asothers do at a proportionable Diftance.
1 have experienced; that it will keep a prepared Six-
penny (or with more Difficulty a Ten-penny) Nail fuf-
pended to aprepared Iron Bar about 2 of an Inch {quare,
and § or 6 Feet long, in an ere& Pofture with either
of its Ends downwards. I hung up the Bar in a Roc;m

by
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by a Loop of fmall Cord faftened at the End which
was upwards ; I then carefully wiped the lower End
of the Bar, and the Point of the Nail, that there
might be no Duft, or Moifture, to prevent a good
Contadt, taking Care not to touch either of them with
my Finger, left Perfpiration thould fully them, Then
holding the Nail under the Bar very ere&, with its
Point upwards, I kept it clofe to the Bar, by only one
Finger held under the Head of 1t, for the Space of 30
or 40 Seconds or more. Then I withdrew my Finger
very gently, and dire&ly downwards, that the Nail
might not ofcillate ; and if it fell off, I wiped its
Point as before, and tried it again at {ome other Part
of the Plain at the Bottom of the Bar; for I always
found it would more readily hang at one Place than
-another, and ufually the Middle wasnot fo well as
towards one of the Edges or Corners, and the Succefs
better nigh one Edge or Corner than another. If both
Ends of the Bar are equal in Bignefs, and the Prepa-
ration of their Ends fimilar, it is indifferent which End
is downward, if it has no permanent Vertue: But if
it has no more than an inchoate or imperfe¢t Degree
of fixed Polarity, one End will anfwer better, and
the other worfe, in Proportion to the Degree of im-
perfe& Polarity which it has.

XVIIL. That of a foft Iron Bar void of fixed Po-
larity, fo foon as it is in an erect Pofition, the higher
Part from the Middle upward becomes a North Pole
in North, or a South Pole in South magnetick Lati-
tude. And,e contra, the lower Part from the Middle
downward becomes a South Pole in North, and a
North Pole in South Latitude: But fo foon as ever

the Bar is inverted, the Polarity will be fhifted in it,
and
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and in North Latitude the End newly placed upward
becomes the North Pole, though it wasa South one
immediately before, and the other End the South Pole,
though it was its North one juft before. The Cafe is
the fame, if fuch a Bar is placed horizontally in or
near the magnetical Meridian; for the End directed to-
ward the North will conftantly be a South Pole, and
that which is directed toward the South, a North one;
and {o foon as ever the Ends of the Bar are fhifted,
the Polarity, in refpe® of the Bar, is fhifted
alfo (but not in refpect of the Earth) for which Rea-
fon this Vertue is called Tranfient, and is communica-
ted by the Farth’s central Magnet in fuch Manner as
other Loadftones are {aid to do, Page 309th, Prop.
16¢h.

XIX. Since in North Latitude the North Pole of
the Earth’s central Magnet not only gives the Vertue
of a South Pole to that End of a Bar which is neareft
to it, but alfo helps it to lift Iron when neither the
Bar nor Iron lifted has any permanent Vertue; the
faid Magnet muft therefore neceffarily help the South
Pole of any Loadftone or Touched Steel in lifting Iron,
but hinder its North Pole. This agrees with common
Experience, the North Pole of a Magnet being unable
to lift fo much as its South one in North Latitude, but
more in South Latitude.

XX. The preceding plainly fhews the Reafon why
an armed Magnet, when both of its Poles are applied
to a Piece of Iron, will lift feveral times {o much as
with either Pole fingle. For the North Pole of the
Magnet, by fending its Vertue through the attracted
Iron, powerfully helps the South Pole of the faid Mag-
net in attracting. Again, the {trengthened South Pole

Cu muft
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muft more powerfully increafe the Attra&ion of the
North Pole : And fince the Poles mutually affift one
another’s Attradtion, with a Power much greater than
if they themfelves are not aflifted, the conjuné Poles
muft neceffarily lift at leaft twice {o much as both of
them can lift feparately. I once tried, and found the
South Pole armed to lift xx24 Grains, and both Poles
united §76o with a little more Difficulty. The Ratio is.
about 1 toa little more than 4.

XXI. That if a Bar of Iron or Steel (not having the
leaft Degree of fixed Vertue) is placed in any Pofture
{except at, or near to a right Angle with the magnetical
Line) it will not only for the prefent receive a tranfi-
ent Polarity thereby, but if it {o remains long enough,
the faid Polarity will gradually become fixed or per-
manent, more or lefs, according to the Hardnefs or
Softnefs of the Bar, Time it has remained in that Po-
fition, Angle its Length makes with the magnetical
Line, and Proportion of the Length thereof to its Big-
nefs, the longeft (cateris partibus) ufually receiving
moft Vertue : And fometimes when all thefe Advan-
tages concur, the Polarity will be fenfibly permanent
in a little Time, and not require a very long Time to be
rendered pretty ftrong.

XXII That by placing the faid Bar afterwards in
the fame Pofition, only with its Ends fhifted, it will
gradually lofe its gained Magneti{m, and at length have
its Polarity changed.

XXIII. Mr. Boyle found one of his Loadftones
wuch impaired by lying long in a wrong Pofture; I
fuppofe he meant a repelling one, with its North Pole
towards the North Pole of the Earth. Alfo by appl

ing one Pole of a very finall Piece of Loadftone to tg(;
fame
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fame Pole of alarge one, he foon changed the Polarity
of the former, but could not effect it ona Piece of any
confiderable Bignefs, though he tried fome Hours. I
have changed the Polarity of a {mall Fruftum of Load-
ftone {uddenly, and without a Contact, by holding one
of its Poles nigh the fame Pole of a Piece of Touched
Steel much lefs than a common Cafe-Knife, at above %
of an Inch diftant, which would make the Fruftum
leap to it, I repeated thefe Changes frequently with
the fame Fruftum.

