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To His Highnefs the Prince
Ele&or Palatine.

May i pleafe Your Highaefs !

Shonld not thus have prefessed my
Diverfions, mhere 1 owe my findy
and bufinefs; bur that where all
is duey & ruan may pot juftly with-

bold any part.

This following Difeourfe was compofed
[ome years fimce as my [pare boors sn the
Univerfity, The Subject of is és mixed
Mathematicks ; mhich I did rbevatber as
fuch times make choice of, asbeing for
kbe pleafure of it,mure proper far recrea-
tiaw ; and for the facility morc fritable to
my abilities avd leifure.

1fbould not, Siry have beem ambitions
of any fo Great (I couldnot of any Ber-
ter) Parronage, had not my relation both
engaged and emboliened me to 1his Dedi-
¢ation.

They ha buow your Flighnefs, hem
£Itat an cocourager you are, and bop abie

3 3 Judze



The Epittie.

aJudgein all kind of ingenions Arts and
Liserssure muft needs acknowledg your
preffures and low condition to be none
the leat msfcluefs ( amongft thofe many
other) under which the Commonmwealth
of Learning docs.now fuffer.

It would iss many refpects much conduce
10 the general akvancemens of religion
andlearning, if the reformedChurches, in
whofe caufe and defence your family hath
fo deeply fuffered, were bus effeually
mindfa of their engagementsto is. And
partienlarly, if thefe prefens unhappy dif-
ferences of this Nation did not occafion
100 much /brg%‘nlmf: of their former
zeal and profelfions for the vindicating
of yewr family, and the reftoringof your
Highnefs ; she haftning and ucamplifb-
wmiens of whish, togecher with the increafe
of all ‘heavenly bleffimes wpon your High-
wefs, fball be the hearty daily prayer of

Your Highnefs
Moft bumble and moft devoted
Servant and Chaplain,
Joun WirLkins

TO



TQO THE

READER.

T is refated of Heraclizas, that

when his Scholars had found

him in a Tradefman’s fhop, whi.

ther they were athamed to enter,
He told chem, Quod weque tali loco dis
defunt immartales, that the gods were
as well converfantin {uch places as in
others; intimating thar a divine pow-
er and wifdome mighe be dilcerned
evenin thofe common Arts, which are
fo much defpifed. And though the
manual exercife and pradtife of them
be efteemed ignoble, yetthe fludy of
their general caufes and principles can-
not be prejudicial to any other (tho
the _molf facred ) profeflion.

It hath becn my ufual cuftom in
the courfe of my other ftudies, to pro-
pofc divers Mathematical or Philofo-
. Ay phical
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To the Reader.

phical inquiries, for the recreation of
my leifure-hours; and as I could ga-
ther fatisfation, to compolc them to
fome form and method.

Some of thefe have been formerly
ublifhed, and I have now veatured
orth this difcourle; wherein befides

the great delighs and pleafure ( which
cvery rational Reader muft nceds find
in fuch notions as carry with them
theirown evidence and demonftration)
there is alfo much real benefis 1o be -
learned ; particularly for fuch Gen-
tlemenas employ their eftares in thefc
chargeable adventures of Drawing,
Mines, Cole-pits, ¢, whomay from
hence learn the chief grounds and na-
ture of Engines, andg thereby more
cafily avoid the delulions of any cheat-
ing Impoltor: And alfo for fuch com-
gion Artificers, as are well skilled in
the prachife of thefé Ars, who may
be much advantaged by the right un-
derftanding of their grounds .and
Theory.

Ramus hath obferved, tharthe reze
fon why Germany hath been fo emi-
' nent



To the Reader,

nent for Mechanical inventions, is be-
caufe there have been publick Le€ures
of this kind inftituted amongft chem,
and thofe not only in the karned
languages, bur alfo in the vulgar
tongue, for the capucity of every un-
letter'd ingenious Artificer.

This whole Difcourfe I call gBatie-
matical Bagick, becaufethe art of

TP,

fuch Mechanical inventions as aré here 1777

chiefly infifted upon, hach been for-
mcrly 10 ftyled 5 und in 2llufion ro wal-
gar opinion, winch doth commonly
attribute all fuch ftrange operations
untothe power of Magick ; For which
reafon the Ancients did name this Art
Ouvugromuenxr, or Merandorum Effe-
&rix.

The firlt book is called Arehimedes,
becaufe e was the chiefelt in difcove-
ring of Mechanical powers.

The fecond is liyled by thie nameof
Dedalns, whois relaced to be one of
the firft and moft fimous amongft the
Ancients for his skill in making Aaro-
mura, or I .moving Engines: both
thefe being ewo of the fivlt Authlors

thae

et €

-
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To the Reader.

that did reduce Mathematical princi-
ples unto Mechanical experiments.

Other difcourfes of this kind, are
for the moft part large and volumi-
nous, of great priceand hardly gotten ;
and befides, there are not any of them
( that I kaow of ) in our vulgar
tonguc, for which thefe Mechanical
Arts of all other are moft proper.
Thefe inconveniencics are here in
forne meafure remedied, together with
the addition (if I miftake not) of
divers things very confiderable, and
not infifted upon by others.

THE



The Contents and Method of
this following Difcourfe.

The Fird Bootki.

Chap. 1. HE excellency of thefe
Aris. Wiy
concealed by the Ancients,

thors that have trested of them.
Ch. 2. Concerning the name of@his Ant.

Thas 1t may properly be fiyled Liberal.
Tihe fubjeit and natireof it.

Ch. 3. Of the firfp Mechanical faenisy
the Baﬁance.ﬁﬁ ’

Ch. 4. Concerning the fecond Mechanick
Jacwlty, the Leaver.

Ch. 5. How the natural motion of diving
ereatures is conformable 10 thefe arti-
ficial yules.

Ch.6. Comserning the Wheel.
Ch. 7.



The Contents.
Ch. 7, Concerming the Pulley,

Ch. 8. Of the Wedg.
Ch. 9. Of the Screw.
Ch.100 An ingyiry. into the magnificens

; of the Ancients, which much ex-
o onr laser times,may feem toin-
er « decay in thefe. Mechavical arts,

Chor xoThat the Ancicwms bad_ divers
matives and mreans for fuchvaft mag-
nificent worksy whichwe bave noty

Ch. 12, Concerning the force of the Me-
chanick facultics; parsucainrly,thie Bal-
lance ami Leaver. How they may be
contrived to move the wiole world, or
awy oti.cr concervable weight.

Ch 13.0f the Wheely by mudsiplication
of wleh, it is cafie 0. move any imagi-
nable weight.

Ch. t4. Comcerning the infivite freugth
of Wheels, Puleys, azd Screws ;
thas



The Contents.

that it is poffible By the muls iplicarion
of thefeytopull up an Oak by the reots
with absiry lift it spwith s fram; or
blowit up withones breath, or to per-
Sorm the greareft labour with the lesft
power.

Ch, 15. C. onccrri};;g the proport;'o» of
flownefs and fwiftnefs in Mechanicst
mosions. - .

Ch. 16. That it is poffible to comrive
Juch an artificial motion as ﬁd[ beof s
flownefs proportionable to the fiwiftnefs

of the beavens,

Ch. 17, Of fwifinefs, how 1t may be in-
¢reafed 1o any kind of proportion. Con-
cerning Ilwgrrqafbm of Archimedes
bis Engines.  Of she Ballifta,

Ch. 18. Conmcerning the Cmapult, or
Engines for Arrows.

Ch. 19. A comparifon betwixt thefe an-
ciens Engines, and the Gun-powder
inflruments now in ufe.

Ch. 2c.



The Contents,

Ch. 20, That it is poffible to contrive
fuch an artificial mation, as may be
equally fwift with the fuppofed motion
of the beavens.

@he Sccond WBool.

Ch. I.THE diverskinds of Auto-

L mata,or Self movers 2 Of

Mills. O the contrivance of [everal

motions by rarified air. A brief di-
greffion concermwing Wind-guns.

Ch. 2. Of « failing Chariot, shat imay
without horfes be driven on the land
by she wind, as fbips are on the [ea.

Ch. 3. Coneerning the fixed Automatd,
Clocks, Spheres reprefenting the bes-
wenly motions. The feveral excellen-
cies thar ave moft commendible in fuch
-kimd of comtrivarnces.

Ch. 4. Of the movable and gradiem
Automuta, reprefenting she motion
of living creatares, warions founds,
of lirds, or beafls, andfome of them
articulate. Ch. g



The Contents,

Ch. 5. Concerning the poffibility of fra.
ming an Arkfor [sbmarine Navigati-
ons.  The Difficuitics and Convenicn-
cesof [uch a comtrivance.

Ch. 6. Of the volent Avtomata; Ar-
chytas his Dove,and Regiomontanus
hisEagle. The poffibility and greas
fefulnefs of fuch irvensioms.

Ch. 7. Comcerning tbe Art of flying,
The feveral ways whereby this Imgb
been, or maybe atsempred.

Ch. 8. Arefolusion of the swo chief dif-
ficwltics that feem to opprfe the pqﬁA
ity of a ﬂ]ing Cliarits.

Ch. 9. Of aperpesual mosion. The feers-
i]lg fl"i’i" and real diffiewlty of‘p]
[uch comrivance. The feveral ways
whereby it hath been assempted, par-
zicularly by Chymifiry.

Ch. 20. Of fubterrancous Lamps, divers
biflorical vélazions concerming their ds.
vation for many bundred years to-
gether. Ch. 11



The Contents.

Ch. 21 Severad opimions concerning the
aunre and reafon of thefe perpesnal
Lamps.

Chap. 12. The moft probable  conje-
ﬂa‘r‘r bow thefe Lamps were fras
wsed.

Ch. 13. Concerning feveral astempts of
contriving & perpessal motion by mag-
wesical virtues,

Chap. 14, The feeming probabilit
of effeiting & comtimual mmotion {
olid weights in a hollow wheel or

Sphere,

Ch. 15. Of compofing & perpesual motion
by fiwid weighss. Comcerning Archi-
mcdes bis water-ferew. Thegreas pro-
babiliry of accomplithing this inquiry
bythe belp of that, with the fallible-
nefsof it upon experimens.

ARCHE



ARCHIMEDES:
OR,

Mechanical Powers.

The ficlkt Boh,

CAP L

The Excellency of thefe Arts. Why they
were contealed by the Anciemts.  The
Authors that have treated of them.

L L thole various Studics
about which the fons of meni
do bufic their eadcavours,
may be generally comprifed

under thefe three kinds: i
Divinc. '
3Natura].

CArificial.

E To
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Archimedes ; or, Lib, L.

Tothe firft of thefe, is reducible,
notonly the fpesularson of Theologi-
cal Truths, but alfo the pracfrce of
thefe Virtues which may advarrage
our minds in the enquiryafter their

roper happinefs.  And thefe Artsa-
one may truly be ftiled Liberal, Que
liberum faciant bominem, quibns cure
wirtuseff, (faith che Divine Stoick )
which et 8 man at liberey from his
luftsand paffions,

To theSecond, may be referredall
that knowledge which concerns the
frame of this great Univerle, orthe
ufual courlt of Providencein the go-
vernment of thefe created things,

To the Laft, do belong all thofe
Inveations , whereby Nature is any
way quickned or advanced in her de-
fefts: Thefe Artificial Experingants
being (as it were) bur fomany Efays,
whereby men do nacurally agempe
to reftore themlelves from the fir
general curfe inflited upon their La-
bours,

This following Difcourfe docs
properly appertain tothis lauer kind.

Now



Cap. 1. Mechanical Powers.

Now Art may be faid cither to
imitage Nature, as in Limning and Pi-
€ures ; orto belp Nature, as in Medi-
cine; orto overcome and sdvance Na-
ture , as in thefc Mechanical Difci-

lines, which in this refpe@ are by
0 much to e preferred betore the
other, by how much their cnd and
power is more excellent. Nor are
they therefore. to be cfteemed lefs
noble, becaufe more pratical, fince
our beft and moft divine knowledge
is intended for altion; and thofe may
jultly be counted barren f{tudies,
which do not conduce to Pralice as
their proper end.

But {o aprare we to contemn every
thing which is common, that the
ancient Philofophers’ cftcemed it 2
grear part of Wif om, to conceal
their Learning from vulgarapprehen-
fion or ufe, thereby the becer to
maintain it 10 its due honour and
refpeft.  And thercforedid chey ge-
nerally vail all their Arts and Scien-
ces under fuch myftical expreffions,
as might excite the peoples wonder

Ba and
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Archimedes; or, Lib.L

and reverence, fearing left a more
eafie and familiar difcovery, mighe
expolt theru to contempt. 8¢ /pfa
myfleria fabularum comiculis opertun-
tary fummatibus santum viris, fapicntia
interprete, veri arcani confoiis § Contenti
Jint religui s ad wemcrstionem , figures
defendentibus & viltsate ficresums, laith
a Platonick.

Hence was it, that the ancient Ma-
thematicians did place all their learn-
ing inabftratted fpeculations,refuling
todebale the principles of that noble
Profeflion ungo Mechanical Experis
ments. Infomuch, chae thole very
Authors amongft them, who were
moft ¢cminent for cheir inventions
of this kind, and were willing by
their own prattice, to manifelt unto
the world thofe Arcificial wondzrs
that might be wroughe by thefe Arts,
as Dedatus, Archysas, Archimedes, &c.
were notwithftanding fo much infe-
€ted with this blind fupertition, as
not to leave any thing in writing con«
cerning the grounds and manner of
shefe operations.

Luin:



Cap. 1. Mechanical Powers.

Quintilian {peaking to this pur- Quint1

pole of drchimedes, faiththus: Quam-
Vis tantum tamgne fingalarem Geomen
sricufum, cdrchim. d s, fingularibus ex-
emplis, cr admirandi operibus offendcs
Tity propier que non humane [ed divine
Sticntie bandem [it adepius, hefit tamen
in ills Pluoms perfusfione, nec wllap
Mechanicans liter.om prodere voluit,

By which means, Pofterity hath
unhappily loft, not only the bencfit
of thofe particular difcoverics, but
allo the proficiency of thofe Arts in
general.  For when once the learn-
ed men did forbid the reducing of
them to particular ufe and vulgar
experiment, othersdid thereupon re-
fule thefe ftudies themfclves, as be-
ing but_empty and ufclefs fpeculati-
ons. Whence it came to pafs, chat
the Science of Geometry was {o uni-
verfally negleéted, receiving lictleor

5

L.C 1o,

Pa
S

noaddition for many hundyed years

together.

Amongft thefe Anciegts, the ¢
vine Plaro is obferved to be on
the greateft ficklers for this

(o
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opinion, feverely dehorting all his
followers from proftituting Mathe-
matical Principles, untocommon ap-
prehenfionor prallice.  Like the en-
vious Emperour 7ibcrius, who isre-
poreed to have killed an Arificer for
making glafs matlcable, learing left
thercby the price of Metals might be
debafed. So he, in his fuperftition
to Philofophy, would rather chufe
todeprive the world of allthofe ufe-
ful and excellent lnventions which
might be thence contrived, than o
expofe that Profcffion untothe con~
tempt ofthe ignorant vulgar.

But his Scholar Arifforle, (asin ma-
ny other particulars, fo likewife in
this) did juftly oppofe him, and be-
came himfelf one of the fisflt Au-
thors that hath writ any methodi.
cal Difcourfe concerning thefe Arts 5
chufing rather a certain and general
benefit, before the hazard that might
accrue from the vain and groundlefs
difrefpe&is of fome ignorant perfons.
Being fo far from cfteeming Geo-
metry diflonoured by the applicati

on



Cap. 1. Mechanical Powers,

anof it to Mechanical pra@tifes, that
he rather thoughe it to%e thereby a-
dorned as wich curious varicty, and
to be exalted unto its naturalend. And
whereas the Mathematiciansof thofe
former ages, did poffefs all their
Learning, as covctousmen do their
Wealth, only in thoughtand notion.;
the judicious driflesle, . like a_wife
Steward, did lay it que to particular
ufeand improvement, righely prefer-
ring the realicy. and fubftance of pub-
lick benefie, hefore the fhadows of
fome retired fpeculation, or vulgar
opinion.

Since him, there have been divers
other Auctiors, who have been eau-
nent for their Writings of this na-
ture. Such were Flero dlexandrinug,
Hero Michanicus, Papprss Alexandrs-
sty Proclus Mathematscus, Mitravins,
Guidus Ubaldus, Henvicus Monansbo-
lives Galilews ,Guevara, Merfennus, Bee-
tinys, ¢vc. Belides many others, thae
have treared largely of feveral En.
gines, as Auguffine Ramclliy, Vittoro
Xonchay Jaccbns Brffonius, Vegetins,
Lipfins, B4 Moft
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Moft of which Authors I have

rufed, and (hall willingly acknow-

Edge my fif adebtor co them for

many things in this following Dif-
courfe.

CAPIL

Concerning she Name of 1his Art, That
4t may properlybe flyled Libersf, The
[abject ana matureof it

He word AMechanick is thought

to be derived 8 4% o 4,

doctvy multwrs afcendeve, pertingere :
intimarnig the efficacy and force qf
fuch Inventions. Orelfe 2%y pa yaie
vav (faith Eeffathins ) quia hifcere

non finit, becaufe thele Aresare o full
Qui of pleafant variety, thac they admit

noc either of floth or weasinefs.
According to ordinary lignificati-
on, the word is ufed in oppoicion tp
the Liberal Arss ; whercasin propriety
of fpeech thofe employments ajone
may be ftyled Illdersd, which re-
quire only fome bodily excrcilg, as
Manufa&ures, Trades,&c, And onthe
eog-



Cap. 2. Mechanical Powers.

conerary, that difcipfine which difco-
vers the general caufles, effefls, and
properties of things, may truly be e-
fteemed asa fpecresof Philofophy.

Buthercic fhould be noted, chat
thisArt is ulually diftinguifhed intoa
twolold kiod :

1. Rational,
2. Cheirurgical.

The Rations! 15 that which treats
of thofe Princigles and Furdamental
Notions, which may concern thefe
Mcchanical praétifes.

The Cheirurgical, or Atanuel, doth
referto the making of thefe Inftru-
ments, and the excreifing of fuch par-
ricular Experiments, As in the works
of ArchiteQure, Fortifications, and
the like. )

The firlt of thefe, is the fubjed of
this Diftourle, and may properly be
ftiled Liberal, asjultly delerving the
profecution of an ingenuous mind.
For if we confider it according to its
birth and original, we fhall find it
to{pring from honourableParentage,
being produced by Geometry an the

one

Pappus |

Colle&.
Mathem,
X8
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one fide , and Nusural Philofopby on
the other. If according to its ufe and
benefit, we may then difcern, that to
this fhould be referred all tholé Arts
and Profeffions fo neceffary for hu-
mane fociety, whereby Narure isnot
only direfted in her ufval courfe, but
fometimes alfo commanded againft
her own law. ‘The particulars chat
concern Architefture, Navigation,
Husbandry, Military affairs, &c. are
moft of them reducible to chis Art,
both for their inventionand ufe.

Thafé other difciplines of Logick,
Rhetorick, &c. do not more prorett
and adorn the mind. chan chefe Me-
chanical powers do the body,

And thereforcare they well wor-
thg to be entcrtained with greater
induftry and refpeft, than they com-
monly ‘mect with in thele times;
wherein there be very many that pre-
tend to be Mafters in ali the Liberal
Arts,who f{carce underftand any thing
in thefe particulars.

The fubjet of this Art is concern-
ing che heavinefS of feveral bodies,

or



Cap. 2. Mechanical Powers. n

or the proportion that is required
betwixt any weight, in relation to
the power which may be able to
move it.  And {o jc refers likewife
to violent and artificial motion, as
Philofophy doth to that which is na.
tural, .-
The proper end for which chigArt
is intended, is to teach how by un-
derftanding the truc difference be-
twixt the Weighe and the Power, 2 man
may add fuch a fitting fupplement
to the firength of the Power, thatit
{hall bc ableto move any conceiva-
ble Weight, though it fhould never
fo much exceed that force which the
Power is naturally endowed with.
The Art it felf may be chus deferi-
bed to be a Mathematical Difcipline,
which by the help of Geometrical
Principles, do teach to contrive fe-
veral Weights and Powers, untoany
kind either of motion or reft, accord- .
ing as the Artificer fhall determine.  Djv.R-
If it be doubted how this may be prof.in
eftcemed a fpcies of Mathematicks, kib. Aschi-
whenas it treats of Weights, and not forpg”
of gaviats.
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of Quantity ; For fatisfution to this,
there are two particulars confiderable.
1. Mathematucks in its latitude is u-
fually divided into pure and mixed :
And though the pure do handlc on-
by abfirad quantuty in the general, as
Geometry, arithmetick; yetchar which
is ngkedy doth confider the quantity
of fome particular determinate fubje&k.
So fironemy handles the quantity of
Heavenly motions, Mufick of founds,
and Mechanicks of weigls and powers.
2. Heavinefs or Weight is not here
confidered, as being fuch a natural
guality, whereby condenfed bodies do
of themfelves zcud dowmmards ; but
rathor as being an affection, whereby
they may be meafured. And in this
fenle Ariflosle himfelf refess ic amongft
the other fpecres of quantsty, as having
the fame " proper eifence, which is to
be compounded of integral parts. So
a pound doth confift of ounces, drams,
feruples. Whence it is evident, chat
there is not any fuch repugnancy in
the fubject of thi- Art, as may hinder
itfrombeing a true fpecies of Mathe-

maticks. CAPD,



Cap. 3. Mechanical Povers. 13

CAP I

Of the firft Mechanical Faculty, the Bal-
dance.

HE Mechaoical Faculties, by
which the Experiments of this

nature muft be contrived, are ufuially '
reckoned to be thele fix:
t. Libra. 1. The Ballance.
2, Veltis. ‘ 2. The Leaver.
3. Axit in 3. The Whecl.
Perstrachio.
4. Trochles. | 4. The Pulley.

5. Cuncus, 5. The Wedg.
6. Coshlea, ! 6. The Screw.
Unto fome of which, theforce of

all Mechanical Inventions muft necef

faiily be reduced. 1 flall fpeak of

them {everally, and in thisorder,
Firft concerning the Ballance ; chis
and theLeaver are ufally confounded
together, as being but one faculty, be-
caufe the general grounds and propor-
tions of cither force is {o exattly the
fame. But for betrer diflinttion, and
more
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more clear difcovery of their natures,
I {hall treat of them feverally.

The firft invention of che Ballance
is commonly ateribured to Afrea,
who is therefore deified for the god-
defs of Juftice ; and thae Inflrument
i‘E felfadvanced amongt the Cocleftial
igns.

g'I'hc particulars concerning ir, arc
fo commonly known, and of fuch
eafic experiment, that they will not
need any large explication. The chief
end and purpofe of it, isfor che di-
ftinQion of feveral ponderofities ;
For the underftanding of which, we
moult note, thae it che length of the
fides in the Ballance, and the weights
at the ends of them, be both mutually
equal, then the Beam will be in a
horizontal fCituation. But on the
contrary, if cither the weighrs alone
be equal, and not their dittances, or
the diftances alone, and not the
weighrs, then the Beam will -accord-
mngly declice.

Asin this following diagram.

Sup-
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B

Suppole an cqual weight at €, unto
thac ac 8, ( which points are both e-
qually diftant from the center 4, ) it
is evident that then the beam B F,
will hang horizoncally. But if the
weighe fuppofed ac ¢, beunequal to
thac ac B, or if there be an equal
weight ac D £, or any of the other
uncqual diftances ; the Beam muft
then neceffarilfr decline.

With this kind of Ballance, it is
ufual by the help only of one
weight, to meafure fundry different
gravitics, whether moreor lef§ than
that by which they are meafured. As
by the example here deferibed, aman
may with one poundalone,weighany
other body within ten pounds, be-
caufe the heavine of any wc‘i’gbt:

ot

Cardan,
Subil, Ln,
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doth increafe proportionably to its
diftance from che Center.  Thus one
pound at D, will equiponderate unto
two pounds at B, becaulfe thediftance
AD, isdoubleunto #B. And for the
fame reafon, one pound at E, will ¢-
quiponderate to threc pounds at B ;
and one pound at F, unto ten ac B, be-
caufe there is(till che fame difpropor-
tion beewixt their {everal diftances

This kind of Ballance is ufually
ftyled Romana, flazere. It [cems to
be of ancient ufe, and is mentioned by

Ariftosle under the name of paaeyE.
Henceit is ealie toapprehend how
that falle Ballance maybe compofed,
fo often condemned by the Wifeman,
as beingan abomination to the Lord.
If the fides of the Beam be not ei-
qually divided, as fuppofe one have
10 parts, and theother 11, then any
two weighs that differ according to
this proportion, (the heavier being
laced on the {horter fide, and the
ighter on the longer ) will equi.
adcrate.  And yet both che fcales
ingempry, fhall hang in eqwilibrio,
as
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as if chey werecxaltly juft and true,
asinthis defcription.

Suppolz 4, to have 1 ¢ fuch parts,
whereof 4 B, has but 10, and yet both
of them to be in them{elves of equal
weighe ; it iscertain, that whether the
fcales be empty,or wheeher inthe feale
D,we pott 1 pound,and atEro pound,
yet both of them fhall equiponderate,
becaule there s jult fuch a difpropor.
tion in che length of the fides; AC being
unto A B, 2511 to t0.

The frequency of fuch cozenages
inthefc daycs, may be evident from
common experience ¢ and thae they
were ufed alfo in former ages, may

appear
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Quaftion. appear from Arifforle’s teftimony con-
Mechin cerning the Merchants in histime. For
<€ A, . . N

Dudxue,  the remedying of fuch abufes che An-
He ee - cients did appoine divers Officers fty.
’71';::;3:;. led Euposziray, who wereto overlook
andes. the common meafures.

So great care was there amongft
the Jews for the prefervation of
commutative jultice from ail abufe
and falfification in this kind, that the
publick ftandards and originals by
whichall other meafires were to be

tr?'cd and allowed, werc with much
rcligion preferved in the Sandtuary,
the careof them being commirted to
the Priclls and Levites, whofe office
¢ Cheon,  iC Was to look unto 4l marmer of mea-
23.39.  faresand fize. Hence is that frequent
Eeod 0. CXPrEMon, dccording to the fbekel of
3 0 theSanétuary ; andchat Law, A/l thy
Leviarss offmations (ball be according to the
{btl'c‘[ of the S.mﬂ/m] ; which doth
not refer to any weightor coin, di-
flinct from, « i more than the vulgar,
(as lomc fondly conceive ) but
doth only chlige men in their deal-
ing and trafliquc to make ufc of fucrl;
ju
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Juft meafures, as were agreeable unto
the publick ftandards that were kept
inthe San&uary.

The manner how fuch deceicful
ballances may be difcovered, is by
changing the weights into each other
fcale, and then the inequality will be
manifeft.

From the former grounds rightly
apprehended, ic is cafie to conceive
how a man may find out the juft pro-
portion of a weighe, which in any
point given, fhall equiponderatc tofc-
veral weighes given, hanging in feve-
ral placesof the Beam.

Some of thefe Ballances are made
fo exadt, (thofefpecially whichthe
Refinersule) as tobe fenlibly turned
with thecightieth pare of agrain:
which (thongh it may feem very

19

firange ) is nothingeo what * Capellus .,
relates of one at Sedan, that would Greaves
turn with che four hundredih pare of )‘}:"

agrain,

. De pon-
There are feveralcontrivances 0 deribus &

make ufe of thefe in meafuring the

d
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the ftrengeh of ftrings,or other oblon
fubltances, condenled air, the diflin
proportion of [everal metals mixed to-
gether, the different gravity of divers
bodics in the water, from what they
have in the open air, with divers the
like ingenious inquirics.

CAPDP.IV.

Concerning the SecondMechawick faculty,
she Leaver.

HE fecond Mechanical faculey,
is theLeaver ; the firft invention
otitis ufually afcribed to Meprure,and
reprefented by his Trident, which in
theGreek are both called by one name,
and are not very unlike in form, being
both of thum fomewhar broader ac
one end, thanin the other parts.
‘There is one main principle conern.
ing ic,whichis (asitwere) the very
fum and epitome of this whole art.
The meaning of it is thus expreffed by
Ariffarle, 3 T ragbur €der wedsTs
iy 1 i@ wepg dynmiawase, That
55,
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is, as the weight is toan equivalent
power, {0is the diftance betwixe the
weight and the center, unto the di-
ftance berwixt the center and the
power, and 6 reciprocally.  Orthus,
the power thar doth equiponderace
with any weight, muft have the fame
Proportion unto i, as there is betwixe
their foveral diftances from the cen-
ter or fulciment: as inthis folowing
figure.

A_¢
/N

D £

Where fuppofle the Leaver to be » g a0
reprefented by the length 4B, the flodecat
center or * prop atthe poine C, the J™%x

weight to be fultained D, the power Vieavias
that doth uphold it E. oo,
{1

Now the meaning of the forefaid g,jimen.
principle doth import thus much, wm, Din.
that the power at E, muft bear the Bubars,

C 3 {ame Scabulluay
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fame proportion to the Weight D, as
the diftance € 4, doth to the other
€ B ; which, becaule itisoftuple in
the prelent example, chercforeit will
follow thatone poundat B, or E, will
cquiponderate to eight poundsat 4,
or D, as is expreflcd in the figure.
The ground of which maxime is this,
becaufe the point C, is fuppoled to
be the center of gravity , on cither
fide of which, the parts arcof equal
weight.

And this kind of propertion is not
only to be obferved when the power
doth prefi dowmvards,( as in the former
example ) but alfo inthe other fpecies
of vioﬁ:nt motion, as/ifimg, drawing,
andthelike. Thusif the prop or ful-
ciment were {uppofed tobe at the ex-
tremity of the Leaver,

Aiz3 B 9 12 EO

As
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as in this Diagramat 4, then the
weight B, would require fach a dif-
ference in the ftrengths or powersthac
did fuftain it, aschere isbutwine the
feveral diftances AC, and BC. For m’;’f""
as the diltance AB, is unto 4C, 0 faniins of
Is the power at €, to the weight ap ria b
B; thatis, thepowes at 4, muft be T4
double to that acC, becaulethe di- wphearic
ftance B, is twice as muchas I8 A, ;’;,;‘f rhe
from whence it is cafic toconccive, * 7
how any burden carried betwixe two

rfons, may be proportioned accord-
g to their differenc ftreagehs. If
the weighe were imagined to hang
ar the number 2, then the powerae
€, would fuftzin bue two of thole
parts, whereof thatat A, did uphold
16, Ific be fuppofed ac the figure
(3) thenthe ftrengrh ac €, to that at
4, would be butas three to fiftcen.
Bur il it were fituated ar the figure
(9) then each of cheexeremities would
participate of it alike , becaule that
Leing the middle, both the diftances
arcequal, [fae che number ( 52) thea
the firgngeh ac ¢, is required to ke

Caq double
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double untothatar 4. and in the like
manner are we to conceive of the 9-
ther intermediatce divifions.

Thus alfo malt ic be, if we fappofe
the powerto be placed betwixe the
fulciment and the weight , as in chis
example.

54

Where, as 4C, isto 4 B, foische
powet at B, tothe weight at C.

Hence likewife may we conceive
the reafon why it is {0 much harder
tocarry any long fubftance, cicher on
the thoulders, orinthe hand, ifitbe
held by either of the extremes,thanific
be fufzaincd by the middle of ir. The
ftrength that mult cquiponderate ac
the nearer end, fometimes increafing
the weight almoft double o what it 15
init fell&."

Imagine
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imagine the point 4, to be the
place where any long (ubftance (as
fuppofe a Pike ) is fuftained , ir is
evident from the former principle ,
that the ftrengthat B, ( which makes
it lyelevel ) mult be cqual toall the
length A ¢, which is almoft the whole
Pike.

And asic is in the depreffing, or
elevating, 1o likewile isit in the draw-
ing of any weight, asa Coach, Plow,
or the like,

Let
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Let the line D B,yeprefent the Pole
or Carriage on which the burden is
fultained, and the line AC, checrofs
barr; ac cach of its cxeremitics,
thers is a {cveral fpring tree G H,
and I K, to which eicher horfes or
oxen may be faftned. Now becaufe
A, and C, are equally diftant from
the middic B, therefore inthis cafe
the firength mult be cqual on both
fides ; bueif we fuppole one of thele
fpring trees to b cfaltned unto the
points E, or F, then the (trength re-

uired to draw on that ide, will be

o much more, as the diltance E B,
or F B, is lefs than thatot 4 B; that
is, either asthreeor four, as £ B, to
B 4,
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B 4, orasonctotwo,as F B,t0 B A.
So that the bealt faltned at 4, will
not draw {o much by a quarter,asthe
otherat E, and buthalfas much as
oneat F,

Whence it is eafie to conceive how
a husbandman (cum insquales veni-
unt g4 aratra juvenci’) may propor-
tion the labour of drawing according
to the feveral ftrength of his Ox-

7

cn,

Unto this Mechanical faculty
fhould be reduced fundry other inftra. AsftMe-
ments in common ufe. Thus the Oars, &, 7 =
Stearn, Malts, &c. according rotheir VideGoo-
force, whercby they give motion T0 yame ™
the fhip, are to be conceived under
this head. Mechan-

Thus likewife for that engine,where- ¢ 19,
by Brewers and Dyers do commonly Per G
draw water, which Arifforle calissAZ ponciin
vusr, and others Tellenon. This being Difciplina
the fame kind of Inftrumenc, by Lio.5*
which drchimedes drew up the fhips ey
of Mareellus. Tellenan.

