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BIOGRAPHICAL MEMOIR.

WILLIAM GILBERT—or Gilberd,' as he wrote it—was born in
1540 at Colchester, County Essex, England,” of which borough
his father, Jerome (Hieron) Gilberd, was recorder—*a coun-
cillor of great esteem in his profession.”® Very little that is
reliable appears concerning his early years, but it is known
that he passed through the Grammar School of his native
place and immediately afterward (May 1558) entered St.
John's College, Cambridge (whence, some say, he went to
Oxford)," proceeding B.A. 1560, Fellow 1560-1561, M.A.
1564, mathematical examiner 1565-1566, M.D. 1560, and

I “Gilbert or Gilberd. . . . The latter is used both in his own epitaph and
his father's; and in the records of the town of Colchester : and, therefore,
seems the truest.” (Bilographia Britannica, London 1757, Vol. 1V, page 2z202.)

* See the Map of Colchester at page 4, Vol. I, Boock I, of Philip
Morant's ** Hist. and Antiq. of Essex,” London 1768; also, a full description
of the town at pages 266-361, Vol. [, of Thos. Wright’s * Hist. and Top. of the
County of Essex,” London 1836, as well as at pages 286-322, Vol. V, of " The
Beauties of England and Wales,” by E. W. Brayley and John Britton, London
18I0,

* Dr. Thomas Fuller, ** Hist. of the Worthies of England,"” London 1840,
page 5I.

4 Antony A. Wood, at pages 737-738, Vol. 1, Aékene Oxonienses, London
1813, says he was *"educated at both the Universities but whether in Oxon.
first or in Cambridge, I cannot justly tell ”: and Thomas Wright (** Hist. and
Top. of County of Essex,” 1836, Vol. I, page 111) states that ** he studied some
time in the Universities of Oxford and Cambridge.”
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Xxxviii ADDRESS BY EDWARD WRIGHT.

murky and in the deepest night; by this means seamen have
understood toward what point they must steer their course, a
thing that was quite impossible before the wondrous discovery
of the north-pointing power of the loadstone. Hence sailors
of old were often beset, as we learn from the histories, by an
incredible anxiety and by great peril, for, when storms raged
and the sight of sun and stars was cut off, they knew not
whither they were sailing, neither could they by any means
or by any device find out. Hence what must have been the
gladness, what the joy of all mariners when first this magnetic
pointer offered itself as a most sure guide on the route and as
a God Mercury! But it was not enough for this magnetic
Mercury simply to point out the way and, as it were, to show
by the extended finger whither the course must be: it soon
began even to indicate the distance of the place whither the
voyage is made. For, since the magnetic pointer does not
always regard the same northern spot in every locality, but
usually varies therefrom, either to the east or to the west, tho'
it nevertheless hath and holds ever the same variation in the
same place, wherever that may be; it has come about that by
means of this variation (as it is called) closely observed and
noted in certain maritime regions, together with an observa-
tion of the latitude, the same places can afterward be found
by navigators when they approach and come near to the same
variation. Herein the Portuguese in their voyages to the
East Indies have the surest tokens of their approaching the
Cape of Good Hope, as is shown in the narrations of Hugo
Lynschetensis' and our very learned fellow-countryman Richard
Hakluyt; hereby, too, many of our skilled British navi-
gators when voyaging from the Gulf of Mexico to the Azores,

1 JTan Hugo van Linscho(o)ten, Dutch voyager, 1563-1633
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can tell when they are come near to these islands, though,
according to their marine charts, they may appear to be 600 Eng-
lish miles away. And thus, thanks to this magnetic indication,
that ancient geographical problem, how to discover the longi-
tude, would seem to be on the way to a solution; for, the
variation of a seaboard place being known, that place can there-
after be very easily found as often as occasion may require,
provided its latitude is not unknown,

Yet somewhat of inconvenience and difficulty seems to at-
tach to this observation of the variation, for it cannot be made
except when the sun or the stars are shining. Accordingly
this magnetic Mercury of the sea, better far than Neptune
himself or any of the sea gods or goddesses, proceeds still
further to bestow blessings on all mariners; and not alone in
the darkness of night and when the sky is murky does he show
the true direction, but he seems even to give the surest indica-
tions of the latitude. For the iron pointer suspended freely
and with the utmost precision in equilibrium on its axis, and
then touched and excited with a loadstone, dips down to a
fixed and definite point below the horizon (e.g. in the latitude
of London it dips nearly 72 degrees) and there stands. But
because of the wonderful agreement and congruency mani-
fested in nearly all and singular magnetic experiments, equally
in the earth itself and in a terrella (i.e. a spherical loadstone), it
seems (to say the least) highly probable and more than prob-
able that the same pointer (similarly stroked with a loadstone)
will, at the equator, stand in equilibrium on the plane of the
horizon. Hence, too, it is highly probable that in proceeding a
very short distance from south to north (or wzee versa) there
will be a pretty sensible change in the dip; and thus the dip
being carefully noted once and the latitude observed, the same
place and the same latitude may thereafter be very readily
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found by means of a dip instrument even in the darkest night
and in the thickest weather.

Thus then, to bring our discourse back again to you, most
worthy and learned Mr, Gilbert (whom I gladly acknowledge as
my master in this magnetical philosophy), if these books of
yours on the Loadstone contained nought save this one method
of finding the latitude from the magnetic dip, now first pub-
lished by you, even so our British mariners as well as the
French, the Dutch, the Danes, whenever they have to enter the
British sea or the strait of Gibraltar from the Atlantic Ocean,
will justly hold them worth no small sum of gold.' And that
discovery of yours, that the entire globe is magnetical, albeit
to many it will seem to the last degree paradoxical, never-
theless is buttressed and confirmed by so many and so apposite
experiments in Book II, Chapter XXXIV; Book III, Chap-
ters IV and XII; and throughout nearly the whole of Book
V, that no room is left for doubt or contradiction. I come
therefore to the cause of magnetic variation—a problem that
till now has perplexed the minds of the learned; but no one
ever set forth a cause more probable than the one proposed
now for the first time in these your books on the Loadstone.
The fact that the magnetic needle points due north in the
middle of the ocean and in the heart of continents—or at least

| Hardly twenty years after the English artificer, Robert Norman, had,
in 1576, devised the incl/inatorinm, which enabled him to determine the dip or
inclination of the magnetic needle, Gilbert boasted that, by means of this in-
strument, he could ascertain a ship's place in dark starless nights. Gilbert
commends the method as applicable aére caliginoso; and Edward Knight, the
English mathematician, in the introduction which he added to his master’s
great work, describes this proposal as *‘ worth much gold.” Having fallen into
the same error with Gilbert of presuming that the isoclinal lines coincided with
the geographical parallel circles, and that the magnetic and geographical equa-
tors were identical, he did not perceive that the proposed method had only a
local and very limited application (Humboldt, Cosmes, 1849, Vol. I, page 172,

and Vol. II, page 658).































































"ANCIENT AND MODERN AUTHORS ON THE LOADSTONE, [

appears to have been brought into Italy by the Venetian
Paolo [Paulum Venetum—Marco Polo] who about the year
1260 learned the art of the compass in China,' still I do not
want to strip the Melfitani of so great an honor, seeing that by
them compasses were first commonly made in Mediterranean
lands. Goropius ascribes the invention to the Cimbri or Teu-
tons, on the ground that the thirty-two names of the winds
inscribed on the compass are pronounced in German by all
mariners, whether they be British or Spaniards, or French-
men. PBut the Italians give them names in their own ver-
nacular. Some think that Sclomon, King of Judea, was
acquaint with the compass and taught the use of it to his
pilots for their long voyages when they brought from the
Western Indies such a quantity of gold : hence Arias Monta-
nus holds that the regions in Peru that abound in gold got
their name from the Hebrew word Paruaim. But it is more
probable that the gold came from the coast of lower Ethiopia,
or, as others declare, from the region called Cephala. The

story seems less true for the reason that the Pheenicians, next
neighbors of Judea, most skilful navigators in early times

— —

! It appears to be a remarkable fact that Gilbert, the earliest classical
writer on terrestrial magnetism, who cannot be supposed to have had the
slightest knowledge of Chinese literature, should regard the mariner's compass
as a Chinese invention, which had been brought to Europe by Marco Polo,
The idea of the introduction of the compass by the last named, whose travels
occurred in the interval between 1271 and 1295, and who, therefore, returned
to Italy after the mariner's compass had been mentioned as a long-known in-
strument by Guyot de Provins in his politico-satirical poem (' La Bible,” 1190),
as well as by Jacques de Vitry (*° Historizz Hierosolimitanz,” Cap. Sg), and
Dante ('* Paradiso,” Cant. XII}, is not supported by any evidence. Before
Marco Polo set out on his travels in the middle of the thirteenth century,
Catalans and Basques already made uge of the compass (Humboldt, ** Cosmos, "
Vol. II, pages 625, 656; Raymond Lully, in his “De Contemplatione,”
‘" Fenix de las maravillas del orbe,” and ** Arte de Naveguar;" Azuni, ** Bous-
sole,” page 6g; Miller, ** History Philes. IIl.", London 1849, Vol. I, pages 17g-
180).
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[needle], and imagines the existence of hyperborean magnetic ‘
mountains, attracting objects of magnetic iron. This opinion,

in some degree accepted by others also, many authors follow
in their writings, their geographical maps, their marine charts,
and their descriptions of the globe: dreaming [imagining to
themselves the existence of] magnetic poles and mighty cliffs,
apart from the earth’s poles. Of date two hundred years or
more earlier than Fracastorio, is a small work attributed to one

Petrus Peregrinus, a pretty erudite book considering the time :
many believe it owes its origin to the opinions of Roger
Bacon, Englishman of Oxford." In this work the arguments
touching the magnetic direction are drawn from the celestial
poles and from the heaven itself. From this book of Petrus
Peregrinus, Joannes Taisner Hannonius® extracted the matter

Europe the peculiar fact, noticed by the Chinese astronomers as early as 837,
that the tails of comets are always turned away from the sun, so that their line
of prolongation passes through its centre (Humboldt, ** Cosmos,” 1840, Vol. I,
page 86, and Vol. 11, page 6g7).

I Roper Bacon, sometimes called Friar Bacon, flourished after the dis-
tinguished Albertus Magnus (whe, strangely enough, is omitted by Olaus Bor-
richius in his list of alchymistical writers), and was by far the most illustrions
and best informed of all the alchymists, In one of his numerous works he
dwells upon the mariner's compass as a siraculum in parie netum. Alexander
von Humboldt remarked that Roger Bacon, Albertus Magnus, as well as the
Arabian philosophers Avicenna and Averroes, passed for the representatives of
all the knowledge of their time,

? Joannes Taisner of Ath in Hainault (hence Hannonius) is mentioned
{(Ronald’s Catalogue, page 493) as the author of *'... 0 Nafura Magneiis of
ejues effectibres . . . " Coloniz 1562, an English translation of which, by Richarde
Eden, was published in London about 1579. The first Gasser’s printed edition
of Petrus Peregrinus is dated Augsburg 1558. To Peregrinus is aseribed the first
mention of the double polarity of the magnet (Nicolas Cabeo, Phil. Magnetica,
Ferrara 1629, Lib. II, C, 3, B), as well as the designation of the word poles for |
points of greatest energy in the magnet (Bertelli Barnabita, ** Sopra P. Pere-
grino . . .," Roma 1868, pp. 34, 02, 63, 70, 71} As is already known, the last
claim has by others been made for Gilbert. Taisner's Je Matura, again alluded
to by Gilbert (Book 1I,Chap. XXXV, is said by Bertelli and others to be a more
manifest plagiarism upon Peregrinus than even that of Antonius Fantis of
Treviso. (Nic. Cabeo, Phil. Magn., 1629, page 23.)

i
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a certain magnetic island mentioned by Olaus Magnus.
Josephus Costa, knowing nothing whatever of the subject,
nevertheless pours out empty words about the loadstone.
Livio Sanuto in his Geggrapky (written in Italian) discourses
at length of the prime magnetic meridian, of the magnetic
poles, whether they are terrestrial or celestial ; treats also of
an instrument for finding the longitude ; but as he does not
understand the nature of the loadstone, he does but add
errors and obscurities to his otherwise excellent treatise.
Fortunius Affaitatus has some rather silly philosophizing
about attraction of iron and the turning toward the poles.
Very recently Baptista Porta, a philosopher of no ordinary
note, makes the 7th book of his Magia Naturalis a very
storehouse and repertory of magnetic wonders; but he knows
little about the movements of the loadstone, and never has
seen much of them; much of what he has learned about its
obvious properties, either from Messer Paolo, the Venetian, or
through his own studies, is not very accurately noted and ob-
served ; the book is full of most erroneous experiments, as will
appear in fitting place; still I hold him worthy of praise for
that he essayed so great a task (even as he has essayed many
another task, and successfully too, and with no inconsiderable
results), and that he has given occasion for further researches,