From this, and fome of the preceding Experiments,
I conclude, that if two parallelopiped Loadftones equal
in Magnitude and fimilar in Subftance, Figure and
Vertue, are placed clofe together as in Fig. the 4th,
with the North Pole of the one direted againft the
fame Pole of the other, or with the South Pole of the
one againft the South Pole of the other, and the Di-
reGion of their Polarities magnetically Eaft and Wett,
they will by Repulfion (asit werein a Duel) recipro-
cally deftroy one another in an equal, though long
Time: But if they are placed (in the fame Situation in
refpet of one another, viz. North Pole againft North
Pole, or South Pole againft South Pole) with the Di-
rection of their Polarities in or near to the magnetical
Line, that Stone (in North Latitude) whofe South
Pole ftands direéted to, or pretty much towards the
attraltive Point of the Earth’s central Magnet receiving
Afliftance therefrom, will not lofe Vertue fo faft as
the other, and confequently never lofe all its Vertue
till it has perfely deftroyed the Polarity of its An-
tagonift, which it willdo in lefs Time, and afterward
give it fome Polarity again contrary to what it had at

firft,
Uua XXIV. That
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XXIV. That Magnetifim not only in touched Iron
and Steel, but alfo in the Loadftone itfelf, is foon de-
ftroyed by Fire,

XXV. That though Fire deftroys fixed Magnetifin
in Steel or Iron, yet if they are {et to cool in an erect
Pofture, or rather in the Direction of the magnetical
Line, they will gain more or lefs fixed Vertue by the
Time they are cold; but efpecially Steel heated to a
{eafoning Height, and in that Pofition cooled {uddenly
under Water, which I have found to fix its Polarity fo.
throughly, as that with its North Pole held downward,
it would attra@ the North End of a Dial Needle.

XXVI. That while a Piece of Iron of fome Magni-
tude is held at one Pole of a Loadftone, it will increafe
the Attracion of the other Pole thereof, and enable it
to lift fomewhat more.

XXVIIL, That if either Pole of a Magnet large
enough, toucheth one End of an oblong Piece of Steel
(not too big and long for the Magnet eafily to a& on)
it will tran{mit its own Vertue to the other End of the
Steel which is fartheft off, and make it a Pole of its
own Kind, whilft the End which touches the Stonc
has Vertue of the contrary Pole: But the Vertue ufu-
ally isnot {o ftrong in the End which is untouched, as
in that which is; though I do not know but in {fome
Time it may gain more, and the other lofe fome, un-
1i] the Vertue in each End is nearly equal.

XXVIII. That any Loadftone put into a Difh with
its Polarity in an horizontal Situation, and the faid
Difh, with the Stone in it, put to {wim in the Middle
of a large Veffel of Water, will turn itfelf, with the
Difh wherein it is, until its South Pole is direGed in
tiie Horizon towards the magnetical Noxth Pole of the

central.
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central Magnet (by the Force of its Attra&ion thereof;
and Repulfion of the oppofite Pole). and there reft after
a fmall Vibration or two.

XXIX. That the Fly of a Compafs (becaufe it is a
perfect Magnet, Prop. 12) if it turns eafy on its Pin,
muft neceffarily conform its Poles to the magnetical
Meridian as the Loadftone does, and for the {ame
Reafon.

XXX. Alfo becaufe Steel regularly touched is a
perfet Magnet, the North Ends of the Flies of feveral
Compaffes muft all of them repel one another, and fo
muft their South Ends: But the North End of one
and the South End of any other, do mutually attra&
each other, as isfaid of Loadftones, Prop. 4¢5. And
in North Latitude the North End of a Needle will
confequently vibrate towards the Top of a tranfient Bar
ere&ted, and the South End towards the Bottom.

XXXI. That a Needle firft equally poifed, then
touched and put to ofcillate on its l%ivots in the magne-
tical Meridian, will in North Latitude have its North
End (7. e. its South Pole) depreffed until it dire&s to
theNorth-attrading Point of the central Magnet ; where,
after feveral Ofcillations, it will at laft reft: And in
South Latitude the'South End will be depreffed after
the fame Manner. :

XXXII. That notonly a touched horizontal Necdle,
which has permanent Polarity, will endeavour to con-
form itfelf to the magnetical Meridian, but alfo one
that has no other than tranfient Vertue, and is with
the greateft Care freed from fixed Magnetifm (if made
and ufed as in the Pracogn.) will do {o too, though
with- this Difference, that which End foever happens
to be placed neareft towards the magnetical North will

faintly
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faintly turn thither ; and if that End is not {uffered to
remain {o too long, then the other End, placed neareft
to the North, will turn thither as the tirft did. In
trying this Experiment, I fometimes found, that when
the Needle had refted in the Meridian only a few Mi-
nutes, it gained a perceptible permanent Vertue, fo
that its other End would not be attracted to the mag-
netical North, unlefs it was placed confiderably
nearer thereto than I had placed the firft End; and
having {o ftood fome Time, loft again thefaid inchoate
Permanency, andreceived Polarity, the contrary Way,
Once, while I dined, and fat bat a little Time after, I
could net make the Eind which I left towards the South,
to ftand towards the North, unlefs I placed it very true
in the Meridian; fo that I was forced to free it again
from Magnetifm before I could ufe it to repeat the
fame, or try the following Experiment; for the leaft
Fixednefs of Polarity in the Needle would more or lefs
obftru& both.

At the magnetical Eaft or Weft of the Necdle’s Pin,
fo nice as I could guefs it, I held ata great Diftance,
either the South Pole of a Loadftone, or lower End
{which is the South Pole) of an ereted Bar (both of
them anfwered alike) and gradually approached it
nearer, in a dire& Line, toward the Pin, until it began to
attra& the Needle, which I obferved was as I expected
at the South End: I then changed the Ends of the
Needle, and gradually approached the South Pole of
a Magnet as before, and conftantly found it to attract
that End which was toward the South; and the
North Pole of the Magnet, after the fame manner, would
attra& the North End of the Needle when it had only

tranfient Vertue.
. I re-
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I remember, thatin my younger Days I once diverted
myf{elf with making an horizontal Needle, and a Dial-
Box for it, one of my School-fellows having a Load-
ftone. Before I could have the Ufe of the Stone, I
often held my Needle within its Box, {ometimes with
1ts intended South End towards the Bottom of a Window
Bar (having lately feen one of my Companions try it
witlt his Pocket Needle, which was touched) and at
other Times I would hold the Needle’s North Ead at
the Top of the Bar. I obferved the Needle, which
was hung very tender, to make Vibrations at either
End of the Bar., I happened to fet it down in the
Window at a good Diftance therefrom, and found the
South End more inclined to vibrate to the Bar’s Bot-
tom than the North End, and fecing it to have fome
Vertue, [ thought of encreafing it by takingthe Needle
out of the Box, and applying it to touch the Bar with
its proper Ends, By this Method alone it gained fuch
a Degree of Polarity as would conftantly turn its pro-
per End to the North, if it was kept trembling; but
if I placed its contrary End to the Bar, the Polarity
would be changed prefently. By this Way of Ma.
nagement I could give it bur a faint Verticity, which
was foon more vigorous when I got the Ufe of the
Stone, though it was {mall, and not of the beft, and
the Needle foft Iron. And this wasall, at that Time,
I knew of Magneti{m, having never read the particular
Properties of the Stone, nor {een one before, nor heard
of the untouched Needle’s Verticity, or its vibrating to

a Bar.