CAP



28

Archimedes 5 or , Lib. 1.
CAP. V.

Haw the natural motion of living cres
tures is éonformible to thefe artif-
cialrales.

T H B [ormer Principle being al-

ready explained.concerning ar-
tificial and dead motions, it will not
be altagecher imperdinent, if in che
next place we apply it unto thofe
chat are natural in living bodies,
and examine whether chele allo are
nac governed by the fune kind of pro-
portions.

Inall perfedt living creatures, there
is a twofold kind of motive inftru-
mexts.

1. Primary, the Mufcles.

2. Secondary, che Members,

The Mufcles are naturally fitred
1o be inftruments of morion, by the
manner of their frame and compo-
fare ; confifting of flcfh as their chief
material, and befides of Nerves, Li-
gatures, Veins, Arteries, and M:m-
brances.

The
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The Nerves ferve for the convey-
ance of the motive faculty from the
brain. The Liégatures for the {trength.
ning of them, that they may not flag
andlanguifh in their motions. The
Veins for cheir nourifhment. The Ar-
reries for the fupplying of chem with
{piric, and nacuralvigor. The Afem-
brances for the comprehenfion or in-
clofure of all thefe together, and for
the diftinttion of onc mulicle from
anothcr.  There are befides divers
fibre or hairy {ubftances, which Na-
ture hath beltowed for the farther
corroborating of their motions ; thefc
being difperied chrough every mulcle,
do fo joyn together in che end of
them, as to make intire narvous bo-
dies, which arc called Tendomes, al-
molt like the grifles. Now this (faith
Galen) may htly be compared tothe
broader part of the Leaver, that is
putunder che weight, which, as it
ought 1o be fo much the ftronger,
by how much it isput toa greater
force ; fo likewile by this doth na-
ture inable the mufcles and ncn"_cs

or

9

&Pkdé
ippoc.

Pliton 1.
19,C. 10
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for thofe motions, which otherwife
would be too difficult for them.

Whence it may evidently appear,
thavaccording to the opinionot that
eminent Phifician, thefc natural moti-
ons are regulated by the like grounds
with the artificial.

2. Thus alfo is it in thole fccon-
dary initruments of motion,the mem-
bers: amongft lwmdfll . the hax}d is

ofin  Ceoavir foodvey, the inflrument of in-
:ﬂium.l. ﬁ;zmcnlgm( as Galex ftylesic ) ;andas
e the foul of man doth bear in it the

image of the divine wildom and
?mvidcncc, fo this part of the body
tems in fome fort co reprefent the
Omnipotency of God, whilt it is
able to perform fuch various and
wenderful edetts by che help of this
art. But now for its own proper
natural (rengel, in the lifting any
great weight, this is always propor-
tioned according to its exrenfion
from the body, being of leaft force
when it is fully ftrecched our, or at
armsend, (aswefay ) becaufe then
the fhoulder joyacis” as the center of

: its
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its motion, from which, the hand in
that pofture, being very remote, the
weight of any thing it lolds mult be
accordingly augmented. W hereas the
arm being drawnin, the elbow-joynt
doth then become its center, which
will diminifh the weight proportion-
ably, as that p it is nearer unto it than
theother,

To this purpofe alfo, there is a-
nother f{ubul probleme propofed by
Ariftotle , concerning the poltures of
firing and rifingup. The quare is
this, Why a man cannot rife up from
his feat, unlels he firft, cicher bend
hisbody forward, or thruft his feet
backward,

In the pofture of firting, our legs
arc fuppofed ro make a night angle
with our thighs, and they with our
backs, as in this figure.

Where

3t

Mechan,
31
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Ay @
'
‘ //
2
'/
ES .

Wherelet 4 B reprefent the back,
BC the thighs, €D the legs. Now
it is evidenr, chataman canmot rife
from this pofture, unlefs cither he
back 4 B, do firlt inclincunca £, vo
nuake an acute angle with che chighs
BC; orellecharthe legsC D,doin
cline rtowards E,which may alfo make
anacure angle with thethighs 8C ; or
Taftly,unlels both of them do decline to
the poines G £,where they may be in-
cluc}ed in the fame perpendicular, .

‘ar
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For che refolution of which, the
Philofopher propolés thefe two pars
ticulars.

1. Arightangle (faithhe) isakind
of equality, and that being naturally
the caufeof reft, muft needs bean im.
pediment co the motion of rifing,

2. Becaufe when cither of the parts
are brought ioto' an acuce angle, the
head being removed over the feer,
or chey under the head ; in fuch a
pofture the whole man is much
nearer difpofed to the form of Gand.
ing , wherein all thefe parts are in
one (traight perpendicular line, than
he is by the other of right angles,
in which the back and legsare two
parallels ; or that of turning thefe
ftraight angles into obtufc , which
would not make an ere& pofture, bug
dedlining. C.

Butneither of thefe particulars (as
1 conceive) do fully fatisfie the pre-
fent quzre, neicherdothe Commen-
eators, Momwnholins y Ot Guevara,
better refolve it.  Rather fuppofe
B C, whbe asa Velkis or Leaver, to<

D watds

33
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wards the middle of* which is the
plece of the fulciment, 4B, asthe
weight, € D, the power that is to
raife it.

Now the body being ficuace ia chis
re€tangular form, the weight 48,
mult necds be augmented proportio-
nably co its diftance irom the fulci-
ment, whichis abouc half the thighs ;
whereas if we fuppofé ecither che
weighe 10 be inclined unto £, or the
power to E, or bothof them oG H,
then there is nothing tobe lifted up,
but the bare weighe it felf, whihin
shis fituation is nor at all increafed
wich any addition by diftance.

T'or inchefe couclufions concerning
the Leaver, we muft always imagine
that point w hich is rouched by a pee-
pendicular fromr the center of gravi-
ty, to be one of theterms. Sothat
the diverfe elevacion or depreffion of
the infrument, willinfer a grearal-
teration in the weight it felf, as ma
more clearly be dlfsc"emcd by this fols
lowing Diagram.

Where
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Where 4 is fuppoled to be the

lace of the {)rop or tulciment; BCa

eaver which (tands horizontally, the
power and the weighe belonging unto
I, being cqual both in themfelves,
and alfo in their diftances from the

rop.

P Bput riow fuppofe this inftrument

to be altered according to the fitua.

tion D E, then the weight D will

be diminifhed , by fo much, asche

perpendicular from ics cearer of gra~
Da vicy

35
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vity H 1, doth fall nearer to the prop
or fulciment at 4.  Andthe power ac
E, will be fo much augmented, as the
perrendicular from its eenter K E
docs fall fascher Srom the pointat 4.
And foon the contrary in that other fi-
tuationof the Leaver FG ; whence it
is cafie to conceive the tmd reafon
why the inclining of the body, orthe
putting back of the lc[_i , Thould fo
much conduce t6 the facility of rifing.

From rthele grounds likewife may
we underftand, why the knees fhould
be molt weary in afcending, and the
thighs in defztnding ; which is be-
caule the weight of the body doth bear
moft upon the knce joints, in raifing it
felf up. and moft upon the mufiles of
the shighs, when it ftays ic felf in
coming down.

There aredivers other natural pro-
blems to this purpofe, which T forbear
torecite. Wedonot {o muchas go,
or fit, orrife, without the ufe of this
Mechanical Geometry.

CAP.
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CAPDP VI
Concermng the Wheel,

H E third Mechanical faculty 0
is commonly Riled wxis in pers- biewie
trachio. Tt confifts of an axis or Cylin- ;:l@h’::“ .
der, having a rundle abour it, wherein ., ::
there are faltned divers fpokes, b
whichthe whole m1y be turn’d round,
according to this figurc,

D3 Where
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Where B¢ does reprefent the Cy-
linder whicl is fuppoled to move up-
on a fimaller Axis ar E, ( this bein
all one in comparifon to the fevera
proportions, as if it were a meer
Mathematical line ) L G, is the run.
dleor wheel, F F1 K, feveral [pokes
or handles that are fattned in it; D,
the placc where the cord is faltned
for the drawing or lifting up of any
weighe.

The force of this inftrument doth
confift in that difproportion of di-
ftance , which there is betwixt the
Semidiameter of the Cylinder 4B,
and the Semidiameter of the rundle
with the {pokes ¥ 4. For let uscon-
ceive the line F B, tobeas a Leaver,
sherein 4 is the center or fulciment,
Bthe place of the weight, and F ot
the power. Now ic is evident from
the former principles . thar by how
much the diftance F 4, is greater
than 4 B, by fo much lefs need the
power be at F, in refpeét of the
weightat B, Suppofe 4 B to beas
the tenth partof A £, then the pow-

: : er
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eror frenath whichis but as a hun-
dred pound ar F, will be equal roa
thoufand pound at 8.

For che clearer explication of this
faculty, it wiil not be amifs co conii-
der the form of it, as it will appear,
being more fully expofed to che vicw.
As in this other Diagram,

Suppofe 4 B for the Semidiame-
eer of the Axis or Cylinder, and 42
for the Semidiameter of the rundle,
with the (pokes; then the power

Dgs at

9
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at €, which will be able to{upport the
weight L, muatt bear the fame pro-
pornion unto i, as 4 Bdothto 4 ¢
fo thar by how miych fhorer the
diftance 4 B is, in comparifyn tothe
diftance 4 ¢, by 16 muych lefs need
the power be ac €, which may be
able to fuppore che weight 0, hanging
atB. ’

And fo likewile is it for the other
fpokes or handles £ FG H, accither
of which, if we conceive anypower
which [hall move according to the
fame circumference whercin thefe
handlesare placed, chen the itrengeh
of this power will beallone, asif ic
were at ¢. Buenow fuppofing 2 dead
weight hanging at any of them, (as
at k,) then che difproportion will
vary, The power being o much jefs
than that at C, by how much the
line AC is longes than AL The
weight K, being of the fameforceat
E, as if it were hung at/, in which
poine tlie perpendicular of jus gravity
doth cut the Diameter. '

The chigf advaptage whicl ¢his

I il
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inftrument doth beflow , above that
of the Leaver, doth confitt in chis
particular. Ina Leaver, the motion
can be continued only for fo fhorea
fpace, as may be anfwerable to that
hieele diftance betwixe the fulciment
and the weight : which is alwaysby fo
much leller, as the difproportion be-
twixt the weight and che power is
greatrer, &nd the morion it felf more
cafic. But now inthis invention, thac
inconvenience is remedied ; for by a
freque:nt'romion of the axis, the
wasght may be moved for any height
or lengeh, as occafion fhall require,
Unto this faculty may we refer the
force of all thofe engines which con-
fit of wheels with tecth in them.
Hence allo may we difcern therea~
fon why fundcy inftrumeats in com-
mon ufg, are framed after the like
form with the following figares.

Al

n
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All which are but feveral kinds of
this third Mechanical faculty. In
whichthe points 4 BC, do reprefunc
the places of the power, the fulci-
ment, and the weight. The power
being in the fame proportion unto the
weight, as 8C is unto BA4.

t

CAP.
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CAP VI

Coricerning the Pulley.
Hat which is reckon’d for the
fourth Faculty, is the Pulley
which is of fuch ordinery ufe, that it
nceds not_any particular defcription,
The chicf parts of it are divers little
rundles, that are moveable about their
proper axes. Thefe are ufually di-
vided according to their feveral fitu-
ations, intotheupper and lower. If
2n engine have two of thefe randles a-
bove, and two below, it is ufually cal-
led Neue®. , if three rglamsos, if

many, mAumwse. :

The lower Pulleys only do give
force ro the motion. ~ If we fuppofe &
weighe to hang uponany of the 1upper
rundies, it will then requirea power,
that in it felf fhall be tully equal for
lthc: (uRtainiag of it.

. :
The

&

4%
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B

The Diamiter 4C, being as the
beam of a ballance, of which B s
the proper cencer. Now the parts 4,
and ¢, being equally diftanc from this
center, thercfore the power at E, mult
be equal tothe weight ap D, it being
all one as if the powes and the weight
were faftned by cwo feveral ftringsag
the ends of the ballance 7 G.

Now all the upper Pulleys being
of the ame nature, it muft neceflarily
follow , that none of them do in
themfelves conduce to the eafing of
the power, or lightning the weight,
but paly for the greater convemgn-

4
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¢y of the motion, the cordsby this
means being more eafily moved than
otherwile they would,

But now fuppole the weighe to be
{uftained above the Pulley, as it is
inall tholc of the Jower forc ; and then
the power which {uppors it, need be
but halfas much as the weight it felf.

D H

E : L _r TI'
Amc P -
\

Let. AC, veprefent the D‘amcter
of a lower Pulley, on: whoft: center
at B, the wc?ght is foftned; bucecad
of the cord being tyed to a haok at
D. Now & isevident, that half the
weight is fuftained at D, fo thae
there is bug the other half Ieft tobe

' fultained
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fuftained by the power at E. It be-
ing all on as if the weight were ryed
unto the middle of the ballance FG,
whofe ends were upheld by two feve-
ral thrings, FH, andGl. ~

“{ And this fame fubduple proportion
will Gill remain, tho’ we fuppofe an
upper Pulley joyned to the lower, as
in thefe twa other figures,

i
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Where the power at 4, isequalto
the weight at If : Now the weighe at
8, being but half the ponderofity C,
thercore the power at 4, notwith-
Qtanding the addition of the upper
rundle, muft be equivalent tohalfthe
weight ; and as the upper Pulley alone
dath not_abate say thing of the
weighe, o pcither being joined with
the lower, and the fame fubduple
difference berwixe the power and che
weight, which is cauled by the lower
Pulley alone, doth ftil] remain unalee-
red, though chere bean upper Pulley
added unto it

Now as one of thefe under Pul-
leys doth abate half of char heavi-
ncfi which the weighe hath inic felfy
and caule the power tobe in a fub-
duple proportion unta ic; fo ewo of
them do abate half of char which
remains, ind caufe 2 fubquadruple
. proportion, berwixt the weight and
the power; three of them a fubfex-
tuple, four a fuboftuple : and {6 for
five, or fix, or as many as fhall be re-
quired, they willall of them dimiuilr‘h

the

47
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the weight according to' this propor-

sion,

Suppofe the wéightin it feif tobe
1202 pound, the applying unto it onc
of thefe lower Pulleys, will make it
butas 600, twoofthemas 300, three
of them as 1 0. &,

But now, if we conceive the firft
pare of the firing to be faftened unto
the lower Pulley, as in chis other fi
gureat F;

then
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then che power at 4 will be ina fub-
triple proportion to _the weight E,
becaufc the heavinefs would bethen

ually divided unto the three poiats
of the lower DiamcterE Bc D, eac;;_
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of them {izpporting a like fhareof the
burden. If unto this lower Pulley
there were added another, then the

wef would be untothe weightina

ubquintuple proportion. If a third,a
fubfepruple, and foof thereft. For
we mult note, that the cords in this
inftrument arc as {0 many powers;and
the ruadles gs fomany leavers, ar bal-
lances. .

Hence it is eafic to conceive, .how
the ftrengthof the power may be pro-
portioned according to any fuch de-
gree, as flall be required; and how
any weight given, may be moved by
any power given.

*Tis not :material to the force of
this inftrument, whether the rundles
of it be big or little, if they be made
equal to one another in cheir feveral
orders ; but it is moft conveniant, that
the upper fhould each of them in-
creafe as they are higher, and the
other as they are lower, becaufe by
this means the cords will be kepr from
ranglio

Thele Pulleys may be multiplied

ac-
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avcording to fandry different ficvadi-
ous, .nor only &rhen chey are fiibordi-
‘nare, as inche former examples, bue
alfo when they are placed collaterally,
- From the former grounds it is eafie
to contrivea Lidder, by which aman
thay pull himfelf vp vntoany bciiht;
For thc performance of this, thére
% rcq.uired only an upper and a lower
rundle:
A

Ta

$1
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To the uppermoft of thefear 4,there
fhould be faftned a fharp grapple or
cramp of iron, which may be aptto
take hold of any glacc where it lights.
This pare being firft caft up and faft-
ned, andche ftaff D E, at the necher
end, being put betwixt the legs, fo
thara man may fit upon the other BC,
and rake hold of the cord at F, itis
evident shat the weight of the perfon
at E, will be but equal ro half fo
much ftrengeh at F, fo that 2 man
may cafily pull himfelf upto the placs
required, by leaning but little more
than half of his own weight onthe
ﬂri:f F. Or if the Pullcys be multi.

plied, this experiment may then be
wrought with lefs labour.
C AP VIL
Of the Wedge.

HE fift Mechanical faculty is

the Wedge, which is a known
intrumens,commonly us'd in checlea-
ving



Cap. 8. Meckanical Powers.

ving of wood. The efficacy and grear
ftrength of it may be refolved unto
thefe two particulars:

1- The form of it.

2. The manner whereby the power
is imprefed upon it, which is by the
force of blows,

1. The form of it reprefents (as

it w;m) two Leavers,-

‘e
Vv

A

Each fide 4 D, and 4 E, beingone,
the points BC, being inftead of feve.
ral props or fulciments ; the weight
to be moved at A, and the power
that fhould move it , being applied
to the top DE, by the force of
fome ftroke or blow, as Arifforle
hath explained the feveral parts of
this faculty. But now, becaufe this
inflrument may be o ufed, thacche

E3 potnt

i3

Me han.
c. 8.
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poine of it {hall not touch the body
to be moved, as in thefe: other A
gures: . &

&

* Thercfore Ubaldus hath more exa&:(

applicd the feveral parts of it accord-
ing to thi$ form, that che point 4
fhould be as the common fulciment,
in which both the fidesdo mect, and
?.: it were) uphold ‘one “andther ;
the points B and 6, reprefening that:
parsof the Leavers whiire che weight
is placed.’ : o

" Itisa general rule, That the:more
acuee the arigles of thele wedgesare,
by {o much more cafic-will chér mo-
tion be the force being more eafily
imprelled, and the fpace wherginthe
body is moved, being 10 much the le}l’i

‘ The
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The fecond particular whercby
this faculty hath us force, isthe mean-
ser whereby the power is impreft
upon it, which isby a ftroke or blow ;
the efficacy of which doth much ex-
¢ceed any other firengeh.  For chough
wg fuppofe a wedge being laid ona
peice of timber, to be preflud down
with gever {o_great a weighe; nay,
though we l?;pu]d apply uato itthe
power of thoft other Mechanical
engines, the [’u!lci/, Screw , &c.
yee the effet would be fcarcecanli-
derable, in comyarifon 0 that of a
blov. The true!reafon of which, is
one of the greatclt fubtilties in na-
ture ; por is it fully rendred by any
of thofe who have undertaken the
refolution of it.  rifcrle, Cordan,

and Sealiger, do ‘gegcmlly aftribe it &

unto the fwiftnofs of that motion ;
But there “feems to be fomething
more in the matter than {0 for o-
therwife it would follow, that'the
quick ftroke ofa light hammer,(hould
be of greater efficicy, thanany fofter
and more gendle ftriking of a grear

E 4 ﬂedge.

S5

Mechan,
€3,
Subt.li7.
Exereit.
330



Archimedes ; or, Lib.L

fledge. Or according to this, how
fhould it come to pals, that the force
of an arrow or buller difcharged near
at hand ( when the impreffion of that
violence, whereby they are carried,
is moft frefh, and fo in probubility
the motion at its fwifieft ) is yet not-
withftanding, much lefs than it would
be at a greater diftance? There is
therefore further cenfiderable, the

uality of thae inftrument by which
this motion is given, and alfo che
convenicncy diftance through
which it paffes.

Unto this faculty is ufually redu-
cedthe force of files, faws, hatchets,
&c. whichare,asit were, but foma-
ny wedges faftned unto a Vedtis or
Leaver.

cCaAPb IX
Of the § C R E W.

THat which is ufually recited for
the fixch and laft Mechanick fa-
culty, is che Screw, which js deferibed
tobea kindof wedge thas is multi-

. plied
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lied or continued by a helical revo-
utionabout a Cylinder, recciving its
motion not from any ftroke, but frem
a Veflis at one end of it. Itisufu.
ally diftinguifhed into two feveral
kinds : the male,whichis meant in the
former defcription; and the female,
which isof a concave fuperficies.

The former is noted in the figure
with theletter 4, the other with B.
Ariftoe himfelf doth not o much

as mention this inftrument, which
¥et notwithftanding is of greater
orce and fubtilty, than any of the
reft, Irischiefly applied to the fquee-
aug or prefiing of things down
wards,
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wards, asin the Prefles for Printing,
for wing, 6yl, and extraCing the jyice
from other fruits, in the performance
of which,the ftrength of one man may
beof greatcr force, than che weight
of a hgavy mountain : It is likewilg
ufed for the elevating or lifting up of
we’i#ht's.
he advamage of this faculty a-
bovethereft, doth maioly confitt in
this: the other inftruments do re-
quire fo much firength for che fup-
porting of the weight to be moved,
as may be equal unto it, befides that o-
ther fuper-added. power whereby it
is our-weighed and moved ; {0 that
in the operations by thefe, a man
does atways fpend himfelf in a conti-

puedhluabo?r. oy 2 weight th
Thus ( for example ) a weight that
is xtﬁcd,g‘p by a Wheel or Pulley,
will of fe feIff dufcend, if there be
not an cqual power to fuftain it,
But now in the com6furc ofa Screw,
this inconveniente is perfectly reme-
dicd ; for fo much force as is com-
municared unto chiwfaciitty, from the
power
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Power thatisapplied udto it;, isftill
Tetained ‘by the very frame and na.
ture of the inftrument jt felf; fince
the motion of it cannot poffibly re-
turn, but from the very fame place
whereitfirft began. Wh;nc;:lii{ ;lomts
to pafs,, that any wdight lifted up,
WitﬁlL a(ﬁfhngc oi!g this cnging:,
may likewife be [uftained "by it,
without the help of any external
power, and canooragain defeend un-
to its former place, unlefs the hag-
die of the Screw ( where che motion
firftbegan) be turned back: fo that
all che ftrength of the power, may
be employed in che motion of the
weight, and none fpent in the fuftéin-
ing of it b

- Trhe chicf ivonvenicneb of thY
inftrument is, that in a thott {paceit
will be ferewed untoits full leageh,
and then ic: cammer be of ady far-
ther ufe for the contimuance of the
motioh, unlel§ it be returned datk,
and undoncafain asat che firft, Bur
this' is ufbally remedicd by -anocher
invention, commonly ftyled a ps'rpz

' 1]
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twal Screw, which hath the morion o
a Wheel, and the force of a Serew, ber
ing both infigite,

For the compofure of which, in-
ftead of the female, or concave fcrew,
there mult be a litele Wheel, with
fome notches in it, equivalent to
teeth, by which the ather may take
hold of ic, and turnit round, as in
thefe acher figures.

This latter engine docs fo far ex-
ceed a{lj ot(;:cr .comriva_m':}eis t{? this
purpofe, char it may juftly feem a
wonder why it is notot! as ycommo(q .

ufe
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ufe inthefc times and places, as any
of the reft.

———

CAP X

An engusry into the magnificent works
of the Ancients, which muth exceed-
ing our later times , may feem to
infer a decay in thefe Mechanical
Aris,

THns have I bricfly treated con-
cerning the general principles
of Mechanicks, together with the di-
ftiné&t proportions betwixt the weight
and the power in each feveral facule
ty of it ; Whence it is cafic to con-
cetve the truch and ground of thofe
famous ancient monuments, which
feem almoft incredible to thefe fol-
lowing ages. And becaufe many of
them recorded by Antiquity, were
of fuch vaft labour and magnifi-
cence, and fo mighiily difproporti.
onable to humane ftrength, it fhall
not therefore be impertinent unto the
purpoft Taim at, for to fpecific fom:;
O

61
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ofthe moft rémarkable amongft them, |
and 1o enquire into the means'and
occafion upon which they were firft
arrempted. )

Amonglt- ¢he Fggpridns, we read
of divers Pyramids, of fo vafta mag-
ritude, as time is {olf in the fpaceof
fo many hundred years hath nec yer

Lacy7s. devoured, Herodotas meations onc of
them, erelted by Cleopes an Agyprian
King, whereinthere was not any onc
flone lefs than 30 foor Iog, alkof |
them being fecched from Arebia. And
pot much after, the fame Author
relates, how Amafic another ALgypric
«n, made. himfelf a houteof oric en-
tire ftone, which was 21 cubitslong,
116 14 broad, and 8 cubits high. T
cois fame Amafis is reported to have made
the (tatue of a Sphinx, or KEgyptian
Cat, all of one fingle ffone, whofe
length was 143 foot, its height 62
foor, the compafs of this ftarue’s
head containing xoa foot. in one
of the ALeyprian Temples conlecrared
Pin.Ly7. 10 Jupiter, there is related to be an’
#r5- Obelisk, confifting of 4 Smaragds
or

—
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ar Emerajds ; the w hole is 40 cubits
high, 4 cubits broad at the hottom,
and two at the top. Sefoffris the King
of JFgwpt,ina. Temple at Mesphis, de- pisin. s-
dicated t0 Vulean, isreporred 1o have ol Bdlis
erefted two ftarues, one for himfelf, f&A4*
the other for his wile, both confiftin,
of two {everal ftones, each of whi
were 30 cubits high. .
Amongpft the Jews we read in fa.
cred Wit of Selomon’s Temple,which
for its ftate and magnificeace might
have been juftly reckoned amongft
the other wonders of the world,
wherein befides the grear riches of .
the materials, there were workstooof ] ;‘"‘“ *
as great labour.” Pillars of brals 18 ap.s.v.
cubits hi§h, and 12 cubits round ; 7
reat and coftly (tones for the foun-
§ation of it Fofephus tells us, that pyoan
fome of them were 4o cubits, others 7sds. 4. 6.
4§ cubirs long. And in the fame
Chapter he mentionsthe three famous
Towers buile by Hered, whercin e-
very ftone being of white marble,
was 20 cubits long, 10broad, and
high. And which was the greatc
won-
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wonder, the old wall it felf was ficu.
ated on a fteep rifing gound, and yet
the hillsupon it, onthetops of which
thefeTowers were placed,were about
30 cubits high&that *tis fcarce imagin-
ableby what {trength fo many flones
of fuch great magnitude fhould be

conveyed tofo high a place.
Amongft the Grecians we read of
the Ephefian Temple dedicated to
Diana, wherein there were 127 co-
lumns, made of & maay feveral
flones, cach of them 6o foot high ,
being all taken out of the quarries
in Afia. *Tis ftoricd alfo of the bra-
zen L‘olo‘(ﬁu, or great Statue in the
Ifl2od of Rhodes, that it was 7o cu-
bits high. The thumbs of it being
{o big that no man could grafp one
of them about wich both his arms ;
when it ftood upright, a thip might
have pafled betwixt the legs of it,
with all its fails fully difplayed ; being
thrown down by an carth-quake, the
brafs of it did load g0 Camels. Bur
above all ancient defigns to this pur-
pofe, that would have becn moft
wonder-
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wonderful, which a Grecian Archi.
tet did propound unto Alexander, to .
* it the Mountain Ashos into the forn aschirts.
of 2 ftatue, which in his right hand
fhiould bold a Town capable of ten
thoulind men, and in his left a Velt
fel to receiveall che water chat flow-
ed from the feveral fprings in the
Mouatain. But whether Alexand:r
in his ambition did fear thac fuch
an ldol fhould have more honour
thanhe himflf, or whether in his

ood  husbandiy, he thought chat
%uch a Merocofw (i1 may fo
ftyle it ) would have coit him
almoft as much as che conquering
of this grear world, or what ever
elle was the reafon, he refufedro at-
tempt it. -

Amongft the Romsns weread of a Suer. Nee
brazen Co/offus, made atthe command
and charges of Nero, which was 120
foor high'; Marrial calls it Siderexs
or ftarry ) :

Fic ubi Sydere 15 propriss vigie aftrs
Coloffus. Andicis [toried of M. Cariz,
that he creted two Thearres fuffici- Bocrs"

' ¢ ently Tie s
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cntly capacious of piople, contrived
movable upon certain hinges ; Some-
times there were feveral plays aml
howsin cach of 1hein, neitherbeing
any diturbanceco theother;and fome-
timesthey were both rurned aboue,
with the people inthem, and theends’
meering together, did make a perfeét’
Ampbisheaser 3 10 that the {pelators
which were in cither of them, might

joyntly bihold the fame fpeCacles.
There werebelites at Roane fandry
Otelisks , made of fb many intire
flones, {bme of them 40, fome 8o,
and others go cubits high.  The chicf
of them were brought out of AEaspe,
where they were dug out of divers
quaries,and being wrought into form,
were afterward | not without incredi-
ble labour, 2nd infinite charges ) con-
veyed unto Roww. Intheyear 1586,
there wasercted an old ObeZisk which
had been toinaly dedicated unto
the memory of Yudtus Cafar. [t was
cne folid ftone, being an Ophirc or
kint of fported Marble. The heighe
of it was 107 foor, the breadthof it
as
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ar the bortom was 12 foot, at the
top 8. Its whole weight is reckoned
to be 956148 pounds, befides che
heavinels of all thofe inftruments
that werc ufedaboutic, which (as it
isthought ) could nocamount to lefs
then 1042824 pounds. It was traof:
placed at che charges of Pope Sixsus
the fifth, from the left fide of the
Varican, untoa morc eminent placea-
bour a hundred foot off, where now
it ftands. The moving of this Obelisk
is celcbrared by the writings of above
56 feveral Authors, (laith Monan-
tholins) all of them mentioning it, not
without much wonder and praife.
Now if it feem fo firange and glori-
ous4n attempt o move chis Obelisk
for fo lirele a fpace, whar then may
we think of thecarriageof it out of
Egype, and divers other far greater
works performed by Antiquity ? This
may feem toinfer, that chefe Mecha.
nical arts are now loft, and decayed
among the many other ruins of time;
which yet norwichftanding cannot
be granted, without much ingrati-

F a tude
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tude to thofe learned men, whole la-
hours inthis kindweenjoy, and may
juftly boaft of. Andtherclore lor our
beteer underftanding of thefe particu-
lars, it will not be amifs o enquire
bothwhr, and bow, fuch works (hould
be perform’in thole former and ruder
ages, which are ror, and (s it {hould
{eem ) cannos be cflelted in thefe lacer
and more learned vimes.  In theex-
amination of which, we fhall Aind,that
it isnot the wantof Arg that difables
us for them, fince thelt Mechanical
difcoverics arc altogether as perfeé,
and; Lchink /) muchmore exact now,
than they were heretofore ; but it s,
becaule: sve have not cither the fame
mosives ‘to ateempe fuch works, or
the ame means 10 effeG them as the
Ancients had.

CAP.
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CAPD X :

Thart the dAncients had diwers motives

and means for fush viff mapnifisent
warks, whichwe have mit, :

TH E motivesby which they were
A4 excited ro fuch magnificent ac-
tem;ts, we may conceive tobe chiels
ly three.
Rr/"giam
g Policy.
Ambstion, :
1. Religion. Hence was it that
molt of thefe ftately buildings were
inwnded for fome facred uft, being
cither 'Temples or * Tombs, all of
thom dedicated to fomeof their Dei-
tics. It was anin-bred principle in
thofe anciene Heathen,tharthey could
not chufe bur meric very much by be-
ing liberal in cheir outward fervices,
And therefore we read of Crafas, thar
. Ieing overcome in 2 battel, and ken

by Carie, he did revile the Gods of in- b

pratitnde, becaule they had no better
care.of him, wha had fo frequently
: F3 adored

69
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adored them with coftly oblations.
And asthey did conceive themfelves
bound to part with their livesin de-
fence of their Religion, fo likewifc
to employ their utmoft power and e-
ftate, about any fuch defign which
might promote or advance it. Where-
as now, the gencrality of men, efpeci-
ally the wileft fore amongft them,
are in chis refpet of another opini-
on, counting {uch great and immenfe
lubours tobe at the beft but glorious
vanities, The temple of Solomon in-
dued was to be a type, and therefore
it was necellary thae it Thould be fo
extraordinarily magnificent, other-
wifc perhaps a much cheaper firu.
&ture might have been as commen-
dable and ferviccable,

2. Poliey, that by this means they
might find ouc imployment for the
people, who of themfelves being not
much civilized, might by idlencls
quickly grow to fuch a rudensis and
barbarifm, asnottabe bounded with-
inany laws of goverament. Again,
by chis means che riches of the Ii!ing~

om
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dom did not lye idlcly intheir Kings
Trealiries,bur wasalways in motion,
which could not but be a great ad-
vantageand improvement tothcCom-
monwealth, And perhaps fome of
them feared, leftif they {hould leave
toomuch money unto their fucceflors,
it might be an occafion to inlnare
them i fuch idle and vain courles as
would ruin their Kingdoms. Where-
as ia thele fater ages none of all thefe
litick incitements can be of any
orce, becaule now chere is imploy-
ment cnough for all,and moncy lictle
cnough tor cvery onc.

3. Awmbition to be known unto po-
fterity ; and hience likewile arole J::
incredible labour and care they be-
flowed to leave fuch monuments be-
hind them, as might * continme for e-
wer, and make them famous unto all
after ages: This was che reafon of
Abfslons Pillar (poken of inScrip-
ture, £o keep his name 1w rem:mbrance,
And doubtlefs this too was the end
which many others ot the Ancients
have ained ar, in chofe (as the

Fy thought )
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thoughe) everlulting buildings.