All these philosophers, our predecessors, discoursing of
attraction on the basis of a few vague and indecisive experi-
ments and of reasonings from the recondite causes of things;
and reckoning among the causes of the direction of the magnet,
a region of the sky, celestial poles, stars, asterisms; or moun-
tains, cliffs, vacant space, atoms, attractional or collimational
regions beyond the heavens, and other like unproved para-
doxes, are world-wide astray from the truth and are blindly
wandering. But we do not propose just now to overturn with

i
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we take the trouble to refute such stories as that a white load- ‘
stone may be used as a philter; or that, as Abohali (Hali
Abbas) rashly asserts, when held in the hand it cures pains of

the feet and cramps; or that, as Pictorius sings, it gives one |
favor and acceptance with princes or makes one eloquent;

that, as Albertus Magnus says, there are two species of load-

stones, one pointing north, the other south; or that iron is

directed toward the northern stars by a force communicated

from the polar stars, even as plants, like the sunflower, i
follow the sun; or, as the astrologer Lucas Gauricus held, that

beneath the tail of Ursa Major is a loadstone ; Lucas further

assigns the loadstone (as the sardonyx and the onyx) to the _
planet Saturn, but also to Mars (with the diamond, jasper, and |
ruby), so that the loadstone, according to him, is ruled by two
planets ; further, Lucas says that the loadstone belongs to the
sign Virgo ; and with a veil of mathematical erudition does he I
cover many similar disgraceful stupidities. Gaudentius Merula
advises that on a loadstone be graven the image of a bear,
when the moon looks to the north, so that being suspended by
an iron thread it may win the virtue of the celestial Bear ;
Ficinus writes, and Merula copies, that the loadstone draws
iron and makes it point north, because it is of higher order
than iron in the Bear. Others tell that in daytime the load-
stone possesses the power of attracting iron, but that at night
this power is feeble or rather null; Ruellius writes that the
loadstone’s force, when failing or dulled, is restored by the
blood of a buck ; it has been said that a buck’s blood frees the
magnet from the diamond’s sorcery, giving back its lost power

maus, Georraphia, Lib. vii, ¢. 2; Klaproth Boussole, Paris 1834, p. 116, etc.; |
Taisnier’s De Natura, 1562, Eden tr. p. 12; ** Beati Alb. Magni, Ratisbonien- 'I
gi% . « . ,"" Lib. wiii, Lugduni 1651; J. H. Martin, * Observ. et Théories,”
Rome 1865, p. 504.
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Supplement, Robert Norman in his New Attractive—the same
Robert Norman, skilled navigator and ingenious artificer, who
first discovered the dip of the magnetic needle.' Many others
I pass by of purpose: Frenchmen, Germans, and Spaniards of
recent time who in their writings, mostly composed in their
vernacular languages, either misuse the teachings of others,
and like furbishers send forth ancient things dressed with new
names and tricked in an apparel of new words as in prosti-
tutes' finery; or who publish things not even worthy of record;
who, pilfering some book, grasp for themselves from other
authors, and go a-begging for some patron, or go a-fishing
among the inexperienced and the young for a reputation ; who
seem to transmit from hand to hand, as it were, erroneous
teachings in every science and out of their own store now and
again to add somewhat of error.

CHAPTER 1I.
THE LOADSTONE: WHAT IT IS: ITS DISCOVERY.

THIS stone is commonly called magnet, either after its
finder (n#e¢ Pliny's mythical herdsman—copied from Nicander
— the hobnails of whose brogues and the point of whose staff

1 Whewell thus renders the passage (*° Hist, Ind. 5¢.”’, 1839, Vol. 11, page
218): * Other learned men have, in long navigations, observed the differences
of magnetic variations, as Thomas Hariot, Robert Hues, Edward Wright,
Abraham Kendall, all Englishmen: others have invented magnetic instruments
and convenient modes of observation, such as are requisite for those who take
leng voyages, as William Borough in his Book concerning the variation of the
compass, William Barlo in his Supplement, Bobert Norman in his ‘New At-
tractive." This is that Robert Norman (a good seaman and an ingenious
artificer) who first discovered the &ip of magnetic iron.” This important dis-
covery was made in 1576 (** Enc. Met.”, page 738). Read paragraph 366 of J.
F. W. Herschel’s *“ Prelim. Disc.”, 1855,






















22 WILLIAM GILBERT.

of its property of attracting iron; and the diamond is called
2dnpirys from the glistening of polished iron. Aristotle
merely names the loadstone in his work D¢ Anima, 1.: *Eowxe
0¢ xai Gualdijs é& v ATOUVEUOVEVOVTL, KIVATIKOY T1 ™Y
puynv imodapfavew, eirep 1ov Ablov poynv E¢ny Exeiv, 071
rov owdnpov kwvel. (Thales, too, seems, from what they relate,
to regard the soul as somewhat producing motion, for he said
that this stone has a soul, since it moves iron.) The name
magnet is also given to another stone differing widely from
the siderites, and having the look of silver: in its nature
this stone resembles amianth (asbestus), and in form differs
from that inasmuch as it consists, like mica, of laminz; the
Germans call it Katzenstlber and Talk.

CHAPTER IIIL

THE LOADSTONE POSSESSES PARTS DIFFERING IN THEIR NAT-
URAL POWERS, AND HAS POLES CONSPICUOUS FOR THEIR
PROPERTIES.

THE many qualities exhibited by the loadstone itself,
qualities hitherto recognized yet not well investigated, are to
be pointed out in the first place, to the end the student may
understand the powers of the loadstone and of iron, and not
be confused through want of knowledge at the threshold of
the arguments and demonstrations. In the heavens, astrono-
mers give to each moving sphere two poles; thus do we find

page 227, and C. XI, page 233; C. G. Solino, Exercitationes FPlin.,, Rhenuni
168g, page 10g. The Macedonian diamend, as well as the adamas cyprins and
siderites, were obviously not diamonds, but soft stones (Thomson, ** Hist. of

Chem."”, 1830, Vol. I, page g8).
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two natural poles of excelling importance even in our terres-
trial globe, constant points related to the movement of its
daily revolution, to wit, one pole pointing to Arctos (Ursa) and
the north; the other looking toward the opposite part of the
heavens. In like manner the loadstone has from nature its
two poles, a northern and a southern; fixed, definite points in
the stone, which are the primary termini of the movements
and effects, and the limits and regulators of the several actions
and properties. It is to be understood, however, that not from
a mathematical point does the force of the stone emanate, but
from the parts themselves; and all these parts in the whole—
while they belong to the whole—the nearer they are to the
poles of the stone the stronger virtues do they acquire and
pour out on other bodies. These poles look toward the poles
of the earth, and move toward them, and are subject to them.
The magnetic poles may be found in every loadstone, whether
strong and powerful (male, as the term was in antiquity) or
faint, weak, and female; whether its shape is due to design or
to chance, and whether it be long, or flat, or four-square, or
three-cornered, or polished; whether it be rough, broken-off,
or unpolished : the loadstone ever has and ever shows its poles. %
But inasmuch as the spherical form, which, too, is the most
perfect, agrees best with the earth, which is a globe, and also
is the form best suited for experimental uses, therefore we pur-
pose to give our principal demonstrations with the aid of a
globe-shaped loadstone, as being the best and the most fitting.
Take then a strong loadstone, solid, of convenient size, uni-
form, hard, without flaw; on a lathe, such as is used in turning
crystals and some precious stones, or on any like instrument
(as the nature and toughness of the stone may require, for often
it is worked only with difficulty), give the loadstone the form
of a ball. The stone thus prepared is a true homogeneous off-
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WHICH POLE IS THE NORTH. 27

first too strong impetus it passes beyond, still, as it comes
back again and again, at last it rests at the poles or in the
meridian (save that, according to the place, it diverges a very
little from those points, or from the meridional line, the cause
of which we will define later). As often as you move it out of
its place, so often, by reason of the extraordinary power with
which nature has endowed it, does it seek again its fixed and
determinate points, Nor does this occur only when the poles
of the loadstone in the float are made to lie evenly in the
plane of the horizon ; it takes place also even though one pole,
whether north or south, be raised or depressed 10, 20, 30, 40,
or 80 degrees from the plane of the horizon ; you shall see the
north part of the stone seek the south, and the south part the
north ; so that if the pole of the stone be but one degree from
the zenith and the centre of the heavens, the whole stone re-
volves until the pole finds its own place; and though the pole
does not point exactly to its seat, yet it will incline toward it,
and will come to rest in the meridian of its true direction.
And it moves with the same impetus whether the north pole
be directed toward the upper heavens, or whether the south
pole be raised above the horizon. Yet it must always be
borne in mind that though there are manifold differences be-
tween stones, and one far surpasses another in virtue and effi-
ciency, still all loadstones have the same limits and turn to the
same points. Further, it is to be remembered that all who
hitherto have written about the poles of the loadstone, all in-«
strument-makers, and navigators, are egregiously mistaken in
taking for the north pole of the loadstone the part of the
stone that inclines to the north, and for the south pole the
part that looks to the south: this we will hereafter prove to
be an error. So ill-cultivated is the whole philosophy of the
magnet still, even as regards its elementary principles.
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THE LOADSTONE ATTRACTS IRON ORE. 31

most quickly and most plainly, attract with most force in the
parts nighest the pole, and keep turning till pole looks
straight on pole. The pole of a stone has strongest attraction
for that part of another stone which answers to it (the adverse
as it is called); e.g., the north pole of one has strongest attrac-
tion for, has the most vigorous pull on, the south part of
another: so too it attracts iron more powerfully, and iron

e ——— A e

clings to it more firmly, whether previously magnetized or
not. Thus it has been settled by nature, not without rea-
son, that the parts nigher the pole shall have the greatest
attractive force; and that in the pole itself shall be the seat,

the throne as it were, of a high and splendid power; and that
magnetic bodies brought near thereto shall be attracted most
powerfully and relinquished with most reluctance. So, too,

the poles are readiest to spurn and drive away what is pre-
sented to them amiss, and what is inconformable and
foreign.’

CHAPTER VI

THE LOADSTONE ATTRACTS IROM ORE AS WELL AS THE
SMELTED METAL.

THE most potent virtue of the loadstone and the one
valued by the ancients is the attraction for iron; for Plato
mentions that the magnet, so called by Euripides, draws to
itself iron, and not only attracts iron rings but also endows
them with the power of doing as the stone itself, to wit, of
attracting other rings, and that thus sometimes a long chain of
iron objects, as nails, or rings, is made, the several parts hang-

—— —

3

—

! Dr. J. Lamont’s ** Handbuch des Magnetismus,” Leipzig 1867, page 15,
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ing from one another. The best iron (such as that which
from its uses is called acies, and from the country of the
Chalybes, ckalybs) is most readily and strongly attracted by a
good magnet;’ but inferior iron, iron that is impure, rusty,
not well purged of dross, and not worked over in the second
furnace is attracted more weakly ; and any iron is more faintly
attracted if covered and smeared with thick, greasy, tenacious
fluids. The loadstone also attracts iron ores—rich ores and
those of the color of iron; poor ores and those without much
pure metal it does not attract unless they receive special
treatment. The loadstone loses some part of its attractive
power, and, as it were, enters on the decline of old age, if it
be too long exposed in open air and not kept in a case, with a
covering of iron filings or iron scales: hence it must be packed
in such material. Nothing withstands this unimpairable
virtue, except what destroys the form of the body or corrodes
it no, not a thousand adamants made into one. Nor do I
believe in the Zheamedes, or that it has a power the opposite of
the loadstone’s,” albeit Pliny, that eminent author and best of
compilers (for he has handed down to posterity the observa-
tions and discoveries of others and not always or mainly his

I See Aristotle’s reference to the iron of the Chalybes at page z2o0. Dr.
Thomson informs us the general opinion of the ancients was that the method
of smelting iron ore had been brought to perfection by the Chalybes, a small
nation located near the Black Sea (Xencphon's Anabasis, V. g}, and that the
name chalybs, occasionally used for steel, was derived from that people. Porta,
at Book XIII, Chap. I, of his ** Natural Magick,” says: ** Justine, the historian,
reports that in Gallicia of Spain, the chiefest matter for iron is found, . . . . and
there is no weapon approved amongst them that is not made of the River Bib-
ilis, or tempered with the water of Chalybes. And hence are those people that
live neer this River called Chalybes; and they are held to have the best iron.
Yet Strabo saith that the Chalybes were people in Pontus near the River Ther-
modon.” See Gilbert, Book I, Chap. VIII.

