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Mechanich Powers ;
MYSTERY

NATURE and ART
UNVAILD

Shewing what Great Things may be perform’d by Me-
chanick Engines, in removing and raifing Bodies of
vall Weights: with little Scrength or Force; and alio
the makmg of Machines or Engines, for ra:l’ng of
Water, draining of Grounds, and feveral other Ulfes.

TOGETHER,

With a Treatife of Cirenlar Mation artificially ficted to Mecha-
nick ufe, and the making of Clock-work, and other Engines,

A Work pleafant and profitable for all forts of Men, {rom the
higheft tothe loweft Degree : And nevertreated of in En-
gliflo but once before, and that but briefly.

L

The whole comprized inTen Books,and illnflrated withCopperCuts:

By 7en. Mandey, Philomat,

L ONDO N,

Printed for Tho. shelmerdine at the Role tree, and
Tho. Ballard, at the Rifing Sun in Little. Brittain, 1702,
Where is to be Sol d, the Univer[al Mathematical Synoplis,

by the fame Author. Price 6 ».
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My ery ot N ature and Art unvail'd.

the quantities of moving Forces, and of the times in
which the Motion is made.
~ The Cenire of Gravity of any Body is a certain point with-
in it, having the parts about it every where confifting of equal
moments according to which it is born downward, and from
whence if 2 body be conceived to be hung by a Line it refteth
while it bears downward, keeping the Pofition which ir had
in the beginning, and that Line is always perpendicular to the
Horizon. ~

# I YHE Mechanick Art is a Science which contemplares about

RO RS 11,

V Arious are theEngins,to which if force be ufed,their ftrengths
are augmented in a wonderful manner, fo that, that which
1s fit to overcome the refiftance of 100 pound weight, may be
made fuflicient to overcome 1000 pound,yea,2oo0 pound weight,
and more : I will expound this Propofition, which cannot be
done better than by fimply expofing to view the Engines, whofe
forces are increafed by the firength of their movers, and we
will thew what Experience approves in common Engins; and
becaufe almoft all Authors recal the other Powers to the Bal-
Jance, we will begin with ir.

B Of
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Of the Ballance.

Y the Bollance we underftand an iron Rod, hanging frecly
in the middle point which is called the Beam, or Centre
nd the effiect which daily experience teaches us is this.

Fig. 1. 1f two equal Weights fuppofe of 4 pound cach be hurg
in the points A and B, fo that the lines A C, CB are equal,
they will poife each other, or be in Egquilibrio. But if the
weight F be never {o little removed from the Beam or Cock C,
{5 that the line B C be longer than the line A G, the weight

F overcomes and raifes the weight E if you ask why thofe forces.

are increafed by their greater diftance from the Beam, or Centre,
(o that the diftance augmented is equivalent to the weight ;
that is, fuppofe two unequal weights E and G, and let the pro-
portion of the weight E to the weight G, be the {fame as the
diftance C H to the diftance A C; and that the weight at H com-
penfates or makes amens 1n the diftance for that which it wants
in the Gravity or weight, fo that they ftill remain in equilibiio,
{ or equally poifed ) therefore it is queftioned, wherefore the
diftance from the beam adminifters futhcient fren gth 1o it to re-
filt double its weight ; which is {o far forth a truth, thar if the
line or rod C H being produced farther in certain divifions,
the fame weight, fuppofe one pound, will according to the fe-

veral diflances equiponderate 10 any Wweight, Or number of

pounds hung in the point A, and this kind of Ballince is in ufe

every where, for Butchers weigh their meat by it, and Farmers

their Hay, ¢« Only Note this one thing, which in all En-
gines ought to be noted, to_wit, as often as the force of the
power 1 increafed by the Engin, fo often alfo is its motion
increafed with refpect to the motion of the weight; as in the
former example, while the weight G is at the diftance C H, being,
double the diftance of A C, all things being fo difpofed, it
vou remove the weight E one foot, the weight G muft be

removed 2 feer, fince 1t defcribes an Arch doubly greater, or as.

great again.

Of the Leaver.

He fecond Engin which is propofed is the Leaver, which.

is a firm body extended in length, as a Bar of Iron or a
wooden Bar of firm {ubftance, in which three things are al-
ways

——
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ways to be diftinguifhed ; to wit, the power of the Movent,
the Weight to be moved, and the point that fultains the Leaver
which is called Hjypomeclion or Prep, being nothing but a Roller
or a piece of Timber or Stone laid under the Leaver, to fup-
port 1t, even as in the Ballance we diftinguifh three things, to
wit, the two Weights and the Beam or Cock ; whence it
comes to pafs that the Leawver is compared to the Rallance. And
becaufe the Hypomoclion may pofiefs either the middle place be-
tween the power and the weight, or it may be in one of the
extreams or ends, and that two fold, to wit, either {o that the
weight may pofiels the middle place,. or elfe the power may be
in the middle, therefore there are three kinds of Lesvers.

Fig. 2. The firft kind of Leawer hath the weight on one end
A, the Power in the other end C, and the Hjypomoclion in the
middle, to wit, in the point B, and if the power happen to be
equally diftant from the Hjpomoclion, with the weight, and fo
cqually moved; In fuch difpofition if the power can of it felf
and without an Engin move 1oo pound, and the weight A be
juft 100 pound, it may move that and no more; but if the
diftance B C be greater than the diftance A B, fuppofe double to
ir, and being fo difpofed, while the weight is moved one foor,
the Power C performs 2 feet, then the fame power being plac-
ed in C, will raife or overcome 200 pound in A.

The {fame proportion in 2 manner is {aid to be in the fecond
kind of Leawver, for becaufe the diftance D F exceeds the diftance
D E, therefore the power placed in F, will be increafed accor-
ding proportion of the line D F to the line D E.

The third kind of Leaver increafes not the force of the Pow-
er, but rather increafes the force and refiftance of the weighe,
and leffens the force of the power; beeaufe the diftance of the
power H from the Hypomoclion G, is lefs than the diftance G 1
of the weight from the fame Hypomoclion ; and confequently in
fuch difpofition the power is lels moved than the weight.

Of the Wheely or Axis, in Pericrochio.  Fig. 3.

He Wheel, or Axis,in Peritrochio may be varioufly ufed, and this
Figure exprefles it futhciently, The power will be in the
point F, and the weight in the point D ; it may eafily be re-
duced to the Lesver of the firft or fecond kind ; For its Axis
A B hath the force of the Hypomaoclion, and becaufe the weight is
B2 in
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in D, its diftance will be C D and the diftance of the power applied
in F will be E F; Therefore the a&tive force of the power will
be increafed according to the Ratio or proportion of the line
EF to C D, that is, if E F be four times as much as CD, and
the power without an Engin may take up 100 pound weight;
it being added to fuch an Ensgin may take up or draw 400
pound weight ; Here we fhall offer no reafon, but expofe the
precife cffet and experience; Wherein we would note one
shing, that the precife diftance from the Hjpemoclion doth not
conferr this augmentation, but that diftance from whence
follows the greater motion in the power, will refpect to
the motion of the weight, that is, if the Power H thould
draw by the rope FH, the diftance H E is notto be re-
oarded, but only FE, becaufe although the length of the
rope increafe and confequently the diftance HE; notwith-
ftanding from that diftance it doth not follow, that while the
weight is moved one foot, the power is moved more than
four feet. '

Of the Pulley or Windlefs.  Fig. 4.

HE fingle Pulley increafes not force, and is reduced to the

Leaver; notwithftanding being focompofed that the diftance
of the weight and of the Power are equal, and thefe diftances
are DB, BE from the immoveable point B; and fince no
Pulley hath motion, but about the Fixed point B, therefore the
forces are not increafed, if the principle we profecute be corr-
ftituted, becaufe the power is as well moved as the weigh.
The only benefit that accrues from the Palley n this difpofition,
is that the power may be more eafily applied; and to fhun
the refiftance which may happen by accident, becaufe the rope
being turn’d abour an immoveable Cylinder is fretred and.
worn.

The Pultey may be difpofed after another manner.

Fig. 5. It may be made {o that the whole Puley may move,
fuppofing one end of the rope faftned in A, and the weighs G,
the Power F, and this is commonly reduced to the Second kKind
of Leaver, for the Hypomoclion is fuppofed in B, the weight G
win E, and the power F is inD, and therefore the diftance

o
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of the power is double from the Hypsmoclion, and while the
weight G afcends to H, the Power F will be moved to a
double diftance : It is not needful here to thew all the Combi-
nations of Pulleys, but only in this cafe to thew the double
force of the power, and that force which before was equal o
100 pound weight, by this difpofition may be made equal to
200 pound weight.

Of the H‘?&fgﬂ. F }g. 6.

THE Wedge is an Inftrument made of follid matter, as Iron ox
P7ood ending in a fharp point or edge, As ABCDEF,
fome Authors ftrive to reduce it to the Leaver, in which we are
indifferent, and the Wedse fcems to be a double Leaver of the
fecond kind, in which the Hypemoclien is in the line G H, the
weight in R and K, the Power in L and M, but how ill they
have refented or reduced it, we will thew hereafter; However
it be, it is certain the force of the Power is increafed by the
fharpnefs of the #edge, and the accutenels of the Angle, becaufe
while the bodies which have the force of the weight, go back
from one another by the line R K, the IFedge is moved accord-
ing to the line IO : Add alfo, that the power which is firuck
with a blow on the head of the Wedge, makes a greater motion,
than the Power which is made by weight lying on the head of
the Wedge.

Of the Screw.  Fig. 7.

He Screw is 2 moft powerful Machine, or Engin, and is
Cylinder cut with a wreathed circle about it, which may

be varioully conftituted and made: We fhall nor attempt to
reduce it to the Leswver, but “tis certain, that one man who
can alone by his own ftrength raife 100 pound, may by this
Engin fometimes raife 1ooco pound. For let the weight be
be DE, the Power C, in the mean while that the weight is.
moved according to the diftance which is between two
wreaths, or {pires of the Serew, it is neceffary that the power
placed in the point C abfolves or finifhes a whole Circle ;
therefore let the diftance between the two wreaths be equal
to the kline N Q, then feck how many tumnes the line N O ig
COR-
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contained in the circumference of the circle CK L, if i be
contained 1oo times, the motion of the Power will be a hun-
dred fold greater than the motion of the weight, as is proved
by daily experience.

LR P .OWS Ak

- ArifYotle’s Reafony why the forces of Powers are en-
cveafed by the force of Engines, 15 Bxamined.

' Riffotle is the firlt that we know of that attempted this;
/ k we have often read his whole Treatife which he wrote
of Engines, and confels we could never {ufficiently find out the
univerfal principle of Machines or Engines : For he attempts
only to give the reafon of the Ballance, and reduces the Lea-
wer to the Ballance, and the other Machines or Engines he ex-
plicates by the Leaver : We fhall do two things, Firft, we fhall
examine the Reafon which he offers, as the only true and moft
likely for the Ballance in the middle. Secondly, we fhall try
whether thofe things which are faid concerning the Ballance,
may be faid of the Leaver, and whether thofe things that be-
long to the Leaver, may be eafily applied to the other Ma-
chines, or Engines: For he propofes fome wonderful things
from the Circle, and adds, that thofe things which are done
about the Ballance are to be referred to rhe Circle, and thofe
concerning the Leaver to the Ballance, and all other Motions
concerning Engins he referrs to the Leaver.

Ariftotle reafons thus, Every Power moving to the centre of
the World is born down by a right line, and the weight
thrufts forward, or the weight according to its quantity con-
tributes to fuch motion ; but when weight is moved in a Bal-
lance then it is fuppofed to deviate from fuch re&itude, and
by deviation it breaks off and retards the motion prefling for-
ward from fuch power, and by how much more the motion
produced by fuch power is retarded, by fo much more de-
creafes the force of that power in order to {fuch motion ; but
becaufe that which is neareft the Beam or Cock, is alfo ncareft

the
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the retaining principal, and deviates more from right motions
therefore the moving power being applied in a point near the
Cock, lofes more of its force ; and that which is more diftant
from the centre or cock, partakes lefs of motion ; befidss the
nature of that motion comes nearer to right motion, and there-
fore its force is lefs hindred to exercife its power, wherefore
that weight which is fartheflt dittant from the Cenire is eafily.
moved, and alrhough it be equal to the other weight weighing

gainft it, and left diftant from the centre, it will be moved
more cafier, which ro make more plain he inftitutes a geomerri-
cal Demonftration in this manner :

Fig. 8. Let the Irsmrod A B be the Ballance, the Beam or
Cock A, about which, as about a Centre, the whole rod A B
is moved ; and let the weight be B which defcendeth by force
of its own weight, and defcribes the arch BH; aifo let there be
another weight C, which while it defcends by itsown gravity is
confider’d according to the difpofition of the Ballance, to de-
feribe the arch CDY, lefs than the arch BEH: Suppofe the
weight C to defcend to the point D, and draw the line D E,
which ler be parallel to the line A B, Suppofe the weight B o
defcend to the point E, fince the natural motion of heavy thin gs
is perpendicular, the lines F E, G D meafure the natural mo-
tion of the bodies or weights, or the motion which is accord-
ing to their Nature ; But the lines CG, F B meafure the preter-
natural motion, to wir, by whole force they are retradted from
their lines of Direction, or perpendicular lines ; but F Bis lefs than
CG; for if equal right lines fall perpendicularly on the Seme-di-
ameter of unequal Circles, that which is in the greater circle
cuts of the lefler part becaufe the greateft circle is lefs crooked:
Therefore while thofe two weights have an equal natural mo-
tion, that which is fartheft diftant from the Centre hath leaft of
the preternatural motion, therefore the eafier moved, and there-
fore hath greater force to move the other, and confequently
comes to E in a fhorter time, than the weight C comesto D,

Moreover he adds, becaufe the motion of weight is equal
in each, the motion which is according to nature is in it felf
the fame to preternatural motion, but it only then happens when
in the fame time that C comes to D, in the {ame time alfo
B comes to L ; for then drawing the line I L perpendicular, it
will be as IL to I B,{o D G to G C; in the Triangles A G D,
A LI (by Prop. 4. El.6.){fo is 1 LtoALas GD to A C; and as

O
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ADorACto AGor AK,fois ABto AT, therefore by divi-
fion, it will be as 1L to I B, {o G D to G C: When therefore
it happens only in the point L, that the proportion aforefaid
is kept while the point C comes to D, the point B will come
to L, therefore B is moved more {wiftly. Thefe are Arifforlc’s
words, Quam igitur ob canfam ab eddem potentia celerins fertur, id
quod plus a centro diftar, cx iis que dicla [unt eff manifeftum. And
Queftion 3d. he fays, Quoniam autem ab wquali pondere celevius
movetur eorum, que a centro [unt 5 duo verd pondera quod movet, o
quod movetur 5 quod igitur motum pondus, ad movens lmgitudo pati-
tur ad longitudinem, [emper auten quanto ab Hypomuclio diftabis ma-
gis tanto facilius movebis.

Many things are wanting in this Demonftration, Firft, be-
caufe the weight B is more eafily moved ; he concludes alfo,
that it hath greater force to move the oppofite weight, but whe-
ther he hath afligned the true caufe, the comparing of the caufe
with the effet will thew ; which that we may confider, we {up-
pofe the line A B to be double the diameter A C, therefore G C
will not be double of the line F B, therefore will not the preter-
natural mixt motion in the weight C, be double to the preter-
natural mixe motion in the weight B, and therefore that caufe
is not moft likely and true from whofe Comparifon the propor-
tion of the effe& and caufe is not thown: For it is certain, that
the weight of 1 pound in the point B will be equivalent to the
weight of z pound placed in the point C or T ; Whence we
deny this conclufion can follow from that antecedent, that the
weight which is fartheft diftant is eafieft moved, therefore if it
be diftant a double diftance, it will obrain a force doubley great-
er; and neither do Mathemaricians deduce their conclufions
after that manner ; although while the diftance increafes the
facility tc motion fhould increafe, it doth nort follow that it
increafes in the fame reafon or proportion: And {o we deny
the facility to motion of the weight in B to be double, to the
facility to motion which the weight hath in C; becaufe that
contrary which 1s mixt in C is not double to the contrary which
is found in B.

Secondly, Ariffetle {peaks of the {wiftnefs of Motion, and
from the Swiftnefs he concludes to the Power moving, which
we fhall thew to be falfe. It is certain, thar if two Weights
fhould be fucceflively in the point B, one of one pound, and
the other of two; neverthelefs they will be equally or with

equal
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equal velocity moved downwards, “if they are of the fame mar-
ter and figure, or if there be found fome difference, ir will not
be in proportion to the weights; Wherefore although we
fhould grant the weight B to be moved with 2 velocity double
to C, yer notwithftanding the force of his reafoning doth not
conclude it to have greater force to move the other.

Thirdly, what is faid in demonftrating the weight B to be
moved with a double velocity or {fwifinefs to C; he cither un-
derftands while they are joined in the fame ballance, or he
underftands it while they are feperate and in two ballances-
If he means the firft, there was no need of fo much reafoning,
ncither doth that preternatural mixt motion help any thing.
Bui if thefe two weights are lookr upon as Seperate, or in
divers ballances, that we may examine what force they have,
it is falfs thar that which is fartheft diftane, is moved with a
double Swiftnefs. Ariffotle knew not the do&rine of Pendulums,
for the {winging of divers Pendulums are perform’d in equal
time, to wit, if in the {fame time that the weight B being left
toits own nature comes to L, in the fame time the weight C
will come to D, alfo they abfolve each his quadrant in the
fame time ; Notwithftanding if there be two pendulums C and
B, and the Swinging of the weight B be longer than the {wing-
ing of the weight C, fo that if the leffer dure 2 minutes,the other
weight B takes up almoft 3 minutes in perfe&ing its vibration ;
Whence howloever he explicates this Demonftration, he wavers
in all things and is far from Matbematical conviGtion. More-
over we will thew, that although the demonftration have fome
force in that part of the Circle, yer it obtains none in others;
for in the firft place fet the lines O H, Y K be equal, and draw
the parallel lines K R, O P; It is certain, that OP is greater
than K R, therefore if there be a weight in R and another in
P, one defcendsin Y and the otherin H, the preternatural
motion will be more in the weight more remore, notwith-
ftanding in this cafe the weight which is at greater diftance,
obtains greater force ; therefore that which hath greater force,
is not begar from the leffer mixture of preternatural motion -
which may better be perceived in the points 3 and S; for if
the weight 3 moveto S, and the weight X to T'; the lines V
T, 87 meifure the preternatiial moiion, and the lines VX,
Z 3 e matursl morion, and the weishe X leaflt dittant from the
' - movea by the natuzal motion than
C whe

)
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the weight 3, and therefore ealier, whence it obrains greater
force.

Whofo diligently confiders the parts of each quadrant, will
find this mixture of contrary oOr preternatural motion to be-
lefs in the lsfler circle than in the greater ; and the reafon is,
hecaufe although towards the Diameter A B the greater Circle
comes nearer to a vertical line, yet towards the diameter R H
it comes nearer to an horizontal line; and fo much for the firft
part of this Propofition.

Fig. 9. That which belongs to the fécond part of the fame
Propofition, to Wit, although we grant that, which Arifforie
affigns for the true caufe, why in the ballance the weight moft
difiant from the centre hath greateft force, towit, that it hath
lefs of the contrary or preternatural motion, yet notwithftand--
ing we do nort find the reafon to be the fame for the Leaver,
For the power A, may move Circularly, fo that it have nothing
of Preternarural motion, fince the power of an Animal 15 in-
different to any different place; therefore fince it hath no pre-
rernarural motion admixt, the force of the greater Circle doth
ot move eafier than the lefler, which notwithffanding is con-
wary to all experience. |

Secondly, that kind of Leaver only in which the. Prop or
Hypomuclion is found berween the Power and the Weight, may
properly be reduced to the Ballance, but the other kinds mot
{o properly.

Thirdly there are divers Machines or-Engins which are difh-
cult to reduce to the Leaver, and by that means to the Ballance
and firft for the Wedze, We ask whether there be a Prep or.
Hypomoclion, and- to what kind of Leaver it is reduced ? Whar:
Circle is defcribed from it? What is its preternatural motion ¢
What its natural morion ? Surely there is in the Wedge the im-
preflion of the weights refiftance to be exercifed in the parts in
which the body touches, as in KR ; We ask in what point is.
the Prop? Where the length of the Leaver, Which if it be in-
creafed according to the common rules of the Leaver the Vir-
tue of the Power will be increaft? If "tis faid the point of it.
is.the Prep, we will fhew ’tis nor, becaufe if the point of the
Iedge thould be cut off, yer neverthelefs the Wedge would have
its whole force; If ’dis faid the line KL is the length of the
Leaver, ’uis fals, becaufe although thatlength be cur ihorter, ycr
notwithftanding the virtue of dividing, 1s not deminitht which 1s

in
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in the 77edge, therefore which way foever you turn the Wedge,
you will {Carce reduce it to the Leaver.

Fourthly, Much'lefs do we own the comparifon of the Lea-
ver in Screws, which may rather be reduced to the Wedge ;
for if you own the Axis of the Cylinder, abour which the
fcrew or fpire is circumvolved to be the Hypomoclion. The di-
ftance of the Spires or Screws from that Axis,will be the diftance
of the weight from the Hypomoclion, according to which di-
ftarce the refifting power of the Weight is meafured, whence it
follows in the Screw, the Cylinder that is lefs than the other
pairs, more eafily overcomes the refiftance of Weight, which
neverthelefs is falfe: For neither is this the meafure of the re-
fiftance of the Weight, or the virtue exifting in the Screw, bur
ought to be deduced from other principles, to wit, from the
compreflion of the Spires, for when the Spires or Helices
are more thick or clofer together, the fironger and more pow-
erful are the Screws; Therefore we muft feek another princi-
ple of Machines or Engins more clear and eafie, which being
once conftituted, the power of every AMachine or Emgine well
be unfolded, and the praportion of it to the refitting force of
the Weight will be deteéted.

PROPOS. -1l

Archimedes reafon Examined.

Fig. 10. q_ Rebimedes in his fixth Propofition, e&guiponderan-

tium, and many others afterhim, have attempred
to eftablifh as the chief principle of Machines or Engins, that in
the Ballance, if the weights and their diftance from the Centre
be reciprocal, they coniift and counterpoife cach other.

In the firlt place, we referr this to be fettled by the reverend
Father Lestanudus, and what power his demonttration may ob-
tain ; fuppole A B.to be a Rod ¢f a like weight in évery part,
and divided in the middle in C, and underitand C to be the
Centre of Gravity, and CD to be drawn through perpendi-
cular to it; by the point D draw an iron rod D E, which let
be fo alike for weight as to confider it wanting all weight, and

G ket
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let DE be greater than the half of C B, and make G D equa

to I B, and H K equal to the line A H; when the lines C Iand

1B (equal toH C) are added, H I and C B will be equal, ard

{o H I will be equal to the half CB, and the remains A H,

1 B together are equal to the other half; and becaufe A H,*
H K are equal, being taken from the two cqual aggregates

HK, KI, AH, LB, theliness KI, 1B will be equal.  Lettwo

Threds or Lines H G, 1 E hang up therod A B, and faften it

to the rod G E in the poing D, which anf{wers the Centre of
oravity C, the line from whence 'tis hung up being perpendi-

cular with the line D C, anfwers to the Centre of gravity C ;

A B will remain equally poifed, or in Equilibrio.

The Demonffration. Let the Rod A B be really divided in the
point K, that is, {eperate the Union, or cut it in two.  Firft,
nce A H, H K are equal, ncither will prepondcrare or out
weigh the other ; moreover fince K1, IB are equal, neither
will prevail, wherefore as yet they will remain in Equilibrio;
therefore the whole line will remain in the fame manner as be-
fore, being hung by the fame point D, therefore as yet the
whole line will be in Equilibrio : Bur {o is the diftance H C of
the weight A K from the Centre, 1o C I the diftance of the
lefler weight K B from the fame Centre, as the weight K B to
the weight AK ; forfo is A K to KB, asitshalf HK or C1
is toK I, or H C its equal ; therefore we have this in Equi/i-
brio while the whole weight A K is to the weight K B, as the
diftance 1 C to the diftance H C reciprocally, which was to be
demonflrated.

We will confider hereafter whether this Demenftration con-
vinces, and allumes nothing as now proved, which notwithftands
ing fhould be demonttrated. oo

Fig, 11. Archimedes a little afrerendeavours to prove this fome-
what otherwife, and he fuppofes the Iron Rod to be A'B, and
he fubftracts from its gravity that which is hung in the middle
point G ; he hangs 6 equal weights, here 3 and there 3 at e-

o]

qual diftances, ’tis clear that they are in Equilibrio, he f{uppe-
fcth alfo that all thefe weights are aliike, and equidiftant EQ
rween themfelves: Alfo he fuppofes any weights to gravitate
and operate in the fame manner, as long. as they retain the
fame common centre of gravity.

The Demonflration is clear, in cafe the weights be diftribu-
buted according to the difpofition unfolded, before which com-

y : mon
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mon centre of gravity of all the weights together will be in G
but it you confider 4 weights BC D E whofe centre of gravi-
ty will be in the point I, and the centre of gravity of the
weight F L is in H; wherefore the weights will gravitate in
the fame manner, howfoever they are difpofed, they keepin a
manner their centre of gravity in the fame point H; thercfore
conjoin the weights Fand L in the point H, and conjoin the
4 weights BE& D E in the point I, or {o about the point I, that
their centre of gravity may be the point 1.

Fig. v1. All thefe weights will gravitate in the {fame man-
ner 1n this difpofition, as in the former; But in the former
they were in Equilibro, therefore in this fecond difpofition they
will be in Equilibro : Bur in the fccond cafe, {o is the weight
BCDE to the weight F L, as the diftance G H to the diftance
G I therefore it will be in Equilibre, when as weight is to
weight, {o is diftance to diftance reciprocally.

Thefe Demenftrations arc ingenious, but they do bus {up-
pofe thofe things to be the principles of Engins which is fought:
For firft of all in both Demonftrations he mentions the centre
of gravity, but it is not known what that centre i, and this
centre of gravity can hardly be proved, unlefs there be confti-
tuted 2 common principle of Eagins; In the firft, although ic
{eems clear enough that the divifion being made in the point K,
the lines A K, KB lie in a direct line, becaufe that both parts
A H, HK and K1, 1B are equal ; Notwithftanding it doth not
appear to me thar they ponderate in the {fame manner, the di-
vifion being made as before : For the part CK before the divi-
fion, exercifed its gravity with the other part K B, and asI
may fay, was ftaid by its parts : But the Uzion being loofed, it
exercifes now its own gravitation, together with the other part
A C; Whence although it were before in Equilibrio, it follows .
not that it being feperated the Equilibrium remains.

I fay the fame of Archimede’s demonftration, for I cannot grant
that weights have the fame manner of gravications they thould
have among themfelves, and the {ame gravitation they fhould
have refpectively to another weight, fo often as they change
not the proper centre of gravity : If in one cafe, one of them:
will be found on one part of the centre, and in the other it will . -
decline to the other parr; that is, 'tis doubted whether the
weight E tranfported in I being united with other weights BC

D-in.
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D in the fame point I, hath the {ume force, and not greater, or
lefler.

And that we may fhew the Principle fought, the definition
of the Centre of gravity is commonly thus given, to wit, ’tis
the point dividing the heavy body in two parts of equal mo-
ments, but moment is nor fimply the weight of body, bur
grows together from the weight and diftance, therefore to the
underftanding of the Centre of gravity the conflituted principle
is fuppofed, whofe reafon we feck; wiz, Why weights by rea-
{on of their greater diftance from the centre have ulfo greater
force to move.

P'ROPLS.
The true Reafon of wncreafing power by Engins.

Fig. 12, One will require of us a ftri¢t demonftration here,
becaufe we are bufied in phifick matter, and we
inquire the principal of natural and fenfible motion, which per-
haps will nor prefently occur ; one thing I muft fay, that al-
though I do not effect the thing, yet by removing things our
of the way, I fhall open a door to let into it ; therefore I fhall
attempt many methods, that {o if one arrive not at it, 1 may
make way for another: Firft, in the ballance I will endeavour
to fetcle that common maxim, while the weights and diftances
from the Centre are reciprocal it is in Equilibro; As if in the
ballance A B the weight A of rwo pound is to the weight
B of one pound, as the diftance CB of two feet to the diftance
AC of one foot. If froma piece of timber, you hang a bal-
lance from the point C, to be in Eguilibrio, {0 that you remove
it {o far from the Centre to anfwer the addition that fhould
be made to the weight, that is, if the weight of one pound
hang in the point D, and in A a weight of 2 pound, to make
them in Equilitvo the fame weight fhould be added, and in
ftead of the fame weight you may add the fame diftance, or fo
re.nove it from the Centre that C B be double to CD; Thus a
weight of 1_poundbeing placed in B,it will be again in Equilibre,
experience thews this, but the reafon is to be fought,
Firft,
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Firft, I fuppofe any heavy body to refift a motion upwards
and the greater it is, the greater motion it will refift ; fo that
a greater violence or force is required to move upwardsa
weight of 1 pound the fpace of two feer, than to raife the fame
weight but one foot high, or at leaft it requiresa force to be
applied of a longer continuance of time.

Secondly, I fuppofe while the weight is moved downward,
the weight on the other part of it may move fomewhat up-
ward, fo that it may overcome the 1efiftance which the oppo-
fitc weight hath to motion upward ; alfo while a weighr is
moved more down or lower, it produces a greater Impetus, to-
gether with that motion which would have bin if the motion
had bin lefs; this laft part of the {uppofition feems hard, there-
fore I thall explain it more largly.

I Suppofe thirdly fome produétive caufe of motion to be
given, diltin& for the moft part from the principal agent tc
which motion is afcribed,as in things projeéted or caft from one,
I think in good Philofophy it can {carcely be denied, fuch like
caufe befides motion which is fucceflive, ard no part whereof
exifts with the other, and thercfore the other cannot be the
caufe, for every cffeflive caufe ateth not bur when it exifts;
Therefore while its aftion exifts, it felf alfoexifts, and while
its action exifts the effeét exifts by fuch adtion produced: There-
fore whileany effect is produced and exifts, its caufe exifts, but
while one part of motion exilts, another parr exifteth not, there-
fore one parr of motion cannot be produced from another, and
therefore another caufe of motion oughr to be admitted, but
this caufe is not the principal agent to which motion is
attiibuted, for firft in things projcéted, the hand which throws
the ftone is not any more join'd with the flonein conveying
it through the air, and therefore produces nothing further,
neither can that be attributed to air that fome do, to wit, thar .
the hand while it Impels the Stone, impzls likewife the conti-
guous air, and that air other air, untill it make a Circulation,
and this laft air carries.the Stone farther ; but on the contrary,
in the fame precife Moment and time wherein the Stone joined
to the hand moves the 2ir juft before it, ( fince Penetration is
not granted ) in the fame time alfo this air moves the follow--
ing a1, and {o confequently makes the whole Circulation at
the fame precife time, and there is found only the priarjty of
dependence : Suppofe the motion of the Stone to be from the

poing-.
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point A to B, and in the {fame precife time it makes the whole
Circulation, and the air which was in E follows in F, neither
hath it greater force to farther motion than it hath from the
Stone ; fromthe followirg time I ask - whether the motion of
the air F depends on the motion of the Stone, or the motion
of the Stone on the motion of the air, if you fay the firft, I
demand again from whence the Stone is moved, if the fecond,
Iask from whence the air is moved, for the paft motion of
the ftone cannot be the caufe of motion of the prefent air,
therefore it is neceffary ro fay fomething is added to the Stone
from whence it is carried through the air, and this I call Inperas,
or force, whatfoever it be.

Moreover I will fhew, Impetus being granted, wiz. While
a body defcends it feems to me a reafon to be alledged, why
inthe firft fpace of time the body defcends one foor, in the
fecond three, in the third five, in the fourth feven, and {o on,
unlefs the continual produdion of fome Impetus be admitred,
which is the immediate produétive caufe of motion, which
Impetus 1s permanent and may be increafed.

Alfo it follows, that a fecond Impetus is not produced, un-
Iefs the firft hath and produces fome motion, let two weights
be fufpended in the air, cach produces fome Imperus in it felf,
and alfo in the body which they hang on, ler one weight be
moved by the {pace of three inftantes, or moments, {o that
after that third inftant it hath an Impetus as three, let down
the fecond weight in the begining of the fourth Inftant, where-
fore it hath not the Impetus as three as the ocher weight; be-
caufe (you'l fay ) it remains unmoved, and the orher is mov-
ed: therefore motion is the condition to the producing a
farther Impetus, at leaft fuch motion whofe Impetus is accord-
ing to nature. :

Which I fhall likewife make good from other experiments -
Firft, why while I drive a nail with a hammer of a longer
handle I produce a flronger blow, or ftroak, in like manner,
if T lift the arm and the hammer higher, fo that it defcribes 3
greater circle, the ftroak is made more valid and ftrong ; no
other reafon can be given, bur that by the greater morion
( whether as the condition, or as the caufe, it matters not Ja
ftronger Impetus is produced, {o that the power unlefs it he
moved, never produces in the begining of its motion fuch
Ipeius 10 the nail, how great foever the endeavour be, as it

produces
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produces while it hath fome motion ; {o that if ro men prefs
~with their weight upon a nail it doth not enter the wood fo
well, as if it be drove with an hammer by one man.

While any one runsa pace, if his feet be ftopt he cannot
~chufe but fall ; and {o a horfe on full fpecd can fcarce be held

in, whence they lift up their fore feer, as it werea contrary
motion to afwage every concieved Impetns; While a boat is
carried with a great Impetus, and is fuddenly ftope ar the fhoar,
all that are in the boar are moved, becaufe now the concieved
Impetus is conveyed farther they bend forward being ftopt.

And 1 fhall thew that a weight of one pound placed a little
farther from the Centre than another weight of one pound,
will raife it up ; fuppofe two weights equal each to one pound,
fo placed in a ballance that one is double the diftance of the
other from the Centre; whence 1 thus argue.

The weight of 1 pound while it moves downward 2 feet,
may over come the refiftance which a weight of ore pound
hath t0 motion upwards one foot : therefore if they are 1o fit-
ted in the ballance, that while one is deprefled 2 feet, the o-
ther is only raifed 1 foor, it raifes that upward; The antece-
dent is proved, while the weight of one pound is moved
downwards 2 feet, its altive force or Imperss which it puts
forth together with fuch motion, is precifely equal to that
refiftance which the oppofite and equal weight hath to motion
upwards two feet, bur the refiftance to motion upwards one
foot is lefs than to motion upwards two feet; therefore
while one pound weight is moved downwards 2 feer, the o-
ther pound weight may be moved upward one foot; But when
two equal weights are {o placed in a ballance, that one is
doubly diftant from the Centre to the other, it alfo effeéls a
double {pace to that which its oppofite effedls ; therefore we have
one reafon now, why between equal weights that which is far-
theft diftant from the Centre is deprelled, and raifes up its
oppofite weight, which may be al{o proved in this manner;
when two unequal weights are equally diftant from the Cens
tre the greater raifes the lefler, becanfe the parts of motion
downwards are more than thofe upwards, and in like manner
when equal weights are {0 placed in a ballance, that one is
farther diftant from the Centre than t'other, the parts of moti-
on downwards will be morc in one than the pasts of motion

D up-



18 Mechanick Powers. Book 1.

upwards, are in the other (or its oppofite) therefore the
weight which is fartheft diftant from the Centre will raife the
other oppofite being equal to its {elf.

The motion upwards of heavy thingsis againft nature, and
the violent motion of them downwards is agreeable to nature;
but how much that is which is againft nature, fo much is the
refiftance to that ; and how much that is which is agreeable to
nature, fo much is its inclination and active force to overcome
the oppofite refiftance ; thereforewhere there is a greater moti-
on downwards than the motion upwards, the active force of
refifting will overcome.

The fecond reafon is; a greater Izpetus is required to move
the fame weight a greater {pace than a lefs, whether the whole-
Dmpetus be produced together, as happens in things projected
or thrown ; or fucceflively,as when a weight is drawn.

Alfo a greater Impetusis required to move a greater weighe
fome fpace, than to move a lefs weight the fame fpace ; whence I
thus argue,an Impetus which is required to move a weight of two
pourd one foor, is double to the Imperus which is required to
move one pound one foot; Rut the Imperus which is required
1o move one pound, two feet, is in like manner double to that
which is required to move one pound one foort; therefore the Irs-
petus whichis required tomove two pounds one foor,is equal to
the Impetus neceflary to move one pound two feet.for thofe fame
things which are doubled are equal among themfelves: But
when two weights are {o placed in a ballance that the weight
of two pound is diftant from the centre one foot, and the
weight of 1 pound is diftant two feer ; while the weight of
1 pound is moved downwards two feer, the weight of two

ound is elevated one foot ; and one pound weight as moving

ownwards two feet 18 in Equilibrio with one pound moving
upwards two feet: Thercfore one pound moving 2 feer, will
be in Eguilibric with 2 pound moving upward 1 foot.

And that we may render the {ame reafon more univerfal,
and that we may apply it not only to weights and ballances,
but that we may extend 1t to all _E’:?ng?h‘ in g&neral: Sllpp{)ﬁf as
before, by how much more the power is that is moved, by fo
much the greater and ftronger is the Imperus produced ; there-
fore if a power while it is moved 1 foot can move 100 pound
1 foor ; while the fame power is moved two feet 1 will move

200,
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200 pound 1 foot j to clear which point, fuppofe for explica-
tion fake a certain opinion rejected by moft Philofophers, to wit,
that time increafes or grows from indivifible Inftants fucceed-
ing each other; {uppole likewile that which ncceffarily follows
from fuch an opinion, to wit, the flowncfs of morion is pofited
in more or lefs little Staies of reft, which opinion I do not pro-
pofe that in it I may found my reafon, but only cthat I may
fhun that confufion which the common fenterce begets, con-
cerning the continued compolfition from parts infinitely di-
vifible ; for when they treat of this infinity, ’tis no wonder if
they mix obfcurity and darknefs together; Therefore fuppofe
a power which while it is moved one peint may move 100
pound one point, and being fitted in an Engizn {o that while the
power is moved two points, the weight is moved only one point.

In {uch a fuppofition, the power will be moved the fpace of
one point, the weight all the while no ways refifting {uch a
motion, becaufe the weight as yet is at reft, but when the
power is moved to the [econd point, it hath a double Imperus,
viz,. the Impetus produced in the mean time while it is moved
through thofe two points, but a double Impetus moves a double
weight; therefore the power which is moved two points will
move a double weight one point, if it be {o fitted in an Engin
that neceffarily its motion ought to be double to thar which
follows in the weight.

And although this opinion Concerning continuals thouldnot
be true, and the power fhould never be moved but the weighe
thould be moved although flowly ; neverthelefs fince a power
exertsa greater Imperus when it is moft moved ; as often as the
motion is greater in it than in the weight, {o often the -
petus will be greater in it, than if it had bin moved equally
with the weight; bur a greater Impetus can overcome a greater
weight, thercfore a greater motion of a power compared
with a lefler motion of a weight can alfo overcome a greater

weight.

- To make it clearer, Suppofe, to move a weight of 100
pound one foot, an Impetus be required as 4, which the
power A may produce, and as I may {o {ay, to lift it up while
it is moved one foor; there will be required to move a weighe
of 200 pound one foot,an Iapetus as 8, but an Impetus as 8 is pro-
duced from a power if it be moved 2 feet; For more Inmpetus is
produeed from a power while "tis moved two feet than while

D tis
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tis moved one foot, therefore that principle remains, wiz.
The Power as moved 2 feer effects the fame, as. two powers:
which are moved only 1 foot; and we muft not think Imperus-
o b= fo fluent of nature, as not to maintain and as it were
heap together, that is, if the power be moved for fome time
it fhould not increafe, alfo its intenfive Impetus is not refifted
by fuch Impetus; in like manner, a weight 18 not fuppofed fo
to refilt a lefer motion, as a greater; whence if a power be
fo compared with-a weight, thac while it is moved  foot the
weight is neceffarily moved the {anre, and the: refiftance of the
weight is greater as. moving one foot than the Impetus which-
is produced from the power being moved 1 foor, no motion
follows; but if an Engin thus diftributes the fame lmpetus, that.
the whole be Imployed in moving the fame weight half a foor-
it will make fome motion.

Neverthielefs becaufe this thing is of fo great moment, and”
contains the moft univerfal Principle in nature, thercfore “is
worth our while to profecute the thing a little farther, and to
apply it in every parr that it may appear more plainly.

1 fuppofe firft, thar 'tis equivalently the fame thing to apply
a motive power as one, fuccetlively to move a body, fuppofe the
{pace of 5 feet, fo that it move in the firft time the fpace of
1 foor, moreover the fame power moveth in the fecond time.
by another, and {o on, and to apply five moving Powers
Succellively as one; of which.to wit, the firft moves in the firlt
time 1 foot, the fecond in the {ccond time following, the
third by the third, and {o on; for the moving power as one
if it be applied to the fecond rime, may as well move a-
nother alfo like it {elf, therefore the fame will be Equivalent
whether the {ame motion continue, or another like to it be:
Subftituted.

Secondly I fuppofe to move or faftain a body, to be the
{fame, as to apply five powers each of which is a power as 1,
and to apply 1 fo tharit may be a power as s, as if in onc
ballance you put a body of Gold of one foot, the fame will
out weigh 5 bodies of each 1 foor of another marter, which
is five times lichter than Gold, for neither hath the moving

i

virtue init {cTﬂ as the firft quality ; for if 5 heats or warm
things are put as i,they can never be produced in the Subjeét
but as one heat : But and if 2 Powers are {ufficient to move
gach of them a weight of 100, pound, 1f they are joyn'd and-

concur
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concur together they will overcome or move a weight of
209 pounds; This rule is common in all Equivocal Agents,
{o if the powers of two candlss in {fome determinate place,
each of them produces 1 degrec of light acting together in the
fame place they produce a greater degree of light; {o while the.
Sum in an Eclipfg is hid in fome parts, the light Shineth more.
weakly, therefore in thefe cafes extenfion begets intenfion,or

is equivalent to it.

Suppofe two men move unequally, to wit, with a double
velocity one to the other ; what 13 in one that is not in the
other; And fuft it is certain that the motion of the oae is
always double to the other, {o that while one is moved one
foot, the other only moves halfa foot; and while the firft
pafles over half a foor, the other pafles over a quarter of a
foot; and in whatfoever time aflignable, the parts of motion
in the one are more than in the other, whence ’tis certain in
the fecond place, if the motion of the power confers to this
that it move the oppofite weight, while the power hath greater
motion it produces a greater Impetss in the oppofite weighr,
from whence the argument may be forimed.