Butriow thefe later ages are mueh
more d&ive and ftirring:” fo tliae eve-
ry ambitious indn may fifid fo much
bufinels for the prefent, that he (Hall
{tarce have any feifure to trouble him-
{elt” abour. the tutwé” And rhere-
fore in afl thefe refptds, chere isa
great difproportion beewixe theincite-
ments of ehofe former and thefe la-
ter times umo fuch magnificent ac-
wmyis. . ’ '

Again, as they difer much in their
mutéves unto them, folikewife inthe
mieans of clietting chem.

There was formerly more leifure
antt opporzunity, both for the great
men o undertake fuch works, and
for the people to perfeft them,
‘Tholepaft ages were more quiet and
peacydlllé, the Princes racher wantin%
imployment, than being over-prel
with-it, and thereloré were willing
to make ¢hoice of {uch great defigns,
aboue " which to bufie thewmfelves :
whereas now thy world is grown
gt paliick, “and therefore moré
{ ' trouble-
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troublelome, every greac man having
other private and neceffary bufinefs
abouc whichro cmplo‘y..bbr.g his timg
and teahs, fﬁ:d .(a}ium;me for the
cammon people, whol then livi
more wildly, without being conﬁngg
to-articular trades and prolfeilinns,
might be more catily. colletted:about
fuch famous ¥mployments ; whercas
now, it a Prince. have any occafion
for an Army, it-is very hard for him
‘to raife fo greata multirude, .as. were
‘ultally imployed about thele magnifi-
cent -buildings. "W read of 360000
men that were buficd for cweéncy years
in making oncof thc Egyprian Pyra-
mids. AndHerodotastels us of 1 cooooo
men who were, as long in building
another of them. Aboutthecerrisge
of onec ftone for 4mafis, thie diftance
of twenty days journey, there was for
chree years together employed 2000
chofen men, Governours, belides
many other.under-labourers. *Twas
the opinion of # Fofephus and Nazé-
azzen, that thefe Pyramids werg buile
by Fofeph for Granaries againit . the
years
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years of famine.~ Others think that
the brick made by the children of
Ifrael, was imployed about the fra-
mingof themy becaufe we tead: that
the Tower of: fude/ did confilt of brick
orarnficial ffone, Gen. 11, 3. Aad il
thele were the labourers that were
bufied about them , ’tis no wonder
though they were of fovalt a magni-
itude s for we read thae the children
ol Ifra/ at their coming our of E-
e, were numbsed co be (ix hundred
thoufand, and three thouland, and
five hundred and difey men, N, 146,
f5many handfuls of casth would al-
moft make a tmouncaia, and therefore
we may cafily believe that {o greae
a multicudein fo long a {pace astheir
bondage lafted,fdr above tour hundred
years, mighs well cnpugh accomplith
{uch vaft defigns.

Inthe building of Selomon’s Tem-
ple, there were chreefcore and ten
thoufind that bare-burdens, and four-
feore thoufand hewers in ehe- moun-
tains, 1 Kimes 5.15.

The £p fisn Temple was boile b;;

a
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all dfi« joyning together , the 127
pillars were made by fo many Kings
according totheir feveral fucceffions ;
the whole work being not finifhed
under the fpace of Two hundred and
fifteen years. Whereas thetranfpla-
cing of that Qbclisk at Rome, by 8ix-
tus the filth, ¢ {pokcnof before) was
done in fome few days by five or fix
hundred men; and as the work was
much lefs than many other recorded
by Antiquity ; fo the means by which
it was wrought, was yet far lefs in
this relpe&t than what is relaced of
them.

2. Theabundance of wealch which
was then ingroifed in the poffeffion of
fome few partcular perfons, being
pow diftufed amongft a far greater
pumber, There is now a greater equa-
lity among(t mankind; and the lou-
fil{ingo Ars and Sciences hath fo
ftivred up the fparks of mens natural
nobility,and made them of fuch adtive
and induftrious pirits, as to frec
themfelves in a great mcafure, from
that flavery, which thofe former and

wilder
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wilder Nations were fubjefted unto.
-In building one of the Pyramids,
there ‘was expended for the mainte.
manée of che labourers with Radifh
and Onyons,. no lefs than cighteen
hundred talemsy which is reckoned
to #mount unto 88005 Crowns, or
thirethauts.  And confidering the
clicapnefy of thefe things 1n thofe
thwes' and places ; [0 much mopey
might go farther than a fum ten times
gredeor could do inthe maintenance
ul fb.many now. ‘
. In.Salamen’s Temple we know how
tlic extraordinary riches ol that King;
the geacral flovriflung of the whole
Stare, and the liberalicy of the people
did jointdy concur to the building of
the Temple. Peciwniarunm chpia, & po-
wit Lenguius, majora ditin conabatur o
rhaich Jofephus). Thic Rbodian Coloflus
is repatted to have coft diree hundred
talentsthe making.. Andfo were ali
thofe- éther famous Monusments of
proporviopable expeace. N
Parevallys fpeaking of’ tholc Thea-
tses thar were ereed 2r the charge?
[
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of fome privatq Roman Citizaens, faich
thys, Noffre, lpe fazulo vel , Repe, fsss
haberes-quod aparet afifieins ejufmods opi-
gendo 5 and aJitge after upon the like
occafion, Reg meheress mrasulofa, que
noftres eempbribus vix & posentiffimo dls-
gaorqgepaﬁ} exhibert. L
3. Add unto the two former.con-
fideracions that exag} csre and inde-
fatigable jadaflry which they beltow-.
ed in the raifing of thofe Rrv&ures:
Thefc being the chief and only de.
figns on which many of them did
employ all their beftchoughes and ut-
moltendeavours. Clevpes an, l-.‘fgaum
King is reported to have been fo de-
firous to finifh one of the Pyramids,
that having f{penc all abour it he was
worth, or could pombl{ procure, he
was forced as laft to proflicute his own
daughter for necellary maintenance,
And wercad of Ramifes another King
of Egypt, how that Ix was {a carcful
o erctt anObelisk,aboutwhich he had
. cmployed 20009 men, that when he
feared left through the negligence: of
the astificers, or weakpclsof the en-
gne,

77
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 :gint, the ftone migtic tall and breale,he

Hiflar.
Ind. L 6,
g

eyed his owa {on to the top of ic, that
fo the carc of his fafeey mighe make
thic workmen more dircumipe&t in
their bufinefs. And wha ftrange mat-
ters may be effefted by the meer dili-
genceand labour of great multitudes,
wemay ecafily difcern from the wild
Indians, who having notthe are or ad-
vantage of Engines, did yet by their
unwearied induftry remove ftones of
anincredible greatnefs.  deofarelates,
thac he himfcIf meafured one at Tis.
nmanaco, which was chirty eighe foot
lonF, cigheeen broad, and fix chick;
and he affirms, that in cheir ftateliet
Edifices, there were many other of
much vafter magnitude.

From all which confiderations it
may appear, Thac the ftrangenels of
thefe ancient monuments above an{
thac are now effefted, does not necel-
farily infer any defe® of Are in chefe
larer Ages. And I conceive, it were
is cafie to demontrace che Mechani- .
¢al Ants in chefe timies 1o be fo far
beyond the knowledge of former

y ages,
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ages, that had webut the fame means
as the Ancients had, we mighteffe&t
far greacet mateers than any they ae-
tempted, and chat too in a fhorter
fpace, and with lefs labour. o

CapP XH o
Concerning she force of the Mechanick
Saculries,particnlarly the Ballance and
Leaver. How they may be contrived
20 move the whole world, or any otber
conceivable weight.

ALL thefe magnificent works of
the Ancients before fprcificd,are
fcarce confiderable in refpeét of Are,
if we compare them with the famous
{'pceches and alls of Arehimedes: OF
whom it is reported, thac he was fre-
quently wont to fay, how that he
could move, Datnm pordus com dati
potentidy, the greaceft conceivable
weight, with the leaft conecivable
power : and cha il he did boe know
where to {tand and faften hisinfiru-

ment, he could move the world, alt

this

Exd
’
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this grear Globe of f2a and, ling;which
promifes, chough they were gleoge-
ther above the vulgar apprcheniion,
o5, belief, yer becaule his afs wire.
fomewhat  snfivergble  chereunto
thercfore theKing of Syrecufe did cnalt
a law whereby every man was bound
tobelicve what ever drehumzdes would
atirm, .

*Tis cafie to demonftiate the Geo.-
metrical eruth of chofe ftrange alferei-
ons, by cxamining them according to
cach of the forenamed Mechanick facul-
ties, every one of which is of infinite
powes. .

Tobegin with the two firft of them,
the Ballance and che Leaver, (which
L here joyn together, becaufe the pro.
portions of both are wholly alike ) ’cis
cereain, though there fhould be the
greate(t imaginable weight, and the
leait imaginable power, , ( luppoft:the
whole world, and the {trengehof one
soan o infane) ygt if we conceive the
foma difproporuion; betwie theit fi-
veral diffanges inthe tprmer faculdies
fram the fulciment or ceater of gra-

: vity,
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vity, they would both equiponderate,
And if the diftanceof the power from
the center, incomparifon to the di-
ftanceof the weight, were but any
thing more than the heavinefs of the
weight isin refpet of the power, it
may then be evideat from the former
principles, thar the power would be
of greater force than the weight, and
confequently able ro move it.

Thus if we fuppofe this great globe at 4, 0
G con-
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pounds, allowing a hundred pound for
cach cubicatfoot in it, (as Srevimine
hath calculated) yet a man or child
at D, whofe ftrength perhaps is bue
equivalent to onc hundred, or ten
pounds weight, may be able to out-
tveigh and move it, if there be bue
a lietle greater difproportion betwixe
the two diftances C D. and € 8, than
there is betwixt the heavinefs of the
weight, and the ftsength of the pow.
er; thatis, if the diftance C D, unto
the other diftance ¢ B, be any thing
more than 24
unto 100 of 10, every ordinary in-
ftrument doth include all thefe parts
reslly, though not fenfibly dittin.
uithed.

Under this latter faculty Tdid be-
fore mention that engine by which
Archimedes drew up the Reman Ships
ar the fiege of Syracufe. This is ufu-
ally ftyled Tollenon, beingof the fame
form with that which is commonly
ufed by Brewers and Dyers, for the
drawing of water. It confifts of two

: pofts,
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pofts, the onefaftned perpendicularl
in the ground, cthe othcrplfeing joint):
ed on crofs to the top of ir. Actche
end he faltned a ftrong hook or grap.
ple of iron, which being let over the
Wiall, to the River, he would thereby
take hold of the Ships, asthey paffed
under, and afterwards by a;;Plying
fome weight, or perhapsthe force of
Screws to the other end, he would
thereby life them into the openair,
wherc having {winged them up and
down till he had (haken out the men
and goods that were in them,he would
then dath the Veffels againft the
rocks, ordrownthem in their fud "en
fall : infomuch that AMarcellas, the
Roman General, was wone to fay,
F piv vawiv auntt xwxdilew cee Smadrln
Appapidy, That Archimedes made ufe
of his Ships, inftead of Buckets, to
draw water with,

This faculty witl be of the fame
force, not only when itis continued
inone, but alfo when it is multiplied
in divers inflruments, as may be con-
ccived in chis other form, which I

G 2 do

&3
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do not mention as if it could be fer-
viceable for any motion ( fince che
{pace by which the weight would be
moved, will be 1o little as not to fall
under fenfc) but only for the berter
explication of this Mechanick prin-
ciple, and for the right underftand-
ing of that force arifing from mul-
tiplication in the other faculties,
whichdoall depend uponthis. The
Wheel, and Pulley, and Screw, be-
ing butas fo many Leavers of acir-
cular form and motion,whofe ftrength
may therefore be continued o a great-
er {pace,

B

A

Imagiae the weight 4to bean bun-
dred thoufand pounds, and the di-
ftance of thar point, wheicin cvery
Leaver touches cither the weight or
one another, from the point where
they touch the prop, to be butfon;

uc
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fuch part, whereof the remainder
contains ten, then according to the

former grounds 10000 at 8, wille-

uiponderate to 4, which is 100000,
0 that the fecond Leaver hath buc
tooco pounds to move. Now be-
caufe this obferves the fame propor-
tions with the other in the diftarrces
of ics leveral poines, therefore 1000
poundsat ¢, will be of equal weight
tothe former. Andche weight atC,
being but asa thoufand pound, thdt
which is bue asa hundred ac D, will
be anfiverable unto it; and fo fill
in che fame proportion, that which
isbuc 10at E, will be equal to 100
at D ; and thac whichisbut one pound
at F, will alfo be_equal toten ar E.
Whence'it is manifelt, that 1 pound
at F, is cqual to 100000 3t A; and
the weight muft alwaysbe dimini(h-
ed in tﬁc fame proportion as ten
to one, becauft in the muleiplicarion
of thefe Leavers, the diftance of the
point, where the inftrument touches
the weight, from that where it
touches the prop, is but as one fuch

G 3 parc

&
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part whereof the remainder cootains
wn. Butpow if weimaginejtwobeas
the thoufandth pare, then moft the
weight be dimimih’d according to this
proportion; aud then in che fame mul-
tiplication of Leavers,x /will be equal
10 1003 076 000 000 056 pands ; fo
tharthough we fuppofc the weighe to
be neyer {o heavy, yet leg the difpro-
porsionof diftancesbe greater, or the,
Leavers more, -and any little power:
may moveit. )

o CAP XL,

Of the Wheel, by maliplication of whh
it is eafie 1o move any rmsgindble
welglyc', :

HE Wheel,or axis in peritrochia,
was before demonltrated tobe.

.of ¢quivalent force with the former

faculties. 1f wg conceive the fame
difference berwixe the Semidiameter
of the whecls or_[pokes A€, and. the
Semidiameter ¢ f cthe axis A 8, astherc
is betwixe the weighg of the wozld:i
an
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and the ftrength of a man, it may then
be evident, chat chis rengeh of one
man,by the helpof fuchan inftrument,
will cquiponderace to the weighe of
thewhole world, And if che Semidi-
ameter of che wheel 4 C, be bue any
thigg more-in refpect of the Semidi-
amgrer of the axis .4 B, thenthe weight
of the world fuppoled ac D, is in com-

fon tothe hofamagacC;
it chaay chen be manifeft from che fame

ronads, chat this ftrength will be of
§o jmuch greater. force than che
weight , and conffuently able to
mo‘v; i:’.f ot :“f B

The force of this : faculey may be .
more convenier'ltlyundcrﬂogd anyd u :;"-‘:w
fed by the muliplication of feveral =i v
wheels, togeeher with nuts belong- Sy,
ing,unto each of them ; as it may be Gloffoco-
callly exparimented in the ordinary ™
Jacks that are ufed for the roafting of
mege, which commonly confift but ,,,,
of dhree wheels ; and yet if we fup- pull o men
pofe a2 man tyed in the place of the
weighe, it were eafic by a fingle hair Zisb » s
fattned unto the fly or ballance of the g br-

4 Jack,
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Jack, to draw him up from the
ground, as will be evident from this
following figure,
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Where fuppolt the lengch of the
fiye or ballunce in comparifon to
the breadth of its axis, to be as 10
to one, and fo for the chrec other
wheelsin refpeftof chenuts that be-
long unto them; (though this diffe-
rence be oftentimes lcfs, as we ma
well allow it to bey withall fappolc
the weight (ora man tyed in theplace
of it ) to be a hundred pounds : 1 fay,
according to this fuppoficion, it is
¢vident that the power at the ballance,
which fhall be equal to the weight ,
necd be bur as 1 to 15000, For the
firft axis is concieved tobebur asthe
tenth pare of its wheel ; and therefore
though the weight in it {elf be as
30000, yet unto a power that hath
this advantage, it is bucas 1000, and
thercfore this thoufind unto the like
power at the feccond wheel, will be
but as 10p, and this 100 at the third
but as 30 ; and luftly, thisten at the
ballance but asone. But the weighe
was before fuppofed to be 100, which
to the firft wheel will bebut 1o to the
fccond as one, to the third asa deci-

mal,

8
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mal, oronetenth, to the fails asone
huridredeh pare = {othatifthe hair be
biit ftrong enough to Jift nk, thatis
one ten thoufandch parcof a man, or
(whichisall one)one hundreth parc of
a Youngl, it ay as well ferve by the
helpof thiis Inftrument for the draw-
ingof him up. Andchough cherebe
notaltogecher {0 great a dilproportion
beewixe the feveral parts of a Jack, (as
inmany yerhaps thereis nor) 5 and
though & man may be heavier thanis
here fuppofed ; yet ’ris with all confi-
derable, chat cthe frengeh of a hairis
abli: to hear muchmore chan the hua.
dredeh parcof a pound
Coment.  Upoa chis grouad Merfennus tells
inGenc.r. ys out of Solomon de Caver, that if
Broan€ there were an engine of 12 wheels
momicib. cach of chem with teeth, as alfo the
Theor.16. axes or nues that belong unto them,
ithe Diameter of thefe wheels were
unto each axis, asa hundred to ote:
and if we fuppole thefe wheels to be
fo placed, thac che tecth of the one
wight take hold of the axis thet be-
langs untothe next ; and thar the axisr
o
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of the handle may rurn che firft wheel,

and the weight be tyed unto che axis

of the laft; with fuch an engine as this,

faithhe, achild (if he could ftand a-

ny where without this carth ) mighe

with much eafc move it towards
im.

For according: to the former fup-

fition, thac chis Globe of fea and
and, did contain as many hundred
pounds, as it doth cubical feet, viz.
2400C0 1 000000700000003000 , it
may be evident chac any (trength,
whofe force is bur equivalent w 3
pounds, will by fuchan engine beable
tomoveit, -

Of' this kind was chat engine fo
highly extolled by Stevwnins, which
he calls Pascration,or Ommiporent, pre-
ferring it before the inventions \of
Archanedes. It confifted of wheels
aud nuts, as chae before fpecified is
fuppofed. Hirher allo fhould be re-
Terred the force of racks, which ferve
tor bending of the ftrongelt bows,
as alfocha lieele pocker-engine where-
with a g:an may break or wrench o

pen
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n any door,togecher with divers the
tke inftruments in common uft,

CAP. XIv,

Concerning the infimite flrength o

Wirels, Pulleys, snd sf'ew’? Ylm{
12 is poffible by the multiplicasion of
thefe, 10 pall up any Osk by the roots
with a hair, lift itnp wish 4 firaw, or
blow 11 sy with omes breath, or to per-
form ehe gyeaseft bsbonr with the leaft

power,

"Rom what hathbeen before deli-
vered concerning the nature of the
Pulley, it isealic to underftand, how
this faculty alfo may be proportion-
ed berwixe any weighe, and any
8ower,has being likewift of infinite
rength.

*Yis reported of Arehimedes, that
with ancngine of Pulleys, to which
he applyed only his lefe_hand, he
lifted up” soco bufhels of Corn ar

ding
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-ding upon dry land. This engine
Zetzes calls Trifpatums, OF Trifpafium,
which fignifies only a threefold Pul-
ley. But herein he doth cvidently
miftake 5 for ris not pollible thac this
alone fhould ferve for the motion of
" {o greata weight, becaule fuch anen-
gine can burmake a fubfexcuple, orat
moft a fubfeptuple proportion betwixe
the weight and power,which ismuch
too lirtle to reconcile the firength of
aman unto {o much heavinefs. There-

93

Prat 2d,

fore Vbaldus doth more propedy ftyle =

it Polyfpaffon, or an inltrument of ma-
ny Pulleys: How many, werceafic 1o
find our, if wedid exalltly know the
weighe of thofe ancient mcafures ;
fuppofing them to be the fame with
our bulhel in Engisnd, which con.
tains 64 pints or pounds, the whole
would amount to 320ce0 pounds,
half of which would be lightned by
the help of one Pulley, three quar-
ters by two Pulleys, and fo onward,
according to this fubduple, fubqua-
druple, and fubfexeuple proportion :

So that if we conceive the ﬂrengtl}
)
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of the lefc hand ta be equivalent une
20 or 40 pounds, it isis eafieto find
out how manv Pulleysare requiredto
inable it for the motion of fo grear a
weight.

Upon this ground Merfenmus tells
us, that any litle child with an en-
gine of an hundred double Pulleys,
might ea. ly move this great Globe of
carth, though it were much heavier
than ir is. And in reference to this
kind of engine ( faith Monantholins’)
are we to underftand chat affercion of
Arehimedrs (as he more immediately
intended it ) concerning the poffibili-
ty of moving the World.

The Wedg wasbefore demonitra-
ted to be as a double Ve&tis or Lea-
ver, and therelore it would be need.
lefs to explain particularly how this
likewife may be contrived of infinite
force.

The Screw is capable of multipli-
cation, aswell as any of the other fa~
culties, and may perhaps be more
ferviceable for &ch great weighs,
than any of the rrft.  drchimedes his

engine
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cngine of greatelt ftrength, called
Chartftion.. 1sby fome thought.to con- Stevinde.
it of thefe.  Axis habebas cum infimi. oo
tiscochleis. And thac other eogine of suBeflon.
his called Fie/ixe (mentioned by * 4
thenens ) wherewich he lifted Hieros “Deipono-
great fhip inco the fea, withoutany PPhTLs-
other help, is moft likely to be fra- Auchi-
med of perpetval fkrews, faith R/ med
valtus, ¢

Whence it may evidently appear,
that each of thefe Mechanick facul-
ties are of infinite power, and may be
contrived proportionable unto any
conceivable weight : And that no
natwral ftrengeh is any way com-
parable unto thefc arcificial inven-
tions,

"Tis reposted of sampfon, that he
could carry the gatesof 'a City upon
‘his fhoulders, and that the firongeft 7. 5.
bonds were unto him but as fax burnt
with fire; and ver his hair being fha.
ved off, all his firength departed from
him. We* read of Mila,:mr heeould . (.
carry an Oxe upon his back, and yet No&. as.
when he tried to tear an Oak agm- Lis.c16.

er,
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der, that was fomesvhat riven before »
having drawnit o its utmoft, it fud-
denly joyned together again, carching
his hands in the cleft, and fo ftrongly
manacled him, thache becamea prey
to the wild beafts,

But now by thefe Mechanical con-
trivances, it wereeafie to have made
one of Sampfon’s hairs that was fav.
edoff, tohave been 8 more ftrength
thanall ofthem when they were on.
By the help of thefe antsitis poffible
(as1 fhall demonftrate ) for any man
to lift up the greatelt Oak by the roots
with a ltraw, to pull it up wich a hair,
orto blow it up with his breath,

Suppofe the roots of an Oak to ex-
tend a thoufand foot fquare, ( which
isalmolt a quarter of 2 mile ) and
forty foot deep, each cubical foot
being a hundred pound weight ;which
though ir be much beyond the exten-
fion of any tree, orthe weighe of the
carth, the compafs of the roots in
the ground (according to common
opinion ) not extending further than
thebranches of it inthe sir, and the

depth
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depthof it not above ten foor beyond
which the greateft rain doth not pe- |
netrace (faith * § w-ca). Egovinearnm |
diligens foffor affirms nallom pluviam
effe tam maguam, que terram wiirs de.
cem pedes am altitudinens madefsciat.
And becaufe che root muft receiveits
nourifbment from the helpof fhow-
ers, therefore it is probable thar ic
doth not go below them. So thar
(Ifay) though the propartions fuy
pofed do much exceed the realcrut
et it is coniileradle that fhme gréar
overplus mult be allowed for that
Iabour which there will be in the
forcible divulfion or feparation of
whe pares of the earth which arecon-
tinued. . "

. According to this fuppofition, the
work of forcing up the Oak by the
roots will be equivalent to the life-
lnF upof 4c0030c000 pound weight,
which by the advantage of fuch an
engine, as is here defcribed, maybe
calily rerformed with the leaft con-
ceivable power.

Fhe
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The whole torce af this engine
doth confift in two double Pulleys,
twelve wheels, and a fail. One of
thefe Pulleys at the botrome will
diminith half of the weighe, fochatit
fhall be bur as 200c000600, and the
other Pulley will abate jchree quar-
eers of it; fo thae ic (hall be bur as
1800000000, And becaufe the be.
ginding of the fring being faftned
utto che lower Pulley, makes the
power to bein a ﬁlmintuple pro-
portion unto the weighe, cherefore a
power that {hall beas 103coooc00,
that is, a [ubquadruple, will be fo
much Rronger than the weight, and
confequently able o move 1t. Now
fuppolé the breadch of all the axes
and -nuts, to be unto the Diameters
of the whee! as ten to one ; and it
will then beevidenr, that o a pow-
er dc the firft wheel, the weight is
but as-100000000. To the fecond as
10000000. To the third as 1000000,
To the fourth as 100c00. Tothe
fifth as 10000, To the fixth as 1000.

Tothe feventh as 100, Tothe cighth
Ha2 2s

99

Seech. o
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as1o. Tothe ninth asz. To the
tenth as}, one decimal.  To the ele-
venthas & To the twelfth as g,
And the failes yet lefs. So thae if
the ftrength of the ftraw, or hair, or
breath, be but equal to the weight
of one thoulandth partof a pound, it
may be of fuificiens force to pult up
the Oak. ‘
Ifin this engine we fuppofe the
dilproportion betwixe the wheels
and nuts, tobe as an hundred to one,
thenitis very cvident, thar the fame
ftrength of breach,or a hair,or a fraw,
would be able to move the whole
world, as will beeafily found by cal-
culation. Letthisgreat Globeof fea
and land be imagined ( as beforc )
to weigh fo many hundred pounds
as it contains cubical feet ; namely |
2400C00000003000000000000 pounds,
This will be to the firft Pulley,
: To the fe-

[

cond lefs- than 6 >

Buc for more cafie and convenicnt

reckoning, ler it be fuppofed to be

fomewhatmore,wx.1000¢q 0p c
This
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This tothe firft wheel will be bot as

To the fecond 33 $00000030000060800000.
To the third as  100000006030000000.
To the fourth as 30000200000000000.
To the fifth 1080000000000,

To the fixch 1200600000800,

To the feventh  100c0008000,

To thedighth  1vocensac,

To the ninth 1000000,

To the tenth 10000,

To the eleventh 102

Tothe ewelfth 1. ™

To the Gils 15 o4y

So that a power which is much
lefs than the hundredth part of a
pound, will be able o move the
world.

It were acedlefs to ficdown aay
parcicular explication, how fisch Me-
chanical ftrength may be applyed un-
to all the kinds of local motion ;
fincethis, in ic felf, is [0 facile and ob-
vious, that every ordinary Artificer
doth fufliciendy underftand it.

The Specics of local violent mori-
on are by Ariffirt: teckoned to be

shefe four.
H 3 Pulfi.
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Phyl. 1.9, P,,[ﬁ‘a.
£ 3 Tralfio.
Iectio.
Vertizo.
Thrufting, Drawing, Carrying,
Turping. Unto fome of which all
thefe artificial operations muft necef-
farily be reduced, the (trength of
any power being equally appliable
unto all of them; So thatthere is no
work impoffible to thefe contrivan-
ces, but there may be asmuch atted
by this Art,as can be fancied by imagi-
nation.

| CAP. XV.

Conccraing the preporsion of flownefs
anid fosfinefs in Mecbanical motions,

Aving already difcourfed con-
cerming the ffrengeh of thefc Me-
chanical Faculies : It remains for the
more perfefk difcovery of their na.
tures, that we treat fomewhae concer-
ning thofc two differences of arificial
motion : .
. Slow-
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Slownefs,
3 and
_ Swiftnefs.

Withoue the right underftandiog
of which, a man {hall be exgoled to
many abfurd miftakes, inattempting
of thofe things which are either in
themlelves impoffible, or elfe not to
be performed with fuch means asare
applyed ugto them. 1 may fafely af-
firm, that many, if not moft miftakes
in chefc Mechanical defigns, do a-
rife from a mif-apprehenfion of that
difference which chere will be be-
swixe the (lownefs or fwiltacs of
the weight and power, in comparifon
to the proportion of their feveral
ftrengths.

Henceit is, that (o many engises
invented for mines and water-works
do fo often fail in the performance
of that for which they were inten.
ded, becaufe the artificers many times
doforgetto allow fo much time for
the working of their engine, as may
be proportionable to the difference
betwixe the weight and power that

1 4 belong



104

Archimedisy “or , Lib. 1.

be!onF unto them ; whercis he thae
rightly underitands the groundsof chis
Art, may ascafily findovr the diffe.
rence of fpace and time, required to
the motfon of the w eighe and power,
ag he may their didorent (trengths;
and rot only tell how any power ma

move any weight, but allo in what
a {pace of #ime 1t may move 2ny fpace
or diffance. '

1 it were poffible to contrive fuch
an invention, whereby any concei-
vable weight may be moved by any
conceivable power , both with the
fame quicknefs and fpeed (asic isin
thofe: things which are immediately
ftirred by the hand, withcug the help
of any other inftrument) che works
of nature would be then too much
fubjcéted to the power of art: and
men might be thereby incouraged
( with the builders of Bale/, or the
rebel Gyams) to fuch bold defigns
as would nor become a created be~
ing. And chercfore the wifdom of
Providence hath {o confined thefe hu-
mans Arts, thac what any inven[;iog

¢
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hath in the freageh of ics motion, is
abated in the flownef; of it; and what
it hathin the extraordinary guicknmefs
of its motion, muft be al?owed or
in the great fremgsh that is required
umoit,

For itis to be obferved as a general
rulc that the fpace of time or place,
in whichthe weigh is moved,in com-
parifon to that in which the power
doth move, isinthe fame proportion
as they themfelves are unto one ano-
cher.

So that if there be any great differ-
ence betwixt the frength of the
wcig,hg and the power, the fame kind
of difference will there be in the fpa-
ces of their motion.

To illuftrate chisby an cxample ;

1oy
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*. Letehe line G A B, reprefent a bal-
fance or leaver, the weighs being
fuppofed ac the point G, the fula-
ment at 4, and the power fuftaining
the weight at 8. Suppofe the poine
G, unto which the weightis faftned,
1o be elevared unto £, and the oppo-
fitc point B, to be depreffed untoC;
*tis evidenr that the arch F G, or
(whichisallone) D E,doth fhew the
fpice of the weight, and the arch
B C, the motion of the power. l\;ovz
' ot
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boththefe arches have the fame pro-
rtion unto one other, as thare is
gg;wixt the weight and the power,
or ( whichisall one) as thercis be-
twixt their {evegal diftances from the
fulciment. Suppole 4G, unto A &,
to be as one unto four, itmay then be
evident that FG, or DE, willbein
the fame proportion unto B¢, Foras
any two Semidiameters are untoone
another, fo arethe {eyeral cizcumfe-
rences defcribed by theuw, as alfo aay
?roportional parts of the fame circum.
ercnc;s. 9, . b nd . 4

FRad as thy’seeight a wer do
thus differ, dﬁbméf gi’cir wp-
tions, {o: likewife inrthe flownefs af
it; the one moving the whole' -di-
ftance B C, inthe fame time, wherc-
in the other pafflescnly G F. Sothat
the motion of the power from: Bto
¢, is four times fwifter than thac of
the weight from G to F. And thus
will it be, if we fuppofe the difpro-
portions tobe far greater, whetheror
™ we conceive it, cither by 2 con-
tinsation of the fame iultrumcura;_»d
ES
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faculty, asin the former example, or
by a maulsiptication of divers, as in DPul-
leys; Wheels, &c. By how much the
wer is in it felf lefs chan che weight,
fo much will the morion of the
weighe be flower than that of the
pOWﬁl'a
+ To this purpofe I fhall briefl
touchat one of the Diagrams expref-
fed before in the rwelfth Chaprer,
conceening the multiplication of Lea-
vers,

A

In which, as each inftrument doth
diminifh che weight according to a
decuple proportion, fo alfd do they
dimini{h the fpace 8nd fownefs of its
motjon. For if wefhould conceive
the firlt Leaver B, to be deprefied
unto its Joweft, fuppofe ten foor,
yet the weight 4, would not be r’a:é.
. ¢
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fed above enc foot; buc now the fe-
cond Leaverat its urinoft could move
but a teath part of the firt, and the
third Leaver buc a tenth parcof the
fecond, and 1o of the reft.  Sa that
she [aflt Leaver F, being deprefled,
will pafs a fpace 1G0c00 greater, and
by a morion, yoo0co fwificr than the
weighs at 4, :

Thusare we to conceive of all the
other faculties, wherein there is con-
ftantly ch- fame difproportion berwixe
the weighe and power,in relpef of the
fpaces and flownefs of their motions,
asthereis berwixe their feveral gravie
ties. 1t the power be unto the. weight
but as onc unto a hundred, chen rhe
fjace through which the weight
moves, will be a hundred times lefs,
and confequently the motion of the
weight a hundied times llower than
thatof thepower.

So chatit is but avain and impof-
fible fancy for any one to think that
he can move a great weight with a
dierle poweyin a littie fpacg ; but inalt
shefe Mechanical aitemprs, chae ad-
. vantage

109
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vanrage which is gotten in the
ftrength of the motion, mutt be fill
allowed for in the flownefs of it.

‘Though thefe contrivances do &
extremely increafe the power, yet they
do proporcionably protract the time,
Thac which by fuch helps one man
may do in a hundred days, may be
done by the immediate ftrengthof a
buadred men in one day.

C AP XVIL

That it is poible to consrive fuch an ar-
tifieial motion, as fbakl be of & flow-
ﬂ;/} [ropém'o nable to she foiftnefs of
the hbavens.’