1 ¥ Iron {s attracted by the magnet and repelled by another stone, the ke
amedes” (Pliny, Hist. Nat,, XX, 1). See, likewise, Cardan, D¢ Subtil,
Norimb. 1600, folio, Lib, VII, page 386.
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own), copies out of other writers the theamedes fable, now
from repetition become a familiar story among the moderns.
The story is that in India are two mountains near the river
Indus, and that one of them—consisting of loadstone—pos-
sesses the power of holding everything containing iron; while
the other, consisting of theamedes, repels the same. Hence if
you should have iron nails in the soles of your shoes, it would
be impossible to lift your foot if you were standing on one of
the mountains, and impossible to stand on the other at all
Albertus Magnus writes that in his time a loadstone was found
that on one side drew iron to itself and on the other side
repelled it.'! But Albertus's observation was faulty, for every
loadstone attracts on one side magnetized iron, on the other
repels, and attracts magnetized iron more powerfully than
non-magnetized.

CHAPTER VII.
WHAT IRON IS; WHAT ITS MATTER; ITS USE.

HAVING declared the origin and nature of the loadstone,
we hold it needful first to give the history of iron also, and to
point out properties of iron as yet not known, before we come
to the explication of difficulties connected with the loadstone,

! Somewhat in this connection, Gilbert has already (Beook I, Chap. I)
alluded to Albertus Magnus, of whom mention was made in note I, page g
In his De Minerafibus—Lyons ed. 1651, Treat. 111, Lib. 11, Cap. VI, p. 245—
Albertus says, ** One angle . . . isto the zoren (north), . . . but another angle of
the magnet opposite to it attracts to the aphron [south).” Consult Cardan, S
Sublif,, Lugduni 1663; Salmanasar, Book II (*° Of the Egyptian Hermitus, 1g
stars, and 15 stones, and 15 herbs, and 15 figures"), '* On one side (the magnet)
attracts iron, on the other repels it;" Pietro d'Abane, Concifiater Differeniia-
ram Manwue, 1972, Diff. 51, page 104, ** Know that a magnet is discovered
which attracts iron on one side and repels it on the other,”































7 i T Ll L E e Al :
m ~ 18 - | L - ;





































THE MEDICINAL POWER OF THE IRON. 55

CHAPTER XV.
THE MEDICINAL POWER OF THE IRON.

IT will not be alien to our purpose to treat briefly of the
medicinal power of iron; for it is beneficial in many diseases
of the human system, and by its virtues, both natural and
acquired through fit and skilful preparation, it brings about won-
derful changesin the human body ; so that we may more clearly
describe its nature through its medicinal power and by means
of a few well-known experiments; to the end that even those
prentices of medicine who abuse this most excellent medicinal
agent may learn to prescribe it more judiciously, for the curing
of patients, not as is too often the case, to their destruction.
The best iron, i.e., stomoma, chalybs, acies, or actarium (steel),
is reduced by filing to a fine powder ; this powder has strongest
vinegar poured on it, is dried in the sun, again treated with
vinegar, and once more dried. Then it is washed in spring
water or other water at hand, and dried. It isagain pulverized
and pounded fine on porphyry, sifted through a fine sieve, and
kept for use. It is given chiefly in cases of lax and over
humid liver, and in cases of tumid spleen after suitable evacua-
tions ; hence young women of pale, muddy, blotchy complexion
are by it restored to soundness and comeliness, for it is highly
exsiccative and harmlessly astringent. But some, who in every
internal disorder always recognize obstructions of liver and
spleen, think it beneficial in such cases, as removing obstruc-
tions; and herein they accept the opinions chiefly of certain
Arabic writers. Hence in cases of dropsy, schirrus of the
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CHAPTER XVIL

THAT LOADSTONE AND IRON ORE ARE THE SAME, AND THAT
IRON IS OBTAINED FROM BOTH, LIKE OTHER METALS FROM
THEIR ORES; AND THAT ALL MAGNETIC PROPERTIES EX-
IST, THOUGH WEAKER, BOTH IN SMELTED IRON AND IN
IRON ORE.

So far we have been telling of the nature and properties of
loadstone, as also of the properties and nature of iron; it now
remains that we point out their mutual afhnities—their consan-
guinity, so to speak—and that we show the two substances to
be very nearly allied. In the uppermost part of the terrestrial
globe or its superficies of detritus—its rind as it were—these
two bodies come into being and are generated in the same
matrix, in one bed, like twins. Strong loadstones are mined
from separate deposits, and weaker loadstones also have
their own beds. Both occur in iron mines. Iron ore occurs
usually by itself, unaccompanied by strong loadstone (for the
more perfect loadstones occur more rarely). A strong load-
stone looks like iron : from it is often made the best iron, which
the Greeks call stomoma, the Latins acies, and the Barbarians,
not inappropriately, aciare or actarium. Thisstone attracts and
repels other loadstones, and governs their directions; points to
the earth’s poles, attracts molten iron, and does many other
wonderful things, some of which we have already mentioned,
but many more remain yet to be pointed out. A weak load-
stone will do the same, but less forcefully: and iron ore, and
also smelted iron (if they be prepared), show their virtues
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is kept in iron filings not as though it fed on iron, or as though
it were a living thing needing victual, as Cardan philosophizes ;
neither because thus it is protected from the injurious action of
the atmosphere (wherefore both the loadstone and iron are
kept in bran by Scaliger; though Scaliger is mistaken here, for
they are not best preserved so, and loadstone and iron in some
of their forms last a long time) ; but because each is kept unim-
paired in filings of the other and their extremities do not be-
come weak, but are cherished and preserved. For as in their
native sites and mines, similar bodies surrounded by other
bodies of the same kind, e.g., the minor interior parts of some
great mass, endure for ages whole and undecayed; so load-
stone, and iron ore, when buried in a like material, do not part
with their native humor, and do not become weak, but retain
their original properties. A loadstone packed in iron filings,
as also iron ore in scrapings of loadstone, and manufactured
iron in the same or in iron filings, lasts longer. Thus these
two associated bodies possess the true, strict form of one species,
though, because of their outwardly different aspect and the in-
equality of the self-same innate potency, they have hitherto
been by all held to be different, and by sciolists to be specifi-
cally different, for sciolists have not understood that in both
substances reside exactly the same potencies, differing however
in strength. They are in fact true parts and intimate parts of
the globe, retaining nature's primal powers of mutual attrac-
tion, of mobility, and of ordering themselves according to the
position of the globe itself : these powers they impart to each
other, enhancing each other's powers, confirming them, taking
them from each other, and holding them. The stronger invig-
orates the weaker, not as if it imparted of its own substance or
parted with aught of its own strength, neither by injecting into
that other any physical substance ; but the dormant power of
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nize this primary and homogeneous earth-substance, likest of
all substances to the inmost nature, to the very marrow, of the
earth itself, and nearest to it? For not any of the other mixed
earths—those suitable for agriculture,—not any of the metal-
liferous veins, no stones, no sands, no other fragments of the
globe that come under our notice, possess such stable, such
distinctive virtues. Yet we do not hold the whole interior of
this our globe to be of rock or of iron, albeit the learned
Franciscus Maurclycus ' deems the earth in its interior to con-
sist throughout of rigid rock. For not every loadstone that
we find is a stone, being sometimes like a clod of earth, or like
clay, or like iron; consisting of various materials compacted
into hardness, or soft, or by heat reduced to the metallic state ;
and in the earth's surface formations, according to circum-
stances of place, of the bodies around it, and of its matrix in
the mine, a magnetic substance is distinguished by divers
qualities and by adventitious accretions, as we see in marl,
in some stones, and in iron ores. But the true earth-matter
we hold to be a solid body homogeneous with the globe,
firmly coherent, endowed with a primordial and (as in the
other globes of the universe) an energic form. By being so
fashioned, the earth has a fixed verticity, and necessarily re-
volves with an innate whirling motion: this motion the load-
stone alone of all the bodies around us possesses genuine and

! Francis Maurclico—Maurolycus, Marulle (14g94-1575)—was abbot of
Messina, where he publicly taught mathematics, and was quite a voluminous
writer upon different scientific subjects, his works including very able treatises,
more particularly on the sphere, on astronomical instruments, etc. A full
account of his life and writings was issued at Messina (Messanm®) in 1613, the
date and place likewise of his very interesting magnetical book entitled ** Prob-
lemata mechanica, cum appendice et ad magnetem, et ad pixidem nauticam
pertinentia.”
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true, less spoilt by outside interferences, less marred than in
other bodies,—as though the motion were an homogeneous
part taken from the very essence of our globe. This pure
native iron is produced when homogenic portions of the
earth's substance coalesce to form a metallic vein; loadstone
is produced when they are transformed into metallic stone or
a vein of the finest iron or steel; so, too, rather imperfect
homogenic material collects to form other iron ores—just as
many parts of the earth, even parts that rise above the general
circumference, are of homogenic matter, only still more de-
based. Native iron is iron fused and reduced from homogenic
matters, and coheres to earth more tenaciously than the ores
themselves. Such, then, we consider the earth to be in its in-
terior parts; it possesses a magnetic homogenic nature. On
this more perfect material (foundation) the whole world of
things terrestrial, which, when we search diligently, manifests
itself to us everywhere, in all the magnetic metals and iron ores
and marls, and multitudinous earths and stones; but Aristotle’s
“simple element,” and that most vain terrestrial phantasm of
the Peripatetics,—formless, inert, cold, dry, simple matter, the
substratum of all things, having no activity,—never appeared
to any one even in dreams, and if it did appear would be of
no effect in nature. Our philosophers dreamt only of an inert
and simple matter. Cardan thinks the loadstone is not a stone
of any species, but that it is, as it were, a perfect portion of a
certain kind of earth that is absolute, whereof a proof is its
abundance, for there is no place where it is not found. He
says that this kind of conceptive, generative earth, possessed
of an affinity like that of the marriage tie, is perfected when
it has been placed in contact with, or received the fecundating
influence of, the masculine or Herculean stone, it having been,

e
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other bodies ; and by this innate force they are made to con-
form to the ordering and planning of the universe and the
earth, as later will appear. Thus every separate fragment of
the earth exhibits in indubitable experiments the whole im-
petus of magnetic matter; in its various movements it follows
the terrestrial globe and the common principle of motion.
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78 WILLIAM GILBERT.

possessed by glass, especially clear, brilliant glass; by artificial
gems made of (paste) glass or rock crystal, antimony glass,
many fluor-spars, and belemnites. Sulphur also attracts, and
likewise mastich, and sealing-wax [of lac], hard resin, orpiment
(weakly). TFeeble power of attraction is also possessed in
favoring dry atmosphere by sal gemma [native chloride of
sodium], mica, rock alum.* This we may observe when in
mid-winter the atmosphere is very cold, clear, and thin; when
the electrical effluvia of the earth offer less impediment, and
* electric bodies are harder: of all this later. These several
bodies (electrics) not only draw to themselves straws and chaff,
but all metals, wood, leaves, stones, earths, even water and oil ;
in short, whatever things appeal to our senses or are solid:
yet we are told that it attracts nothing but chaff and twigs.
Hence Alexander Aphrodiseus incorrectly declares the ques-
tion of amber to be unsolvable, because that amber does
attract chafl, yet not the leaves of basil ; but such stories are

I Whewell guotes: * Not only amber and agate attract small bodies, as
some think, but diamond, sapphire, carbuncle, opal, amethyst, Bristol gem,
beryl, crystal, glass, glass of antimony, spar of various kinds, sulphur, mastic,
sealing-wax ;"' and adds that Gilbert mentioned other substances (‘* Hist, Ind.
Sc.”, 1859, Veol. II, page 1g92).

? The passage is thus rendered by Humboldt: **The force of attraction
belongs to a whole class of very different substances, as glass, sulphur, sealing-
wax, and all resinous substances, rock crystal, and all precious stones, alum,
and rock salt ™ (** Cosmos,” 1849, Vol. 11, page 726).

Dr. Thos. Brown says (Prendoloxia Epidemica, 1658, page 87): ' Unto these
Cabeus addeth white Wax, Gum Elimi, Gum Guaici, Pix Hispanica and
Gipsum. And unto these we add Gum Anine, Benjamin, Talcum, Chyna-
dishes, Sandaraca, Turpentine, Styrax Liquida, and Caranna dried into a hard
consistence. .. .”" (Dantzick Memoirs, Vol. I, page 180). To Dr. Gilbert's list
of electrics Robert Boyle added the resinous cake which remained after evapo-
rating one-fourth part of good oil of turpentine; the dry mass which remains
after distilling a mixture of petroleum and strong spirits of nitre, glass of anti-
mony, glass of lead, caput mortuum of amber, white sapphire, white amethyst,
diaphanous ore of lead, carnelian, and a green stone supposed to be a sapphire
(art. ** Electricity,” Ency. Brit.).
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form a concretion by itself, but mingles with the earthy matter
—such bodies are powerless to attract to themselves aught
that they are not in actual contact with, or to repel the same.
For this reason it is that neither metals, marbles, flints, woods,
arasses, flesh, nor various other substances can attract or
solicit a body, whether magnetically or electrically (for it
pleases us to call electric force that force which has its origin®
in humors). But bodies consisting mostly of humor and not
firmly compacted by nature wherefore they do not stand fric-
tion, but either fall to pieces or grow seft, or are sticky, as
pitch, soft rosin, camphor, galbanum, ammoniacum, storax,
asa, gum benjamin, asphaltum (especially in a warm atmos-
phere), do not attract corpuscles. For without friction few
bodies give out their true natural electric emanation and
effluvium. Turpentine resin in the liquid state does not at-*
tract, because it cannot be rubbed; but when it hardens to a
mastic it does attract.