A power advances its force by motion, therefore while ’tis
moved with a double velocity, ’tis equivalent to a double force,
but a double virtue or force can mave aweight doubly greater, |
or as great again, therefore a power moved with a double ve-
locity can move a weight doubly greater; the firft Antecedent
is certain, for a power however it be applied will not move
unlefs it be moved, whether its motion be the condition to this
that moves, or whether the motion it {cIf be the immediate
caufe of motion,it matters not ; neither is there need o examin
thefe things, fince divers explications arife from divers phifical
principles: For fome acknowledge no motion which takes
not its rife from Impetus or force, and confequently to produce
a greater motion in a power, they require a more ftronger Iz
petus; therefore if a power be moved with a velocity double
to the weight, it produces an Irsperys doubly ftronger to thar
which it would have had if it had bin moved equally with the
weight: But if it be moved equally with the weight, the Im-
petus which is produced in it {clf thould be {ufhcient to move
100 pound fuch a fpace; theretore if it be moved with a
double velocity it will move 200 pound the fame fpace ; being
explained, we'll Suppofe a free Power wo impel lightly fome

weighe.
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weight, fo that by the force of its impreflion it is nor moved,
it will ufe a greater endeavour and art length moves it. T ask
whar makes that greater endeavour unlefs a more ftronger -
petus be produced ( fuppofing always that {uch Fmperus is grant-
ed ) but if the power it felt be moved more {wiftly, it pro-
duces a greater Impetus : Therefore by the greater motion of a
power is adhibited that which 15 neceflary, that a weight may
be moved doubly greater (Or as great agaim ) each part is
proved, to wit, while any body is moved more fwiftly a
ftronger Impetus is produced; or the intenfe motion bein
Secluded what way foever from Impetss, the fucceffion of {o
much local motion is agreeable with intenfion 5 For the velocity
of motion is fome perfeétion which cannot be explicated, be-
caufe of the fucceflion of motion, and the infinite divifibility
of time. Notwithftanding in each opinion, velocity or Swift-
nefs is faid to be fome perfeétion of morion : For {uppofe in
Fig. 14 {ome mction in Angles, in as much as {fome think them
indivillible, let ABC D a potent angle in one inftant alfo
indiviflible be fo moved, that leaving the former {fpace ABCD
it poflefies the next following CDEF, Suppole another angle
or as fome call it, a Phyfical point GHK1 be fo moved; in
the fame indiviilible inftant, that leaving the former-fpace G H
K I it poflefles the fpace LM O N, Surely the former morion is
a more perfeét motion than the {econd, and therefore if there
be required an Impetns to motion, there is required a more
ftronger to effeét the firft morion than the fecond: But if no
Impetus be required, but imynediately motion be produced
from the power,. there is required a far {tronger endeavour to
obtain the former than the latter ; Wherefore to conclude the
greater endeavour of Power moveth a greater weightthan aleffer
but a greater endeavour of power is advanced while "tis moved
{fwifily than while flowly, therefore while a power is moved
Twiftly, it alfo moves a greater weight.

Alfo the firft confequent is plain, to wit, { while 2 power
is moved with a double velocity ’tis equivalent to a double
power ) for fure it is, while any power adhibits or ufes an en-
deavour doubly greater, "tis equivalent to two powers each ad-
hibitting or ufing an endeavour doubly lefler. So one horfe if
he endeavours much, may draw a determined weight, which
he may draw twice as ealy, and withour {o great endeavour,if
another horfe be joined with him to aflit. Wherefore if it be

moved
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- moved more fwiftly it will be equivalent in order to move a
weight of a greater force, although fomtimes the weight doth
not increafe 1ts motion ; for if the motion of the power be in-
creafed,the motion of the weight isequally increaft. A power
moved more {wift will indeed be equivalent to a greater, but
all thar perfection which bappens to it from motion relates to
the making the motion of the weight greater, fora weighr of
2 greater motion refilteth more, therefore in motion thele two
are always taken for the fame: to wit, t0 move a greater
weight toa lefs fpace, and a lefs weight to a greater fpace;
for as tomove a greater weight a greater endeavour is required,
fo to move a2 weight to a greater {pace, a greater endeavour is
alfo required, The whole artifice of Engins then confifts in
comparing the greater motion of the Power with the leffer
motion of the weight, and according to the proportion of ex-
cefs the Force of the Powers are increaft ; becaufe powers in-
creafe nort their force but by motion, and therefore motion
doubly {wifter, produces Imperus doubly greater.

ARPLEPL ) U X

Moveable bodies are equgf m ﬁﬂﬂ:‘{? wbcﬁ ; Magnitudes

and Velocities are ?‘fﬁ!}fﬂ{.‘p{f.

T is certain, that the fame body moved with unequal fwifi-
nefs, will have unequal force; alfo 2 greater body meved
with the fame {wiftnefs asa lefler, will have greater force'; and
we {ee likewife in Engins that weights may be {o di{pofed
from one place to another, that the motion which is made from
one hath the fame proportion to the motion of 2nother ; and:
alfo that weight to weight is made reciprocally in Equilbro,
fo that the double celerity or {wiftnefs of one pound, will be
equivalent to the Subduple celerity of two pounds; W= muy
aﬂb transfer the fame principle to other moveable bodics, zl-
though they are at liberty, that is net being difpofed in any
Engin : For it hath not lefs force when it is free and loofed
from Machines 0r Engines thun when it is falkned to {ome Body.
by
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but 1 pound with the velocity as 2. is cquivalent to 2 pounds
having the velocity asone : Tl erefore alfo withour an Engin, a
moveable body as 1 with a velocity as 2, will effect the fame as
a moveable body as two with a velocicy as 1. . The rewfon is,
becaule the motion or degree of velocity is the {ame in borh, in
a greater body they are fewer ineach part; in a lefler -more.
Neither is there any other reafon, why while they are joined
in Engins they are of equal force, Hl“d one extenfion compenfates
another, and without an Engin the {ame will not happen.

Wherfore the moments or forces of ‘equal bodies, or: the
parts moved are to one another, as their velocities ; and equal
velocity, as the magnirude of bodies; for commonl; v, moment
and force, and parts moved, figaific the fame, except fometimes
mement likewife is atwributed to bodies ar reft, which have
notwith{tanding an aptitude to motion, wherefore what we
fhall fay concerning moments may be faid of forces.

If 2 unequal moved bodies be compared, -their force or
moved parts will be in proportion compounded of the propor-
tions of the bodies, and of their velocities, becaunfe every part
of a body is {uppofed to be moved with the fame velocity,
or degree of force; whence it happens, if the motion of one
body be communicated to another equally,the velocity will be
{:‘qua}, if the velocities of the greater and the magnitudes of
the bodies be reciprocal.

Whence we conclude,if a mm’f.d body runs agmﬁﬂ' another
body at reft all 1Eﬂﬂ.‘{10ﬂ being excluded, to wit, if each body
be foft, they proceed tog ?ethm, and the velocity {"‘i' the former
will be to the velocity of the aggregate of the whole, as the
whole aggregate to the firt movent reciprocally; For fince in
the former there are fo many degrees or parts of motion, and
each of its parts are diftrd buted in the aggregate ; to get the
velocity of the firt movent, the quantity of motion which is
always. the fame muft be divided by the number of parts of the
aggregate; Therefore the fame number of parts of motion is
generated From the aggrega‘e ; in its velocity, as from the firft
movent in its velocity. Therefore if you difpofe the aggre-
gate, the firft movent, the velocity of the fitft movent, and
the velocity of the aggregate, fince the reétangle of the firft
and the laft is equal to the rectangle made of ‘the 2 means ;
fo will the aggregate be to the firft movent, as the velocity of
the fult movent to the velocity of the aggregate,

We
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We muft reafon after the {fame manner in other cafes which
may happen; as if there be two equalmovents)or bodies mov-
ed) which are born in the fame part,one hath the velocity as 4,
the other as 8, and the more Swift incurs or meets in the lefs
Swift; I fay after the meeting, thevelocity of the Aggregare
isas 6 ; for fince the Bodies are equal, the parts moved will
be as the velocities 8 and 4; wherefore the motion in them
will be as 1z: but after the meeting the parts moved ought
to be the fame fo many, therefore the motion in the whole
aggregate will be as 12, and in each body as 6; therefore the
velocity of the leaft, before their meeting was 4 and after-
wards 6 ; and of the greater 8 and after meeting bur 6.

Thirdly, if two equal bodies with equal velocities meet each
other, excluding all reflexion, they will reft, becaufe thefe
velocities meeting one another, deftroy each other, as when
you put eontrary qualities in the {ame Subjedt.

Fourthly, if 2 unequal bodies, fuppofe 2 globes one of one
pound weight and the other of 2 pound, meer each other di-
veétly with equal velocities, fuppofe as 4, the Aggregare fol-
lows the diretion of the greater, and the velocity will be as
1 4, for the quantity of motion in the greaterisas 8, in the
lefler as 4, while they meet each other the motion of the lefs as
4 detracts fo much from the greater, therefore the quantiry
of motion remaining is as 4, to be divided by 3 pounds, theare
will be in each pound, one degree and &,

Fifthly, if two equal bodies with unequal velocities meet
each other, fuppofe one hath velocity as 2 the other as 4; afier
mecting, Secluding reflection, the quantity of motion remain-
ing will be as 2, each being divided, and therefore the aggre-
gate will be moved as 1.

Sixthly,Suppofe two unegual bodies one whereof is one pound,
andis moved with a velocity as 3: and the other is 2 pound,and
hath a velocity as 4 ; the quantity of motion in the firft is 7, In
the fecond 10, for when they meet, the lefler quantity defiroys
fo many degrees of Uother as it contzins it felf, therefore, theye
remains 7 to be divided by 3 pound : Wherefore in the whole
aggregate there will be 2 degrees and % of velocity.

Fig. vg. If 2 unequal Bodies be placed in two equal
Branches or Arms of a Beam ((as a pair of Scales) 11{ay the
velocity of the greater only will be to the velocity of the 2gere-
gate, as the aggregate to the greater weight. Suppole a

E weight
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weight of two pounds, which if it be moved alone from A'in
B with a velocity as 4. Put on the other part a moveable body
as 1,which {uppofe to move downwards with the fame velocity :
And rhefe weights being compared as two meeting each other
with equal velocity, wherefore fince the quantity of motion
in the greater is 8 degrees, and in the {fecond 4, and {uppofing
them contrary to each other ; the moton 1in the aggregaie
remaining is as 4 to be divided by 3; the velocity therefore in
cach will be as 1 3.

If there fhould be 2 equal Pendulums placed in two .unequal
Branches, the manner of reafoning will be the fame.  Suppofe
then the weights A and C to be equal, but the diftance AD to
be double the diftance DC; in fuch difpofition the velocity of
the weight A will be double the velocity of the weight C,
wherefore the quantity of motion in A will be double: Sup-
pofe the motion in A as 8, in Cas 4, which motion fince ’tis
contrary deftroys from the motion of the weight A, 4 parts,
therefore there remains 4 parts to be divided, {o that that of
the weight A have 2 parts, and that of the weighe C, 1 part,
Therefore there arcin A 2 partsand 2; and in C 1 partand &,

|

BROPEOS. + N

Concerning  the Proportzon of weights, on the ends of the

drms of a Ballance., Vﬁffﬁﬂfﬂ} Pfaﬁf’d ﬁ“am the
Horizontal Ziwe.

Fig. IS.THe proportion of a weight in C to the fame weight
in F, will be as” the whole Arm BC, to its part

B #, being pliced between the Centre and the line of inclina-
tion F # M, which the weight freely makes from the extream F
towards the Centre of the world. For the better underftand-
ing whereof, fuppofe on the other Arm of the ballance B D,
and -in the extrcam D, a weight placed being lefs in weighe
than C, as B » part of BC which islefs than BD, It is clear
from the 6 Propofition of the 1 book of Archimedes of weights,
that if in the point»# you place the fame weight C, the bal-
lance
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lance will little or nothing be moved from the Herizontal pofi-
tion. . But if the weight F equal to C be placed in the extream
F of the arm B F; it is the fame as if it be placed in # of the
Horizontal line Bu: To the better underftanding whereof,
Imagin a perpendicular thred Fu, and in its extream u, the
weight to hang which was at F, whence it clearly appears thar
it begets the fame effect as when it was in F ; which as I f2id bur
now remaining fixt in the point « of the arm B #, it is {fo mu-h
lighter than when it was in C, as # B is lefs than B C. I{ay the
{ame,if the arm be poflited in ¢ B, which we may eafily try if we
hang thred from # of the arm B C perpendicular to ¢.in which ex-
tream hang a weight equal to the weight C and at liberty fron
e of the Arm Be, whencethe ballance will remain Horizomtal,
But if the arm Be be joyned in fuch fite with the Hirizemia!
BD, and the weight C be hung in e freely from a thred, ic
will neither afcend nor defcend, ~which is only becaufe it is
hungby a thred which hangs as much from #, as that which is
hanged freely fromeof the arm Be; and this proceeds from
this, becaufe it partly hangs from the Centre B: And if the
Arm or Beam fhould be inthe fite B Q, the whole weighe
would remain hung in the Centre B, even as in the fite b A
the whole prefles to the faid Centre.  Whence it comes to pais,
that in this manner a2 weight is more or lefs heavy, by how
much “tis hung Farther from or nearer to the Centre ; and this
is the only Caule whereby one and the fame weight in one, and
the fame mean becomes heavier or lighter. And although I call
the fide BC Horizontal, fuppofing it to make a right angle
with C O, whence the angle CBQ_becomes lefs than a right
angle, by the quantity of an angle equal to that which is made
by C O and BQ_in the Centre of the Elementary region, vet
this hinders nothing fince the faid angle is but of infenfible
Magnitude : From the fame reafons we may conclude, that if
the point u be equally in the middle berween the Centre B
and the extream C; the weight F or M will hang or incline
according to the half of the faid Centre B: And if the faid u be
nearer to B than to the point C, it will hang from it or incline
to it more than the half; and if more rowards C, it will be
lefs than half.

B2 Fropaf.
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PROPOS. VIL

How to know what quantity any weight or moving power
hath.in ﬂﬁfﬁ to another quantity, by Perpendiculars
drawn. from the Centre af the Ballance or beam. to

the line of Inclination..

Fig,. r;.FRﬂm what has bih faid tis eafy to.underftand; thae
' the quantity B u which is almoft perpendicular from
the centre B in the 16 Fig. to the line of Inclination F a, is
that which hath led us into the-knowledge of the quantity of
the force of F in this fite or pofition, to wit, the line F u mak-
ing with the arm F B an acute angle BF »: Neverthelefs for the
better underftanding whereof we will: imagin in Fig. 17, the
beam b0 2 fixt in the Centre o at whofe ends or extreams
there is fixt or hung two. weights, or two moving powers or
forces e and ¢, yet Ej_rha;,_ the line of inclination e that is b e
make a right angle with o4 in the point b; and the line of
inclinatrion ¢ that is #.c makes an acute angle or an obtufe
with o4 in the point ;. Imagin then the line o ¢ perpendicu-
lar to-the line of inclination ca, whence oz will be lefs than
04 by the 18 Prop of 1 EL of Euclid: Moreover. imagine o &
to be cutin the point.i, fo that o7 be equal to o ¢, and in the
point ¢ ling 3 weight.equal to ¢, whofe inclination make it a
fne parallel to the line of Inclination of the weight ¢, fuppo-
fing neverthelefs the weight or power. ¢ to be greater than e,in
fuch proportion as 4.0 is greater than o #; without doubt by the
6th. Prap. of the 1ft. Book of Archimedes de equiponderantibus, b o i
will not be moved from its fite, but ifin ftead of o / we imagine
o »-made cne with ¢ &, and the power attrated by the line z¢:
¢.in like manner alfo- will rtouch as bor according to
common reafon the fire is nor moved; therefore that which
was. propofed is done, alfo, hence we may eafily note, how
much vigor and force of weight or power ¢ ata right angle
with o alofgs, drawing lefs: Hence alfo follows this Corolary,
ikar by how much. pearer the centre ¢ of the ballance is to the
centre
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centre of the elementary region, by fo much alfc it will be
lighter.

[T e ey e —

PROPOS. VI

Erom the two laft Propofitions all the caufes of Ballances
and Leavers depend.  Fig. 18.

TI—I.: force of any arm of a ballance or Leaver that is long,
is greater than a fhorter,from the Prececding propofitions,
that is, a weight placed on the end of the greater or . longex
arm, prefles or endeavours move as it hangs more or lefs from
the Centre.

Wherefore Ballances or Leawvers are not purely Mathematick
lines, bur natural, and hence bodies exift conjoined with matter ;.
now lets imagin » s tobe afuperficies which according tolength -
cuts the Axis of a Ballance ; and we will {uppofe its Centre-
firft in i, and the greater arm to be iw, and the lefler in, and’
the Vertical line 7 ¢, which let be fo much as is the thicknefs-
of the Ballance from the upper to the lower fide ; for the berter
underftanding whereof {uppofe » s a Parallelogram, and put’
two equal weights on the ends of the arms, experience teaches
that the weight at « s, is of more force than the weight at » x,
and we would know the caufe of this cffect.

We have already {aid that Ballances or Leavers are of matter,
and » s the medium of its fuperficies, fuppofe now i to be the
Centre, which ftaies the faid Ballance or Leaver; let ws and
»x be the lines of inclination of the weights, and we will im-
agin that the faid weights hang from the points » and =, as
indeed they do, although they fhould hang from s and x, be-
caufe the point # and the point» are {o conjoined with 5 and
x that he that draws one, draws the other alfo: Likewife
we'el imagin the two lines i«, i», and ie whichie makes
the angle oi ¢ equal ro the angle 0in; Hence it appears clearly
if we hangthe weight » (which is equal to the weight» ) ate,
that hath plainly the fame force as the weight# harh, and

the Beam or Ballanse will neither move up nor down, becaufe
both
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both weights equally lean to the centre 4, by the middle linese i
and » i, bur the faid weight being placed in «, the lines i by
which the weight prefles to the Centre, is more Horizontal
than e, and the line of inclination # sis more diftant from
the Centre 7 than the line ez ; whence the weight in this man-
ner being alfo more free from the Centre 4, refults and is more
ponderous than when it was in e, for the reafons mentioned
in the two precedent propofitions, and for this caufe weighs
up the weight placed in».  Burt if the Centre were in o and
we imagin two.lines os and o,  and {fuppofe the weights
placed in s and x, whence the line o s will be more Horizontal
than the line o », and the line of inclination # s will be more
diftant from the centre o than the line e #, its weight will alfo
be heavier, becaufe it hangs {o much farther from the Centre
o, and by reafoning as aforefaid we find the {ame effet to be
true : In Ballances yightly and properly fo called x isorz o«
may be Horizontal, but in all kinds of Leavers this Dn}y is faid
by a cerrain fimilicude; we may contemplate the {ame by
fuppofing the Centre in the midle between o and 4, which any
one may eafily do of himfelf without any other help.

Mecbd?zic{
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Definitions of the I_eaver:

BO @K .l

R

N

r. Leaver is commonly a piece of a Fir-pole, or other
Timber, about 6 feet in length, which we ufe either
to raife or move heavy bodies, fuch as Timber or

Stone, or any body of metal,or fuch like; wherein three points

are afligned, firlt the power of the movent 2ly; Of the weight

to be moved; 3ly, The prop, to which the Lesver is
annext, as toa Centre, defcribing two arches with a double
motion.

2. Hence becaufe thefe 3 points may be difpofed three ways
in this length, they produce 3 kinds of Leavers. Firft a Leaver
of the firft kind is that wherein the prop poflefles the
middle place, and the power and the weight poflefs the two
ends;or extreams of the Leaver, as if the Power be inA, the Prop
in B, and the weight in C.

Fig. 19. A Leaver of the {econd kind is that wherein the
weight is placed in the midle, and the power and theProp at the
ends.

A Leaver of the third kind hath the power placed in the
midle and the weight and the Prop atthe two ends.

Before 1 enter on the Propofitions, I fhall premife fome things
worthy our animadverfion.

'is F, i
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Fig. 5 Suppofe the Lesver to be o5, #, x, wWhofe Prop ( or
H; pomoction } s in the point o, and the weight in the point #,
'tis clear thatwhen you would raife it, it behoves alfe by the
help of the hands to raife #; now we muft confider how dhe
weight » endeavours towards », and for this caufe we will im-
agin the right lines 7o, ni, ne, s, and %, of which #4, is
placed towards the Centre of the world, and #¢ makes an
angle 7 7 r equal ro the angle ino: Now placing fome power
in 7 having equal inclination to the upper, asz has to the lower
( {otiing afide the gravity of the Leaver) this power ( ac-
cording to co.nmon reafon ) will fuftain the whole weighe
of the {.id », and if the weight » were in x direftly overo,

- the whole weight would be upon the Prop, and {o much force
cor power of the Prop will {uflice to refilt for fuftaining, as is

the gravity of the weight; but putting it again in » 'tis clear
that if ancther power be not oppofed from the neither to the
upper pait of the Leaver, the .E’i'ap nﬂtiﬁ.’ithﬂﬂﬂding btii’)g EX~
cepted, it will behove the power of fome part of the weight »
(withour confideration as aforefaid of the weight of the Leaver's
matter or {ubfiance ) that the Leaver be deprefled from the par,
s, u, and fome one part of the weizht », becaufe other part of
the fame weight endeavours it {elf to the Prop o, by means of
the line o » which make2s not right angles with o x,  But if from
the point ¢ this kind of refiftance oppofe it felf that the Leaver
be not deprefled or born dewn,’tis clear by common fence that
the POWET of the wcigh[ n 1s divided EK]HHH}? in the middle,
whofe moiety overo refteth,as alfo the other over 7 being in the
middle of the two lines # o and »z. Now imagin the réfiftance
7 10 be taken away and placed in e, it is clear alfo that the
greater part of the weight » forces or endeavours toe by help
of the line » e;more than to o ; fince the line of inclination, » 4, is
nearer to e than o : Becaule all refiftance either in 7 orine, or
in ¢t orin # is inftcad of a centre as well as o, and the work of
one helps tother; But if the fame refiftance be placed in », ’tis
clear alfo that a lefler part of the weight #, endeavours to »
than to o; fince the faid » i is farther diftant from the centre
#, than from the Centre o, and the proportion of the part of
the weight # in o, to the proportion, of the part of the weight
#» in» will not be according to the proportion of the angles »
»i and oni, but according to the proportion of #i to i,
which may clearly be comprehended by the converfe DFE[E;E

effelt,
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effet, that is even, as now we have fuppofed o and # to be rwo
Centres that fuftain the weight e of #; alfo imagin # to be a
certain Centre from whence hang rwo weights o and #, (O
proportioned to each other, that #i and 7o are the certain
caufes of the ballance of thefe weights o5, which we c] a
Leaver or Beam inclined on no part: But returning to the pro-
pofitior, we fay, That the weight of » endeavoring lefs o »
than to o, that is to 1, there needs lefs force in u than in ¢ (o
raife the weight #; and {o by confequence, the farther the
point # is from #, the lefler force is required, and confequently
when the force or refiftance in # is {o proportioned to thae
which is in o, s is 07 to i # the Leaver or Beawm will not be
moved: But when there is a greater proportion of the refiffance
of to that which is of o, than of thar of o/ to i, then (he
part # s of the Lesver or Beam will be elevated: Bur if the
proportion be lefler than o4, to i u, thanthe Beam or Leawer will
be deprefled on the fame part.

i
=
- R e

e

Of ./ﬁfzfgme'ﬁté:zg Foxce or Power.

Fig. 21. IN fome places Bakers ufe a certain inftrument for
kneading their Paft, which is perform’d by one

man only, which inltrument feems worth our taking notice of,
and "tis thus: Imagine the plain in which he fets who kneads
the Paft, and in which the Paft is laid to be T'S D, and the tri-
angle T A S fixed, and perpendicular to the {uperficies of the
faid plain ; and in the Angle A joyn a piece of Wood or Lea-
ver A E as a moveable femidiameter and equal to the Perpen-
dicular of the Triangle, whence A will be the place of the cen-
tre, and D O will be the femidiameter which kneads the Paft,
and from its end O (which O when DO is Horizoncal is
found in the bafe of the faid Triangle ) comes the piece of
wood O V, which with A V is equal to the perpendicular im-
agined from the angle A of the bafe T S pluying too and fro
in O and V, that the femidiameter. D O may be raifed and de-
prefled. And VOisequal to A V, and V is in the middle be.
tween A and E, whence A V with O V are equal to AE;
moreover there are two picces of wood perpendiculir from
F A
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A, and fixt to the bafe and immovable; and fo far diftant-from
one another, thatbetween them O V and D O may pafs above
and beneath, and not depart from the femidiameter D O. In
the end of E there muft be a {fmall piece of Wood at right An-
gles with A E, which is held by the hands of fome body which
ftands on the forefaid Machine, which man with that wood
that is, the femidiamerre A E drawing it to himfelf from the
{uperficies of the faid Triangle, and then thrufting it towards
the fame Triangle, he excites the femidiameter D O upon the
paft with a great force. |

In imitation whereof I have fubcribed Fig. 22. b s 4 x, in
‘which we may imagine « refembles A in the 21 Fig. and 4 de-
notes O, and o V, and x E: we may allo imagine #.4 to ke
the bafe of the Triangle 4 # o, to which o ¢ the perpendicular
of the faid bafe add « 4; hitherto then # o will be equal to o
x, and to o 4, we may imagine alfo 4 o fo_produced to &, that
o bbe equal to 0 4. Alfo llappufe a weight in 4, to force to-
wards », whence the line of its inclination will be always 4 » ;
{fuppofe alfo 40b to be a Beam or Eeaver, and o its Centre,
whence the force or power of 4 will be proportional to ¢ #,with
refpet to the force or power imagined in 4, the inclination of
the perpendicular &4, which- force or power in- & will be pro-
portionable to & o by Prop. 7. of - this Treatife; therefore if
you fhould place a certain-power in 5 at a right Angle drawing
the line b o fo proportionated to the power of the perpendicu-
lar 2, as ot is proportioned to o b, the Beam b o4 will: not be
moved, bur any greater portion in b will overcome a:
And when ¢ x is equal to o b, the fame will happen according
to common Senfe, placing the power & in ». The quantity
therefore of the power in x, which oughtto overcome the re-
fitance in @, which is put againft », ought to have a litde
greater proportion to refift, which in 2 makes a right Angle
with a s, than that whichis of o 7 t0 0 & |

Rrops.
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PROPOS, I Fig. 19.
A Theorem.

J T ina Leaver, the Power be to the weight as the diffance of each
from the Prop, reciprocally, it will be i equilibrio, o the power
will [uftain the weight, but mot raifs i,

Suppofe the power A to the weight C, to be as the diftance
BCro thediftance A B; I fay, it will be in equilibrioand the power
will fuftain the weight C, but not overcome nor raife it; bue
to the better underftanding of the Propofition, fuppofc the
weight C to be 100 pounds, and the power A to be a power
able to fuftain 25 pounds withour a leaver ; and as the power
A is equivalent precifely to a fourth part of the weight, {o alfo
the line B C muft be a fourth part of the line A B to make it
in equilibrio.

The Demonftration. 'The power is increafed in the fame pro-
portion in which its motion is increafed above the motion
of the weight; but in fuch difpofition the motion of the POW-
eris to the motion of the weight,as 4 to 15 for if the lea-
ver be underftood tobe raifed in L, {o thar the power defciibes
the arch AL, the weighe defcribes the arch K C; but the arch-
¢s are a like, becaufe the angles ABL, CBK are equal; or
like arches oppofite to the vertex, are as their Semidiamerers,
to wit, as AB to BC, and we fuppofe AB 1o be 4 times as
much as BC; therefore in fuch difpofition (by the firfl prin-
ciple of this Treatife)the power A is quadruplicated,and there.
fore is equivalent t0 100, but a power of roo i 10 equilibrio
with 2 weight of 100; therefore if as the power A tothe
weight C, o the diftance CB tothe diftance A B, which is re-
ciprocal, it will be in equilibrio, which was to be demon-
ftrated.

F = Pre ik
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P ROPOG 1L

A Theorem.

F the proportion of the Power to the weight be greater’, than of
the diftance of the weight to the diffance of the Power from the
Prop, the power will raife the weight and overcome ir.
Fig. 19. Let the proportion of the power A to the weight
C be greater than of the diftance} BC to the diftance AB;
I fay, The power A fo difpofed will overcome the weight

Demonfiration. Suppofe another power which hath the fame
proportion to the weight C, as the diftance BC hath to the
diftance A B, this power will be in equilibro with the weight
(by the precedent propofition) but the power A isgreater than
that power (by the 1oth propofition of § Euclid) therefore the
power A is greater than that which is in equilibro with the
weight C, therefore it will overcome the weight C, and will
raife it ; which was to be demonftrated.

PROPOS. « HE
A Theorem.

Fig. 23. IF the proportion of the diftance of the Power from the

Prop, to the diftance of the weight from the Prop be
greater than of the wweight to the power, the weight will be overcome,
and raifed by the Power.

Suppofe a greater proportion of AB to BC than of the
weight C ro the power A, I {ay the power will overcome the
weight C.

The
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The Demonflration. Suppofe another power D equal to A
applied in the point D, {o that asthe weight C to the power D,
fo DB to BC (itwill be by the 1oth propofition of § Euclid.)
DB lefs than AB, and (by the firlt of this) the power D ap-
plied in the point D will be in equilibro with the weight C:
Bur the power A equal to Dif it be applied in the point A,
hath greater motion with refpeét to the motion of the weight
C; therefore by the firft principle hath greater force than the
power D which is in eguilibro with the weight C, wherefore
that will overcome and raife it; which was to be demon-
ftrated.

e —
[

PROBPOS. IV,
A Theorem. Fig. 23.

F the proportion of the weight to the Power be greater than the
diffance of the power tothe diffance of the weight, or if the pro-
portion of the diff ance of the weight to the diffance of the Power be
greater than of the power to the weight, the power will neither elevate
wor (uftain the weigh:.

Firft, Let the proportion of the weight C to the power A
be greater than of thediftance A BtoBC; I'fay the power A is
to little to make an equilibro with the weight C ; For fuppofe
the power E to which the weight C hath the fame proportion
as AB to BC, and confequently the proportion of the weighe
C te the power E will be lefs than of the fame weight C tothe
power A, and (by the roth of § Exclid.) the power E is greater
than the power A, but (by the firft of this) the power E ap-

lied in the point A is in equilibvo with the weight C, there-
ore the power A is too little to be in equilibrio with the weight
C; therefore can neicher raife nor {uftain ir.

Secondly, Suppofe the proportion of the diftance BC to the
diftance A B to be greater than of the power A to the weight
C; Ifay, The viétory will be in the power of the weight C,
for fuppofe the power E to beas BC to AB, {foE to C, and
the proportion of the power E to the weight C, will be greater

than of the power A to the fame weight C, and (by the 4oth of
g Eﬁfﬁfi)
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5 Euclid.) the power of E will be greater than of A; but (by
the firlt of this) the power E appliedin the point A is in eguili-
brio with the weight C; therefore the power A is lefs than
that which is applied in the fame point of the Leaver, in equi-
librio with the weight C, therefore the power A canrot {uf-
rain the weight C; which was to be demonftrated

Although 1in the Figure I have only put a leaver of the firft
kind, thele proportions agree equally with the 3 kinds of Lea-
vers, fince in each kind as well the powers as the weights de-
fcribe Circles.

PP OS5,
A Theorem.

Power is equivalent to (o many powers equal to it [elf in force,
as its diftance from the Prop contains the diffance of the weight
from the [ame.

Fig. 24. Suppofe any power A fit to {uftain withour a Lea-
ver, a weight of 100 pounds, fo difpofed in the Leaver that
the diftance of A from the Prop contains four times the di-
ftance B C of the weight from the fame Prop or Centre ; I
fay the fame power in the point A is equivalent to 4 powers
equal to it felf in force, and {0 can fuftain in this difpofition of
the Machine or Engin, a weight of goo pounds.

The Demonfiration. As many times as the diftance AB cbn-
tains the diftance BC, {o many times the motion of the power
contains the motion of the weight, but (by the firft principle
of Machines) how much the motion of the power increafes
above the motion of the weight, it hath fo much the more
firengthor force, therefore according to the proportion of A B
to BC, the force of the power will be increaft ; bur by {up-
pofition A B is fourtimes as much as BC, therefore the power
applied in the point A is equivalent to 4 powers equal to it
felf in vertue or force.

Or the power A equal to 100 peunds, will be equivalent ro
4 powers equal to it felf in verrue, if it fuftains 400 pounds;
.and it can fuftain them (by the firft of this) if it be as the

power
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ower A to the weight of 400 pounds, {0 the diftarice BC 1o
the diftance A B, which plainly appears.

RO O8NV
The Power being placed the: [ame diftance from the Prop, and the

weight being placed nearer to the Prop encreafes the force of the Power.
Hg. 24. FIRST‘ ler the weight C be diftance from the
Prop B the diftance of BC, and let the power
be in A; Ifay if the power be always in the point A, and the
weight be removed from the Prop B, {uppole to the point E,
that by how much the leffer BE is, by fo much the greater
will the force of the power be, in order to {uftain or raife the
weight placed in E ; Thar is if the power applied in the point.
A can {uftain or fupport a weight of 400 pounds placed in the
point C; I fay, If the weight Cberemoved from the Prop and
placed in the point E; Tt will be as BE to BC f{othe weight of
400 pounds.to that which:-the power A can {uftain,

The Deraonfbration. For let itbe as BE to BD {o the weight
Ctothe weight F; I fay the weight F placed in the point E will.
bein equilibrio with the power A, for when’tis as the power A
to the weight C, {o the diftance BC to the diftance AB; as
alfo BE to B C, fo the weight C to the weight F; There-
fore from diforder’d equality. (by 23 of § Euclid) the power
A will be:-to the weight F as the diftance BE to the diftance
AB, then (by the firft of this) A and F will be in equilitrie

which was ro be demonftrated.
Corollary. I

Fig. 25. From this Propofition arrives feveral practifes.
which naturally or experimentally Workmen make ufe of for-
moving of weights, or ﬂfﬂrﬁﬂmm% the refiftance of any bodies;;
And neither is this Doétrine only ufeful in.raifing and re-
moving of heavy bodies, but alfo in cutting off bodies and
parting them from each other, and overcoming any refiftance,
which I fhall only fhew in brief, that it may be turned from
them to other matters.

Firft in digging Stones out of Qarries; they often ufe a Leaver

or Croe of Iron, and when the Stone refilts much, either by
reafon .
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reafonof its greatnefs, or becaufe it will not eafily be feperared
from the other to which it adhears, they remove the Prop as
near to the weight as may be, that fo they may move ir the
cafier, and for the Prop they commonly make ufe of a Stone ;
or fometimes two Stones, as if the Stone EF were to be parg-
ed from the Stone D E, if DE be firm,the Prop will be in the
point C, and the weight in B, and it will be a Leaver of the
{zcond kind and thea the diftance of the power will be the
Jine A C, the diftance of the weight will be BC; then asminy
times as BC is in A C, fo many powers equal to it {elf will the
power placed in the point A be equivalent to.

Bur if the weight B be {o drawn back from the body C E
which the proportion of the Prop hath, that the diftance CB
be made greater, there may be put between thofe two bodies,
{fome hard body, that fo the diftance CB may be lellened, and
the force of the power more and more increaled.

Fig. 26. Inlike manner when a Nail is to be drawn with
a Hammer, by how much the Nail (which obtains the force
of a weight) is nearer the Prop C, the eafier it is drawn forth ;
whence when the Nail is drawn out a little way, f{o that the
end of the Hammer C cannot reft on the Board or Timber
that the Nailis in, we are wont to put another body between,
that the diftance may be lefs. ~

Fig. 27. In like manner in Pinchers is a double Leaver of
the firft kind, one whereof is the Prop, to wir, the Nail or
Rivet B, about which each part is turned, and by how much
lefler the diftance BD is, and the diftance A B or B C the
greater, {o much the more it ftrains.

Fig. 28. The fame may be faid of Shears, wherein this
may be noted, The more they are opened the cafier they o-
perate; becaufe that when they are more opened the body
to be cut, is nearer the Prop B; Example, Suppole it in D, bug
when they are fhut farcher, thar which is to be cut, fuppofe
it to be in the point E ; whence the proportion of the diE&nce |
of the weight from the Prop is greater than thediftance of the
power fcom the fame Prop or Centre; moreover the longer
the Arms AB, CB are, the more the force of the power is
cncreaft, and thus we {ee Workmens long Shears cuts any kind
of Mettal; many other Inftruments we might mention, which
this principle eafily difcovers.

When
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. When we opena Lock with 4 Kéy, if it opens hard, we
put a Stick into the ring of the Keyand turn the Key with it
tor by fo doing we make ufe of a longer Leaver, than when
we turn the Key with our hand upon it.

. When we open Gates or Doors, if we lay hold of them
further from the Hinges, they open eafier than when we lay
hald on them neaver to the hinges.

Alfo from this we may give a reafon why a long Staff or
Pike weighs more if it be lifted up by one end, thanif nearer
the middle ; asalfo why a long Stick, or Staff; or picce of
Timber, is bowed or broke with more eafe than a fhorter.

Hence likewile a reaton may be rendred, Whyin Mills fome
teeth are made!ftronger and nearer together than others, viz.
ihe foremeft ; many things we may run through which may
be reduced to the Leaver ; as in Navigation, the governing or
Steering a Veflel, rowing with Oars, &e.

[r— - ' l—. -.'H_-l—-'-—_-'_—*_-

PROPOS. VIL
A Problem.

ﬁmﬂ‘nf any wet ht. with any Power by a Leaver of
the firf} andffgcaﬁd kind. i

]

A, how little foever ; I fay the weight B may
be moved by the power A, with a Leaver of the firft or {econd
kind ; for fince the weight B is not infinite, it will have fome
proportion to the power, therefore divide the Leaver agp
and make it, as the weight B to the power A: So the line
CE tothe line ED; fuppofe the Prop in the point E, and the
weight applied in the point D, and the power A in the point
C; Ifay it will be in equilibrio,

The Demcnftration, For fince the power A is to the weight
B, as the diftance ED, to wit, of the weight from the Prop,
~ to the diftance CE; to wir, Ufg,f: power from the Frop (by

the

Fig. 29. LI‘T there be given any weight B, and a power
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the firt of this) it will be in equilibrio, but if the Prop be
moved never fo little to the weight, the power will overcome
the weight and raife it.

We will do the {fame by a Leaver of the fecond kind, for
make it, as B to A, fo FH the length of the whole Leaver
to GH, and let the Prop be at the end as at H, the power at the
other end at F, and the weight in the point G, as yet (by the
firlt of this) it will bein equilibro ; butif the weight be moved
never fo little to the Prop, the power will raife the weight,
and overcome it.

Bur a Leaver of the third kind, we cannot ufe to effeét the
fame thing, for when the weight is placed at one end, and the
Prop at the other, the power which poflefles the middle place
will always be lefs diftant from the Prop, than the weight
will; and is fo far from helping the Machine to encreafe the
force of the power, that it hinders it, and the weight from
{uch difpofition of the Machine increafes irs refiltance ; for
generally fpeaking, as often as the difpofirion of the Machine
increafes the force of the power ; {o often, if the power and
the weight change places, the force of the power is abated,
and fo much the refiftance of the weight encreafed.

And this is Archimedes’s great Problem, That he would
move the whole Globe of the Earth, if he could find but a
place ro fix a Prop upon, which in Speculation is true, burt in
practice impoffible ; for who can practically divide the length.
of a Leaver into any proportion, efpecially, if for Example,
The Hundredth Thoufand part of a Line were required, for it
would make the diflance of the weight fo fmall from the Prop,
that the fear of the Prop would be impoffible to be diftinguifat
trom the diftance of the weight. B

PROPOS.
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PR'OPOS. VI
A Problem.

To place aweight [o on a Leaver, that no finite power,
how great [oever, can overcome it.

Fig. 30. ET the weight A be never fo lirtle, and any

power B equivalent to it, I fay thefc may be {o
placed, that the power B, whatever it be, will be unable to
raife the faid weight. For fuppofe, as the power B to the
weight A, {o the diftance KL to the diftance L M, and the
power B in the point K, and the weight A placed in M by
(the firft of this) it will be in equilibro ; whence if the Prop L
be removed never f{o little to the power confifting in K, it will
be unable to raife the weight; alfo a Leaver given fuppofing
the Prop thus, we may divide it, thar a powcr%eing placed at
oneend, fhall not raife the other end of the Leaver ; viz. If
we divide the Leaver KM, fuppofing the Prop L very nigh
the power in the point K, it will come to pafs thar the power,

though very heavy, will not raife the other part of the
Leaver L M.

PER-OL0.8.. X,
A Theorem.

Yig. 21, Hen the Centre gf gra:::f{y of @ weight is in ;.ﬁf line

of the Leaver, the [ame force is abways requived 1o
muve ity whatfcever fite it obtains, Jo that the force move only dexwn-
ward or upward.

G 2 Thofe
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Thofe things which we have demonftrated concerning the
Eeaver, in the former Propofitions:are moré thiverfal; nor do
they fhew divers Circumitances worthy of Note, which here
we ought to examie; A nd «cexrain it is thiat a living power
which is often ufed with a Leaver, fince 'tis indifferent to all
motion, it will move aswell downard as a thwart. But weights
which by their own nature gravitace-only, refift motion up-
wards, and therefore their cicular motion 1s not {fo much to
be confidered, as their fimple Perpendicular motion, which,
that I may handle every one feverally, T hall expofe {everal
Cafes. And Firft, we fhall take notice of the power forcing
only downwards as it were, and {o a weight may be com-
pared in divers manners with a Leaver, for either;the Centre of
gravity of the weight, or as it were itsmiddle 15 ip the Leaver,
and which is the fame, is hanged freely onthe Leaver, or ic
is above the Leaver,or beneath the Leaver : In.this proportion
we appoint the Centre of gravity in the Leaver, - |
Suppofc the Centre of gravity of the weight A inthe Lea-
ver; I fay, If the power only force downwards, the fame
power is required to {uftain the weight dn what fite {o ever
1C 15. A x o \ Iy s}ig ' Nt
The Demonftration. AKs well. the: weight; as-the power rend
downwards, wherefore if the cicular motion be confidered,
both of the powerand the weight, they will be proportionally
diftant, or their diftances will be propereional, fince like arches
are proportional to. the Semidiameters of eheir Circles; or if
the perpendicular motions G E, CH be confidered, theyalio
will be proportional, becaufe the Triangles CBH, BGE ate
proportionals ; whence if the power move only downwards,
the fame force is required to flffain or move the weight,
whether the Leaver be Hurizontal Or ebligue. |

PRO-
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Eig. 3. % Power moving equally in-every dJerent place, meveth
a weight more eafily, wlole Conire is in an dbligne
beam or leaver,than in an Horizontal o,

Let the power be A, equally able to move a weight in any
difference of place, and. let the weightbe D, whole Cenrre is
in the Leaver ; Ifay, If the Leaver be raifed in E, the power
will more eafily move the fame weight, than if the Leaver
were Horizoptal, as A D.