T werea prety fubtiley ro enquire

after, whetheror noit benor pofc
fible to contrive fuch an artificial mo-
tion, that fhould be in fuch 2 propadr-
tion flow, as the heavens are fuppofed
ro be {wiit.

For the exal refolution of which,
it would be requifite that we fhould
firft pitch upon fome mediom, arin-

differcnt

-
.

. e
L d



Cap. 16, Mechanical Powers. 433

differedt motion, by the diftance
from which, we may judge -of the
proportions on cither Gde, whether
flowaels or fwifineis; Now becaufe
chere is not any fuch awurs medivm ,
which may be abfolutely fyled aa
indifferane motion, but that che [wife-
nefs and flownefs of every ching, is
flill proportioned either to the'quans
tity of bodies, in which they are, or
fome orher pasticular end for which
they arc defigned ; therefore we muft
take liberty. to fuppofe fuch a moxi-
on, and this we may conceive to-bg
about 1000 paces, or a mile in an
hour. . '

Theftarry heaven, or 84 fphear, is
thou(gh: to move 42@984;7 miles in
the {fame{pace: Sothac ific tay be
demonftrated that it is poffible to
cantrive fuch amotien, which goin
on ir;)a cgnﬂanc cg!irc& courf;,, milc

uethe 42398437 prt of 2 m
?:%n- hour, kg%m’mm be evideat,
that an artificial motion may be Jow,.
in thefame propartion as the heavens,

T

are fwifr.
Now

Yw
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Now it was before manifefted,that
according to the diffcrence berwixt
the weighe and the power, fo willthe
difference be berwixe the {lownefs
or fwiftocfs of theirmotions ; whence
it will follow ; that in fuch an en-
gine, whercin the weight fhall be
42398437 pounds, and ‘the power
that doth equiponderate it, bur the
42398437 partof a pound ( whieh is
eafie to contrive ) in this engine the
peiver being fuppoltd to move with
fucha fwiftoes, as may be anfwerable
toa mile an hour, the weighe will
pefs but the 42398437 pare of a mile
in the Jame fpace, and fo confequently
will beproportionably flow unto the
fwiftnefs of the Heavens,

It is related by our Country-man
7. Dee, thathcand Cardan being boch
together in their travels, they did fee
an inftroment which was ac firft fold
for 2.0 walents of gold, wherein there
was one wheel, which conftantly mo«
vinﬁ:ound amongﬁ‘ the reft, did not
finilh onc revolution ynder the fpace
of feven thoufand years,

But

P e
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. Bu if we farcher confider fuch an
infrument of wheels as was mention-
cd before in the 14 Chapter, with
which the whole world mighe be
eafily moved, we (hall then find that
the moticn of the weighe by chat,
mult be much more flow, than the
heavens arc fwift. For though we
i,'\%p fe ( faich Srevimws) the handle Defar
of fuchan engine with 12 wheelsto be 7+
turned about 4000 times in an hour,
3whic§) is as often as a mans pulfe

oth beat) Kct inten years fpace che
weight by this would not be moved
above {{#00000000:0000000 parts
of onefoot, which is nothing near o
much asan hairs breadth. And it could

not pafs an inch in 1000000 years,
faith Merfennas, Phexm.

The truth of which we may more Nt
eafily conceive, if we confider che )
frame and manncr of this 12 wheel'd
engine. Suppofe that ineachaxisor
nut, there were ten teeth, and on each
wheel a thoufand : then che fails of
this engine muft be turned 2 hundred
tittes, before the ﬁrl}' wheel (reckon-

mng
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ing downward) could be moved
sound ofice, and ten thoufdnd rimes
before the fecond wheel cat fniflione
revolution, and (6 through the 12
whecls, -according to this maltiplied
proportion!’ ’

So thar befides the wonder which
there isinthe force of thefe Mecha.
nical motions, the extréme flownefs
of them-is no lcfs admirable ; If 2
man confider that a_body would re.
main in fuch a conftant’ dire@ mo
tion, that tlicre could nor be ond
minute of time wherein it did notid
fome fpace, and pals on further, and
yer that this body in many years to-

echer Thould not move [0 gr asan
\airs breadeh,

Which norwi:hﬂsndin% may evi-
demly appear from the former in-
ftance. Vor fince ir is 2 natural prin-
ciple, thac there can be no penctra-
tion of bodics; and fince jt is fuppo-

fed, that each of the pares in chis ¢n-

gine do touch onc anather in cheir fu-
perficies, therefore ivmuit neceffarily
follow, " that the weighe docs begég

a

.i
|
\

|
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and continue to move with che power;
and - ¢ however itis infénfible ) yetit
iscertain there muft be fuch a motion
fo extremely flow, as is here fpecified.
So full is this ar of rareand incredible
fubciltics, ‘

I know it is theaffertion of Cer<
dan, Motus valde tardi, necefJario quie-
tes habent intermedins. Extreme {low
motions have neceffarily fome inter-
mediate flops and refts: But thisis
only {aid, not proved ; and he fpeaks
it from fenfible experiments, which
in this cale are fallible.  Our fenfes
being very incompetent judges of
the {everal proportions, whether

reatnefs or littlenels, flownefs or
wiftnefs, which there may be a-
mongft things in nature. * For ought
we know, there may be fome Crgs-
nical bodies, as much lefs cthan ours,
as the earth is bigger. We feec what
ftrange difcoveries of extreme minute
bodies, (as lice, wheel-worms, mites,
end the like ) ave made by the Micro-
feopr., wherein their feveral parts
¢ whichare altogether invifible to the
o 13 base

115
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bare eye) will diftincty appear: and
perhaps there may be other infells
that Jive vpon thém as they dp upon
us, *Tiscertain thar our fenfes arg cx-
tremely . difproportioned for compre.
hending the whole compafs and lati-
tude o%things.,r And becaule there
may be fuchdifferencein the marionas
well as in the magmitnde of bodies ;
therelore thougl fuch-cxtreme flow-
nefs may feem altogether impoffible
to fenle and common- apprehenfion,
yet this can be no fufficient argument
againlt the reality of is. .

C AP. XVIL

Of foiftnefs, how it may -be increafed
to anykind of proportion. Coucern-
~ing thegreat forse of Archimedes bis
‘Engines.  Of the Ballifts. - :

Y that which hathbeen alread
Bexplaincd concerning the flownels
of motion, we may.the better under-
ftand che nature of fwifinels, both
of them (as is ¢he narure of, pppo-

fitesy
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fites) being produced by contrarsy cau-
fes.  as che greaenefs of the weighe
in refpe€tofthe power, and the great
diftance of the power from the fulci-
ment, in comparifon to that of the
weight, does caufe a flow motion : So
the greatnefS of che power above the
weighe, and che greater diftance of the
weight from the cenrer, in compari-
fon o that of the power, does caulea
fwift motion. Andas it is poffible to
contrive a motion unto any kind of
flowncfs, by finding out an an{werable
difproportion betwixe the weight and
power : o likewifc unco any kind of
{wiftnefs; For fo much as che weight
docs cxceed che power, by fo much
will the motion ofthe weight be flow—
er ; and fo muchas the powerdoesex-
ceed the weighe, by fomuch will the
morion of the weight be fwifter.

I3 In

- 41817
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__In the Diagram fer down before,
if we fuppofe F to be the place of
the power, and C of the weight; the
point 4 being the fulciment or center,
thenin the fame fpace of time,where-
in the power does move from Fto G,
the weight will pals from C to B.
Thefe diftances having the fame dif-
proportionunto one another, as there
15 betwixt 4 F, and 4C, which is
fuppofed to be quadruple. So that
pnhis cxample, the weight will mfovc

our
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four times fwifter than the power.
And according as the power docs ex.
ceed che weighe in any greater dilt
proportion, fo will tie Iwiitnefs of
the weight be avgmented.
. Hence may we conceive the rea-
fon of thae great force which there
is in Slings, which have fo mucha
ater {wiftnefs, than a flone thrown
Frr:m che hand, by how muchtheend
of the Sling 1s lasther off from the
fhoulder-joynt, which is the cenger
of motion. ~ The Sacred hiftory con-
cerning David’s viGtory over Goliah, *Ssm. 1.
may fuficiently evidence the force of 35,6, o
thefe. Pegeging relates that it wasu- fin Ly
fual this way to firike a mandcad, 2 2
and beat the foul our of his body, with-
our {o muchas breaking hisarmour,
or ferching blood,  Membris intepris
Jethale tamen vulnus imporsant, &r fi-
ne invidia [anguinis, haftis lapidss ictw
intercas.
In the ufe of thefe, many of the An-
cients have been of very exquifite and
admirable skill. We read of ffoew hwn- 1y ges 30:
dred Benjamites left-handed, that conld 16
I Sirg
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Sling a fone at abharrs brradsh, and nos

mg/E And there is the like ftoried of

a whole Naution among the Indrams,

who from their excellency in thisare

were ftiled Bulearee.  They were fo

w' & (tri&@ in teaching this arr unto their

Adrawr.  young ones, Ur erbum pucy & masre now

Piriem. 35 accrputy mifi quem 1psk monffrantc per-

b g, éuffi;That the Mother would not give

L Fws:  any meat ro her child, till (being fe

ﬁ‘;‘. '+ ¥ at fome diftance ) he coujd hit it with
Je, Bacmus ﬂinging.

:,"":::;‘;” For the farcher illultration of this

genan, SUbJCEY, concerning the fwiftnefs of

4 3..36. mation, | fhall briefly fpeciie fome

articulirs concerning the enginesof

arufed by the Ancients. Amongft

thefe, the moft famous and admira-

ble were thole invented by Arehe

medes, by which he did perform.fuch

g ftrange exploits, as (were they not

venpe.” rel:ted by fo many, and fuch judici-

Gibe:3. ous Authors) would fearce feem

s credible even ro thefe more learned

Y Myl 3Bes.  Theadts ofthat famous Engi.

o . DT are largely fex down by * Polybs-

) L.’_"' wy  Tseszer, € Proclus, S Plutsrch, <Ls-

. 7,
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vy, and diversothers. From'tkc Arft
of ‘whom alone, wemay have fulli-
cient xvidence for the cruch of thofs
relatides,  For befides that heis an
Author nored to be very grave and
ferious in hisdilcourfe ; and docs (o
lemaly promife. in one. place that he
will relare nothingbue what cicher be
himfelf was aa eye-witaelsof, or elfc
what he had received from gholc thae
were (0 3 I fay, befides all chis, it is
confiderable, thae he himfelfwaslom
not above thirty years after the fiege
of Svracufe. And afterwards ha-
ving occafion to carry lome weeks
inthat City, whea he eravelled wich
Sezpr0,he might chere perhaps {ee thofe
engines hiwfelf, or at lealt take his
Information (rom fuch as were eye.
witnefles of tlicir force : Sothat thera
can be no colourable pretence lor any
onevo diftrut ¢he particulars selated
of then, .
Inbricf, the fum of their repore
is this: Whentlie Romr ferces un-
der the conduft of Marseilus, hadlaid
ficge umo thar famaus City, ¢ of
which

121
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which both by their former fuccel:
fes, and their prelent firength, they
could not chule bue promile them-
felves a fpeedy viQory) ; yer the arts
of this one Mathematician, notwith-
ftanding all cheir policies and refo-
lutions,did ftill beat them back rotheir
great difadvantage. Whether they
were near the wall, or farther from it,
they were flill expofed to the force
of his cogines, 4 ngxesr dpis@Tas,
thyic drmeg, € peoror dwedxrus magio.
xdialle wress s BDas EdBurcc, drra ¥,
Nipeps 183 Aeigug avrdy. Fromche
mulritude of thofc ftones and arrows,
which he ot againft them, was he
ftyled éxarivyup, or Briarews. Thole
defenfive engines that were made by
the Romasns in theform of Penthoufes
for to cover the affailants trom the
weapons of the befieged, thele would
he prefently batter in pieces with
grear ftones and blocks.  Thofe high-
towgrs creted in fome of the fbips,
out of which the Romsre mighe
more conveniencly fight with che de-

fendants onche wall, clielc alfo were
fo



Cap. 17. Mechanical Powers.

fo broken by his engines, chat no
Cannon or other inftrument of Gun.-
powder, ( faitha learned man) had
they been then in ufe, could have done
greater mifchiel.. In brief, he did fo
moleft them with his frequent and

rodigious barteries,that the common
oldiers were utrerly dilcouraged from
any hopes of fuccefs.

What was the particular frame and
manner of thefe engines, cannot cer-
tainly be determined ; but to contrive
fuch as may perform the like ftrange
effe@s, were not very difficultto any
one who is throughly verfed in the
grounds of thisart.  Though perhaps
thofe of Archimedes in relpet of di-
vers circumftances, were much more
exaft and proper for the purpofes to
which they were intended, than the
invencion of others could be; He
himfell being {o extsaordinarily fub.
til and ingenious above the common
fortof men,

*Tis probable that the general
kind of chefe engines, werethe fame
with thole that were ufed after-

wards

123
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wards amongilt the Rom.ins and other

Narions. Thefe were commonly divi-

dedinto cwo fores: fryled.

) ) Bathfle, .
“UCatupulsa.

“’Qin:’:!: Both which names are fometimes
swdmi. ufed promifeuoully ; bur according
tiurd. 3 o their propriety + Reliyfhs docs fig-
@m % nitic an engine tor the fhooting of
f:/i‘:"‘{'ﬁ ftoncs, ahd Carapwita for darts or
AiBifonee ATTOWSI
wmreste  The former of thefé was fitted cie
AG ther o carry divers Ieffer Rones, or
Fundtha-  clfe one:greace(t one,  Some of thefe
:ﬁf"‘"’ engines made for great flones, have

becn proporcioned ro fo vaft and im.

menle 3 weight, as may feem almoft

incredible : which oceafioned that in

Lucan, -

At [azim guaties ingents w'ﬁm“ ila
Egewitur | qualts rupes faai vevticq mantis

1ib. 3 Mfidss smpulfe venssrum adiutd nceufas,

Frqugut cunel rimes § e LAVl wpora prefa
Exanimiae, 1320 cums [ignine u‘i};pr artor

With thefe, they could eafily bat.

ter down the Walls and Towers of
any Fort. So Ovid,
Quam
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. Quam grave ballifia manis, pulfes

T onis. i
And Statiss—— Lo tarbine ;h/_liu

quondon, : o

vilabrati faliuns portarem in clanfira

molares. . . .

- The ftonesthar were caft from thefe,
were of any form, Ewormes & [epul-
shrales, Milllones or Tomb ftones.
Sometimes for the farther ,annoy-
anceand terror of any belieged place,
they would by thefe throw ino it dead
bodies, either of men or horfes, and
fometimes only pasts of them, as mens
hcads.

Athenens mentions one of thefe
Lallifte that was proportioned unto
aftonc of three talents weight, esch
talent being 120 . pounds, (faich 771
trwvius) fo that the whole will a-
mount to 360 pounds. But it is fto.
ried of Archimedes, that he caft a ftone
into one of Myrcelius hisfhips, which
. was found to weightentalents, There
is fome difterence amongft * Authors,
concerning what kind of talcnt this
fhould be underftood, but it isrcrtlain

that

12§

LipfiusPo-
Tiorcert 3.
Dnl 3.

Digsy.

foph.t:¢:

Archirl.
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thacin Plutarchstime, (from whom
we have this relation ) one talent did
amnunt to 120 pounds ( faith Sud.e)
according to which accouat, the ftone
it felf was of nolefs than ewelve hun.
dred pound weight. 4 weapon ?_onc
would think ) big enough for thofe re-
bel Gyants that foughe apainft the
gocls.Now the greaceft Cannon in ufc,
ocs not carry above64 pound weighe,
which is far fhore of the ftrength
in thefe Machemarical contrivances.
Amongit rhe Turks indeed, there have
been fomerimes ufed fich powder-in-
ftruments, as may equsal the force
of thofe invented by Archimedes. Gab.
Naudeus tells us of onc bullet fhor
from them at the ficge of Comflanti-
nople, which wis of above 1200
pound weight ; This heaffirms from
the relation of an Archbifhop, who
was then prelent, and did fee ic; the
piece could not be drawn by lefs than
an hundred and fifiy yoak of oxen,
which might almoft havc ferved ro
draw away the Town it felf, But
though chere hathbeen perhaps fome
one
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onc or two Cannons of fuch a prodi-
g'i,ous mugnitude, yet itis cerrain chat
the biggelt in common ufe, docs come
far fhore of that ftrength, which was
ordinarily in theféMechanical engines.

There arc divers figures of thefe e Rob.
Ballifte, fer out by Pigetins, Lipfiss, X":{:‘:'
and others ; but being without any ex- Miiel.ro

lication, it is not very facil to difcover ¢ +
in what their forces did confift,

I have here expreffed one of them
moft cafic to be apprehended ; from
the underftanding of which, you may
'hﬁ» beeter guefs at the nature of the
reft,

That

o
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Fhat great box or cavity at 4, is
fuppoied to be full of fome heavy
weight, and is forced up by the rur-

ning
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ning of the axis and fpokes B C. The
ftonc or huller to be difcharged being
ina kind of fling at D, which when
the greater weight.f defcends,will be
violently whiried upwards, ull that
end of the fling at £, coming to the
top, will fly off, and difcharge the
ftone as the skilful Artift fhould di-
rett it.

C AP XVIIL

Concern'ny. the Catapulte, or Engines
for Arrows,

T H E other kind of enginc Was$ InGreek

called Catapulte, Nav+ wirTne, asmmin-
which fignifies a fpear or dart, becanfe 7#-
it was, zled for the fhooting of fuch ‘;:f":ff"
weapons: {ome of thefé were propor- 15 -
tioned unto fpears of twelve cubits
long ; they did carry with fo greata
force, ut smterdum nimio ardore fesmtil. Lib.23e.
dant, ( faith Ammsianne ) that the wea.

ns difcharged from them were Lipfus

Jometimes(if you can belicveir) feson Poliorest
fire by the fwifenefs of their motion. 2%\
v K The
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The firft inveation of thefe is com-
monly afcribed to Diomyfins the youn-
ger, whois faid to have made them
amongt his other preparations againtt
Carehyge.  Bur we have good reafon
to think them of more ancient ufe,
becaufe we read in Scripture, that
Veziah made in Jerufalem , engines
smvensed by canning men, to [boat ar-
rows and great flones withal ; tho it
is fikely thefe inventions werc much
bettered by the expersience of after-
ages, )

" The ufual form of thefe Cerapul
£, was much after che manner of
great Dows placed on Carriages, and
wound up by the firength of feve-
ral perlons, And from that great
force which we find in leffer Bows,
we may cafily ghels at the grester
power of thelé other engines. ’Tis
related of the Turkith Bow, chac it
can ftrike an arrow chrougha piece
of ftecl or brafs two inches chick ;
and being headed only with wood,
it r_icrccs Timber of eight inches.
Which though it may {ecm incrgtlli-

)
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ble, yer it isattefted by the experience
of divers unquettionable witncles.
Barclay in his Ieon amimorum, a man
of fufficient credit, affirms, thar he
was an eye-witnefs, how oncot thefe
Bows with a littic arrow die} prerce
through a pie.cof ftecl three fingers
thick. And yer thefe Bows being
fomewhat like the long Bows in ufca-
mong® us, were bent only by a mans
immediate ftrength, w ithout the help
of any bender or rack that are ufed to
others. :

Some Turkifb Bows are of that
{trength, as to picree 2 plank of fix in«
ches in chicknefs, (I {pcak what I
haveflcen) faith M. Jo. Greaves inhis
Pyromodographis. How much greatet
force then may we conceive tobe im-
prefled by che Catapulse ?

Thefe were fomctimes framed for
the difcharging of twoor threearrows
together, {o that eachof ¢ :¢m might
bedircded untoa feveral asim. Bug it
wereascafie to conrrivechem after the
like manner for the carriage of twen-
ty arrows, or more, asia this figure.

2 Both

l';!



132 Archimedes ;5 or, Lib. I,

- i 3

;?’a e _Bothchefé kinds of engines when
ploe fid chicy were uféd ar the fiege of any
i tindof City , were commonly carsied in 2
ﬁ’;;"‘ »e arear wooden Turret (firft invented
wfed at by * L -

the fige of DY ¥ Demetrine). It was driven upon
Cyprus,” four wheels ac che bortom, each of
eriatyy its fides being forty five cubits, its
Disderws. height ninety. The whole was divi-
Sicul Bib- ded intonine feveral part tions, every
1ot 13°- one of which did contain divers en-
gines for batrery ¢ from itsule inche
battering and raking- of Citics ic is

ftiled
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ftiled by the name of FHelepoli.

He that would be informed in the
nacure of Bows, ler him confult M:r.
fennus de Balliffica S Acontifimologia,
where there are divers fubtil inquiries
and demooftrarions concerning the
ftrength required to the bending
of thein to any diftance ; the force
they havein the dilcharge, according
to {everal bents, the ftrength requi-
red to be in the ftring of them, the fe-
veral proportions of [wiftnefs and
diftance in anarrow fhot vertically,or
horizontally, or tranfverfally.

Thole ftrange effe@s ofy the Tur-
#ifb Bow (mentioned before) fo much
exceeding the force of others, which

et require far greater ftrength for
the bending of them, may probably
be afcri cither to the nacural
caulc of astraitionby fimilitude of fub-
fance (asthe Lord Bacon Conjetures);
For in thefe experiments the head of
the arrow fhould be of the fame

fobftance ( whether fteel ar wood
with that which it pierces: Orelfe
10 that juff proportion betwixe the
K3 weight
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weightof thearrow, and the ftrength
of tﬁcbow, which mult necds much
conduce to the force of it, and may

rhaps be more exadlly difcovered
in thele, ch#h jt is commonly in o-
Fhexs.

134

-

C AP XIX,

A comparifon beowixt thefe ancient Ene
gines, " and the Gun-powder infiru
ments now tm ufe.

T {hall not be altogether imperti-

nent to inquire fomewhat concer-

ning che advantages and difadvanta-

ges betwixt thofe Military offenfive

engines, ufed among(t the Ancients,
nd thofe of theft later ages.

In which inquiry there are two par-
ticularsto be chiefly examined ;

1. Theforce of thefe feveral con-
trivances, or the utmoft that may be
done by them,

2. Their price, or the greatnefs of
the charges required unto them,

I As for the force of thefe anci-

: : eat
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cnt invenrions, it may fitficiently ap-
pear from thofe many credible rela-
tions mentioned before ; o which
ma{ be added that in Fefephus, which
he féts down from his own eye-fight,
being himfelf a chief Captainat the
fiege of Forapata, where thefe events
happened He tells us, that befidesthe
muiticude of | erfons, who were flain
by thefe Roman Engines, being not
able co avoid their force, by reafon
they were placed o far off, and out
of fight; befides this, they did alfo
carry fuch great ftones, with fo great
a violence, that they did thercwith
batter down their Wallsand Towers.
A greatbellied woman walking about
the City in che day.time, had her
child ftruck out of her womb, and
carried halt a furlong fromher, A fol-
dier tanding by his Captain Fofephus,
onthe wall, had his head ftruck offby
another ftone {ent fiom thefe Ronin
Engines, and his brains carried three
furlongs off.

To this purpole Cwdue rclares

out of dmmianas Marceliinus , Tanto '

4 impriu

135

De B.lls
Judaico, /)
369,

Dav ricr



36

Archimedess or, Lib. L

imp-su fertur lapis ws wmo vifo lapide
quomzis intacli barbaré fuerint ab ¢o,
deflaeruns 3 pugns o sbierame, Many
foreign peop cécing fo amazed at the
ftrange force of thefe Engines, that
they durft norcontelt with thof: who
were mafters ol [uch inventions, *Tis
frequently afferted, thac bullets have
been melted in the air, by that extre-
mity of violent mation impreft from
thefe lings.

Fundigae contarto tranfverberat atra

plumbo,

Et medris Liguide glandes in nablus

errant.

So Lucan, ipeaking of the fame
Engines.

Inde fages & faxa volamt, fpatioque

folate, .

Aeris & calide liquefstte pondere

plindes.

Which relations, though they may
feem fomewhat poctical and impro-
bable, yet Ar&f/}otlc himfelf ( De Calo,
lb. 2. ¢, 7.) doth fuppole them as un.
queftionable. From whence it may
be inferred,thag the force of thefe Bny
: gines
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incs docs rather exceed than come

ore of our Gunpowder inventions.

" Add to this that opinion of 2 lcarn-
cd man ( which [ ciced before) thar
Archimedis in the fiege of Swacufe,
did more mifchief with his Engines,
than could have bgen wrought by a-
n{_ Cannons, had they been then in
ufe. '

In chis perhaps there may be fome
difadvantage, becaufe thefe Mathe-
matical Engines cannot be {0 cafily
and fpeedily wound up, and fo cer-
tainly levelled asthe other may.

2. As for the price or charges of
both thefe, it may be confidered un-
der three particulars :

1. Their making.

2. Their carriage or cogveyance,

3. Their charge and difcharging.

In all which refpedts, the Cannons
now inufe, arcof much greater coft
than thefe other inventions,

1. The makingor price of thefe Gun-
powder inftruments is extremely ex-
penfive,as may be ealily judged by che
weight of their materials, “A whole

' Cannon
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Cannon weighing commonly 8oco /.
a half Cannon gov0,a Culverin 4500,
a Demiculverin 3500;which whecher
it bein iron orbrafs, muft needs be
very coftly, only for the matter of
themy belides the farther charges re-

uvired for the form and making of

- them, which in the whole muft nceds

amouat to feveral hundred pouuds,
Whereas thefe Mathemarical inventi-
ons confifting chiefly of Timber,
and Cords, may be much more cheap-
ly made; The feveral degrees of
them which fhall anfwer in propor-
tion to the ftrength of thofe other,
being at the leaft ten times cheaper ;
thac is, ten Engines that fhall be of
equal force either to a Cannon or De-
micannon, Culverin or Demiculve-
rin, may beframed at the fame price
thatone of thefe willamount to: So
that in this refpet there isa great
inequality,

2. As for the Carriage or convey-
ance; 3 whole Cannon does require
ar the leatt go men, or 16 horfes for
thedraughr of it ; 2 half Cannon 6

men,
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men, or g horfes ; a Culverin 50 men,
or 8 horics ; a Demiculverin 36 men,
or 7 horfes; Suppofing the way to
be hard and plain, inwhich nocwith-
ftanding the motion will be very llow.
Bur if the paffage prove rifing and
fteep, or voteen and dirty, then the
will require a much greater ftrength
and charge for the conveyance of
them. Whereas thefe other inventi-
ons are in themfélves more light ¢ if
there be occafion for the draught of
them ) being ealily taken afunder into
feveral parts.  And befides their ma-
terials are to be found every where,
{o chac chey necd not be carried up
and down at all, but may be eafily
made in the place where they areto
be ufed.

" 3. The materials required to the
charging of thefe Gun-powder in-
ftruments arc very coftly, A whole
Cannon requiring for every charge
4o pounds of powder, anda bullet of
64 pounds ; a half Cannon 18 pounds
of powder, and abullet of 24 pounds ;
a Culverin 16 pounds of powder, and
- abullet
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a hullet of 19 pounds; a Demicul-
verin g pounds of powder,an-1a bullet
of .z pounds. whereas thofe other
Engines may be charged ouly wich
ftones, or ( whi.h may ferve forter-
rour) with.deid bodies, or any fuch
materials as every place wilt atford
without any coft. -

Sothen, pur allthefe togerher: If
itbe fo that thele ancient inventions
did not come fhort of theft: other in re-
gard of force, andifthey do fo much
excel them indivers others refpedts ;
It fhould feem then, that they are
much more commodious than chefe
lareer inventions, and (hould be pre-
ferre 'before them.  But this enquiry
camot be fally determined without
particular expericnce of both.

CAP.
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~ CAP XX, :
Tbn:_ tt a5 peffible ro contrive fach- ail
avaificial mntion, as may b equally
Jwifs with the fuppofed morion of ibe

“heavens,

2]
" OR the conclufion of this Dif
courfe, 1 {hall bricfly examine(as
Before concerning flownefs ) whecher
it be poffible to contrive fuchanar-
tificiakmounion, asway be equal unto
the fuppoled fiifinels of the hea-
vens,  This queftion hathebeen for-
merly propofed and anfwered by Car- Devarier.
dan, wliere he applies it unto the (wife- i‘“‘,‘_‘""”
nuhs of the Moons Orb ; burtharOrb = *
being the lowelt of all, and conle-
quently of a dull and flugeilh moti-
on in comparifon toche reft ; there-
fore ic will perhaps be more conveni-
ent to underftand the quettion con-
cerning the cighth {phere or Rarry
heaven.
For the crue refolution of this, it
would be firlt obferved, thata mate-
rial fubftance is altogethier inca;é:li-
¢
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ble of fo greata celericy, s is ufbally
aferibed to the Coeleftial Osbs, (as I
have proved elfewhere.) And there-
fore the quary is not to be underftood
for any real and experimental, but
only notional and Geomerrical con-
trivance.

Now that the fwiftnefs of motion
may be thus increafed, accordinﬁ
to any conceivable proportion, wi
be manifeft from what hath been
formerly delivered concerning the

rounds and nature of {lownefs and
wiftne{ss For according as we fhall
fuppofe the power to exceed the
weighe ; fo may the motion of the
weight be fwifter chan that of the
power.

But to anfwer more particular-
g : Letus imagine every wheel inthis

llowing figure to have an hundred
te¢th init, andevery nutten:

I



It may then be cvident, that one
revolution of the firlt wheel,will turn
the nut, and confequently the fecond
wheel on the fame axisten times, the

third
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third wheel a hundred rimes, the
fourth 1500 times, the 6fth 100co,
the fixth a hundred thoufind times,
the feventh 10c0000 times,the cighth
10 oogooetimes, the 9 10000c0-6
times, the Sails jo0c0c00t 6 times;
So that if we fuppofc the compafs of
thefe Sails tobe five foot,or one pace;
and that the firft wheel isturned about
after the 1ate of one thoufand timesin
an hour: It will thenbeevident, thae
the fiils Thall be turned reecceccccose
times, and confequently fhall pafs
100c0c00c miles 1n the fame {pace.
Whereas a flay in the Equator ( ac-
cording to common Hyporhefi ) does
move but 41398437 miles in an hour;
and therefore it is evident thar ’tis

flible Geometrically to_contrive
F:ch an artificial motion,asfhall be of
greater fwiftnefs than the fuppofed
revolutions of the heavens.

DEDA

——— o —— T —



DEZEDALUS.
OR,
Mechanical Motions.
The Scecond Bk,

CHAP. L

The diwers kind of Automata, or Seif-
dnowers.Of Mills, and the cowtrivanib
of feveral motions by ravified air,
brecf digniffion contirniug wind-guns,

 Mongft the variety of artifi-
cial motions, thofé are of
moft ule and pleafure, id

which, by the application of
fome continucd ftrength, there is be-
fowed a regular and lafting motion.
Thefe we call the svmiams, of i
aovers: whichaamejn its ucmoft Ja-
titude , is fometimes afcribed unto
thofe motionsthatare contrived from
the ftreagth of living crearures, as
Chariots, Carts, &c, Butinitsftriét-
nefs and propriety, it is only applia-
ble unto fitch inventions, whereinthe
motion is taufed eitﬁer by fometh}]ng
that

14%
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that bglongs unto its own frame, or
elfe by fome external inanimate agent.

Whence thefe cumuarn areealily
diftinguithable into two forts.

1. Thole thatare moved by fome-
thing which is extrinfecal unto 1heir
own frame, as Mills by water or wind.

2. Thofe that receive their motian
from fomcthing thae does belong to
the frame it {elf, as Clocks, Watches,
by weights, fprings, or the like,

Of both which forts there have been
many excellent inventions: In chere-
cital of them, 1 fhallin(ift chicfly on
fuchasare moft eminent for cheir rari-
ty and ﬁlbtiltﬁ.

Amongftrhe duzduars that receive
their motion fromfome external agent,
thofeof more comnon ufeare Mills.

And firft, the Warer.mills,which are
thought to be before the other,though
ncither the firft Author, nor fo much
asthe rti~c wherein they were inven-
ted is fully known. And therefore
Polydor Virgsl vefers them amongft
other facherle(s inventions.  Plimy in-
deed doch mention them ; a5 being
comnonly ufed in his time, and yet

others
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others affirm thac Bellifarius in the

reign of Fuffinizn, did firft invent

them : whence Puancirollus. concludes, De repert
that itis likely their ufe was for fome T **
fpace intermitred, and being after-

wards renewed again, they wereshen
thoughe to be firft difcovered.

However ’tis certain, that this ins
vention hath much abridged and ad.
vaaraged the labours of men, who
were before conden;;xed ullluo this ﬂz;
very, as now unto theGatleys. An a0
ast%e forceof watershachbecnufeful AL Pk
for this,fo likewife may it be contrived
to divers other purpofes, Hercindoth
the skill of an artificer chiefly confift,
in the application of thefe common
motions unto various and beneficial
ends, making them ferviceable nos
only for the grinding of corn, but
for the preparing of ironor other oar,
themaking of paper, the elevating of
water, orthelike,

To this purpofe alfoare the Mills
that are driven by wind, whiclt are
{6 much morc convenient than the
other, by how much their fituations

La may
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may be more ealicand common. The
motions of thefe may likewile be ac<
commodited 10 as various ufts as
the other, there being fcarce any la-
bour, to the performance of which
an.ingenious artificer cannot apply
them. Tochefawing of Timber, the
plowing of'bind, orany other the like
fervice. which cannot.be dilparched
theordinary way, without much coil
and tedioninefs. . Andic is a wonder-
ful thing to confider, how much mens
labours might be cafed and contratted
infundsy particulars, iffuch as were
well skillet inthe pranciples and pra-
&ices of thefe Mechanical experl-
ments, would buc throughly apply
their ftudies unto the enlargement of
fuch inventions.