Having within the Space of a few Years paft
had a frefh Inclination to make fome magnetical Experi-
ments,,
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riments, amongft other Thoughts the above-mentioned
came into my Mind, That Iron, not having any fixed Po-
larity atall; might (if it moved tenderly enough) con-
form its Ends to the magnetical Meridian ; which at
length put me on making fuch Needles as are defcribed
in the Beginning, of which either Sort anfwered my
Expeftations abovementioned. Afterwards I touched
one of the firft Sort of Needles (defcribed Precogn.
7th, whofe Length was 2 # Inches, and Weight 36 and
Gr.ij) ona Piece of tranfient Iron (made for Ar-
mour of a Magnet) which meafured in Inches each
Side of the broad plated Part about 13, the parallelo-
_piped Part in Length 2, and in Breadth éequal to its
Thicknefs) 3. So its whole Length was full 3 Inches
and 5 Its Weight 7roy was 5iij 3ij.  Thisheld with
its Length direted in the magnetical Line, gave the
faid Needle Vertue enough to vibrate about four times
in one Minute. I held the Needle, while touching,
in an horizontal Situation, with its North End dire&ed
towards the North, and placing its Middle about the
Top of the Iron, drew it along Southward: Likewife
placing its Middle about the Bottom of the faid Iron,
I drew it Northward, that the South End might be
touched as well as the North. I afterwards touched
it my new Way (hereafter mentioned) with the faid
Piece of Armour, and a finall Piece of tranfient Iron,
which made it vibrate about fix times, and I believe
it would have made more Vibrations, had the Needle
‘been hardened Steel. ‘
Having no other than a {mall Loadftone of a very
irregular Shape, 1 was loath to diminifh it enough to
bring it into a tolerable Figure to receive Armour,

but did only grind a little Place plain at each Pole,
where
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where 1 bound it on with Thread when Y had ground
it. The Weight thereof naked was but 3vij 3ij Gr.vj,
its armed South Poie would only lift 3vij 3¢ Gr. iij,
which was a Key. The not knowing where to get a
better, made me think of improving what I had. I
confidered, that fince a larger Stone of the fame fpeci-
fick Vertue would lift more, it might poflibly commu-
nicate more Vertue than mine could to the fame Piece of
Steel, but could not fail of fo doing to a much greater
Piece ; and having obferved that touched Steel would
communicate fome Vertue as well as attra&, Igot{ome
Steel Wire (the largeft in the Shop where 1 coufd
meet with any) which having cut into equal Pieces,
and filed their Ends fo tranfverily as I could, and very
plain, I made a Standard with a Plate of Iron, into
which I could but juft thruft the fhorteft; and filing
all the reft till they would but juft enter the faid
Standard, I reduced them nicely to the fame Length.
Then having marked one End of each of them with the
Edge of a File, I feafoned them very hard, and made
them,Ends and all, very bright. Each of them meafured
in Length about 2.74 Iaches, and weighed 36 Grains or
more. I weighed one of them, and they were all of the
fame Piece of Wire, therefore could not differ much in
Weight. With my Loadftone I touched 37 of them,
one by one, making their marked Ends their South
Poles. I laid them Side by Side at about half an Inch
Diftance from one another on a Board, with their
marked Ends toward the famz Edge thereof, and took
Care that they fhould not touch one another after
they came from the Stone, before they were all of them
touched thereon, Then having Thread and Armour

made like this {C=a (one Piece marked, which
Xx I ap-
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I applied to the marked Ends of the Wires) ina rea-
dinefs, I fpeedily did thruft them together into a Bun-
dle, and cafting the Thread 2 or 3 times round them,
with my Fingers I formed the Bundle into a regular
Hexagon as foon as I could, and thenbound them faft
from End to End, and bound faft the Armour. I took
the Number 37, becaufe that would form a regular
Hexagon at each End, and fo will alfo 19or7.  Find-
ing this artificial Magner exceed my nitural one, I
held the Artificial in one Hand, and the Natural in
the other, the North Pole of the one againft the South
Poie of the other, and placing their Armour on the
Middle of one of my Wires, drew the Magnets afun-
der, and fo rouched both Ends of the Wire at the fame
Inftant. In that manner I touched one by one a fe-
cond Set of Wires, which I managed like the firft,
and bound on the Armour of the firft Set to the fecond.
The South Pole lifted a Key, Weight 770y 3ij 3ij 3ij
Gr.v. Both Poles united would, with Difliculty,
lift the faid Key with Weights faftened to it, the
whole 1bj 77oy.” I next tried with 19 Wires, for
which I made Armour of a proportionable Size; but
that did not anfwer {o well, I thought, as 37, though
I repeated the Touch. Afterward I took 7, which I
thought performed- according to its Quantity as well
as the 37. Therefore I ever after ufed the Num-
ber 7.

13 the next Place I thought of mending this Way of
Touching, by placing all the 7, or more of them,
with their marked Ends toward the North in a long
{inall Trench, whofe Depth was juft fit for one of
them, to keep it from rolling away while I wastouch-
ing it and its Fellows. The NorthEnd of one touch.

mg
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ing the South End of the other, and adheringby their
magnetick Vertue, I placed the two Magnets, as be-
fore, at their conjun& Middle (not letting them re-
main there a Moment) and then inftantly and fpeedily
drew one Magnet to one End of the Wires, and the
other Magnet to the other End of them ; by which
Method I touched them, as it were, all at once, and
as if they had been but one entire long Wire. I found
this Way not only more expeditious, but more advan-
tageous, givingall of them a ftronger Touch: But the
Wire at each End was not fo ftrongly touched as the
reft; therefore I placed more Wires inthe Trench than
I had Occafion for, and laid afide thofe at each End,
whofe Vertue was weaker. One of thefe Wires, when
it was thus newly touched, would lift a prepared Nail
475 Inches long, in Weight 779y 3vij Gr.vj or vij
(7. e.) more than 426 Grains, The Weight of the
Wire can be had in that of the Nail rr.s:: times.
1 placed all the 7 feparately in the magnetical Line for
about two Days ; in which Time all of them had loft
fome Vertue, yet one of them would with Difliculty
lift the Nail aforefaid, which it lifted fomewhat eafier
juft after the Touch ; and that which had loft moft
Vertue, would eafily lift a Nail of 44 Inches long, in
Weight 306 Grains.