The Demonffration.  Weight, or any heavy body, refifts only
motion upwards, therefore a Perpendicular line is irs meafure
of refiltance ; Therefore, Firlt let the weight be moved ac-
cording to. the Arch DE, the refitance will be the line EH,
Secondly, letr it be moved according to the other Arch equal
to EF, the refiftance will be according to the Perpendicular
ET; And it is Clear, that the lime FI is lefs than the line E H;
Therefore although the fame power move through the Arch

-C B, equal to AB, and fo advancesthe fame vertue or force
(according to the firft principal) you will find lefs refiftance in
E than in D, therefore it will move eafier while the Leaver
obtains anobliquefite or pofition,than when it hath an Horizeatal 5
which was to be demonftrated.

Corollary..

Hence it follows, That in an oblique fite a power is in equi-
libro with a weight, although the proportion of the power to
the weight be not reciprocally the fame, which the diftance of
the weighe is to the diftance of the power from the Prop; to
wit, becauie the motion of the weight, according ro which
its refiftance endeavours, is not the Arch E F but the Perpen-
- dicular line FI, although the 'motion ef the power, accord-
ing to which it exercifes its aétivity thould be by the Arch 5C,
but the Arch B C and the Perpendicular FI are not proportional

to the diftances K B, KL. B
Neverthele(s
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Neverthelels in an Horizontal fite D A, becaufe the Perpen-

dicular Phifically falls in with the Circle DH, the common
Rules ought to be obferved.

e

P ROPO.S. Kl
A Theorem. |

Fig. 33. Y F the Centre of a weight be above the Leaver, the
weight is eafier raifed above the Horizontal line than
Leneath, from the power only forcing downwards.

Suppofe the weight A, and its Centre above the Leaver j
fince the weight always prefles downards according ro a Per-
pendicular line ; in an elevated fite it weighs downwards accord-
ing to the line IF; andthen the true diftance will be the line
FE; but in an Horizomtal fite the true diftance will be BE:
in a deprefled fite it will be DE; ’Tis certain, that DE is
areater than BE, and this greater than FE, and {o in re-
fpect of the power applied in the Leaver, and only prefling
downwards, the motion in C will be more difficult than in
A, andin A than in L

But what I have faid is with refpeét to the power, its mo-
ving {imply downwards ; becaufe if it fhould move equally,
or alike in every different place, the proportion of the Doétrine
delivered in the 1oth Prop. would enfue.

e ——. T ey T T ——

PROPOS, . Al

A Theorem.

Fig. 34. YK 7 Hen a aweight bath its Centre of gravity beneath

the Leaver in a deprefled fite or Pofition, lefs force
is vequired than in am Horizontal, and greater in an elevared

[ite.

Suppofing
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Suppofing the Proof of the former Propofition, this ap-
pears clear enough, neither doth it need any further explica-
tion, fince in a deprefled fite the perpendicular cuts off a leffer
or fhorter diftance than in the Horizontal, and in an elevated
fite it cuts off a greater; the fame caution is to be noted.

But when the weight freely depends on the Leaver, it is al-
moft in the fame manner, as if the Centre of gravity of the
weight were found in the Leaver: Foralways the fame diftance
remains to the Prop or Centre, elpecially vertually, becaufe the
weight fo moved, is asif it truly exifted in that point of the
Leaver whereby ’tis hung.

P RO PO XL
A Theorem.

Fig. 35. I F by reafen of the Figure of the Prop, the point om which
the Leaver refts be changed, the proportion alfo of the

force of the Power, tothe refiffance of the weight will be changed.
The Figure of the Prop. may be various, and it may be {o
made, that in its motion it may bear the force of one or ano-
ther point of the Leaver; whence it comes to pafs, that the
diftance of both the power and the weight are nor the
fame ; and fo the whole proportion of the force of the power
to the refiftance of the weight is changed ; as if the Prop.
thould be Spharical, and the Leaver in an Horizontal fite thould
touch it in the point A, butin an elevated fite it would touch
it in the point B; The fame I fay if the Prop. fho.ld be an

colong;

FROTOS.
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PEROP G S " XIY:

The: motton of a power obhque to the Leavery: 15 1 lefs
pﬁwe;ﬁs! than when rngt.

Fig. 356. JF the power be A, Whif:h preffes the Leaver ac-
cording to the oblique line A B ; [{ay this motion

is lefs powerful or able, than if the fame force preft the lea-

ver according to the perpendicular ling ATC. | -

T he Demonfiration. That motion tends not {fo much in raifing
the weight, as in drawing back the leaver from the Prop, as
the morion A D forces the leaver againft the Prop, and con-
fequently it racher refifts the Prop. than the weight.

L =

- -

PROPOS.  XV.

A Theorem.

A motion [0 preffing forward to the weight, that it ﬁrrcﬂ
it abliquely to the line, accordimng to which ot [hould
be movedy 15 lefs PﬂWE’I‘fEH’_. _ _ . :

Fig. 37. TH E weight is A, which fhould only move:ac-

cording to the line AB, and the Leaver whofe
Prop is in C, touching the weight in the point D, and forcing
it according to the line D E; 1 {ay, The motion of fuch weight
will be more difficult than if it had been forced according to
the line: A By for the force of motion according to the line
D E, as compofed of a double motion, to wit, as it were of
a Pe;-pendiculin‘, and of an Hovizental ; 11ay; as often as “tis
Perpendicular, it refifts the fubjected plane, and fo part
of that force is ufed in vain, in overcoming this refiftance.
: Prap.
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PIR.O POY XV,
A Theorem.

Hen two Powers confifting at the ends of a Leaver, [uffain o
-‘ weight bung on it, that which is neereft to the waigﬁrﬁﬁgim
the greater part of the weight, and that which is further the leffer
part proportionally to the diftances reciprocally.

Fig. 38. There are two powers A and B confifting ar the
ends of the Leaver, and fuftaining the fame weight C; I fay
the Power A {uftains a greater part of the weight than B;; tha
is, if the weight C be 6o poundsand B C the double of A C; I
fay, the power A fultains 40 pounds, of the weight, and the
power B {uftains only 20 pounds: Or that the powers may
fuftain the weight C, the power in B muft be equal to a
weight of 20 pounds, and the Power in A equal to 40
pounds.

The Demonftration. The Power A in refpe of the Power B
is as the Prop, therefore that they may be in equilibro, it ought
to be as, A C, the diftance of the weight from the Prop A, to
A B the diftance of the power from the fame Prop, {o the
power B to the weight C reciprocally ( by the frft of this ) bur
A C is by fuppofition a third part of the line A B, therefore
there is required in Ba power equal to a third part of the
weight, towit,of 20 pounds ; In like manner, becaufe with re.
fpett to the power A, as the power B hath by means of the
Prop, {o will be the diftance CB of the weight from the Prop
to A B the diftance of the power from the {ame, as the pmréf-
A to the weight C reciprocally, (by the firft of this ) but CB
is {uppofed to contain two third parts of the whole line A B
therefore alfo the Power A will be equal to 2 parts of the
weight G, to wit, of forty pounds: Which was to be de-
monftrated. .

H CU!'L:-!!;'F
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Corollary. L

If the weight be precifely in the middle, each power {uftains
only an half part..

Corollary. 1L

Both Powers taken together, ought to be equal ro thar
power which can raife the weight without a Leaver.

Corollary. IIL.

Hence we may determine whether the Prop be fit to {uftain
the weight, for it always a%rees.wirh fome part of.the weight,
efpecially in Leavers of the fecond kind.

Corollary. IV..

In a Leaver of the firft kind, the Prop fuftains as much of
the weight as the power, and its refiftance ought to be equal.
to both taken together..

Corollary. V..

When = powers confift at the ends of a Leaver {uftaining a-
weight fpiac:ed ‘n the middle, we may eafily determine how
much of that weight each power bears, to wit, by dividing.
the whole weight according to the proportion, which the:
powershave with the weight reciprocally ; What I have faid
in refpect of the Leavers bearing or {uftaining the weight, may
alfo be underftood of drawing a weight; Asif 2 draw, and
the weight A be fixt, not in the midle of the Leaver BC; the-
Leaver will be moveable only about the point D..

P.ROP OS.
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PROPOS. XVIL

A Theorem.

YD Owers confifting at the ends of a Leaver, do mot bear the weight
P eafier on a longer Leaver than on a (horter.,

Fig. 39. Let the powersbe A and B, and the Leaver like-
wife A B, fuftaining the weight C; and let there be 2 other
powers D and E fuftaining the fame weight, or one equal to i,
on the longer Leaver ; I {ay the length of the Leaver D E adds
nothing to the facility ; for let there be the fame proportion
of AC to CB, as of DF to FE, I will fhew in both cafes that
the {ame part of rhe weighr ic fuftained by the power B, as is
fuftained by the power E, and the fame by the power A asby
the power D: In like manner ( from Corollary 2 ) 1 will fhew
in both cafes that the powers taken together are equal to the
w{?ighr, whence the greater Leaver effeéts no more than the
lefler,

Neither doth it feem ftrange, that the length of the Leaver
adds nothing to the force, that is, if two Leavers of unequal
length, but divided alike from the Prop, that is, let the pro-
portion of the diftance in both be a like, the like effeét follows

in both.

PROP-O8: XV
A Theorem.

Hile 2 Powers [uffain a weight, whofe Centre is above the Lea-
very in a declined fite, the lover Power bears the preater

sweight.
Fig, 40. Let the 2 Powers be A and B, and let the weight
be above the Leaver and its centre C, and let the perpendi-
1 i 1 cular
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cular be CD: Ifay, the power B fuftains greater part of the
weight than if the Leaver were in an Horizontal fite ; For the
weight always als by a line perpendicular to the Horizon, as
in this cafe by the line C E, when before it aéted by C D, there-
fore the weight becomes nearer the power B: wherefore the
power B bears a greater part of the weight (by the prece-
dent. )

But if the weight be beneath the Leaver, the contrary hap-
pens, asin the fecond example, in which the weight hangs
on the Leaver by the line I K, which weight inclines to the
power F, and therefore in this cafe, the power F bears more
weight, than if the Leaver were in an Horizontal fite ; Laftly,
if the weight hang freely it will not change the fite. and con-

fequently, neither power fuffers by the declination of the Lea-
wver Or Beam.

PROP S XK
A Theorem.

Hen o power draws by a line obligue to the Leaver, its true
diftance is a perpendicular from the Prop, to the line of Di-
reltion.
Fig. 41. Let the Leaver or Beam be A B, and the power
drawing by the line BC c:-bli%ue to the Beam, to which from
the Prop F is drawn a perpendicular F D ; I f{ay, the true dift-
ance of the power to be look’d upon, according as the increafe
or decreafe of the vertue, or force, is the line F D,

The Demonftration. Suppofe the power to confift in the point
D, which draws the cord from D in E, and draw the line
F E; In the mean time the Leaver defcends in the point G
draw the line EG, and becaufe in the triangles FDB, FEG,
the fides FG, FB, allo FD, FE, and the length of the Chords
B D, GE is the {fame ( by the 8th of the 1ft. of Euclid. )all the
angles will be equal, among which GF D, BFE will be equal,
and the common angle BF D being taken away, there remains
the angles G FE, D FB equal, and confequently the arches BG,

HI






* Ir"‘i..a,_ u‘ii
..w..u-%:_ #ﬁk:-l.,l o

s i

s
- 3 iy = e




Book I. = Mechanck Powers., §3
HI equal. But the arch DE according to which the pow er
is moved, is toH I or BG, or A K the motion of the weight,
as FD to A F: therefore the true diftance, according to which
the motion of the power encreafes or decreafesin the line FD,
perpendicular to the line of direftion; which was to be
demonttrated.

But if the power be in the point C, and it move upon the
Circumference MC, it may ealily be thewn that the arch MC,
is equal to the arch BG, and confequently in this cafe the
true diftance feems according to thar which is ookt upon as
its force to be the line FG or FC, which would be contrary
to the precedent part of the propofition : But the line BC is
fuppofed to be flexible in the point G, and {o the power

laced in C may move about the point B, as about a Centre,
although the Leaver FG remain unmoved. Suppofing then
from the point B,as from a Centre,we defcribe the arch CO, fo
that the line B O, which may be imagined, be equalto the
liné BC ; draw a chord from the point O even to M, {o that
in the mean while the end of the Beam pafs from the point
B, to the point G,and O M will be the true motion of the power,
which I affirm to be equal to the line D E; For fince DCor D
O is one half part of the line CK, ard E Mhalf of the line M G;
then DO and E M will be equal, and that which is common
being taken away, wiz. EO, then DE and MO will be
equal, wherefore the power in that end of the line is not
more moved than if it were applied in the point D, there-
fore its true diftance will be F D ; which was to be demon--
ftrated.

Corollary. I.

Ifthe line BC be not Flexible,neither in the point B nor any:
other, but firmly adheres to the point B, the thing will be
otherwife ; for if you apply the power in the point D, its.
diftance according to what is examined of the increafe or de-
creafe of the force, willbe D F, but if it be applied in the
point C, its true diftance will be the line F G, and its true mo--
tion, according to which it moves, will not be only the line
MO, but the whole arch M C..

Corollary
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Corollary. IL

Fir. 22. The line of dire@ion which is perpendicular to the
Leaveris moft apt to move, and by it the power hath the
grearelt force that it can have at the end of the Leaver; for
let the Leaver be A B, the Prop C, and let the line {Jfﬁdireﬂ-
ion B D be perpendicular to the Leaver A B: Ifay, 1n any
other line of direétion, the power is lefs able; for let ir be
another line B E, which makes an accute angle CBE, and
which confequently falls within the circle, draw to it the
perpendicular CF, which ( by the prefent ) is the true diftance
of the power, and lefs than CB, wherefore when the Lea-
ver draws by the line B E, it hath lefs force than by the line
BD. Moreover l:t there be another line of direction BG,
and the angle C B G obtufe, and confequently the other angle
C B H will be accute,and BH will be within the circle which
being divided in the middlein I, ( by 3 of 3 of Euclid.) CI
will be perpendicular to BH, and the fame C I will be the
true diftance of the power ; which fince "tis lefs than CB, the
power alfo will have lefs force.

Corollary. IIL

Fig. 43. The true diftance of weights which draw by
gravity only, isa Segment of the Leaver Horizontally placed
between the Prop and the perpendicular ; let the Leaver be
A B, the weight by its gravity drawing downwards in B:
Suppofe the line E F in an Horizental fite, and draw the per-
pendicular B C; 1 fay, the true diftance of the weight B is
D C, for all heavy things draws by a vertical line to which the
Horizontal line D C is perpendicular ; I fay, the fame if the
weight were in the point H, the true diftance would be D G.
Whence it follows, that a weight depending on a Leaver Hori-

zontally difpofed hath greater force.

And here [ will add fomething out of the Learned Cafatus

his Mechanies ; {ays he It may perchance be pertinent to our
prefent purpofe, and not unpleafant to the Reader, if 1 here de-

clare fomething of an invention: When I heard a certain man,
declairing that a Bell of a vaft weight, was carried eafily on
Brals Wheels, which by length of time were worn out, but

by
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by what artifice, or in what order they were difpofcd, or made,
he could not tell; Wherefore he confidering with me how
it might be done, I happened on this thought, that I elfeemed.
the moft heavy bell; might eafily be repulied, by diminifhing,
or leflening the refiftance, which arifes from the wearing of”
the Prop, or Stay, and Axis together ; For let B and C be two
{mall wheels ( Fig. 44. ) offolid Brafs, whofe diameters are in
fome different proportion to the diameter of the axis on which
the bell bears, or lies; And. lerthe femidiameter of the Axis be
A E, andof the little Wheels BE, in proportion double, there-
fore alfo the peripheries will be in the fame proportion, there-
fore while the point I in H compleats a quadrant,the little Wheel
al{o is turned about, whofe periphery is equal to half a qua-
drant ; Wherefore if to the little Wheel there fhould be fixe an.
Axis, whofe Semidiameter BG is equal to the Semidiamerer.
A E, the rubbing or wearing will be made with ¢ part of the:
Periphery of the Axis of the little wheel B; but becaufe alfo
in the lirtle wheel C, the rubbing or wearing, will be made
equal with the fame Axis, almoft nothing of moment is gained,
becaufe the whole wearing is equal, as if the quadrant EQ
were turned aboutin a firm and hollow Prop: And it will
rather be a leflening of labour in carrying the bell, if the. little
Wheels were fixed to an Axis: and fince the Ax1s 18 Cylindrical,’.
the fubjeCted Wheels doubtlefs will touch in a line, a {mall
part of the Prop; And:the Axis of the Wheels {uit or fit with '
their concave parts inthe {uperficics which are worn while the
wheels are turn’d round: Unlefs by chance the Convex {uper-
ficies of the Cylindrical Axis BG, be fomewhat lefler than the -
concave fuperficies of the Wheel; and therefore they touch:
each other according to a line as(by ther 3th of the 34. of Exclid.)
’tis eafy to demonftrate, which doth not often happen. .
But ’tis not needful to make fuch folid Axes to the Wheels .

B and C, For if the axis A E is convenient to bear the weight
of the whole bell, a pair of equal Axes will refilt or bear.
double the weight : Therefore ’ts {ufficient if each of the Axes
B and C, fuftain half the weight; But fince the refiftance of
the Cylindars,leaft they. be broken, ought to be in triple proporti--
on of their diameters, ’tis {ufhcient to find two mean continual .
proportionals betweeen the femidiameter A E and its half;
for that which is next lefs to A E will be fufhcient, for the
Semidiameter of a Cylinder having Sabduple Solidity and refift-
ance,’,
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ance, butftill the Semidiameter rejuiresto be lefs, becaufethe
weight bears or prefles obliquely on the Axesof the Wheels B ard
C; whence the weight of the bell on thofe axes is according to
the lines A B, A C, and not according to the perpendicular A L%
Therefore as A D to A B, fo reciprocally the weight'on A B to
the weight'on A D ; butthe weighton either axis is as the fub-
duple (or half ) Summ to the whole weight; therefore the
weizht on B A is lefs than fubduple, and the proportion con-
tinuing is made lefs; For when the Semidiameters A Eand B
E are given, the whole B A is known ; and BD, and alfo its
equal BE is known; therefore (by the 47th. of 18.0f Euclid. )
alfo A D will be known, whofe quadrate you will find, if from
the Square of B A you {ubtra@ the Square of B D.

Therefore if by Hypothefis BA, be 3, its Square is 9; and
B D 2, its Square is 4, which fubtracted from 9, there remains
the quadrate 5, whofe root is 2,23 and is the right line DA
The weight therefore on B A to the whole weight of the Bell
on both axesB and C, isas 2, 23 t0 6,00: But becaufe the
refiftance of like {olids is in triplicate proportion of their homo-
logal fides( and in Cylinders the proportion of their diameters is
had ) if you feek two mean proportional numbers between 6,
coand 2, 23 which you may do if you draw the quadrate of
one extream into the other extream, for the Cube root of the
produét is the rerm next to that number whofe fquare you af-
fumed: Therefore filt, the Square of 6, oo being 36, 0C 00,
draw it into 2, 23 and the cube root of the product 80280000
is 431, &+ : But the quadrate of the other exrream 2,23 is49729
being drawn into 6, co, gives 29837400 whofe cube root 310,
isthe other mean; Therefore the 4 numbers 600,431%,310,223,
are continual proportionals, the fractions being flighred ;
Wherefore if you makeit as 6oo to 4371, {fo the femidiamcrer
AEto B N; this femidiameter fought will be {ufficient to bear
the weight.

And becaufe BE is the double of AE, and AEtoB N is
made as 6oo t0 431, BE willbe to BN, as 120010 431 ; And
according to this fame proportion will the Semiquadrants be
that are defcribed by theim.  But the eighth part of the Peri-
phery from the radius B F, is equal to the quadrant from the ra-
dius A E ; therefore the quadrant E O tothe Semiquadrant of
the radius B N, is alfo as 1200, to 431, Thereforeif the rubing
upon of the axis of the bell with the fixed Prop and hole, be 1 zo}n}::,

e
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the Wheel B with its Axis is 431, to which the rubing upon of
the other Wheel C with its Axis is equal ; and therefore the nsder
Wheels the diameter whereof is only double to the diameter of
the axis of the bell, the rubing upon is as 862 to the rubing up-
on which 15 as 12005 If therefore the diameter of the Wheels
to the Axis of the beli be not only double,but triple or quadruple,
the rubing upon will be much lefler, and the facility in carrying
the bell greater.

Mechanick-Powers.

QF, THE

W heel or Axes in ‘Peritrochio.

BOOK: IIL

S o ¥
i . —

- Fig. 45, 46. Xes in Peritrochio, which in Latin they call

Suculum, or Windlace 5 1t confifts of a Cplin-
der, or round piece A B, to which is fixt an Axis C D, it hath
alfo handles or radius’s fixt to the Cylinder; abour the Cylinder a
rope is turned to which the weight is faftned; fometimes the A xis
C D, is parrallel to the Horizon,as in Fig. 46, and fometimes it is
perpendicular to the Horizon,as in Fig. 45. and may be varioully
made, and yet its ellence; or being, remain unchangeable, and
the fame power perfevering in augementing ; For whether
the handles be immediately fixt to the Cylinder, as in Fig, 46,
or whether they be fixe ro the Circumference of the Wheel, as
in Fig. a5. it differs lLittle, for the true length of the radius
is the diltance of its end from the Axes.

I PROPOS,
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PROPOGS.. L
A Theorem..

THE IWheel or Axis inPeritrochio, is a RBallance or  Leawver.
. Fig. 47- Let the bafe of the Cylinder be A B, its Cen-.-
tre, or the Common Section of the bafe and Axis the point C, .
which when 't is immovable hath the force of a fulciment or
Prop, let the weight hang from the point A, and the Power
in D, I{ay there will be found a Ballance or Leaver of the firflt
kind, for although the handle B D be not always fixt in the -
fame plain wherein the weight A is found, neverthelefs it de-
{cribes an equal Circle to that which it runs over, if it exift in.
the fame plain; and therefore is found tobe a Ballance or Leaver
of the firft kind, And the {ame Propofitions which we have
nade of the Leaver may be applied to this Engin, fince the
sncreafe of the motion of a power above the motion of a_
weighe is the fame; Therefore ( by the firft principle of this )
the increafe of force is the fame - But in the fecond cafe
in which the weight depends on the point F, the Prop is in .
H, and the Power in G, ‘tisa Leaver of the fecond kind.

But if the power be in the point K, the Prop in L, and the
weight depend on the point M, as yet it willbe found a Leaver
of the firft kind, but being thus difpofed, the force of the
power is diminithed. )

Laftly, If the Fulciment ot.Prop be in the point O, the Power -
in P, the weightin R, 't will be found a Leaver of the third
kind, wherein the force of the weight is .increafed, and the
force of the Power leflened ; notwithitanding, this difpofition
i not unufeful when thie power excecds the weight by a lon-
ger interval or {pace. '

Corollary,
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Corollary. L

if the Power be to the weight, as the Semidiameter of the
‘Cylinder to the length of the handle, or radius, the power in
fuch difpofition will be in Equilibrie with the weight: And1
{uppofe the Power to be applied in the extream or end of the
radius,and to force the handle always perpendicular; The rea-
fon is Iclear, becaufe ( by the firft PrincCiple of this ) ’tis then in
Equilibrio, when the Power is to the weight, as the motion
of the weight to the motion of the Power reciprocally. Bur
the motion of the weight isto the motion of the Power, as
its diftance from the Axis, to the diftance of the power
from the {fame Axis: For while the power abfolves one cir-
.cle about the Axis, the rope alfo is once turned about the Cj-
linder, and the weight abfolves an equal motion to one circum-
volution, or one circle of the Cylinder, but Circles are to each o-
ther as are their Radius's, Thereforeiif the Semidiameter of the
Cylinder be to the length of the handle, as the power to the
weight, ir will be in equilibrio, and the power will {fuftain the
weight ; which was to be demonftrated.

But that the force of this Engin may be the better concieved,
take the Semidiameter of the Cylinder, and compare it with
the length of the handle, which take from the Axis to the point
in which the power is applied; and as often as the Semidia-
meter of the Cylinder is found in the length of the handle,
{0 often is the power multiplied; that is, let there be a man
in Equilibrio with 100 pounds, and let the Semidiameter of the
Cylinder be 10 times found in the handle ; Ifay, the {ame man
can with this Engin {uftain 1000 pounds.

Corollary. IL

But if there be a greater proportion of the power to the
weight, than of the Semidiameter of the Cylinder to the length
of the handle, the Power will raife the weight; for greater
force is required to move a weight, and toovercome its refift-
ance, than to make it even, or level.

) 91 In
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In like manner if there be greater proportion of the length
of the handle to the Semidiameter of the Cylinder, than of the
weight to the Power, the power will be fuperior to the weight:
and overcome its refiftance, .

Corollary. IIL,

If the power move the handle by a line, not perpendicular-
to the fame; Its true diftance from the Axes or Prop will be
lefler +-As it in Fig. 48. the handle be BC, and the power
draws by the obligue line C E; the true diftance of the power
according to which we ought to meafure its increafe or aug-
mentation will be the perpendicular B D ( as is fhewn at Propo-.
{uion 19. of a Ballance or Leaver. )

Corollary. IV,

If a ropebe fo turned about a Cylinder that it makes the:
folding {piral,or that one Spiral folds on another, it makes the
dificulty of drawing greater, or increafes the force of the:
weight; for when the Semidiameter of the Cylinder is increafed,
itmakes the proportion of - the length of the handle, to the:
Semidiameter of the Cylinder lefs ( by the r1oth. of sth. Euclid. )
or, that I may fpeak more plinly, the Semidiamerer of the-
Cylinder, is not {ooften found in the length-of.the handle; ifit.
happen that.the Cylinder be not long ¢nough to hold all the
Spires, but it fhall be needful to put one Spire upon another,
fince. thofe Spires fo put upon ene another, neceflarily in-
creafes the Semidiameter of the Cylinder, the fame weight will,
have unequal force, and will {fooner move the Clock or Watch,
whence it follows that the firft hours are unequal and fhorter;
But it any one would 'have (for example ) the third hour
{horter than the reft, let him increafe the €ylinder of the Tym-
ogne under the Spire which anfwers that hour andhe will have
ais defire. :

Gordllary. -
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Corollary. V.

Fir. 49. From this propoficion you may underftand where-~
fore in-watches, which are not animated by weights, but by
{prings, wherefore I {ay the Cylinder about which the {tring or
chain winds is not made Cylindrical but Conical, as in this Agure,
for when the {prings in the beginning, are more ftrercched.than..
towards the end, therefore they have greater force than the.
reft ; In the beginning they ought to draw by the Apex of the
Cone, that is, then there is but a fmali diftance from the Axis,
but in the end they draw by the bafe of the Cone, in which
part there is a greater diftance from the {ame Axis; to wit,
that greater force drawing from a lefler diftance, or in a {mall-
er motion, may be equal to the force of a leffer drawing from..
a greater diftance : For ler the force of the fpring in the be-
ginning of drawing, to wit, when tis moft ftretched be equsl
to one pound weight, and.in the end equal . to the weight of
4.ounces, or & part of a pound; the Semidiameter of the
Circle of the Cone in which the String or Chain is knit, in the
beginning of drawing ought to be ¢ part of the Semidiameter
of the Cones bafe, according to which the drawing is made.
in the end, for thus the force in each cafe will be equal and-

- will draw uniformly. .

Corollary. VL

Fig. 50. Hence may eafily be folved a queftion oftentimes
propofed to me, to wit, whether the fame weight hanging on
a long cord hath more force than if it hung on a fhort cord ;
or whether it be harder to draw the weight A than the weight.
B, which I fuppofe to be equal; The reafon of the difficulty.
feems to be becaufe the weight A is farther diitant from the -
Axis of the Cylinder than the weight B, and therefore {feems to -
require more force; therefore we fay not any diftance from
the Axis is the meafure of the increafe of force, but thar only
from whence follows greater motion; therefore whether the
weight exift in A or in B, while the Cylinder is turned round

once, the weight afcends according to a line which is equal
to
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to the Circumference of -the Cylinder; therefore in each cafe
the weight is equally moved, therefore equally gravirates ; not-
withftanding I exclude the weight of the rope, or cord.

But if thefe weights hang not freely, but the lires BD, A C
fhould be of rigid macter and inflexible: Decaufe while the
Cylinder is turned abour, the weight A defcribes a greater
Circle than the weight B, the fame weight A will have greater
force than the weight B, according to the proportion of
diftances.

PR OPOST 1l

A Theorem.

K T Hile a power alleth by the force of its own gravity, the in-
creafe of the Power doth not always ought to be required from
the diffance of the Axis.

Figz. 1. Although we have toucht upon this propofition
already : Neverthelefs we will fit it peculiarly to this;Engin, be-
caufe that ’tis already known, and in common ufe with ftone
diggers ; the Machine or Engin confifts of 2 large wheel into
which men enter, and in which they walk, alfo a Cylinder
about which the rope is turned abour, and an oblong neck,
in whofe extream or end is a Pulley to direét the weighe; It
may be queftioned, whether the force of the power of the
movent applied in the extream of the Wheel be increafed,
according to the proportion of the Semidiameter of the wheel
to the Semidiameter of the Cylinder ; to which I anfwer, it is
not fo, for when a man walks in a Wheel, and moves by
‘gravity, to wit, by a line tending to the Centre of the Earth,
applied in divers parts of the wheel yea, often times almoft
under the Axis, Its true diftance is not to be taken according
to the Semidiameter, as if the man were walking in the point
A, when he moves by the lize A B, his true diltance is C D ; as
is fhewn in Propofition 19.

FROPS.
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PRO PO S 111
A Thorem..
Of the windlace placed vertically..

Fig. §2. ALthough it matters not much how a Windlace is

placed as to its fite or pofition, yet a Windlace
whof= Axis is vertical hath this peculiar property, that it may
be wrought by animals only, becaufe that ( properly {peaking)
animals only have their motion Horizontal, although alfo fome
mills are made in which water moves the Windlace vertically,
yea,and the wind alfo,as we fhall fhew; 1 have often wondered
That thefe kind of Windlaces are no oftner made ufe of in
buildings, fince by the help ofa horfe only, greater ftore of
Stones, or Bricks, or Morter, may be conveighed to the upper--
parts of the building, than by 4 or 5 men; Wherefore a ver-
tical Windiace may be worked with a Mill-horfe, and about the
Cylinder 2 double rope may be turned about, in a contrary mans
ner, fo that in the mean while that one weight rifes, it fends
down e other Inftrument. The force of this Machine will be
very great, for when a horfe can carry more than 300 weight,
he will draw much more, or raife by drawing; we will {up-
pofe 500 weight, and his force increafes according to the pro-
portion of A C to AB; and for the moft part AC contains .
10 lines of A B, from whence it will be, that one hotfe 2lone
may raife sooo pound weight ; but if the weights ought not
to be {u great, and it feem better to raife more {mall weights
with refpited torce, than to take up 2 great. weight together,
and at once, left the ropes be broke, then you may increale
the Cylinder A B to any thicknefs thatyou pleafe, for then you
will leen the force of the power, and fooner take up the
weight,

Neverthelefs becaufe in this Machine or Engin there feems
this incommodity, that the weight being elevated, the #ind-
lace ought to be mrned the contrary way, and there wuuéd

5
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be fome lofs of time, to turn the horfe the contrary Way ;
firft ’is certain that if men were placed to this Windlace, that
inconveniency would ceafe: Bur if yet you would ufe a horfe,
make a compounded Machine or Engin of two Windlaces, hav-
ing two Cylinders with teeth, or toothed Tympanes, which ver-
tical Windlace may move the other Horizontal, fo that if the
cogs or tecth of the Cylinder be put to the other, the Cylinder
will be moved on one part; but if ir incur in the other
Cylinder, the Cylinder will be moved with a contrary moti-
on; and ’ts ealy fometimes to move one, and fometimes
the other Cylinder, witha moveable Leaver about the cardinal
point.

Fig. 53. Thisvertical Windlace is commonly ufed by fea-
-men, chiefly in great fhips, {o that thereby they take great
weights into fhips, and draw out great anchors which require
great force, both by reafon of their weight, asalfo to dig them
cout and draw them from the earth, wherein they llick faft;
‘where in one thing is to be noted, that becaufe the Cables
or great Ropes are oftentimes fo thick, that if they are rolled
about the Cylinder, and Spire is put upon Spire, they grow to a
great mole, and render the Engin ulclefs, therefore they turn
only 3 Spires or 4 at moft about the Cylinder, fo that while a
Seaman turns one end of the rope round it, the other is rolled
away; And that it may always confift in the middle, nor run
through the whole Cylinder, the Cylinder is made broader at
the ends after the manner of a Cone, as you may fee in the
Figure, for {o the rope is kept in the middle.

Fig. 54. Therearereduced to the vertical #indlace or Axis
in Peritrachio your lefler water-mills, in which the water dif-
pofed in the wheel forces it fo, that the Wheel is moved
Horizontally, and its Axes vertically ; We ufe this Engin when
great ftore of water is not at hand, and the greater the wheel
13, the greater will the firength of the water be, according to
the proportion of the diameter of the Wheel to the diameter
of the Mill; Bur in the {fame proportion decreafes the velocity
of motion in the Mill, for each turning round of the Wheel,
anfwers each turning of the Mill, from whence it happens that
grear care muft be taken thar the Wheel be not made greater
than is requilite, for if it be there follows a flownefs inthe mo-
don of the Mill, and the Engin is rendred lefs ufefull; likewife

if
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if the Wheel be made fef’ than * the' refitance of the Mill
requires, there ‘will be no motion. '

To the fame Engine are recalled other wheels, which how-
foever expofed to the'wind, always tyrn round; for to what
ayind foeyer on one part, the Concavity of the little hand
curns, the convexity of the other is alfo turned;as if the wind
blew direétly according tq the line A'B, the wind will tonch
the Concavity of the liule hand A G B, apd the Convexity of
- the liule hand B A, bur then it makes greater impréifion while
it inicurs in theCaoncavity,than while in the Convexiry ; becaufe
then ireafily flips away, rhis Wheel jsturned from A'by G in

B: And the impreffion of the wind may alfo eafily be'hindred
ia the little hands A, and then it will be turned more vehe-
mently, to wit, if there be placed fome obftacle. 73

This kind of Windlace is ufed, as often as we ufe Animals.
but chiefly we ufc Mill-Horfes when we work En gins, {uch as
Mills;' we grind all mannér of Corn with, “or Nuts, or Olives,
or' for the Extraltion” of Oyl ; "I omit {everal other Engins,

which part of ‘them are recalld t6 this kind of windlace.

—- e e
PROPOS. IV.

: A Theorem.

Of dle dopbile A{HI in Perutrochie, or a Wheel..

Fig. s5. "F=HE moft parc of vulgar Engins are not fo fim-

v A -ple, ‘but that oft times they contain a double
Engin of the fame kind; I fhall not infit upon the Compo-
fitton, which ‘may be madefrom a double o triple ballance.or
leaver ; becaufe for the -moft part fuch compoture is ulelefs,
whence  the firft -Compofition which may be made for ufe is
the double -windlace, and fometimes a triple one, according
as the thing requires : But becaufe as we have {aid, the Wind.
lace is recalled to a leaver, and that continually, ‘therefofe it
will nct be-unprofitable briefly to note, how ‘wonderfully
power is augmented by ufing a double Leaver; for Jur the
leaver be A Bylits Prop ‘C, alfolet AC betoCB, a5 10 (o :

]
bl
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Sure it is the Power anlied in the point A, is equivalent to
10 Powers equal to it {elf, applied in the other leaver DF, fo
that EF be to. DE as 1oto 1 ; the Power, plaged in Fis equi-
valent to. ro Powers equal to it felf, in.xe pect of yweight cons
ftitnted in D: ‘Buc if the leaver, DE impells, the leaver A B,
the Power F will be equivalent to 100 powers.equal.to it felf,
in order to- a weight conftituted or placed,in the point B..

And the reafon is clear, the point F hath 1o times greater
motion than the point D, but when the point D is conjoined
with the point A, they make the fame motion s butithe point
A runs through 1o times|a. greatex {pace than the, point B:
Therefore: (by. the firft principle of, this) in fuch difpofition of
the Engin, the power conftituted in the poiat F will be equi-
valent ro 100, equal to it felf, n refpect: of ; weight plaged in:
the point B. " . il A

Fig. 56. Which Doétrine is applicable to Windlaces,. if they
are l%ttfli in the fame manner ; as if the handle A C be 10
times. greater than the Semidiameter of the Cylinder B, and
the Rope annexed to the Cylinder B, moves the Windlace E,
by the end of the handle D F, which alfo is ro times as great
as the Semidiameter of the Cylinder E: Ifay the power A is
roo times encreafed with refpect to the weight G, which is.

manifelt. - - -

" Fig. 57. Notwithftanding, becaufe in this difpofiion the
Cylinder E abfolves only half the turning about, therefore:
this Engin is rendred ufelels in many effeéts : Therefore if you
would know the difpofition in which the leaver D E may al-
ways draw, this will be, if the Rope be made {(as they call ir)
perpetually turned round about the Cylinder A, encompafling
the Wheel B C of the Cylinder D, and, this Engin may be
molt ufeful, efpecially when the two Cylinders & and D are
diftant from cach other a great {pace ; neverthelefs it hath
this inconvenier.cy, thac oft times it happens that the Cylinder.
A is moved alore although the Rope draw nor ;. and therefore
‘hey: make the Cylinder A, rough with-hollowings, | and alfo.
they make knots or balls in the Rope which enter into the
followings, and ftay the Cylinder thar it cannot. move alone,
as in the Figure E -appears plainly.

Fig 58. We ufe the lame Engin, burin a contrary. manner
when the power overcomes, the refiftance of the weight by a.
Eﬂn; {11- 108, .i_';:;,!t | ﬂl.f.!_i-l. 1-“"".ti Iﬁﬂ[_i{}n."iﬁ dﬂnaﬂded 3 a5 if the.

2l greatey
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areater Wheel be A about which the Rope is folded, and alfo
about the lefler Wheel B, whofe Diameter iscontained ro times
i the greater Diamerer : "Tiscertain that every circumvolation
of the ‘greater will anfwer 10 Girculations of ‘the lefler ; but
in this difpofirion the power is leflened 5 that is, if the power
as 1 berapplied at the handle C, you may determine to raife
fome weight hung to the Cylinder D, there will be required
2 power 1o times greater to take:itup, if it be hung on the
Cylinder B.: Howbeit this Engin is very ufeful, beaaufe oft
times 2 power overcoming a refiftance fuftained by a great ex-
cefs, cannototherwifeconveniently be applied:' So they which
fharpen Knives, and other edge Tools, on a Grindftone, have
greater force than to overcome that refiftance,whereby the fron
refifts the motion of the Stone while it is held uponiit, and
requires a fwift motion only, which cannot be produced from
the power-in like manner, becaufe "tis impoflible to move the
Arm fo fwift: Inthiscafe an Engin muft be ufed, which en-
creafes the: motion, -although it leflen the force of the power -
This Engin is eafie, and much ufed, and chiefly of Women
which Spin; alfo when they draw out Silken Threads, or
double - them ; alfo ‘of ' thofe that pollith pretious Stones, of
Turnets, and of many-orhers, and I wonder that tis nor ufed

b}f:n‘l(}r&. 12 : -

-
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PROPOS. V.
A Thebréﬂ‘. :
Of Wheels with Cags, or Teeth.

Tig. 59. T('Jmhed Wheels are recalled to Axis in Peri.
. ' trochio, ‘and are eafily underftood by a perpe-
tual leaver ; wonderful is the increafe of power in ufing fach
an-Bagin.' - s . 6l

For fince 'that while one Wheel ‘is 10 times turned
about,’ the othér is but'only’ once turned round, it caufes cach
Wheel to increafe in adecuple proportiongand therefore as thak
. ' K 2 be
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be demonftrated elfewhere, 2 number confifting of 50 Areth-
metical  Figures, is greater than the number of, Sands which
the whole Circuit of the Firtnament can contain; but the
number of each Figure added, increafesin a decuple propoti-
on, and from thence the power follows. - /) |

The Demonftration. . Let there bé a power in. A which can
draw to it felf 100 pounds, and let'C D be 10 timésthe Semi-
diameter E'F, and let there be fo many. Teeth in the Wheek
G, that EF may defcribe 1o:orbs in the fame time that the
Wheel G defcribes one:; Moreover let G berao times turned
round while thé Wheel L abfolves one circumvolution, and
fo-on; Ifay, the Power, as. roo placed in ‘A, is able to elevate
a weight of rooooo pounds. -

. For fince the power in A runs-through adpace 16 times
greater than the little Wheel EF,. and the hittle/Wheel EF 1o
aimes of  the  Little: Wheel M, and. ' the lictle Wheel: M 10
times more than N, and this again 1o°times more than the
Cylinder GH: The ﬁc}wter A runsthrough 1 cuooatimes greater
fpace than the weight P ; but the power is increaft according
to. the proportion whereby its motion exceeds the motion of
the weight (by the firlt principle of this) therefore the power
A in refpe& of the weight P, is equivalent to 100000 powers
equal to it felf: but A is fuppofed tobe able to draw toritfelf
100 pound, therefore ’tis equivolent to  rocoo powers which
can each draw 1oo; but rooeo of fuch powers can draw
rooocoo.; Therefore the power in A, by the help of this
Engin can draw 1oooooo pounds, which was to be demon-
ftrated. : . ¥ :

But on the contrary the weight lofes as much of its force ;
whence if inftead of the weight P, a power be placed which:
e€an. elevate 100000 pounds, and the weight in the point A
can_only. elevate a weight of one pound, burt the lofs which:
the power A fuffers, is in time, for it ought, to make 1000
Circumvolutions in the fume {pace of time that the Cylinder
I, abfolves 1. {7 .

Alfo this Engin is inverted,or changed, as often as the force:
abounds.in the power, and a moft {wift motion is required in:
the weight, which may, eafily be underftood by the forefaid.
dilcoutfe, to wig, if the haudle be in the Axis 1, ’tis cerrain,
that the Axis D E makes 1000 Circumvolutions. in the {ame.
e ihae k ordy makes one, B ' -

Erep,
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RROPOSOVE
A Theorem..
To recall Toothed Wheels to the Leaver..

Fig. 6o. THE whole multiplication of a power by help-

of Wheels, is eafiy to recall to Leavers, yea he,
that dilligently confiders the nature of Wheels; may eafily con--
fider the perpetual leaver in them, for each Cog of the Wheel
' is a Leaver, which are fubftituted to themfelves by turns, fo
that one being deficient another fucceeds it.