Thercare fome other motions by
wind orair, which (though they are’
not fo common as the other), yet
may prove of excellent curiofity, and
!irleularufc. Such was that mufical
inftrumeot invented by Cormelius Dre-
ble, whichbeing fer in che fun-fhine,
would of it felf render a foft and

pleafant
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pleafant harmony, but being remo-

149

ved into the fhade would prefently be- Zke <=

an . £ 3
come filunr, The reafon of it was this, ‘Memaon

the warmth of the fun, working upon
fome moiiture withinit, and rarifying

3
in Bgypt,
which

makes a

the inward air unto fo great an cxeen- frongs

fion, thac it muft nceds {eek for a vent
or ilfue, did thereby give feveral mo-
tions unto the inftrumeot.

woife
wineyen
thefan

begins te

Somewhat of thisnature are the Eo- fonewp-

diprler, which arc concave Veflels con-
filting of fome fuch material as may
endure thefire, having a {inal] hole,
at which they are filled with wa-
ter, and out of which ( when the Vel
{els arc heated ) theasr doth ilfue forth
with a ftrong and lafting violence.
Thefe are frequently uled for the ex-
citing and contralting of hear in the
melung of glaifes or metals. They
may allo be contrived to be ferviceable
for fundry other pleafant ufes, as for
the moving of filsin a chimney cor-
ner, the motion of which fails may
bcagﬁlicd to the tusning of a {pis, of
the like,
Bur there is a bereer invension to
L3 this

[l
Tacir.An-
nil 2.
Straho of.
thar

befad
both fern
and heard
is.
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this purpofe mentioned in Carden,
whereby a [pit may be turned  with-
outthe helpofweights ) by the mori-
onof the 2ir that afcends theChimney;
andit may by ufeful for the roafting
of many orgreatjoynts : for as che
fire mult be increafed according to the
quantity of meat, {o the force of the
inftrument will be augmented propor-
tionably to the fire.  In which coneri-
vance there are thelc conveniences
above the Jacks of ordinary ufe,

1. It makeslittle or no noift in the
mation.

2. Icaecds no winding up,but will
conftantly move of it felf, whilc there
isany fire to rarifie the air.

. It is much cheaper than theother
inftruments that are commonly ufed
tothis purpofe. There being required
unto it only a pair of fails, which muft
be placed inthat part of the Chimney
whereit begins 1o be ﬁraiihmed, and
one whecl,to the axisof which che fpit
line muft be faftned, according tothis
following Diagram.

The



The motion of thele fails may like.
wife be ferviceable for {undry other
urpofes , befides the turning of a
pit, for the chiming of bells or other
mufical devices; and there cannor be
any more pleafanc contrivance for
La con-
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continual and cheap mufick. It may be
ufeful alfo for the reeling of yarn, the
vocking of a cradle, with diversthe
like domeitick occafions. For (as was
faid before ) any conftant motion bein,
given,it is calie for an ingenious arriﬁg~
cer toapply it unto various fervices.
Thefe fails will always move both
day and nighe, if there is bue an
fire under them,and fomecimes thou,
there be none,  For if the air with-
our, be much colder than that within
thie room,then muft this which is more
warm and rarificd, naturally afcend
throughthe chimtiey, to give place

* unto the morc condeniedand heavy ,

whichi does ufually blow in at eve-
1y chink or cranny, as experience
fhews.

Unto this kind of motion may be
reduced ail tholc reprefentations of
living creatures, whether birds, or
beafls, invented by Crefibins, which
were for the molt part performed by
the motion of air, being forced up
cither by rarefaction, with fire, or
¢lle by sompreffion , through the fal}‘

0
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of fome heavier body, as water, which
by poifefling the place of the air, did
thereby drive jr to feck for fome other
vent.

I cannot here omit ( though itbe not
altogether fo perrinent) to menti-
on that late ingenious invention of
the wind-gun, which is charged by
the forcible compreffion of zir, bein
inje€ted chrough a Syringe 3 the ftrite
and diftention of ‘the imprifoned air
ferving bty the help of tirtle falis or
fhuts within, to ftop and keep clofe
thevents by which it was admicted.
The {orce of it in the difcharge is
almoft cqual co our powder-guns. I
have found upon frequent erials ( faith
Merfennus) that a2 leaden buller fhot
from one of thefe Guns apainft a
Alone wall, thefpace ol 24 paces from
it, will be beaten into a thin plate.
It wouldbe a confiderable addition
10 this cxperiment which the fame
* Author mentions 2 lictle after, where-
by be willmake the fame charge of
air-vo ferve for the difcharge of feve-
2l arrows or bullers after one a-
nother,
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nother, by giving the air only fo
much room,as may imnediately ferve
to imprefs a violence in fending away
the arrow or bullet,and then {crewing
it down again to 1ts former confine-
ment, to ht it far another fhooting.
Bue againft chis chere may be many
confiderable doubts, which I cannot
ftand to dilcufs.

cap IL
Of s failingCharéot,that may without hor-
Jes be drsvemon the land by the wind,
as bips are on the fea.
HE force of wind in the motion
. offailsmay beapplied alfo rothe
driving of a Chariot, by whicha man
may fail on the land as well as by a fhip
on the warer, The labourof horfes or
other beafts,which are ufually applied
tothis purpofe, being arcificially fup-
plied by the frength of winds.
Thar fuch Chariots are commonly
ufed inthe Champain plains of Chind’
Dx incre- s frequently affirmed by divers credi-
tamoUr- ble Authors.  Borerws mentions, that
c o they have been tricd alfo in Spaim,
though
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though with what fuccefs he doth not
fpecifie. Buc above all other experi-
ments to this purpofe that failingCha-
riot at Seewnisng in Holland. is more
emincacly remarkable, It was made by
the dircé{ ion of Stepbsnus, andis cele:
brated by many Auchors, *I¥alchivs af-
firmsit to be of {o great a {iviftneG for
its motion, and yetof fogreata capa-
ciy for its burden, Ur inmedio freso fé-
eundis ventis ccmmiflta waves, velositate
mulbis parafangss poft fe relinguat G pas-
carum horarum (patioyvigints ant triginta
milliarta Germanica continuo curfu emzti-
atur y coneredrrofg; fibi plus minys velfo:
res fex aut decemyen petitum locom tranf-
feras, facillimo illrus ad clavam qui fedre
pusil guagqus verfum minimo labore velis
comms1ffum,mivabile boc continenti cHrrne.
aaviguen divigentis, Thatit did far e
ceed the fpecd of any hip, though we
fhould (uppole it to be carried in theo-
pen fea wich never (o profperous wind:
and that in fome few hours {pace it
would convey 6 or 1o perfons aoor 30
erman miles, and all this with very
licele Jabeour of him that firceth at the
Stern,
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Pec. Gaf-
fendus.Vi-
ta Peirefe
kii, 1. 2.

Stern, who may eafily guide the
courfe of it as he pleaféth,

That cmiinent faquifitive man Pes-
veskins , having wravelled co Srevelin
for ¢he fight and experience of chis
Charior, would frequently afier with
much wonder mention the extreme
{wifcaels of its motion.  Commemorare
folebat fluporem quo gorreptus fucras cam
wento tranflasus citatsffimonon perfemife
cere Lamennempe tam citus erat quam
wenrus. Though the wind werein it
feli more fwift and {trong, yettopaf
fengers in this Chariot ir would not be
arall difcernable, becault chey did go
with un equal fwifteefs to che wind it
felf. Men th:t ran before it, fceming
to go backwards; things which feem
at a great diftance being prefendy o-
yercaken and left behind. Intwo hours
fpace it would pafs from Sceveling to
Pusten,which are diftant from oncano-
ther above 14 Horarsa milliarsa ( faith
the fame Auchor) thac is, wore than
$woand forty miles.

{irctinsis very copious and clegaot in
the culebrating of this invention, arlld
the
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the Author ofit, in divers Epigrams.
Fentrvolam Typhis deduzis m aquira usuime,
Yupsser in flellas, athereamns domum
In :r‘r;ﬂn tflqm wirle Spevinia, war mee
Tiphy txum fucrar, wec Joun ifiud opus.
And%n..motherplno;, Jrunifud o
bupeficit plaufiys weHantem carbafe, malum
Anporios navs, fubdidit ille cotas?
e SEAUAIS MGWT AV LUTPIG IS METS pre,
Eemerito dicas hic walar, illawatas,

‘Thefe relations did at the firft feem
untome(and perhaps they will {0 to o-
thers) fomewhat ftrange & incredible,
Bur upon farther enquiry I have heard
them [requently attelted from the par.
ricular eyefight and experience of l‘i]:ch
eminent perons, whole names dare
nae cite in x bufinels of this nature,
whichin thofe partsis fo very com-
mon, aad little obferved.

{ have not et with any Amhor who
doth treat partichlarly concerning
the manner of framing this Charior,
though Grosius mentions an elegant
defeription of it in copper by one Gey-
nius : and Fandixs inonc of his large
Mapsof Afis,does give anocher conje-
&ural delcription of thelike Chariots
uled in China.

The form of it is related to be very
fimple and plain, aftes this manner :

¥4

Grotii Po.
emata.
Ep. 19.

Epg.

Epig 10.
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The body of it being fomewhat like

a boat,moving upon 4 wheelsof an c-
qual bignefs, with¢wo fails like chofe
ina fhip; there being fome contrivance
toturnand fleer ic by moving a rudder
whichis pluced beyond the two hind-
moft wheels : and for the ftopping of it
this muft be done either by letting
down thefail, or turning it from the
wind.OF this kind they have {requent-
ly inFiland other lit:{c\'cﬂ'cls forone
or two perfons to go upon the ice, ha-
ving fledges inftcad of wheels, being
driven with a fail ; the bodies of them
like litele boats, that it theice fhould
break, rhey might yet lafely carrya
man upon the water, where the fail
would be (til ulcful for che motion of ic.
I haveoften thoughe thae it would be
worth the experiment ro enquire,whe-
ther or nofuch a failiopCharsor mighe
not be more conveniently framed with
moveable fails,whofe force may beim-
preft from their motion,cquivalent to
thoft ina Wind-mill. Their foremoft
wheels { asin other Chariots ) for the
grearer facility being fomewhat lower
than the other, anfwerableto chis fig.
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Tn which the fails are fo contrived,
that the wind from any Coalt will
have  force upon them to turn them
abcut, and the morion of thele fails
muft nceds curn the wheels, and con-
fequendly carry on the Chariot it felf
to any p{acc (chough fully againt chd
wind ) whither it fhall be directed.

The chicf doubt will be, whether
in fuch a contrivanceevery litrle rug-
gednels or unevennels of the grcun%,
will not caule fuch ajoling of the
Chariot as to hinder the motion of
its {ails. Bugthis perhaps (if ic Thould
provefo) iscapable of feveral reme-
dies.

I have often wondred, why none
of our Geatry who live near great
Plains, and fmooth Champains, have
arcempted any ching to chis purpofe.
The oxperiments of this kind being
very plealant, aad aot coftly, Whae
could be more delightful or better
husbandry, than ¢o makeufe of the
wind ( which cofts nothing, and ears
nothing ) inftead of horfes? This bs-
ing very eafic to be eﬁl‘s‘t‘tcd by :hoge,

she
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theconvenience of whofe habitations
doth accommodate them for fuch ex-
periments.

CAP. I

Concerning the fxed Automara, Clocks,
Spheres, reprefimting the hesvenly
motions: The feweval. excellencies
that are moff mm'mmdd'le in fuch
kindof cortrivances. .

HE fecond kind of avmuar
were defcribed to be fuch En.
gines, as did receive a regular and

Lifting motion from fomuthing be.

longing, to their own frame, whether

weights, or §prings, .-
They are ufually diftinguithed inco

TB Lty

y swrz; fixed and Rtationary
variyovra, movableand rranficnt.
1. The fixedarc fuch as move ons
ly according to cheir deveral pares,and
not according to their whole frame;

In which, though each wheel hatha

diftin& rotation, yet the whole doth

ftifl remain unmoved. The chiiftr:s
i
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kind of thefe are the Clocks and
Watches in ordinary ufe, the (raming
of which is fo commonly known by
cvcrg Mechanick, that I fhall pet
trouble the Reader with any explica-
cationof it. He thatdefires fuller fatif*
faGtion, may fce them particularly

defcribed by * Cardun, + D. Fiood,

and others. ]

The firlt invention of chefe (faith
Pancirolins) wastaken from that ex-
periment in the muliplication of
wheels mentioned in Vitravins,where
he {peaks of aninftrument whereby
a man may know how many miles
or paces he doth go in any fpace of
time ; whecher or no he do pals by
water in a boat or fhip, or by land
in @ Chariot or Coach: they bave
been contrived alfo into lictle pocket-
inltruments, by which after a man
hath walked a whole day together,
he may cafily know how many fteps
he hath taken. I forbear to enter up-
on a larger explication of thefe kind
of Engines, becaufe they are imper-
tinent unto the g‘xief bufine(s thﬂi

3
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I have propofed for rhis difcourfci
The Reader may {te them more par-
ticulary defiribed in the above-cited
rlaceof Vutrsvns, in* Cardan. + Bef.
fomur, and others; | have here only
mennoned them, as being the frlt
occafion. of che chicfelt gymygre thae
are now inufe,

Ofthe fame kind with our Clocks
and Watches (though perhaps more
elaboratcand fubtil ) was that fphere
invenced -by Archimedes , which did
reprefent the heavenly motions: the
diurnal and annual courfes of the
Sun, the changes and afpeds of the
Moon, ‘&c. This is frequently celes
brated in the writings of che Ancients,
particulary in that known Epigram of
Clandian: ’

Jupltet in parvo cum cerneret ®thera vitro |
Rilit,’ & ad Superos ralia diéta dedit 5
Huccine mortalis progreffa potentia cure?
Jam mens in fragili luditur orbe Libor,
Juia poli, rerumque hdem. legefquebdeorum,

Ecce Syraculius cranfiulit agee fenex.
Inclufus variis famulatur ¥ fpiritas attris,
Et vivam certis motibus wrget opus. P
cr-
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Peecurrieproprivm mentitusSigaifer amiurty
Et limulaed novo Cynthia menfe redir.
Jamqu fuum volvens audax indutlsia mundit

Gaudet 8 humana fiders imentg, 155t
Qnd 1My infontam tonitra Sul-ionsa it i
inule nature parva vefeltd Mindes: '+
Exiellently Tranflared by *

T. Rardolph. A

Jove L el bexvons fram'd in 3 ele G5,
i l,w‘bi;g, to rhe guds thefe nacds Jdid 'iji‘
Comter then the pawer of movial care: fo far £
In brictle Orbsony Lbwes adked are, ™
The fatires o che Pyles, .tbs fatis of things, )
Yoc fays of Gods, }llw Syracufian brings : -
‘Bihirkyars's Splrassinghf g assent "'
Rioid fecsierat foherer, anbimlibfet ovrion lend
Tk lroemg wark s each year tls foigaed Sam,
Edch month verunns the conuterferzed Moom,
© A iewing wew iy sworld, beli ridufhy: '
[Grawiprovd, to know the leavens hunfibjests b .
\Belirwe, Sadmancus barkfalie tiwndert thresn,
, Fea poor band is waliecs) evalgromn; "

Buc thac this Engine fbould he made
of glafs, isfcarce credible. L itenting Inflicta.
mentioning the relation of it, affirms
it toconfilt of brafs. which is more
likely. It may be theoutiide or cafe
was ‘glafs, and the frame it filf of
brafs. Calins Rhodogtans. {peaking of Aniq e
the wonderous artin the contrivance 1 2.¢ 16

i3 of
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of this fphere, breaks out into this
quarte, Nomne igitur miraculoram omni-
um maxsmum msiy scalum ¢ff homo 7 He
might have faid Mathematicus; And
another to this purpofe, Siz manas
efus naturam, us natwrs ipfa manums ime-
sasa putetur, Pappus tells us, that Archi-
medes writ a Book de Spheropeia, con-
cerning the manner ol framing fuch
Engines; andafter him Pofidonins com-
fed another cifcourle on the fame
F:bic&, though now either the igno-
1ance or the envy of time hath de-
prived s of bochthole works, And
et che are it {elf is not quite perifhed;
or we read of diversthe like contri-
vaaces iathele latter times. Agripps
affirms,that he himfelf had feen {ucha
fphere; & Ramus telsus how he beheld
twoof them in Parss, theonebrought
thither amongft other (poils from
Sicily, and theother out of Germany,
And it is commonly reported, that
there is yer fuch a fphere at Siraf
burgh in Germany. % Rivaltns velates
how MeriousBurgefins,a Norman,made
two ofthem in Freme forthe K}xng{l
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And perhaps thele latter ( faith he)
were more exaét chan the former,
caufe the hesvenly revolutions are
now much better underftood than be-
fore. And befides, it isquettionable,
whether the ufe of ftecl-Iprings was
known in chofe ancient times ; the
applicationof whichunto thefe kind
of fpheres, mouft needs be much more
convenient than weights.

*Tis related alfo of the Conful
Buethius, that among(t other Mathe-
matical contrivances, (for which he
was famous) he made a fphere to re-
prefent che Suns motion, which was
fo much admired, and talked of in
thofe times, that Gumdibeldus King of
Bureundy, did purpofely fend over
Embaffadors to Theodoricas the Em.

eror, with intreaties that he would
¢ a means to procure one of thefe
fpheres from Boethius ; the Emperor
thinking hereby to make his Kingdom
more famousand terrible unto foreign
Nations, doth writean Epiftle to Boe-
thius, perfwading bim to fend chis
inftrument.  Quoties non fant creditari
M4 gquod
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quod viderint? Quoties hane wverits-
sem lnforia fommia putabunt ? Et qoam-
dofuering & flupore somverfi, non ande-
bunt fe aquales nobus- dicere, apud geos
[ferunt [apicutes talis copiraffe. So much
wercall thele kmd ol mventions ad.
mired in thofe ruder and darker times ;
whereas the inftruments thar are now
in ufe amongft us (though not fo
much .extolled ) yer do altogether
equal (ifnot exceed Ythe other both
i’ ufefulnefs and fubnilty.  The chief-
pigiin cltofthele former Engines receiving
g 4 heir motion from weights, and not
Porane™ from fprings, which (as I laid before )
cedm, areof laterand more excellent inven.
Sebtlh 17, eion,

The particular circumitances for
which the dutomatsof this kind arc
moft emioent, may be reduced to thefg
four.

3. The laftingnefs of their motion,
without nceding any new {upply ; for
which purpofethere have been fome
Watches conerived to coatinue with,
out winding up fora week together,
or longer,

2 The
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2. The ealinefs and fimpliciey of
their compolition ; Are it felf being
bue the facilitaung and contraéling of
ordinary operations; cherclore the
more eafie and compendious fuch in-
ventions are, che wore artificial fhould
they be eftcemed.  And che addition
of any fuch vanecellary parts, as may
be fupplicd fome othier way, isa fure
fign of un-kilfulnefs and ignorance.
Thofe antiquated Engincs that did
confift of fuch a ne:dlels muliitude
of wheels, and fprings, and fcrews,
(like che old bypothefis of the heavens)
may be compared toche notions of a
confufed hnowledg, which are al-
ways full of perplexity and complics-
tions, and feldomin order ; whereas
the inventions of Arcaie more re-
gular, fimple and perfpicuous, like
the apprehentions of a Ciftingt and
thorouﬁhly informed judgment. In
this refpet the manner of framing
the ordinary duzomara, bath been
much bettered in thefé latter cimes
above the former, and fhall hereafter
perbaps be yer more advaneaged.

Thefe
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Thefe kind of experiments (like all
other humane aris ) receiving addici-
ons from every da{ys experiment.

To this purpole there is an inven-
tion conlifting only of one hollow
orb or wheel, whereby the hours
may be as truly diltinguilhed, as by
any ordinary clockor ‘watch. This
wheel fhould be divided into feveral
cavities, through each of which fuc-
ceflively either fand or water muft
be contrived to pals, the heavinefs
of thefe bodies ( being alwaysin the
afcending fide of the wheel) muft
be counterpoifed by a plummet that
may be faftned about the pulley on
theaxis : this plummet wilrleifurely
‘defcend , according as ihe fand by
running out of one cavity into the
next, dothmake the fcveral parts of
the wheel lighter or heavier, and fo
confequently there will be produced
an equal and lafting motion, which
may be eafily applied to the diftin-
€tion of houss,

3. The muititude and variety of
thofe fervices for which they mg
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be ufeful. tlnto this kind may we
refur thofe Waighes, by whicha man
may t Ml not gnly che hopr of che day,
buc the minute of the hour, the
day of the month, the age awd a-
{p<8s of che Moon, &c.  OF this na-
ture likewife was cheLarum memion-
ed by Walchius, which though it
were buttwo or three inches big, yer
would both wake a man, and of it
felf lighr a candle for him at any fer
hour of the. oight. And 1hofc
weights or fprings which are of fo
Ercar forceastorurna Mill, (as fomne

ave been contrived ) may be eafl

applied to more various and difficult
labours.

4 The lictkenels of their frame.
Rungusm ars magis quim tn mminis
motaefl (faith Aquisas). Thelmalncfs
of the Engine doth much commend
the skill of the arrificer; to this
purpole chere have been Warches con-
trived in the form and quantity of a
Jewel for the ear, whercthe @rikin
of the minutes may conftantly whil-
per unto us, how our lives J:) flide

away
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away bya fwift fucceffion. Cardin
tellsus of a Smith who made 2 Watch
in the Jewc! of a ring, to'be wornon
the finger, which did fhew the hours,
(non folnm fazutd, fed icTa ) not ON-
ly by the hand. but by the finger
;loo (as | may fay) by pricking it every

our,

CAP. 1V,

Of the mpuable and Gradient Automata,
reprefenting the motions of living
er:atures, varions founds of bivds, or
beafls, and fome of them articulate.

Hus muchof thofe Automara,
which were faid ro be fixcdand
ftationary.

1 he other kind tobe enquired after,
ar¢ thofe that are movable and tran-
fient, which are defcribed ro befuch
engines as mwve not only according
to their feveral parts, buealfoaccord.
ing to their whole frames, Thele
are again diftinguifhable into two

forts:
1, Gra
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1. Gradient.
. 2. Volamt,

1. The Gradiens or ambulssory, are Plitoin
fuch as require-fome bafis or bottom Hemeas.
to uphold them in their motions. Such giclse;.
were thofe ftrange inventions (com-
monly aceributed to Daedalus ) or felf-
moving (tacues, which ¢ unlefs they
were violently derained ) would of .
themfelves run away, * Ariflocle afe '°|= Ani-
firms, that Dedalus did this by pureing ™ <%
quick filver into them, But this would
have been too grofs a way for fo ex-
cellent an Artificer ; itis morclikely
that he did it with wheelsand weighes.

Of this kind likewifc were Pulcans 1,1, .
Tripedes, celebrated by Homer, shat e
were made tomove up and down the &2 ke
houle, and fight withone another. He o dricen
mightas well haveconrrivedthem in- & s
to_Journcy-men Ratues,cachof which %% ¢
with a hammer in his hand {hould wnrrives
have worked at the forge. ey

Bur amongft thefc fighting ima- peviser
ges, that in Cardaw may deferve amen. rerum.
tion, which halding in its hand a gol. *'* <5*
denapple,beaurified with many coltly

];wcls;
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Jewels ; ifany man offered to takeit,
the ftatue prefently fhot him to death.
The touching of rhis apple ferving
to difcharge feveral fhore bows, or
other the hke inftruments thac were
fecretly couched within the body of
the image. By fuch atreachery was
King Chenmeras murdered (as Boethise
relaces ).

It is fo commonan experiment in
thefé timus to reprefent the perfons
and a&dons of any ftory by fuch felf
moving images, that I thallnot need:
to explain the manner how the whecls

Fib.g. and fprings arc contrived within
Lave bery  EHEML
asher in- Amongft chefe gradiem Aurowata,
vaios  thar Iron Spider mentioned in H/v/-
re e . a .
ontheww ¢hins, is more efpecially remarkable,
1. swhich being but of anordinary big-
Nwigim 1o befides the outward fimilitude,
fponte s N
mobileze  ( which was very exalt) had the fame
fui remigi; kind of motions withaliving fpider,
Ecomma. anddid creepup and down asil irhad
lanegotio, beenalive. It muft needs arguea won-
Jaish Se3- derful art,and accuratencfs,to contrive
e 336, all the inftruments requifice for fuch
a mo-
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a motion.in (o {mall a frame.

There have been alfo other motions
contrived from Magnetical qualitics,
which will fhew the more wonderful,

becaule chere isno apparcat reafon of

their motion, there being nor the lealt
contiguity or dependance upon any
other body that may occafionit ; but
it is all one as if they ‘fhould move
up and downinthcopen air. Ger a
glafs fphere, 6ll ic with fuch liquors
as may be clear of the fame colour,
immixable, fuchasarcoylof Tartar,
and fpiric of wine: In which, it is
eafic foto poife a little globe or other
ftatue, thae it fhall fwim in the cen-
ter.  Under this glafs fphere, chere
fhould be a Loaditonc concealed, by
the motion of which, the ftatuc (ha.
vinga ncedle touched withinic) will
moveupand down, and may be con:
trived to fhew the hour or fign.  See
feveral inventions of this kind in Kir-
cher de Arte Magneriea, Lo,

There have been fome artificial
images, which befides their feveral
poftures in walking up and down,

have
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have becn made alfo to give feveral
founds. whecher of birds, as Larks
Cuckoues,&¢.or beafts asHares Foxes.
The voices of which creatures fhall be
rendered as clearly and diltin@ly, by
thefearoficial images, as they meby
thofe nacural living bodics, which they
reprefent.

There have been fome inventions
allo w ich have bern able for the
utterance of arriculate founds, asthe
{pea ing of certain words.  Suchare
fome ot the Egspszan Idols relaced
to be. Such was the brazen head

" made by Fryar Bicon, and that ffatue

in che framing of which dlereus Mag-
mas beftowed thirey years, broken by
Agutns, who came tofee i, - urpolel
that he might boaft, how in onemi-
nute he had ruined che labour of (o ma-
ny years. .

Now the groundand reafon how
thele founds were contrived, may be
worth our inquisy, )

Firft then, for thofe of birds or
beafts, chey were made from fuch
pipes orcalls, as may exprels the fe-

vera

PIPURT—
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veral tones of thole creatures which
aré reprefented: chefe calls are {o com.
mounly knowa and ufed, char chey
need not any furcher explication

But now about articulate {ovunds
there is much greater difficulty. W
chins thinks it poffible encirely to
preferve the voice, orany wotds fpo.
ken, in a hollow trunk, ot pipe, and
that chis pipe being rightly opened,
the words will come outof itinthe
fame order whercinchey (were fpoken.
Somewhat like thac cold Countrey;
where the peoples difcourfe doch
freeze in the air all winter, and may
be beard inthe next Summer; orata
greacthaw,  Bue chis conje€ure will
need norefutation.

The more {ubftantial way for fach
adifcovery, is by marking how nature
ber fell doth employ the feveral in-
ftruments of [peech, the tongue, lipa,
throar, teeth, &c. to this purpofethe
Hebrews have affigned each letcer
uno its proper inftrument. And be-
fides, we fhould obferve whag inarti-

culate founds do refemble any of
N the

17y

Fab.gy
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theparticular lecters,  Thus we may
npiethe erembling of water to be like
the lerter L, the quenching of hot
things. to-the letter , the found of
frings, unto the letter Vg, the jirking
of a fwiech thelester 2, &c. By an
exact oblervation of.thele particulars,
itis( perhaps) poffible to make a fla-
tuc fpeak fome words,

. cap V.
Conqeerning the poffibility of framing an
Ark for fubmvarine Navigation. The
Aifficaltics and comveniemces of fuch

& comtrivance,

T will not be altogether imperti-

nent uato the difcourfe ofthele gra.
dient Auzorsata,to mention what irers
fenonsdoth fo largely and pleafantly
defcant upon, concerning the making
of a fhip, whesein men may fafely
fwim under water,

That fuch a contrivance is feafible
and may be effeted, is beyond all
queftion, becaufeic hath beca aln:t-

Y
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dy expesimeénted herein Enpland by
Corneltas Dreble ; but how to imnprove
it unto publick ufc and advantage, fo
as to be ferviceable for remote voya-
ges, the carrying of any confiderable
number of men, with provifions and
commodities, would be of fuch ex-
celfent ufe as may deferve fome fur-
ther inquiry.

Concerming which there are two
things cluefly confiderable :

many difficulties wich cheic
Theg remedies.
rcat conveniences.

1. Thedifficultiesare gencrally re-
ducible to thefe chree heads.

1. The leteing out, or receiving in
any thing, as chere fhall be occafion,
without the admiffion of water. If
it have not fuch a convenience, thefe
kind of voyages mult needs be very
dangerous and uncomforeable, both
by reafon of many noifom offenfive
things, which (hould be chruft out,
and magy other needful things, which
fhouldbe receivedin. Now herein
will confift the difficulty, how to con-

N a trive
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trive the opening of this Veffel fo, that
any thing may be jutin or out, and
yet the water not rulh into it with
much violence, as it doth ufually in
the leak of a {hip.

In whi-h cafe thismay be a proper
remedy ; lerchere be certain Jeather
bags made of feveral bignefles, which
for the master of them fhould be both
#rait dble for the ufe and managing of
shem, and fromg to keep oue the wa-
ter ; for che figwre of them, being long
andopenac both ends.  Anfiwerable
tothele, let chere be divers windows,
or open glaccs inshe frame of che {hip,
round the fidesof which one end of
thefe bags may be fixed, the other
end coming within the fhip being to
open and fhut as a purfe. Now if we
fuppofe this bag thus faftned, to be
tK:d clofe abour towards the window,
then any thing that is tobe fent our,
may be fafely put inco that end within
the fhip, which being again cloie fhut,
and the orher end loofened, the thing
smay be fafely fent out without che ad-
miffion of any water. 5
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Soagain, when any thing isto be
taken in, ic muft be firlk received in-
to thac part of the bag towards the
window,which being ( after the thing
iswithin it ) clofé tyed about,the other
end may chen be fafely opened,  Itis
cafie to conceive, how by this means
any thing or perfon may be fene out,
or reccived in, as there fhall be occas
fion; howthe water, which will per-
hapsby duegrees leak into feveral pares,
may be empiied outagain, with di-
vers-the like advantages.  Though if
there fhould beany leak atthe bot-
rom of the Vefiel, yet very little wa-
ter would get in, becaule no air could
get out.

2 The fecond difficulty in fuch
an Ark will be the worionor fixing of
it according to occalion ; The direét-
ing of it to feveral places, asthe voy-
age (hall b-defigned, without which
it would he very uftlels, if it were
to remain only in one place, or were
to removconly blindfold, with-ut a-
ny cerain diretion ; And the con-
trivance of this may feem very diffi.

N3 ~ cult,

181
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cult, becaufe thefe fubmarine Navi-
gators will wane the ufualadvantagss
of winds and rides for, motian and the
figh of the heavens for diregtion. ,; .
But thele difficulties may.be thus
remedied; As for the preprefive mo-
tion of it, this may be effetted by the
help of feveral Oars, which in the
oucward ends of them, Tha'l be Jike
the fins of a fifh to concralt and dilage.
The paffape where they are admitted
into the fhip being tyed abour with,
fuch Leather bags (as were menti.
oned before) to kecp out the water,
Tewill not be convenient perhaps thar
the mation in cheflc voyages fhould
be very fwift, becaufc of chofe obfer-
vations and difcoveries to be made at
the bottom of the Sea, which ina lit-
tie fpace may abundanily recompence
the lownefs of its progrefs. \
If this Ark be foballaitas robe of
e?ual weight with the like magnitude
ot water, it will then be eafily movable
in any parcof it.
Asfor the fzest of it, thismay be
eafily contrived, if therc be fome great
weighe
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weight at the botrom of the fhip (be:
ing partof its ballaft ) which by fome
cord within may be loofited from.it ;
Aschis weighe is lec lower, fo willthe
fhip afcend {rom ic (ifnzed be) tothe
very furfaceof the water; and again,
asitis pulled clofé to the fhip,fo will it
defeend, :

For direction of this Ark, the Mari.
ners needle may be ufeful in refpedt of
the Latssude of places; and the ‘courfe
of this fhip beingmore regular than
others, by reafon itis nor fibje& 1o
Tempefts oruncqual winds,may more
certainly guide them in judging of the
longitnde of Elaces. v

3: But the greateft difficulty ofall
will be this,bow the air may be fupplis
ed for refpiration: 'How conftant fAires
may be kept in it for light.anid tlicdref-
fing of food ; how thofe viciffivtides of
rarefaltion and condeniation may be
mainrained,

Iris obferved, tharabarrel or cap,
whafe cavity will contain eight co-
bical feet of air, will nor fervéta
Urinator or Diver for refpiration, a-

: N 4 bove
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bove one quarter of an hour; the
breath which is often fucked in und
our, being fo cor-pted by the mix-
ture of vapours, .at Nature rejeélsic
asunferviccable. Now in anhour 2
man will need at leaft36- refpirations,
berwixe every one of which there {lwll
be 1ofecond minutes, and confcquent-
ly a greac change and fupply of air will
be necellary for many perfons, and
any long fpace. K
And o likewife for the keeping of
re; a clofe Veflel conaining ten cu-
bical fect of air, will not fuffer a
wax candle of an ounce to burnin ic
above sn hour beforeit be fuffocated,
though this proportion (laith Aerfem-
wxs ) doth not equally increafe for fe-
veral lights, becaufe four flamesof an
equal magaitude will be kepr alive
the fpace of 1 6 fecond minutesthough
one of thefe fames alone in the
fame Veflel will not lalt above 25,
orat moft 30 feconds, which may be
cafily tried in largeplafs bortles, ha-
ving wax candles lighted in them, and
with their mouths 1nverred in wa;_er.
“or
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For the rofolutionof this difficul-
tv, thiugh I will not fay chat a man
may by «fiore (which in other
things doth produce fuch ftrange in-
ercdible eFets) beinabled tolive in
the open warer as the fifhes do, the
infpiration and expiration of water
f rving inltcad of uir, this b[iﬂF ufa.
al with many filhes thar have fungs;
yetitis cersain thar long ule and cu-
ftome magr ftrengthen men a'gainﬁ
many foch inconveniences of this
kind, which to unexpericoced perfons
may prove very h.zardous: and fo it
will not perhaps e unto thefe fo nc-
ceffary, to have the air for breathing
fo pure and defecated as is required
for others.