Having fuch Succefs, I got feven round Bars of Steel
to be made, from End to End of cne Size, {o that
they would but juft go through a Hole made on Purpofe
in a Plate of Iron,and tried their L.engths in a Standard
as I did the others, and marked oneEnd of each of them

with the Corner of a File in thisManner, @)
that I might be able to fee the Mark when they were

bound together, left either of them fhould be placed
Xx 2 with
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with its End the wrong Way. Their Diameters were
aboui 4 of an Inch,and their Lengths about 12 1 Inches
good Meafure. I hardned and cleanfed them as I did
the Wires, but one of them happening to break by a
Fall in touching, I got it fupplied, and, for Fear of
{uch another Accident, reduced them to almoft a blue
Colour. I laid them one after another in a Trench
planed for them, in a long Piece of Wood about the
Depth of half their Diameter, putting their marked
Ends all one Way: I madea Holeinthe Trench afew
Inches from cne End of the Piece of Wood, and put a
Pin in it to keep the Bars from fliding to the Ground,
and elevated the other End till it was, as I guefled, in
the magperical Line. I then touched them with two
of my Magnets as before, and this I found the beft
Way of all. When they were finithed, and armed
with proper Armour, the North Pole lifted above half
a Year after 1] 770y, and the South Pole confidera-
bly more. In making one of thefe, I met with an odd
Accident; for after I had begun to touch it, appre-
hending it was a finall Matter bigger than the reft, I
attempted to mend iton a Grinding-ftone, whofe Axes
were dire&ed about 14 or 15 Degrees from Eaft towards
North, and from Weft towards South. I was not care-
ful to keep its Poles the proper Way in grinding, but
held the Bar fometimes a-crofs to the Stone, which
would make it jar, at other times, with the North Pole
toward the North., Afterward I touched it again with
the reft, but could not give it an Attraction equal to that
of the others. Thappened to try with my Dial-Needle
whether the Change of Polarity was in the very Mid-
dle of the ‘Bars, or nearer to one End than the other,

and in this Bar found feveral Polarities contrary to my
Ex-
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Expe&ation, bui how many I am not certain, being fe-
veral Years fince, and I not heeding it nicely. As I
held it er-&, the Bottom was a South Pole, further
up no Attraction, the Pole changing a little higher (I
think one third Part of the Bar’s Length) a firong
North Pole, and about 3 up a ftrong South Pole, and ar
the Top a ftrong North Pole, the Middle between each.
Pole not attra&ing. Whether the jarring on the Grind-
ing-ftone while held in a wrong Pofture was, as Ifup-
pofe, the Caufe of this irregular Vertue, or whether
I might at firft, by Miftake, touch it the contrary Way,
I durft oot pofitively affert ; but all my Care and La.
bour would not help it by touching: For, asthe Ver.
tue became ftronger in the Ends, fo did alfo the Pola-
rities in the other Parts of the Bar. I was fomewhat
concerned at this Difappointment, doubting it muft
have been new feafoned, which would have created the
Trouble of cleanfing and polithing it the fecond Time.
I thought firft that I would try to cure it by putting
it over freth Wood-Coals in an horizontal Pofture,
with its intended South Pole directed towards the mag-
netical North, which I did, and o kept ituntil it was
blue. Then I took it out of the Fire, and cooled it
in almoft the fame Pofture, for I think the North
Pole thereof was elevated. I tried it without re-.
touching, and found it perfetly cured, the Po-.
larity regular throughout, and (which I was fure
prized at) attra&ed full fo ftrongly as either of the
reft.
I next endeavoured to procure Magnetifin in
Steel, without the Affitance of any Magnet (except.

the Earth’s central one.)
Finding
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Finding my artificial Magnets, rightly ufed, would
communicate more Vertue to other Steel thanthey
themfelves had, and obferving that ere& Bars had fome
Vertue from the Earth’s Magnet, and having alfo ex-
perienced that Iron, which had cnly tranfientVertue,
would, when in an ere& Pofture, or in the magnetical
Line, givea {mall Degree of fixed Polarity. (/ide
Sfupra, Pag. 317.)

I ordered nine Steel Bars o.75 of an Inch {quare, and
16 Inches long, tobe made. Some of them, through the
Smith’s Fault, were a litle lefs; the Weight of the
heavieft was, after it was finithed, 3 tb _4vosrdupois.
1 made them moderately bright by grinding, and filed
their Ends fo plain as I could, and tranfverfe to their
Lengths, by help of a Carpenter’s Square ; then marked
one End of themn, and, when hardened, I{cowred them
bright, and polifhed their Ends very well. 1 fitted a
Piece of Armour foreach End of one Bar, and mark-
ed the Piece which was for the marked End of the
Bar, and bound faft both Pieces of Armour to the fame
Bar, one at-each End : Then ftanding with my Face
toward the Weft, and holding the Palm of my Left
Hand upward, I placed therein one of the Bars without
Armour with its marked End Northward, and grafped
it faft at its Middle, with my Fingers on the Weft
Side, and the Ball of my Thumb on the Eaft Side,
where T alfo laid along my whole Thumb to keep it
fteady : So the upper Part of the Bar was open from
End to End. Thus holding it, I elevated the South
End thereof until I gueffed it was in the magnetical
Line; and holding with my Right Hand the armed
Bar, with the Poles of the Armour downward, and
the marked End toward the North depreffed to the

magnetical
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magnetical Line, I placed the Pole of the upper Ar-
mour about 4 or § Inches from the Top of the un-
armed Bar, and fo {oon as ever it touched the Bar, I
began, with the greateft Speed I could make, to draw it
downward until I was paft the Middle, and from
thence to the Bottom gradually flower. When it was
at the Bottomn I permitted it to reft there about x or 2
Seconds.  After the fame Manner applying the Pole of
the lower Armour to the unarmed Bar about 4 or 5
Inches from its Bottom, I drew it upward, {peedily
at firft, flower when above the Middle, letting it reft
a little at the Top. Having upwards and downwards
alternately repeated the Touch on the fame Side
of the Bar, 1 touched the oppofite Side thereof,
which was next my Hand, in the fame Manner, and
afterwards the two other Sides. Then holding the
unarmed Bar ere@, I ufed to fee if it had gained any
fixed Polarity by holding my finall Needle at the Top
and at the Bottom of the Bar; for'if it had gained
any Vertue by the Touch, it would artra& the Needle
ftronger, atthe famne Diftance, when the marked End
of the Bar was held downward, than when it was held
upward. If I found it had gained any fenfible Ver-
tue, 1 took off the Armour from the firft Bar, and
bound it to the fecond which Ihad touched, and after
the fame Manner touched the tirft Bar with the fe-
cond, as I had touched the fecond with the firft.
And when by Trial with the Compafs Needle I found
the armed Bar had communicated to the other more
Vertue than was in itfelf, I took off the Armour and
bound it to that which was newly touched, and
therewith retouched that which I had difarmed. In
a few Repetitions of changing the Armour from Bar