And now, at last, we have to see why corpuscles are
drawn toward substances that derive their origin from water,
and by what manner of force, by what hands, so to speak,
such substances lay hold of matters nigh them.

In all bodies everywhere are presented two causes or prin-
ciples whereby the bodies are produced, to wit, matter (mate-
ria) and form ( forma). Electrical movements come from the
materia, but magnetic from the prime forma,; and these two
differ widely from each other and become unlike,—the one
ennobled by many virtues, and prepotent ; the other lowly, of
less potency, and confined in certain prisons, as it were;
wherefore its force has to be awakened by friction till the sub-
stance attains a moderate heat, and gives out an effluvium,
and its surface is made toshine. Moist air blown upon it from s
‘the mouth or a current of humid air from the atmosphere.
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that undergoes friction and then is exposed to the solar rays

retains its powers longer than it dees in shade, because that in

shade effluvia are condensed more and more quickly); further, «
the sun's heat, heightened by means of a burning-glass, im-

parts no power to amber, for it dissipates and spoils all the

electric effluvia. Again, flaming sulphur and burning sealing-

wax do not attract, for heat produced by friction dissolvess
bodies into effluvia, and these are consumed by flame. It is

impossible for solid electrics to be resolved into their effluvia

otherwise than by attrition, save a few that, because of their

native strength, emit effluvia continually. They are to be

rubbed with bodies that do not foul the surface, and that

cause them to shine, e.g., strong silk, and coarse woollen cloth,

scrupulously clean, and the dry palm of the hand. Amber

may be rubbed with amber, with diamond, with glass, etc.

Thus are electrics made ready for action.

And now what is it that produces the movement? The
body itself circumscribed by its contour? Or is it something
imperceptible for us flowing out of the substance into the
ambient air? (This appears to have been in some sense the
opinion of Plutarch, who, in the Questiones Platonice, says
that there is in amber something flame-like, or having the
nature of the breath, and that this, when the paths are cleared
by friction of the surface, is emitted and attracts bodies.)
And if it is an effluvium, does the effluvium set the air in cur-
rent, and is the current then followed by the bodies? oris it
the bodies themselves directly that are drawn up? But if the
amber attracts the body itself, then supposing its surface is
clean and free from adhesions, what need is there of friction?
Nor does the force come from the lustre proceeding from the
rubbed and polished electric; for the vincentina, the diamond,
and pure glass attract when they are rough, but not so strongly
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the bodies might be attracted sideways or downward, but not
upward, or the attraction and holding of the bodies would be
only for a moment. But jet and amber after one friction
strongly and for a length of time solicit and attract bodies,
sometimes for as long as five minutes, especially if the weather
is fair. But if the mass of amber be large, and its surface
polished, it attracts without friction. Flint, on being struck,
gives off inflammable matter that turns to sparks and heat.
Hence the denser fireccontaining effluvia of flint are very
different indeed from the electrical effluvia, which, by reason
of their extreme tenuity, cannot take fire, nor are they fit
matter of flame. They are not a breath, for, when given forth,
they do not exert propelling force; they flow forth without
any perceptible resistance, and reach bodies. They are ex-
ceedingly attenuated humors, much more rarefied than the
ambient air; to produce them requires bodies generated of
humor and consolidated to considerable hardness. Non-elec-
tric bodies are not resolvable into humid effluvia:; and such
effluvia mingle with the common and general effluvia of the
earth, and are not peculiar. In addition to the attracting of
bodies, electrics hold them for a considerable time. Hence it«
is probable that amber exhales something peculiar that attracts
the bodies themselves, and not the air. It plainly attracts the
body itself in the case of a spherical drop of water standing
on a dry surface; for a piece of amber held at suitable dis-
tance pulls toward itself the nearest particles and draws them .«
up into a cone; were they drawn by the air the whole drop
would come toward the amber. And that amber does not
attract the air is thus proved: take a very slender wax candle
giving a very small clear flame; bring a broad flat piece of.
amber or jet, carefully prepared and rubbed thoroughly, with-
in a couple of fingers’ distance from it; now an amber that
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material rods—hold and take up straws, chafl, twigs, till their
force is spent or vanishes; and then these small bodies, being
set free again, are attracted by the earth itself and fall to the
ground. The difference (distinction) between electric and
magnetic bodies is this: all magnetic bodies come together by
their joint forces (mutual strength); electric bodies attract the
electric only, and the body attracted undergoes no modifica-
tion through its own native force, but is drawn freely under
impulsion in the ratio of its matter (composition). Bodies are=*
attracted to electrics in a right line toward the centre of elec-
tricity: a loadstone approaches another loadstone on a line
perpendicular to the circumference only at the poles, else-
where obliquely and transversely, and adheres at the same
angles. The electric motion is the motion of coacervation of
matter ; the magnetic is that of arrangement and order. The
matter of the earth’s globe is brought together and held to-
gether by itself electrically. The earth’s globe is directed and
revolves magnetically ; it both coheres and, to the end it may
be solid, is in its interior fast joined.’

CHAPTER III.

OFINIOKS OF OTHERS CONCERNING MAGNETIC COITION,
WHICH THEY CALL ATTRACTION.

HAVING treated of electrics, we have now to set forth
the causes of magnetic coition. Coition, we say, not attraction,
for the term attraction has wrongfully crept into magnetu:

b lh:se obscure axioms we trace the recognition c-f ferrestrial electvic-
ily,—the expression of a force,—which, like magnetism, appertains as such to
matter. As yet we meet with no allusions to repulsion, or the difference
between insulators and conductors " (Humboldt, ** Cosmos,” 1849, Vol. 11, page
727).

M

-















102 WILLIAM GILBERT

a property of its whole substance unknown to any one and in-
capable of demonstration (as Galen held, and after him nearly
all physicians), but from “ its substantial form as from a prime
motor and self-motor, and as from its own most potent nature
and its natural temperament, as the instrument which the
efficient form of its substance, or the second cause, which is
without a medium, employs in its operations. So the load-
stone attracts iron not without a physical cause, and for the
sake of some good.” But nothing like this is done in other
bodies by any substantial form unless it be the primary one,
and this Puteanus does not recognize. Naught but good is
assuredly held out (sed donum sane) to the loadstone, to be got
from the appulsion of the iron (a sort of friendly association),
yet the temperament of which he speaks is not to be found,
cannot even be imagined as something that is to be the instru-
ment of the form. For of what use can temperament be in
magnetic movements that are calculable, definite, constant,
comparable to the movements of the stars; at great distance,
with thick, dense bodies interposed. In Baptista Porta's
opinion, the loadstone seems to be a mixture of stone and
iron, i.e., ferruginous stone, or stony iron, * The stone,” he
says," “is not changed into iron so as to lose its own nature,
nor is the iron so merged in the stone but that it retains its
own essence ; and while each strives to overcome each, from
the struggle results attraction of the iron. In the mass (of the
loadstone) there is more stone than iron; therefore the iron,
lest it should be dependent on (subdued by) the stone, craves
the strength and company of iron, to the end that what it
cannot procure of itself it may obtain by the help of the
other. . . . The loadstone does not attract stones because it

1 # Natural Magick,” 1658, Book VII, Chap. IIL
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has no need of them, there being stone enough in its mass;
and if one loadstone attracts another that is not for the sake
of the stone, but of the iron shut up in the stone.” As though
the iron in a loadstone were a distinct body and not one
blended with another, like all other metals in their ores. And
it is height of absurdity to speak of these substances, thus
confounded together, as warring with each other and quarrel-
ing, and calling out from the battle for forces to come to their
aid. Now, iron itself when touched with loadstone seizes iron
with not less force than loadstone itself. These fights, sedi-
tions, conspiracies, in a stone, as though it were nursing quar-
rels as an occasion for calling in auxiliary forces, are the
maunderings of a babbling hag, rather than the devices of an
accomplished prestigiator. Others have thought that the
cause is a sympathy. But even were fellow-feeling there, even
so, fellow-feeling is not a cause ; for no passion can rightly be
said to be an efficient cause. Others again assign as the cause
likeness of substance, and still others postulate rods (radii)
imperceptible to the senses. These, in very many ways, make
a sad misuse of a term first employed by mathematicians. In
more scholarly fashion, Scaliger declares that iron moves to the
loadstone as to its mother's womb, there to be perfected with
recondite principles, as the earth tends to the centre. The
godlike Thomas," in Book 7 of his Physica, treating of the

! Thomas Aguinas, famous schoolman of the middle ages, also called the
Angelic Doctor, and considered by many the greatest of Christian philosophers,
was well worthy the profound respect and high admiration in which he was
held by our author. His chief work, the Swmma Theologie, to which he de-
voted the last nine years of his life, has been called the supreme monument of
the thirteenth century. One of his biographers remarks that those wishing to
thoroughly comprehend the peculiar character of metaphysical thought in the
middle ages should study Aguinas, in whose writings it is seen with the
greatest consistency.  Agquinas died in 1274, and was canonized forty-nine
vears later by Pope John XXII,
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or the earth; in other words, when its form, not utterly de-
stroyed, yet confused, is restored. I shall have more to say
on this subject when treating of changed verticity (Book III,
Chap. 10). Hence, Fracastorio finds no confirmation of his
opinion that the iron is not altered; “for,” says he, “if it
were altered by the loadstone’s form, the form of the iron
would be spoiled.” Yet this alteration is not generation, but
restitution and re-formation of a confused form.

Hence that is not corporeal which emanates from the load-
stone, or which enters the iron, or which is given forth again
by the awakened iron; but one loadstone gives portion to
another loadstone by its primary form. And a loadstone re-
calls the cognate substance, iron, to formate energy and gives
it position: hence does it leap to the loadstone and eagerly
conforms thereto (the forces of both harmoniously working to
bring them together); for the coition is not indeterminate and
confused, it is not a violent inclination of body to body, not a
mad chance confluence. Here no violence is offered to bodies,
there are no strifes or discords; but here we have, as the con-
dition of the world holding together, a concerted action,—to
wit, an accordance of the perfect, homogeneous parts of the
world’s globes with the whole, a mutual agreement of the chief
forces therein for soundness, continuity, position, direction,
and unity. In view of this so wonderful effect, this stupendous
innate energy,—an energy (strength) not existing in other
elements,—the opinion of Thales the Milesian is, in Scaliger’s
judgment, not utterly absurd, not a lunatic’s fancy. Thales
ascribed to the loadstone a soul, for it is incited, directed, and
moved in a circle by a force that is entire in the whole and
entire in each part, as later will appear, and because it seems
most nearly to resemble a soul. For the power of self-move-
ment seems to betoken a soul, and the supernal bodies. which

—_
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from the cvvevreléyeia and conactus' of both. Thus the
iron puts on anew its form; and because that is awakened, as
also in order more surely to gain its form, it rushes headlong
on the loadstone, and not with circlings and wheelings, as in
the case of two loadstones. For as, long ages ago, nay at the
very beginning of things, there were gendered in the loadstone
and therein fixed verticity and the power of cotrdinating;
and since the great mastering form of the earthly globe can-
not be readily changed by another magnet, as iron is changed,
therefore, the nature of each being constant, neither hath the
momentary power of altering the verticity of the other, but
the two do but come to agreement with each other. And
magnetized iron, in case it is unable for whatever reason to.
cause the piece of iron in the natural state to turn, as does the
pointer of a versorium, is itself seized at either end by a load-
stone brought nigh it. Forthe loadstone, asit impartsso can it
alter verticity, and it can in aninstant bestow the formal energy
in either end. Thus iron may be transformed variously, as
that form is adventitious and has not yet abided long in the
metal. In iron, because its body is fused when a magnetic or
a ferruginous ore is smelted, the virtue of the primal form,
which previously existed distinct, is now confused; but a
sound loadstone, when brought near, sets up again the primal
action: the form, now arranged and ordered again, joins
forces with the loadstone, and, each with other, the two come
to agreement, after the manner of the loadstone, in all their
movements toward union ; they enter into alliance, and whether
joined by bodily contact or standing within their sphere of
influence, are one and the same. For when iron is reduced in
the furnace from its ore, or when steel is got from its ore,

! Comactus, i.e., combined or mutual action. See Book V, Chaoter XII,
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the attraction,—all this is utterly erroneous, and the result of
mal-observation on the part of Fracastorio, who did not know
how to present one loadstone to another properly. Loadstone
attracts iron and loadstone if both be properly situated, and
free to move and unrestrained. A light object is more readily
moved from its position and place than a heavy one, for heavy
objects make greater resistance, but a light object bestirs
itself to meet a heavy one and is pulled by it.