And that we may confider the fame in the Multiplication of
teavers, let there be 3 leavers AB, DE, 1 H, andlet AC be
to CB as 1 to 10; in like manner DFto FE, and EI ro IH:
L fay the power as 1 in H in refpect of the weight A, is e-
quivalent to 1000 powers equal to it felf.

The Demonfiration. H is 10 times more movedthan E ot F,
and E ro times more than D or B, and B 1o times more than
A ; Therefore the motion of the power in H is rooo times
more than the motion of thie weight in A: butif there fhould
be only one leaver K M it would be otherwife, for the leaver
LM would be only 30 times the part KL, and fo the
pewer in M would be equivalent only to 30 powers. equal.
o it felf, - A

To this kind are recalled alinoft all Engins of any moment.
which we commonly ufe, and which in the following pros
pofitions I fhall explicate; the Forces whereof if any one
would confider, in general he muft meafure both the motion.
of the weight, and of the power, and compare them between:
themfelves. |

PROPOS:.
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PROPO S VI
A Theorem.
Of Engines moved by Waer.

Fig. 61. &_ Mong others thofe Engines are ‘'moft ufeful,
which are rather moved by Inanimare things
‘than by Animals ; becaufe that Inanimate things want not
nourifhment, and are never tired or wearied ; but Inanimate
things which are wont to Animate Engines, are likewife all
thofe things which canfe Metion, as Water, Wind, Smoak; any
kind of Weights, Springs, &-c. In this Propofition I fhall briefly
handle thofe Engins of that kind which are moved by Warer :
And I find that Water can move an Engin in a double manner,
either by an acquired force which can equalize a percuflion,
or fimply by weight or gravity, thus {fome Wheels are made
which bear Water on one part; in which ’tis requifite to know
the precile proportion of the Axis in Peritrochior So- that the
weight of the Water may have the exact- propertion of the
Power, and we ought to meafure its force by the diftance
from the Axis, which in fuch cafe the forces of: the
handles +bears: . but when: running - Water moves an En-
gine  or. Machine not by force of weight, but by acquired
torce, that is done either becaufe Wateris conveyed by aplane
much inclined, or running into wings, or littie hands, burt
which method: is beft we will examine when we come to treat
of . Hydraulic Engines, G000
. Fig..62. But "tis,certain that greater, Wheels have moft force,
for. when in Windlaces the power is moved by a longer handle
s force is increafed, but likewife a requifite time is-increaft,
whence I often find in common Mills unneceffary Expences laid
out, to wit, they make the greater Wheels winged, in which
the Water dathes,alfo becaufe a flower motion fhould follow in
the Mill, they add a greater toothed Wheel which runs into a
Ietler'; {6 that while the greacer makes one revolution, the Mill

makes
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makes. 8 Citcumvolutions; It is {ufficient that the firft wheel
A B, equipt with lirtle bands, be made lefs by one half,
alfo the wheel C D tobe * of thar; fothat EF fhall make
“only 4 Circumvolutions in gach rotation of the greater wheel
AB; for the Water Hath. the fame force in refpect of’ the Mill
E F, in moving by only 4 rurnings about, and the Warter will
Swice as {oon turn the wheel A B, being lefler by half ; and it
we weigh or confider all thefe things exactly, and according
0. Mathematical Rules, the {ame thing would happen if
the wheel A B fhould be cight times leffer, likewife C D fhould
Be 8 times leffer ; fo that each Circamvolution of the Toothed,
or Cog wheel, fhoud anfwer each Circumvolution of the
Mill E F. b1 ' -

Which things, as I have faid, are true, precifely {peaking,
notwithftanding we muft confider one thing, wiz. Thatgreatcr
wheels. becaufe they depart lefs from a right line? therefore:
their little hands are longer_forced by the Water ; but in lefler
wheels each little: hand: is fooner elevated, whence in allithefe
fome mediocrity ought to be obferved:

Fig. 63. Not only Mills for grinding of Corn, but alfo.
molt other Engines, yea, almoft all which are made in Water
are reduced to this kind; Firft, all Mills for. Corn, which are
made on the banks of Riyers, or thofe that.are made in litle
Ships,and in the middle of Rivers, or other Engins which are
for grinding of Nuts,or of Bones to powder, ¢re. Allo Engines.
to make Paper, in which a wooden Cylinder of {ufhicient mag-
niude ftanding out, furnifht with lictle troughs, takes up-
wooden -Mallots, which bruife and break whatfoever is laid.
ander them to powder ; your Gun-powder Mills in like manner
confifting in a Cylinder, equipt with like troughs, which take-
up Peftles. of Mortars; for in all thefe we muft confider Axis.
in. Peritrechio, as well in the wheel which the Water forceth.
or drivethi, as in the Cylinder and its troughs, taking up Mal-
lots, or Peftles:.

Fig.. 64. Likewile Mills for Iron, in which alfo a Cylinder
equipt with little hands, takes up and lets down an Iron Mal-.
let of a {ufficient grearnefs. | | '

Fig. 65. And thefe are of divers kinds, according as they
are gi\rerﬂ}r required to be made, for fome. are greater,and:
fome are leffer, fome pound oftner than others..

Fig. 66.
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Fig. 66. Saws alfo which are drawn up and throft down
by the handle ; alfo there is another part of the Saw which
belongs to another kind, wviz. to the Screw. ~ Alfo Engines in
which Bellows are wrought, or blowed, which belong to the
{fame manner, as to motion upwards and downwards, bur if
four pair of Bellows are to be blowed together, the Axis ought
to be made turning, or bowing, four oppofite ways, that they
may be moved in any order,and in each Quadrant.

= o L e L B T

PROTUO S, Vil

a e

& A Theorem.
OF Engines that work by the gravity of W{ngﬂ.

A Lfo Engines are moved by Weights,and the force of their
Gravity, as are our Clocks, notwithftanding T fhall {ay
in general, that afl thofe Engines are not fit to augment the
force of Powers, but to fhorten time, to wir, that that may
be done in a fhort time, which was wont to be done ina
‘whole day ; rhart is, let an index of hours be'moved in a whole
day, that it may fhew the‘hours properly, if a man fhould
undertake that withour an Engine, he would fpend the whole
‘day ; ‘a ‘weight being {ubfticuted by a-man in one minute, in
drawing ‘or winding up the weight, ufes as much force asis
neceflaey to move the ‘Hand or Needle the whole day. -

The {ame1 fay, of Engines for the turning of Spits in con-
veniertt places, ‘which have nothing peculiar but their ‘motion
of ftaying,or ftopping, ‘which ‘we fhall treat of hereafeer ; and
thefe Engins are made after four manners, viz. with Weighrs,
with ‘Springs,by Smoal, and'by fome ‘living'Creatuze walking
. in‘a Wheel ; of Weighrs and Springs'1 fhdll fay nothing, for
tis molt cerrain I have found pothing ‘in 'them “move than-too-
thed "Wheéls, and Axes 'in Peritrochio ; -and ‘the Animals-which
are commonly made ufe of *for'the turning of Spits, are Dogs,
bur Geefe are betrer, for they ‘will 'bear -their Labour ‘longer,
©_thar if there be necd they will continue their Labour ra

A v I'.r?_ﬁP__
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PIROrP DS, “TX.
A Theorem.

Engines moved by Swioak.

Fig. 67.ENgines which are turn'd by Smoak, fhew plainly

how much force is increafed by Axis in Peritre-
chio, for what force can there be lefs to impel and move 2
Weight than Smoak, neverthelefs while il.is runs into the win-
ged Wheel A B, all whofe wings are bent in the {ame part,
if the wheels are {o fitted, that while C D makes four or five
Circumvolutions, the wheel E makes one ; and in like manner
while the wheel E, or that annext to it F, is turned four or five
times,therightline G isonly once turned ; A B makes 25 circu.
lationsin the{ame time that Gyviz.the Spit makes one, I fay,from
this muliplication of motion in the power, to wit, in the
Smoak, or in the wheel, into which the Smoak cnters, the im-
pulfive force of the Smoak is increafed z5 times, with refpect
to the refitance of the Spit placed in the point G, and I do
not fee any thing more in this Engine worth our taking no-

tice of,

e s ot

PROPOS. X
A Theorem.
Of  Engines working by the Wind,

Fiyg, GE.THe reafon is the fame of Mills turned by the
Wind, in which alfo the fails are bent in. the

fame part, for they are not dire&ly oppofite to the wind, buz
every one in one and the fame part are fomswhar oblique,
L almoft
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almoft in the {fame manner that Boys make paper Wheels on:
a Reed; {o that while they run and hold it in the Air, ’tis ea-
ily turn’d, and becaufe the force of the Wind and the vio-
lence is very ftron%, the Mill makes more turnings about than.
the winged wheel in a contrary manner, as in the precedent
Engine. And the fame queftion may be made of this kind of
Wind-mill, which is made of common ones, to wit, whether
they may not be more compendioufly compofed than com-
monly they are made; for fince by the muliplication of the
Wheels the motion of the Mill is increaft, whether or no it
would be better to make lefler wings, whence it will come to
pafs that the firt Wheel will compicat 1ts revolution fooner,
and therefore there will not need {fo much multiplication of
the Wheels, that the firft Mill fhould obrain the {ame motion ;
*tis alfo worth our confideration that the wind is not applied
in one place only, but almoft in the whole wing or fail, and
therefore the greater the fail or wing is, the wind will net
only have the greater force, becaufe that it makes greater mo--
tion in the extream with refpeét to the motion of the mill,
but alfo more plenty of wind is. adhibited, whence I think
"tis better to ufe longer wings or fails than fhorter.

The Art ffMiH.r depmd.r on Axis in Peritrochio.

O reckon up all the Arts which depend on Axis in Peri-
srochio would be a thing not unpleafant, but almoft an
endlefs piece of work, and would be rather like a Hiftory than
a Theorey, in which I chiefly write of the principal caufes of
Engines, thewing by what ingenuity every one may defign or
contrive Engins after his own manner meet for the purpofe.
And I fhall infift a little on the making of Mills, that we may
know how great profit we reccive to the ecommedity of life
from Axis in Peritrechio ; and although thofe that are chiefly
ordair.ed,are Mills for grinding of Wheat,and other Seeds, that
bread may be made of flower, yet fome part of them are
defigned to other ufes; for as much as the outer Wheel is
common to all, which by water running into it, turns it and
the Axis 2bour. For it Wogl, or Hemp, or Flax, be to be
poundd, or any body greund to Powder, if old Rags are to

be
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be beat to pieces to make Paper, little pegs or pins are fixr to
the Axis, which in turning about meet with the pins of Fe-
ftles and raife them, and deprefs them, and their weight fail-
ing on the matter laid underneath, either batters or breaks ir
to pieces, or beats it to powder in Morrars.

In the fame manner Peftles may be difpofed to march with
their hollow Cylinders, which being elevated by the lintle pins
of the Axis, attrat the water into the hollow Cylinders. or
yufhing in naturally they admit it chrough the Cells, then
falling down by their gravity, they prefs the Water through
the Tub, and force it to afcend to an higher place. Or if
you Jike not Peltles fo grear and heavy, and would force W
ter to a higher place, difpofe a pair of Peftles by 2 Rope, or
Chain, put through the hollow of the upper Wheel, and paf-
- fing over the Periphery joins them, or rather overthwarr,
like weights joined to a Beam, fo that while one is depreft the
other israifed. And the pin of the Axis deprefles the Pefile.
by whofe force the water afcending in the Tub is preft, and
the other Peftle being lifted up draws the Water placed benearh,
which in like manner is preft down after that by the pin of the
Axis anfwering its pinion; from hence it comes to pafs thar a
longer Axis may be added to the Wheel, and more pairs of
this kind of Peftles in like manner may be difpofed, and the
pins in the Periphery of the Axis {o diftributed, rthat not only
more Peftles may prefs or force down together, bur every one
after another, if the power turning the wheel be not alcogether
{o ftrong, if nor, and it fhould be ftronger, you may deprefs
more together, and raife thofe that anfwer them ; "unlefs by
chance it pleafe more,ro make ufe of two pair of Peftles in the
fame manner, with {o many pins placed in the Axis, that in one
zoing round of the fame Axis, the {ame Peftle may be de, r:t
twice or thrice.

Moreover to this place appertains, what we fez in mapy
places in the Work-houfes of Hammer-Smiths of Copor ¢ I-
ron, where alfo the outer wheel being turn’d abou:, w1 d (.
force of warer failing, the inner wheel in the roon turns as
if it were turn’d by the hand, which radius of the upser
Axis is fixt parallel to the Horizon, and a rule joined to i1t} a
may be folded in the Joints, while it lifts up and deprefiz; ¢ a¢
which is overthwart ; on the other end of the {ame Axis, 1a-
king up in like manner from 2€11CL*,311d depreifimg from hence,

2 3
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it procures an altern or changable motion to the Bellows ; and
the other wheel receiving a ftronger force of Water falling
down, and rturning its Axis about, the pins fixt ar the other
end of the Axis deprefles the little rafter or leaver, whofe op-
pofite end being raifed, is joyned to a great Iron Hammer,
which befides the fall of the Axis with pins of it {elf, light-
ing or falling upon the fubjected copper or Iron being burnt in
the fire, beats or hammers it.

In all thefe the Semidiameter of the Wheelis to be confider’d,
in whofe little branches ftanding out the water running into,
retains the force of the moving power ; but the Semidiameter
of the Axisis not to be confider’d alone, burt alfo the length
of the pins that ftick out to beadded, fothat from both is made
one only Semidiameter of motion which is communicated to the
peltle, or to the depreft end of the Hammer or Sledge. 1fay, to.
the deprefled end of the Hammer, for the elevation of the
Hammer is fomewhat greater than iis depreflion that a fironger
blow may follow; for neither the little rafter or leaver is alro-
gether equally divided from its Axis on which it ftays upon,,
>ut the Hammer is a lictle farther from itthan the oppofite end
which is deprefled, and therefore the deprefiing force is greater
than if the leaver were diftinguithed into equal parts. Like-
wile in the motion of Bellows; firft, the Semidiamer of the
wheel is to be compared with the adjoining handle, moreover
the radius fixr to the fuperior Axis, muit he compared with
halfthe piece that goes a crofs to which the Bellows are joined,
and from thefe two proportions is compounded a propartion
of motion,or movement of the power, to the motion or move-
ment of the weight moved.,

But yer in Mills whole grinding flone for Corn is turned.
round parallel to an Horizontal plane,yea,and that very {wiftly,
that the grain may be diflolved into flower, 'tis nor enough
that the outer wheel receivesforce from the Water turning the
Axis fixt to it, bucalfo the lower toothed Wheel is required to.
be in thé fame Axis ; and that the members,or parts,of the En-
gin be not mulriplied in vain, they commonly fo difpofe the
Mill-frones, that the Iron Axis that {uftains the upper Mill-
ftone, being furnifht with a place to turn, or run in, obrains.
the lower place, and therefore the runner as near as may be
touches lightly, the upper part of the neither toothed Wheel
with 1ts plane, having the fame Axis with the outer Wheel.

Bug
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But if the Mill-ftones cannot be placed in a plane beneath, or
above that which turns the lower toothed Wheel, but only
a little beneath, or above, the Axis of the fame Wheel ; be-
caufe the chamfred turning joint joining very near to the
Iill-ftone, and fo turning the Stone, is diftant from the too-
thed Wheel, and this doth not fo eonvenienly admit of fuch
lang Teeth which the fame turning joints, or the little rods of
the runner, are able e mix with fitly ; thereforethere is re-
quired another Axis perpendicular to the Horizon with a run-
ner,and a fixt Wheel, which fhall turn about the lower Wheel
of this Runner, forcing its little Rods with its Teeth ; for the
toothed Wheel parallel to the Horizon, being fixt to the fame
perpendicular Axis, is turn’d about together, and being joined:
with the runner of the Mili-ftone turns it round.

Here alfo are many proportions compounded, the firft i3
the proportion of the Diameter of the outer Wheel, to the Di-
ameter of the inner Wheel in the {ame Axis ; moreover the
proportion of the Diameter of the Runnerof the Mill-ftone ad-
hering to the Mill-fione turning round the Diameter ( whe-
ther the whole Diameter be allowed, or only that part which
is the Diameter of the Circle in the rotation of the Mill-fone
defcribed from the point between the Centre and the middle of
the Periphery ) and if, asin the fecond cafe, the perpendicu-
lar Axis muft be placed between; befides in the Compofition,
comes the proprotion of the Diameter of the runner ro the-
Diameter of the toothed Wheel, perpendicular in the fame
Axis; from whence it appearsto be better, that the Diameter
of the inner Wheel be lefs than the Diameter of the outer
Wheel, that the force of the Water forcing this may be more
ftrong ; but alfo we muftcake heed that we do not make it too
lirtle, fo that its number of teeth fcarce exceed the number of
little Rods. of the runner adhering to the Mill, for this will,
caule it to move too flowly; and if the perpendicular Axis be in
the middle, fuppofing this equality of Teeth, and of the little -
Rods of the runner, one turning round of the outer Wheel”
will only once turn round the toothed Wheel parallel to the
Horizon, and therefore in the fame time the Mill will be on-.
ly fo many times turn’d about, as the number of little rods of
us runner 1s contained in the number of Teeth of the toothec

Wheel fixt in the perpendicular Axis. -

By
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Bur as you increafe the number of times of the Mill’s tarn-
ing round,rake heed that the diffculey of moving in like manner
be not increaft more thanneeds muft ; to wit, 1f the Diameter
ot the runner in the perpendicular Axis be exceilively lefs than
the Diameter of the Toothed wheel in the fame Axis ; if {o be,
a power applied in the runner will be moved much flower
than a weight applied at the end of the wheel with Teeth,
and therefore the difficulty of moving increafed: Wherefore
all things muft be wifely adminiftred, that neither the force of
the moving power be tired in vain, nor the Mill be moved
flower or {wiftter than need is.

But if it pleafe not, or the difpofition of the plice permit
not the middle Axis to ftand perpendicular, but it happens
more conveniently to be parallel to the Horizon, then the Teeth
of the inner wheel having the fame Axis with the ourer wheel
muft not be fixt in the plane, but require to be faftned in the
extream Periphery, that they may turn the runner of the fu-
parior Axis, (whether greater or lefler, according as is needful)
and with it the wheel that is Toothed, nort in the Periphery,
but in the Plane, from which the runner of the Mill is
turned. ;

Neither otherwife than before, is the proportion of force
compounded, to wit, of the proportions of Tympanes or
Water-mill wheels, or Crane wheels, which have a common
Axis, as appears from what hath been faid.

Hence we obferve, becaufe the moving power is Warer,
that the form of a wheel receiving Water is not to be always
the fame; for thofe wheels which are placed in a runnin
Water would be inconvenient if they have a very large Diame-
ter; or if but a little Water falling,the Impetus or force will be
repelled, if the little hands be prepared to fmall. Therefore
wheels of this kind fhould have indifferent Diameters, buc the
litrle hands poflefs a very confiderable part of the Axis, being
difplaid very nigh the length of the Axis, that {fo by much
Water running into them they turn round with a fironger
force ; {0 in the River Poe in Iraly, commonly the length of
this wheel is 15 Feer, the whole Diameter 9 Feer ; the Dia-
meter of the neither Stone is 8 Feet 3 Inches, having 108
Teeth fixed in the plane, and the runner of the Mill is di-
ftinguithed into g9 Spindles ; and the Stone of the Mill in thick-
n:fs 6 or 7 Inches, and its Diameter 3 Feet 9 Inches: But

becaufe
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becanfe the motion of Water falling from on high is grearer
than of a running Water, therefore the Diameters of the
wheels ought to be larger it rhere be need, and it {uffices if the
breadth of the little hands be very inditferent, as being in-
cluded in a Channel or Pipe, by which the Water fulling de-
cays, or<is loft : Thatis tofay, a licle Water falling from a
Plane more elevated, hath greater force than from a Flane al-
moft Horizemtal ; and belides a wheel of a larger Diameter is
eafier turned although from lefs water, for it hath greater
proportion to the inner wheel from the other pairs. More-
over the litle hands commonly are plain, or but little bent,
{o that the water may run abroad here and there ; neverrhe-
lefs fometimes they are concluded ori each part with a ledge,
or welt, asitwere a lictle Vellel containing water for fometime,
{o that the weight of the included water helps the turning, by
prefling downwards ; Moreover in an inclined channel, the
force of the water is greater in the lower part than in the
upper near the beginning of ihe fall ; to wir, becaufe warer
naturally defcending hathan accelerated motion, and acquires
an impetus from the defcent of the antecedent.

Hitherto we have confidered of Mills which are drove by
the force of water, adding nothing concerning thofe which
are turned by Men,or by living Creatures, for thefe have ne-
thing peculiar, befides that the Axis of the firlt wheel which
procures the motion of the reft of the confequent parts, is
perpendicular to the Horizon, becaufe a power moves eafier in
i Horizortal plane, than in a vertical wheel, or Tympane,
which is trod or trampled on ; and inflead of the outer wheel
driven by the water, a Bar is fixt to the Axis, which they ¢i-
ther draw by Cattle, or work with Men.

Notwithftanding we will fay fomewhat of Mills which
are wrought by the Wind, whether they be for grinding of
Corn, or bruifing of Fruit, or whether they be for working
of Pumps, whereby waters are drawn from low grounds that
are overflowed : For that which belongs to the inner artifice
of wheels and runners, are like thofe which are found in our
Mills moved by the force of water, unlefs that in thofe, that
being remote from a level plane (if {o be a fir place be grant-
ed, and the wind caught by a large van) they afcend by a
pair of Stairs, and the Corn,or Fruit,is carried into the upper

place which they intend to grind, brvif¢ or br¢ak, and the
Flower
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Flower is transferred from thence: which labour the Millér
may be eafed of, if by the {ame labour whereby the wind
turns the prime Axis with its wheels ; Sacks fall of Whear,or
Flower, may be taken up,or let down, with a Rope drawn a-
bout the Axis, being lapt up, or unfolded: That which is
chiefly to beconfidered in this kind of Mills,is that which per-
tains o the Vans,or Sails, which receive the wind, for even as
the plane of the wheel is not directed according to the running
of the water, {o neither have the Sails fuch a difpofure that
they follow the leading of the wind : But the upper part of
the little Houfe wherein the Axis with the Toothed wheel is
contained, is turned about until the Vans, orSails, are fer a-
gainft the blowing of the wind. .

And the Vans or Sails are as it were 4 Ladders conjoined at
right Angles in the end of the prime Axis, each whereof is
covered over with Linen Cloath to refift the wind, which if it
be pretty ftrong, the folded part of the Cloath will admit of
dome -paflage t0 the wind; notwithftanding thefe Vans or
Sails, are not {o equally placed, as to be in one and the fame
vertical plane, but the plane of each Sail is placed cbligue to
the other fide, withdrawing it felf by little and little from the
wind ; whence it makes the wind running berween the inter-
vals of the four Sails to repel on the fides, and as it were to
{mite the Sails by an Elbow, and fo the Axis is turned accord-
ing to the Inclinadonof the Sails ; for if there were no obliquity
ﬂl’gthe Sails, and all as it were made one plane in which the
Axis would be perpendicular, # would be uncertain in which
part the turning would be ; that which belongs to the breadeh
or length of thefe kind of Sails obliguely placed, ’tis not doubt-
ed but that the breadth of them heipsthe mortion very much,
becaufe being placed in the fame obliquiry, a greater part of
the Air runs into a larger than a narrower Cloth; and in a
very ftrong Wind, leaft the velocity of the Engin be over much,
we find fomerimes that covering half the Sails with Cloth
will do ; but whether or no ‘tis worth while to encreafe the
dength of them, isuncertain: For although a power more di-
{tant from the centre of 'motion hath more force, notwichftand-
ing, becaufe the ends of long Sails are very much diftant be-
tween themlielves, the wind having obtain’'d a larger {pace,
hath lefs force; as alfo water flows{wifier, and with a greatr

endea-
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endeavour through a {mall narrow place, than it runsthrough
a wide open Channel; therefore 1 dare not intirely define in
thefe kind of Sails, in what place the forces of the moving
power fhould be placed, as it were in the centre of vertue, or
force; for near the Axis to which they are faftred, the di-
flance is fmall, and the Wind as it were their object being
ftopped, blows more fwiftly : And further from the Axis in a
greater {pace, it flides away more eafily, and lefs incites the
courfe of the Sails ; but for as much as we muft nor rafhly
appoint the compreflion of the wind altogether to anfwer the
Changeable diftances of the Sails, which are in the {ame pro-
proportion as their diftance from the Axis; neither can it ea-
{ily be affirmed, that the force of the Wind by compreilion
doth decreafe in the fame proportion, whereby the {ame mo-
tion increafes by the diftance from the Axis, from whencethere
would be a compound motion of the diftance from the Axis,
and of the force of compreflionto beequally diffufed through
the whole length of the Sail or Vane, and therefore the centre
‘of the moving force would be in the middle of the length.
Neverthelefs all things rightly confidered, I efteem the centre
of this force to which the power is underftood to be applied,
£o be not far from the middleof thelength of the Vane or Sail,
unlefs by chance the Vanes fhould be fuch, that their breadth
be increaft by departing, or being placed further from the
Axis, for {o the diftance being leflened in the ends of the Sails,
the compretlion of the wind is likewife increatt.

But if you imagine any inconvenience to happen, by the
Poles lying upon the little Houfe, and its being turned 1, as
the fails to be again the wind which they receive ; you may
on the top of the Houfein an open place expofed to all Winds,
place an Axis of fufficient ftrength perpendicular to the Hori-
zon, about which you muft place the toothed Wheel pa-
rallel ro the Horizon, from whofe turning abour, the Mill at
laft is turned; and the breadth of the fails according to the
length of the Axis,'muftbe placed in the fame upper part with-
out the Roof, that the Wind blowing, they may receive the
force of it; even as Water flowing, the ferce is received by
the little hands of the Wheels. But becaufe plain even fails,
{feem lefs apt to continue the rotation, fince thofe which are
oppofite to the Diameter, are at laft equally expofed 1o the
force of the Wind, and would be forced neither to the right

M hand
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hand rather than to the left, and therefore the turning round
would ceafe ; therefore the fails fthould be made 2 little crook-

ed, or bowing, for by this reafon they will be made fo, that

the oppofits will be unequally preft on, and the Wind will at-

tack with unequal force the convex face of the right, but the

hollow face of the left Sail, to wir, it doth as it were remove

it felf to the Wind, neither is theend of its motion very much

oppofed, according to the bowed direction of the Wind; and

I make this hollowing fo bending every way, that receiving

the Wind, ic receives its whole force: Moreover the particles.
of Wind incurring in the two Sails that are next each other,

are refleéted from the convex of one face to the hollow of the

other face, and increafes the force, or impulfion; bur if
you pleafe not to have four, but five Sails, left at any time

two be oppoled by the Diameter, I fhall nor deny it. Cer-

tain it is, that the length and breadth of thefe kind of Sails

help very much, for the larger they are, the more wind they
receive, and the longer they are, the further they be from the-
centre of motion, and have more force : But how the Machine,

or Engin, mult be ftopr or ftayed by folding or unfolding the-
covering of Cloth, thart itdo not work when the Miller would

have it ftand ftill, I fhall not here difpute, where we are only
confidering the force of moving ; neither doth the fole ufe of
this Mill confift in grinding of Wheat,or other Grain, but allo

in railing and turning water$ another way, that marfhes may
be drained, and other things of the fam: kind, which prefent

body always moving, they are not tyed to a certain time, e-
ven asin the work of geinding, which-is not always ufed.

Mecha--
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OF THE
PULLY %c
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Pully is an Engin confifting of one or more little wheels

turning eafily about their Axis, in which a Rope being
drawn abourt the wheel, we draw, or raife a weight; there is
no need of a larger Definition, fince almoft every one knows,
and hath feen this kind of Engin, although there are very few
that underftand their force rightly, or wherefore they are 1
fed; and fometimes "tis wont to be ufed with one wheel only,
and then ’us called Mﬂﬂﬂfjﬂ#ﬁﬂ!, or ot a d{'}ub_lﬂ _“*.hg.&.l, and ].5
called Difpaftos, or ’tis trebly multiplied, and is called Polys-
pajftos.

e

PROPOLE ‘L
A Thorem.

A Single ummovable Pully neither adds nor dimi-
uifbes Eorce.

Fig. 69. Y- Etthere'be a fingle immoveable Pully A B, f»
that the wheel only is turn’d about its Axis, and

let the {natch block be immovable ; 14ay, that Pully will nog
M 2 eh-
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encreafe the force of the Power, properly fpeaking, fothat the
whole advantage which accrues from fuch an Engin, is, that
the Rope be not worn, and that difficulty fhun’d which arifes
not exa&ly from the weight, but from the wearing of the
Rope.

%w Demonftration.  An Engin then helps not the Power,
when the motion of the Power and of the weight is equal ;,
but in the cafe propofed,the motion of the weight,and the mo-
rion of the power are equal, which I thus make appear : Firft,
underftand the weight in D, and the power in E, draw the
Rope, and the power drawing the end of the Rope defcends
in the point G, and in the mean while the weight D afcends
in H, becaufe in both fites or pofitions the length of the Rope
is not changed, D A E will be equal to the Rope HA G, and
by {ubftrating the common fegment H A E, there remains
the lines D H, E G equal; but E G is the motion of the pow-
er, HD the motion of the weight ; therefore the motion of
the weight and of the power are equal, wherefore the weight
is neither increaft nor diminifht, and the power hath the fame
force only, becaufe if by it fclf ( no Engin intervening ) it be
joined to the weight, it moves {o much as the weight; there-
fore the force is increafed nothing by this Engin; which was
o be demonttrated.

o

PROPOS. IL
A Theorem..
A Power is eafily applied by a ﬁffg!e immovable Pully,

Et there betwo Powers ; fuppofe Men,raifing equal weights,
and let one ufe a Pully, and the other no {uch Inftru-
ment, 1fay, the firft can eafter apply his force or ftrength ro
fuch weight, than the fecond ; for either the weight will be
placed beneath the Man, or above: If the firft, the endeavour
will be {o, that the traétive force of the Man in fuch cafe will
be pofited in this; that the Man will be a little bent, the force
of the Nerves will endeavour to reftore themfelves to [hEié
wonte
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wonted rectitude, or to hinder fuch bending or crookednefs ;
therefore when a weight is taken up in this manner, oft-times-
the endeavour is in the knees and the whole Body ; or the
weight to be raifed is placed in an upper place, and then in
like manner we muft have recourfe to the force of the Nerves,
but when we ufe a Pully hung in an upper place, we may ap-
ply the weight of our body, befides this kind of force of the
Nerves, and oft-times without any endeavour of the Nerves,
therefore ’(is not {o troublefome.,

AR L ST 8 A, Wl i
A Theorem.
Large Pullies are o ft yﬁﬁf[.

Eg..71. Lthough as I have thewn in the firft Propofition,:.

that one Pully whofe Snatch-block is immova-
ble, neither increafes nor diminiihes the force of the power ;
neverthelefs we have {aid alfo, it adds to the facility, becaufe
that it {aves the wearing, or rubbing of the Rope, but there is
found fome, although but little refiftance, in the Axis of
the Pully, which ought to be turn’d about ; 1fay, this difficul--
ty will be leflened, by how much the Orb. of the Pully is grea~
ter, for than the Semidiameter of the Pully, or Rundle, is as
it were 2 Leaver, and the Semidiamerter of the Axis as it were
a Cylinder in a Wheel, or Peritrechio; and by how much greater -
the proportion. of the handle is to the Cylinder, fo much the
eafier 1s the morion ; as becaule there is greater proportion of
the line G D, to the radius of the Axis, than of the line G B,
the refiftance is eaficr overcome, which is made in the circum-
ference of the Axis, while the Pully is turred abour it.

There is alfo another conveniency in large Pullies, to wi;
that the Rope is not {o often folded, arnd confequently not fo -
much rubbed, or worn ; but 1 fuppofe alwaies Pullys to be
moveable about their Axes, for if they fhould not, we muft.
reafon otherwile, '

PR Q-
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PROPOS "IV,
A Theorem.

A Man may take up a Weght heavier than himfelf
with a fingle immovable Pully.

; His Queftion hath been put to me more than once, 'whe.
T ther or no a Man can take up, oriraile a weight heavier
than himfclf, with a fingle immovable Pully (I always under-
ftand the Spatch-block immovable ) or whether a man thar
weighs 150 pounds, can raife a weight of 200 pounds? But [
devide the cafe, to wit, either a man fo fingly ftands, that rhe
force of his weight, or gravity, only infifts on the Pavemer,
or his Knees, and his whole body {o indeavours, that the force
of this endeavour adhears to fome other Body; if this fecond
happer, a man may elevate a weight heavier than himfclf,
to ‘wit, becaufe, befides the weight of the man which may be
all applyed, there may be allo a contrary endeavour from the
refiftance of the Nerves, fo that while I would take up one,
'with the Pully I take up more ; {fome Knees endeavour {o, thar
they cleave te Benches, or Formes, and lift up the Benchcs to-
gether with them, whence from fuch endeavour an union is
‘made of the Benches with the'Man; that I may better explain
my felf, fuppofe 2 man has so pound weight upon his Feer,
and ‘both his hands to lay hold on a Rope faftned in an upper
place, ‘if the weight on the other part be very great, the man
may by hanging on the Rope lift up his Feer, and elevate or
raife the weight of so pounds, in which cafe, befides a weighe
-equal to himielf, he may elevate 50 pounds.

But if he fingly ftands on the Ground, experience reaches
us that he will only elevate 150 pounds.

But we mult argue otherwife in drawing of weight infifting
on the ground, or-on an inclined plane, for fince weight doth
not precifely refift an Herizontal motion, 2 certain rule can
Icarce be made ; for it depends on the evennefs of the body
on which the weighe ftands, or lies.

PR O-
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PROPRS. N
A Thearem.

Many immovavle Pullys neither z'm'rmﬁ nor dz'mé}z{ﬂ}'

the ﬁi‘?’ﬂ‘f af a Power,

Fig. 72.J Et the feveral Pullys be EF G, who'e Snatch-

blocks are immovable; I fay, although we uie
them altogether, the force of the power is neither augmented
nor diminifht: For let the power be in A, and the weighe in
C, draw the Rope in B, and the weight afcends in D.

The Demonfirar cn. Forces of Powers are neither diminifhe
nor increafed by an Engin, when the motion of the power is
cqual to the motion of the weight, but in this cafe it thus
hHappens ; for when the Rope A E F G C, is the fame by fup-
pofition, as the Rope BE F G D, they will be equal, and the
common {egment A E F G D beingtaken away, there rematns
D C equalto A B ; but AB is the mation of the power, and
D C the motion of the weight, therefore the motion-of the
power, and of the weight are equal, and therefore the forces
of the power are neither increalt nor decreaft, which was to
be demonitrated.

W

oS Y1
A Theorem.

A Weght bung to a movable Pully. zs half part is-
Dimznifbed.

Fig. _73.L1'|: the Pully be A, and its Snatch-block movable,

ard a weight hung toit, and the power in D ; I.
fay, the weight will be leflencd an half part, fuppofe the pow-
er to befo moved, that the Pully A afcend to E. Ths.
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The Demonffration. That the Pully A be placed in E, the
power ought tobe moved as much as the length of the Chords
C F, G D, for from the point C to D, is the fame diftance as
between F and G ; but CF, G D raken together, are double
the fpace A E, to which the motion of the weight B is equal
as appears, therefore the motion of the power is double the
motion of the weight ; but ( by the firft principle of Mecha-
nicks ) as often as the motion of the power i double the mo-
tion of the weight, the whole force of the power 1s -doubled ;
therefore in our cafe the force of the power is doubled in or-
der to {uch weight, or which is the fame, the weight is di-
minifht an half part, which was to be demonftrated.

Bur if in ftead of the Hook C, there be added one power
which fhall be equally moved with the power D, we thall
find by twyal only an half part of the weight, in the {ame
_manner as if they bore two weights equally diftant, hungto a
Beam or.Leaver.

= —

PR OP OS¢ VL
A Theorem.

A Power applied to a moveable Pully, diminifbes an
balf part, n refpect ﬁf a Weight hung on one end of
-a Rope.

Fzg. 74.+IF in ftead of the weight B being hung, a power be
applied to the fame Puily, and the weight hung to
the Rope D, I fay, the force of the Power is diminifht an half
art.
h The Demonftration. As 1 thewed before, the motion of the
weight will be double the motion of the power, and there-
fore ( by the firft principle of Mechanicks) the forces of the
power are leftned, and the forces of the weight increafed ;
which may likewife be faid of two weights, to wit, as when
the weight B of oo pounds is made in equilibriointhe point D,
or which way foever the Rope G D fhall require 5o pounds,

Coraol-
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| Corollary.

 Hence it follows,that an immovable Pulley is a Leaverof the
firlt kind, of equal Armes, and a movable one is a Leaver of
the fecond kind, or in like manner of the third kind, of equal

Armes.

s

PURTOPY). S8 S NITTPE.
A Theorem.

If to move be Wheels of a Dialy or Clacky fir 12 Hours,
there be required a weight of 50 poaunds, and the
weight defcend 20 feet, keeping the [ame defcent,
aweight that [hall move the Clock 24 Hours wil! re-
quire to be 100 pounds.

THis propofition which may eafily be deduced by the Cerol-

lary of the precedent propofition, becaufe of the com-
monnefs of its ufe, may be propofed in this manner ; fuppofe a
common Clock that requires a weight of 50 pounds to keep it
in motion, and fuppofe the place where the weight defcendsto
be 20 foot only, and this delcent ferves for r2 hours; and we
would, keeping the fame defcent, have a weight to ferve tor
24 hours, I defire the magnitude of the weight ; I{ay, the
weight required muft be 100 pounds.

The Demin. Suppofe the motion of the Clock and its refiftance,
to be after the manner of the motion of the other weight, ‘tis
certain by the fuppofition that the refiftance of the Clock for 12
hours, is lefs than of a weight of 50 pounds being movable
20 feer ; but the motion of the Clock for 24 hours is doubic of
that which is made in 12 hours, and in like manner a weight
of oo pounds as movable 20 feet, is double of a weight of
5o pounds that moves the fame fpace, therefore the motion of
the Clock for 24 hours will belefs than a weight of 10c pounds
moving 20 feet, and will be exceeded by the fame excefs.

| And
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And the way to fit that weight is eafie, for if it be required
precifely to move in a rime double to that wherein it did.
move, it may be done with no charge by help of a Pulley, in
that manner as is thewn in the 7th Propofition, wiz. If the
Rope be faftned firmly at one end, and the other end join.
clofe to the Cylinder of the Clock.

But if another lefs proportion be required, to wit, as 2 to 3,
or as 3 10 4, the Diameter of the Cylinder on which the Rope
goes about in the Clock muft be leflened, according to the
proportion given reciprocally, thatis, if for example it be re-
quired, that the weight of the Clock fhould move 18 hours, .
when before it moved only 12 hours, the Cylinder muft be
leffened according to + part of its Diameter; bur if there be.
required a quadruple proportion, two movable Pulleys muft.
be made ufe of, Laftly, If a proportion much greater be re-
quired, add one Wheel to the Clock.

PROUOPLES. 1K,
A Theorem.

in Difpafto, or twoPulleys, if the cord of amovable
Pulley be only turned about the Wheel, and 15 not

faftned to us Snatch-blocky, or weghts, but to the

immovable point, the power will be only doubled.,
which draws by the other end.

Fig. 75. JYEcaufe there are:many ways which Ropes.may
be purabout Pulleys, from whence follow {eve-
ral augmentations of a power ; I will undertake to expluin
this in the firft place, to wit, if one end of the Rope A D CE be
faftned in the unmovable point A, or to any other point, as
.the point B, and be turn’d about the Pulley D, then abour the
Pulley C, and be drawn by theend E ; I fay, the force of the
power placed in E, with refpe@ to the weight hanging at D,
1s doubled.
The Demenfration. The point.E 1s equally moved with the

point:
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point B (by the firft of this) but the point F is moved with a
double velocity to the weight hung in D, (by the 7) therefore
the point Eis moved doubly {wifter than the weight D ; but
E is the place of the power , therefore the power is moved
doubly {wifter than the weight, and (by the firft principle of
Mechanicks) the force of the power E is doubled : Which
'was to be thewn.

Secondly, Let the end E be firmly fixt, or unmovable in the
point E, and draw the Rope upward from the power placed
inthe point A ; I fay, inlike manner the force of the power
is doubled, and the Pulley C is ufclefs.

The Demonftration. When the Segment of the Rope ECF
in this cafe is immovable, it will be the fame as if the Rope
were faftned in the point F, and one Pulley ufed only, bur
(by the 6th of this) one Pulley placed in this manner, doubles
the force of the power, therefore alfo in this cafe, the forces

ofthe power are doubled : Which was to be thewn.

Corollary.

Hence it follows, that if the power be D, and the weight in
E, the end of the Rope fixt in the point A ; I fay, that in
this cafe, when the inotion of the weight is doubled, the
force of the power is leflened.

PEUYOS CXK,
A Theoreng.

Iz Difpafto, or two Pulleys, of the cnd of the Rope
be ﬁréﬂeﬂsd to the movable Snatch-block 5 and the
rope be turned about the. [ame wheel,, the power wall
tripled,, or threefold.

Fig. 75. LEI the end of the rope be faltened in the point I
of the movable Snatch-block, then turn it abour

the wheelof the immovable Snatch-block B; and again, turn
N 2 1
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it about the wheel of the movable Snatch-block I, and ler
the power be in the point C, drawing the rops upwards. I
ay, the force of the power is tripled.

Tnz Dzmonftration.  Suppole the power C fo to be moved,
that che Palley [, touch the Pulley B ; Inthis cafe there is left
oaly {o much of the rope asis required to compafs both the
wheels, to wit, as much as the portion FBE, and G HI,
and the motioa of the drawing power from C is equal to the
reft of the rope, or to the parts AE, F G, HC; bur thofe
pares takentogether, are triple the motion of the weight, to
wit, the line I E, therefore the motion of the power is triple
the motion of the weight, therefore the forces of the power
are tripled : Which was to be fhewn,

-

PROPOS. "XE
A Theorem.

tn Tripalto, or three Pulleys. If two Pulleys are:
smmovable o and one only movable, the power is

tripled. :
Fig. 76. Et there be three Pulleys, wherein two of them:

- A and B are immovable, or immovable in the
Smatch-blocks, and let the rope be faftned: in the point C;
then turn the rope about each wheel, as you fee in the figure,
and let the weight be Dy and the power in E: I {ay, the
power is tripled.

The Demonftration. The point E is not more moved than the
point F, and therefore the Pulley B is only ufed for convenien-
cy fake. But the point F (by the roth of this) is moved tri ly,
or threefold {wifter thanthe weight D, therefore in this d; po-
ficion the power is triplicated ; which was to be thewn.