to
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to Bar, and touching the weakeft, I procured in both
of them (without the Affiftance of either of the other
feven) a tixed Polarity to fuch a Degree as that the
North Pole, or unmarked End of either of them held
downward, would attrac the North End of the Needle,
though much fainter than if the North Pole of the
Bar had been upward, and Pofition did not now change
their Polarities, but only weaken them: Therefore I
now call their Vertue perfe@ly permanent. Four or
five Repetitions more encreafed their Vertue to fuch a
Degree as that the South Pole of one of them would
lift 2 Ten-penny Nait prepared, and after 2 or 3 Re.
petitions more a common Door Key of an Iron Box-
L.ock, Weight 7roy 3jand above 31j, not by the Bow,
but by its fower End, which was wrought fomewhat
globular and polithed. In the laft Place I got a Piece
of Tnch Deal above three Inches broad and 7 or 8
Feet long, in the Middle whereof, at about 5 or 6
Inches from one End, I made a Hole through with a
large Gimlet, into which I drove an Iron or Steel
Pin, whofe Length (befides what went into the Wood)
was a little lefs than the Thicknefs of one of the Bars,
"Then T placed the biggeRt Bar on the fzid Board with
its marked End clofe to the Pin, and its Length pa-
rallel to that of the Board, and with an Awl made four
{mall Holes in the Board, one of them on each Side of
the Bar about an Inch from the Bottom, and about
the Thicknefs of a Sixpence, from its Sides, and the
other two after the fame Manner, about an Inch from
the Top. T drove into them Pins of large Wire half
an Inch long, befides what was in the Board. The
Pins were to keep the Bars from fliding out of their
Places in touching, Then removing that, and placing

2 any
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any other Bar between the faid Pins, with its marked
End clofe againft the great Pin, I placed the marked
End of thefaid biggeft Bar clofe againft the unmarked
End of the other, and made four Holes on its Sides,
and drove Pins in them as before, and fo continued
to do, until the Board was full : It held half a Dozen
Bars. I took Care to place the marked End of every
Bar direted towards the great Iron Pin which was to
keep them from {liding down to the Ground, when the
other End of the Board was elevated, to {tand in the
magnetical Line. The Board ftanding with one End
on the Ground, and the other leaning againft the Wall,
at the South End of the Room, I took the armed Bar,
which had Vertue, and placed its North Pole’s Ar.
mour about the Middle of the higheft Bar, whofe
Middle I could reach to (keeping the Armour of the
South Pole a little upon one Side of the Bars, juft fo
far as I might be fure not to touch them with that
End) andthen immediately drew it from thence down-
ward to the Bottom of the loweft Bar: After the fame
Manner placing the Armour of the South Pole onthe
Middle of the loweft Bar (and holding the armed
North Pole on one Side, that it might not touch) I
drew it upward to the Top of the higheft Bar, whofe
‘Top I could reach. And if theEnd of any Bar was a
little under that which it refted againft, I ufed to put
a fizeable Chip under it, that the Armour might not
hitch in drawing it over the Places of their Contads.
I ufually touched the Bars on all four of their Sides,
then took out the loweft, and (letting the reft gently
flide down to the Iron Pin) placed it at the Top, that
thofe which were firft at the Top might in their Turns
take their Places in the Middle, and be well touched.

Yy I com-
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I commonly refted at the End of each Bar in drawing
(as in the fingle Bar before mentioned, Pag. 325.)
When I found thofe on-the Board confiderably ftronger
than my armed one, Itook out that which I thought
attracted beft, and bound the Armour to it, putting
the other in its Room. After feveral repeated Touch-
ings, the biggeft of them being tiij Avoirdupots,
AN would be fufpended by its North Pole to the

South Pole of one of the beft of the others.
They did not lift one another, or attrad& fo well
when their Ends were applied centrally, as
when applied to one another (asis exprefled
in the Figure) near to their oppofite Corners.

The Line # in the End of each Bar reprefents

the Manner [ ufed to mark their intended South
Poles. With one of thefe armed, I touched a
fimall fquare Bar of Steel (placed betwixt two
of the great ones) the Length whereof was

2.56 Inches, the Breadth of each Side o.27
@ (or fomewhat more than 3 of an Inch) the
Weight 3v Gr.iv (7. e. 304 Grains) it would
lift afterwards an Iron 54 Inches long, weighing siv
3j3j or, 2000 Gr. 304 can be had 6.578 times in
2000. So it lifted above 63 times its own Weight.
With this little Bar naked I touched a f{mall Dial-
Needle made of Steel (the Socket in the Middle was
alfo Steel, and not Brafs, as ufual) I feafoned it very
hard, and cleanfed it well, and with much Care, not
to break it, becaufe fo hard. It weighs not full 4
Grains, has lifted two prepared Six-penny Nails, one
at each Endy while it was held in an horizontal Po-
flure with its South Pole towards the North. It

alfo lified a Key by the Bow, as it was held perpen-
dicularly
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dicularly with its South Pole downward, the Weight
whereof was 3] 31 Gr. xv good Weight (4. e. 115
Grains or better) Wherefore fince the Needle weigh-
ed lefs than 4 Gr. which is the 29th Part of 116, we
may reckon it lifted full 29 times its own Weight by
the Force of one Pole, the Key having no permanent
Vertue before.

I never faw this Communication of ‘Magnetifin out-
done by the Loadftone itfelf, as it is commonly ufed;
but what a good onewould-do, ufed as I did the Steel,
T know not for want thereof, but doubt, unlefs Steel
could be made better than it ufually is, a ftronger De-
gree of Attraction therein is {carce to be hoped for from
the Ufe of thebeft of Loadftones.

I ufually find the attractive Power in fquare Bars cut
plain over tranfverfe to their Lengths, to be ftrongeft,
not in the Middle of their Ends, but much nearer to
their Corners or Sides, and to be greater at one Corner
or Side than another ; and this not only in {uch as are
of touched Steel, but in Iron ones having no Polarity,
but from their Pofition. The fame I obferved in round
Bars, if their Ends are not convex.

In fome of my large Steel Bars (as alfo in fome of the
round Bars) I found the North Pole ftrongeft, in others
the South. " Tknow not the Caufe thereof; for though I
touched the weaker End twice {o often as the ftronger, it
would ftill continue to be fo,when the ftrongeft had been
well touched before. I imagine it muft be owing to
fomne Inequality of the Steel occafioned by the different
Degree of Heat taken at the Forging ; ‘different Degree
of Heat when the Smith defifted hammering ; different
Degree of Heat in making the Iron into Steel, or
Quantity of what is ufed in doing it; Finenefs of

Yy 2 the
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the Iron whereof the Steel was made, fome finall Dif~
ference in Magnitude,or Difference in feafoning, it being
almoft impofible to make both Ends equally hard; but
that both Ends of mine might be f{o, I had a Fire made
long enough to heat their whole Length at one and the
fame Time.