CHAPTER V.
IN WHAT MANNER THE ENERGY INHERES IN THE LOADSTONE.

THAT the loadstone draws loadstone, iron, and other mag-
netic bodies was shown in Book I, as also by what forces the
magnetic coition is regulated ; we have now to inquire how
this energy is ordered in magnetic bodies. Here we must
bring in the analogy of a large loadstone. A magnetic body
unites forcibly with a loadstone if the loadstone is powerful,—
feebly if it be defective or if it has from any fault become im
paired. Loadstone does not attract iron with equal force at
every point; in other words, the magnetic body does not tend
with the same force to every point of the loadstone; for the
loadstone has points (i.e., true poles) at which its rare energy
is most conspicuous. And the regions nearest the poles are
the stronger, those remotest are the weaker; yet in all the
energy is in some sense equal. In the figure of a terrella,
A, B, are the poles, CD is the equinoctial line; the greatest
attractive force is seen at 4 and B. At € and D there is no
force that attracts to the body the ends of magnetic objects,
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Porta erroneously affirms (Porta, VII, 4);" for though # and
H are not so related as mutually to attract, yet the two turn
to the same point of the horizon, If the hemisphere A7 be
cut in two quarter spheres, one pole will be at A and the
other at /. The integral mass of the stone, as I have said,

gives to the vertex or pole a constant place; and any part of
the stone, before it was hewed out of the rock might have
been the pole or vertex: but of this we shall have more to say
under Direction. For the present, the thing to be understood
and to be borne steadily in mind is, that the poles are domi-
nant in virtue of the force of the whole, for (the magnetic
empire being divided in two by the equinoctial line) all the

! John Baptist Porta, ** Natural Magick,” 1658, Book VII, Chapter IV,
page 193: “*But the two points we speak of are the end of the right line, run-
ning through the middle of the stone from North to south; if any man break
the stone, and break this line, those ends of the division will presently be of
another property and vertue, and will be enemies one to the other: which is
great wonder: for these two points, when they were joined together, had the
same force of turning to the pole, but, now being parted asunder, one will turn
to the North, the other to the South, keeping the same posture and position
they had in the Mine where they were bred: and the same happens in the least
bits that are seen in the greatest load-stone,”
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longer. At a (the pole) it is longest of all (for the diameter is
the longest line), and thither do all the parts send their forces:
there stands, as it were, the citadel, the judgment-seat, of the
whole region,—not that the pole holds this eminence in its own
right, but because it is the depository of forces contributed to
it by all the other parts; it is like soldiers bringing reinforcement
to their commander. Hence a rather oblong loadstone attracts
better than a spherical one, if its length stretch from pole
to pole, and yet the two may be from the same mine, and be
of equal size and volume. The way is longer from one pole to
the other in the oblong stone, and the force supplied by the
other parts are not so scattered as in a spherical loadstone
and the terrella; they are better massed and united, and thus
united they are stronger and greater. But a flat or oblong
loadstone is much less effective when the length is in the direc-
tion of the parallels, and the pole ends neither in a point nor
in a circle or sphere, but lies flat on a plane surface so as to
be held for something abject and of no account, for its unfit
and unadaptable form.

CHAPTER XV,

THE MAGNETIC FORCE IMPARTED TO IRON IS MORE APFAER-
ENT IN AN IRON ROD THAN IN AN IRON SPHERE OR
CUBE; OR IRON OF ANY OTHER SHAFE.

IT has been already said that an oblong loadstone lifts a
greater weight of iron: so in a long piece of iron rubbed with
a loadstone the magnetic force is stronger if the poles are at
the ends; for the magnetic forces, which are sent to both
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able size attracts pieces of iron wire at all points. The same
is seen in a long iron rod rubbed with a loadstone in the mid-»

dle ; it has the same verticity at both ends. In the figure,
CD is a long rod magnetized in the middle by the north pole
E: Cis a south end or south pole, and D is another south end.
But here note the singular fact, that a needle magnetized by
that pole turns to that pole, though the round plate stands
between, the plate not hindering, but the attraction being only»
weaker: for the force is scattered to the extremities of the
plate, and departs from the straight track, but yet the plate in
its middle retains the same verticity with the pole when it is
nigh it and alongside it: hence does the needle magnetized by
the same pole tend to the centre of the plate. If the loadstone
is a weak one, the needle hardly turns if an iron plate be inter-
posed ; for, being diffused out to the extremities of the plate,
the loadstone’s energy is less able to pass through the centre.
But let the plate be magnetized in the middle by the pole, and*
then let it be removed beyond the loadstone’s sphere of in-
fluence, and you shall see the point of the same needle go in
the contrary direction and quit the centre of the plate, which
before it sought : for outside of the sphere of influence the plate
has the contrary verticity, but near the loadstone it has the
same ; for near the loadstone the plate is as it were part of the
loadstone and has the same pole. Let A4 be an iron plate
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at all. But if the same loadstone be unarmed, it pulls the roll-
ing cylinder with the same velocity as does an armed loadstone
with paper between, or wrapped in paper.

Armed loadstones of different weights, force, and shape, but +
out of the same mine, show an equal degree of
strength in adhering to or hanging from iron
objects of suitable size and shape. The same
is true of unarmed ones. A suitable piece of*
iron applied to the under side of a loadstone
that hangs from a magnetic body heightens thes
energy of the loadstone, so that it clings with
greater force. For a pendent loadstone clings
faster to the body above, to which it is at-
tached, when a piece of iron is applied and hangs
from it, than when a piece of lead or other non-
magnetic material is fastened to it.

A loadstone, whether armed or not, attached
by its proper pole to the pole of another load-=»
stone, armed or not, makes that other lift a
greater weight at its opposite end. The same
thing is seen when iron is applied to the pole of
a loadstone, viz., the opposite pole carries a greater
weight of iron: thus, as in the figure, the load-
stone with a bar of iron superposed carries the
bar below, but cannot carry it if the upper piece
be removed. Magnetic bodies in conjunctions=
form one magnetic body ; hence, the mass increasing, the mag-
netic energy increases also.

An armed loadstone, as also an unarmed one, leaps more.
quickly to a large mass of iron and combines with it more
strongly than with a small mass,
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CHAPTER XXIX.

OF DIFFERENCE OF FORCES DEPENDENT ON QUANTITY OR
MASS,

LOADSTONES coming from the same mine, and not inter-
mingled with neighboring metals or ores, have the same
potency ; yet the stone that is largest exhibits greatest force,
as it carries the greatest weight and has a wider sphere of influ-
ence. A loadstone weighing an ounce does not lift an iron
spike as does one that weighs a pound, nor does its control
reach so far, nor does its force extend to such a distance.
And if you take from a one-pound stone a part, somewhat of
its power will be seen to leave also; for when a part is taken

«away some of the energy is lost. But when such part is duly
applied and united to the stone, though it be not cemented
there nor perfectly fitted in by the mere apposition, the origi-
nal strength is recovered, and the force returns. Sometimes,

*however, the energy is increased by detachment of a part
because of malformation of the stone, as when the force is
diffused through awkward corners.

In stones of different sorts the ratio of power is different:
one weighing a drachm may have more force than another one
of 20 pounds. Many a loadstone is so weak that the force can
scarcely be noticed, and such faint magnets are often surpassed
by masses prepared of potter's earth. But we may ask: Sup-
posing that a stone of a given kind and of definite goodness,
and weighing a drachm, carries one drachm, whether one
weighing an ounce will carry an ounce, a pound a pound, and

«soon? So it is, for in proportion to size such loadstone has
greater or less strength: so that a loadstone of proportionate

g
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size and weight, a drachm weight of which lifts a drachm
weight of iron, will, when brought near a suitable great obelisk
or enormous pyramid of iron, attract it and pull it to itself,
and that with no greater effort of its nature and with no
greater pains than when a drachm weight of loadstone seizes
a drachm weight of iron. But in all such experiments the
power of the loadstones should be equal, the form of the
stones should be exactly proportioned : this is true not less of
an armed than of a naked loadstone. As an experiment, take
a loadstone weighing 8 oz., which when armed lifts 12 oz. of*
iron ; cut off of this stone a part which, when brought to the
form of the whole stone as it was before, shall weigh only
2 oz.: such a stone, armed, lifts 3 oz. of iron. In this experi-
ment it is requisite that the form of the 3-0z. piece of iron be
the same as that of the 12-0z. piece; if the 12 oz. mass rose in
form of a cone, the 3.0z. piece must assume a pyramidal form
proportioned to the figure of the original mass,

CHAPTER XXX.

THE SHAPE AND THE MASS OF AN IRON OBJECT ARE IM-
PORTANT IN MAGNETIC COITIONS.

IT was shown before that the shape and mass of a loadstone
are weighty factors in magnetic coitions : similarly, the shape
and mass of the iron determine whether its force shall be great
or little. Oblong, bacilliform pieces are both more quickly at-
tracted and cling more firmly than spherical or square pieces, and
this for the causes we have shown with regard to the loadstone.
It is also worthy of note, that when a smaller iron object has at-
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Iron rubbed and excited by a loadstone is seized at the
fitting ends by a loadstone more powerfully than iron not
magnetized.

1f a small iron bar be set erect on the pole of a loadstone,*
another bar-iron pin in touch with its upper end becomes
firmly attached thereto, and if it be moved away pulls the
standing bar from the terrella.

If, to the nether end of the erect bar you apply the end of *
another bar, it does not cohere, nor do they unite.

As a rod of iron pulls iron away from the terrella, so does
a small loadstone or a smaller terrella albeit of less force.

Here the iron bar C coalesces with the terrella A, and thus its
force 1s enhanced and awakened magnetically both in the end
in conjunction and also in the distal end by reason of its con-
tact with the terrella; the distal end furthermore receives
energy from the loadstone 5, and the pole D of this magnet
also gains force by reason of its favorable position and the
nearness of the pole £ of the terrella. Hence many causes
cotperate to make the bar C, attached to the loadstone B,
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CHAPTER XXXVIIIL

OF THE ATTRACTIONS OF OTHER BODIES.

PHILOSOPHIZERS of the vulgar sort and mere copyists oft
repeat, from others’ memoirs on natural philosophy, opinions
and errors with regard to the attractional force of various
bodies. They will say, for example, that diamond attracts iron
and pulls it away from loadstone ; that loadstones differ, some
attracting gold, others silver, copper, lead—yea, flesh, water,
fish. The flame of sulphur is said to seek iron and stones: so
is white naphtha said to draw toitself fire. I have already said
that inanimate natural bodies in no other wise attract or are
attracted on this terrestrial globe, save either magnetically or
electrically. It is therefore not true that there are loadstones
that attract gold or other metals; for a magnetic body attracts
only a magnetic body. Fracastorio tells of having seen a
loadstone attracting silver. If that were true, then it must
necessarily have been because some iron had been artificially
mixed with the silver and lay hidden therein, or because
nature had mixed iron with the silver (as she does sometimes,
though very seldom); for iron is now and then mixed with
silver by nature, but silver with iron very rarely or never. By
false coiners and by avaricious princes, when money is coined,
iron is mixed with silver; an instance of this we have in
Anthony’s denarius, if what Pliny declares be true. So Car-
dan (led into error, perhaps, by others) says there is a certain
kind of loadstone which attracts silver; and he adds a very
silly test of the thing: “If,” says he, “ a thin rod of silver be
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touched with this and then poised in equilibrium, when it
comes to a standstill after being whirled, it will point to silver
(especially a large quantity), though the same be buried in the
ground ; by this means anybody may easily unearth hidden
treasures.” He adds that “the stone must be of the best,”
and that he never saw such stone. Nor will he or anybody
else ever see such a stone.or such an experiment. Cardan
cites an attraction, improperly so called, of flesh, which is
altogether unlike magnetic attraction; his magues creagus (or
flesh-attracting loadstone, so named because it clings to the
lips) must be cast out of the company of loadstones and of the
whole family of attractional bodies. Lemnian earth, red
ochre, and sundry minerals have this action, but it were
absurd to say that they attract. Cardan imagines another
loadstone, a third species as it were ; if a needle be driven into
this, it may be thrust into a person’s bedy afterward without
being felt. But what has attraction to do with numbing of
sense, or what is there in common between stupefaction and
the mind of a philosopher while he discourses of attraction?
Many are the stones, both of natural origin and artificially
compounded, that possess the power of dulling the senses.
The flame of sulphur is by some said to attract because that it
consumes certain metals by reason of its penetrating force.
So does naphtha attract flame because it emits and exhales in-
flammable vapor, and hence is set aflame at some distance;
even as the smudge of a candle that has just been extinguished
catches fire again from another flame; for fire creeps to fire
through an inflammable medium. Of the sucking-fish or re-
mora (Echeneis vemora), and how it stays ships, philosophers
have discoursed variously. It is their custom oft to account with
their reasonings for this and many other fables, before ascer-
taining that the thing is so in fact. Wherefore, approving and
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attract to itself the liquid glass even as it attracts iron,”’
Georgius Agricola asserts that “ A portion of loadstone is
added to the ingredients of glass (sand and natron), because it
is believed in our day as in early times that that force (the
magnetic) attracts to itself the molten glass even as it attracts
iron, that it purifies it when attracted, and changes it from
green or orange-yellow to clear white; but afterward the fire
consumes the loadstone.” True it is indeed that loadstone of
some kind (as the magnesia employed by glass-makers, which
has no magnetic powers) is sometimes introduced into and
mingled with the material of glass, yet not because that it
attracts glass. But a red-hot loadstone does not attract iron
at all, nor is iron at white heat attracted by loadstone ; and
the loadstone is even destroyed by very strong heat and loses
its power of attraction. Nor is this work of purifying the
function of loadstone alone in the glass furnace, but also of
certain pyrites and of readily combustible iron ores: and these
alone are used by such of our glass-makers as make clear, fine
glass. These materials are mixed with sand, ashes, and natron
(just as other materials are mixed with metals when they are
smelted), so that, when the contents of the furnace become
fluid glass, the wellknown green and yellow color may be
purged away by the penetrant heat. For no other matter
reaches such degree of heat or endures fire for the requisite