But the end of the rope C could not be faftned to the up-

per Snatch-block, otherwife one of the upper Pulleys would
have been. ufelefs, ' 3

PROPOS.
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PR OPOS." XIL
A Theorent.

Ir Trifpafto, or three Pulleys, o of them being
movable v the (natch blocky quadruplicates the

Pﬂlrvf}" .

Fig. 99, F there be three Pulleys, wherein the two lower
ones A B are moveable; I fay, the Powerin C
in this cafe is Quadruplicated.

The Demanfiration. Underftand the power Cto be fo moved
in drawing the Rope, thar the Snatch-block - A B, touch the
Snatch block E, there remains sbout the Pulleys a Segment
of the Rope equal to the Segments D E F, 1 BK, GAH;
the reft arc drawn by the Power, and meafure the Motion of
the Power : But the Segments D I, LG, FH, CK are qua-
druple the fpace L G, therefore the Motion of the Power
is quadruple ; which was to be thewn.

Notwithftanding, becaufe this kind of drawing upwards is
inconvenient ; a Pulley fhoudd be added in the Upper Snatch-
block, and then its_force will be quadrupled, for the Pulley:

is only added for conveniency.

- PROPOS.
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PROPGS. Xill.
A Theorem.
Ifthe Lower Snaich-block be moveable, and the Power

draw upwardsy, the Power 15 [0 many times multi-

Pféed as are the dmwifzg .:f the Chords.

Tig.. 77. LET the Snatch-block A B be movable, and the

gl +4 Power C draw upwards ; or 'that the Propoh-
rion may be more Univerfal, let it draw againft the immove-
able Snarch-block, then the Power is multiplied fo many times,
as there aré drawings of the Chords, becaufe then either the
end of the Chord being faftned, is in the upper place, and be-
ing drawn, - the pairs will be doubly more than the lower
Pulleys ; but the lower Pulleys'double the Pewer, and by the
:demonltration, if there be one below, there is no need ot the
upper one, as1s ‘Thewn in Prop. 6. and the force is doubled ac-
.cording to 'the propottion of drawing. If there be two below,
and one above, ’tis thewn in the precedent Propolition, that
the power is quadruplicated ; and fo of thereft.

-

e ek

PROPOS. XIV.
A Theorem.

Jf the lower S ﬂ;ir{:fJ-Mﬂﬂ/( be m&'ii'.lé?!f? and the power
draw downwards, the force of the power 15 [o ma-

ny times multiplied, as there are drawing of the
chords, one lefs.

Fig. 75. " 1S thewn that the force of the power inF
is the fame as in E, bur if the power be in F,
and
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and its force multiplied according to the nwnber of drawings,
ro wir, triplicated, and in E there be added one drawing of

the Chord ; this drawing of the Chord, which is added, in-
creafes not the force, therefore ought not o be computed.

P ROPOS. XV

If the lower § natch-block  be movables and the rope be

" Liftued to the movable Snatch-block o any ﬁwer
Dulley dewtles the power , and renders one upper
power only fqu.z! ta the wcégbr.

LEt there be any number of Pulleysin which the Snatch-block :
of the lower is movable, to which faften the end of the
Rope; 1 {ay, It there be one upper Pulley, the power isequal tothe
weight ; if one be added below the foice of the power is
doubled.and fo the power will be triplicated,but the reft of the
upper ones add nothing, that is, if there be two upper ones,
the power will remain wipple of it felf; if another be added
below, it will be quintuple; and {o on, which are all demon-
firated, particularly in the foregoing Propofitions.

-

PROPROS XNVE

If the lover Snatch-bleck be movable, and the rope
faflned 1o the upper,  as many Pulleys as are below,
[o many times the pewer is doubledy the upper ones

ﬁr’be mz{;: ﬁr c‘arz’vﬂzéf:rﬂ.‘j.

IN any puwber of Pulleysin which the RGpé 1s faftned to an..

smmovable Snatch-block, the power is fomany times dng-
ble 5
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bled, as .there is lower Pulleys, or in a mosvable Snatch-block -
That is, if only one be in the movable Snatch-block, the
force of the power is doubled ; if two, ’ds quadrupled ; if
three, “tis equal to fix powers, and {6 on, {o thar no propor-
tion ought to be had of the upper Pulleys, or of their being
in an immovable Snatch-block. |

The Demonftration. 'Tis thawn in Prop. VI. that ’s {o in
one Pulley. In Prop. IX. ’tis thewn to be (o in two Pulleys,
to wit, that the power in both cafes is doubled.  In Prop. XII.
in three, or more Pulleys "tis the fame ; the like proportion may
be demonftrated in others.

Whatloever is thewn concerning the raifing of weight up-
wards, is 'to be underftood of any other morion, whether
Horizontal, orany other, to which weights refitts; alfo of any
refiftance chat we undertake, to overcyme by Pulleys.

Alfo as we compare the power with the weight, we may
in like manner compare two weights berween themfelves ]
Jikewile if you place the power in the place of the weight,
and in like manner, if the weight obtain the place of the
power, the weight will be increaft with refpeét to thepower,
or: the power diminifht, which words are all of one frignifica-
tion ; and the moving power may obtain the place or the
weight, as often as the forees are abounding ; but a moft fivift
motion is produced ina weight, which fimply from a power
cannot be produced without an Engin, becanfe the power
cannot move it felf wich {o much velocity ; which principle is
robe underftood in all Engins.

o

ER O ROS.  XVII

7o df:ﬁ)t?ﬁ' Pulleys fo that Jﬂmrdér:g to the namber of the
_.Puﬂcjy.r, the power .y ,:sz,-g;w be érzcrmﬁd Continy-

ally 1n double proportion,

Fi;. 98. M¥He increafe of power by Pulleys hitherto treared
on, {cems to proceed only according to Arith-
: mericzl
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metical proportion, fo we fhew in the precedent propofition?
that according to the number of Pulleys placed in the move-
able Snatch-block, the force of the power is doubled ; now we
will inftitute another difpofition, wherein if there be only one
Pulley, the force of the power will be doubled, if two, qua-
drupled, if three, it will be oétuple, if four, the power will
be equivalent to fixteen, and {o of the reft.

Suppofe a weight to be raifed being faftned to a moveable
Pully B, and let one end of the Rope be fixt in the point G,
and the other end of the fame Rope reach to the Snatch-
block C, in like manner let another Rope F C D be frmly
fixt in F, and the otherend fixt to the Snarch-block D: let
there be a third Rope E D H, one end of which faften well
in the point E, and let the power be in H ; I fay, the power
in H of it felf being equal to the weight, being {o difpofed,
15 oftuple of the weight.

The Demonftration. 'Tis. thewn (at Prop. VI. of this) thac
the power in H is moved with a double velocity of the Snatch-
block D, and the Snatch-block D doubly fwifter than ol
and C doubly {wifter, or as {wift again as B, therefore H is
moved eight times fwifter than the weight, and (by the firft
principle of Mechanicks) will have eight times greater force
in refpet of the weight ; thercfore ’tis fufficient thar the
power be fuboctuple of the weight to be in equilibrio with
the weight,

Or it may be demonftrated by any Leaver, for a Pulley
difpofed in this manner, is a Leaver of the fecond kind, in
which the weight is precifely in the middle berween the pow-
er and the prop, or Centre.

T e el

PROPOS "XV
A Theorem.

By Pulleys any weight may be moved by any power.

Flrﬁ, If the power be never o little greater than the weight,
it may be moved - by any Pulley thar only helps the ap-
plication, bur if it be equal, and the Pulley difpofid after the

. lecond
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lacond manner, the weight will be more ealily moved ; but
if the power be lefs, asifit be to the weight as one to eight ;
cight Pulleys difpofed in this {fecond manner, or eight Pulleys
difpofed in two Snatch-blocks, will ealily overcome the whole
reliftance of the weight ; to wit, if there be a greater pro-
portion of the motion of the powerto the motion of the weight,
than of the weight to the power..

Mechanick-Powers.

OF THE
S C.R.E YN
TR BOOK. V.

i

A Screw is a Ej‘[z'ndfr wrought in one or more ﬁt’éd

Spires, or Helices [welling outy as appears i the
gure.

Fig.. 79. Q N D the ufe of it is common, for 'tis ‘put into-
another concave cylinder, cur 1n like manner in-
to concave Spires, fo that the convex Spires or.

Helices of the former Cylinder, fit to the concaves which are

putupon them. The concave Cylinder {ometimes is fixt and im-

moveable, and inthiscale, the Screw befidesits circular motion,

hath alfo a right motion, whereby the whole Cylinder goes
forth. Somerimes the Screw 1s immovable, and theconcave Cy-
linder is only moved, andcommonly a fimple Cylinderis added

to the Screw, intowhich a handle is grafred or fixt, asin A B

the handle B C is adjoyn’d, that it may be moved round more

eafily ; hictherco Authors have recalled the Screw to the

Wedge, and. the Wedge to the Leaver, or to.the motion of

a weight on an inclined plane, asif you underftand D E rto

be
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be the weight, and it be moved round in the Oib, fo that it
afcend according to the Spire of the Screw, inclined to the
Horizon, or if the Wood D E be immovable, the Screw it
{elf being turn'd about, which is confider'd by the manner
of a weighe, its afcent will be by the inclined plane of the
Spires of the concave Cylinder F G; burc thefe confiderations
are {uperfluous and unprofitable, when more immediately the
force of the Screw may be meafured from the firft principie
of Machines, than by fuch reduction. i

- %
i —

PROPOS. L

A Theorem.

To explanc, and meafure, the force of the Screw,

Fig. 79. LEt the Screw be A B, furnifht with its handle BC,
for alfo in lefler Screws of Iron whichare made
ufe of to ftrain fomething, there is added a head furnifht with
2 notch or cleft, that there may be put in {omething of Iron,
which may obrain the force of a handle; And let the power
be applied in the point C, and underftand one circumvolu-
tion to be made, or the circle CK L tobe defcribed in the
mean while the weight afcends, from one circumvolution of
theSpire to another, tO wit, as much as is the line N O. An
interval, or fpace, equal to the line N O comprehended be-
tween the two Spires, is found 1oo times in the circumference
CKL; I fay, thatir may be in equilibrio, there is required
fo much power as is only fubceniuple of the weight, that is,
if the weight be 100 pounds, it requires a power only equal
to 1 pound.
The Demonftration. *Tis then in E@uiﬁ&riﬂ, when the mo-
 tion of the power is to the motion of the weight, as the
weight it {elf is to the power, butin out cafe the motion of
the power is centuple the motion of the weight, and the
weight an hundred fold of the power it {elf, thercfore 'tis in
Equilibrio, Whence if the power be a little greater or more
than one pound it will overcome the refiftance of the weight.
02 Corollary.
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Corollary.

If the power be applied to the wood D E, {o that it move
downward by a right line, and not circular, notwithftanding
it will compel the Screw to movecircularly, and let the weight
be in C, the power requires to be centuple of the weight to
move it. But if the wood D E be moved circularly, and the
weight afcend upwards in a right line with the Screw ; asif
you feign the weight to be B; the whole circle defcribed by
the wood would be compared with the circumference of the
line N O, which meafures the afcent of the weight in each
circulation.

m— —— e

—— e - —

PR 0P DIk
A Theorem.

The divers ufes of fingle Screws.

Fig. 8o. THE ufe of fingle Screws are various, and for the

moft part they are ufed to firain, as appears in
the 7gth Figure, in which the Screw A B 15 faflncd in the
hole B, alfo’tis furnifhe with itsSpires, but the hole C is fingle,
and confifts of no Spires; while the head of the Cylinder ar-
rives in C, and the Screw is turned about, the woods B D,
CF, will come, or meet together, and the force of the power
will be increas’d according to the proportion of the circle de-
{cribed by the end of the handle A E, to the interval of the
Spires, or Helices.

And the fame effeét follows whether the wood B D be made
immovable, and fo the wood C F, come to that, or the con-
grary.

T}irle fecond kind is, Fig. 81. when the Screw 1s at onecend,
and the wood to which ’tis faltned, is at the other end, and is
immovable, and then the power will be mixt, to wit, of the
Screw and Leaver, as in this figure, if the Screw A B, be in-
grafted to the wood A C, in the point A, and the piece of
timber to which ’tis ingrafted be fixt in the point C; and ltlft

weight,
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weight, or that which refifts the preiling, be in the point D2
C A will be a Leaver of the fecond kind.

And that you may meafure the force of this Engin, fuppofe
it a Wine-prefs, and let the beam C A be equal to a weight of
200 pounds, that is, if it lies. on a parcel of Grapes, it will
make the fame compreflion as 200 pound weight will make ;
and let the Screw be fo made, that each {pire be diftant from
one another one inch, and the handle BE 7 feet, {o that its
whole circumvolution will be 22 feet, or264 inches, and let
the force of the man that prefles, be equalto 100 pounds; I
{ay, the man alone hath fo much force to prefs the Grapes,
as hath the weight of 5280 pounds ; the reafon is clear, for
while the man runs over 22 feet, or 264 inches, the beam A
defcends only one inch, and the weight D, which is in the
middle of the Leaver A C, is only moved half an inch, there-
fore the force of the power is increafed, according to the
proportion of 264 to +, or of 528 to 1 ; but the power is 100,
therefore the force of the man, ufing this prefs, will be equi-
valent to 52800 pounds ; which was to be thewn.

Fig. 82. The third manner will be, if you make ufe of 2
Screws, which are moved together, or {ucceflively after each
other, and one in refpeét of Uother, hath the proportion of a
Prop, or Hypomoclion ; as if the Screw A be moved, the
Screw B not being moved, the point B will be the Prop, with
refpect to the Leaver A B, which belongs to.the {econd kind.
of Leaver. .

Fig. 83. To this kind of power arerecalled the Vices which
Iron-iniths ufe, likewife the Prefles which Printers ufe, and
many other Inftruments, whole forces we may meafure by the
{ame principles.

PROPOS. HI.
A Theorem..

Of Camfumfdfd Screws..

Fiz. 81 T call that a compourded Serew, whofe convex: Cy-
linder is noct ingratied, oy htted; inro it corze-
{ponden
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fpondent concave, but is mixt with other ' powers.  And firlt,
if the Helices of -the Screw be fitted to a teothed wheel, ’ris
call’d an infinite Screw, or moving in mfinitum, the forces of
this power are wonderful, for {uppofe a wheel to confift of 5o
teeth, alfo  let' the Axis be A, abour which the rope goes
round: ; 'and:let:the handle B G, be ito . the Semidiameter of
the Axis, as 4 to r, andlet the power of the man be equal e
100 pounds ; I'fay, the man being furnifht with {ach an Engin,
isin Equilibrio with a weight of 20000 pounds, and the man
will be equivalent to 200 men.

The Demonftration. The handle B C ought to make 5o cir-
camvolutrions; while the wheel only performs one, becauie
that every circumvolution of the Screw impels only oné rooth::
Therefore while the handle BC is turn'd round ¢4 times,
the Tympane A is'only once turn’d about ; but the circulation
of the handle is to the circulation of the Tympane, as 4 to 1,
therefore the motion of the power applied in C, 1s to the mo-
tion of the weight, as 200 to 1, therefore by reciprocation,
the power as of 1 pound will bein Egquilibrio with a weight
of 200 pound, or as 10010 20000, Which was to be demon-
ftrared. | g

Burt if inftead of the Tympane A, you ufe another Screw,
1o whofe wheel the {fame number of teeth fhall anfwer, one
man will be equivalent to 1ocoo men. If you make ufe of
three Screws in the {ame manner and order, with wheels an-
fwering to them, one man will be equivalent to 100000
men.

Neverthelefs, fcarce any Engins are ever made {o ftrong,
but in praftice they becomeunufeful, becaufe, thar either the
ropes break, or that which they are faftned to, is not able to
{ullain, or the teeth, or other parts break, the weight being fo
extraordinary., |

This Engin is moft ufeful, as often as the motion is te be
diminifht, as when, for example, we have a wheel in a Clock,
which is turn’d round once inevery hour, if you defire a me-
tion 12 times flower, the Axis of this firlt wheel, muft have a
Screw, to whofe {pire the teeth of the other wheel, muft be
ingrafted, which muft have 12 teeth, and fo you will have a
motion 1z times flower; fo if ina Clock you havea Wheel,
or Axis, which is turn’d about twice in a day, which 1s fur-
nifht with a Screw, and anfwers to a wheel, having 59 teeth,

this
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this fecond wheel will be once turn’d about in 29 days and
= which is the period, or circuit, of the Mocn, and {o of the
roft. He that defires more concerning the Screw may  confult
Ubaldus.

I {peak not here concerning a cotcave Screw, which is one
among Hydraulic Engins, and which properly belongsto an
inclincd plane; the benefit of a Screw are thefe. The firft ad-
vantage is, that the morion of the weightis more diminifht by
one {piral line, than by many toothed wheels. Secondly,
without any ftay, although the power be relinquifht, the
weight fcarcely “falls back again, and therefore muft remain.
where it 15.

The more Helices tliere are in a Screw, and the more ob-
lique, and the longer that the handle is, theeafier the weight.
is moved; and in a concave Cylinder, (or the "mother) the
more Helices there are, the lefs the Screw {uffers, for when
there are many Helices, the weight 15 diftributed in them,
which would prefs, or lye on one only.

Fig. 85. To this Engin wemay vefer a certain invention ob-.
vious enough, which we do not ufe to increafe the force of
power inoider to motion, but only to fuftain 2 weight ; For
if about any Cylinder there be made a hollow fpire about
which a rope is turn’d, if you hold the rope but flightly, or
prefs it again the Cylinder, the weight, although it be grear,
will be ftayed by the Ropes, being adjoin’d to the Cylinder:
Thefe Channellings, or Hollowings, are ufeful if any one be
minded to defcerd from a high Tower without danger; and
that fwifily, or flowly, according to pleafure.

Awgers, Wimbles, and Piercers, aic referred to the Screw,
which enter the eafier. by being made fharp in the nature of
a Screw, as experience teaches, in great AWgers, with which
Pipes are boared to convey Water from Fountains, becaufe its
apex reprefents the figure of aScrew, W hich of its own accord
enters the Wood {o that there is bue little need of Force.

Mecha--
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WEDGE
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q‘ Lthough the Wedge be a fimple Inftrument, and there-

fore of {ome, is fcarcely afcribed to the number of
Engins, neverthelefs it is of {uch force, that defervedly ir finds
a place here.

The Wedge is a triangular Prifme, whofe two retangles,
end in a common righe line.

And that it may be ufeful, it ought to be made of folid
matter, asof Iron, or Wood, and {uch like.

Its ufe is in the cleaving of Wood, parring of Stones, and
dividing other bodies that may becleft, or cloven; a flit being
made in the body, the edge of the Wedge is thruft i, and
and a ftrong percuflion being added, forces in the Wedge.

2 =T
- " -
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PR P OS2
A Theorem.
T he ﬁrcf :Jf the I-ff-fo{gf sxpfm'ﬂfa'.

Fig. 86. Ivers reafons are alledg’d for the force of the
Wedge, and firft from Arifforle ; in Queltion 1

X = = # 3

the Wedge is recalled 1o a double Leaver of the firlt kind, in
this manner, to wit, let the Wedge be A BC, Arijforle under-
ftands
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ftands the line A B, as a Leaver of the firft kind, whofe prop

is D, the Fﬁwer in A, and rhe weight in B, to wit, in the
end, or ‘cufp.of the Wedge : In like manner let B C be ano-
ther Leaver, whofe propis inE, the power in C, the weight
in B. g

Notwithftanding, this explication is altogether contrary to
the proportion of the Leaver ; for by how much greater the
diftance is of the power from the prop, the greater is the
force of the power, inother like cafes; butin this cafc it is not
fo, for if the Wedge be made fhorter, and the power be in
K L, and not in A, neverthelefs the force of the Wedge will
be the fame: Ifay, the fame of the leaver C B.

The fecond is falfe, that the Wedge rouches the Body to be
divided withits point, or edge, becaufe, that for the molfi
part the extreams D and E only touch ; neither when we mea-
fure the force of the Wedge, do we regard the proportion
which is found. between A D and D B, bur how much the
fharper the Wedge is, or the lefler anglé¢ it contains, the eafier
it divides.

Whence Ubaldus in his Mechanicks imagines, that if the
Wedge be recalled to a Leaver, ’tis to be explicated by a'
double Leaver of the fecond kind, whofe COmmMon prop is in
the edge, or point B, the power in A and C, bur the fame
inftances occur as before ; Iadd moreover, that 2 Wedgae may
want a point, and neverthelefs be as apt to divide asit was
before; {o that the inclination of the - planes’ remains the
fame, touching in the points in which thebody is tobe clefr.

Fig. 87. Wherefore others recal the Wedge to an jnclined
plane, asif the body to be lifted up be A, under which the
Wedge B is laid, that body being moved upon an inclined
plane, for 'tis all one, whether the body be drawn upon the
plane, or the plane move under it, for to afcend ’tis thoughte
the fame; therefore there are in the, Wedge two inclined
planes. This confideration is not abfurd, neverthelefs, T con-
tend that the whole difficulty remains, 1o, Wit, that the whole
doétrine of inclined planes is alike hard, labouring under the
{ame principle, whercfore | '

[{ay, The reafon why the forces of the power are increafed
by the Wedge, is, becaufe the power is moved much, and
the weight bur little, or the greater motion of the power is
- compared with the lefler moton of the weight, andarejoyn’d
together. P Which
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Which I fhall thew, as in the Fig. 86. let the Wedge AB C
be very fharp, which by one or more percuflions runs into the
wood, the fpace BF, in the mean while that the parts of the
wood are feparated from one another according to the
fpace D E; if the Wedge contain an angle lefs than
60 degrees, B F will be greater than D E, and the power is
moved according to the line-B F, and the weight according
to the line D E, wherefore {ecluding percuffion which way
{oever, if the power fimply impel cthe Wedge, its forces are
increafed, according to the proportion of the line BF to the
line D E.

BROE QS e

The [harper the Wedges arey the greater force they
add to the power.

LEI: there be any 2 Wedges, whereof one is more acute than
the other ; I fay, that which is moft acute, canfers the
greater force to the power ; for by how much the motion of
the power, is greater than the motion of the weight, it hath
greater force in refpet to that weight. But a more fharp
Wedge is fuch, that it requires agreater mction of the power
in refpet to the motion of the weight, for in two triangles,
having an equal bafe, that which hath the angle oppofite to
the bafe moft acute, will have the longeft fide : But in the .
Wedge, the bafe meafuresthe motion of the weight, and the
fide the motion of the power, therefore Wedges moft acute are
moft powerful.

Corollary.

A Wedge whofe angle is greater than an angle of 6o de-
grees, rather decreafes than increafes the force of a power.

PRQPOS.
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PROPQS. IIL
A Theorem.

Drvers kends of Wedges.

Lmoft all Inftruments which Artificers ufe to divide, or
P l cut with, are recall'd to the Wedge, as all fort of edac
tools, Swords, Pen-knives, Nails, Axes, Harchers, are Wedges,
for neither is it eflential to a Wedge, that the percuffion of ano.
ther body be forced between the body to be divided, for i
may either be fimply impell'd, or from a force conceived
from the leading motion to divide it ; Awgers, and Picrcers
contain a Wedge.

ety . i

Of Percufion, or Smiteing.
PRO PO IV,
A Theorem.
Experiences of Perculfon.

I Being in company, fome years ago, with my Ingenious
friends Mr. Bankes, the King’s Mafter Carpenter, and Mr.,
Morris Emmet, the King’s Malter Bricklayer, fince deceafed,
among other things that pafs’d in our difcourfe, Mr, Bankes
was pleafed to fay, that he thought there could beno reafon
given of the force of Percuflion, nor no comparing the pro-
portion of weight prefling a Nail, or fuch like thing, entred
in a board, or Timber, to a blow fmitten on the fame thing,
Indeed the faying was very difficult and abftrufe, yet § remens.
ber I told him, that the learned and Reverend Dr. ##alis. and

Caffar
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€affatus had writ fomething concerning it, and alfo the learn-
ed Dechales, wholeprinciplesI defign to follow.

Ariftorles voth Queftion touches lightly on the force which
is produced from percuflion ; neverthelefs, he explicates no-
thing further, and as I may fay, only propofes a difficulty,
to wit, that although a great weight be laid upon an Ax or
Wedge, yet it conduces little or nothing to cleaving, burthae.
a2 blow {mitten with great velocity, affeCts much.  Then he
{eeks how much gravity this motion adds ; to the better un-
derftanding whereof, in the firlt place, I fhall refer to expe-
rience. _ b

The Firlt Experience then fhall be, thar that Percufflion is.
oreateft, whofe motion is {wifteft, from whatfoever caufe the
fame motion proceeds, whether it be circular, -or right, ’ds
little different. From whence it comes to pafs, that a Ham-
mer, or Mallet, furnitht with a longer handle, malkes a {tron-
ger blow, becaufe that power can imprefs a {wifter ‘motion,
for if it be moved with equal velocity, whether it be furnifhe
with a longer or fhorter handle, the percuflion would be
equal ; alfo thence I think may be concluded, rhatlafting mo-
tion adds nothing to percullion, unlefs there were a difpofition
to {wifter motion. And therefore, if theHammer fhould be
moved equally about fome' Center,' it'would not fmite ftron-
ger after a lafting motion than after {ome fhort motion. Alfo
tis clear, that when fomething is fmote with a Swaff, or a
Sword, the ftroke is ftronger about the end, becaufe then the
{taff is moved about thehand, asabout a centre, whence the -
motion is fitronger about the ‘end, I fay abouwt the end, yer.
not in the end, by reafon of another propertion.

Secondly, A greater bodyalthough it be moved with equal.
velocity, with a lefler, produces notwithftanding a ftronger
blow ; for ’tis certain, while two bodies of the {ame marger
and divers magnitude fall from on’high, they defcend almoft
with equal velocity, fo' that the ditterénce is ‘very finall, to .
wit,  fo much only as is begat in the réfiftance of the air pro-
portionally in the lefler body to the greater, neverthelefs,. the
greater body imprefles a ftronger blow, ' which effet cannor
be onlyartributed to the greater gravity ; for let there be a
ftake ftuck in the ground, and let two bodies defcend from an
equal height, one of 100 pounds, the other of 200 pounds,
'tis certain thar there will be a ftronger impréflion from the -

fecond
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{econd, which cannot be attributed only to the gravity fimply -
raken, for if this fecond body be put on the ftakeand gravitate
onit, or thould fall on it from on high , the impreflion from
a body lefsheavy, would notbe fomuch : Therefore a heavy
body falling, makes a greater firoke than a lighter body, and
this impretlion ought not to be attributed only to the greater -
gravity. /8 S
- The Third Experience, While a body is moved ‘about fome
centre for a continuance, ’tis eafier ftopt orftay’d if you lay
hold of it by the erd, than by any other part nearer the
Centre, which is to be underftood if itbe hinder’d before the
motion, or in the beginning of the motion, for if you wait
tillthe motion be engender’d, it will be otherwife,, ‘And the
realon of the firlt, is obtain’d from the proportion of the;lea-
ver ; the reafon of the fecond ought to be, becaufe the mo-
tion.is greater in the end, and confequently a greater impetus .
8 acquired.. o

The Fourth Experience. The ftrongeft blow of a Sword is not:
about the point, nor as fome think about the Centre of .gra-
vity, but betwceen the point, and the centre of gravity ; yet in .
general 'tis true, that a body, thart is moved, having the great-
eft part of irs weight abeutt the end, a fironger, blow follows .
than if it proceed from ope continpange, wherefore fome make
a little channel within the Sword, and include, Mercury. there-
in, which conveys the force of pefcuflion to the point, and:
makes the ftroke fronger. Perhaps, whilea body s extended
in one order, ‘tis moved more difhcultly, and therefore its, ve-
locity, is.not {o great, and conlequgntly s {treke not fo -
ﬂ:mng' | . ‘Aatyr JO Eﬁ:u*:_v_. 1
Fig. 83. The Fifth Expepience. | W’hﬂ{: & hqd_u{m}rciug de-
{cends, it caufcs asgreat a itroke, if only one part ofiit fall on
the {ubjcéted body, as if the whole bod fell on it ; that i,
if 2 equal bodies A and B, fall from the fame heigh, the firft
whereof fmites the ftake Corly with fome part of it, but the
otheraccording roits whale lowft (u perficie, yet an equal firoke
follows, which 1 have found by cxperience, that I might
confute the opinion of {ome, clteeming the Air {queez’d be-
tween the 2 bodies, to confer muchto the blow, yea, they
will have all cutiing or cleaving to be from aic included; with-
in the Pores, being violendly impulfed from the dividing body,
for they will have air to be maft fharp, and confequently, moft
apt ro divide. * 7 e i by T
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A Theorem.
Devers meafures r.f Percuffim.

Fig. 897718 hard to meafure percuffion that is made by a

living power, fince it depends on force, and
free and voluntary endeavour, and hath the proportion of the
body moving, or fmiteing, for although a greater Hammer of.
fets a ftronger blow in other things of the like nature, yet
if it be nor fbofwifr[}r moved becaufe of its heavinefs, the per-
cullion which follows is the weaker : Wherefore "tis conve.
nient in the firlt place, to reduce velocity to a cerrain mea-
fure.

Suppofe then a Hammer A B, whofe whole length is 6 feer,
which is moved by a man to fmite. I fay, if it be moved e-
qually with the fame velocity which he hath in himfelf in the
inftant of percuflion, and in the {pace of one fecond minute,
fhall make 4 circulations, that is 144 feet, (allowing the Pe-
tiphery to be but 3 rimes the Diameter) : If the fame Ham-
mer thould fall according to the equality of the force of gra-
vity, and accelaration of heavy bodies, it would nort arrive to
‘accomplith 144 feer in 5 fecond minutes, and it fhould fall
from an altitude of 425 feer.

From whence ’tis concluded, thar the altrude 425 feet is
the meafure of percuflion made by the man, or the Hammer
has fo much velocity, while ’tis ftrongly fmote,or impell’d, by
the man, as the hammer would have had, if ir had fallen fin gly
from an altitude of 425 feer.

I have been willing to examine the calculation made by
Merfennus, but could never find it anfwer experience, for we
often ule a Pendulim of 3 feet, one fwinging, or firoke whereof
is precilely equalto one fecond of a minute; and we have
tound in a Semivibration, or in the fpace of half a {econd,
ficcle more than 4 feet, to be paft over by a body falling, wviz,
about ‘4 feet 'and £ ; but according 1o the proportion ob-

ferved
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{erved by Galileus, it fhould be 17 feet in one fecond, where-
fore in the fecond fecond it will be g1 feet, in the third fe-
cond it will fall 85, in the fourth 119, inthe fifth 153,
which being all added together, make 425, therefore the
blow of the Hammer ftruck by the man, is equal to that
which is made by the fame hammer falling 425 feet ; in this
{uppofition the {pace which is paft over by heavy things, de-
fcending, is reckon’d to proceed according to the feries of odd
numbers.

But whatfoever the comparifon be of the Impetus, or force,
produced from a man {initeing;and the Impetus produced by a
weighe falling ; "tis certain, thar there is no Impetus produced
from a man’s{miteing, to which there cannot another be gi-
ven cqual to it fromabody falling : But hithertoo the whole
dithculty remains, wiz. how we may meafure the acquired
Impetus, trom a body falling from a determined height ; let
therefore a hammer weigh 1 pound, driving a pail at one
blow (or percuflion) one inch, whofe force is equal to that
which it would have if it fall from an altitude of 425 feet ;
and let it be demanded what weight being only laid upon the
Nail, will force it in one inch, but that weight muft be mo-
ved equal to the fpace, to wit, it muft alfo be moved one
inch.

Many have been the opinions concerning this thing, for
{uppofc a hammer of 1 pound, and 1 foot long, and let it be
made after the manner of a Cylinder, fome think, if there
thould bea Cylinder made of the fame thicknefs, wiz. 1 foor;
and 425 feer long, to wir, as much asis the alttude of the
fall, which isequal tothe percuflion, and this Cylinder be put
upon the Nail, 1t will force the nail into the board one inch,
neverthelefs, I fee not on what foundation: for {uppofing the
hammer tobe half the length, and to have the fame graviry ;
according to this confideration, it requires a weight doubly!
greater, which is abfurd, therefore fince this determination
depends on the thicknefs of the hammer, which inthis cafe
hath no place, for neither will two hammers of divers figures,
and the ffme gravity, have divers effects.

Others will have it, that a hammer of 100 pounds defcend-
ing with one degree of velocity, will have the {ame force as a
hammer of 1 pound, defcending with a velocity as 1co,
which I eafily grant: But hitherto 1 think nothing is effc &ed,

wcither
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‘neither s there had fuch a meafure 25 we require, to wit,
fome weight to which percuflion is equal, ora weight which
is moved in the fame manneras a nail, although it drive it one
inch.

Mr. Hobbsreduces all percuflion to the firft endeavour which
the weight hathy, but knows not whe;rhe_r tl_u; firlt endeavour
given be indivilible ‘and determinarte;” and fo'in this explication
hewraps himfelf in queftions of continual divifion.

P RPN
'T]meca,ﬁ;ré'af Percuffion.

Uppofe a hammer of © pound, and let it be of any figure,

it matters not,  which being ftruck with the force of a
man, hath the fame velocity, asif it had defcended 42 5 feer,
-and .drove a nail one inch, now ’tis demanded what weight
this percuflion is equal to - And ’tis cerrain, thar 2 weight of
one pound falling 425 feet, acquires a force to raife 1 pound
425 feet, which I fhew in any Pendulum, wherein the weight
alcends almoft the fame as it defcends. Therefore this per-
cuffion {eems to be' inequilibrio with a' weight of one pound, in
movingthrough 425 fect: But if you ask what weight being
moved: one inchy will be in equilibrio with a weight of one
pound, moved 15 feer, ‘multiply 425 by 12, it makes é160
inches,in 424 teet 5 [ay, if 2 weight of 5 roo pounds be placed
on the nail, the nail will be forced in one inch ; for one
pound moved 5100 inches, is in equilibrio with stoo pounds
moved one inch, wherefore the percuffion of ‘the man feeins
tolbe equal to yroo pounds, which was to be thewn 5 never-
thelefs, there is.a doubting in this calculation, becaufe thar
the velocity of the weight afcending ; always decreafes,
wherefore thefe things cannot be conftituted, but according to
the doétrine delivered of heavy bodies falling.

PERO B Oy,
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PROPOS. VIL

A Theorem.

The qm:ft&y being given of a [take, or natly driven into
any body by a determined weight, from a determined
heighty to Lﬁ?sd a weght which wall perform the (ame

ﬁam any other bﬁz:gfjt.

Fig. -9o: LEI‘: the weight “A be roo pounds falling from 1o
feet high, and driving the nail B one inch, a
weight is required, which falling from 4o feet high, will per-
form the fame effe ; I fay, it requires a weightof 5o pounds.
The Demonffration. The fame effectis produced, if the quanticty
of motionbe the famein both cafes : Bur the quantity of motion
is.the fame, for a ‘heavy body falling from an altitude qua-
druple, or fourfold, hatk double veleciry of that which it had :
But roo pound movable with one degree of velocity, and 5o
as movable by 2 degrees of velocity, have the fame parts of
motion : Therefore they feem ro have the fame effect ; ne-
verthelefs, there remains a difficulty which is pegar ficm the
refiexion of bodies, which bclongs to the velocity of heavy
things defcending. '

e S

SIS [ e i, e

| PROPOS. VI
To make divers kinds of compound Engins.

JQ Efides the fingle kind of Enginsbefore mentioned, to wi,
the Ballance, the Leaver, the Wheel, the Bulley, the
Wedge, the Screw, there’ may be. made many other “cons-
pound Engins, fome of which we will ‘defcribe, that o not
only their grear forces may appear, bur alflo thacany onemay
Q_ j perceive
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perceive a ready way of making Engins for any occafion, and
accommodate themto their ufe.

Mechanick Powers.

BOOK. Vil

Engin. L

An Enginy whereby a Wagomer may raife his Wagon,
or Carty although loaded 5 alfoby ity the Roof of an

Houfe., yea, the whole Cafe of the Houfe, may be
raifed.

“the 2 lefler A and C, and the other greater

" B ; the little wheel A hath five teeth, and.

the lictle wheel C the fame ; but the wheel B hath 20 teeth,.
and (o is fourfold greater, and hath one common axis with the.
wheel C, alfo make of the {fame matter a irm Prifme D E
with teeth, defend on every fide all: the cale of wood with
Iron, in which the teeth are included, the upper part being
open, {0 that the teeth of the wheel A, day hold of the teeth
of the wheel B, and the te¢th of the wheel C, lay hold of
the teeth of the Prifme D E: But the axis of the wheel A
flands out without the fide of the cafe, and is turn’d by the
handle G FH, and with the handle the little wheel A isturn’d,
which turns the wheel Band C, and the teeth of the wheel
C, running into. the teeth of the Prifme D E, they move it up-
ward, until the Iat tooth nzar E, be in the region of the

wheel

Tig. 9r. OF Iron, orother folid matter, make 3 wheels,
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wheelC ; if now D on the top be made hollow, or E on the
fide of the Cafe fticking out, be put under the Waggon, or
other weight, and the wheels being turn’d the Prifme af-
cends, and going forth of the Cafe, forces the weight up-
wards ; and if the wheels are turned the contrary way, the
‘Wt‘-i?ht defcends likewile. _

If to this Engin you add a leaver, one end whereof being
put under the hollowing D or E, and the other end of the
leaver lean, or ftay on the Earth, and that part of the
leaver, next the earth, be put under the Waggon, or other
weight, and then wurn the wheels, it will make a compound
Engin much ftronger, which you muft note carefully, tor in-
dc:fd many Engins by addition of the like leaver are much
helpt. .

~ Engin. I

To raife a vaft weight with an Engincompounded of
Pulley, Axis 1 Peritrochio , and a perpetual
Screw.

Fig. 92, _Mﬁke the Cylinder C D, in the middle whereof

rake 4 or 5 Spires of a Screw, which while
the handle E P with the Cylinder is turn’'d abour, the Spires
- nfold themfelves with the teeth of the wheel B, and turn it
about: And while the whecl B is turn’d roun'd, the rope
B G H, drawnabout the Pulleys G and H, is wound about its
Axis : By this means, we may with great eafe raife any greac
weight by the power F. 1 have caufed the like Engin 10 be
made, by whofe means, 1did move a Milftone with fo little
refiftance, that with a fmall Silken Thred, faftned to the
handle F, and pull'd by the hand, I have turn’'d about the
Screw, and taken it up, being the weight of 200 pounds,
and not broke the thread. And if inftead of the handle E F
you fit 2 wheel furnifht with little boards, this being turn’d
about with the breath of the mouth, will raife the Mill-ftone.

Q.2 Engia
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Engin. il

To take up o Milftone with an Engine wrought by the
Smoak of a Lamyp.

Fig. 9 3,THis Engine is. admirable to the Beholders, to fce
it raife a weight of 150 pounds; it is altogether
like the precedent, bur that it hach a pair of toothed wheels
berween the Screw A, and the Pulleys, the firlt of them is im-
mediately moved by the Screw, and the fecond is moved by
the firft, and abour its Axis the Rope turns round. ; and that
the Smoak of the Lamp may fupply the force of the moving
power, the centre of the wheel B C is firmly put into the Ax-
is D of the Screw, whofe Teeth running in each other, are-
turn’d round by the Teeth of the Wheels C and'B, fixt to the
Axis of the wheel F G, parallel to the Horizon ; this wheel
is fo made of a thin Iron plate tinned over, that the whole
plane of the Horizontal wheel confifting of the thin plate, is
cut through with Channellings, and way for the Smoak to.
pafs, infuch manner, that while the Smoak of the fuppofed.
Lamp L, pafles through by the oblique openings of the plate,
it turns about the wheel hung to the Glafley cover H, upon
the point of a Needle, and fo poifed, thar it may ‘tirn round
eafily ; and if one Lamp doth not fuffice, 2 or 3, or more may be
added : Alfo there may be more whecls chan the forefuid rwo,
and more little wheels of Pulleys. ~ My Engine which performs
the forefaid effect, confifts of eight Wheels and Pulleys alto-
gether, -

- Engin..
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Engin.. - IV. - ayelld

By whife mﬁélﬂ_i y ngi? wﬁg&r 15 c‘ﬂ;;tf'nuaf.f')v .r.s:':.-:ﬁd,'i;
although the Power be not_continnally ?pf;'ﬁd, but
vy

S ' ] e 351
- wow and then a little I?HPH{F:" prefJes it on by 1t axs own

ERAcaAYoUT,

Fig. 94. a; Fply an Iron, or Stone Globe (or Ball) of a gicar

L magnitude and weight, to a {pear of Iron, or
Wood C D, and let the Globe be vibrated ' together with the
Spearabout the Poles A and B; moreover let there be {ome pretey
lictle arm EF L, fixt fomewhere about the middle of the lit-
tle Axis, or Pin K, but movable withourt any refiftar.ce; join to
this in. F a crook F G turning eafily in F, ket the énd E, of the
little Arm, be made like the point of a'Sword, or. Knife, (or
lirtle tongue ) which may touch the Spear; being perpendicu-
lar ; then that part of the Spear which touches che little tongue,
muft be made fharp in the fame form; and extended fo, that
the little tongues refpect and rouch each other.

Then the Globe being thruft with force, or being elevated,
and falling again by its. weight, mightily effects. the Vibrations
by going and coming back, and each part’ of the Spear made
fharp in E, hitting againft the little tongue of the arm, forces
the pin. F G towards G, which by that’means, ever and‘anon,
lays hold on new Tecth of the Wheel H, and turns round the
Wheel, which canpot be tiirn’d back again, being hindred by
the pin P, endeavouring the contrary. Another little Wheel
being annext to the Axisof the wheel H, turns the Wheel I,
shout whofe Axis the Rope ‘of the Pulleys .M being turn’d,
takes up the weight N, being faftned 1o the Yowelt Pulley, ;
wherefore, if afteér the perpendicular ftands fill,” and moves no
longer, it be again rai(%?d from the centre and let down, its
vibrations will effect in the {ame manner as before for {ome
time, railing the weight in the mean while, although o pow-
er be applied, {o that the weight feems to afcend of it {aif.

_E'iin'-r.::-r.e)
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Note, That you may add one or two wheels to the wheel
1,“that the weight may bé takén up the eafier, and-lefs~yefift
‘the motion of the perpendicular; moreover in ftead of the
Pulleys, you may ufe a-Leaver, .or alperpetual Leaver, with
Axis in Peritrochio, &ve. Thirdly, the longer the Spear is, and
the heavier the Globe is, the longer the motion of .the perpen-
dicular endures.  Eourehly, the, upper part of the litele Arm E,
doth indeed endeavour .'Eltfwh‘wards by its*weight, -bur with
1o finall endeavour, that ’tis eaflily moved by the Spear; the
fame end being but litele inclined, fo that a fmall part of the
Tittle tongue be rouched by the edge of the Spear ; and {o alfo
the wheel Heught to confift of fmall faw teeth, otherwife the
force of the perpendicular will be too much allayed. “Fifrlly,
"Tis betrer, that only the upper part C Fof the Spear be {olid,
-and the remaining part F D be of a little chain fiexible.