I left feveral of the Bars on the Board whereon they
were touched, and in the fame Pofition to one ano-
ther, as well as to the Earth, for fome Months, to fee
whether they would lofe any of their Vertue; but if
tl}ey did, it was fo little as I could not be fure there-
of.

I alfo tried whether what I mentioned concern-
ing Loadftones (beginning at Page 303) would
hold in 5 or 6 Bars regularly touched and placed to
one another in the fame Manner ; and found that at
fome of the Joinings it anfwered pretty well, but not
fo well at others, ufually beft at the two extream
Joints, and worfe at the middle ones. When I held
the Dial-Needle at a good Diftance from the Bars
(perhaps 6 or 8 Inches) the Attra&tion was . more re-
gular, and the different Poles of the two Bars at their
Contac was not {o eafily difcernable; but when I held
it within 2 or 3 Inches Diftance, both of the Poles
difcovered themfelves more or lefs at every Joint.
Perhaps the Caufe may be the Want of a better Contadt,.
the Ends of the Bars not being true Plains; oritmay
be partly owing to their conjun& Length (though I
cannot fee how that fhould caufe it) or fome Irregu-
larity in the Vertue of each particular Bar. For it has
been obferved, that very oblong Iron, as Wire, is ca-
pable of having a North Pole in both Ends, and a

South one in its Middle;or, as my round Bar before-
menti=
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mentioned, feveral Polarities in no greater Length thar
about one Foot. My Bars were not made of German,
but more ordinary Steel, of about 4d. per 15,

I never yet tried the Experiment of weighing Pieces
of oblong Steel juft before, and prefently after the
Touch, but fuppofe (from Mr. Norman’s Experiment,
New Attraftive, Chap.vi.} that my own Conje-
&ures are right, v:2. That oblong Steel of a conve-
nient Length and Weight, perhaps 3 or 4 Feet, and
10 or 11 Ounces, may, if weighed with a very nice
Beam, made of Ironor Steel; the Cords of the Scales
being of a common Length, feem to lofe a Grain or
two of its Weight (more or lefs according to the Sub-
ftance of the Beam, Shortnefs of the Cords, and De-
gree of Magnetifin in the touched Steel). I fay,
feem to lofe, becaufe the touched Steel with one of
its Poles attracts the Beam not juft at the End thereof
to which it is fufpended, but there, and, more or lefs,
all the Way between the faid Point of Sufpenfion and
the Middle of the Beam. This muft make it appa-
rently (not really) to ponderate lefs, as is the Cafe
of Stilliards, demonftrated by the Dotrine of the Lea-
ver: Alfo the other half of the Beam being fomewhat
attra&ted by the other Pole of the Steel, aflifts the
Weights which are laid againft the Steel, and encrea-
{eth the Miftake, which is greater or lefs, according
to the Pofture of the Steel, whether (if horizontal)
it is parallel or perpendicular to the Beam, or (if in
an ere¢t Pofture) according to which Pole is- upward.
My Thoughts are, that Steel after the Touch (Al-
lowance being made for what is rubbed off by
touching, which Itake to be infenfible, if doneon foft
Armour) muft, if in an horizontal Pofture, necefarily

dravz
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draw fomewhat -more Weight than before ; or if in
an ere@ Pofture in North Latitude ‘with the South
Pole downward mere, 'and upwards lefs than in an ho-
rizontal Pofture : 'But thefe Differences are fo {mall
as no Experiment I can think on will render fenfible
in the leaft Degree, becaufe of the vaft Diftance be-
tween the ‘Surface of the Earth and the attraGive
Point of the internal Magnet: For fince Attra&ion and
Repulfion are at the fameDiftance equal, Ifay the one
Pole of a Bar of Steel 10 or 20 Feet long, di-
reGted toward the attraltive Point of the Magnet,
{fuppofed at- the Diftance of but one or two Miles,
is'not fenfibly nearer ot than the other’ (I mean in re-
fpett to Attradtion) *how ‘much more infenfible then
muft the far greater-Diftance of 2000 Miles render it,
which is not fo remote as Mr. #hiffon (Longitude and
Latitude found by the Dipping-Needle, Pag. 48.
Line 12) fuppofes:it to'be. <[ cannot think fit to call
the Point 'to which the Needle tends a refpe&ive Point,
as Mr. Norman does, fince his Experiments, Chap. V1.
do not convince me (hy reafon of the Diftance there-
of from the Surface of: the Earth) that it is not an at-
tra&ive one. If therefore Steel after the Touch isever
found to weigh (with a Beam of Matter not magne-
tical, and in a Place at ‘too ‘great Diftance from an
Iron or Magnet to be fenfibly affected thereby) either
more or lefs than before, it ‘muft be occafioned by the
Augmentation or Diminution of its"Quantity of Mat-
ter by the Touch. The former feems impoffible, be-
caufe a Magnet lofes no fenfible Weight by having
10000 Pieces of Steel fucceflively touched on its Ar-
mour ; nor is the latter probable, unlefs the Weight
of the Magnet is encreafed, or Part of the Subftance
of
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of the Steel ground off by touching: And if the Quan-
tity of Steelis, by rubbing, diminithed, the Lightnefs
is not owing to its having-Magnetifm, but to its Defect
of Matter. Before an Experiment of this Nature is
made, the Piece of Steel thould be well hardned, po-
lifhed, and wiped very clean, and if warm by rubbing
or handling, fthould be permitted to cool before it is
weighed. 'Then being weighed with a Brafs Beam,
let it afterward.be well touched on the foft Armour of
a Magnet, then wiped clean, and permitted to cool, be-
fore it is weighed after the Touch. Care muft alfo be
taken that no Iron Bar, or other Magnet, be in the
Window, or any other Part of the Room above, or
that underneath, large enough toaffed it, which a Mag-
net, the Brads of the Floor, or other Iron in the fame
Room, or about the Operator, fuch as a Key, Knife,
Buckles, or the like, may more or lefs do, according to
their Diftance and Situation: And Ihave feena Brad in
the Floor make the End of a large horizontal Needle
dip to it at. the Diftance of above anInch.