I The allusion to Pliny is made by J. B. Porta: Nafwral Magick, London
1658, Book VII, page 216 ; Magrie Naiuralis, Amstelodami 1664, Lib, VII,
Cap. LVI, page 331. Sir Thoemas Brown says (FPreudoloxia Epidemice, London
1658, Book II, page 76): ** True it is that in the making of glass it hath been
in ancient practice to cast in pieces of Loadstone - conceiving it carried away
all ferreous and earthy parts from the pure and running portion of glass,
which the Loadstone would not respect ; and therefore if that attraction were
not rather Electrical than Magnetical, it was a wonderous effect what Aelmont
delivereth concerning a glass wherein the Magistery of Loadstone was prepared;
which after retained an attractive quality.”
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were, a dead-weight planted in the centre of the universe at
equal distance everywhere from the heavens, of simple uncom-
plex matter possessing only the qualities of dryness and cold—
these philosophers were ever seeking the causes of things in
the heavens, in the stars, the planets; in fire, air, water, and in
the bodies of compounds; but never did they recognize that
the terrestrial globe, besides dryness and cold, hath some
principal, efficient, predominant potencies that give to it firm-
ness, direction, and movement throughout its entire mass and
down to its inmost depths; neither did they make inquiry
whether such things were, and, for this reason, the commen
herd of philosophizers, in search of the causes of magnetic
movements, called in causes remote and far away. Martinus
Cortesius, who would be content with no cause whatever in
the universal world, dreamt of an attractive magnetic point
beyond the heavens, acting on iron. Petrus Peregrinus holds
that direction has its rise at the celestial poles. Cardan was
of the opinion that the rotation of iron is caused by the star
in the tail of Ursa Major. The Frenchman Bessard thinks
that the magnetic needle turns to the pole of the zodiac.
Marsilius Ficinus will have it that the loadstone follows its
Arctic pole, and that iron follows the loadstone, and chaff
follows amber: as for amber, why, that, mayhaps, follows the
Antarctic pole: emptiest of dreams! Others have come down
to rocks and I know neot what “magnetic mountains”! So
has ever been the wont of mankind: homely things are vile;
things from abroad and things afar are dear to them and the
object of longing. As for us, we are habitants of this very
earth, and study it as cause of this mighty effect. Earth, the
mother of all, hath these causes shut up in her recesses: all
magnetic movements are to be considered with respect to her
law, position, constitution, verticity, poles, equator, horizon,
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It is therefore informated by the earth’s forces just as CD,
a mass of iron, is in air; hence the extremity 5 of the mine or
of any part thereof moves toward the north pole G, just as
does C, the extremity of the mass of iron, but not 4 nor 2.
But with the part £F, which comes into existence continuous
with the whole and which is not separated from it by any

mixed ecarthy matter, the case is different. For if the part
EF, being taken out, were to be floated, it is not £ that would
turn to the north pole, but /. Thus, in those bodies which
acquire verticity in the air, C is the south extremity and is at-
tracted by the north pole &. In those which come into exist-
ence in the detrital outermost part of the earth, £ is south,
and so goes to the north pole. But these parts which, deep+
below, are of even birth with the earth, have their verticity
regulated differently. For here F turns to the north parts of
the earth, being a south part; and £ to the south parts of the
earth, being a north part. So the end C of the magnetic body
CD, situate near the earth, turnsto the north pole ; the end B of
the agnate body 54 to the north; the end £ of the inborn
body £F to the south pole—as is proved by the following
demonstration and as is required by all magnetic laws.
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power, and the same is now quite conquered and as yet has
not been called to life again, the iron is left a wanderer, and
quite incapable of direction.

But we have to inquire further how it is that iron remains
possessed of verticity. It is clear that the presence of a load-
stone strongly affects and alters the nature of the iron, also
that it draws the iron to itself with wonderful promptness.
Nor is it the part rubbed only, but the whole of the iron, that
is affected by the f[riction (applied at one end only), and
therefrom the iron acquires a permanent though unequal
power, as is thus proved.

Rub with a loadstone a piece of iron wire on one end so as*
to magnetize it and to make it turn to the north; then cut off
part of it, and you shall see it move to the north as before,
though weakly. For it is to be understood that the loadstone
awakens in the whole mass of the iron a strong verticity (pro-
vided the iron rod be not too long), a pretty strong verticity in
the shorter piece throughout its entire length, and, as long as
the iron remains in contact with the loadstone, one somewhat
stronger still. But when the iron is removed from contact it
becomes much weaker, especially in the end not touched by
the loadstone. And as a long rod, one end of which is thrust
into a fire and made red, is very hot at that end, less hot in
the parts adjoining and midway, and at the farther end may
be held in the hand, that end being only warm,—so the mag-
netic force grows less from the excited end to the other; but
it is there in an instant, and is not introduced in any interval
of time nor successively, as when heat enters iron, for the
moment the iron is touched by the loadstone it is excited
throughout. For example, take an unmagnetized iron rod,s
4 or 5 inches long: the instant you simply touch with a load-
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earth, and O and P mutually attract, one being north, the other
south. For if in the whole stone /f was south and / north,
then in the divided stone P will be north with respect to /& and
O, south with respect to /; so, too, F and A tend toward con-
nection if they be turned round a little, and at length they
come together. But if the division be made meridionally, i.e.,
along the line of the meridian and not on any parallel circle,
then the two parts turn about and A4 pulls B, and the end &

is attracted to 4, until, being turned round, they form connec-
tion and are held together. For this reason, iron bars placed +
on parallels near the equator of a terrella whose poles are A5,
do not combine and do not cohere firmly; but when placed

alongside on a meridian line, at once they become firmly joined, «
not only on the stone and near it, but at any distance within
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and then £ will tend to 4 and ¥ to B. For, as in the whole,
so in the divided stone, nature seeks to have these bodies
united ; hence the end £ properly and eagerly comes together
again with %, and the two combine, but £ is never joined to )
nor F to C, for, in that case, € would have to turn, in opposition,
to nature, to A, the south, or D to B, the north—which were
abnormal and incongruous. Separate the halves of the stone
and turn D toward C: they come together nicely and combine.
For D tends to the south, as before, and C to the north ; £ and
F, which in the mine were connate parts, are now greatly at
variance, for they do not come together on account of material
affinity, but take movement and tendence from the form.
Hence the ends, whether they be conjoined or separate, tend
in the same way, in accordance with magnetic law, toward the
earth's poles in the first figure of the stone, whether unbroken
or divided as in the second figure ; and FE of the second figure,
when the two parts come together and form one body, is as
perfect a magnetic mass as was .0 when first produced in the
mine; and F£E, placed on a float, turn to the earth’s poles,»
and conform thereto in the same way as the unbroken stone.
This agreement of the magnetic form is seen in the shapes
of plants. Let A8 be a branch of ozier' or other tree that *

sprouts readily; and let 4 be the upper part of the branch
and be the part rootward. Divide the branch at CD. Now,

1 Ozier, osier, a species of willow (saliz),
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and with any part thereof, not with the pole only. But the
pieces of iron are not made to stand because of any peculiar
attracting force or any strong combined force, but because of
the common energy that gives to them direction, conformity,
and rotation. For in the region 5 not even the minutest bit»
of iron that weighs almost nothing can be reared to the per-
pendicular by the strongest of loadstones, but adheres ob-
liquely. And just as the terrella attracts variously, with unlike »
force, magnetic bodies, so, too, an iron hump (or protuberance
—nasus) attached to the stone has a different potency according
to the latitude : thus the hump Z, as being strongly adherent,
will carry a greater weight than A/, and M a heavier weight
than M. But neither does the hump rear to perpendicular a
bit of iron except at the poles, as is shown in the figure. The
hump L will hold and lift from the ground two cunces of solid
iron, yet it is unable to make a piece of iron wire weighings
two grains stand erect; but that would not be the case if
verticity arose from strong attraction, or more properly coi-
tion, or from unition.

CHAPTER VIIL

OF DISAGREEMENTS BETWEEN PIECES OF IRON ON THE
SAME FOLE OF A LOADSTONE; HOW THEY MAY COME
TOGETHER AND BE CONJOINELD.

IF two pieces of iron wire or two needles above the poles
of a terrella adhere, when about to be raised to the perpen-
dicular they repel each other at their upper ends and presents+
a furcate appearance ; and if one end be forcibly pushed toward
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the other, that other retreats and bends back to avoid the asso-
ciation, as shown in the figure. A and B, small iron rods,

A p

adhere to the pole obliquely because of their nearness to each
other : either one alone would stand erect and perpendicular.
The reason of the obliquity is that A4 and B, having the same
verticity, retreat from each otherand fly apart. Forif € be the
north pole of a terrella, then the ends A and 5 of the rods are
also north, while the ends in contact with and held fast by the
pole C are both south. But let the rods be rather long (say
« two finger-breadths), and let them be held together by force:
then they cohere and stand together like friends, nor can they
be separated save by force, for they are held fast to each other
magnetically, and are no longer two distinct terminals but one
only and one body, like a piece of wire bent double and made
to stand erect.
But here we notice another curious fact, viz., that if the
rods be rather short, not quite a finger's breadth in length, or
«as long as a barley-corn, they will not unite on any terms, nor
will they stand up together at all, for in short pieces of wire
the verticity at the ends farthest from the terrella is stronger
and the magnetic strife more intense than in longer pieces.
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turn to the earth's north; the other end of the versorium must
be rubbed on the south pole of the terrella turned toward the
earth ; so excited, it will incline to the south. In southern
latitudes, below the equator, the case is different, and the cause
of the difference is given in Book II, Chap. 34, where is shown
(by means of a combination of earth and terrella) why the poles
of a loadstone are, for diverse reasons, one stronger than the
other.
If between the ends of two loadstones in conjunction and

equal in power, shape, and mass, you rub a versorium, it

acquires no property. ./, B are two loadstones conjoined nat-
urally at their opposite ends; C, the point of a versorium,*
touched simultaneously by both, is not excited, if the load-
stones be equal (though the loadstones are connected with it
in the natural way); but if the loadstones be unequal, force is
gained from the stronger.

In magnetizing a versorium with a loadstone begin at its
middle and so draw it over the stone that one end quits the
stone last ; finally let the application be continued by a gentle
stroking of the stone with the end of the needle for a while,
say one or two minutes. The movement from middle to end
must not, as is the wont, be repeated, for so the verticity is
spoilt. Some delay is needed, for though the energy is infused
and the iron is excited instantaneously, still the verticity is
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VARIA TION. 233

surface is water or fluid or unsettled,—it follows that toward a
massive body of land or continent rising to some height in any
meridian (passing whether through islands or seas) there is a
measurable magnetic leaning from the true pole toward east or
west, i.e., toward the more powerful or higher and maore ele-
vated magnetic part of the earth’s globe." For as the earth's
diameter is more than 1700 German miles, these continents
may rise above the general superficies to a height equal to the
depth of the ocean bed, or more than four miles, and yet the
earth keep the spherical shape, albeit slightly uneven at the
top. For this reason a magnetic body under the action of the
whole earth is attracted toward a great elevated mass of land
as toward a stronger body, so far as the perturbed verticity
permits or abdicates its right. Yet the variation takes place
not so much because of these elevated but less perfect parts of
the earth and these continental lands, as because of the inequal-
ity of the magnetic globe and of the true earth-substance which
projects farther in continents than beneath sea-depths. We
have therefore to inquire how the demonstration of this new
natural philosophy may be drawn from unquestionable experi-
ments.