But further, therc are inchis cafo
thefe three things confiderable.

1. That the Veffel it {elt [hould
be of a largecapacity, thatasthe air
in it is corrupted in one part, fo it
may be purified and renewed in the
other: or if the meer refrigerarion
of the air would fit it for breathing,
this might be fomewhat helped with

bellows,

185
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bellows, which would tool ic by mo-
tion. :

2. Itis noraltogether improbable,
that che lamps or-‘E:tes in the middle
ofit, like the reflefted beams in the
firlt Regien,Rarefying theair, and che
circomambient coldnefs towards the
fides of the Veflel ,* tike the fecond
Region, cooling andcondenfing of it;
would make fuch d  viciffitude and
change ofair, as might fic it for all its
proper ufeés.

. Or if neither of thele conjellures

Hsrmon. wil‘ help, yer Merfeninns tells us in
Lyprops. anotherplace, that thereis in France
Monit.  one Barrrcus a Diver, who hath lacely
found out another art, whercby a

man m‘ight eafily continue under wa-

ter for fix hours together ; and where-

as ten cubical fect of air will not

ferve another Diver to breathe in,

for half- an hour, he by the help

of a cavity, not above one or rwo

foot ar moft, will have breath enouggh

for fix hours, and a lanthorn {carce

above the ufual fize to keep a candle
burning as long asa man plealé,wbici!}
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(if iz be true, and were commonly
known) might be a fufficicat help
againft chis greaceft difficulty. .

As for the many advanrages. and
coaveniences of {'ucK a contrivance, it
isnotealieto recite them.

1. *Tis private; aman may thus go-
to any coaft of the world invifibly ,
without being difcovered or prevented
in his journey. .

2. *Tis fafe ; from the uncertainty of .
Tjdes, andthe violence of Tempeffr ,
whichdo never move the fea above
fiveor fix pacesdeep. From Pirates
and Rabbers which do fo infeft ather
voyages ; from ice and great frofts,
which dofo much endanger the pal-
fages towards the Poles.

3. Tcmaybe of very great advan-
tage againft a Navy ol cnemics, who
by this means may be undermined in
the warer, and blownup.

4. lcmay beofa fpecia] ufé for the
relief of any place that is befieged by
water, toconvey unto them invifible
fupplies:and fo likewife for che furpri-
falof any place chat is acceffible by
water. 5. It
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3. Trmay be of onfpeakable benefic
for fubmarine experimentsand difco-
veries: as, :

The feveral proportions of fwift-
nefs betwixe the afcencof a bladder,
cork, or any other lighe fubltance, in -
comperifon to the defcent of ftones
orlead. The deep caverns and fub-
terraneous paffages where the fea-
waterin the courfc of its circulation,
doth vent it felf into other places,
andthelike The nature and kinds
of fithes, the feveral ares of carching
them, byalluring them with lights,
by placing divers nets abour the
fides of chis Veflel, thooting the
greater fore of them with guns,which
may be put out of the thip by the
help of &ch bags as were mentioned
before, with divers the like artifices
and treacheries, which may be more
fucceffively prattifid by fuch wholive
fo familiarly together.  Thefe fith
may ferve not only for food, but for
fewel likewife, inrefpettof that oyl
which may be extratted fromthem;
the way of dreffing meat by lamps,be-

ing
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ing in many refpetls che moft conve-
nicac for fuch a voyage. .

The many {refh Fperings that may
probabl‘y be met with in the botom
of thefea, will ferve for the fu ply
of drink and ocher occafions. :

But aboveall, thedifcovery of {ub-
marine rreafures is mare elpecially
confideratle, not only in regard of
what hath beendrowned by wredks,
but the feveral precious things thac
grow thére, as Pearl, Coral Mines,
with innumerable other chings of
great value, which may be much
more eafily found out,ardferche up by
the help ol this, than by any otherufu-
al WFy of t}}:e ll;lrinau:ws.

To which purpofe, this ¢
Vellel may havz le:!e feffer Cm
tyed aboutir, at various diftances,
wherein feveral rerfons, as Scouts,
may bclo’ged forrhe taking of ob-
fervations, according as the Admiral
fhall dire€t them. Someof tl:em be.
ing frequently fens up o the furface
of the water, as there thall be occa-
fion.

All
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All kind of arts and manufattures
may be exercifedin this Veffel. The
ob(c}:,rvations made by it, may beboth
writren, and ( if need were) printed
here likewile.  Several Colonies may
thus inhabit, having their Children
bora and bred up withour the kaow-
ledg ofland, who could not chufe but
be amazed with {trange conceits upon
the difcovery of this upper world.

I am not able to judge what other
advantages chere may be fuggefled, or
whether experiment would fully an-
fwer tothefe notional conje@ures. Bue
however, becaufe the invention did
unto me fecm ingenious and new,
being not impertinent to the prefent
enquiry, therefore I thoughr i mighe
be worth the meationing.

CAP
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GCAP VL

Of the wolant Automars, Archytas his
Dove, and Regiomontanus his Fy.
gle. The poffibility and groat ufeful-
#efs of fuch inventions.

T H E wolans or Rving Automate,
are fuch Mechanical coneri-
vances, as have a felf-morion, whereby
they are carried alof: inthe open air,
like the flighe of Birds. Suchxwas that
wooden Dove made by Archyras, a Ci-
tizen of Taressam, and one of Plety’s
acquaintance.  And thar wooden Ea-
gle framed by Regromontanns ar No-
remberg, which by way of triumph,
did fly out of the City to meet Chardes
the fitth,  This later Authorisalfo re-
ported to have made an iron Fly, Que
ex artificis manu egreffs, comvivas cir-
cumvolitavit, tand:mq e veluti defel]s
in Domtni manus reverfs eff, which
when he invited any ot his friends,
would fly to each of them roun¥ the
table, and at length (asbeing weary)
return uneo s Malter.

Cardam
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Cardan feemsto doubt che poffibi-
lity of any fuch contrivance; his rea-
fonis, becaufe the inttrumcats of ic
muft be firm and ftrong, and canfe-
quendy they will be too heavy co
be carried by their own force j but
yet (faichhe ) ific bea licle helped
ia the firlt rifing ; andif there be any
wind toaffift it 10 the flighe,then there
is nothing to hinder, but thac fuch
motions may be poffible. 8o that he
doth in effett grantas muchas may
be fufficient for the truth and credic
of thofe ancient rclations; and to
diftruft chem without a ftronger argu-
ment, muit needs argue a blind and

rverfe incredulicy.  As for hisob-
jection concerning the heavinefs of
the materials infuch an invention, it
may be anfwered, That it is ealie ro
contrive fuch {prings and other inftru-
ments, whofe (trenggh fhall muchex-
ceed cheir heavinels, Nor can he
fhew any caufe why thefe Mechani-
cal motions may not be as ftrong,
(though nor folafting ) asthe nacural
ftrength of lwing creatures.

Scaliger
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Sealigerconceives the framing of fich s
volant Awtomata, 10 be very calie. Exercit
Volantis columb.emachmulam, cujus au- 3
torem Archytam tradunt, vel facillime
profiters audea, “Tholé ancicnt motions . A
were thought to be contrived by the dc.1, so.
force of fome iacluded air : So Gellrus, ap.i
Tracrat forlicer Libramentis fufpenfim, & e
auré fpiritus inchad asque occults confi- fo frange
tum, &re. Asif therehad been fome 22w
lamp, or other fire within it, which b fyer
mig[;; produce {ach a forcible rarefa~ Resubhore
&ion, asfhould give a motion tothe ‘i fide
wholeframe. Kircherde

But this may be better performed Magnete
by the ftrengceh of fome fuch {pring Laprg
Ias is cornmonl{c ufed irln Vvl’atchcs; this Jafb roe

pring may applied unto one ™/
—xshcegl, which fhaﬁ give an equal ,’:ff;'{'ﬁ
motion to both the wings ; thele cscer.
wings having unto cach of them a- 7%
nother fmaller {pring by which they inveatins
may be contralted and lified up: So in ewber
that being forcibly deprefled by the 2%
ftrengch of the grear and Rronger fiyOc.
fpring, and lifted up again by the o- dipws £-
therewo ; according to this fuppo- P>

0 fitien
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ficion, it js cafie toconceive how the
motion of fight may be performed and
continued.

The wings may be made cither of fe-
iyl fubffenses joyned, like thie feathers
incrdinary fowl, as Dedalus is feigned
tocontrive them, according to thatin
the Pcer,

- Ignoties animnm Aimictit in aries,
Nstaramque novaty nam ponit in or-
dine pennis
Aminimo capt.es longam breviore fe-
quenie,
Ut clivo ereniffe putes, &.
Or elfcof one comsinuase fubfance, like
thofe of Bars. In framing of both
which, thebeft guidanceis tofollow

( asnearas may be) the directionof

nature ; thisbeing buran im tation of
a natural work. Nowin borhthefe,

‘the ftrength of each part is proportio-

ned ro the force of its imployment.But
nothing in this kind can be perfe&l
determined withouta parcicular triar. .
Though the compofing of fuch '
motions may be a fulficient reward
to any ones induftry in che fcarcbinF !
afs .



Cap. 8. Mechanical Motions.

after chem, asbeing in them(clves of
excellent uriofity ; yetchere arc fome
other inventions depend upon chem,
of more general benefic and greater
importance, For if there be any fuch
aruficial contrivances that can By
in the air, ( as is evident from the
former relations, together with the
grounds here [pecitied, and 1 doube
not,may be eafily cflelted by a diligeric
and ingenious astificer ) then it will
clearly follow, that it is poffible alfo
fora man to fly himfelf: It being ca-
fie from che fame grounds to frame
aninftrument, wherein any onc may
fit, .and give fuch a motion ungo it
as fhall convey him aloft clirough the
air. Than which there isnotany imia-
ginable invention tharcould prove of
gzreaver benefic to thie world, or glory
to the Author  And cherefore it may
juftly deferve their enquiry, who have
both leifure and means for fuch éxge-
riments. )

Buc in chefe praftital frudies, un-
lefs 4 mian be able togo to the try-
al of things, he will petform_ bt

02 Letle.

14§
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lietle.  1n fuch macters,
—Studinms fine divite vend,
( asthe Poct faith’) a general fpecu-
lation, withour parcicular experiment,
may conjeture at many things, but
can cerainly cffeét. nothing. And
therefore I {hall only propofe nnto
the world, che Theory and general
grounds chat may conducc tothe cafic
and more perfect difcovery of the fub.
jelt in qucition, forthe encouragement
of thofe that have both minds and
means for fuch experiments. This fame
Scholars fate, J iy
. Resawonftadmi, a
o -ftnrt;%ﬁ./ltx
is that which hinders the promoting
of learning in fundry particulars, and
robs the world of many excellent in.
ventions. We read of Ariffotle, that
he was allowed by his Pupil Afex-
and r8-0 talentsa year, for the pay-
mene of Fifhers, Fowlers, and Hun-
ters, who wereto bring him in feve-
ralcreacures, that foby his particular
experience of their parts and dift
pofitions, he might be more fitly pre-
pared
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pared to write of theirnatures. The
reafon why the world hath not many
Ariftorles is, becaule it hath fo few
Alexanders.

Amongt other impediments of a-
ny ftrange invention or attempts, itis
none of the meaneft difcouragements,
that they are fo generally derided by
common opinion, being eltecmed only
as the dreams of a melancholy and di-
frempered fancy.  Eufebies fpeaking
with what ncceflity every thing 1s
confincd by the laws of nacure, and
the decrees of provider:ze, fo char
nothing can go out of that way, unto
which naturally it isdefigned; as a
fith cannot refide on the land, nor a
mano inthe water, or aloft in che air,
infers that therefore none will ven-
ture upon any fuch vain_ attempr, 2s
paffingin the air, ) weralyonizs rominer
72 &v tgamiu, unlefs hisbrain bea lie-
tle crazed wirh the humour of melan-
choly ; whercupon headvifes thag we
fhould not inany particular endeavour
to tranfgrefs the bounds of nature,
¢ Sileesy dpgyrz 0 adlug, i ¥ wr-

g ray

197

ConrraHi-
erocl.con-

fut. L3



Dedalus; or, Lib. 1L

Hwor Edrmdviar, and fince we arg
naturally deftituce of wings, not to
imitate the flight of Birds. That fay-
ing of the Poct,

Dem-ns qui wimbos & non imissbile

f/.lmw, o,
hath been anold cenfure applied unto
fuch as ventured upon any {trange or
incredible accempt.

Hencemay we coneeive the rea.
fon, why there is {0 little intimation
in the writings of antiquity, concern-
ing the poffibility of any fuch inventi.
Qn.  The Ancients durft not fo much
as mention che are of flying, but in a
fable.

Dedalus, ut famaeff, fuzieps Minoia
regna,

Prapctibus penpis aufus fe eredere calo,

Infastam per iscr gelides emavit ad ar-

Hos, Cre.

Tt was the cuftom of thofe former
ages, intheirovermuchgratitude, to
advance the firft Authors of any
ufeful difcovery, amongft the num-
berof their gods. And Duedalus be-
fng {5 famous amongft them for

fundry
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fundry Mechanical inventions ( efpe-
cially the fails of (hips) though they
did not for thele place him in the hea-
vens, yet they have promoted him as
ncar as they could, feigning himto fly
aloft in the air, whenashe did but fly
ina Gwift fhip, as Diodorus relatesthe
Hiftorical cruth, on which that fiction
is grounded.

CAP. VIL

Concerning the Ars of fiving. The feve-
ral ways whereby this bath been, or
may be astemped.

Have formerly intwo ocher * Dife

courfes mentioned che poffibility
ot thisarcof flying, and intimaced 2
furcher inquiry unto it , which is a
kind of engagement to fome fuller
difquifiions and conjeQures to that
purpofe.

Thereare four feveral ways where-
by this flying in the air, hath been
or may be accempeed. . Two of them
by the ftrengch of other things, and

04 two
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two of them by our own ftrengch,

1. By Spirits or Angels.

2. By the helpof fowls,

3. By wings faftned immediately to
the body.

4. By aflying Chario.

1. Forthefirlt, we read of divers
that have paffed {wiftly in che air, by
the help of Spiritsand Angels, whe-
ther good Angels, as* Eliss was car-
ried into heaven in a Rery chariot:
as t Philip was conveyed to Azatws,
and Habatbuk from jewry to Baby-
fon, and back again immediately -
QOr by evil Angels, as our Saviour
was carried by the Devil to the top
of a high mountain, and tothe pina-
cleofthe Temple. Thus Witchesare
commonly related to pafs unco their
ufual mectings in fome remote place ;
and as they do fell winds unto Ma-
riners, folikewifeare they fometimes
hired to carry men fpeedily throngh
theopenair. Aznffaaffirms, thatfuch
kind of paffages are ufual among(t
divers Sorcereys with the Indésns ac
chisday.

. Sa
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So Kepler in his Aftronomical
dream doth fancy a Witch to be con-
lvcycd unto the Moon by her Fami-
iar.

Simon Msgus was fo eminent for
miraculous Sorceries, that all the peo-
ple in Swmarir, from the leaft to the

greatelt, did cltcem him .« ke greas.

pover of God.  And fo famous was
he at Rome, thatche Emperour erelt-
ed a ftacue to him wich this Inferipris
en, Simoni Deo Santte, Tis ftoried
of this Magician, thac having challen-

d Saint Peser to doMiracles with

im, he attempted to fly from the
Capitol to the Aventine Hill. But
when he was in che midlt of the
way,Saint Pesers pra yers did overcome
his Sorceries, and violently bring him
to the ground, in which fall having
broke his thigh, withina while after
he dyed.

‘Burnone of all thele relations may
conduce to the dilcavery of this expe-
rimenr, as it is here enquired afeer,
upON matural and areificisl grounds.

2. There are others who have

con-
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conjetured a poffibility of being con-
veyed througﬂc airby the help of
Fowls ; to which purpofe that fiti-
on of the Gamzes, is the moft
pleafant and probable. They are
fuppofed tobe grear fow! of a firong
lafting Aighe, and cafily tamable. Ds-
versof which may be fo broughe up,
as to joyn cogether in carrying the
weight of aman, fo as each of them
fhall partake his proportionable fhare
of the burden ; and the perfon that is
carried may by cerrain reins dire and

fteer them in their courfes. How- |

ever this may feem a ftrange propo-
fal, yetic is not certainly more im-
probable, than many other arts, -
wherein the induftry of ingenious
men hath inftrulted thefe brute crea-
tures. And I amvery confident, that
one whofe genius doth enable him
for {uch kind of experiments, upon
leifure, and the advantage of fuch
helps as are requificc for various and
frequent trials, might effe@ fome
ftrange thing by this kind of enquiry.

“Tis seporged as a cultom amoniglt

the
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the Lescatians, thatthey were wont
upon a {uperiticion to precipitate a
man from fome high cliff into the
Sea, tyingabout him wich ftrings at
fome diftance, many great fowls, and
fixing unto his body divers feathers
fpread o break che fall ; which ( faith
the learned Bacon, if it were diligene-
ly and exatly contrived) would be
able 10 hold up, and carry any pro.
porcionable weight; and therefore
he advifés others to think furdher up-
on this cyperiment, as giving fome
light to the invention ol the art of
flying,

3- "Tis the more obvious and com-
mon opinion, that this may be cffcfted
by wings faltned immediately to
the body , this coming ncareflt to
the imitation of Nature, which fhould
be obferved in fuch attempts as thefe.
This is that way which Fredericus
Hermannus in his licle difcourle 4.
Arte volandi, doth only mention and
infiftupon. Andif we may truftcre-
dible {tory, it hath been frequently
attempted, nop without fome inct’:el;r..

sis
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*T'is related of a certain Englith
Monk called E/merus, abour the Con-
feffor’s time, that he did by fuch
wings fly from a Tower above a
furlong ; and {0 another from Saiuc
Marks fteeple in Venice ; another at-
Nerimbcrge; and Busbeguins {praks of
a Turk inConflantinaple,who attempt-
ed fomething this way. Mr. Bureon
mentioning chis quotation, doth be-
licve thar fome new-fangled wit
(’cis his Cynical phrafe ) will fome
time or other find out thisarc. Though
the truchis, moftof thef¢ Artifts did
unfortunately  mifcarry by falling
down and breaking their arms or
legs, yerthatmay be iwputed to their
want of experience, and too much
fear, which muft needs poffels men
in fach dangerous and ftrange ac-
temprs.  Thole things that lcem very

, difficuleand fearful ac the fisft, may

grow very facil after frequent erial
and exercife.  And cherefore he that
would offcét any thing in this kind ,
mult be bronght ur to the conftant
practice of it from his youth, Try-

ing
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ing firft only to ufe his wingsin run-
ing on theground, as an Eftrich or
tame Geele will do, touching the
carth with his toes; and fo by de-
grees learnto sife higher, till he fhall
attainunto skill and confidence. 1have
heard it from credible teltimony, that
oneof our owa Nation hath proceed-
ed {o far inthis experiment,thac hie was
able by the helpof wings in fuch a
running pace, to (tep conftantly ten
yardsart a time.

It is not more incredible, that fre-
quent praftice and cuftom fhould
inablea man for this, than for many
other things which we fce confirmed
by experience.  What ftrange agility
and a&tivencls do our common tum-
blers and dancess onthe rope attainto
by continual excrcile ? *Iis related of
certain [rdiansthatthey are able when
a horfe is running in bis full carcer, to
ftand wprighe on his back, to turn
themlclves round,to leap down,gathe.
ring upany thing from the ground,and
immediacely toleap up again,to fhoot
exaltly atany mark, the hosfe not in-

termicting
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termitring his courfe.  And fo upon
two horfes together, the man ferting
one of his feet upon each of chem.
Thefe things m«Y feem impoffibleto
others, and it would be very dangerous
for any one to attempt them,who hath
not firlt graduallv arrained to thefe
arts, by long practice and trial ; and
why may not fuch praétice enable him
as well for chis other experiment, as
for thefe things ?

There are others who have inven-
ted ways, 1o walk upon the water,
as regularly and as firmly as upon the
land.” There arefomefo accuftomed
to this clement, that it hath been gl-
moftasnatural to them, asto the fith;
men that could remain for above an
hour together under water. Powtanus
mentions one who could fivim above
a hunired miles vogether , fromone
fhore to another, with geeat fpeed,
and atall times of the year. And ic
is ftoried of a certain young man, a
Sicilianby birth, anla Dsver by pro.
feffion, who had fo conitinually ufed
himfelf o the water, that he could

not
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not enjoy his healthout of it. If at
any timehe flaid with his friends on
theland, he (hould be fo tormented
with a pain in his ftomackthat he was
forced for his health to return back a-
§ainto$ea, wherein he kept his u-
ual refidence ; and when he faw any
fhips, his cuftom was to fwim ro
them for relief, whichkind of life he
continucd cillhe was an old man, and
dyed.

I mention thefe things, to fhew the
-great power of praétice and cuftom,
which might more probably fucceed
in chis cxperimene of flying (if #
werebur regularly attempred ) than
in fuch ftrange cffefls as thefe.

It isa ufiial praice intheft rimes,
for our Funambulones, or Daacers on
the Rope, to acempt fomewhat like
to flying, when they will with cheir
heads forwards {lide down a long
Cord extended ; being faftned at one
end on the top of fome high Tow-
er, and the other atfome diftance on
theground; with wings fixed to their
fhoulders, by che fhaking of which

they
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they will breakthe force of their de~
fcent. It would leem thae fome ar
tempts of this kind wers ufually a-
mong(t the Romans.  To which that
*De gub, CXpreflion in * Ssfvian may refer,
Dri1'6. where amongft other publick fhews
of the Theater, he mentions the Pe-
Anna.in $aménarsi : which word (faich Yo.Bref-
&b, fieanas ) is fearce to be found in any
other Author, being not mentioned
cither in Yulius Pollux, or Politian.
*L'is probably derived from the Greek
wonl miradu, which{ignifiesto fly,
and may refer tofuch kind of Rope-
diners.

Bbur now becauft the arms exten.
ded are bur weak and exfily wearicd,
therclore the motions by themaare like
tobe bur fhort and flow, anfiverable
itm.y e tothe flight of fuch dome-
ftick fow], asare moft converfant on
the ground, which of themfelves we
fec arequickly weary, and therefore
much more would the arm of a man,
as being nor nacurally defigned to fuch
a morion,

It were thercfore worth the inqui-

Ty
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1y to confider whether this might not
be more probably cffected by the la-
bour of the feet, which are natu-
rally more (trong and indefatigable :
In which contrivance the wings
fhould come down from the fhoul
derson each fideas in the other, but
the mation of them fhould be from
the legs, being thruft outand drawn
in again one after another, foas each
leg fhould move both wings, by which
meansa man fhould (as it were) walk
ar climb yp into the air: and chen
the hands and arms mightbe at lei-
furc to help and dire& the motion,
or for any other fervice proportionable
to their trength.  Which conjeQture
isnot without good probability, and
fome fpecial advantages above the
other.

4. But the fourth and laft way
feems unto me altogether as probable,
and much more ufeful than any of
the reft: And that is by 2 flying
Charior, which may be {o contrived a4
to carry a man within it ; and though
the ftrength of a fpring might per-

p haps
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haps be ferviceable forthe motion of
chis engine, yetit werebeerer rohave
it affifted by the lahour of fome intel-
ligent mover, asthe heavenly Orbs are
fuppofed tobeturned. And thercfore
if it were made big enough to carry
fundry perfons together, then cach of
them intheir {everal curns mighe fuc.
ceflively labour in the caufing of this
motion ; which chercby would be
much more conftant and lafting, than
it could otherwife be, if itdid wholly
depend on the {trength of the fame
perfon.  This contrivance being as
much to be preferred before any of the
other, as {wimming in a fhip before
fwimming inthe water,

Cia P. VIIL

A erIu:io;, of the two chief difficulties
that feers 1o 0ppofe the poffibiluty of o
Sying Chasriots .

HE chief difficulticsagainft the
poffibility of any fuch contri.
vance, may be fully removed in the re-
folution
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folutionof thele two Queries.

1. Whether an engine of fuch ca.
pacity and weight, may be fupporred
by ;b thin and light a body as the
air ?

2. Whether che ftrength of the per-
fons within, it may be fufficicot for the
motion of it ?

1. Concerping the firft; whea ,, .
Cadliés was required by the men of reb 1,
Rbodes, to takeup thar great Helepo. 1o.c.32.
lis, brought againft them by Deme-
triws, (as he had done before tnto
fome lefs, which he himfelf had
Lx;aé!c) He anfiered, that it could not

one.  Nommulls enim funt qua in
exemplaribus videntur ﬁmé;x, ‘Z:. axn- 3,“,,'.‘,".".";
tem crefeere caperant, dildbumtnr. Be- them.lx.
caufe thofe things that appear pro.
bable in lefler models, when they
areencreafed to a greater proportios,
do thereby exceed the power of art.

For example, though 2 man may
make an mitrument to bore a hole
aninch wide, or half aniach, and fo
lefs; yetto borea hole of a foot wide,
artwofoor, is not fo much zs to be

P2 thougtte
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thoughtof. Thus though che air may
be utﬁe 10 uphold fome leffer bodics,as
thofe of birds ; yet when the quantity
of them is encrealtd to any grear ex-
tenfion, it may juftly be doubted, whe-
ther they willnot exceed the proporti-
on that 1s naturally required unto fuch
kind of bodies.

‘o thisT anfwer, That the engine
can never be roo big or too heavy,
if the fpace which it pofleffes in the
air, and the motive-faculty in the in-
flrument be an{werable to its weighe.
That faying of Callias was but a
ﬁroundldé fhift and cvalion whereby

¢ did cndeavour to palliate his own
ignoranceand difability. T he utmoft
cruth which feems to be implicd in
it, isthis: That there may be fome
bodics of o great a bignefs, and gra-
vity, thatitssvery difficult toapply
{o much force unto any parcicular
inftrument, asfhall be able to move
them.

Againftthe oxample, it may be af-
firmed and eafily proved, that it is e-
qually pofliblc to bore a holc of any

bignefs,
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bigacls, as well greac as lirtle, if we
fuppofe the inftrument, and che
ftrength , "and the applicacion of chis
ftrength to be preportionable ; Bue be-
caufeof the difficulty of thefe concur-
rene ciscumitances in chofe greater and
more unufual opefations, thercfore do
they fallly feem to be abfolutely im-
pofiible.

So that the chicf infirence from
this argument and example, doth im-
ply only chus much, chat it isvery
difficult to contrive any fuch motive
power, as fhall be anfwerable to the
%reameﬁ and weight of fuch an in-
ftrument as is here dilcourfed of,
which-doth not at all impair the rruch
to be maintained ; For if the poffibili-
ty of luch a motion be yeilded, we
need not make any {cruple of grame-
ing the difficulty of ic; It is this
mult add aglory to the invendon;
and yet this will not pechaps feem
{0 very difficult o any one who hath
hut diligently obterved the fighe of
fome other birds, particularly of a
Kite, how hic will fwimup and down

rs in

113
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in the ajr, fometimes ac a greac heighe,
and Freﬁ:n:ly again lower, guiding
himfelf by his train, with his wings
extended ‘without any fenfible moti-
onot them; and all this when there
isonly fome gentle breath of air fhir-
ying, without che helpof any firong
forcible wind. Now [ fay, if that
fowl (whichis noneof the ligheeft )
canfo very cafily move it felf up and
down in the air, without fo much as
ftirring the Winﬁ of ic; certainly chen,
it is not improbable, but that when
all the due proportions in fuch an en-
ine arc found out, and when men b
ﬁo pra&ife have arrived to any skill
and experience, they will be able in
this (as well gs inmany other things)
to come very fear unto the imitation
ol marure.

Asit is in thole bodies which are
carried on the water, though they
be mever fo big, or o ponderous,
(fuppofe equal to a City or a
whole Ifland ) yet chey will always
{wimon the top, if they te but any
thing lighter than fo much water

w5
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as is equal to them in bigacels : So
likewife is it in the bodics that are
carried in the air, It is mor their
reatnefs ( thou%h never foimmenie )
5’!& can hinder cheir being fupporeed
inthat light element, if we fuppofé
them to Ec extended unto a propor-
tionable fpace of air. Andas from
the farmer experiments, Archimedes
hath compofed a fubtil fiemee in his
Book, De infidewtsbus humido, con-
cerning the weight ofany heavy body,
inreference tothe water whereinitis:
So from the particular trial of thefe
other experiments, that are here in-
quired after, it is poffible toraife a
new fcience, concerning the exten-
fion of bodics, in comparilon to the
air, and motive faculeics by which
they are ro be carried,
We feea great difference betwixe
the feveral quantities of fuch bodies
as are commonly upheld by the air;
not only littlcsnats,and flies, bucalfo -
the Eagle and other fowl of vafter sebticzy.
magnitude.  Carden and Scaliger do Frees.
unanimoufly affirm, thar there isa °%
Py bird
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bird amongft the lndisns of fo great
2 bignefs, that his beak is often u-
fed to make a fheath or fcabbard for
afword. And Aeoffatcllsusofa fowl
10 Pern called Candores, which will
of themfelves kill and eat upa whole
Calf at a time. Nor is therc any
reafon why any other body may not
be fupported and carried by the air,
though it fhould 2asmuch exceed che
quantity of chefe fowl, as they do the
quantity of a fly,

Maurens Polus mentions a fowl in
Md‘gn{ur, which he calls a Ruck,
the feathers of whofe wingsare 12 pa-
ces, or threefore foot long, which
can with as much eafe foop up an Ele-
phant , asour Kitesdoa Moufe. If
this relation were any thing credible,
it might ferve asan abundant proof
for the prefent quassy.  But I conccive
this to bealready fo evident, thar it
needs pot any fable for its further
confirmation.

2. The other doubt was, whether
the ftrength of the other rerfons
wichin ir, will be fuflicient for the

moving
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moving of thisengine ? anfiwer, the
main ditficulty and lahour of it will
be in the raifing of it from the ground;
near unto which, the carchsacraltive
vigor is of greateft cfficacy. Bu for
the better efelting of this, it may be
helped by the ftrength of winds, and
by aking its firtt rife from fome
mountain, or other high place. When
once it isaloft in the air, the motionof
itwill be cafie, asit is inthe tlight of
all kind of birds, which being ac any
greatdiftance from theearth, arcable
to continuc their motion for a long
time and way, with licele labour or
wearinefs,

*Tis certain from common relation
and experience, thar many birds do . "
crofs che feas for divers hundred miles (] te-
rogether : fundry of them amongft
us, which arc of 2 f{hort wing and
flight, as Blackbirds, Nightingales,
&c. do fly from us into Geravany,
and other remoter Countries.  And
Mariners do conmonly affirm, that
they have found Jowe fowl above
fix hundred miles from any Jand.

Now
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Now if we Thould fuppofe thefe birds
to labour fo much in thoft long
journeys, as they do when they fly
in our fight, and ncar the carth, it
were impoffible for any of them to
pal fo far without refting. And
therefore itis probable, that they do
mount unto fo high 2 place in the
air, where the natural heavinefs of
their bodies does prove bue lietle or
no impediment to cheir flight;
Though perhaps cither hunger, or the
fight of fhips, or the like accidenr,
may fometimes occafion their defeend-
ing lower, as we may guef§ of thofe
birds, which Marinershave thus be-
held; and divers others, thar have
been drowned and caft up by the

fea, '
\Whence it may appear, thar the
motion of this Chariot ( though it
may be difficule ar che firft ) yer will
il be eafier , as it afcends higher,
till a¢ length ic fhall become utcerly
devoid o vity, when the lealt
ftrength will be able to boftow upon
ita {wift motion: as I have proved
more



Cap. 8. Mechanical Motions. 119

moreat largeinanother difcourfe.  woadin

Bucthen, ('may fome objett) Ific the Moon,
be fuppofed that a man inthe athe. &'+
real air does lofe his own heavinefs ,
how thall he contribute any force to-
wards the motion of this inftrument?