Mr, Whiffon inhisfaid Book, Pag. 47, {uppofesthe
Surface of the Earth’s central Magnet to be diftant in
Miles from the Surface of the Earth 3400, and ac-
cordingly, Pag. 48, computes the Semidiameter of the
faid Magnet to be about 575 ; both which Sums added,
make the Semidiameter of the Earth to be about 3975
Miles ; which is about 7 Miles lefs than Mr Norwood
makes it by reckoning 69% Miles to a Degree, which
multiplied by 360, makes 25020 in the whole Circum-
ference, and the Radius (by 7an Ceulen’s Proportion
of the Circumference to the Diameter) I find to be
3982.0566, &’¢. which 7 Miles is buta ‘[rifle in 3975,
or 3992.

T fhali
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1 fhall then {uppofe the Earth’s Radius (in
Miles) 3975, from whence I compute the Circum-
ference 24975.6615,9603,8855, 9c.  And one Degrec
69.3768 3776,6774:5988,35 J 0.

Mr. Whiffon, Pag. 53, fays that the Northern mag-
netick Pole was then about 134 Degrees from the North
Pole of theEarth : The Sine of which in natural Num-
bers is 23 3,4454 to the Radius 1000,0000.

1. As the Earth’s Radius (in Miles) 3975, to the
above-mentioned Sine of 13 Deg. 30 Min. 233,445 4.
So the faid Magnet’s Radius 575 Milesto the Tabular
Number 3 3.7688,3144,6540 8805,0311, ¢,

2. As the Tabular Radius 1000,0000, to the faid
Tabular Number, fo (in Miles) is the Earth’s Radius
to the Radius of the Parallel of 131 G7.on the faid
Magnet’s Surface :  Or, fo is the Farth’s whole Cir-
cumference to the Circumference of the Central Mag-
net’s faid Parallel: Or, fo is one Degree of the
Earth’s great Circle in Miles to one Degree of the
faid Parallel of 134 G7. on the faid Magnet’s Sur-
face 2.3427,7474,0840,2028,43, CI°6.

The faid Degree reduced into Feet, and into Inches,
is,

In Feet and Parts 12369,8506,3163,6271,0156,59, ¢,

In Inches and Parts 14843 8.2075,7963,5252,1879,14, &7°C.
Which 2.3427,8°. Miles the North magnetick Pole
of the central Loadftone moves in fomewhat lefs Time
than 4 folar Minutes, vs%. in about 4 Minutes by
the diurnal apparent Motion of the fixed Stars) But for
as much as the Ratioof the internal Magnet’s Diame-
ter to that of the Earth, is not probably calculated to
Perfe&ion, 1 fhall proceed as if the faid Pole of the
Magnet moved the faid Space perfedtly in the Time of
four Stellar Minutes. For
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For want of a more convenient Inftrument, I took a
Whirligig of Wood, fomewhat more than; of an Inch
thick, and in Diameter at leaft 1.3 Inch. It was turn-
ed truly round, and had in its Diameter nigh to, and
equidiftant from the Centre two Holes made, into
which, as ufual, wasa Thread put, of about 40 Inches
long, and about 20 when it was put in, and the two
Ends tied together. Iwent with itto a Clock, whofe
Pendulum ofcillated Seconds, and working the Whirli-
gig ftrong enough to make its Returns, or Vibrations,
keep equal Times with the Pendulum’s Ofcillations, I
{uddenly caught the Whirligig at the End of one Vi.
bration before it began another, and then (untwifting
the double Thread gradually with my Fingers) I told
how many Turns or Revolves ithad made in that one
Vibration, and found the Thread untwifted with 58
Turns (which is but half the Number in one Vibra-
tion, becaufe in the whole Vibration it was twifted the
like Number of Turns the other Way) which doubled
makes 116 Turns in each Vibration, and in one Se-
cond of Time. I computed the mean Velocity of the
Circumference thereof in each Second of Time to be
about §4 Feet 7 Inches 9645,4606, &°c. Parts. By
this it is plain, that a Globe (as well as a Wheel) of
6 Inches in Circumference, if truly centered, is eafily
capable of being kept in Motion on its Poles, fo {wift
that its Aquator fhall have the Velocity of 51 Feet
5410,4429,8, &’c. Parts, by making 103.0820.8859,
&¢. Turns inone Second. This is the proper Velo-
city for fuch an Experiment, becaufe it is nearly equal
to that of the North magnetick Pole of the internal
Loadftone along the Parallel of 133 Degrees from the
Poles of its Rotation.

Z z The
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The Velocity of the faid magnetical Pole of the
internal Loadftone is, as above, inthe Time of 4 Mi-
nutes, in Inches and Decimal Parts 148438.1075,7063,
5252,1879,14.

And therefore in the Time of one Minute 37109,
5518,9490,8813,0469,786, and in one Second 61 8.4925,3158,181 3,
5507,8197, Which 618,925, 7°¢. Inches reduced to Feet
and Decimal Parts, is §1.5410,4420,8, &0,

Suppofe then a Terrella was made of juft 6 Inches
in Circumference Nz S» (77d. Fig. 1. Pl.) con-
trived to gyrate on Poles = # chofen in any two oppo-
fite Points of its magnetical Aquator, and the Axis of
its Rotation & 7 fituated (as near as Art can do it) in
the magnetical Line ; for inthis Pofture of the Axis the
magnetical Poles of the Terrella will be equall
wrought on by the Earth’s attra&ive Point all the
Way asit is turned round, which can be in no other
Pofture whatfoever : For if the Axis of its Rotation
makes the leaft Angle with the magnetical Line; as
the Terrella is turned round, the magnetick Poles of
it will be attralted and repelled. more when on one
Side than when on the other, which ought not to be,
becaufe it is probable it may have the fame Effe& which
a large Magnet would have, if held within the At-
traction, and confequently change the Polarity, as
bf}" a Touch, and not purely by the Gyration  there.
of.