From the coast of Guinea to Cape Verde, the Canaries, and
the frontier of the empire of Morocco, thence along the

I Gilbert ** refers the curvatures of the isogonic lines to the configuration
of continents and the relative positions of sea basins, which possess a weaker
magnetic force than the solid masses rising above the ocean.” He considers
‘“that the inflections of the lines of equal declination and inclination depend
upon the distribution of mass, the confipuration of continents, or the form and
extent of the deep intervening oceanic basins. It is difficult to connect the
periodic variations which characterize the three principal forms of magnetic
phenomena (the isoclinal, isogonic, and isodynamic lines) with this rigid sys-
tem of the distribution of force and mass, unless we represent to ourselves the
attractive force of the material particles modified by similar periodic changes of
temperature in the interior of the terrestrial planet.” (** Cosmos,” 1849, Vol, I,
page 170; Vol, I, pages 717, 718.)
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CHAPTER V.

AN ISLAND IN OQCEAN DOES NOT ALTER THE VARIATION ;
NEITHER DO MINES OF LOADSTONE.

ISLANDS, albeit they are more magnetic than the seas, still
do not alter magnetic direction nor variation. For direction
being a movement produced by the energy of the entire earth,
and not due to the attractive force of any prominence but to
the controlling power and verticity of the whole mass, there-
fore variation (which is a perturbation of the directive force),
is a wandering from the true verticity and arises out of the
great inequalities of the earth, by reason of which the earth
itself, when wvery large and powerful magnetic bodies are
present, has but little power of turning away magnetic bodies
that revolve freely. 'As for the wonders that some do
report about the island Elba: loadstones do there abound,
but, nevertheless, the versorium (or the mariner's compass)
makes no special inclination toward it when ships sail by in the
Tyrrhenian Sea.' The reasons already given sufficiently
account for this; but, furthermore, a reason may be found
in the fact that the energy of minor loadstones reaches of it-
self but little beyond their own site; for variation is not pro-
duced by a pulling to, as they would make it who have
thought out magnetic poles. Besides, mines of loadstone are
only agnate, not innate, in the true earth-substance, and, there-
fore, the globe as a whole does not heed them ; neither are
magnetic bodies borne toward them, as is proved in the dia-
gram of prominences.

1 See note relative to Elba, Book I, Chap. VIIL.
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or winds, which are distinguished by certain marks and by a
lily ( flewur-de-iis) indicating the north. The compass-box is
suspended in equilibrium in the plane of the horizon, within a
ring of brass, which is also pivoted (equilibrated) in another
ring suspended in a roomy stand, a leaden weight being
attached to the box so that it shall remain in the plane of the
horizon though the ship may be tossed by the sea in all direc-
tions. There are either two magnetized-iron bars (with ends
united) or one piece of a rather oval shape with the ends pro-
jecting : this style is the surer and quicker of the two in
performing its function. This is to be so fitted to the paste-
board disk (or card of the compass) that the centre of the disk
shall be in the middle of the magnetized iron. But as varia-
tion begins in the horizon from the point where the meridian
intersects it at right angles, therefore, on account of the
variation, instrument-makers in different countries and cities
inscribe the compass variously, and have different ways of
attaching the magnetized iron to the card whereon are marked
the bounds of the 32 spaces or points.

There are in general use in Europe four different con-
structions and forms of compass. First, the form adopted
throughout the Mediterranean, and in Sicily, Genoa, and the
Venetian republic. In all of these compasses the pieces of
iron are so attached beneath to the rotating card that (where

! This opinion of Gilbert’s is not borne out by advanced knowledge of the
laws of magnetization, which shows that the oval ring needle cannot be trusted
to for keeping its magnetic axis securely in a constant direction under whatever
disturbing influence it may be subjected to as does a thin rod or bar. The
oval form was authoritatively condemned on this account by the Hritish Admi-
ralty Committee of 1837, who found the theoretical objection amply confirmed
by experience. They actually found compasses of this pattern, which had been
in use for some time at sea, presenting errors of as much as three degrees on
account of the displacement of the magnetization in the substance of the needle,
(Sir Wm. Thomson, ** Good Words " for 187g, page 445.)
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adjoining the variation is to the east, and beyond the Azores
it is changed a little toward the west, nevertheless variation is
in divers ways ever uncertain, both because of latitude and
longitude and because of approach to great masses of land,
also because of the altitude of dominant terrestrial elevation :
but it does not follow the rule of any meridian, as we have
already shown. Livius Sanutus sorely tortures himself and
his readers with like vanities. As for the opinion of the
common run of philosophizers and mariners, that the meridian
which passes through the Azores is the limit of variation, so
that on the opposite side of that meridian a magnetic body
will point to the poles exactly as at the Azores—an opinion
held also by Joannes Baptista Benedictus and sundry other
writers on the art of navigation—it is in no wise true.
Stevinus (quoted by Hugo Grotius), in his Portunm Invenien-
darum Ratione,' distinguishes variation according to meridians.
“In the island Corvo,"?
indicates the true north,’ but the farther one advances thence
toward the east the more will he see the needle ‘easting’

says he, “the magnetic pointer

I Simon Stevinus, Porfuume Investipandorum Ratio, Leyden 15g99. This
was printed in English, the same year, by the celebrated mathematician,
Edward Wright, who afterwards attached it to the third edition of his ** Cer-
taine errors in navigation detected and corrected ” (Engl. Cycl., ** Biography,”
Vol, VI, page 834).

* Corvo, one of the Azores, the northernmost of the whole group, lying ten
miles north of Flores.

2« The fact that the needle does not point at all places to the true north was
early known, but the discovery that it changed its direction with a change of
place is generally attributed to Columbus, This is incorrect, for the needle’s
departure from the geographic meridian (called its variation or declination) is
marked down for different points of the sea, on the atlas of Andrea Bianco,
which was made in the year 1436; but what Columbus really did discover was
a line of no variation 2}° east of the island of Corvo on the 13th of September
1492 " (A. M. Mayer, ** The Earth a great Magnet,” 1872, page 253).

See Thomas Brown, Psendoloxia Epidemica, 1658, Book 11, pares 68, Gg.
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(avaroliCew), till he comes to within one mile of FPlymouth
on the east, where the variation, reaching maximum, is 13
deg. 24 min. Then the anatolism (easting) begins to grow
less as far as Helmshud, which place is not far from North
Cape in Finmark: there the north is pointed to again. There
are 60 degrees of longitude between Corvo and Helmshud,
but the variation is greatest at Plymouth, whose longitude
is 30 degrees.” But though these statements are in part
true, still along the entire meridian of the island of Corvo the
compass does by no means point due north. Neither in the
whole meridian of Plymouth at other places is the variation
13 deg. 24 min., nor in other parts of the meridian of Helms-
hud does the needle point to the true pole. For, on the
meridian passing through Plymouth at lat. 6o deg., the
north by east variation is greater; in lat. 4o deg. it is much
less; in lat. 2o deg. it is very small indeed. On the meridian
of Corvo, though the variation near the island is nil, yet
in lat. 55 deg. the variation north by west is about %; in lat.
20 deg. the variation is } of a point toward the east. Hence
the bounds of variation are not properly defined by great
meridian circles, and far less are the ratios of increase or
decrease toward a given region of the heavens investigated by
that method. Therefore the rules of clatfumen (declining) or
auxanomen (increasing), anatolism (easting) or dysism (west-
ing), cannot possibly be found by that device. The grounds
of variation in the southern regions of the earth, which
Stevinus thereafter searches into in the same way, are utterly
vain and absurd ; they have been put forth by some Portuguese
mariners, but they do not agree with investigations: equally
absurd are sundry observations wrongly accepted as correct.
But the method of finding the port on long voyages to distant
parts by means of accurate knowledge of the variation (a
















































VARIATION IN NOVA ZEMBLA. 269

sails along the coast from Manicongo to the tropic and a little
beyond will find the needle tending from the south to the
southeast, but not much. At Cape das Agulhas it still keeps
a little of the variation it showed near the islands of Tristan
de Acunha, but it is much diminished owing to the remoteness
from the cause of the variation; and the south end of the
needle does not yet point due south.

CHAFPTER XVI.
OF THE VARIATION IN NOVA ZEMBLA.

THE variations are greatest in regions nigh to the poles, as
has been proved, and there, too, the changes of variation are
sudden, as Dutch observers noted some years ago, though
their observations were not exact; yet the inexactitude can
be excused, for, with the ordinary instruments, it is hard to
get at the truth in such high latitudes—about 8o degrees.
But now the variation of the compass gives the clear evidence
of the existence of an open passage eastward through the
North Sea—Arctic Ocean (Mare Scythicum), for, since the
compass has so great an arc of variation to the west, it is evi-
dent that no continent stretches for any great distance along
that whole route eastward. Therefore we can strive and ex-

plore more hopefully for a passage to the Moluccas by the
northeast than by the northwest.
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the terrella; for there is error when the needle is long or
placed at a distance, as it has a truly proportionate movement
only at the superficies of the terrella. But were the quadrant
—being remote from the terrella—to be moved into its sphere
of influence toward the pole on a circle concentric with the
terrella, then the needle would indicate on the quadrant the

degrees of dip in ratio and symmetry with that circle, not with
the terrella.

CHAPTER 1IV.

OF A SUITABLE LENGTH OF NEEDLE ON THE TERRELLA FOR
SHOWING THE DIP,

WHEN it is sought to define the dip by means of a dip-
indicating instrument on the earth itself, we may use either a
short versorium or eone ever so long, provided only the mag-
netic property of the loadstone with which it has been stroked
is able to pervade its whole substance and length. For the
greatest length of a versorium, as compared with the earth’s
diameter, is insignificant and has no ratio perceptible by sense,
But on a terrella, or on a plane nigh a meridian of a terrella, a
short needle is required, one barley-corn’s length; for longer
versoria (because they reach farther), in the first degrees of dip,
descend suddenly and irregularly, and turn to the body of the
terrella. For example, as soon as the long versorium in the
figure is moved onward from the equator 4 to (, it lays hold
of the stone with its peint C as though with a long outspread
wing, when the point reaches the parts around 5, which give
it a greater revolution than those at C. And the ends of
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RATIO OF DIP TO LATITUDE, 293

beginning of the first degree even to the goth, it dips; yet,
not in ratio to the number of degrees or the arc of the latitude
does the magnetic needle dip so many degrees or over a like
arc; but over a very different one, for this movement is in
truth not a dipping movement, but really a revolution move-
ment, and it describes an arc of revolution proportioned to
the arc of latitude. Hence the magnetic body A, while it

passes round the earth, or an earthkin or terrella, from the
equinoctial circle ¢ toward 5 (the pole), rotates on its centre,
and, midway in its progress from the equator to pole 5, points
to the equator / as the mean of the two poles: therefore
ought the versorium to rotate much more quickly than the
centre travels in order to regard the point 7 in a right line by
rotating. For this reason the movement of this rotation is
quick in the first degrees from the equator, from A to L, but
slower in the subsequent degrees, from L to B, that is, with
reference to the equatorial point F, toward C (in respectibus ab
@guatore I ad C). But were dip equal to the latitude, i.e.,
always so many degrees from the horizon as the centre of the
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CHAFPTER VIIL

DIAGRAM OF THE ROTATION OF MAGNETIZED IRON, SHOW-
ING THE MAGNETIC DIF IN ALL LATITUDES, AND SHOW-
ING THE LATITUDE FROM THE ROTATION AND DIP.

IN the foregoing diagram, around the body of the earth or
of the terrella are drawn a circle of rotation and a circle of
dip, together with a first, a last, and a middle arc of rotation
and dip. Now from each one fifth part of that arc which
terminates all the arcs of rotation (and each of which also is
supposed to be divided into go equal parts) are drawn arcs to
the pole, and from every fifth degree of the arc terminating
the quadrants of dip are drawn quadrants to the centre, and
at the same time is drawn a spiral line indicating (by the aid
of a movable quadrant) the dip in every latitude. Right lines
of magnetic direction are drawn from the degrees marked on
the meridian of earth or terrella to their proper arcs and to
the parts answering to those arcs.

How to asceriain the elevation of the pole, or the latitude of
any place, by means of the following diagram, turned into a mag-
netic instrument, in any part of the world, without the help of
the leavenly bodies, sun, planets, or fixed stars, and in foggy
weather as well as in darkness.

We can see how far from idle is the magnetic philoso-
phy; on the contrary, how delightful, how beneficial, how
divine! Seamen tossed by the waves and vexed with incessant
storms, while they cannot learn even from the heavenly lumi-
naries aught as to where on earth they are, may with the great-
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CHAPTER 1.
OF THE GLOBE OF EARTH AS A LOADSTONE.