I anfwer, The ftrengthof any li-
ving creature in thefe cxrernal mo-
tions, is fomcthing really diftinét
from, and fuperadied unto its natu-
ral gravity; as common experience
may fhew, not only in the impreffi-
on of blows or violent motions, as
a River-Hawk will ftrike a fow! with
a far greater force, than the meer de-
foent or heavinefs of his body could
poflibly perform : Bue alfo in chofe
aftions which are done withour fich
help, as the pinching of the finger,
the biting of the teeth, <. all which
are of much greater ftrength than
can proceed from the meer heavinels
of thole parts.

Asfor the other particular doubts,
concerning the extreme thinnefs and
coldnefs of this wchercal ajr, by
reafon of which it may feem to be

dl=
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altogether impaffible, I have alread
refolved them in the above-cired dit-
courfe,

The ules of fuch a Chariot may ba
various ; Befides the difcoveries which
might be thereby made in the Lu-
pary world; Itwould be férviceable
al{o for the conveyance of 2 man to a-
ny remote placeof thisearth ¢ asfup-
pole o the Judies or dntiped:s.  For
when ooce it was elevated for fome
few miles, fo as to be above that Orb
of Magnexick vircue, which is carried
about by the carths diurnal revoluti-
un, it might then be very. eafily and
(peedily - diretred to any paricular
place ofthis great Globe.

If the place which we intended
werc under the fame parallel, why
then the earths revolution once in
twenty four hours, would bring it to
be under us; 1o that it would be but de-
{tending in a ftreight line, and we
might prefontly be chere.  IF it were
under any other paralld,ic would then
only require that we [hould dire@ it in
the fame Meridian,till wedid come! to

tht
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that parallel ; and chen (as before ) 2
man mighe eafily defcend unto it.

Jt would be one great advantage
in this kind of travelling, that one
fhould be perfettly freed trom all in-
conveniences of ways or weathier, not
having any excremity of heat, or cold,
or Tempefts to molelt him: This =-
thereal air being perpetually in an
cqual remper and calmaefs. Dars S 1‘6""
Juperior mundi ordinstior eff nec in ni- S
bem cogitury nec intempeflasens impel- funmete
litnry nec verfstor in turbinem, amwi "2
tupmnitn  carer, infeviora fulminins.
‘Theupper parts of the worldare al-
ways quiet and ferene, no winds and
bluftring there ; they are thefe fower
cloudy regions thae are o full of. tem-

{ts .nd combuftion.

As for the manner how the force of
a fpring, or (inftead of that) the
ftrength of any living perfon, may be
applied tothe motion of thefe wings
of the Charior, it may cafilybe ap.
prehended from what was tormerly
delivered,

There arc divers other particulars

to
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to he more fully enquired after, for
the perfeling o fuch a flying Cha.
rior ; as vonc-iuing the proportion
of the wings boh for their length
and breadch, 10 comparifon to the
weight which is to be carried b
them, asalfo concerning thofe fpect-
al contrivances, whereby the Rrength
of thefe wings may be feverally ap-
plied either to afcent, defcent, pro-
greMfive, or a turning motion ; All
which, and divers thelike enquiries
can only be refolved by particular
experiments, We know the inven.
tion of failing in fhips does conti-
nually reccive fome new addition
from theexperience of every age, and
bath been a long while growing up to
thar perfelion, unto \A§lich it 1s now
arrived.  And fo muft it be expefied
for this likewife, which may at frft
perhaps feem perplexed with many
difficulties and inconveniences, and
yer upon the experience of frequent
tryals, many things may be fuggcfled
to make it more fgcil and commodi-
ous.

He



Cap. 8. Mechanical Motions:

He that would regularly attempt
any thing to this purpof¢, (hould ob-
ferve this progrefs in his experiments,
hefhould firft make enquiry what kind
of wings would te moft uftful to
thisend ; thofeof a Bat being moft
cafily imitable, and perhaps nature
did by them purpofely iotend fome
intimation to direét usin fiachexpe-
viments ; that creature being not pro-
perly a bird, becaufc not amongft the
Ouigars, toimply chat other kind of
creatrucs are capable of flying as well
as birds ; and if any fhould attempt it,
thar would be thebeft pattera tor imi-
tation.

After this, he might try what may
be cffelled b& the force of fprings
inleffler models, anfwerable unto -
chyas his Dove,and Regiomonsansus his
Eagle ; in which he muft be careful
to oblerve the various ?ropouions be-
twixtthe ftrengeh of the {pring, the
heavinefs of the body, the breadth of
the wings, the {wiftnefs of the mori-
on, &c.

From thefe he may by degreesafcend
to fomelargereffays. . CAP.

2123
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CAP IX.

Of 4 perpetnal motion. The feeming
Jacslity and real difficalty of any fuch
comtrivange, The feveral ways where-
by it hath been atttempred, particnlarly
by Chymiftry.

Tis the chief inconvenience of all
the Automess beforc mentioned,
that they need a frequent repair of new
ftrength ; the caufés whence their mo-
tion does proceed, being fubject to fail
and come to a period ; and cherefore
it would be worth an enquiry, tocx-
amine, whether or no there may be
made any fuch arcificial contrivance,
which might have the principle of mo-
ving from it felf; fothar the prefent
mation fhould conftantly be the caufe
of that which fucceeds.

This is thar great Secret in s,
which like the Philofopher’s Stone in
Nature , hath been the bufinefs and
fludy of many more refined Wits,
for divers ages together ; and it may

well be queltioned, whether cithcr[
0
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of them asyet, hath ever been found
out, though if this have, yetlikeche
other, it is not plainly treated of by
any Author,

Not but that there are fundry dif.
courfes concerning this fubjet, but
they are rather conjedfures than expe-
riments. And though many inven-
tions in this kind, may at firft view
beara great {hew of probabilicy ; yet
they will fail, being brought to trial,
and will not anfwer in pra&ife what
they promiled in fpeculation. Any
one who hath been verfed inthefe ex-
periments muft nceds acknowledge
that he hath been often deceived in s
ftrongeft confidence; when the ima-

inatton hath contrived che whole
frame of fuch an inftrumenr, and con-
ceives that the event muft fallibly an-
fiwer its hopes;yet thendocs it ﬁrax}fgb
ly deccive in the proof, and dilco-
versto us fome defet, whichwe did
not before take noticcof.

Hence it is, that Kou will fcarce
talk with any onc who hath never
fo little fattering in chefe ares,but hﬁ

wi
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will inftantly promifé facha motion,
asbeing butan eulie atchievement,
till further. erial and experience hath
taughe him the difficuley of it. There
being no enquiry that does more en-
tice with the probsbiliry, and deceive
with the fubeslty.  What one {peaks
wittily concerning the Philofophers
Stone, may bejultly applied co this,
thatic isCaff« meresrix,a chat Whore,
Qura multos Invitat, neminem admit-
£, becaufe it allures many,bur admits

€.

1 fhall briefly recite the feveral
ways whereby this hath been atten&p-
ted, or feems mo't likely tobe effe-
Ocd, thereby to contratt and facili-
tate the enquiries of thofc who are
2ddi@ed 1o thele kind of experiments;
for wlen they know the defetls of o-
ther inventions, they may the more
eafily avoid the fame, or the like, in
their own.

The wayswherchy chis harh been
attempted, may be generally reduced

-to thete three kinds ¢

1. By Chymical extraltions.
2 By



Cap.g. Mechanical Motions, 117

2. By Magactical virtues.

_ 3 By the natuyal afte&ion of gta-
vity.
¥. The dilcovery of this hath been
attempted by Chymiftry.  rarac:ifus
and his followers have bragged, chat
by their feperations and extraltions ,
they can make a livle world which
fhall have che fame perpetual mo.
tions with this Micrazafme, with the
reprefentation of all Meteors, Thua-
der, Snow, Rain, the courfes of the fea
in its ebbs and flows, and the like ;
Bue theie miraculous promifes would
requirc as great a faich tobelievethem,
as a power to perform them: And
though they ofien rali of fuch great
matrers,

At nufquani totos tnter qui talss cu-
rant,

Appares ullus, gui re mirsculstantd
Comprobet —

‘et we cangever fec them confirmed

y any real experiment; and thea
befides, cvery particular Author in
that are, hath fucha diftint language
of hisown, (all of thembeing fo full

Q- of
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ofallegories andaffeGed abfcurities )
ehac *ris very hard for any one (unlefs
he be throughly verfed amongft chem)
to find out what they mean, much
Mmore ¢o try it

Onc of thefe ways (as Ifind it
fer down) is this.  Mix five ounces
of =, with an equal weight of ¥
grind them together with ten oun.
ces of fublimate, diffolve them ina
Cellar upon fome marble for the
fpace of four days, till chey become
like oyl-olive; diitil this with fire
of chaf, or driving fire, and it will
{ublime inco a dry lubftance : and fo
by rcpeating of thefe diffolvings and
diftillings, there will be ac length
produced divers fmall atomes, which
being put intoa glafs well luted, and
Leptdry, will have a perpetual moti-
on

I cannot fay any thing from ex.
perience againlt this; but methinks
1t does not feem very probable, be.
caufc things that are forced up to fuch
a vigoroufnefs and adtivity, as thefe
ingredicnts feem to be by their fre-

quens
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ucae {ublimacings and diftillings, are
not likely to be of an¥ dursation ; the
more any thing is ftrerched beyond
its ufual nacurc, the lefs does ic
laft, violenceand perpetuity being no
companions. Andthen belides, up-
pofe it erue, yet fuch a motion could
not well beappliedto any ule, which
muft nceds take much from the de-

ligheof it
Among(t che Chymical experi-
meats to this purpofe, may be reckon-
ed up that famous motion invented
by Caornelius Dreble, and made for
King Fames ; wherein was reprefent-
ed the conftant revolutions of the Sun
and Moon , and that without che
help either of fpring or weights.
AMuarcellus Vrawcklein, pcaking of the
means whereby it wasperformed, he
calls it, Scintilluls anime magnetice
mundi, few Aftralis & infenfibilis fpi-
ritns 3 being “that grand fecrer, for
:hcdifcover{ of which, chiofe Dilta-
tors of Philofophy, Dematritus, Py-
thagoras, Plao, did travel unro the
Gymnolophifts, and Ind:an  Priefts.
Q3 The
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"The Author himfelf in his difcourfe
upon it, does not acall reveal the way,
how it was performed.  But thereis
one Thow.o Tymme, who wasa fami-
liar acquaineance of his, and did often
pry into his works, (as he profefles
himlelf ) who affirms it to be done
thus; By extrstfnig 4 fiery fpirit out
of the Mincral matter, joyning the fame
with his proper air, which included
in the Axle-tree ( of the firlt moving
wheel ) berng bollow, carrieth the other
wheels, making & romrinual roration,ex-
cepe sffue or vens be prven in this hol-
low axl-tree, nherchy the imprifoned
j}ir:'t may pet foreh.

What ftrange things may be done
by fuch extrattions, 1'know not, and
thesefore dare not condemn this rela-
tion as impoffible ; bur mechinks it
found: rather like a chymical drcam ,
than a Philofophicaleruth. It feems
this imprifoned fpirit is now fet ar i
berey, or clicis grown weary, for the
inftrumene (as [ have heard) hath
ftood it bor many years. Ttis here
confiverable, charany forceis weakeit

neas
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near the centes ofa wheel ; and there-
fore though fuch a fpiric mighe of ic
felf *hove an agitation, yer s not
eafily conceivaplehow it fhould have
ftrengeh cnough co carry the whecls
aboutwith it. A:ud then che abfur-
dity of the Aurhor’s citing this, wou'd
make one miltruft his mittake ; be us-
ges it asa ftrong argument agaiaft co-
permicus, as if becuute Dreble did thus
contrive in an Engine, the revolution
of the heavens, and the immovable-
nels of the careh, thercfore it muft
peeds follow , that "tis the heavens
whichare moved, and not the earch.
If his relation were no erucr than his
confequence, ir had not Leco worth
the citing,

Qs CAP
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CAP X

Of fubterranecus lamps : divers hiflori-
ctl relstions concerming their dyra-
sion for many hundred years toge-
ther.

Nrto this kind of Chymical ex-

periments,we may moft proba-
bl?; reduce thofe perpetual lamps,
which for many hundred yearstoge-
ther have continued burning without
any new fupply in the fepulchresof
the Anicients,and mighe (for ought we
know ) have remained fo for ever.
Allfire, and cf({)_ccially flame, being of
an aftiveand flirring nature, it can-
nor therefore fubfitt” withour moti-
on ; whence it may fcem, thac this
great en?ﬁig' hath been this way
accomplithed : And therefore it will
be worth our examination to fearch
further into the particulars that con-
cern this experiment.  Though it be
rot foproper to the chief purpofe of
this difeourfe, which concerns Afe-
chanical Geomerry ; yetr the i'ub:iltﬂ

an
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and curiofity of it, may abundantly
requite the impertinency.

‘There are fundry Authors who
treavof this Subjection by the by, and
in fome particular paffages, but nonc
that I know of (except Fortumias Li- 14 o, ..
¢erws ) thae hath writ purpoftly any endeis
fecand large difcourfe concerning it : fin
out of whom I {hail borrow many of wr, <
thofe relations and opinions, which
may moft naturally conduce to the
prefent enquiry.

tor our fuller underftanding of this,
thereare thefe particulars tobe explai-
ned :

? 1. &n, or quod fit.

cur fit.
2. &iem {qaamda fe.

1. Firft then, for the &n, or that
there have been {nch lamps, it may
be evident from fundry plain and
undeniable teftimonies: Saint Aufin

wentions one of chem in a Temple D¢Civir.

dedicated to Venus, which was al- o 62"
ways cxpoled to the open weather,
and could never be confumed or cx-
tinguithed. To him affentsthe judi-
cious
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cious Zanchy, Pancyrollns menti_onsa
Lamp tound in his time, in the fepul-

cher of Tullis, Cicero’s daughter, !

which had continued [Fcrl'i for about
1 §5o years,but was prefently extiagui-
ﬂac’;! zpon’thc adn‘:iﬂ‘xon of new air.
And’tis commonly related of Cedremss,
thatin Jaffinisn’s time there was ano-
ther burning lamp found inan old wall
at * Ed {f1, which had remained fo for
above 500 years, thercbeinga Cruci-
fix placed by ir, whence it thould feem
that they were in ufe allo amongft
fome Chriftians.

But more efpecially remarkable is
that relation celebrated by fo many
Auchors, concerning Olybins  his
lsinp, which had continued burning
for 15 oyears. The ftory is thus:
As a rultick was digfing the ground
by Paiua, he found an Urn or car-
then poc, inwhich there was another
Lrn, andin thislefler, alamp clesrly
burning : on cach fideof it cherc were
two other Vellels, each of them full
of a pure liquor, the oneof gold, the
ather of Sitver.  Ego Chymie areis, ¢ fi

modo
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modo vers poteftefle are Chymiz ) jurare
anfim elements @ muterivm omninm
(faith Masurantins, who had the pof-
feflion of chefe thiags after they were
taken up), On tﬁe bipger of thele
Uras there was chisinfeription :

Pluzoni fscrwm munus ne attimgite fures.
dgnetumef wobis boc quod in orbe Laet,
Namgee elementa gravi claafis digrfls
Labure.
Vafe fub hoc modico, Maximus Oly-
bius,
Adfis {acunda cuflos [ibi eopia corna,
Nesints pretium deporea® Insiess,
The letfer Ura was thus inftribed
Abite bine piffimi Jures,
Vos quid waltss, wefiric cum oewlis
emiffitiis ?
Abite hime vefira cus Mercurio
Petcfeto Cad :ceasogne,
Donun bhoe Maxiomm , Maximus
Olybius
Plutor: facrums fcit.

Wheace we may probably conje-
&ure, that is was fome Chymical fe-
crety

115
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crer, by whichthis was contrived.

Bapsifta Pores tells us of another
lamp burning in an old marble fepul-
cher, belonging to fome of the anci-
ent Romans , incloled ina glafs vial ,
found in his time, about the year
1§50,in the Ifle MVefis, whichhad been
buried there before our Saviour’s
coming.

In the Tomb of Pilles the 4r.
cadian who was flain by Turnus inthe
Trojsn war, there was found ano-
ther burning lamp in the year of our
Lord r401. Whence it would feem
thatic had continued there for above
two thoufand and fix hundred years :
and being taken out, it did remain
burning,notwithftanding cither wind
orwater, with which fome did ftrive
to quenchic; nor could it be exrin-
guithed till they had fpile the liquor
mit.

Ludovics Vives tells usiof another

lamp thae did continue burning for

1050 years, which wasfound alittle
before his time. .

Such alampis likewife related lt:)o

: ¢
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be feen in the fepulcher of Framcis
Roflerofs, as is more largely expreffed
in the confcflion of that traternity
There is another relation of a cer-
tain man,who upon occafion diggin
fomewhat deep in the ground, did
meet with fomething like a door, ha-
ving 2 wall on cach hand of it ; trom
which having cleared the carth, he
forced opon the door ; uponthis there
was difcovered a fair Vaole, and to.
wards the farther fide of ir, the ftatuc
of 2 man in Armour, fitting by 2
table, leaning upon his leftarm, aad
holding a fceprer in his right hand,
witha lamp burning before him 5 the
Roor of this Vault being fo contrived,
that upon the firft ftclp into it, the
flarue wonld eret it felf from izs lean-
ing pofture, upon the fecond ftep it
did life up thefcepter co firike, and
beforc aman could approach near e-
nough to take hold of thelamp, the
ftatuc did ftrike and break it co picces.
Such carc was there raken thac it
might not be ftoln away,or diféovered.
Our learned Cambden inhisdefcrip- s 572
tion
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tionaf Yorkshire, fpeaking of the tomb
of Conftantius Chlo us, broken up in
thefe later years,men:ions fuch a lamp
to be found within it.

There are fundry other relations to
pejwe  this purpole.  Quod 4d lucermes atti-
masivm. L. et 1lle in ommibws fere momumentis
ve32 mveniuntur, ( laith Tutherivs). In

moft of the ancient Monuments there

is fome kind of lamp, (rhough of the

ordinary fort) ;. ut thoie perfons who

werc of grearcft note and wifdom,did

rocure {uch as mighe lat without

upply , for fo many agss together,

Deperdit.  Panesrollas tells us, that it was ufual

ne6a.  for the Nobles amongft the Romans ,

totake Ipecial caiein cheir laft wills,

thar they might have a lamp in their

. Monuwents. And to this purpole

they did ufually give liberty unto

fome ol their flaves on this condition,

that they (hould be watchful in main-

taining and preferving it. Fromall

whichrelations, the firft parcicular of

this enquiry, concerning the being or

exiftence of fuchlamps, may fuffici-
ently appear.

CAP
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CAP XL

- Several opimions comcerming the mature
and yeafon of thefe perpesual Larvps,

THcre are two opinions to bean-
. fwered, which do utterly over-
throw the chief confequence from
thefe relations.

t. Some chink that thefe lighes fo
often difcovered in the ancient tombs,
werenot fire or flame’, bue only fome
of thofe bright bodies which do uf.
atly fhine in dark places,

2. Others grant them to be fire,
bue yet think chem to be then firft
enkindled by the admiffion of new
air when thefe fepulchres were ope-
ned.
1. Therc arcdivers bodies ( faith

Ariftorle ) which fhinein the dark, as 7

rorten wood, the feales of fome fifh-
es, ftoucs, the glow.worm, thecyes
of divers creatures, Carden tells us of
a bird in new Spauw, called Cocopum
whofe whole body is very brighe, but
his eyes almoft equal to the lighe of

a

119



240 Dedalus; or, Lib.II.
a candle, by which alone inadark
night one may both write and read ;
By thefe the ludians (faich he ) ufero
cat their feafting Suppers.

It is commonly related and belie-
ved, thata Carbuncle does fhine in
the dark like a buraing coal, from

- whenceit hath irs* name. To which
pragus?  purpofc there is a fory in Ailian,
infieria of aStork, that by a certain woman
Animall3 a5 cured of a broke n thigh, in gra-
titude to whom, this fowlafierwards
flying by her, did let fall into her
lapa bright Carbuncie, which (faith
he ) would in the night time {hineas
clearas alamp. Butthisand the like
old relations are now generally dif-
believed and rejefted by%camcd men;
Doltiffimorum omnium confenfu, hujuf-
meds gemme roi twveniuntur, fait
Delnpd  Boctins de Bagt ja man very muchskil-
Osom ledin,and inquitice after luch matters;
“*7" nor isthere any one of name that does
from hisown eye-fight or experience
affirm che real exiftence of any gem fo
qualificd,

Some have thought that the light

in
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inancient tombs hath been occafioned
g‘om %ﬁe fuch bodics‘ras tlhc(i:. Eorif Vids L

cre had been any poffirilty 1o pre. ©%
ferve fire fo long a,ij}:cc,’:is lﬁ«cly tF})\en busem.
thatthe Jfracleses would have known
the w ay, who were to keepit perpetu-
ally for their Sacrifices.

But to this opinion it might be
replied, Tlar nonc of thele Nedicul,
or might-(hining_bodies have beea
obfesved inany of the Ancient Sepul-
chres, and therefore this is a n.eor
imagin-ry conje@ure ; and then be-
fides, fome of thefe lamps have been
taken out burning, and cominued [0
for a conﬁderabf: {yace afterwards.
As for the fuppofed convenicncy of
them, for the perpetuating of the
holy firc amongft the Jews, it may
as well be feared feff thefe fhould
have occafioned their Idolatry, unto
which chat Nation was {o tirongly
addi€ted upon every flight occalion;
nor may it feem Qtrarge, if che proe
vidence of God fhould rather permir
this fire fometimes to go our, that
foby their carneft prayers, being a-

R gain
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giin renewed from heaven, (asit¥
fometimes was) the peéoples faith
mighe be the beteer ftirred up and
ftreagehned by fuch frequent miracles.
2. It is the opinion of Gurberins
that thef: lamps have not continued
Luining for fo long a fpace as they are
fuppoled in the former relations;
but that they were then firft enfla-
med b% the admiffion of new air, or
fuch other occafion, when the fepul-
chrs were opened ; as we fee in thofe
fac earthy vapours of divers forts,
which are oftentimes enkindled into
aflame., And ’risfaid, chat thereare
fome Chymical ways, whercby iron
may be {oheated , that being clofly
luted in a glafs, it fhall conftantly
retainthe fire for any fpace of time,
thoughit were for a thoufand years
ormore; at the end of which, if the
glafé be opened, and the frefh air
admiried, the iron fhall be asred.hot
as if jt wercnewly taken outof the
re.

Ba for anlver to this opinion, *tis
conficerable, thar [ime Urns have had
inferip-
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infcriptions on them, expreffing that
the lamps withinthem were burning,
when they were firft buried.  To
which miy be added theexperience
of chofe which have continued fo for
a pood fpace afterwards ; whereasche
inflamation of far and vifcous va-
pours,does prefently vanifh. The lamp
which was found in the Ifle Nefis, did
burn clearly while it was inclofed in
the glafs; but that being broken, was
prefently extinguithed.” As for that
Chymical relacion, ic may racher ferve
to prove, that fire may coatinue fo
many ages, without confuming any
fuel.

Sothat notwirhftanding the op,
fice opinions, yet ’is more probable
that there have been fuch lamps as
have remsined burnins, withoue any
new fupply, for many handred years
together ; which was the firft particu-
far to be explained.

2. Concerning the reafon, why the
Ancients were fo careful in chis
particular, shere are divers opinians.
Some think itto be an expreffion of

R 2 theis
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their belicf, concerningthe fouls im-
mortality aficr its departure out of che
body, alamp amongit the Egvprians
being the Hierophyphuck of life.  And
thercfore they that could not procure
fuch lamps, werc yet caretulto have
theimage and reprefentarions of themn
ingraved on their Tombs.

Others conceive themto be by way
of graritude rothofe infernal Deities ,
who rook the charge and cuftody of
their dead bodics, remarmng always
with them in their Tombs, and were
theicfore called Dis manes.

Others are of opinion, that thele
lamps were only intended to make
their fepulchres more pleafant and
lightfome, that they might not fecm
tobe imprifoncd ina dilmaland un-
comlonableplace. Trueindecd, the
dcad Lody capnot be fenfible of the
light, no more could it of irs want of
burial; yet the fame inftinét which did
exciteit to the delire of one, didalfo
occafion theother. .

De tuer. . Licetus.concludes this ancient cu-
auizes. frometohave a doubleend: 1. Po-
lisick,
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Litick, for the ditin&ion of fuch as
-were nobly born, in whofe Monu-
ments caly they were ufed. 2. Ve
tural, to preferve the body and foul
fromdarknefs ; for it was a common
opinion amonﬁﬁ them, that the fouls
alfowere much converfant abour thof¢
places where the bodies were buried.

CA P XIL

The moft probable conjelure how thefe
Lamps were framed,

TH E greatctt difficulty of this et gwmes
quiry doth confift in chis latt
rticular, concerning the muanner
ow or by what po(’{,'ﬁ)lc means anc{
fuch perpetual flame may be coneriv’d.
For the difcovery of which, there
are two things tobe more cfpecially
confidered.
1. Thelnuf or wiek, which muft
adminifter unto the Aame.
_ 2. Theoyl, which muflt gousith
",
R 3 For
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For the firft, it is generally granted
that there are divers fubftances which
willretain firewithoutconfuming:fuch
isthat Mineral which they call the

Sulamandcrs-wool, laich our lcarned |

* Bacon. Ipfeexperess fums villos Sala-
mandre mon ron/ffn/’, faith 4 Yoachimus
Fortins; and * Wecker from his own
knowledg affirms che fameof Plume-
allim, that being formed into the
fikenefs of a wic?(, will adminifter
tothe flame, and yet not confume it
felf. Of this nature likewilt was that
which the Ahcients did call Linum
vivym, or Asbeftimam : of this they
were wont to make garments chat
werc not deltroyed, but purified b
fire ; and whervas the fpots or foul
nefsoi cther cloaths are wathed out ,
in thefe chey were ufually burnt a.
way. The bodies of the ancient Kings
were wrapped in [uich garments when
they were pur in the funers! pile,
thae their alhes might be therein pre.
ferved, withour the mixture of a-
ny other. The materials of them
were not from any herb or vegera-
ble,
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ble, asother textils, bue from a flone
called Amiancus, which being brui-
fed by a hammar, and its earchy na-
ture thakenoue, reains certain hairy
fubftances, which may be fpun and
woven as hemp or flax, Pleny fays,
thar for the precioufnels of it, it did
almoft equal the price of pearls. Pan-
civollus rells us, that ic was very sare, Dot
and eftecmed precious in ancieor © ¥
times; but now is fcarce found or
known inany place, and therefore he
reckons it amongift the things thac are
loft. But L. Vives aflivms, that he hath #r pup.
often feen wicks made of it at Paris, 3.5
aod the fame matter wovenintoanap- s,
kin at Lovaine, which was cleanfed
by being burne in the fire,

>Tis probable from thefe various
relations, that there was feveral
forts of i, fome of amore precious,
others of a bafer Kind, that wag
found in Cyprus, the defertsof Ind:s,
and a certain Province of Afis: this
being common in fome parts of Jra
41, but is {o {hort and briutle, thac
itcannor be fpunintoa thred. And

R 4 there.
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therefore is ufeful only for the wieks
of perperual lamps, faith Boetins de
Boos, Some of this, or very likeit, I
have upon enquiry lately procured
and experimented.  Bur whether it
be the ftone A4sbefius, oroaly Plume~
allum, Y cannot certainly affirm, For
it feems they are both fo very like ,
as to be commonly fold for one ano.
ther (faith the fame Author). How-
ever, irdoustruly agree in this com.
mon quality afcribed unto both, of be-
ing incombuftible,and not confumable
by firc: But yer there is chis incon-
venience that ic doth contradt fo much
fuliginous martter from the earthy
parts of the oyl, (though is was try-
ed with fome of t! e pureftoyl, which
is ordinary tobe bought ) thatin a ve-
ry few days it did choak and extin-
guilh the flame. There may poffibly
be fore Chymical way o to purifie
and defecare thisoyl, that it thall not
fpend into a foory matcer.

However if the liquor be of a
cloftaud glutinous confiftency ,it may
burn withour any Inuffy, as we fee

in
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in Camphire, aod fome ocher bitu-
minous {ubftances. And it is proba-
ble char moft of the ancient lam
wereof this kind, becaufe the exa&e(t
relations (to my remembrance) do
not mention any that have been found
with fuch wicks.

But herein will confift che greateft
difficulty, tofind out what invention
there might be for their duration,
Concerning which there are fundry
opinions.

Saint 4.fFn peakin}% of that Lamp
in ooe of the Heathen Temples,
chinks that it mighe cicher be done by
Magick, the Devil thinking there-
by to promote the worfhip and e-
fteem of that Idolto which it was
dedicated ; orelfethac the 2rr of man
might make it of fome fuch materi-
al, as the ftonc Asbeftus, which be-
ing once enkindled, will burn with-
our being confumed. Asothers (f3ith
he ) have contrived as great a won-
der in appearance, from the natural
virtue of another ftone, makingan
iron-image feem to bang intheair, by

rca-

249

D¢ Cru.
Da b2t

Zanch, de
Operibur
Des, par.t.
1 g6t



Dadalus; or, Lib, I,

reafon of twoload-ftones, the onebe-
ing placed in the Ceiling, the other in
¢ floor.

Others are of opinion, that this may
be effefted in a hollow veflel, exat-
ly luted or ftopped up in all che vents
of it. And then, if a lamp be fup-
poledto burnin it, bur for the leaft
moment of time, it mult continue fo
always, or clfe there would bea Vacs-
um, which nature is not capable of ; If
you ask how it fhall be nourifhed ?itis
anfwered,chat the oyl of it being curn-
ed into {moakand vapours, will again
be converted into itsformer nature ;
for otherwife, if it fhould remain
rarefied in o thin a fubftance, then
there would notbe room enough for
that fume which muft fucceedic ; and
{o onthe other fide, there mighe be
fame danger of the Pemcerasionof bo-
dies, which naturedoth as much ab-
hor. To prevent both which, as
it is e the Chymical circulations,
where the fame body is oftentimes
turned from liquor into vapour, and
from vapour 1t liquor agaia; fo

in
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in this experiment, the fame oyl fhall
beturned into fume, and thar fume
fhallagain convert into oyl. Always
provided, thar this oyl which nou-
rithes the lamp, be fuppofed of fo
clofe and tenacious a fubftance, that
may flowly evaporate, and {o there
will be the more leifure for nature to
perfedt thefe circulations. According
to which contrivance, thelamp with-
inthis veflel cannever fail, being al-
ways fupplied with fafficicnt nou-
sifhment. That whichwas found in
the Iflc Neffs, inclofed in a glafs vial,
mentioned by Baptifte Porta,is thoughe
:Io.be madeafier fome fuch manaer as
this.

Others conceive it poffibic co ex-
tra&t fuch an oyl out of fome Mine-
rals, which fhall for a long fpace ferve
to nourifh the flameof a lamp wich

very little or no cxpence of its own &

. fubftance. To which purpofe ( fay
they ) if gold be diffolved into apua-
Quous humour ; or -if the radical
moifturc of that meral were fgpara-
ted, it might be contrived to.burn

( perhaps
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( perhaps for ever, or ¢ lealt ) for ma-
ny ages cogether, without being con.
fumed. Forif gold itfelf (ascxperi-
ence fhews) be {6 untameable by che
fire, thatafter many meltings, and vi-
olent heats, it does {carce duminifh;
’tis probable then, that being diffolved
into an oylie {Ubftance, it might for
many hundred years together conti-
nue burning.

There isa litde Chymical difcourfe,
to prave chat Urim and Fbummim is
to be made by art ; the Author of
this Treati(¢ affirms that place, Gea.6,
16. where God tells Nudh, 4 window

alt thou make in the Ark, tobe very
unficly rendered inour Tranflacion a
window, becaufe the Original word
amy fignifies properly fglendor or
light; “and chenbefides, cheair bein
at that time fo extremely darkn
with the clouds of that exceflive rain,
a window could be butof very little
ufe in regard of light, unlc shere
were fome other help for it; from
whence he conjeturcs chat both this
fplendor, and fo likewife the Urizg

an



Cap; 1 2. Mechanical Motions.

and Thummim,wercartificial Chymi-
cal rreparations of light,anfwerable to
thele fubterrancous lamps ; or in his
own phrale, it hath the univerfal (piviz
fixed in & tranfparsnt body.