This Enginif it be ingeniouily made, effects very well, and
caufes admiration in thole that ftand by : Befides, if the pow-
er be continually applied to the Spear, or to the perpendicu-
Jar in D, ‘which will move it of its own accord, a vaft weight
may be raken up with very little labour ; and although the
‘Globe D be very heavy, yet becaufe it hangs freely, itiseafily
‘tmoved. In this cafe there is no need to make ufe of the
little arm E F L, bur ’ds fufficient that the Axis A B of the
perpendicular be extended to Q_, and there be fitted with a
lictle iron hopk, or catch, which may lay hold on the teeth
of the wheel Q R: Or the little arm F G may be joyned to
the Spear’ C D in E, and mnve the Pendulum with an oppo-
fite motion, to wit, from F towards G: Bur this wheel in
‘this cale ought to obrain another fite than before, to wit, its
plane ought to be parallel to the line of motion, which the
perpendicular. makes ; and its teeth ought to be retain’d by
the like pin, lelt while ’tis free frem the Clafp, or Hook Q,
it return to the oppofite part ; likewife the whole Spear ought
to be rigid, or hard. Yea, I confidently affirm, fo thac the
{pear which hath the proportion of a leaver be long encugh,
a valt weight may eafily be taken up by one man, with only
the wheel QR, therope being turn'd about the Axis S of the
wheel, although no pulleys be added ; for the leaver hath
oreat force, although it be not in ufe in raking up weights,
viz. becaufe they know not the way whereby its motion may
be continued ; but we have found the precedent which is al-

together
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together eafie, and others -of the like nature may beinven-
ted. 1 gt RLAiE)
For let the ‘leaver be A B C, whofe prop is 1 B, and the
power in A ; by weighing down, or depreliing this leaver, its
other end C lays hold onthe teeth of the wheel ‘D E, and’
~moves it, the iron Pin G hindering it togo back; and at the {fame
“timethe rope E F being tarn’d about the Axis of the wheel
_takes up the weight F; bur the prop B ought to be furnifht
with 2 ring above, in which the Jeaver muft be put;.left it be
cafily moved to and fro, being only a little bent, that it may
be transferred from otie tooth to another below ir.

Some things to be obferved in the compofition and ufe of
Machines, or Engins. In the compofition and ufe of the Engins
aforefaid. and of othiersfof the like nature, fome things occur
which deferve a peculiar obfervation. i :

Firft, *Tis to be noted, tharfincein every Engin, that pare
which is next to the weight, feels a greater impreflion, or re-
fiftance of the fuid weight, and al{o ought to be more folid,
firm, and firong : Example, In Axis in Peritrochio, or a toothed
wheel and a ferew, it will be convenient fo to fit them toge-
ther that the weight may be’ fuftain’d immediately from the
fcrew, and the wheels applied to the moving power ;- and the
forew ought to be of more folid marter, and made more firih,
fince in toothed wheels they cannot be made fo ftrong, ‘as to
fultain great weight.

This thing s of great moment, and therefore to be obfer-
ved diligently in ufe, a ferew, and alfo pulleys are worit to’be
applied immediately toa weight, for although a pulley feems
to be lefs firm and ftrong to fultain a burden, becaufe that the
Axes of the wheels cannot be made fothick ; notwithftanding
each of them bears not the whole weighe, even as neither any
one rope that is drawn, but it is in 2 manner diffributed to.
- every one, fothatfrom all, one asit were makes therefiftance
&t to overcome the weight. : {93

~ Secondly, "Tis to be obferved, that fome Engins may move
a weight, or alfo rake it up to fome height, and yet notwith-
tanding of it {elf cannotmove 1t (o any further height; fuch
are the wedge and the leaver, thefirft of them {erving only for
cleaving, bur the fecond, if it be immediatcly applied to 3.
weight, "tis manifelt that it can raife’ it bur a_lictleheight :
Whercfore as need requiies, it behoves us10 ufe divers kinds

of
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«©of Engines ; but if ‘toothed wheels, or {trews, immediately
{ultain a weight in the fame manner thar we have declared
above, it acquires greaterferce, and will move the weight o
2 greater heighey; alfoif a weight be immediately faftned to 3
ferew, it cannot raifc ic to a greater heighe than the length
~of the fcrew : wherefore the fcrew hath this conveniency,
thar s firm and fic to fuftain a great weight, but cannog
take up:a weight very high: But on ‘the contrary | the
Pulley ‘and  Axis'in: Peritrachid; can raife any weight to any

height. | |
Thirdly, Inany cafe which may be propofed, refpe@® muft
be had to the power, together with the weighe which it
-ought to move, that an Engin be chofe which fatisfies the in-
tended end, for if the power abound, ’tis in vain to multiply,
or augment the Engin, yea, with thelofs ot much time : For
as much as the more the Engin'iisi compounded, the more
-fime is beffowed in the motion of the weight: On the con-
trary, it may  happen, that {uch an Engin may be chofe,
by whofe means the weight cannot be moved by the power
propoled, or. not withour a great deal of trouble. Where-
~foreraccording to the rule fhewn before (to wit, the power
mult be increafed in the fame proportion, that the velocity of
the motion of the power, hath to the velocity of the motion
of the weight) Firft, you muft obferve how much weight the
power of it {cIf can raife, or move, without an Engin, then
from the known weight which is propofed to be moved, ir
will ihe ealie to determine whar kind of Engin is required ;
where mote, relpeét muft be had to the proportion of the
weight-of the Engin, and chiefly tothe refiftarce of it, which
ariles from its parts, rubbing. or wearing, againft each other,
for there are fome Engins which make imall refiftance to the
power, as Axis in Peritrochio, where there is no other rubbing
or wearing, but inits two Poles ; alfo the leaver makes no re.
fiftance by rubbing; bur the fcrew becaufe of . its many {pires
refilts much, and efpecially if the fpires be not very fimooth,
and the convex, and the concave do not exaltly anfwer each
other; in like manner the Pulley, the more wheels it confifte
of, the more motion it refifts, becaufe of the muliiplicity of

Axes, which rub, or wear the Poles,

Fourthly, Obfcrve in any Eugin, the Wedge excepted, (of
~which by and by) another Engin may be joyned to encreafe
its
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its force, fo to the leaver we may apply Axis in Peritrochio,
likewife we may add the fame to the Pulley. Laftly, We in-
creafe the force of the leaver, by adding the Screw : Alfo the
head of the leaver may be elevated by the Wedge, yea, s
oft-times ufeful to lay under the leaver a firm and folid bedy,
then berween it and the head of the leaver, the Wedge is
thruft and drove in.

 Fig. 95. Pulleys are not wont to be immediately applied to
the leaver, for although the rope A D of the Pulleys may be
faftned to the leaver CE in D, and by depreffing the head of
the leaver E may draw downward, notwithftanding, becaufe
this motion cannot be continued any further, theretore inflead
of the leaver, Axis in Peritrochio is wont to be ufed, which
hath the proportion of the perpetual leaver, as is faid above,
for the fame reafon the Screw is not added to Pulleys ; for
although this may draw the rope a little more, yet the weight
is thereby only but little raifed ; wherefore this artifice may
be ufeful in cafe the weight were to be raifed bur rtle from
the earth ; laftly, the Wedge can in nowife help the Pulley
being immediately applied.

The leaver may beneficially be added to the Screw, yea,
without the Leaver, the Screw is not wont to move, as is obf{ty-
ved before, it may alfo ufefully beadded to Axis in Peritrochio.
Alfo the Screw may be helpt by Pulleys, but they are feldom
ufed, and the motion is but {mall, as appearsby confiderarion.
But no manner of force is acquired from the Wedge, fince it
is not applicable to it.

The Wedge only feems not to acquire force by nieans of
other Engins, for ’tis not moved by the force of any Puileys,
or Cranes, as other Engins arve, butonly by percuiiion :
Wherefore that the Wedge may acquire greater torce, it be-
hoves tofind a proportion, whereby a greater percuilion ap-
pears ; and-this alfo may better be done by other Engins, 10
wit, if fome great Iron weight made in the fathion ot fome
Hammer, be lifted up by the Engin, and then falling by is
weight on the Wedge, it forces it in; but efpecially by
the Leaver A B, whofe Propis C; ifto the end A, Fipgs.
there be fitted a great Iron Hammer, or Beedle, which
being elevated by the turning of the wheel G from F towaids ¥,
for if the wheel be fitted with Pins, while thefe are born down,
shey hit againft the end of the leaver B, and rogether wich

R L 3L
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that depreffing, they take up the hammer ‘A, which by its
weight falling again drives the Wedge D : And the wheel
G may be moved by a multiplied proportion, or by other
wheels annext to the fame, or by a capftand, or any other
way : Commonly in Smiths Workfhops ‘tis moved by the
force of water falling on the little boards of another greater
wheel, fixt to the fame Axis.

Hence it appears, by whart artifice Engins are to be coupled,
or join’d together, and what is to be obferved in their com-
bination, or complication, according as there is need of grea-
ter, or lefler motion, for the railing.of heavier, or lighter
weights.

il AT S ————

Engin V.

Fig. 97. HE Capftands, or Windlaces, which obtains a

vertical fite are of great ufe, becaufe that they
may be moved only by Animals, or Cattel, which-alone pro-
perly and vigoroufly move with an Horizontal motion ; ne-
verthelefs, it hath this inconveniency, that one weight being
aifed up, the Engin ought to be turn’d about with a con-
trary motion, and fo much time will be loft, while the Hoife
is fitted for the oppofite part ; therefore, to fhun this incon-
veniency, let the Engin be compofed of two windlaces A B,
C D ; tothe Horizontal one of them, faften ropes with two
Buckets (as for example) to draw water, or raife another
weight, fo that while one Veflel afcerds full, the other may-
defcend, you muft fit to the Axis of the fame windlace, two.
toothed wheels, or tympanes G and H, beneath the toothed
wheels, let there be another windlace C D, furnitht with ano-.
ther Tympane, or Horizontal wheel G H, which {uppofe to
lay hold on the wheel G, while the weight E is railed, and
the empty vellel F defcends ; then the weight E being raifed,
move forward a little the tympanes, or wheels G and H, to-
wards B, that the tympane, or wheel G, may forfake the
teeth of the wheel, and thefe may be implanted to the other
tympane, or wheel H, which may eafily be done feveral ways;
for f{o the windlace A B will be turned on the oppofite parr,

ar.d
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and while the weight F afcends, the veflel E, being emptied
in the mean time, will delcend, and they will always alcerd
and defcend alternately,orby turns ; alfo if the power (fuppofe
a horfe) be applied to the end I, of the leaver I L, it will
turn about to the fame part continually.

Or the tympanes, or wheels G H; may eafily be fired, o
that always either may be ingrafted to the oppofite teeth of
the fame wheel C ; bur neverthelefs, they muft be mad
movable about the Axis A B, yet {o, that by means of the Fin,
or the {mall leaver, N and M may eafily be joined with the
Axis, or Windlace, as often as you pleafe, for {o by alternate
force ane tympane or wheel, which fhall be firlt made frm in
the Axis, by help of the leaver, refifting the moving wheels
will move the windlace, and take up the weight, while the
other free from the pin, will obey the moving wheels in like
manner, as if it were not.

But if you would apply men to the vertical capftand, or
windlace, fince thefe are eafily fitted to the contrary pare, af
ter the weight is raifed, yea, they may commodiouty trn
abour, left they thould be giddy with the motion always one
way, you may fir a double veflel to draw water in the fame
manner, as appearsin Fig. 98.

Moreover a windlace 1n a verdical fite, if it be fitted either
of the forefaid ways, it will much better perform the eitec,
than a wheel, or a crane, which many ufe not without danger
of their lives, for if a rope, as it fomerimes happens, fhould
break, thofe which turn the wheel, from the greart force pre-
conceived, are thrown out of the wheel, which cannot hap-
pen ina vertical windlace.

This {ame windlace, or capftand, Scamen ufe, to bring in
great weights into their Ships, alfo to draw up their Anchors;
in which Engin this is to be noted, that becaufe the Cables are
{0 thick, thatif they were many times wound about the wind-
lace, or cylinder A B, in Fig. 99. the Engin would be rendied
ufelefs ; therefore they only receive 3 or 4 Spires of the rope
about the cylinder, {fo that while oneend of it C, is turn'd
about the windlace, the other end D is thrown away ; and
that the rope fhould always confift in the middle of the cy--
linder, the cylinder muft be made in the manner of a Cone,
broad, or thick in the bottom, as you {ee in the figure ; and

by this means the rope will always be kept in the middle. .
R 2 Engin.

-y Y
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Engin. VI .

To remove a Mountain, or heap of earthy from one
place to another e{.ﬁ{'y and quickly.

Fig. 100.F ET the Mountain, orHill, or heap of Stones be

- A, to be removed. to the place B; to fave time-
in going and returning from one place to the other, as alfo,
that the motion. whereby the Earch, or Stones, is transferred
from A to B may be {wift, wemay make ufe of the following
induftry: Erectat the foot of the Mountain, or in its middle,
a great and {olid wooden column, or piece of timber CD,,
and erect fuch another in B, wiz. EF, affix at top of each
piece,or column, the wheels D and F, and .make hollow each
wheel in the circumference; and put about them a grear ftrong
rope, extended. parallel to the Horizon : Bur if the diftance
from A to B be grear, leaft the rope fhould be too much
ftrecchror bent, raife other fuch like picces, or columns in the
middle, with' their wheels. made hollow as aforefaid, to
{uftain the rope parallel to. the Horizon ; on the rope thms.
doubled, here and there hang baskets, which muft be {o far
diftant from each other, that they hinder not one another ; and
the ends of the pieces mult be o placed, that the power ap<
plied to the leavers. G and H, may be turn’d zbout their
Centres; for fo the whole Rope with the Baskers hanging on
it,will be turn’d abour fuccetlively : Whereforeif men keep fil-
ling the baskets in' A, and. others. unload them in B, the
whole hill will be eafily transferred from A to B:

Where Note, That the greater thewheels D and F are, thie -
{wifter the rope and baskets will be turned about : Which mo-
tion about the axis, or piece of timber being ecafie, may be ac-
complitht by -means of fhort leaversy that fo' the motion of
the baskets may- be greater than the motion of the power
about the piece of the timber. Befides the faving of labour,
and ‘the gaining of time, which is effeCted by this Engin, it
hath likewife this conveniency, thatif between the two places:
A and'B, there fhould be a xiver, or ftream, or fuch like in-

accellible,
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acceffible, as if the Farth were tobe rransferred from a Mound,
or Hill, to the next adjoining Fields, and there were a large
deep Mote, or Ditch, between them, you could {carcely ob-
tain your defire any other way.

Engin.  VIL.
To draw Water, or Minzral matters, ontof deep Wells,,

or Pits.

&

vented and ufed to this end, in his 6th book

of Minerals ; the firk 3 whereof are. wrought by men, the
other two are turn’d about by bhorfes, in all of them he ufes
a double Bucker, or Basket, one of which being empty de-
frends, whilethe other being full israifed up ; in thefe Engins,
if the Pits be deep there is this inconveniency, that when the
double rope is of fuch length, as the depth of the Well, it is.
neceflary that it be turn’d about every where on the Axis of
the wheel: and it will take up much fpace on the Axis, and
require the Axis to be the longer ;. and by how much thicker
the rope is, the Axis requires to be the fmaller ; whence it
will happen, if the Well be not broader than the whole {pace
of the Axis, on which the rope winds about, the Buckets, or
Baskets, will hit againft the fides of the Well, and retard the-
motion ; but if you makethe Axis thicker, there will be few-
er circumvolutions of the rope, and it will occupy a lefler
part of the Axis, bur then it willrequire a greater force of
the power to raife the weight, or wheels much greater, to-
which the immediate power is applied ; moreover, that which
makes to the prefent thing, and is of greater moment, is,
that the motion whereby the weights afcend, is for the moft:
part very flow ; wherefore we will defcribe this Engin, by
whofe help the weight is raifed with a motion doubly {witter:
than the motion of the power. For let. there be a wooden
Cylinder A B, ercéted perpendicularly, wirning eafily on its.
poles,

Fig. 1o1. g YEuge Agricols defcribes five divers Engins, in-
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poles, on whofe head fic a little wheel A equipped with fmall
Cylindrical ftaves, being a kind of cog wheel, but in the
niddle let it be fitted witha leaver, ora double one C it
which the power is ro be applied : And we will fuppofe the
power any way applied in C, the circumvolurion of this Cy-
lindcr to move circularly through the circumference of fix
feet, {0 that four turnings round finithes 24 feer ; and in the
{ame time by means of the little wheel A, the wheel DE oo
finithes a circuit by only one turn ; but the wheel F G is
turned fix turns, or times, and then the Axis H [ is moved
quadruple of the wheel G, to wit, it makes 2 4 ‘turns, or
circumvolutions : Wherefore, if the Cylinder I H (on which
the rope whereon the baskets are faftned winds about) be of
fuch a thicknefs, that in its going round, or periphery, ’tis
equil to 2 feet, the basket will afcend 48 feet, wiz. by 2 mo-
tion doubly fwifter than the motion of the power applicd
1.

Perhaps {ome may fay, that {fo many muldiplications of
wheels is not neceflary, if fo be the fame proportion, whercby
the velocity of the motion of the weight increafes, or of the
baskets, above the velocity of the motion of . the power,. a
greater power alio ought to be applied : Whereore, when the
velocity of the weight, is greater than the velocity of the
power, it may be obtained by means of one wheel only, all
the reft are ufed in vain.

Lan{wer, that is true indeed, in fpeaking Mathematically ;

but Phyfically, and in Practice the thing is other-
Fig.roz2. wife, which may be feen at the firlt view ; for if

the power be applied immediately to the Radius’s
A, B, fo that it move the Cylinder C D, with a morion
~doubly greater than the motion of thofe radius’s, or of the
power it f{clf, the power is more tired ; but lefs, if the ocher
wheels aforefaid come berween, or being difpofed in any
other like manner, {o that the circle which the power de-
Icribes by its motion be greater : The reafon whereof may
be twofold, thefirft is, becaufe when in this circular motion,
the power being applied to the radius, the radius hath the
proportion of a perpetual leaver, and the leaver as is faid be-
fore, is changed in each point of the Circle, alfo the motion
of the line of direétion, (that is to fay, according to which
the power impreffes the force to the leaver) ought continually

o
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to change, fiice it onght always to be perpendicular to the
Jeaver ; and ’tis manifeft, that a power cannot exactly every
moment change the direétion of its force, fo that any force
fhallbe according to a tangent line of its circle, for as much
as force recovers by turns, {0 Impetus imprefles often times by
turns, that therefore the whole Impetus Cannot be guided to
divers lines; therefore fince neceflarily this impertection of
Impetus, {ublifts in every animated power ( of which only we
are here {peaking ) then the motion will be the calier;, where
the power fuftains leaft of this imperfection: But this imper-
fection is lefler, if the motion of the power be circular, or
the motion of the circle be greater; if {o be in a greater
circle, the deflexion from a perpendicular line, or tangent, be
always lefler, {urely in going aboutr, we move more eafily by
a greater circle, than by a lefs, as appears manifeftly in the
practice of horfes going about, for as much as while they con-
tinually bend, and endeavour to make a new line of motion,
they are much tired.

The fecoad redon is. becaufe as appears in the {aid Engin,
Fig. 1or. the motion of the parts of the Engin decreafes, even
1o the wheel F, which is again moved more {wift by the
wheels E and D, ard alfo effeéts a {wifter motion in the Axis
I H, and in the weight bound to the rope : For from this
decreafe of {wiftnefs, cven to a certain limit of the Engin,
and again from a new increafe, even to the end of the fame
Engin, and to the weight it {elf, it comes to pafs, that the
power fuffers the lefs refiftance: 1 fay, the fucceflive com-
-preflion of the parts of the Engin, or the endeavour of the
Impetus is propagated from the power towards the weight ;
and fince the motion is more flow about the middie of this
Engin, than in its other parts, there, after a certain manner,
is the refiftance of the weight gathered together, that there-
fore the power may fulfer the lefs from this chiefly, becaufe
the direction of Dmperns from the power towards the weight
often-times coming unlooke for from new Impetus’s, neceflarily
profecutes its Journey towardsthe weight, nor cannot reflect it
towards the Power.

Engin,
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Fig. 101. Engin. VIIL.

To aap[u_'y a wheel to the precedfﬂr E.ﬂgiﬂ, and to others
of the like kind, by means whereof the power is eafed,

Ecaufe the Enginlaft defcribed, and all others of the like
B nature, for the moft parr require the power to be {ufh-
ciently firong, in as much as it ought to produce in the mo-
vable, a fwifter morion than the motion which moves it ;
therefore no Induftry muft be ommirtted, whereby the power
may by fome means or other be helpt, or lefs tyred. And
that will beft be done by adding a wheel of fome heavy matter,
-and altogether folid tothe Engin, asif tothe Axis A B of the
precedent Engin, there be faftned an immovable wheel made
of Stone, L N, parallel to the Horizon: For although at firft
fight it {eems rather be be an impediment, neverthelefs, it ap-
pears by experience to add much to the acceleration of the mo-
tion, with lefs tyring of the power; forif it be exaétly in Equi-
librio, 10 that the Axis pafs precifely through the Centre of gra-
vity of the Stone Wheel, it will refift its circular morion
lictle or nothing, as from whart is {aid may be eafily gathered,
and as it clearly appears from what hath been faid of circular
motion ; bur from another original, whence onceit hath con-
ceived an Impetus, itretairs it long in it felf, and the more, by
how much the heavier it is, {0 that for fome fpace of time it
will move other wheels and the weight, by only that In: petus
conceivedat firlt, without any new impreflion from the Power ;
whence it happens, that although the power ceafe for a litcle
time from imprefling a new Impetus, or at leaft doth nor ex-
ertits force always uniformly, or producesan unequal Impetus
neverthelefs the Imperus conceived by that wheel, ceafes notto
propigate further, and reduces that inequality, or deformity,
to fome kind of uniformity and equality, which how much
‘tisin the prefent affair may eafily be colleted from what hath
Peen faid before.

But now obferve, this kind of wheel may be fitted to the

E!’:gil“ﬂ
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Engin in divers parts, and fundvy ways ; and firft, as to cthar
which pertains ro divers parts ; ’tis manifelt in the Engin now
defcribed, that itmay be applied either to the Axis or Cylinder
A B, orto the Axis E N of the fecond wheel, or to the Axis
F G (in which cafe it will have another fite, or pofition, wviz,
perpendicular to the Horizon, or vertical) or lattly, it may be
placed alfo to the Axis H I: Wherefore ’tis queftionable what
place it ought to be fixt, to perform the beft effeét. I fay,
then it will perform the beft effet, if it be placed there were
the greater force of Impetus is gathered together, to wit, in
that part of the Engin, which ought to move moft fwift ; for
fince it better obtains its end by conceiving a greater Impetus,
and fince by realon of more gravity, "tis capable of more Impe-
tus, 1is plain that it muft be placed there, where the greateft fm-
petus isconceived : From hence it is that in the Engin defcribed
above, ’tis better placed in the Axis IH, than in the Axis
GF, becaufe that is moved {wifteft : And better in the Axis
G F, thanin the Axis A B, becaufe while the Axis G F, is
turn’d round fix times, the Axis A B is turned only 4 times ;
Laftly, 'tis better placed in the Axis A B, than in the Axis
E N, fince this is turned floweft of all. But when ’tis placed
in Engins, whofe parts the further they are from the power,
are moved flower and flower as fome are, this wheel will be
more conveniently placed to the firlt part of the Engin, to
which the power is immediately applied. But contrariwife
in thofe Engins in which the motion is {wifter, the more the
parts are diftant from the Power, the wheel muft be fitted o
hindmolt parts, agreeing with the more remote parts from
the power.

Alfo obferve, wherefoever the forefaid wheel is placed, it
ought to be the more heavy, byhow much flower it ought to
move ; but if it be placed where it moves {wiftly, a lefs pro-
portion of weight will ferve : For as much as it appears from
the doftrine of circular motion, thatthe heavieft wheels main-
tain the 1morelt Impetus longeft, although they are moved
{lower than the wheels that are lighter, which lighter wheels,
if an equal Imperus be impreft they move {wifter, but fooner
part with or loofe the Impetus.

Moreover, [ oblerve, and I propofe it asa new invention
in this matter of great moment, that ’tis poflible by means of
this wheel, to promote the celerity of the motion much in

S the
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the movable, or thing moved, but adds but little to the
power.

Fig. 103. For ler the Power be applied in H, which moves:
the Axis AB, and by thar means the wheel B C, the wheel D,
and at laft by the help of this, the litzle wheel E, with the
axis E I, to which the rope is faftned, and turn’d abour, that
takes up the weight, or for any other ufe. In this Engin you:
{eethe motion always accelerated from the powey towards the
weight, or the Extream part ot the Engin E I : If therefore
there be ingrafted to the Axis E I, a wheel of an indifferent
weight, bur yetlargeas F G, this from what hath been faid
will notably promote the Celerity of the motion, fo that the
fame power may be effc& afwifter motion,ufing only the fame:
power with this wheel than without it: Now therefore, fince
the Impetus once conceived, may ealily be continued by this.
wheel, fome power being added immediately to it, which
either continually, or at leat now and then, and often will
renew that conceived Imperss: Example, a rivuler of water
falling from on high, on the litdde boards, or rather bucket of
this wheel; it will come to pafs, that how little foever this
impulfe be, while ‘tisin 2 manner continual, or at leaft often,
notwithftanding being added to the impulfe already conceiv-
ed from the great wheel to.this wheel, and {o alfo to the mov-
able, it effetsthe Celerity.

Secondly, The forefaid wheel may be placed either in 2
perpendicular axis, {o thatit may obtain an Horizontal fite, as
i$ feen- in the foregoing Figure,. or in an Horizontal axis, {o
that it may obtain a vertical fite or perpendicular to the Hori-
zon,. as in the prefent Figure : And although in order to mo-
tion, the facility differs lirtle, which "way of the two you.
place ‘it ; notwithftanding, 1 efteem it more neceffary to be
placed in a vertical-fire, becawde, when in this cafe, the axis
to which "tis applied neceflarily ought to be Horizonral, the.
weight itfelfof the wheel lies on two Poles, and fo being di-
vided between two; cach Pole {uffers lefs compreilion, ard the:
refiftance is ks which arifis from the weaiing, or rubbing of
the fame Poles: Bur if it be placed on a perpendicular axis,
the whole weight of the wheel lics on one Pole, wiz. (he
loweft, itmay {eem o rerard the motion of the other wheels -
Neverthelets, becaule that very often the motion of the axis.
s want to be miade in a perpendicular fite, bearing on the

middle:
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‘middle part of the lower Pole, they fharpen it fo, that the
whole weight isborn on afmall part of the Cavity, that; as I
have {aid, therefore, the wheel may move che others with more
eafe.

Laftly, The fame wheel, of which we are {peaking, may
be ufeddoubly in a vertical fite : Firft, {o char it ftand wholly
hang’d upin the air, and equilibriated, as in the preceeding
Engin. _Secondly, So that it infift or ftand on the fubjected
pavement, and tutn’d about upon it; in which cafe it hath
allo ‘more force, than if it were fufpended wholly in fome
axis : But the Pavement ought to be made level and plain, and
folid, as of politht marble, or fuch like matter, and the cir-
cumference of the wheel, which immediately touches the
pavement, ought to be cxadtly turned, thac no impediment
retard the motion. So the wheel A B being applied
to the extream part of the leaver C D, to which Fig. rog.
leaver in like manner, apply a power moving the
Cylinder, or AxisD E, and by this means, the wheel E, and
oftentimes other wheels,for while the Cylinder is turned about
by the Leaver, the Wheel A B, roles abour its Leaver, lean-
ing on the pavement, and from a doublé motion, to wit, one
about its centre, or abour the Leaver C D, which is inftead
of an Axis, land the other about the Cylinder D E, while it
runs.out from B to F, ¢v. And in this manner, it may be ap-
plied almoft to all Engins, but efpecially, to thofe with which
we ufe to move great weights. And the greater this Wheel
is, the better ir performs the effect, fo that the weight be in
propoition to the power applied.

ot

S ' Engin,
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Engm. IX.

To rafe the Water of a Fountain always flowing,
to any height, by a voluntary motiony although the
height be greater than that to which the Water de-

ﬁ'end.r._

Fig. 1053. THis Invention, if you entertain the perperual
motion, eafily fecures to it {elf the chiefef¥
place: For ’tis eafie to draw Water by a volantary motion,
to-a greater height than is that from whence the Water of the
fame fountain defcends, as is manifeft in Spirital Engins, buc
to. give-it a continual motion, that it fhall never require the
hand of 4 man, this withour doubt deferves great praife.

This Engin contains two buckets, filling them from the
fountain, of which while one afcends the other defcends con.
tinually, without any labour, and ferves the Water for Do-
meltick ufe; therefore to make the Water afcend to a {pace
doubly greater,than is the {pace of theWater defcending, it muft
be difpofed in this manner, asis reprefented-in the Scheme,

4, Is a Vellel, or lefler Bucker which afcendcth, this being
tull, weighs lefs than the Bucket M being full, which defcends;
but being empty that weighs more than this when empty ;
Hence 'tis, that while both are filled rogether from the veffel
S, the Bucket M defcends, and by its weight draws the Buck-
et A up: But on the contrary, while both together are emp-
tied, the Bucket A defcends, and by its weight draws up the:
Bucket M.

« B, Flaps 1o keep the Water in, tyed with a ftring to the
leaver D, this leaver D turning eafily about tke Axis C crofe-
wife, while the Bucker is raifed up on high, hits againft the
piece of timber Z Z, and opens the flap B, and gives way for.
the Water to pals through the little Pipe E into the Vellel X.
The furdflup B being tomewhat large, whereby the buckee.
may be empticd. the fooner ; moke the bottom fomewhat hol-

' low
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low, left the emptying of the Bucket any way hinder ; 2nd o
noint it with greafe, that the Water may keep inthe bette

€, A ftick joined to thebucket a-crofs,and made falt 1o thic
leaver D,which we call an axis a littlebefore,becaufe of its form,

D. A Leaver with a little Wheel, or a Pulley 4, annext
to its top, the lower end of which leaver, is bound to the
flap B, with a ftring, for this end, that while the Bucker A,
afcends towards the piece Z, and hits againft the Leaver, the
flap is opened and the Water gocs forth.

E, A litle Pipe, or fmall Tube, joined in the bottom of’
the Bucket, fo that it anfwers beneath the mouth of the hole
of the flap, through it the Bucket is emptied within the
veTel X, the Orifice, or Mouth, and its-cavity, are not lefs
than the hole of the flap B.

F, Rings on both fides of the Bucket, in which are ingraf-
ted Iron threds, or chords G G.

G, Iron threds, or chords, which muft be firmly extend-
ed. left the Bucket in going and coming hit againft the fide;
and efpecially while the leaver b-hits againft the piece Z.

. H, A round piece of Timber, to which the faid- Iron-
Strings or Wyers are faftned, which Threds-or Wyers ought:
to defcend, from the piece Z, even to the piece H alml%'e_
ther perpendicular , and to be diftant from cach other
{uch a fpace, that they ftrain not the Rings that are fixt to-
the Buckets, or at lealt but lightly, that {o the Bucket may
afcend and defcend freely, and without vielent wearing.

I, A Rope to which the Bueket A is faftned, pafling over
the little wheel, or pulley K, and within the pulley L, and-
from thence extending to the faftned pulley K ¢ to- whofe:
rop it is faftned.

K, A Pulley joined rto the piece Z, which muft'de large-
for many reafons, and a hole in the middle, and let there be-
a {mall Axis paffing through the hole, which will bear the
weight of the Bucket and Water.

K e, A fixt Pulley, that is, 1t doth not turn about its Axis,
but is immovable, or rather a fourth part of a Pulley, itsSemi-"
diameter ought to be equalto the Semidiameter of the Pulley
K, that therefore the motion of the Bucket M, may remain
uniform, thatis, that it may remain alwaysin the {fame per-- °
pendicular ; otherwife the Rope of the Bucket M, will raze
acaintt the Iron threds, or chords GG, and fo the metion-

wil be hindred..
L, A ne:
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L, Another Pulley, -which while: the rope 1 draws on
both fides, caufes the afcent .of the Bucket A, to be as {wit
again as the defcent of the Bucket M, and therefore that runs
double the {pace in' the fame rime as this ; for which caufe the
weight of the Bucket M full of Warer, ought 1o be as' much
more as the weight of the Bucket A being full 3 but on the
contrary, the Bucket A, although: it be leffer than the Bucker
M, ought to weigh more than it, they both being. empry,
norwithitanding the excefs ought to ‘be indifferent, and f{o
exall, as will fuffice that the Bucket A being empty in de-
{cending, may draw up the Bucket M being empty.

M, A Vellel, or.a greac Bucket, which by its defcent
draws up another leffer A, it hatha flap B, and little pipe E
in the botrom, rings F F on the fides, Iron threds or chords
G G, as theformer Bucket A, neverthelefs, the leaver is ap-
plied in a divers manner.

N #, A leaver placed upon the Bucket M a-crofs, to whofe
cend # there is annext a ftick # a, hanging or dangling, this,
while its end 4, defcending with a bucker rouches the Earth,
railes the leaver Nin, and opens the flap B, of the bucket M,
at the fame. timein whichthe flap B of the bucker A is
.opened, - |

O o, Two ropes faftned: above to the bucket M, and below
to the piece Y, or to the Earth, tothe end, that M fhould not
alcend. beyond itsidue limitsy nor A defcend beyond his -
1, 2, 3, 4y €. are leaden, weights to weaken the Inpetus -of
the motionin the defcent, while they lye fucceibively one af-
ter angther onthe earth; and leflen the weight of the bucker;
to which they arefaftned; but, in' afcending while they are,
clevated from the earth one after another, they adjoin new,
weight ;toithe fame bucket ; and they may be more or Iefs,
according asis neceffary. : |

Py A picee laid athwarg a lictle abovethe bucket M, ‘having
a hole in the middle, through: which.a rope  pafles freely,.
without rubbing, «torwhich; therbucketiis faftned even to the
Koot Q5 which knotwhen it comes ta the picce P, ftays the
metion of the bucker M, and hinders it, that in deicending
ity dafhynot againft the, easth, nor the bucket A in alcending
hir againttiche piece Z Z.

L5 The knoe {fpoke of but now, to it may. be tyed a {taff
a-grolsyror ovelthiwarg, which may calily be looft and chang-
ed as need is. R, Ang-
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R, Another knot with a ftaff athwart, which muft be {6 far
diftant from the former knot, as is the {pace of deftent of the
bucker M almoft to the earth ; thHis knot may exccute the of-
ii_ce of the ropes Q o, if the weights 1, 2, 3, ere. be hotnece!
ary.

S, A veflel defigned to receive the Water from the |
tain, it hath a flap, and a litcle pipe in the bottom, .
buckets A and M, neverthelefs,” the ditele pipe ouphi 1o cal
out the water from each fide; ' and at the fame time ulnidl, ¢
fill together the bucket A, and the bucker M 5 and becaule
thefe buckets are of divers capacities, ' the faid two littlc pipes
ought to caft our an unequal quantity of water from the veilel
S : This veffel muft not be inthe middle between' the two buck-
ets, but behind after them. ' :

7, A& leaver faftned by a ftiing ortope, ta the flap of the
Vellel S to open it ; on thetop it hath the table £ adjoined, that
the ftaff V may hit fccurely on i, and raife the leaver.

v, A flaff fixed firmly to the fide of the bucker M, with a
little wheel or pulley on the top ; this when its pulley raifes
the leaver T, and opens the flap of the veflel S, while the
buckets are filling, the bucket M defcends, and with it the flaf
V, and fo the leaver T is let down, and the flap of the veflcl
S, is fhut again, untilthe vetlels are emptied below, andabove;.
M returnsback with irs arm V, andraifes theleaver T again,
and opens the flap of the vellel S, as before.

X, A veflel to receive the water of the bucket A : This vel-
fel ought to be fuch a fpace beneath’ the piece Z, that while.
the leaver D hits onthe piece, the litle pipe E withia the
veflelunloads the water of thebucket A: :

7, A piece of timber, a ffump, or a ftone, to which the:
ropes O O are faftned. | '

Z, A piece of timber to which the pulleys Kand K e are
affixt ; this piece of timber hath the table b afhxt to it at right
angles, on which hits the little wheel of the Itaver D, and
draws near to the wall, and draws the bucket A with it to-
wards the wall, that the little pipe E may hang over the head
of the veflel X ; which may alfo be done otherwife.

This Engin which was made at Rome in the Convent of St..
Marize de Viéctoria, ‘the lefler bucker did contain more than an
whole Urn of Water (at Rome they fay u» Barile) but before

while they ufed lefler Buckets, the Engin wanted fuccefs..
Note.
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Note alfo, that the bucket A ought firft to be emptied, and
then the bucker M, otherwife the water as yet contain’d, by
the more heavy weight, would defcend with too much force.
but you may obuain that by making the little pipe E of a due
magnitude.

Its flapsare of marter, and form, and magnirude, that the
water before they are opened, no way runs out; in the fore-
{aid Roman Engin, a palm, or hands breadth was the length,
and half’ a palm the Dreadth : The matter was Lead both of
the litde tongue, and the table, in which the hole was, and
was fhutby thetongue : If they are made of wood, they have
not {o good f{uccefs.

The Pulley L hath as much diameter, as is the diftance be-
tween the true Pulley K, and the fained one Ke.

The weights 1, 2, 3,4, . are faftned to the ropes O Q,
for this end, to ftop the Impetns of the defcending bucker A -
for befides the Impetus which always increafes in heavy bodies
defcending, rhe Impetns likewife is too much acquired from
this, that when it comes to the piece Z, the whole weight
of therope I hangs on the other part of the Pulley K, and in-
cteafcs the weight of the bucket M ; but when after the emp-
tying of the buckers, the bucker A being heavier than the
bucket M, rogether with thesweight of the rope, it begins ro
defcend, and draws with it the rope I, and therefore draws to
it the weight of the Rope, and rakes away the fame from the
bucket M. T° 4 how much more is added to one, and ta-
ken from tCother, {6 much the more the Impetus increafes of
the bugket A ; which Impetas is weakned by the forefaid Jea-
den Plummets, while they are raifed from the earth Tuccef-
fively.

Alfo beware, left the ropes are made wet by rain, or by wa.-
ter, otherwife they will be contraded, and not rerain their
due length.

Laftly, *Tis obferved in the forefaid Engin. that the water
is railcd as high again in the buckret A, as it defcends in the
bucket M, by 1'{3::1%11 of the Pulley M, which doubles the
rope : But if any one would have the water rife four rimes as
high, he muft add another Pulley, and another rope ; in like
manner by the help of three puileys he may make the warer
afcend 1o eight times the height, & {o that the water con-
tain’d in the bucker M, be quadruple or octuple, of that which

i$
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is in the bucket A, yea, and fomewhar more, that the bucket
being full, may out-weigh the bucket A, ard may draw it
downwards ; although the buclet A being empty, ought al-
ways to -be heavier than the bucker M in like manner being
empty.

Sgﬁj;:rm in his Tecbnica curiofa delcribes an Engin fomewhat
different from this,which was made ar a Noble Man’s Houfe at
Bafil with good {uccels.

Engin. X.

To perform the [ame thing eafily in any given proportion
of Heght.

Fig. 1z6.)f Et therebe a fountain of conftant Water running
L into the Vellel A, or art lealt let it be derived thi.

ther from fome continual Fountain, and you would raife i to
the Veli! B, whole heighr above A is 20 feet, but from A the
water cannot defcend decper than to C,to wit, 10 feet beneath
the Founrain A ; nigh the Veflel B difpofe the Axis D E in an
Horizontal fite, calily turning about the extream poles ; dif-
pofe fuch another like Axis near the Fountain A, and annex to
cach of them the Tympane F, and the wheel G 1; Tympanes
of this kind are divided by Jron Rods, or Sticks, and of fuch 5
largenefs, that there may be put upon them conveniently Ji.
tle Vefiels, joined together by a Chain annext to one another in
manner of a Ring; it mattersnot whart fathion the little Veffels
~are of, fo that they receive the Water eafily into them, and
empty the fame out of them again, we have delineated two of
them together in the figure L N thofe which are pur aboug
the upper Tympane hang on the fume, and they extend
or reach along to the water of the fountain A, and are dipt
into it fuccellively, and draw the fuine while the Tympane is
turn’d abour 5 but when they come to the top of the wheel,
they unload the fame water, and pour it into the upper Veflol
B, But from the water of the fame fountain A, the Véffels put
about the lower Tympane muft firft be fill’d, which oughr to
have a little hole open in the bottom, that the water may flow
T from
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from the Vellel L into the lower Veflel N, and from N into
another, and {o fucceflively all the Veflels of one fide are fill’d ;
for then the weight of them and the warter turn about the Tym-
pare, together with the wheel G T of the lower Axis, which
wheel running into the other, moves the upper wheel and
turns it about with the Tympane of the Axis D E, that the lit-
tle Vellels draw the water from the Fountain, and raife it in-
to the Vellel B ; but becaufe the water ought'to be raifed dou-
ble the height in B, that it defcends in C, therefore the upper
crcwn, or sing-of little Vefiels, ought in like manner to be as
long again ( or doubly longer) and therefore that it may be
carried about, and raifed from the lower crown, or ring, being
but halt {fo big ( or doubly lefler; ) thofe little Veflels ought
to.be lefler, {o that they raife npward in the fame manner fub-
duple, or half the water, yea, rather lefs, becaufe of the refi-
ftance of the Engin, but the lower little Veflels receive double:
the water, or {o much as fuffices to move both the Wheels,

The lower Tympane may conveniently hang over the Well,
or Pit, defigned for it, within which the Crown or Ring of
little Veflels defcending, when they come to C, the little Vef-
{els are unlpaded fuccellively, {o that one fide of the Crown is
always full of water, and out-weighs the other fide, and turns.
about the Axis: That if the upper’ Veflel B being filled with
Water; which; afcends upwards, itagain flows into the lower
Veﬂ[cl,f'i, and the lower part. of the Engin is fo accommoda-
ted, that the pouring eut of the Water appears not by means,
whereof; the, lowsr Tympane is moved, and the Speétators
may eafily. be deceived, thinking that Water'only to defcend.
which at once afcended; that. thereforé they may think it 4
. kind of perpetualimotion: - :

If the weight of the Warer of the lower Tympane be doy-
bly greater than the weight of Water which afcerds. to the:
upper Tiympane, this Water may be raifed to a double Ali-
tude, and therefore a crown of little Vefiels doubly lorger muft:
be ufed ; and thofe litdde Veflels of the vpper Tympane will be.
proportionally leffer.in the fome manner, wiz, if the water be-
to be raifed triple or quadruple higher, the hule Veflels of the.
upper. Tympane, or wheel; mufi be triple, or quadruple lefler
than thefe of the under or lower Tympane, or wheel, fo that.
the length of the upper Crown is made amends by the mag--
nitude of the liftle Vetlels of the lower Crown.