HITHERTO we have spoken of the loadstone and magnetic
bodies, how they conspire together and act on each other,
and how they conform themselves to the terrella and to the
earth. Now we have to treat of the globe of earth itself sep-
arately. All the experiments that are made on the terrella,
to show how magnetic bodies conform themselves to it, may
—at least the principal and most striking of them—be shown
on the body of the earth; to the earth, too, all magnetized
bodies are associate. And first, on the terrella the equinoctial
circle, the meridians, parallels, the axis, the poles, are natural
limits: similarly on the earth these exist as natural and not
merely mathematical limits. As on the periphery of a terrella
a loadstone or the magnetic needle takes direction to the pole,
so on the earth there are revolutions special, manifest, and
constant, from both sides of the equator: iron is endowed
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328 WILLIAM GILBERT.,

earth daily makes one revolution ; for in no third mode can the
apparent revolutions be accounted for. The day, therefore,
which we call the natural day is the revolution of a meridian
of the earth from sun to sun. And it makes a complete revolu-
tion from a fixed star to the same fixed star again. Bodies
that by nature move with a motion circular, equable, and con-
stant, have in their different parts various metes and bounds.
Now the earth is not a chaos nor a chance medley mass, but
through its astral property has limits agreeable to the circular
motion, to wit, poles that are not merely mathematical expres-
sions, an equator that is not a mere fiction, meridians, too, and
parallels; and all these we find in the earth, permanent, fixed,
and natural; they are demonstrated with many experiments
in the magnetic philosophy. For in the earth are poles set at
fixed points, and at these poles the verticity from both sides of
the plane of the equator is manifested with preatest force
through the co-operation of the whole; and with these poles
the diurnal rotation coincides. But no revolutions of bodies,
no movements of planets, show any sensible, natural poles in
the firmament or in any primum mobile ; neither does any argu-
ment prove their existence; they are the product of imagina-
tion. We, therefore, having directed our inquiry toward a cause
that is manifest, sensible, and comprehended by all men, do
know that the earth rotates on its own poles, proved by many
magnetical demonstrations to exist. For not in virtue only of
its stability and its fixed permanent position does the earth
possess poles and verticity; it might have had another direc-
tion, as eastward or westward, or toward any other quarter.
By the wonderful wisdom of the Creator, therefore, forces were
implanted in the earth, forces primarily animate, to the end the
globe might, with steadfastness, take direction, and that the
poles might be opposite, so that on them, as at the extremities
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THE EARTH HATH A CIRCULAR MOTION. 320

of an axis, the movement of diurnal rotation might be per-
formed. Now the steadfastness of the poles is controlled by
the primary soul. Thus it is for the good of the earth that the
collimations of the verticities do not continually regard a fixed
point in the firmament and in the visible heavens. For the
changes of the equinoxes are caused by a certain inflection of
the earth’s axis, yet in this inflection the earth hath from her
own forces a steadfastness in her motion. In her rotation
the earth bears on her own poles; for since the verticity is
fixed in A4 and B, and the axis horizontal, at € and D
(equinoctial line) the partsare free, all the forces being diffused

on both sides from the plane of the equator toward the poles
in the aether,’ which is without resistance, or in wvacuum;

1 Aether, according to Sir Isaac Newton, is a thin subtile matter much
finer and rarer than air. Sometimes it is termed by him a subtil spirit, as in
the latter part of his Pringgia, and sometimes a subiil mtherial medium, as in
his Opffes. By many it is supposed to pervade all space, also the interior of
golid bodies, and to be the medium of the transmission of light and heat. The
zther of Descartes was his materia subtilis or his First Element : by which he
understood a *“most subtil matter very swiftly agitated, fluid, and keeps to no
certain figure, but which suits itself to the figure of those bodies that are about
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and, 4 and B remaining constant, C revolves toward ) both
by natural conformity and fitness, as also for the sake of a nec-
essary good and avoidance of ill, but most of all because the
effused spheres of solar influence and of solar light do impel.
And it revolves not in a new track or one assigned from with-

out, but, in the general trend of all the rest of the planets, tends
from west to east. For all planets have a like movement to
the east, in accordance with the succession of the zodiacal
signs, whether it be Mercury or Venus within the sun’s orbit, or
whether they revolve round the sun. That the earth is fitted

it."* His Second Element consists of small globules; that is, bodies exactly
round and wvery solid, which do not only, like the First Element, fill up the
pores of bodies, but also constitute the purest substance of the /Ether and
Heaven (Blome's translation of Descartes’ Philos., page 101 ; R, Lovett, ** The
Subtil medium prov'd,"” London 1756, pages 14, 15).
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for circular movement is proved by its parts, which, when sepa-
rated from the whole, do not simply travel in a right line, as
the Peripatetics taught, but rotate also. A loadstone placed
in a wooden vessel is put in water so that it may float freely,
rotate, and move about. If the pole 5 of the loadstone be
made to point, unnaturally, toward the south /| the terrella
revolves round its centre in a circular motion on the plane of
the horizon toward the north £, where it comes to a rest, and
not at € or at /). So acts a small stone weighing only four
ounces; and a powerful loadstone of 100 pounds will make the
same movement as quickly; and the largest mountain of load-
stone would revolve in the same way were -it to be set afloat
on a wide stream or in the deep sea; and yet a magnetic body
is far more hindered by water than is the whole earth by the
air. The whole earth would act in the same way, were the
north pole turned aside from its true direction; for that pele
would go back, in the circular motion of the whole, toward
Cynosura.

Yet this motion is nothing by that circular motion where-
with the parts naturally tend to their own places. The whole
earth regards Cynosura by its steadfast nature; and similarly
each true part of the earth seeks a like place in the world, and
turns with circular motion to that position. The natural move-
ments of the whole and of the parts are alike : hence, since the
parts move in a circle, the whole, too, hath the power of cir-
cular motion. A spherical loadstone, when floated in water,
moves circularly on its centre to become (as it seems) con-
formed to the earth on the plane of the equator. Thus, too,
would it move on any other great circle if it were free to move,
so that in the dip compass there is circular movement on the
meridian (if there be no variation), or, if there is variation, on
a great circle drawn from the zenith through the variation point
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in the horizon. And this circular movement of the loadstone
to its true and natural position shows that the whole earth is
fitted, and by its own forces adapted for a diurnal circular mo-
tion. I omit what Petrus Peregrinus so stoutly affirms, that a
terrella poised on its poles in the meridian moves circularly
with a complete revolution in twenty-four hours. We have
never chanced to see this: nay, we doubt if there is such move-

ment,' both because of the weight of the stone itself, and also
because the whole earth, as it moves of itself, so is propelled
by the other stars; but this does not occur proportionately in
any part of the earth, a terrella for example. The earth moves
by its primary form and natural desire, for the conservation,
perfecting, and beautifying of its parts, toward the more ex-

1 Father Nicolao Cabeo clearly explains what Peregrinus advanced, in Lib.
111, Cap. IV, of his Philosephia Magnetica.

|. .Ill."

e e -


















































































: Pﬂrsm:.nemmm

DEMAGNETE, |

MAGNETICISQVE CORFO*

RIBVS ET HD TE
tellure Sex Ii

Guiliclmo Gi cﬁn{:a!ccﬁrcnﬁ <
jrgt:%wm, thmméjﬂr; i ﬁﬁgﬂ rﬁ,’gﬂ. ;

: / . e W
Bt

Fudio

FAC-SIMILE TITLE PAGE OF GILBERT'S ‘° DE MAGNETE,” SBCOND EDITION, 1628,
359



Tractatus,five Phyfiologia Nova

MAGCEETE.

Magneticifq; corporibus 8& magno
Magnete tellure, (ex libris comprehenfus,

aGuiciermo GireerTo Colce«
ftrenfi, Medico Londinenfi.

In quibns ea,qua adbanc materiam [peltant, plurimis
4T Argumentis 3 experimentis exaltiffime abfolusiffi-
med, trallantur 37 explicantur.

Omnia nunc diligenter recognita,& emendatids quam ante
inlucem edita, au&a & figuris illaftrata,, opera & ftudio D.
WoLFcaNcI Locumans, I. U. D.

& Mathematict.

Ad calcem libri adiunclus eff Index capitum , Rerum 35 Verborum
locupletifsimus, qui inpriore editione defiderabazur.

SEDINI,

T}rp'is G0 T ZITANTS:
Axno M. DC. xxxII11,

FAC-SIMILE TITLE PAGE OF GILBERT'S *' DE MAGNETE,”" THIRD EDITION,



GVILTELM! GILBERT])
COLCESTRENSIS,
Medici Regii,

De Mundo noftro Sublunari

PHILOSOPHIA

NSO VA
Opus pofthumum,

&b Authoris fratre collectum pridem & difpofitum,
N VNC

Ex duobus M $ S. codicibus editum.
Ex Mufeio viri perilluftris

GvirieL M1 BosweLrt Equitis aurati &c.
‘& Oratoris apud Feederatos Belgas Angli,

AMSTELOD AMI,

Apud Ludovicum Elzevirium ,
cldolocuil

FAC-SIMILE TITLE PAGE OF GILEERT'S * DE MUNDO NOSTRO SUBLUNARI FHILO-
SOPHIA NOvA."












GCENERAL INDEX,

Fervarius lapis, 16

Ficinus, Marcilius, (1433-1499,) 6, 13,
179

Findlay, A. G., ** Class. Atlas,"” xxi

Fitzgerald, Joseph, v

Flavius Blondus, 6

Form, primary, 146, 149

Forma, vi, Bs, 1

Formate soul, 311

Fracastorio, 8, g, 82, 109, II4, IS,
144, 170, I7h, 23I.

Frost, Alfred ., xx

Fuller, Dr. Thomas, ix, xxiv, xxvii

Galen, Ii, 3, 17, 52, 57, 63, 74, 80, 99,
101, 102

Galileo—Galilei (1564-1642), xii, xiii,
XV, 321

(zama, Vasco da, 266

Garcias ab Horto—Garcia d'Orta, 53

Gaszendi, xv, 215

Gaudentius, Merula, 13

Geber, 36, 37, 38, 143

Gehler, J. S. T., 18

Gellibrand, Henry, 240

Gemma, Cornelius, 101

Gilbert's ** De mundo nostro,” xxv,
xxvii, 346

Gilgil, 34

Glanvil, Barthol. de, 2, 1g

Glanvill, Jos., G

Goia, Joannes, 6

Gold magnet, 75

Goropius, 7

Graesse, ].G. T.,"* Trésor de Livres,”
Xix

Graham, George, 240

Greely, Com. A&. W., 230

Grimaldi, 215

Grotius, Hugo, xliv, 252, 254

Gruter John, xxv

Guyot de Provins, 7

Hamatites, 39
Hakewill, George, 45, 53, 320, 327,
351

Hakluyt, Richard, xxxviil

Hali Abbas (Abohali), 4, 13, 76

Hall, Dr. Isaac H., wi

Hallam, Henry, * Intr. to Lit. ' xii

Harding, S. & E. ** Biogr, Mirrour,”
AXIV :

Hariot, Thomas, 14

Harvey, xv

Helindoras, 55

Heraclea, 16

Heracleitus, of Ephesus, 308

Heraclides (Ponticus), 317

365

Hermes, 309

Hero the elder, g3

Herschel, F. W., xi, 15

Hipparchus the Rhodian—the Bithy-
nian, 315, 3I7, 348, 350, 351, 352,

354
Hippocrates (B.c. 460-357), li, 57, 82,

Hﬁs, Robert, 14

Humboldt, Alex., ('* Cosmos,”) xiii,
xvii, xI, 7, 8, 9, 78, 97, 215, 233, 234,
263

Humor (unifier of all things), 8s, g2,

Hunt, Arthur Ackland, xxiv

Ibn-Roshd (see Averroes),

Ibn-Sina (see Avicenna).

Inclination or dip, Boock V

Informated mine, air or water, 185,
30s; informed, 113

Intorta Coroila, of Copernicus, 356,
357

Johnson, C. F., gg

Kendall, Abraham, 14, 266

Kepler, Johann, {1571-1630,) 321, 357

Kircheri, Ath.,(Magwes . . . magnetica,)
4, 138, 235

Klaproth, Julius Heinrich von, (17383-
1835,) 13

Lactantiug, Lucius Ceelius, 326

Lamont, Dr. J., xx, a1, 137, 192

Langius Joannes, 4

Larousse M., ** Grand Diet.,” xxi

Lazos, Roderigues de, 266

Leandro, Francis, 45

Leonhardus, Camillus, 4

Leslie, Sir John, xix

Levinus Lemnius, 6

Lewis, Dr. Charlton T., wi

Linea fiducializ, 263

Linschooten, Jan Hugo van, xxxviii

Livingston, Dr. Jos. V., vi

Livio Sanuto, 11, 232, 252

Loadstones, armed and unarmed,
xxviii, 137, 138, 139, 140

Lochmann — Lochmans,
%1

Long, George, ** Atlas,"” xxi

Lovett, K., (** Subitil medium prav’d ™)

Wollgang,

330

Lowndes, W. T., “Bibtl. Manual,”
xix

Lucas Gauricus, 13

Lucretius, 4, 5, 16, 81, 98, g9, 100




