Ir is the opinion of Licetus (who
hath more exally fearched into the
fubtilties of this enquiry ) thae fire
does not need any humour for the
nourithment of it, but only to de-
tainit from flying upwards. Forbe-
ing it felf one of the chief elements
(néith he oucof Theoplhrafins) it were
abfurd to think that it could not fub-
fift wichoue fomething to feedit. As
for that fubftance which is confumed
by it, thiscannot be faid to foment or
prefervethe fame fire, bur only toge-
nerate ncw.  For the better under-
ftanding of this, we muft obferve ,
that there may be a threcfold pro-
portion betwixt fire, and the humour
or matterof it. Either the humour
docs exceed the ftrength of the fire,
or the fire does exceed the hu-
mour ; and according to both thefz,
the flame doth prefently vanith. <l)rr

elle
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clfe laftly, they may beboth equal
intheir virtues, (asitis berwixe the
radical moifhire and natuzal heat in
living creatures ) and then neither of
them can overcome or deftroy the o-

ther. ‘
Thofe ancient lams)s of fuch long
durarion,werc of thislater kind. But

now, becaufethe qualitiesof heat or
cold, drynef§ or moifture in the ambi-
ent air, may alter ¢his equality of
proportion betwixe them, and make
one {tronger than the orther; rhere-
fore to prevent this, the Ancients
did hide thefe lamps in fome caverns
of the carth, or clofe monuments:
And hence isit, thatat theopening
of thefe, theadmiffion of newair un-
to the lampdocs ufually caufe (o greae
an inequality betwixe the flame and
the oyl, thac icis prefently cxcine
vifhed,

Buc flill the greateft difficulty re-
mains how to make any fisch exa&
proportion betwixt an_unétuous hu-
mour, and fuch anaftive quality, as
the heat of fire ; or chisequality be-

ing
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ing made, itis yeta further difficul-
ty how it may be preferved. To
which purpofe, Liscetas thinks jt

flible o extraét an inflameablc oyj
o the ftone Asbefius, Amiantss, ¢
the metal Gold, which being of the
fame pure and homogenions nature
with thofe bodies, fhall be (o pro-
portioned unto the heat of fire, thac
1t cannoe be confumed by it, but be-
ing once inflamed fhould continue for
many ages, without any {enfible dimi.
aution,

If ic beinthe power of Chymiftry
to perform fuch ftrange effefts as
are commonly experimented in that
which they call avrum fulminans, one
feruple of which fhall give 2 louder
blow, and be of greater force in def-
cent, than half a pound of ordinary
Gunpowder in afcent 5 why may it
not be as feaflble by the fame ‘artto ex-
trat fuch anoyl as is here enquired
after: fince it muft needs be more
difficult to make a fire whichof its
own inclination fhall tend down-
wards, chan to contrive fuch an vn-

&uous



256 . Dadalusg or, Lib. 1L

&uous liquor, wherein fire fhall be
ma ntained for many years withous
any new fupply ?

. Thus have [ briefly fet down the re-
latipns and opinions of divers learned
men  concerning  thefe Eerpctual
lamps ; of which, though there have
been fo many (undry kinds,and {everal
ways to make them, ( fome being a-
ble to refift any violence of weachers,
others being ealily cxtinguifhed by a-
0y licele alreration of che air ; fome
being inclofed round abour within
glafs others being open); yet now
they are all of them usterly perithed
amongft the other ruincs of time;
and thofe who are moft verled in the
fearch after them, have only recove.
red fuch dark conjeQures,from which
aman cannot clearly reduceany cvi-
dent principle thar may encourage
him to a particular trial,

CAP
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C AP XIL

Concerning feversl attemprs of contri-
ving aperpetuad motion by Magmesical
virtnes,

T H E fecond way whereby the
making of a perpetual motion
hath been attempeed,is by Magnecical
virtues ; which arc not without fome
ftrong probabilities of proving effe-
&ual” 1o this purpofe: clpecially
when we confider, thar the heavenly
revolutions, (being as the ficlt pac-
tern imirated and aimed atin thefe
accempts ) areall of chem performed
by the help of theft qualities. This
great Orbof earch, andall the other
Plancts being bue as fo many Mag-
netical Globes endowed with fuc

various and continual motions, as
ma‘y be moft agreable to the pur-
pofes for which they were intended,
And thercfore moft of the Authors
who treat concerning this invention,

157,

doagree, that the likelielt way to ef- -

fe& i, isby thele kisnd of qualitics. ;
5



258

Gulbers. de
Magna.
Colans

Prilef.
Magmes,
1 4.4 20.

A enal
Fiecdvr. a8
Arte Ll -
et par,
2979 13,
Fas

2 e de
MM contie
wav,’

¥ Dr Rurs
prrpetai
WRE. PAr,
2 4¢3

€ D waris
g1, rerunl,
PR X
'p.' mageet
4 3.6 35

Deadalus; or, Lib, 1L

Tt was the opinionof Per, Peregrinus,
and there is an example pretended for
icin Buternas ) Apiar. 9. Progym. 5. pro.
11 ). That 2 Magpnctical Globe or Te-
rella, being rightly placed upon its
poles, would of it {cIf have a conftant
rotation, like the diurnal motion of

the carth, Butthis is commoaly ex-
ploded; as being againit all cxperi-
ence.

Others chink it poffible, fo to con-
trive_feveral picces of ftecl, and a
loaditone, thae by their continual
aura&ion and expulfion of one ano-
ther, they may cavfea perprual re-
volution of a wheel ; Of this 0piﬂi~
on were * Taifier, b Pet. Peregrinus 5
and ¢ Cardin, outof dntomeus de Fan-
4i,  But D. Gillerr, whowas maore
clpecially verfed in Magnetical cxpe-
riments; concludes it to bea vain and
groundlefs fincy. : :

Bat among(t all theft kind of in-
vention., ~chat is molk likely, wherein
a ioadftanc is fo difpofed, that it fhall
draw: uaro it on a reclined plane, a
bullet of feal ; which Heel, as it a-

fcends



fiends nearto the Joadftone, may be
contrived to fall down through fome
hole in the plane, and fo to return
uato the place from whence at Girft
it began to move; and being there ,
the loaditone will again auradt it

. upwards, till comingto this hole, it

" will fall down again: and §b the mo-
tion will be perpetual, as muy be
more cafily conceivable by this £-
gure. -

Cap.i3. Mechanical Motions. 159
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Suppofe the loadftone to be repre-
femed at AB, which though it have.
not ftrengeh enough to attrad the bul-
lec ¢, direltly from the ground, yet
may doit by the help of the plane E F.
Now when the bulleris cometo the
top of this plane, its own gravity
( which is iuproléd to cxceed the
firengtliof the Joadlone ) will make
it fall into chat hole at E: and the
force it reccivesin this fall, will carry
iz with fych aviolence untothe other
‘end of thisarch, that it will open the
paffage which isthere made forit, and
by its return will again fhuc ic ; fochat
the bullet (as at the frlt) s in
the fame place wheace it was actra-
tted,and confeqaentdy muft move per-
petually. ’

But however this invention may
feem o be of fuch ftrong probability,
yetthereare [ofidry particulars which
jmay proveit infufficient. For,
 :». This bullce of fteel muft firlt
be tduched and have ics feveral poles,
or elfz there can be little or no at-
wraltionofis,  $uppofeCin the fleel

10
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to beanfwerable unto 4in the flone,
and to B; In the acteraltion, ¢ ) muft
always be dircQed anfweradbleto 4 B,
and fo che motion will be more difhi-
cult, by reafon there can be norotati-
onor turning ronnd of the buller, but
it muft {lide up with the line ¢ D, an-
{werable tothe axis A 8.

2. In its fall from £ c0G, which
is motus clomemaris, and proceeds
from its gravicy,, there muit needs
be a rotation of it, and o *is odds
but it happens wrong in the rife, the
soles in the bullet being noc in the
ame dire€tion to thofe in the magnee ;
and if in chis reflux ic fhould fo full
our, that D fhould be direfted to~
wards B, there fhould bc racher a
flight than an attrallion, fince chole
two ends do repelt and not draw ong
another.

3. If che loadftone 4 B, have fy
much ftrengeh chatitcan ateralt the
buller in F, when it 15 not turned
vound, but docs only flide upon the
planc, whereas itsown gravity would
roul it dowawards : then it is cvident,

S$3 the
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the fphercof thisaivity and frength
would be fo incresfed when it approa-
ches much nearer, that it would not
need the affiftance of the- plane, but
would draw it immediately 1o ic felf
without thar help, and {o the bullet
would not fall down through the hole,
bue alcend to the ftone, and confe-
quently ceafc irs motion.  Forit che
loaditone be of force enough todraw
thehulles on the plane, at the diftance
F 8, then mutt ehe firength of it be
fu¥cient to ateralt it immediately vn-
to it felf, when it is fomuch neareras
£ B. And it the gravity of the buller
be fuppofed fo much to excerd the
firength'of the Magnet, chiar it cannot
draw it dire€tly’ when it is {0 near,
then will it not be able to atrraél the
hutlet up the plane,when it is fo much
further off,

So thae nonc of all thefe Magneti-
caleyperiments, which have beenas
¥ct dilcovered, arefufficiene for the
cffe@ing of a perpetual motion,
though thefe kind of qualities feem
moft conducible unto it, and per-

hags
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haps hereafter it may be cantrved
from them,

CAP XIV.
The feeming probability of cff-8inz «
continnal motion by folid wesphss in
a hollowwheel or fphere.

THE third. way whereby the ma-

liiog & perpetual. motion hath
been attempted, is by the nacural
affeion of gravity ; whenthe heavi.
nefs of feveral bodiesis fo contrived,
that the fame morion whichchey give
in their defcent, may be able to carry
them up aggin.

But amongft che poffibilicy of any
fuch invention, it isthus ohie:ted by
Cerdwr 3 Allfublunary bodic: have a
dire& mation either of af unt or du.
feent 3 which, becaufeir dous reter 1o
fome term, therefore cannat -bo pere
peeual, bue muft aceds ceafe whien ic
is arrived at the place unto \which ic
naturally tends. ,

I anfwer; Though dhis maey prove

S 4. 12..;
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that there is no natural motion of
any partjcular heavy body, which is
perpetual; yet i doth not hinder
but that it is poffible from them to
contrive fuch an arrificial revolution
1‘1?‘ tghall conftantly be the caufe of it
elf.

Thofe bodies which may be fer-
viceable ro this purpofe, are diftin-
guifbable into two kinds.

r. Solidand conliftent, asweights
of metal orchelike.

2. Fluid or (liding, aswater, fand,
&e.

Both thefe ways have been attem-
pted by many, though with very lic-
tle or no fuccefs. Other mens con-
jeCtures in thiskind you may fee fet
down by divers Authors. Tt would be
too tedious to repeat them over, or
fet fosth cheirdraughes. 1 fhall on.
ly mention two new ones, which (if
1 am not over partial) feem alto-
ﬁe(hcr as probable as any of thefe

inds thar have been yet invented ;
and till experience_had difCovered
theirdefc& and infufficiency, ! did cer-
tainly
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tainly conclude them to be infallible.

.The ficft of thefe contrivances was
by folid weights being placed in fome
hollow wheel or [phere, unto which
they fhould give a perperual revolu-
tian. For (as the Philofopher hach
largely proved ) only a circular mo-
tion can properly be perpetual.

But for the beteer conceiving of this
invention, it is requifice thar we
rightly underftand fome principles in
Trochilicks, or the Are of Wheel-in-
fuments: As chicfly, the relation be-
twixt the parts of a wheel, and chofe
of a Ballance ; the feveral proportions
in the Semidiamerer of a wheelbeing
an{werable o the fides in 2 Ballance,
where the wc;ght is muleiplicd ac-
corcling to its diftance from the cen-
ter.

Thus
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Thus fuppof® the center to be at
A4, and the Diameter of the wheel
DC, to be divided into equal parts
( as is here expreffed ) it is evident ac-
cording to the former ground, chat
one pound at C, will be equiponderate
10 five pound at B, becaufe there is
fuch 2 proportion berwixe cheir fe-
veral diftances from the Center. And
it is nor material whether or no
thefe feveral weights be placed hori-
zontally ; for though B8 do hang lorvcr

than




Cap. 14. Mechatical Motions.

than €, yet this does not at all concern
the heavinefs ; or though the plammet
€ were placed much higher ihan it
isat E, or lower at F, yet-would it
ftill rerain the fame weighe which ic
hadat ¢, becaufe the plummets-(as
is the nature of all heavy badies ) do
tend downwards by a {traight linc:
Sothac their feveral gravities are to
be meafured by that part of che ho-
rizontal Semidiameter which isdire&-
ly either below or above them. - Thus
whenthe plumaict €, fhall be moved
eitherto Gor H, it will lofe 2 of its
tormer heavinefs, and be equally pon-
derous as if it were placed in thebal-
lance arthe aumber 3 ; and if wefuy,
pofe it tobe fituated at For X, then
the weight of it will lic wholly apon
the Center, and not at all conduce to
the motion of the wheel on cither
fide. So thatthe ftraight lincs which
pafs through the divifions of the dia-
meter, may ferve to meafure the hea-
vinefs of any weight inits feveral fi-
guations.

Thefe things chroughly confidercd,
it

267
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it feems very poflibleand eafie for a
man to contrive the plummets of a
wheel, thac they may be always hea-
vier intheirfall, than in their afcent,
and {0 conféquently thar they fhould
givea perpetual motiontothe wheel
i felf : Since it is impoffible for
that to remain unmoved, as long as
one fide in it is heavier than the o-
ther.

For the performance of this, the
weights muft befo ordered, r. That
in their defcent chey may fall from the
Center, and in their afcent may rife
pearer toit, 2. Thae the fall of each
plummee may begin the motion of
shat which Thould tucceed it. Asin
this following Diagram.

Where

!
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Where there are 16 plummets, 8
in the inward circle, and as many in
the outward, (the equality being
to arife from their fituation, it Is
therefore moft convenient that che
pumber of them be even ). Thecight
inward plummets are fuppofed to be
in chemfelves fo much heavier chan
theother, thagin the wheel they may
be of cqual weight with thefe a-
bove them, and chenthe fall of thefe
will be of fufficicac force to bring

" down
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downtheother. Forexample, if che
ourward be each of them 4 ounces,
then the inward muft be §,becaufe the
ourward is diftant from the center §of
thofe parts, whercof the inward is
but 4. Each pair of thefe weights
fhould be joyned together by a litcle
ftring or chain, which muft be faftned
abope che middle berwixe the boller
and che center of thar plummet,which
is ro fall firft, and atthe topof the
other. -

When thefebullets in their defcent
are at their “farcheft diftance from the
center of che wheel, then fhall they
be ftopped, and reft on the pins
placed to thar purpofe ; and {o in their
rifing there muft be other pins to
keep them in a convenient pofture
and diftance from the center, left ap.
proaching too near unto it, they
thereby become unfit to fall, when
they fhall cometo the top of the de-
fcending fide.

This may be otherwife contrived
with fome different circumftances;
but they will all redound to the fame

cffelt.

i\
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effed. By fuch ap cogine it feems
very probable, thata man may pro-
ducea perpetual motion. Thediftance
of the plummers from the center in.
creafing their weight on one fide;
and thesr being tycd to one another,
caufing a conftant fucceffion in thelr
falling.

But now, upon experience | have
found this to be fallacious ; and the
reafon may f{ufficicntly appear by a
calculation of the heavinels of cach
plummet, according to its {everal [ti-
tuations ; which may eafily be done by
thof¢ perpendiculars that cue the dia-
meter, {as was before explained, and
is hiere exprelled in five of the plum-
messonthe défeending fide ). From
fuch a calculation it will be evident,
thar both the fides of this wheel will
equiponderate, and fo confequently
that the fuppofed inequality, whence
the morion fhould proceed, is but
tmaginary and groundlefs, On the
defgending fide, she heavinels of each
plummer may be meafured according
tothefe numbers, ( fuppoling the dr-

ameter
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ameter of the wheel to be divided into
twenty parts, and each of thofc fub-
divided into four ).

The owtward The imverd
Plummsts plammets,
o 10y
The fum Ny of The fam
10 0 14 19
! 72
7 © 3 0)

On the aftending fide the weights
are tobe reckoned according to thefe

degrees,
The outward. The inward.
13" 4 I
i 2 7 ©
9 opThe fum s 2pThefam
53 24 2 xs 19
. O .

The fum of which lat num.
bers is equal with the former, and
therefore both the fides of fuch a

whecl, in this fituation will equi-
If

ponderate.

l
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If it be abjefted , Thar che plums
met A fhould be contrived to pull
down the otherat B, and then the de-
fcending fide will be heavier thanthe
other,

| For anfwer to this, it is confidera-
ble,
1. That thefe bullets towards the
top of the wheel, cannot deftend citt
they come to a certain kind of incli-
natiov.

2. Thatany lower bullet hanging
upon the other above it, to pull it
down, muft be conceived, as if the
weight of it were in thar point where
its firing touchesthe upper ; at which
point this buller will be of lefs heavis
nefs inrefpelt of the wheel, than if it
did reft in itsown place : Sothacboth
the fides ofit in any kind of fituacion

may equipondeare,

T CAP
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CAP XV,
Of compofing a perpeenal motion by flaid
weights, Confcrﬁmg;Archimwcs bis
aater-ferew.  Thegreas probability of
 Aceomplifbing 1his enquary by the help
of that 5 with the falliblencfs of .4t
“HPOW CXPEXImEns. - .1 )

Hat which I {hall mentionas the

latt way,for the trial of this ex-
perimont, Js by contriving it in fome
water-ipfirument ; which may fkem
altogether as probable and eafic as
anyof the reft, becaule that element
by realon of ics Aaid and fubtil na-
e ( whereby of its own accord it
ea,r_c?:fsrou: the lowbzr and% mlore lnakr-
row paffages ) may.be moft pliable co
the mind gf the A¥xiﬁccr. RI ow the
ulual meansfor the aftent of water,
is either by Sckersor Forcers, or fome-
thing equivalent thereunto ; Neither
of which may be conveniently applied
unto {ucha work as this, becaufe there
is required unto each of them {6 much
or more firength, as may be auf‘wcﬁ-
c
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bleto the full weighe of the water that
isto be drawn up; and then befides,
they move for t}ie moft part by firs
and faatches, fo chac it is not calily
conceivable, how they fhould conduce
wnto {uch a motion, which by reafon
of its perpesuity muft be regular and
cqual, :
But among(t all other ways to this
purpofe, that invention of Archime-
desis incomparably the beft, whichis
ufually called Cochies, or the Water-
Serew, bcm%‘framed by the Helical
revolution of a cavity about the Cy-
linder. We have not any difcourfe
from the Author him{tlf concerning
it, nor is it cermin whether he ever
wtital:'y thing to this purpofe. But
if he did, yer asthe mjury of time
hath deprived us of many other his ex-
cellent works, fo likewife of this, a-
mongft the reft,

Athenens fpeaking of tha great fhip

27§

Dipmifept.

built by Hiero, in the framing of -

which there were 300 Carpearers
employed for a year together, befides
many other hirelings for carriages,

T 32 " and
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and fuch fervile works, mentions this
inftrument, as being inftead of 2 pump
for thac vaft fhip; by the help of
which, one man might eafily and
[peedily drain out the water, though
i were very deep.

Diodorus Sicatus {peaking of chis
eagine, tells us, that Archimedes in-
veneed it when he was in Egppe ,
and that it was ufed in chat Coun-
ery for the draining thofe pits dnd
lower grounds, whence the waters of
Nilus colld not return. 0"‘”"’{76"“
&éi@. 78 op amzxﬂ’ﬁmpﬁo)\!ﬁ,( aith
the ﬁchurgor).lt,bcingan engine fo
ingenious and artificial , as cannot
be fufficiently expreffed or commen-
ded. Andfo (it thould feem) the
Smith in Milfain conceived it to be,
who having without any teaching or
information found it out, and there-
fore thinking himfelf to be the firft
inventos, fell mad with the meer joy
of ic,

The nature and manncr of making
this, is more largely handled by /1~
sruving,

The
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The Figure of it is after this maaner.

Where you fee there isa Cylinder

A A, and a fpiral cavity or pipcrwi-
ning about it,according to equal revo-
lutions B B. The axis and centers
of its motions are ac the pointsC D,
upon which being turned, it will fa
happen that the fame part of the pipe
which was now Jowermolt, will pre-
fently become higher, fo that the
water does afcend by defcending ; a-
fcending in comparifon ro the whole
inftrument, and defcendingin refpelt
T3 of
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of its feveral parts. - This being one
of the ftrangelt wonders amongft
thofc many, wherein thefe Mathema-
tical arts do abound, that a heavy
body fhould rife by falling down; and
the farther it pafies by its own natu-
ral motion of defcent,by fomuch high-
er ftill (hall it afcend s~ which though
it feem fo evidently to contradit all
reafon and Philofophy; yet in thisin.
ftrument jt may be manifclted both
by demonftration and fenfe.

This pipe or cavity for the matter
of it, cannot eafily be made of mctal,
by reafon of its olten turnings; but
for erial, there might be fuch a ca-
vity, cut in a columnof wood,. and
alterwards covered over with tin
plate.

For the form and manner of ma-
king this fcrew, #itruvaus does pre.
fcribe thefetwo rules:

1. Thac there muit be an equali.
t{ obferved betwixt the breadeh of
the. pipe, and the diftance of its fe.
veral circumvolutions.

3. Thacthere muft be fucha pro.

’ portion



Cap. 1 5. Mechanical Mations.

gonion berwixt the length of thein-
rument, and its clevation, asisan-
fiverable to the Pythagorical Trigon.
If ehe Hypotenulal, or Screw be §,the
perpendicular or clevation mult be 3,
and the balis 4.

However ( with hisleave) ncither
of thel¢ propostionsare gencrally ne-
ceffary, but fhould be varied accord-
ing to othér circumftances, Adfor the
breadeh of the pipe in refpect of s re-
volutions, it is left at fiberty, and
may be contrived according to the
quantity of water which it fhould con-
tain. The chief thing to bt confidered
is the obliquity or clofenefs'of thefe
circumvolutions. For the nearer they
arc unto one atiother, the higher may
the inftrument be erected ; cliere being
no other guide for its true elevation
but this,

And becaufe che righe underftand-
ing of this particular is onc of the
principal matters chat concern the
ufe of this engine, thercfore 1 fhall
endeavour with brevity and perfpi-
cuity to explainit.  The firlt thing

T4 o
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to be inquired after, is what kind of
inclination thefe Helical revolutions
of the Cylinder have anto the Hori-
zon; which may be thus found out.

B

Let 4 B reprefent a Cylinder with
two perfeéd revolutions in it; unto
which Cylinder the perpendicular
line ¢ Disequal: thebafis D £ be-
ing fuppoltd ro be double unto the
compafs or circumfercnce of the
Cylinder. Now itis cereain that the
angle € ED, is the fame with that
by which the revolutions on che Cy-
Tinder are framed ; and that the line
Ec, in comparifon to the bafis E D,
does fhew the inclination of thefc
revolutionsunto the Horizon. The
ground and demonftration of this,
are more fully fct down by Guidus
Ubaldus, in his Mechanicks, and ‘ﬂ:‘

other
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other Treatife De Cockles, which he
writ purpofely for the explication of
this inltrument, where the fubtilties
of;, it arclargely and excellently hand.
led,.

‘ Now if thés S'crcw whfich w&sdbc-
or¢ perpendicular, be fuppofed to
decline unto the Horizon bppgbe an-
gle FBG, asinthis fecond Figure ;

C A

E

H = <
B

E e semteenne —*"""j-'H
sA
&

B qd

then the inclination of the revolutions
init, will be increafed by theangle
E D H, though thele revolutions will
ftill remain in a kind of akeent, fo that
water canpot be turned through :h;m.

ut
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But iow if the Screw be placed fo
far declining, thar ¢he angle of its
inclination F B G, be lefs than the
angle ‘£ €D, in the triangle, as in
this other Diagram under the for-
mer ; then the revolicions of itwill
defcend to the Horizon, asdoes the
line £-¢, andin (uch'a pofture, if the
Sciew-be turned round, waterwill
afcend through its cavity. W hence
itis eahe to conceive_the certain de-
clination whercinany Screw muft be
placed for its owrn conveyance of wa-
ter upwards,  Any point betwixt A7
and D, beingindefcene ; bur yer the
more the Screw declines downwards
towards D, by {o much the more wa-
ter will be carried up by ic.

It you would know the juft quan-
tity.ot water which every revolution
does contain and carry, according to
<ers (., 30 inclination of the Cylinder, this
Seealues tay be eafily found by afiribing on

pli- S, .o
atienot 3§30 Ellipfis, parallelro the Horizon';
ohis in U which Edtipfiswill. fhew how muchof
e %, the revolution is empty) 'and how

Cechler, 1, -
apapas. much full, ,
‘The



Cap.15. Mechanical Mations.

The true inclination of the Screw
being found, togecher with the cer-
tain quantity of water which every
FHelix does contain ; itis further con-
fiderable, that the water by this In-
ftrument does afcend naturally of it
{elf without any violence or labour,
and that che heavinefsof it doth lie
chiefly upon the centers or axis of
the Cylinder, bath its fides being of
equal weight ((aith Ubsldw) ; Sothae
(e fhould feem ) though we fuppole
each revolution to havean equal quan-
ticy of water, yer the Screw will
yemain with any part upwards (sc-
cording as ic fhall be fet ) without
turning it {elf cither way. And there-
fore the leaft Rrength being added
to cither of its fides, fhould make ic
defcend, according to that commion
Maximne of Archimedes ; any addition
will make thar which equiponde-
rates wich another, to tend down-
wards. .

But now, becaufe the weight of
this inftrument, and the waterin ic,

does lean wholly upon che axis,
heace
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hence is it (faith Vbaldus) thac the
grating and rubbing of thefe axesa-
gainft the fockets wherein they are
placed, will caufe fome ineptitude and
reliftency to thac rotation of the Cy-
linder, which would otherwif¢ enfue
upon the addition of the lealt weight
toany one fide; Buc (faith che fame
Auchor) any power that is greater
than this refiftency which does arife
from cheaxis, will ferve for the tury
aing of itround.

’%hcfé things confidered cogether,it
will hence appear, how a perpetual
motion may feem eafily contrivable,
Tor if there were but luch 2 water-
wheel made on thjs inftrument, upon
which the ftream that is carsied up,
may fall, in its defcent it would turn
the fcrew round, and by chat means
convey asmuch water up, asisrequi-
red tomove its fo chat the motion
muft needs be continual, fincc the
fame weight which in its fall does curn
the wheel, is by the turning of the
wheel carried up again,

Or if the water falling upon one

wheel,
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wheel, would not be forcible cnough
for this cffe@t, why thenthere might
be two or three, or more, according as
the length and elevation of the iufg'u
men will admit ; By which meansthe
weight of it may be fo muliplied in
the kall, chat it {hall be equivalent
ro twice or thrice that quantity of
water which afcends. As may be more
plainly dilcerned by this following
Diagram, Lo

Where
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Where the figure L 47, at thebot-
come does reprefent a wooden Cylin-
der with Helical cavities cut in it
which at 4 B, is fuppofed to be.co-
vered over wirh tin plates, and three
water-wheels upon iv, HI[ K. , The
lower ciftern which contains the wa-
ter being C 1), Now this: Cylinder
being turned round, all the warer
which from the ciftern aftends thro”
it, will fall inco the velfel ag £, and
from that veffel being conve{cd up-
on the water-wheel 4, fhall confe-

yently give a circular motion to
the whole Screw.: Or if this alone
fhould be too weak for che turniag
of it, then the fame water which
falls from the wheel 4, being recei-
ved imo the ocher veffel &, may
from thence again defcend on the
whecl 7 ; by which means the force
of it will be doubled. And if this
be yet infufficient, chen may che wa-
ter which falls on the fecond wheel
1, be received into the orher veffel
G, and from thence again deftend on
the chird wheel at K - and {o for as
many

287
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maay other wheels, asthe inftrumenc
is capable of. So that befides the
cates diftance of thefe three ftreams
rom the center oraxis, by which they
are made fo much heavier ; and be-
fides, thar the fall of this ourward
water is forcible and violent, whereas
the afcent of that within, is natural ;
Befides all chis, there isthriceas much
water to turn the Screw, asis carried
upby it.

But .on the other fide, if all the
wates falling upon one wheel, would
be ableto turn it round, then half of
it would ferve with two wheels ; and
the reft ma(y be fo difpofed of in the
fall, asto ferve unto {ome other ufe-
ful delightfulends,

When I 6irft thought of this in-
vention, T could fcarcz;: forbz?r with
Archimedesto cry out ;I
feeming fo infallible my%thc
effe&ingof a perpetual motion, that
nothing could be fo much as pro-
bably objeQted againft ic: Bur wp.
on trial and expericace I find
altogether infufficient for any fuch

purpofe
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Purpol'c, and that for thefe ewo rea-
ons :

1. The water chat afcends, will not
make any confiderable ftream in che
fall.

2. This tream ( though multiplied )
will not beof force enough to turn a-
bout the Screw.

1, The waterafcends Fen:ly, and
by intermiffions, buc ic falls continu.
ately, and with force ; each of the
three veflels being fisppofed full at
the firft, that fo the weight of the
water in them might add the grea-
ter firength and fwiftnefs to the
ftreams that defcend from chem.
Now this fwiftnefs of moation will
caufe fo great a difference berwixe
them, that oneof thefe lictle ftreams
may fpend more water in the fall,
thana fiream fix times bigger inthe
afcent, though we (hould fuppofe
bothof them tobe continuate ; How
much more then, when as the afcen-
ding water is vented by fits and
intermiffions, every circumvolution
voiding only fo much as is con-

Yy tained

289
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tained inone Helia ? Andin this par-
ticular, one that is not verfed in thefo
kind of experiments, may be cafily
deccived.

But fecondly, though there wero
fo great a difproportion, yet notwith-
flanding che force of thele outward
ftreams might well enough ferve for
the turning of the Screw, if it were
1o that botﬁ its- fides would equipon-
derate, the water being in them (as
Vbaldshath affirmed ). But now up-
on farther examination, we fhall find
this affertion of his, to be utterly a-

ainft both reafon and experience. And
Ecrein does confilt the chicf miftake
of this contrivance. For thealcend-
ing fide of the Screw ismade by the
water cuntained in it,{o much heavier
than the defcending fide, that thefe
outward (treamsthusapplivd, will nor
be of force enough to makethem e-
quiponderate, much lefs to move the
whole, Asmay be more calily difcer-
ned by this figure.

Where
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Where 4 B, reprefents a Screw
covered over, C D E one Helix or re-
volution of it, C D the alcending
fide, £ D the defcending fide, the
point D the middle. The Horizon-
tallinc C F, fhewing how much of
the Helix is flled with water, o7z,
of the afcending fide, trom C the be-
ginning of the Felix, to D themiddle
of it ; and on the delcending fide,
from D the middle, to the poine G,
where the Horizontal does cut the
HMelix. Now it isevident, thac this
latcer part D G, is nothing near lo
much, and confequently not fo heavy
as the other D €. And thus js it
inall the other revolutions, which as
they are either more, ar larger, fo

Y 2 will

191
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will the difficulty of this motion be
increafed.  Wheance it will appear,
that the outward ftreams which de-
fcendy mutt beof fo myelrfoyceasto
countervail all ehat weight wherchy
the afcending Gde in every one of thefe
revolutions does exceed the other;
And though this may be cffetted by
making the water-wheels larger ; yet
then the motion will be fo flow, that
the Screw will not be able to fupply
the ourward fireams.

There is another contrivance to
this purpofe mentioned by Kircher
de Magnete, 1, 2.p. 4. depending upon
the heat of the Sun, and the force of
winds ; bue it is liable to fiich abun-.
dance of exceptions, that it is fcarce
worth the mentioning, and does by no
means defcrve the confidence of ‘any
ingenious Artift.

Thus have I briefly explained the
probabilities and defects of chofe: fish-
til contrivances, whereby the making
of a perpetual motion hach been at-
cempted. I would be lothto djlcou-
rage the enquiry of any ingenious

Artificer,
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Anificer, by deaying the poffibility of
effe@ing it with any of thele Me-
chanical helps ; bue yer (1 conceive) Treted
if thofe principles which concernche 1,
flowncfs of the power in comparifon
to the grearnefs of the weight, were
rightly underftood, and throughly
confidered, they would make this ex-
riment to feem ( if not altogether
mmpoffible, yet ) much more difficule
than atherwife perhaps it will appear.
However,the inquiring after it,cannot
buc deferve our endeavours, as bein,
one of the moft noble among(t all thele
Mechanical fubtilcics,. And (as it isin
thefable of him who dug the Vine-
yard for a hid crasfure, though he did
not find the money, yet he thereby
made the ground more fruitful ; fo)
though we do not atain to che effett-
ing ol this particular, yetour fearch-
ing after it may difcover o many o-
ther cxcellent fubtilties, as fhal) abun-
dantly recompencc the labourof our
cnquiry.
And then befides, it may be ano-
ther ¢ncouragement to confider the
plealire
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pleafure of fuch fpeculations, which

do ravifh and fublime the thoughts

with more clear Angelical content-

menes.  Archimedes was generally fo
takenup in thedelight of thefe Ma.
thematical (tudies of this familiar

‘mdes s Sirem, (as Plutarch ftilesthem) thac
wraxe  he forgot both his meat and drink,
;’1“:"",3" and other nccefficies of nature ; nay,
mers.  that he negle@ed the faving of his
Joen. - life, when that rude foldicr in the
ws, Chil pride and hafte of viftory, would
Hiff. 35 . : . .
sabr. not give him lcalure to finifh his
Maxim L. demonitration. Whata ravifhment
““*  was that, when having found out
the way to meafure Hiero’s Crown

he lcaped out of the Bath, and (as

if he were fuddenly poffeft) ran na-

Iced up and down,crying Supag. &upma !

It is ftoried of Thales, that in his

joy and gratitude for one of thefe
Mathematical inventions, he went
prefeutly to the T'emple, and there

offered up a folemn facrifice.  And
Pythagoras upon thc like occafion is

related to have facrificed a hundred

Oxen.  The juftice of providence ha-

ving
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ving fo contrived it, that the pleafure
which there is in the fuccefsof fuch
iaventions, fhould be proporstionedto
the great difficulty and labour of their
inquiry.

FINIS
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