But:
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But the little Velléels of both' Crowns may be made equal,
and neverthelefs the Water may be raifed to any height, to
wit, if the wheels G I which bite each other, be made une-
qual; for if the upper wheel hath its Diameter doubly greater
than the under wheel, this will move that with a weight of
water doubly lefs, and therefore a crown of little Veflels dou-
bly lefler will be equalto the little Veflels of the upper Crown;
I {ay, the fame of any other proportion, triple, quadruple,
&-e. wherefore amends may bemade divers ways for the height,
and plenty of water afcending, either by means of a greater
upper wheel, or by means of greater little Veflels of the lower
wheel, or Tympane, or partly by means of the greater wheel,
and partly of the greater fmall Vellels. |

But if from all the Water in the Ciftern A continually flow-
ing, the greater part of it is to be railed in the upper Ciftern
B, asif you were to raife three parts of four of the water, and
but one part only to defcend, than the lower Crown muft be
3 times as long as the upper Crown, and the little Veflels of
the fame muft be at leaft three times lefler, if both the ‘Axes of
the wheels G and I be equal. 'But if the wheels GI be une-
qual, the proportion may bé made’ fit another way; for if the
lower wheel be three times greater than the upper wheel, the
little veflels of the Crowns may be made equal, but the lower
Crown ought to be three times greater; forin this cafe, while
the lower wheel is turn’d about only once, {uppofing five of its
litrle veflels to be fill'd, the upper Wheel is turn’d abour thrice,
and therefore fifteen of its vellels draw water, and inlike man-
ner 15 vellels of water they pourinto the Ciftern B.

Alfo both crowns, or chains, to' which the lirtle veflels are
faftned, may be accommodated to one and the fame upper
wheel, but it will be neceflary to fit to the wheel two wheels
with Axes, asis declared before : But if the alticude to which
the water is to be raifed, be{fo high that it requires very great
wheels, other wheels may be dilpofed in the middle between
each wheel, which may be moved {uccellively by the lower
wheel, equally or unequally, according to the proportion of
the quantty of water, or the magnitude of the little veflels;
for this will be very commodious, as if the water be to afcend
higher, we add to the Engin one, or mcre wheels, if not {o
high, we take away the {ame, making no mutation or altera-
tion of the Crowns, or Vellels; morcover the vellels of buth

T Crowng
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crowns may be always-equal, and yet the water may afcend
to divers heights, the lower crown remaining the fame and not
altered, by only changing the magnitude of the upper crown s
for as is {aid above, ii; the water oughr to afcend 4 times as
high as is the defcent of the other, ’tis fufficient that the crown

the upper wheel be 4 times greater, or fomwhat lefs; and
the upper wheel G I, muft in like manner be 4 times greater
than the lower, or little more ; for fo the upper wheel will be
moved 4 times-flower, and' will-raife a fourth part of the wa-
ter, thecrowns, or chains, of both veflels being equal..

Likewife the Wheels and Axes may be multiplied together
with wheels annext, and the' chains, or crown, of veficls, {o
that one be put upon another; for we may make another
wheel to exift on the Axis D'E, which may be moved by the
middle wheel G.1, andfurnifh it with 2 whecl: and a chain of
fmall veflels. defcending into the Ciftern B, and drawing. wa-
ter from thence; moreover that water now raifed into B, may
from the-crown, or chain H I again beraifed either ali, or at
leaft, part of it into another Recepracle, or Ciftern,higher, and
from this. into another as high as you pleafe, ail which we
leave to the will of the induftricus Axtificer, fince we have
fhewn {o many ways, it may {uffice.

. Engi-’n XI..
To empty fLanding Waters..

Fig. :o;nA is. a long jagged wheel joined together with-
A, ftrong pieces of Timber, defigned for the draw-
ing off, or draining of water ; the length may be made at plea-
{ure, according to the proportion of the breadih of the water,
alfo 3t may be made fo broad, that the whole Semidiamerer.
from the Circumference to the Axis be immerft in water, yed,
the Circumference may touch the bottom, for.as much as the.
moving force of tire wheel may be increalt as you pleafe, and.
ag need requires. :
Fronvthis wheel’A, the Leaver B pafling through the wheel,
and’the warer extends to the Farth,or Shoar, where is erected
awouden receptacle’ € C; the, wheel D. is adpined to the

leaver,
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leaver B; which comprifes the wheels E and F, and thefe the
wheels G and H, and thiefe the wheel L.

The leaver of the wheel I reaches to K, where it hath a
firong Iron Ring put abour it, which is furnitht with holes
through the Circuit, and ftands out rowards L, that it may re-
ceive L within 1it.

L Q_is a Cylinder, whofe end L is furnifht with a like
Iron Ring bored through in the Circuit, only ’tis a little leffer
or ftraiter than the ring K, that it may be thruft within ir, af-
ter that the faid end L is put within the ring K, both the rings
are firmly bound by Wedges and Hoolks of Iron driven in
through each correfponding liole. that the Cylinder L Q,, rto-

ether with the leaver K; may be turn’d about: In i are
Wedges, and Hooks of Tron, which arc join’d to the two {aid
iron rings K and L, and made firm, that the axis K and the
Cylinder L may be turn’d togethier, the rope that draws is
folded about the Cylinder L Q,, which mult be lengthned thar
it may pafs above the wheel or pully N to the rope is-hung
the weight O, of as many hundred pounds as you pleafe, or
neceility requires ; this weight, while the rings K and L are
firmly joined, turns about the wheel I, and.this the middle
wheels H and G, then E and’F; and ac laft: D and’B.

The weight O, how great {oever it be, after that 'tis turn'd
aboat with his rope, it may be raifed again, or by a man on-
ly, it may eafily be done with the Engin called Pancrativm P,
which thar it may be done, ’tis. neceflary. thar the end Q_of
the Cylinder L Q be nor round; but fjuare like'the end of a
{pit, which being turnediround, the little Engins are tuin'd a-
bout, and ’tis bored through that it may receive a Nail, or a:
Wedge, but the end. of the Axis of the lowelt wheel of the
Pancratinm ought to have a fquare hole which agrees-with the-
{aid end Q, that this may be put into that, and-faltned with a.
Nail, or made firm with a wedg after that manner, thart a
Spit is thruft into the hole of the round machine, or wheel, thae
turns the Spit.

Then when the weight O is drawn fo, T take away the-
wedges and: hooks M, from the rings that are conjoined.to K
and L, that L may be freed from K, thenI apply the Panera-
tiwm to the {quare end Q, and turn about the handle of the-
Paneratinm, which when done, the wheeis. ls. R, G; e.. reft,
bat the weight O israifed, and the leading rope is turn'dabout.

he. Cjlinder L Q: After.
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After that the weight O is raifed, join again and make firm
onc within another the rings K and L, but remove the Pan-
cratium from Q, and the weight by its defcent will again turn
the wheels I, H, G, &-.

From whence it appears, that the chief Artifice is placed in
this, that as great a weight as you pleafe may be applied in-
ficad of a power, by means whereof while it is moved ver
flowly, it effetts a {wift motion in the extream wheel of the
Engin; and again, by applying the Pancratium P 1o the Engin,
whofe Fabrick is declared above.

But becaufe perhaps it requires as much time to raife the
weight O with the Pancratium, as is that wherein the fame
weight defcends, and therefore great part of the Engins time
is loft by this effect; therefore I advife to difpofe another Axis
T V upon the Axis L Q, and in the mean time while the
weight O defcends, and the Engin performsits effe, the fame
Pancrativm being applied to the Axis T V, may raife another
weight X, 1o be applied again prefently to the Engin, as the
weight O comes to the bottom, to be taken up again by the
{ame Pancratium, while the wheels are rurn’d about by the o-
ther weight; for {o the Engin, or Machine, will never ceafe
from motion, befides that little time wherein the rope bein
loots’d rrom the weight,is again turn’d about the Axis L Q_and
the faltning it to the other weight now raifed above ; yea,
thofe iron Rings and Wedges will not require to be ufed, if
fo be you can ufe one continued Cylinder only M L (L}] to
which the rope may eafily be wound about, fince this will be
frce from the weight; Or likewife a double rope may be
uied, one of which without weight (or at leaft but a little )
may be wound zbout the Cylinder, while the other is roled and
drawn downward by the weight.

This Engin if it be made after the forefaid manner, it will
be indeed more fimple and eafie, and ferve for many other u.
fcs ; as for Example, the lower wheel B will eafily be applied
to a vertical wheel, which will likewife turn about fwiftly a
hind mill; in like manner there may be added to the Axis B
D, pins to rake up Peftles, wherewith mineral Veins may be
pounded. or Gun.powder, &w. as is declired betore. alfo
there may be many other wheels to turn about to wind filver
Thred, and other fuch like, as will appear to the Confidcrare,

Engin
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Engin,  XII

By whofe means the water always afcends to any given beight,
Suppofing alfo it be but a fmall ffream of water, fo it le
but conflant,

Fiz. 108.Y Et there be a large Recepracle, or Ciltern A B, in-

to which the water conftantly flows through
fome Channel, or Pipe C, below that ciftern make two other
cifterns G H, and X Z, in two feveral places of {uthcicit big-
nefs, according to the proportional quantity of water, which
muflt defcend by turns from the ciftern A B, into thofe two
lower cifterns,.as will appear by and by, and for that caufethe
Tubes F G,muft defcend from the bottom of the ciftern A B, in-
to the ciftern G H, and Y X into the ciftern X Z, and thefe
cifterns muft be furnitht with a cover, andthe cover muft come
clofe to the fide, for they ought to be every where clofe and
fhur, bur the ciftern A B muft be open; thofe Tubes upon the
bottom of the citern A B, muft have flaps E and D, {o that
their mouths may be fhut or open: The ciftern G H will necd:
another Tube in its lower part, furnifht likewife with the flap I,
and the fame muft be as near as may be of the magnirude with
the Tube FG and Y X; the fame muft be performed in the o-
ther ciftern X. Z,which in like manner muft have the like Tube
Z furniftht with a flap.

Through the cover of the ciftern G H, a finall hole bein
made, delcends a rod of mertal O M fitring the hole, to whuf%;
lower part the brafs veffel M is foddred faft being inverfled, to0
wit, fo that the open part of the veflel, or bucker,.look down--
wards, and to the other end of the rod O, is faftned the-arm
©® N, which is fo pofited in N, that it may eafily be moved up-
wards or downwards ; to the fame little arm O N is affixe fuch:
another like rod, which defcendsin the fame manner into the
lower ciftern, and fuftains the weight L within the ciftern; fi-
nally, that little arm is furnifht with a little wing 4, hindering
its coming, upwards, and ’tis intercepted with a double ftaft;
or fpear, or between the notch P N, °tis interrupted: by. the
little arm & a thwart;. this kind' of. {raff, or notch, on its up-

L
Fi e
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per part P, is faftned to another ftaff or leaver P Q V, and to
the {ime leaver in Q, is knit or faftned another rod I Q R, by
whofc means the flap I is opened and fhut: Furthermore the Jea-
ver RS T is moveable about the centre, by help whereof while
the flap D is lifted up or opened, the other flap E s depreft
a d fhut, and vice ver/a.

Thefe things being thus difpofed, that fome determined part
of the warer which defcends into the Cifterns G H and X Z,
may afcend again to any given height, (as for example ) into
the upper cifterns A and B; above the ciftern G H make ano-
ther veflelor ciftern C E, yet fo, that it may be fomewhat low-
cr than the fuperficies of the water that is in the ciftern A B, apd
let it be clofe fhut every where that no air enter in. Through
its bottom,and through the cover of the ciftern G H, ler the
Tube C H defcend reachingalmoft to the bottom of the ciftern
G H, and almoft touching the cover of the ciftern CE. Then
from the fame veflel C E,muft afcend two other Tubes into 2no-
ther vellel like that before, to wit.the Tube E F, which almoft
touches the bottom of the veflel C E, and the cover of the up-
per veflel D G; and the Tube C D, which afcends from the
cover C of the lower veflel, almoft to the cover of the upper
ve.tlin D ; alrogether in the fame manner, two other Tubes
G A, D H, mult afcend from the vellel D G, into the veflel
H A. Laltly, in the uppermolt veflel A H, which much be o-
pen without a cover, fit a Seypbon A P, through which the wa-
ter 15 derived,or conveyed, into the ciftern PQ_defigned for ufe,

Above the ciftern X Z, in the fame order muft be placed {o
magy, and altogether the fame vellels furnithc with the fame
Tubes. |

Then from the ciftern A B, by opening the flap E F, the wa-
ter flowing into the lower cifternG H being clofe fhut, 'tis com-
pell’d by the compreft Air to afcend through the Tube A C,into
the upper veflel CE, the Air being excluded in the mean while
from it by the Tube C D. Bur in the [amerime in which the
veflel CE, is filld with the Tube A G, its brcadth being lefs than
the breadth of the Tube ¥ G, the water always &lls the ciftern
G H, and forces the inverfs bucket M to afcend, untilat length
by meansof ihe leaver,or arm O N, hitring againft the little arm
b, railes the fraff P N, and the fame work Interpofing P Q v,
opens the flap I, and fhuts the flap Z, and likewife by means
of anothier leaver R T'S, the flap E is fhut, and the flap D o-

pened,
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pened. Then from henceforth prefently the water from the
ciftern A B, begins to flow into rge otherciftern X Z, and from
thence afcends and fills the upper veflel L, and at the fame
time by opening the flap I, the recepracle G H is emptied of
all the water, and therefore the inverfe bucker M defcends a-

gain, and the weight L in the middle, and the wing 4 draws

down again the ftaff P N, and fhuts the flap I, and opens the

flap Z ; and likewife thuts the flap D, and opeps the flap E, that

the water may again flow into the receptacle G H; then by

condenfation, or prefling of the Air interpofing, the warter

which now fhould afcend into the veffel C E, is forced to raife

higher into the veflel D G, which being filled, they prefently

change turns, and the flaps Z and E are fhur, and I and D are

opened, and fo the warter afcends from the veffel L into the

veflel M; this in like manner being fill'd, the flux of water is

changed, and the warer afcends from the vellel D G, into the

uppermoft veflel A H, afterwards from the veflel M, into the

veflel B, while in the {fame time the veflel A H is emptied by

the Scyphon, the water flowing into the common recepracle Q_
P ; then again the veflel CE is fill’'d, and after that the vefiel

L, and in cthe fame order alternately new water afcends from

one velfel to another, as often as the flaps change turns; being

fometimes open and fometimes fhut.

Where *tis manifeft, if the veflels be increafed one above ang-
ther, the water will be forced to any height although but flow-
ly ; and the forefuid veflels oughe to be o far diftant from one
another, that the height of one above the other, doth nort ex-
ceed the height of the recepracle, or ciltern A B,above the ci-
fterns G H, Z X, or the perpendicular aldtude of the fall of
the water which we conclude to be conftant. Moreover the
Tube C D ought to be fitted with a flap, or thin board in C,
{o that when the veflel C E is filled with water, the flap or
board may fhut it,that the air break not out through the Tube
into the vellcl above, for {o thisair. being comprelt, forces the
water from the veflel C E to afcendinto D G 1 fay, the fame of
the Tubes C D and D H, ¢e. alfo this artifice may be other-
wife difpofed, as fhall feem meet to the induftiious Artificer,
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CIRCULAR MOTION-
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| L e e
Of mix Motuon from Circular and Right, or from twe:

or more Circular,

Hile a Wheel is moved upon a plane fuperficies, I fay, the

fame of a Globe, or ball, the central point only of the-

Wheel,or Globe,is moved with right motion,all the other points,

or parts of the moved Wheel,or Globe, are moved with a mjxc
motion of circular and right. |

This motion of roration on a plane hath admirable propertics
throughour, which being rightly percieved, it will be eafy to.
underftand the other mixt motions: Wherefore we make 2
beginning from it ; but yet we firlt advife that circular morion
truly and Phyfically confifts of many right lines, neverthelefs
in this place we will confider it even as if it were altogether
fimple motion, but where it will be needful to confider thofe
{mall parts of right motion of which ¢i:cular motion is com-
pounded, ‘there' we will make particalar mention.

Fig. 109. Let then the Wheel, or orb, be A Z L Q_, infifling
on the Plane A'D on which it 15 to be roled, or turned, and ler.
the right hine A D be equal to the arch A Q. {o that while the
Wheel is. moyed. towards D, the point Q may touch in the
point D: Inchis motion "tis_manifcit,Firft, thac the Centre of the
Wheel O is moved by the wghtline O E, for fince the Whee]

alwa Vs.



]

Book VTIL. Mechanick Pawers. 147
always touches the plane in fome point, and the Centre O i3
always equally diftant from the points of the Periphery, which
fucceffively touch the plane, the Centre O will always be in the
line O E, and when Q_is come to D, the Centre O will be in
C, and the Centre O always infifts perpendicularly on the
point of Conract.

Secondly, ’tis manifeft that any other point is moved witha
mixt motion ; for if, for example, we take the point L, over
and above the motion of the centre ’tis moved towards Y, {o
that if the Wheel fhould not be turn’d about the Centre O, but
only moved upon the plane, always touching the Plane A D

in the point A (which is to move only by the motion of the

Centre ) the point L will be moved by the right line LY, and
while A is in D, E willbein Y, O will bein C, and fo any’
other point of the Wheel will be moved by a right line parallel
berween the extreams A D, LY. In like manner, the point
L, or any other, will be moved only by a circular motion, if
the Centre of the Wheel O be altogether immovable, to wir,
L will be moved by thearch LK e, é¢. A, Dby the arch AT,
¢e. allo the point N will be moved by another arch of alefler
circle, ¢ Since therefore the Whieel is moved together by the
motion of the Centre towards E, and by the motion of the
Orb from L in Q. and from Qin A, &ve. the point L will be
moved with a mixt motion from both, to wit, of the Centre,
and ofthe orb, that is, of right and Circular; which may be
f2id of any other point, the centre excepted.

Fa

P RiQP-OS8 e

_;ffﬂ.}' point, except the Centre of the forefaid Wheel, or g/}:rﬂ'f*,
deferibes a crooked line, which is not circular.

Fig. 109. FOR example, take the point L, and that you may
get the line which it defciibes, divide the arch
of the quadrant L Q_in as many equal parts as you pleafe, fup-
pofe three, LKy KA, H Q; alfo divide the line of the pline

A D into {o many equal parts, to wir, three, then the point”

- L having paft over the firft part of the arch LK, if it were

moved only by the motion ETF the orb, it will be in K; but
z if
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If it were movéd only by the motion of the céntre it would e

in V, thercfore letthe right line M1 be parallel to L Y, and

let K1 be equaltoL K, or A B, without c_lc}ubt the point L
will bein I, For the motion of the orb gives L K, or M K,
but the motion of the Centre gives L V, or K1 In like man.
ner, in pafling overthe arch K H, the fame point L will be in
G, if you rake H G equal to A C, or L V, and parallel to LY
For the motion of the orb gives L H, or N H, and:the motion
of the centre gives A C, or L V, which is eq_uai to HG. Lattly,
in pafling over the arch H Q; the point L will be in E, to wit, if
Q:E be taken equal to A D, or L Y, for the motion of the orb:
givesL Q, orOQand the motion of the Centre gives A D,orL Y.

Secondly, take the point A, and that you may have the line-
which it defcribes, divide in like manner the arch of the quas
drant A Z into 3 equal parts; to. wit, in T and'Y, then in-
palling over the arch A T, if the point A be moved only by
the motion of the orb it will be in T ; but if it be moved on]
by the motion of the Centre it will be in B, therefore if you
take T'S equal to A'B, the point A will be in S. In like man-
net, in pafling over the arch TY, if the point A fhould be-
moved: only by the motion of the orb, it would be in Y; but
if it fhould be moved only by the motion of the Centre, it
would be in C, wherefore if you take Y R equal to A C, it
will be in R. Latly, in pafling over the arch Y Z, it will be-
in P, if {0 be you take Z P equal to A D.

From hence it appears, that thofe are Curve, or crooked
lines, and yet not circular; wherefore fome call them by
4 proper word, Whirling-lines; you may call them as you.
pleafe.

Alfo by this you {ee that the point L, which i oppofed to.
the point of Conrtaét A, is fo mgved, that the motion of the
orb, being added to the moticn of the Centre, for each motion-
is in the antecedent, bur neverthelefs the point of conzad A,
is fo moved that the motion of the orb is taken away from the
motion. of the Centre ; for the motion of the Centre is - in the:
antecedent, but the motion of the orb is in the Confequent,
notwith{tanding. becaufe the motion of the Centre, is greater -
than the motion of the orby it follows, that the “point A
Simply and abfolutely will-be moved in the antecedent, to wit,.
towards D, neither will it wholly go back ; to wit, it will be.
moved towards D, only fo much as is the difference X S, be-.

tween:
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tween the motion of the orb AT or KT, and the motion of
the Centre A B onS T.

Alfo take nortice that the point L defcending in the arch L Q,
will be fo moved that the motion of the orb adds to the mo-
tion of the Centre, the right fines of the arches i pulles over.
So the motion of the orb L K, adds the right fine M X, to the
mortion of the Cenwre K 1 or L V; and the motion of the oib
L H adds the right fine N H, to the motion of the Centre H G
or.L.V, & Butneverthelefs the point A oppofite to the point
L, to wit, the point of Conta& with the plane is {o moved in .
the arch A Z, that the motion of the orb takes away the right
{ines of the motion of the Centre ,-{0- the mation of the ob
AT, takes away the fine T X from the motion of the Cenire
T S or A B, to which TS is equal. But now the pointZ is {o
movad through the arch ZL in afcending, that the motion of the
oib adds the verfed fines to the motion of the Centre; thustie
motion of the orb of the arch Z 4, adds the verfed fine Ze, to
the motion of the Centre D- F, wherefore if you take D f equal
to.A-B, the point Z in paifling over the arch Z 4 will be in f,.
likewife in pafling over the arch Z b, it will be in g, for the.
motion of the orb adds the verfed. fine Z m, to the motion of
the Centre A C, equal to which b g being taken, and in run-
ning through-in the arch Z L, will-be in Y,tor themotion of the
orb adds the verfed fine HO to the motion of the Centre L Y ;.
moreover the oppofite point Q_fo defcends through the arch..

A, that the motion of the orb takes away the verfed:fines -
from the motion of the Centre; fo in pafling over the arch Q_
%, the verfed fine Q_t, is taken away from zr, which is; put
equal to the motion of the Centre A B, and {o the point Q will .
be in » ; but in pafling over in the arch Q_p, the point Q_will
be in B, to wit, p b being taken equal to the motion of the-
€entre. A C, for it takes away the verfed fine QI ; Laftly, in.

ling over the arch QA it will be in D, and. {o the varfed
fine Q O will be raken away from the motion of the centre .
A-D.

Hence you eafily fee the defcription of lines, which each point:
of.a circle runs over being roled, or.turned, on a plane. Alfo-
you fee the line which the point L defcribes in defcending, that
isto anfwer the line LIGE, and is equai.to the line Z£g Y, de-
{cribed from the point Zin afcending; and theline A SR P de-.

{cribed from the point A,an{wers,and is equai to the line Qr 4 D,
' delcribed:
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defcribed from the point Q. that afcending, but this' defcend-
ing. -

gHenf:f: alfo it is that the points L and Z are moved moft
fwift, but the points A and Q moft flow ; and the point L is
moved Swifteft of all in the beginning, afterwards more flowly :
But the point Z by inverfe proportion is moved flowly in the
beginning, and fucceflively more {wift. In like manner the
point A is moved flowelt of all in the begining, afrerwards
fucceflively more {wift, but the point Qby inverie proportion
is moved more {wift in the beginning, and in the end moft
flow. Wherefore all the points indeed are moved with un-
equal motion, while they run over the quadrant; but
the whole quadrant being compleated, the motion of the point
L, and of the point Z come to be equal, {0 alfo the motion of
the point A and of the point Q.

Moreover youfee the Centre O to be moved {wifter in the
beginning than the point of Contact A, butin the' end more
flow, and the {pice which the point O difpatches from G in C,
is greater than the {pace which the point A difparches from
A in P '

Alfo you fee that no point is moved with an equal motion,
except the Centre, but by an acceleratéd or a retarded mation
fo that from two oppoite pointsone is moved with an accelerate,
mortion, as the point A, but the other with a retarded motion,
as the point L.

At length if you take the point B 45 degrees, thatis, which
difpatches the greateft fpace of all, for the motion of the Cen--
tre O S equal to A D,is added to the moticn of the orb from B
in Q.

Fig. tro. Thirdly take a point within the Circumference,
{uppofe the point F: And that you may find the line which it
defcribes, make the Circle F 4, G 9, and divide the quadrant”’
F 4 into 3 equal parts nrarked in the points 2, 3, Then while |
the motiom of the orb comes to 2, the mouron of ' the centre’
A Bor 2, ¢is added to the ling 2, 1 of the atch F 2w
like ' manner while the motion of the orb comes to 3, ihé mo-
tion of the centre A C, or 3, 6, is added to the right fine H 3.-
Laftly while the motiof: 'of the orb difpatches the quadrant F 3
nd comes'to 4, the morion of 'the Centre Q_7, is added 'to
the right fite Q O, and defcribes the line Fg, 6, 7: In like
manner,by what hath been faid, you may eafily find the other

lines
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lines which the other points of the {ame iefler circle contain’d
within the greater defcribe. So the point g defcribes the line
4 M N P, while the verfed fine 4 R is ruken from the modion
of the Gentre A B or L M; and the fine 4, 5, from the mo-
tion of the Centre AC or TN, and lattly the verfed {ine 4 O
from the motion of the Centre AD or G P.

PR OoF @ 8.1 1L

A leffer Wheel included in a greater is fo moved, that in it
the motion of the Centre is greater than the motion of the
Oré.

FOR while the morion of the Orb is made through the whole
quadrant F 4, the motion of the Centre is made through
the whole right line O V, which certainly is greater than the
arch of the quadrant F 4. . In like manver the motion of the
orb through the quadrant 4 G.is lefs than the fame motion of
the Centre O V; But how cach point of the quadrant 4 G an-
Twers each point of the plane G P, upon which the quadrant
of the leffer wheel is underftood to move, when the plane is
greater than the quadrant, is that famous difficulty which ob-
rains the name of Ariffotle’s Wheel, becaufe Arifforle hath pro-
pofed it in his 2424, queftion of Mechanicks, which Blancanus hath:
explicated, and Merfennus, Galileus, Cabens, Fabrus, and oihers
have expoled to view. - -

pror

= ——

F.R @, P30:5. AV,

The difficulty of Ariftotle’s Wheel,zhat is, the motion of the
leffer Wheel when this is direited by i1he wotion of the
greater,and the motion of the greater when this is direli~
ed by the leffer, is beft Jolved and unfolded from the na-~
ture of this Circular motion, fo fdr as Fhyfcally tis com~
pounded of many right Iines.

" Er the Wheel be A CH infifting on the plane GE, whofe

Cradins is A C, and within this another lefler, {uppofe it

{ubdugple, A D B isincluded, wholc radius is A B; and let the
' plane:
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plane CE be equal to the arch of the quadrant CH, fo thac
“while itis turned upon the plane CE, each point of the arch
an{wers each point of the plane; When therefore the leffer
Wheel in this motion is carried away by force by the grearer,
Aurely the point D will come to F, when the point A will come
to G, that is, the radius A D will meet with G F.

Therefore the whole difficulty will depend on this iffue, that
BF will be double the arch B D, if {o be the points of the
arch B D ought f{ucceflively to correfpond with the points of
the plane,or of the line B F,or each point of the arch B D anfwers
each point of B F,oreach pointof BC anfwers two of B F, or
the altern points B Fby skips remain wholy untouche; for neither
doth any thing elfe feem toremain which can befaid in truth none
of thefe ought tobe faid: For if itbe faid in the ficlt place, that
there is fo many pointsin the arch B D,as there are in the line BF,
which cannot be faid,fince this is doubly grearer than the arch:
Bur if it be faid fecondly, that each point of the arch B D cor-
refponds to two points of the line B F, it follows that the plane
CE, is double the arch CH, when notwithftanding they are
{uppofed equal; for when the points B C, are in the fame
radius A C, if the point C touch the point of the plane next
following towards E, it will not be perpendicular to the plane
CE. Surely A B when it touches the point of the plane B F
in B, and is perpendicular to the plane, alfo A C which is fup-
pofed a right line will be perpendicular to the plane C E, which
1s parallel to' the plane B F: Therefore it toucheth not the
plane in any other point than in C,which if it thould rtouch it

~woutld be alfo-in the other next following point ;- therefore
every point of the arch C H, touches two points of the plane
CE, therefore the plane CE will be double the arch CH.
Moreover it cannot be faid that the altern points, orevery o-
ther point of the plane B'F, are toucht as it were by leaps, and
not the other intermediate points, for at the fame time in which
“fome point of the plane ‘€ E is toucht aafwering the untouche
~poinr of the plane BF; fome point of the arch B D withéut deubt
-touches the plane BiF, therefore it touches the point of the plane
B F,which corrcipords to the point toucht by the greater Wheel
in the plane C E, tor if it thould not touch the Centre A, oughe
to'be elevated' above theline A G,and confequently the greater
“Wheel will nor touch the plane C E,which is againft the {uppo-

Afition ;. therefore no point of thé plane B F remains unroucht.
More-
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Moreover this difficulty hath great force againft thofe authors
who affirm thar a body may be compounded of Mathemarical
points, whether finite or infinite, as may appear to the confide-
rate, concerning which I fhall fay no more at this time.

Neither can 1t be falved by thofe who admit proportional
parts to a&t infinitly ; for while they fay the point of Contact
may be made in an undetermined part they {peak unconceiv-
ably ; for fince the point of Contact is real and fingular, I can-
not fee how it can be indeterminate, which if it be determi-
nate, thatis, in this place and not in another, than it becomes
determinate in this part, and not in another ; moreover ’tis
{omething which touches diftinét from all that which touches
not ; but ro touch, and not to touch, are contradictions, and
how can thatbe fomewhat indeterminate from all that it touches
not 2 Add, thar there is no part in the plane B F, whether de-
terminate, or indeterminate, which remains untoucht; how
then does each part of the arch B D anfwer each part of the
Plane B F, when there are as many more in that, as in this?

Some recur to the greater velocity whereby one Wheel is
moved than the other, but if they {peak concerning the motion
of the Centre ’ds falfe, for there is one and the fame Centre
A to each ; bur if they fpeak of the motion of the orb they do
not evade the difficulty by that, for the queftion is, why the
arch BC although it be moved flower than the arch CH,
-neverthelefs it is meafured by an equal {pace, which fucceflive-
ly touches the whole.

Father Faber recurs to the incommenf{urability of the plane,
to wit, of a right line with the arch of a Circle,for he {ays,.that
although the right line C E be fuppofed equal to the arch CH,
notwithftanding they can by no means agree, howloever they
are divided ; but I ask whether they contift of an equal number
of points, {urely fince they are equal, they muit at leaft con-
fift of an equal number of points, t0 Wi, of Phyfical oncs
~ or then all are toucht by the arch BD, or fome¢ remain un-
toucht, and fo the difficulty rerurns : He fays, the poinis ot
the plane B F are right, or ftreight, but the points of the arch
B D are crooked ; and although a right point be equal to a
crooked point, and although one whole puint is toucht by
another poing, yet notwithitinding they are not touche alig,
becaufe the extenfion of the one is not analogous wih the.
extenfion of the other, and he alleadges an example. :

X It
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It may be objeéted againft this explication in the firft place-
freely, that each Phyfical point compofing a Phyfical and real:
plane may be made ; BF 1s a right line, but each point com--
pofing the periphery of the Wheel,or the arch BD,or.
Fig. 1. CH iscrooked, for why cannot the {ame points of
fubftance, or matter, which compofe a {fuperficial
plane, compofe a crooked plane? Moreover, when a rod of
Iron, or a plate of metal is made crooked by bending, are there
not the fame points,if not more.in the crooked plane after bend-
ing, as was in it when it was a fuperficial-plane? Secondly, alfo.
if we admit the points B Fto be plane, and the points- B D to
be crocked, and {o thefe touck nor in an adequate propostion
each point of the plane B F, neverthelefs are there not litle
vacancies between one crooked point and another, which for
that caufe leave untoucht the points of the plane A, B, C, &¢?
Befides, that thofe crooked points touch not adequately, to wit,
in all their virtual parts the plane points A B C, doth not caufe
thar in each inftant. wherein the Wheel is moved by the mo-
tion of the orb, the new crooked point of the Wheel oughr
not to anfwer to the new point immediateatly next to that
of the plane; if {o be the point of the Wheel is equal to the
point of the plane.

The fame difficulties occur if the. lefler Wheel' be concieved:
to be {o moved, that its Periphery be equal: to the plane on
which it infifts; for then the greater Wheel will be {o moved:
that its Pheriphery will be double of the other plane which it
pafles over ; as if the Wheel ABD_be turned upon the plane
B1I, and fince the arch B D is equal'to the plane B1, the point
D will arrive in 1, for then the point H of the greater Wheel
at the the fame time will arrive in L, when notwithftanding
the arch C H:is as great again as the plane C L ; wherefore.
each point of the plane C L ought to aniwer to two points of.
the arch C H.

Befides in this motion, to wit, when the morion of the.

reater Wheel, is govern'd by the motion of the lefler Wheel,
%:rmerhingg happen. yet more fingular ; for in the firft place,
{ome points of the greater Wheel go backward, as you may.
{ee after,that the Centre of the Wheel A 1s come 10 K, and the
point D is come to. 1, the point H will be in L, and confe-
quently go backward: In like manner the point-of. Contalt C
goes backward aftex that ‘tis cometo M, and..cunfequenrlﬂ

a
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4]l the points of the Quadrant CH go backwards, but the
middle point R, chiefly goes backward moft of all, for it goes
down fromR to S as appears, but the other points go back-
ward here and there lefs and lefs fucceflively.

Secondly, fome points neither go forward nor backward, viz.
in the end of the motion, when the point H comesto L, ’tis
diftant the fame meafure as before, from the fame term, viz.
from the line C N ; So the point X will be inZ, and the point
Y will be in V, and {o inthe end the motion gains nothing
of {pace towardsP ; notwithftanding ’tis to be obferved, thac
thofe two points fometimes go forward and {ometimes back-
ward, fothe point X in the beginning goes forward buc after
wards goes backward, but the point Y in the beginning goes
backward, and afterwards goes forward, bur becaufe they go
back the fame fpace as they go forward, they acquire no {pace
in the end of the forefaid motion.

Thirdly, all the other points of the arch Y Q N X go for-
ward, that is, in the end of the motion they have acquired
{pace towards P; {o the point N will come to P, the point Q_
to O, the point T in b, &v. neverthelefs all thefe poicts go not
always forward, as appears from what's {aid inthe 2 Prop. but
becaufe they go forward more than they go back, therefore
in the end of the mortion, it appears that they have gone for-
ward ; In like manner we will thew, that thofe points which
are in the arch X R Y, and which go backward, do nor con-
tinually, or always go hackwards, but their going backwards
appears in the end only, becaufe they go back more than for-
wards. _

Thefe things being noted and obferved, it will not be hard
to explicate all thofe motions according to our do&rine; for to
that which is the chief head of the difficulty, we fay we ought
not to confider that mixt motion, to wit, of the point H
( while the whole arch C H, pafles over only the fpace of the
plane CL] as one only and fimple motion, for it is really
many and various, for as much as 'tis compounded Phyfically,
of many right motions, to wit, 'tis compounded in the firfl
place, from thofe right motions which compound Circular
motion, then 'tis compounded of thofe and of anether right
motion, becaufe the Centre A, common to ecach wheel is
moved : From whence ir comes to pafs, that the point H, in
the motion of tl.e orb from Hto C, while it goes backward

Xz together
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together alfo, while it goes forward, ’ts carried by the centre
A, and as it were carried away by force towards P ; notwith-
ftanding it doth not go forward and backward, in the fame Fhy-
fical inftarr, as Father Cabens contends for in his book of Mereors,
( for tis impotlitle for thefame movent, to be moved by two op-
pofic motions together ) but {o that fome Inftants it muft gofor-
ward,and in others backward, which muft needs be faid of fome
points, as X and Y, as we have oblerved before, to wit, if the
whole time,in which the point H is moved, from H going
down to L, be fuppofed to be 12 particles, we fay, “tis moved ;
for example, ¢ of thofe parts by a right motion from H, or
from A in P, that is, by fmall parallel lines of A P towards P
and the orher 7 particles to be moved in the oppofite part in
going backward, from whence it comes to pafs, that when the
regrellion is greater than the progreflion, in the end of the
motion the regreflion only appears, to wit, when it comes
in L, and brcau%e thofe parricles of time wherein {fometimes it
goes forward and fometimes backward, in each fhort time are
almoft innumerable and infenfible, becaufe of the brevity, and
makes the progreflion and regreflion by turns, any motion
and time being afligned will appear only in the end of the pro-
greflion if it be greater, or only in the regreflion if the pro-
greflion be lefler.

Hence you fee nothing hinders but that the points of the
plane C L, are in number fubduple of the points of the arch
C H, when notwithftanding that arch pailes over only that
plane C L ; for by the method explicated by us, doth two
points of the ach very well fucceflively touch one and the
{ame point of the plane, to wir, if in the firft inftant the point
C of the arch C H, while the arch D is carried by the centre
A, touches the point of the plane C, which in the anticedent
inftant it touched rot ; and in the ficond inftant, another point
of the arch next to C, touches that fame point of the plane C,.
while the motion of the orb goes backward, 2nd, as I may fay,
creepeth upon that point C: Then again in the third inftant,
the thiivd point of the arch touches the fecond point of the.
plane, and in the fourth inftant, the fourth point of the arch
creepeth upon that {ame fecond poict, Eve.

But it may be faid thar cannot be, becaufe the centre A
aught to afcerd upon the line P 4, I fay, this is abfur’d, if the

motion,
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motion and the circle be confider’'d Mathemarically, but not if

it be confidered Phyfically, for it afcends and defcends always

infenfibly ; and that by {ome fmall part of the plane only, ard

the compreflion ard tenfion of the wheel, without which it

cannot be Phyfically moved upon the plane, as will clearly ap-
ear from what follows.

Therefore all occafion of Error proceeds fiom this, that they
would apply to Phyfical motion and Phyfical quantity, a mo-
tion Mathematically confidered, or quantity and the nature of
a circle, which is not given after a manner conceivable ; more-
over they confider the motion of the point H, by the Crooked
line from H in L, all one as if it were one only motion, when
notwithftanding ’its manifold and divers; like as they confi-
der, for Example, the form of mixt, as it were one fimple form
diftinét from the forms of thofe Elements compounding the
mixt, when neverthelefs ‘tis not fomething abfolutely diftinct
from them, but only in the manner as 1 fhall fhew in its place;
wherefore alfo that mixt Motion may truly be confidered as
one fimple motion by one only crocked line, becaufe the recti-
tude of the fmall parts of which 'tis compounded is not fen-
fible, like as the leaft particles of Elements are not.{enfible in
mixt ; but norwithftanding ’tis truly compofed of the motion
of the {malleft right [ines, fince in nature there cannot be given
a motion perfedtly circular, as is fhewn before.

PRO P98 N

A Globe, or Wheel, while "tis moved upon a plane, whether
Horizontal, or inclined, is moved by a mixt motion ofea
circular and a right, and is determined according to a
circular motion from the impediment which is in the con-
tait of the plane on which ’tis moved.,

Fig. s12.7*Hat ’tis moved with a mixt motion, appears from

what hath been faid; and that the circular moti-
on about the centre arifes from the impediment in the point
of Contaét ; to wit, from fome refiltance and rubbing of the
plane is proved, becaufe the circular motion is not the natu-

ral by Prop. 4. Therefore it ought ro arife from fomthing with-
out s,
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out; but circular motion as fuch, is caufed from impediment
only fucceffively determining new Impetus’s by new tangent
lines ; but in ourcafe when the centre’is not impeded, but is
alfo moved, it cannot be an impediment ro the centre, nor to
any thing that adhears to it, fince nothing there is -without ir,
therefore ’tis impeded from the plane only. Secondly, ’ris
proved, becaufeif any one pufh forward the Globe A by a puth
tending from C to D, in a line parallel o the plane B E, the
Globe neverthelefs is turned on the plain while it goes forward
in E, but’tis rolled in vain, unlefs it fuffers fome refiftance in
the contaét B ; for why is not the whole moved by aright
motion, if {o be its imperus is impreft by a right line, and pa-
rallel to the plane BE?

You will fay 'tis eafily moved, ifit be moved by the mixt mo-
tion, from the right motion of the Centre and the circular of
.the orb, bur why is it moved {o eafily > Moreover the Centre
A, doth nor more approach to the Centre of the Earth, by this
that the Globe is moved circularly, for "tis always diftant to
the Semidiamerer A B, in the Horizontal plane BE: And the
Ampulfe when it is by the right line C D, is eafier deftroy’d if
the Globe be moved by the motion of ‘the Centre, together
with the motion ofthe orb, than if it be moved only by the
motion of the Centre ; yea, ’tis eafier deftroyed if it be moved
by both motions than by one only ; but chiefly becaufe the
motion of the orb is not meafured from that Iaperus by a right
line, but only by the motion of the Centre.

You will fay, when it defcends by an inclined plane, it de-
{cends eafily, if it be moved together by the motion of the orb:
For fince in this cafe the Centre of gravity is withour the line
of direction towards the end of motion, ’ds determined from
its Centre, or from its gravity to fuch motion.

I anfwer, neither in this cafe ought the motion of the Orb
to move, if there be no refiftance of the plane, for the reafons
are mufter’d up ; for by this that 'tis moved with a circular mo-
tion, it comes not nearer the centre of the Earth, nor to the
end of motion, for by how much the motion of the upper
points are accellerated, by 1o much the motion of the lower
points are retarded by that motion of the Crb, as appears by
what 1s faid ; cherefore fuch motion is in vain, when no im-
pediment is taken away, for Imp-us als only to rake away
impediment, as is often faid ; therefore if there be nndimpe_

iment
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diment in the point of conta&, why doth the Globe always
infifting in the fame point on the plane, creepnot onthe plane?
Doth not the #mpetus’s, whether they be violently impreft on
the Horizontal plane, or by their nataral gravity on an incli-
ned plane, obtain their end in the fame manner, yea, eafier, as.
1s faid ?