The Circle N & Sz reprefents the Terrella in Cir-
cumnference juft 6 Inches (having both, or at leaft one,
of its attractive Poles nicely marked) cemented, or
bound with Thread faft toa cylindrical Veffel of Wood,
or Brafs pretty thin, that it may not be too heavy,

with its Polarity N S tran{verf¢ to the Axis of the
faid
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faid cylindrical Veffel, whofe Diameter on the Infid®
ought to be equal to that of the Terrella, and its
Depth not lefs than the Radius, Or, if the Terrella
is truly globular, inftead of the cylindrical there may
be a concave Veflel (reprefented by the pricked Line
x n w) lefs than a Hemifphere, and its Diameter of
Concavity fomewhat lefs than that of the Terrella ;
{o fhall their Conta& be wholly at the Brim of the
Veflel, which will keep the Terrella central. And
this may be better than a Cylinder, becaufe lighter, and
the moft of its Parts nearer to the Axis of its Verti-
city. [Either of thefe is to be centrally fixed to the
Arbor 7z m, which, together with its Pivot 7, thould
De made of Brafs, and the Pivot Work ina Hole made
fit for itina Horfe’s Tooth, or fome fuch Thing : The
End of the Pivot thould reft on the Bottom of the Hole,
that it may move the eafier. The Collar at P, in which
the Arbor turns round, may be made of Tooth alfo,
and both that and the Pivot aforefaid fhould be kept
well oiled, or greafed, to prevent their being heated by
fo rapid a Motion as is neceflary, andfo thould alfo the
other Axles. Thisisto be kept in Motion by a Gut-
ftring (as the Spill of a Spinning-Turn is moved) tied
pretty ftrait roundthelittle Wheel at #, and the great-
er one at ', which String is reprefented by the pricked
Line. And the Wheel F is turned after the fame
Manner, by a larger Gut-ftring round the Wheels ¢
and Q, which muft be ftrained very ftraight, that it
may not flide on the Wheels. To prevent which Incon-
venience, this String (and the other, if need be) may be
rubbed well with powdered Rofin. I think a Gut-
firing round a great Wheel and leffer one, will work
eafier than the beft of Clock-work, and without rattling

Zz2 or
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or jarring, which the latter, when in a rapid Motiom,
is fubje& to, and therefore I cannot approve of it, nor
is the multiplying Power of the Wheels # F, being
X0.3082, €5°¢. {o nearly to be calculated for a Wheel
and Pinion ; but, if good Work, it may be allowed in
the Wheels # Q, which move {lower: But that Iap-
prehend will needlefly encreafe the Charge. The Di-
ameter of each Wheel at the Bottom of the Trench,
where the String touches it, is mentioned in the
Draught. The whole may be madeto turn with one’s
Hand, either with a Crank Q g in the Arbour of the
Wheel Q,, or with a Turner like that of a Grinding-
ftene R.

Mr. - #, Page 78, makes one Revolution
of the central Magnet, in refpe& of the Earth, to be
not lefs than 1920 Years, which I have reduced to
701280 Days, to which I add 1920 Days, which
makes the Sum 703200, being the Number of Revo-
lutions, nearly, which the Earth and the faid Magnet
with it, makes in 1920 Years in refpet of the fixed
Stars, Now fince the magnetick Pole of a Terrella 6
Inches in Circumference, centered as above is directed,
and moving with the Velocity of 51 Feet §410 4429,
&’c. Parts in the Time of one Second, by making
103.9820,8859, <5, Turns, moves equally rapid with
that of the central Magnet, it may be expetted that
703200 of its Revolutions fhould gradually tranflate
each of its Poles one entire Circle, which 703200 Re-
volutions (at 103.0820, £5°¢. per Second) will be fi-
nifhed in the Time of 6821 Seconds 7476,9272,396
Parts, or 1* §3/ 41" 44" 51" 41", Or,

351600 Revolut, tranflate it 2 a Circle in 3410.8733,

4636,198y Or O, §6/ 50" 521 25" g0,

175800



( 339 )
175800 Revolut. tranflate it 3 of a Circlein x705.431s,
2318,009"5 or 0.28' 25" 26" 12" 55",
117200 Revolut. tranflate it ; of a Circle in 1136.9579
4878,731.”’ or 9.18’ 56" 57’" 28’/" 36”1”.

I the Terrella’s Circumference is more than 6
Inches, the magnetical Poles thereof may be placed {o
oblique to the Axis of the Cylinder, as that in turn-
ing round they may each of them defcribe a leffer
Circle (or as it may be called a Parallel of Latitude)
juft 6 Inches in Circumference, and that will caufe no
Alteration in the Swiftnefs of the Motion of the Ma-
chine, which is to be moved as follows, viz. The Per-
fon that works it muft keep his Eye on a Pendulum
ofcillating Seconds, and turn the Crank (or Turner)
once round at each Ofcillation, fo fhall the Number of
the Terrella’s Revolutions, and Celerity of the Motion
of itsPoles be as is above-mentioned.

But if the Terrella is larger than 6 Inches in Cir-
cumference, and its Polarity tranfverfe to the Axis of
its Rotation, the Pendulum may be lengthened in Pro-
portion of the Squares of their Circumferences, and
the Crank muft then make one Turn at each Ofcilla-
tion of the Pendulum fo lengthened ; and by that
Means it will move with the fame Celerity which
was above propofed ; but thenthe 703200 Revolutions
will not be finifhed in lefs Time than 6821 Seconds
(or rather Ofcillations) made by the lengthened Pen.
dulum.

If by the keeping a Terrella in Motion in fuch a
Pofture, and with fuch Celerity as is aforefaid, the
magnetical Poles thereof, in refpect of the Terrella,
remain immoveable, I think this is a plain Demon-

ftration that the central Magnet is loofe from the
Earth,
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Earth, and revolves within it a little {lower, as is con-
jectured by feveral, and to me feems moft pro-
bable.,

But if the magnetical Poles, by fuch a Motion as is
defcribed, fhould in refpe& of the Terrella be tran-
flated with a Motion retrograde to that wherein it was
kept by the Machine, I fhould think it poflible for the
diurnal Motion of the central Magnet to tranflate the
Polarity thereof farther Weftward by the Vertue of
its own Effluvia, which are continually left a little
behind, as it revolves on its Axle Eaftward, and that
the faid Magnet is fixed to the Earth. But thefe
Things feem uncertain.

However, T think it not impoflible to reduce the
Period of the Motion of the magnetical Pole, in re-
{pe@ of the Earth, to a tolerable Calculation in much
lefs Time than an entire Revolution thereof, by mea-
furing daily the Quantity thereof: For effe&ing which,
1 have thought on a new Way of making a Needle
not above 6 Feet long, with fome Engine-work to its
Box, which, I believe, I can demonftrate will render
it vifible daily to a naked Eye, that the Variation is
changed: But I have no Time at prefent to defcribe
it, being but juft able to finifh this; but if it may
be acceptable, fhall readily communicate it on
Notice.

1. _An



%
iAinte
i

ESHALS,

]
W
37
el
¥

K

2
S0
Y
”,’
2

i
3
{5

\;'})
)
7
»
(I

)

A
)
i
()
21

%

¥,
7
y
s
&
2‘(
;*

5N
AR
Q'ix\‘:'i}-“ XRS

SR

:
s
NN

: 'Vg )1:’3,' oy,
5

SNIEY,
A

S5