Surely if a Globe be ftript of all gravity, and then receive
fome impulfe from withour by a right line, and fhould this
Globe be in a vacant place, or in fuch a place wherein it fuf-
fers no refiftance to motion, or no mote in one part than in a-
wother, there would be no reafon why it thould move by the
motion of the Orb, but it would be moved ouly by the mo-.
tion of the centre, by a line determined from the impreft Im-
petus, whatfoever the {ame be, whether Horizontal, or inclin-
ed, or Perpendicular ; for why fhould it rather move in ene
part than in another.

You will fay from the forefaid Experiments, that . while a
Ball is thrown through the Air, ’tis moved with a double mo-
tion, to wit, of the Centre, and alfo of the Orb; and yet in.
the Air, there is no rubbing or {cratching with the plane, nor
no impediment ; yea, it feems, if the refiftance which is of.
Air, ’tis equal about the Ball, that therefore it fhould not move -
rather in one part of motion of the Orb than in another..

[ anf{wer, the Ball thrown is often fo thrown, that at the-
fame time wherein the Imperus is imprinted before "dis feparated
from him that throws it, 1s not imprinted by one right line on-
ly, but many Imperus’s are imprinted fucceliively by many lines
which compound fome crooked line, for the Arm, or that
which cafts the Ball, while it cafts i, is not moved by a right
motion, but by a circular, that is, the Ball being {eparated
from the Arm, ‘while thofe Impetus's are propogated in it, and
new ones produced by the {fame lines, the Ball muft neceflarily
be turn’d round about its centre.Hence it is that oft-times alfo 2
Ball is a little turn’d about its centre, if it be caft by one Con-
tinued impulfe by a right line, as you may obfcrve: Befides
that ’tis always but lictle turn’d, becaufe “tis never made {o
Spherical and perfedt, bur the Air refifts more one part than a-
nother ; add, that ifit be not truly Homogenious, or all alike,
{> that the centre of the figure alogether agrees with the cen-
tre of gravity, fince it can_ icarce be caft by chat precife line
which joins cach centre, if it be not caltby this line, and.ﬂefn,

0
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fo that the centre of gravity be right before, and prefently is
feparated from the Thrower, or likewife if it be let drop free-
ly, and falls from on high, it turns it felf until the centre of
gravity be placed in the formoft part of the line of Dire&tion,
and {o it contains the impetus of rotation which is likewife pro-
fecured towards that part: And this is the reafon why things
that are thrown,or caft through the air, are moved with a mixt
motion of right from the Centre, and of mixt from the orb, and
alfo of thofe that fall of their own accords ; hence a Cylinder
whofe heavier part declines downward, while it falls of its own
accord from on high, is notturned about the Centre,but fome-

rimes about the axis, from the unequal refiftance of the am-
bient air.

BB 30.: B 01 St VK

lu the defcending of heavy bodies on an inclined plave, or

through the free air, the motion of the ord, hinders not
the motion of the Centre.

*TI S proved, becaufe the impediment which determins the
Circular motion in the Globe, is not in its Centre, but
in the Periphery, to wit, in the contadt with the plane. or in
the conract of the ambient air in thar part to which the air moft
refifts ; and this impediment hinders indeed the motion of the
whole Globe, ard at the fame time determines in it the Cir-
cular motion ; burt that circular mocion hinders not,nor retards
the motion ot the Centre, which is like manner tends down-
wards, whether the Globe be moved circular or not.

Hence one impetus deftroys nor another, unlefs when the
impediment of the motion of the Centre deftroys the natural
impetus, and the inclined plane, or the air while it hinders.
the motion of.the Centre, ard deftroys its natural impetus,
-produces according tothe laws of 1eflexion another impetus
by thetangent, and when this imperus produces fucceilively
a new one by a new tangent, it makes the motion mixt, or
really double, to -wit, the motion of the Centre and of he

oib.

And
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And youmay obferve in motion on an inclined plane, not
only the motion of the centre to be accelerated, but alfo the
motion of the orb, becaufe when the mortion of the orb is pro-
duced from the impetus, by the refle@tion from the  diredt
impetus,if the direct impetus which moves the centre be greater,
the refleéted impetus is al{o greater.

Alfo you may obferve in this motion all the parts to move
with unequal motion,as may be gather’d from what has been
faid ; from whencetis confirm’d again,that they are not moved
by an intrinfick principle, for this would be alike efficacious,
or powerful in every part and fo would produce an equal ef.
fect in them all.

Hence you may gather the reafon of the Experiments fol-
lowing, in which this mixt motion appears from the right
and circular about the proper Centre, or Axis.

Exﬁerfmfw.' 1.

Play Boys make fhort darts with a point, in one end whereof
there is a {lit cut, and paper folded like a fourfold wing, and
put into it, while this quavers, or fhakes, the point eoes’ be-
fore, and the paper fo hinders the deflexion that ’tis the caufe’
that while the dart tends rightly to the mark, *tis turned to-
gether about the proper axis : The reafon this, becanfe the
air while “tis ftruck by thofe wings, refifts the motion, which
otherwife would carry the dart, by a right line, and it qua-
vers to and again and hits on the fides of the Wings, and' this’
certain refleCtion together with the dare, is converted fnto a'
circuit, fince this motion is eafy to the dare and hinders not
the right motion ; the fame may be faid of an arrow.

Experiment. 1.

The like Phenomena you may obferve in thofe flitting reeds;
which Boys alfo play with, for they fix 3 or 4 feathers into
wood, or 2 bony fheath, which while they fhike the air, they:
force that wood or Cylinder to turn it felf about its proper
Axis 5 bur if it be furnifht with only one feather, this circulay
motion will not be ; likewife if any feather be broke, or' nt
enough fever'd from the other, the circular motion ceafis + Bug:
it the feathers are much fever'd from each other, the morion

Y SRR
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is flower, wiz. as well the right motion of the axis, as alfo
the circular motion about the axis: And the feathers ought to
be fofitted rifing from: the bottom to the top 2 little bent, and
made crooked increafing, the fevering or parting : The reed or
litele Cylinder of wood always goes before in the motion, and
the motion of the Axis afcends more {wift, and the circular
motion about the Axis lefs fwift; moreover after theafcent “tis
turned downwards, and the Axis defcends with 2 flower mo-
tion than before it afcended, bur with a fwifter motion abour
the Axis: And the reed, or little Cylinder, ought to be fhort
and weighty, efpecially in the end that goes formoft, and the
feathers muft not be too long.

Like to this, is that motion, which boys running make with:
a double ftick, furnifar with a veil, and as it were a little mill
turning about the centre, which is fixt to the moveable Staff,
or Stick, for thofe veils, while they run in the air concieve a
converfion and circular motion, which is joined with a right
motion.

The reafon of this Experiment appears thus, in the firlt place,

that reed, or little Cylinder, furnifht with feathers goes before: |

with a right motion, becaufe "tis heavier and endued with a
greater impetus, and therefore leads the feathers whole motion
the air refifts more ; and in refifting it comes to pafs that they
are reflected from themfelves, and fo turned about in a circuic
together with the litle Cylinder, From the air then reflecting,,
the impetus of the Feathers is imprinted {ucceflively by a new
tangent, and from this impetus the feathers are turned abour,
and with the feathers the Cylinder, or reed, butthe Cylinder,,
or reed turns not the feathers asa certain Author fuppofes, to-
wit, the right motion of the reedis not retarded immediately,
bur the right motion of the Feathers, which becaufe they are
light, have not {ufficient Impetus 0. overcome the refiftance
of the air, but mediately: and confequently the right morion
of the reed is retarded, and determin’d. to the motion about.
the Axis from the like motion of the feathers; hence. if by
chance the feathers fall off from the Cylinder in the way, the
Cylinder or reed makes a.certain longer {pace, becaufe it hath-
not the impediment of the right. motion from the feathers, but.
as yet. 'tis turned about 1ts propey axis for fume little time by

the circular Impetus preconcieved, which 15 not prefently de-

Broyed.

Secondly,

||=



Book VIII. Mechanick Powers. 163

Secondly, ’tis turned about the axis to that part, to which the
‘feathers fuffer the leatt refiftance of air, for if the air fhould
equally refift all, there is no reafon why they fhould be turned
rather in one part than another ; herce they ought to be fo
ficted, that they may Strike the air unequally ; which will be
if they are feperated or divided unequally, and then the mo-
tionabout the Axis will be Swifter.

Thirdly, one feather only will not do becaufe it hinders the
motion but lictle, neither is there in it an unequal refiftance of
the air, of which I{pake; whercfore there are required two
feathers at leaft, but three are better, becaufe they lefs hinder
the turning abour the Axis. >

Fourtbly, if the feathers are not feperated, the reed is turned
abour the Axis little or nothing, becaufe the air refifts them
but fittle; burt if they are much {feperated, 'tis moved flower
by the right mortion, or Axis, but {wifter by the morion about
the Axis; notwithftanding if they are too much feperated,
the morion alfo about the Axis is flower, becaufe too much re-
{iftance of air retards or hinders each motion ; wherefore the
feathers ought to be fo fitted, that they do not impel the air
with their whole fuperficies,but divide it by the edge as it were
to cut it. *

Fifthly, if the feathers are fitted in a right manner that they
be neither too much feperated, nor too clofe, buta little bow-
ed, with a moderate and unequal refiftance of air which their
edges divide; then the motion of the reed about the Axisis not
only fwifter, but alfo the reed is projected further, becaufe
the feathers are more eafily broke off from the reed, and a lit-
tle refiftance of air with fome inequality fuffices to the motion
of turning about the axis, fince this motion is eafy.

Sixthly, It alcends {wifter while ’tis extended, than it de-
{cends afterwards, as appears clearly ; from whence thar is
confirmed which we have fhewn before, that heavy things
naturally d:fcending do not increafe with the fame kind of
velocity, whereby the velocity of the fame thingscalt or thrown,
decreafcs while they afcend, and although both in the alcent
and defcent, the reed, or cylinder, goes before the motion of
the Feather ; hence while it afcends, becaufe the Impetus in the
beginning is greater of the Feathers, which are flexible while
they fuffer the refiftance of the Air, they contract themfelves,
whence it comes to pafs that they cut the Air the eafier, and

Y2 therefore
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therefore the reed afcends the fwifter, but tis lefs {wiftly turn’d
abour the Axis; bur while it defcends, becaufe it acquires a
Ielier Tmperus, the Feathers make a greater fpreading that it may
move oftner about the Axis.

Seventhly, 1f the Reed be lighter, it cannot eontain {o much
Im petus, which eafily overcomes the refiftance of the Feathers;
wherefore that it may hold out at length, fo much fmpetus 13
required, that the Feathers cannot draw themfelves, unlefs
from a great refiftance of Air they happen to be very much con-
tracted, which while they are, it cannot be moved about the
Axis. y

Eightly, If it be longer, "tis harder turn’d round the Axis,
becaufe it eafily fhakes to and again; but the Feathers cannor
together hinder the fhaking,and imprefs the circular imperus to
the Reed fhaking.

Nintbly, 1t the Feathers are longer than needful, they hin-
der the right motion, or if they are likewife too broad, or too
much f{eparated, or if they are toofhort, and much conrracted,
they are not determined to motion about the Axis, for the rea-
fons ailigned ; wherefore care muft be taken, as well to the
length as the breadth, and feparation refpectively to each o-
ther between themfelves, and to the gravity,.or levity, lengih,
or fhortnefs of the Reed, or Cylinder.

Tentoly and Laftly, the motion of the bearing, and about the
Axis 1s mixt of a rriple motion, one whereof is from the Vio-
Yent Imperus while it afcends, another from the gravity, and the
third from jmpetus by refleted motion, fucceflively by divers
tangents whereby the circular motion is effe®ed; and from all
thefe motions, refulis the fpiral motion as is manifeft, and a
fpire is conceived about a crooked Cylinder, which poiefies
the whole place of 2ir, or the way which the Reed fucceflive-
ly Occupies. _ '

Hence ’tis ealy from whar has been faid, to determine the
lines which are defcribed by each poiist’ of the Reed, 2nd alfo
of the Feachers 5 in which alfo fome nembling motion always
Imervenes.

Allo a realon appears of the motion of the double fiaff co-
vered with the veil, which is worn’d about circularly, while
in the interim, s conveyed by a r1ight motion Horizontally by
boys, a5 they run; zlfo that modon is manifeft to be {piral,
wiich hath-Spives more thick and clofe, in which *tis moved

more
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more {wift about the Centre; and flower by the motion of the
Centre.

S

| —— ) et —

Pk d BelliS,. o NEL,

A reafon may be given why a little Wheel, or little Glole,
being prefl againft a Talle, is Sft thiaft forwards, lat
afterwards turns it felf back again upon the Talle.

He reafon is, becaufe while 'tis ftrongly prefl again the
Table under it, this refifts that in the point of contaét,
and while at once the Fmpetys is impreft forward by the retracti-
on of the Finger, new contacts are made in other points often
times, that therefore it conceives a circular motion comtrary
to that whereby ’'tis moved, if the Imperus be only impreft for-
wards Horizontally ; hence ’dis, that while it runs forward, ar
the fame time ’'tis moved circularly about the Centre, by the
motion of rotation back again, wiz. towards the Finger ; and
becaufe that circular impetus continueslonger than a right one,.
this ceafing, the other continues and compleats its effect, and
{o the Globe turns back again ; for it cannot be turn’d about its
centre, while it refts upon the Table, unlefs at once it be mo-
ved with a right motion of the centre towards the {ame part by
the refiftance of the Table in the point of contact, where you
{ee this motion truly to proceed from fome reflection, for the
impetus impreft backward after that.is fo weak ( for ‘ris weak-
ned from the refiftance of the plane Table ) that it cannor over-
come the refiftance which is in the pointof conract, from the
Tables refiting ’tis fomewhat reflected, and when the circu-
lar smpetus continues, whofe effect is eafily obtained, neither
can it be obrain’d but that it muft role back again, therefore
'tis no wonder that it retroceeds. '
Therefore ’tis falfe, that any impetus can perfevere withour
the motion which exacts it, as Father Cabens would have it ;
for a little Globe, or little Wheel, is always moved. with a cir-
cular motion about its centre towards the extrudent, in the:
fame time wherein the motion of the centre tends forwards ;
vea, I have obferved diligently, that if fometimes one touch:
" a Globe while it runs forwards, it will not role about its pro-
pex
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Per centre, bur creep upon the Table, which it always touch-
eth in the fame point, then the Globe reflects not, nor goes
back.

And ’tis to be obferved, that while the Globe tends for-
wards, the motion about the centre is weak and flow, to wit,
becaufe the right motion upon the Table in a manner refifts the
contact, for it drives out the motion about the centre into
the oppofite part, to wit, forward ; but the impetus cealing,
whereby "twas moved forward, the impediment of the motion
about the centre ceafes, yea, it acquires a new determination
to this motion, to wit, from the reflection of the planes refi-
ftance. : |

This reafon afligned by us, appears not only from this, that,
as I {aid, the Globe is not rolled back again, unlefs it be rolled
about the centre alfo, in the fame time which it runs forward ;
but alfo from this following experiment.

Experiment I11.

Fig. 113. Grafp the Globe A, fo with your Fingers about
the Pole A, and the other oppofite to it, that you may imprint
the circular impetus about thofe Poles, or about the Axis where-
by ’tis moved from E through H to G; and at the fame time,
caft the Globe through the Air, fo that it goes by the line EF
C, and falls upon the Horizontal plane in B, if that metion a-
bout the Axis be fwift enough, either it will ftay in the point of
contact B, and yer it will be turn’d abour for {ometime up-
onthe Axis from C through D in B, or alfo many times ’tis
reverted from B rowards G upon the plane ; where it appears,
in fo much as the Globe is determin’d to the motion of ro-
ling back again upon the Table, or Pavement, after thar ’tis

~ éaft or thrown forward through the Air, in {o much

Fig. 114, alfo it hath the motion about the Centre, while it
_ is borne through the Air; for from this it is that

the #mpetus being deftroved, by which it tends forward, while
the Globe falls on the pavement, tis neceflarily from thence re-
flecred back again.  For the Globe projected in the Air, pro-
ceeds by the line A BC D, and in the mean while is turned
from B rowards C D about the Centre C, while it touches the
Pavement E D inD, according to the laws of reflexion it
ought co reflect in F, aud prececding further to the fame pEuIT
with
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with fo much impetus as DI; but if that Impetus be {mal
{ even as 'tis when the line C D comes. near (o the perpendi-
cular CL ) and the impetus whereby "tis moved abour the Cen-
tre be pretry ftrong, this prevails over that, and while it per-
foveres the Globe muft needs role towards E upon the Pave-
ment ; hence it does not always go back, but only then when
the motion about the Centre is fwiit, and it falls vupon the
pavement by a line which approaches more to 4 perpendi-
cular.

PROPOS. VIL

Zhe motion of a Rope,or of a Ball,or Globe, faftwed to the end
of a Rope about a Cylinder, is a Spiral motion compounded
of many Circular. -

Piral motion is divided into many kinds, one whereof is
when the motion is made about the fame Cylinder, fo

that the circles are always equal, and this is mixt of -circular
only and right: Such as we faid was the motion of the reed,
or Cylinder, furnifht with feathers; and of the double ftaff
provided with a veil, €. and there is another Spiral. motion
alfo, which is made about the fame firm centre, but by cir-
cles or wreaths enlarged or leffened fucceffively more and more, .
or departing from, or approaching to the {fame centre; more-
over there is another Spiral motion, in which the wreaths are
not only enlarged or leflened fucceffively, but they likewife re-
tire from the former centre, to wit, it always changes the
centre, and this is mixt of many circular, and of the right mo-
tion of the centre ; bur the fecond kind of Spiral mo-
tion is mixt of leffer circles only fucceffively ; thefirlt  Fig. 115
{piral motion is fhewn by the figure A B, the fe-
cond by the figure C D, the ithird by the figure. EF.

Thefe things being fore-known,. if we confider the motion
of a rope about a Cylinder, whether the rope be turn’d about
by the Cylinder by circles, having divers centres in divers .
points of the Axis of the Cylinder, if it b, “tis a {piral motion
of the firlt kind ; but if the motion of any determinate point

in the rope be confider’d, as for example, ihe erd. of theRope
. =,
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or the Globe anrext to the endof it, then either it may
fo be turned abour by the Cylindex;, that the fame centre al-
ways remains in the {fame point ¢t .the Axis, and then it ap-
pears, that fince the radius is fhortned {uccetlively, from thag
Globe is made a fpiral motion of - the fecord kind, which is
compounded of circular motion only, for there may be per-
ceived {0 many circular motions, although nat perfedt, as il ece
are wreaths, or rather fo many . new determinations, to new
circular motion, as there are corceived Radius’s ore {uccellive-
ly fhorter than another ; or, it may be {o turn’d about by the
Cylinder, that the centre-is changed at once, and then the mo-
tion of the Clobe, or the end of the Rope, will be a {piral mo-
tion of the third kind, fuch as may te conceived to be made
about.the Cone E F, from F in E, which appears to be mixt
from a right motion of the ‘centre, through the Axis of the
Cone, or Cylinder, and of many circular ones intelligible by
Sence ; for it cannot truly be faid, that there are many circu-
lar motions, fince none makes a perfeét circle, yea, no part of
that {piral line is part of a circular line , buc if it be taken as a
{mall part, ’tis a right line from what hath been faid before ;
if as'a compounded parr, it confifts of many right lincs, wiz.
of many Tangents, yct not of the fame circle, but of divers cir-
cles as appears. ' -

Hence 'tis, that if a Cylinder be rhicker, and a Rope of the
fame length being puron it, ’tis eafier and with lefs imprinted
impetus turn’d abouc by the Cylinder; to wit, becaufe the parts
of the circuniference ofthe Cylinder are thofe which refilt by
impulfe by a righeline impreit in the beginning; and by the im-
pediment, or a'certain refle€tion, they'ditermine to new and
new-lines oftentimes; and by how much greater the circumfe-
rence is,’ by fomuch the lefs frequentis that new: determinati-
on, as appears from what has been {aid; and fo the lefler im-
Retis ;i_'siJeiim}u:d, asithiat which is maved by a greater circle
1s lels wearied©r ired.or it ol v awerdl 2 el

Seconalyy Ithappears why'a Globe' doth not afcend) tor is
turn’d abour by a.Cylinder, i the imperns betoo wéak in pro-
portion to-the thicknefs of the Cylinder, or to the length of
the Rope ; for although it be{o grear that a right line could af:
cend to that hcight, yer while it often fuffeis refiftance byre-
frections and new determinations, ds much abated. | ¢ -

' IRXD. 101 28 .00 1903 T s T i
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Thirdly, if it be once turn’d about, it effetls all the reft of the
rurnings about eafily, becaufe the circles are fucceflively leflened,
and {o the motion is always leffler, when notwithftanding the
former impetus perfeveres almoft the whole time: For if once
the imprinted impetus decreafes lefs than the wreaths decreafe,
one of the greater wreaths being finifht, the other leffer are alfo
eafily and therefore {wifter accomplifht, and the velocity is
increafed proportionally to the leflening of the wreaths, nor ab-
folutely but comparatively to the remaining impetus, fince alfo
here, as is {aid, "tis decreafed or leflened fuccellively, notwith-
ftanding lefs than the wreaths; for if the wreaths and the im-
petus were leffened equally, the motion would not be quick-

ned.

PROPOS IX. Fig. 116.

If a Globe,or Wheel, be moved and turned about on a crook-
ed [uperficies which is immoveable,it makes a mixt motion
from a deuble circular.

Et the crooked fuperficies be A BC, upon which the Globe

B D is turned towards C; while the point E comes to F,

the Centre of the Globe H comes to G. For the Cenire alone
is moved only by a circular motion through the arch HGI;
but all the other points of the Globe are moved circularly by
the morion of the Centre, and in like manner alfo by a circu-
lar motion about the proper centre, Or axis. |

But ’tis to be obferved, that this mixt motion may be conft-
der’d divers ways, for the crooked fuperficies on which the
Globe is roled is either convex, or concave; and again, the
Globe is turned either on a greater circle, or a lefler, or an e-
qual; if norwithftanding the Concave be equal or lefler, the
Globe,or Wheel, cannot be moved,as appears.

Moreover, obferve that the Globe B D, whether it be lefs,
or equal, or greater, than the Wheel, or crooked Superficies,
on which ’tis moved, may be {o moved that the Line of the
move:ble Globe B E, which fucceflively touches the Circle
ABCis equal to the Line BF, when the point E comes to F
or it may {0 be moved that the line BE is leller, or lafily, {o
that it be greater than BF.

Z Thirdly,
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Thirdly, the forefaid Globe may be undetftood to move by
the motion of the Centre towards C, and in like manner by
the motion of the otb towards A, to wit, fo that the point B
tendsto E and D, ¢&¢. and in each cafe the motion of the
l('ll?ntre may be equal to the motion of the orb, or grearer, or
effer.

Fourthly, Note, that if Copermicus his opinion be true, that
the earth is moved with this mixt motion, to wit, by the mo-
tion of Centre througha circle of the greater orb about the
Sun, and by the motion of the orb about the proper Centre;,
and the motion of the Centre fhould be greater than the motion
of the orb, according to the common opinion concernirg the
Diameter of the great orb, which the earth runs through in one
whole year: Where alfo-obferve, that every point of the fame
parallel Circle are moved with unequal velocity ; for whe-
ther we fuppofe the motion of the orb ard the motion of the
Centre to ge cowards the fame part, fuppofe towards C, when
the point E comes to F, and the Centre H in G, the point B
will be inE, and the point D will be in L, wherefore the point
of Conra& B is moved floweft of all, but the oppofite point D
fwiftelt of all; that anfwers to the Nocturnal meridian, this to
the Diurnal meridian. Or whether we f{uppofe the earth to
be moved by the motion of the Centre towards C, and the
motion of the crb from B in E, D, &w. in this cafe the con-
trary happens, to wit, the point of Conta&t B is moved {wifteft
of all, for it comes to L, and the point D floweft, for it comes
toE; and thefe kinds of motion of divers points of the fame
cirele will be flower,or fwifter, according to the divers propor-
tions of velocity of the motion of the Centre, and the motion
of the orb, neverthelefs all will be by crooked lines, as appears
by what has been faid.

Fifthly, after this lat manner, fome Epicicles axc faid to
move by Aftronomers, to wit, by the motion of the Cenure
to the Faft, according tothe Series of the Signs, or, as they fay,
in the Confequent; {uppofe the Centre C towards A, and the
Supream point, or the kianets Apigaum D, moved in the op-
pofite part fiom Din E towards the welt, and, as they {ay, in
the Anrecedent.

But firce the forefaid motion may be divers according to
the divers magnitudes, and proportions of the Circles, it ap:
pears neverthelefs from the doétrine deliver’d betore, that the

lines.
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ines of all the points defcribed by the motion of any circle, may
be determin’d hew{o’ver 'tis moved on one or another, which
may be of great ufe in Aftronomy.

P.R.QPO S X

The Spiral motion of Sphares may be explicated, to wit,
when a Sphare is moved by a motion mixt of Right and
Circular, or of two Gircular ones.

Fig. 1 l?.FOf in the firlt place,let the Sphaere BC be moved by

its centre A through the right line A H,and at the
fame time turn it about the axis B C ; morcover every point,
except the Poles B, G, defcribes Spiral lines, as if they were
Spires, ar wreaths, about divers Cylinders, abour the greater
Cylinder, truly the fpire which it defcribes is from the point
F or G, but about the leffer, which is defcribed from the point,
next to the Pole C or B.  But if it be turned about the Axis
F G, or any other oblique, it will be another divers mixt mo-
tion in divers points, whofe lines may eafily be found by the
forefaid doltrine.

In the f=cond place, let the peint G be moved through the
arch G C, and at the fame time underftand it to move about
the Axis B C, i will -be a -Spherical Spiral-motion-mixt-of a
double circular.

Thirdly, let the fame point'G:be moved through the right
light line G C, while ’tis moved alfo abour the Axis B C; the
motion will be coricaly Spiral, mixt of Right and Circular.

Befides the Sphecric Spiral motion, therc may be made another
~motion Conoid Spiralyto wit, if a Congid be marn’d about one, or
about the other Axis, while its point is fomewhat moved
through a right line; and ’tis of a threefold kind, wviz. either
Filiptic, Ox Parabolic, ot Hyberdolic, as appears by Geomerry, and
from the Mechanick defcripiion of thofe figures.

PAR- FROPOS.



172 Mechanick Powers: | -Book VIII.

L] -

PR QP08 X,

Inn the motien of a globe upon a plane, a three-fold motion may
conjoined, fo that it may be mixt of a Right and two Cir-
cular ones.

P His experiment appears from the game at Billiards in play-

ers balls, for while the Centre is moved througha right
line, and the other points about the Centre, fuppofe in a ver-
tical circle, if the globe either by oblique reflexion, or by a
new impulfe, be never {o Krtle turn’d afide about the Horizon-
tal, or other line, it concieves another circular motion alfo by
that line, and fo befides the right motion of the Centre there
is a double circular. And from this appears the reafon of the
faid plays; as for example,while the ball is moved by the right
motion of the Centre, and by the circular motion of the orb
together, if the Chord be toucht lightly ’tis turned a little a
fide and makes another circular motion, from whence it follows
afterwards, that the leap decieves the player, becaufe the new
circué;r motion acquires a2 new determination in the refleéti-
on, &c.

F

P R QP Q.8. Xll..

A Globe, or fuch like body, infifting on a  plane cannot move
circularly about ihe Penpendicular Axis, unlefs at the
Same time it be imprinted by a'donble impetus in oppofite
parts.' " Fig. ‘118.. ' |

Et the Globe, or Top, fuch as children play with of a
, Conoid figure be A B, refting.on a plane in the point B,

and you would have it move abour the axis A Bin an Horizonral:

eircle C D : I fay.it cannot {o move, unlefs all under one it be
impreft ; or forced by a double oppofite impetus, one, for ex-
ample, in C rowards the right hand, and the other in D towards
the lefr hand pait; the reafon is, becaufe if it be forced by one

unpetus
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impetus only it will be determined to one only right line, and
fince there is no impediment {uppofed, which may hinder the
Globe that it fhould not be moved by that line, it will be
“moved by it, and fo be turned on the plane in the verrical
“circle AC DB, bur the top will fill to that part towards which
the impetus is impreft. But if atthe fame time another 1mpe-
tus be impreft on the oppofite part, when thefe two impetus’s
are not by the fame line,butby two divers lines parallel to each
other, either may have its eficét by chance, and when one at
once hath the reafon of the impediment with refpect to the
other, lealt the Globe, or. top, profecute the motion by right
“lines, 'tis determined ro circular motion, for neither cin thofe
two impetus’s obrain their ‘effetts dny other way ; hence it is,
that the top being rakenby the head, or its end of the Axis A,
and being caft off by the fingers in contrary parts we make it
Spin, or turn in circuits; and it perfeveres this circulzr motion
a long time, becaufc the impetus is not deftroyed by the weight
fince the top is in Equilibrio, but the only by rubbing’ with the
“plane, and from fome refiftance which every moment changes
the determination of the tangent lines; hence the {moother the
planc is, and the fharper the point of the top is, the longer
time it {pins, or profecutes the motion. '

But when we wind a ftring about the top, and retain the
other end of it in the hand, and cafting it from us it {pins,
then in like manner that double impetus happens in the oppo-
fite parts; for not only while the firing D E unfolds, doth it
draw towards us the point D, bur at the fame time with the
fame ftring we throw the top from us like a fling; and the mo-
tion of the top endures longet being caft in this manner, by fo
much as the impetus’s are greater and the ftring the longer,
becaufe a power applied remains longer, and while the pro-
jeéted impetus perfeveres the other impetus of the 'firing being
retratted in the oppofite part, and hindering the former im-
petus, gives many new determinations to new and new-tan-

ents. _

While the top is caft, it makes a motion mixt from the right
motion of the centre, and of the Horizontal circular, as appears,
oralfo of another righe motion which tends downwards.

Secondly, when it infifts on a plane, if the fame point on which
it infifts be moved only by a circular motion about the axis,
then ’tis faid to fleep, yet in truth the motion of the Axis is

| but



174 Mechanick Powers. Pook VIIL

bur lictle moved about the Centre of gravity which is in the
Axis ; but becaule it either finds it on the plane, or makes
hollow fome litcle trench of it felf, this trench detains the Axis,
leaft it fhould go our of it, unlefs afterwards the Axis begins to
1incline more.

Thirdly, thereupon it moves always by a motion mixt of a
circular about the Axis, and of a circular of the ends of the Axis,
{o that alfo if any point of the Axis remain immoveable,yet the
extream points of the Axis defcribe two circles, one in the
plane, the other in the air above.

Fourtbly, {fometimes another morion of the whole Axis hap-
pens to the forefaid motions, which is carried about not in a
perfe orb, but fpirally, the Spires,or wreaths, fuccefiively more
and more contracting untill it begins to {leep ; and this motion
is always on that part to which the outer portion of the top
by its motion is turned about the Axis; to wit, becaufe this
- Spiral motion of the Axis isdetermined from the circular mo-
tion about the Axis; you fee therefore many motions in a top,
one about its Axis in an Horizontal circle, another of the fame
Axis, and the Spiral of the Centre ; laftly, another of the turn-
ing round of its Axis about {fome of its points,by which motion
Of%uming or trembling the forefaid little circles are defcribed
by the top and point of the Axis.

But the Impetus of the orb abour the Axis ceafing after that,
-and the tarning about and the inclination of the Axis prevail-
ing, the Centre of %ravity {o departs from the line of direction,
that the Impetus of the orb cannot keep the Axis eredt, the
top falls ; and:then becaufe in it there remains as “yet much of
the former impetus, it makes ftill fome oblique turnings or
__Circuits, ‘which although they {eem to be made in the oppofite
part, yet they are made (if you attend rightly ) on the
{ame part on 'which the circular motion about the Axis was
made ; which when ’tis hindred by the contaét of the Plane,
therefore afterwards “tis rolled abour upon the Plane, “and now
is more-moved by the mation of the Centre which before was
hindred by motion of the orb, or that from this you may
know the nature to be loved of the right motion of the Centre,
but -not of the osb about the Centre.

Mechanick

s
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circular motion doth not appear, or at Jeaft that which.

may not be reduced thereto, notwithftanding in this,
plage we fhall treat only of thofe kinds of Engins, or Inventi-
ons, which immediately depend on the Principles,and Dodtrine
of Circular motion hinted at before. |

Problem. I.
 To make divers kinds of Wheels commonly ufed in Engins.

‘ ? OU fhall {carce fee any ingenious Engin in which either

Enerally we make ufe of two forts of Wheels, one where-
of is furnifht with teeth, and the other hath none; thofe
that have none are fingle Wheels, and Pulleys, which are hol~
lowed in the Periphery for the Rope to move in, as alfo Wheels.
with handles to turn them by: And the firt forc of Wheels.
contains as many kinds, as there are various forms of teeth,
which I think fit to defcribe in the firft place, for the better:
underftanding of what follows, and that any one may know:
how to make choice of thofe kind of Wheels which he e-
feems moft fic for his occafion.
Teeth, or,as fome call them, Claws, Ot handles turning round,
their chief ufe about Wheels is, that they lay hold on, ox bite

cach other, and being folded in each other they caufe a reci-
procak
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procal motion, and they are various as you may fce in Fig. 119.
from whence the names of thofe wheels are divers.

A toothed Wheel is, that whofe Periphery fticks out with
lictle handles endued with Semicylidric form, as in the arch
A F; or a plain fided Prifime, as in the arch EF. _

A Fingered Wheel is, that whofe Periphery is garnifht with
plain Cylindrick fmall ftakes, as in the arch A B, or {omewhar
like Cylinders, asin the arch B C.

A fharp pointed Wheel is,thac whofe Peripheryis cut in with
little handles turning round like the figure of a point of a Sword,
or of a tongue,as in the arch E D may be {een.

A Studded Wheel 15, tharin whofe Periphery little Spheares,
or Convex Hemifphzres are difpofed, or the Concaves are
made hollow anfwering to the: Convexes in the other Wheel,
the firft parcel referrs to the arch CD.

A Starred Wheel, is that whof¢ Circumference is firnifht
with three fided Prifmes having each fide equal, as in the arch
G H. |

A Snagged, or fawed Wheel, is the fame as the former, only
with this difference in the former,the triangular fides of the
Prifme are equal, but in this they are unequal, as in the arch
GN. | el : i -

A helical, or fcrew Wheel is, thar in whefe circumferénce
chanellings or grooves are made, according to the quantity of
the angle of the Axis of the inclined wheel, wharfoever figure
the fame hath, which neverthelefs are reduced to four Kinds,
Semicylindric, as in the arch AF, Trigonal, as in the arch G'H,
of four fides, asin the arch K L, Ziapezias, or unequal 4 fides,
as ML. % g ; s Y
A hooked, or crcoked Wheel, is that which ‘hath hosks dif
pofed inits circumference, asin the arches HK, and N A, you
may behold. _ 3t '

Alfo Wheels are named with refpe@ to the figure of their
-Wheels, let the recth,.be what they will; for fome are called
plain Whecls, or Orbiculates, in Which the bafes of the Cegs Or
_Teeth are all in the {ame plane'; others aré called Convex Cylin-
dric, when the Cogs are difpofed in" the outer fuperficics of
the Cylinder, orany circle thereot: Others are called Concave
Cylindric, in whofe inner Cylindric {uperficics the fame Cogs
are difpoled : In like manner fome Wheels are called Eomvex
- Cenic, others Concave Conic, ‘even as is faid of Cylindric: Laftly,

) a Wheel
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a Wheel without teeth, and whofe Periphery hath nothing
fiicking out, they call {mooth or even.

Note, that all the kinds of tecth, or Cogs defcribed, or any.

other fuch like, may be made, notonly in the Periphery, or
outermoft fuperficie of the Wheel, but alfo in one or both of
the lateral {uperficies, or Circular, or Cylindric bafes.

Problem. II.

To apply Weights, or Powers ( moving by their natural gra~
vity ) to Clocks, or other Engins.

Lmoft all kind of Engins, which are moved by inanimate
Power, are ufually made with fome Wheel. or Cylinder,
to which a weight being hung, while it endeavours down-’
wards by its natural gravity, it moves that Wheel, or Cylinder,
and thar puts the other parts of the Engin in motion, as ap-
pears in common Wheel Clocks : And weights may be applicd
to Wheels many ways, which we will unfold, before we pro-
ceed to the making of the Engins: The firft way of har ing
weights to common Clocks, or other Wheels, which by Em-:r
determinate time, being placed in the middie and impelling,
ought to turn them round, is, that one end of the Chord, or
Rope, be fixt to the Cylindric Axis of the Wheel and the' other
end fufficiently faftned ro the weighe, as you may
precieve in the Figure: And in this pradtife you Fig. 120.
muft beware, that the Cylinder be not wanting to
the rope, for it ought to have only fo much length, that
the whole Chord may be rturned about ir, for if the rope be
twice wound about the {ame Cylinder, that is, if thé latrer
windings of the Rope fall upon the former, it will come ro pafs
that the formoft motion (wiz. while that part of the Rope de-
{cends which is wound about the other ) the motion will be
fwifter than thar of the latter, to wit, while the remaining part
of the Rope defcends which is immediarely wound abour tlie
Cvlinder.
The fecond way is, when weights are liung to exch erd of
the Rope, as appears in the Figure: For the Rope
ABC is put upon the Pully D, in whofe Periphe-. Fig. 121,
ry there is a hollowing, or grouve cur arching {6
that the Rope may lic in ir, and recieve firmly in it the draw-
| R R ing

. b4
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ing force of the weight, and the weight A muft not defcend
without turning the Pulley about, and confequently raifes th®
weight C.

In pradicing this Artificers are commonly miftaken, for
fome in the forefaid hollowing of the Pulley D, make 6 or 8
fharp points fticking out to_hinder, leaft the Rope being
drawn by the force of the weight A fhould not turn about the
Pulley.

But thofe fharp points render the motion of the Pulley, and
{fo of the Clock, or other engin, altogether unequal ; others
make the Cavity or hollowing of the Pulley narrower in one
place, and wider in another, from whence it follows, that the
Rope being unequally diftant from the Centre makes the mo-
tion unequal.

Therefore if the Rope flips without turning the Pulley thofe
fharp points may be ufed,but a greater number muft be afhixt,
and they ought to ftand out all alike,and equal upon the Peri-
phery of the little Wheel; which may be performed more
fafely if you glew on fome little balls like butron moulds or
beads to the whole Chord, or fix them in fome other manner
which may be all alike and equally diftant to each other; and
in the Cavity,or hollowing of the Periphery of the Pulley,make
little holes or cavities right with the fame diftances, which
Cavities muft anfwer the little burtons or beads, and receive
them within them one after another : Some inffead of thefe,
tye knots in the rope, being equally diftant.

Fig. 122, The third mannerin ufe is, when the fpace for
the defcent of the weight is too low, or fhort, or of too few
hours ; or if it be fufficient, we would norwithftanding ex-
tend the motion of the clock, or dial, to more hours. For then
we double the Rope, which may again be done ina rwofold
manner ; firft, one end of the Rope is falt bound to fome place
A, and the other end to the Axis, or Cylinder E, of the Wheel,.
which it ought to go about; as for example in D, this Rope
A BD fuftains the little Pulley C with the weight annext to it,
and this whole weight rogether with the little Pulley C ought
(0 be double of that which is hanged to the fingle Rope;; alfo.

the Rope may be wriplicated, quadruplicated, dre.

Fig. 123. if there be added above and beneath other Pulleys,.
in which cafe alfo the weight may be in like man-

ner triplicated or quadruplicated, ¢e. In the fecond place by
‘ ' the
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the double Pulley D, C, one of which being annexe to the¢
weight C, and the other to the Counterpoife D, and the ends
of the Rope B and E are faftned to fome firm immovable place;
{o while the weight defcends with the Pulley C, it turns the
Wheel, or Pulley A, and lifts up the counterpoife D.

Fig. 124. The fourth manner is by a continual Rope, dif-
pofed in fuch manner as the figure thews, in which A isthe
lowelt Wheel of the Clock, or fuch like Engin, or the pulley
annext to the Wheel, and made hollow in the Periphery to re-
cieve the Rope firmly,as we have {aid before. B is another Pulley
like (0 the fgrmf:r, and moreover furnifhe wwith faw-like teeth,
and with a pin C fo faftned to the fide that it endeavours
againit the teeth while the weight D defcends, that the Pulley
B be not turned about at that time ; but the Pulley A isroled
about and lifts up leifurely the counterpoife or weight E an-
next to the pulley ; where you fee there is no extream head of
the Rope, but it is one continued Rope, and put into the Pul-
lies, whence 'tis called perpetual or infinite. When therefore
the weight D defcends to the lower Earr, and the weight E is
carried to the upper part, the Rope being taken by the hand
in F, and by drawing downwards raifes the weight D again and
deprefles the weight E, for the pin C endeavours not againft
the motion of the Puliey B, but alone againft the oppofite
motion.

The peculiar conveniency of this Rope, and the application
or difpofition of the weight confifts in this, that in the fame

fpace of time, wherein the Rope is drawn, and the
Fig. 125. weight raifed to continue the motion of the Clock,

the motion of the clock is not interrupred, as hap-
pens in others ; for alfo while "tis drawn upwards by drawing
of the Chord in F, it difcharges its office in enforcing the Pul-
ley A, which truly is of great moment to the exaél perfeétion
of Clocks, and fuch like Engins, and the knowledge of
me.

Likewife you fee by this doubling of the Rope, that the
flownefs of the weight’s defcent is doubled to that it would
have by a fingle Rope ; and it migh,if need were, be quadru-
plicated, and be made greater than any given proportion.  You
may add to the two pulleys A, B, ancther Puliey G,and tc the
Pulley D adjoin another little Wheel about the fame Axis, or if
divers, join it at leaflt with the other Axis. Then this perpe-

Aa 2 ruaj
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tual'Rope being drawn abot all the Pulleys,viz. ADGDBE A ;
for 1 the defcent of the weight D will be four fold flower, and
therefore the weight oughr to be four fold greater, yvea, and
fomewhat more,becaufe of the much rubing of the Pulleys with
the Rope, and the refiftance, &r. - 10
Fig. 126. The ffth manner is this,the Pulley B is underftood to
be firmly affixed to the lower Wheel of the Clock, the other A
ftablithed fomewhere commodioufly, and being furnithe with
faw-like teeth with an Iron Pinto endeavour againft the weight,
as is faid before; from the perpetual chords of thefe Pulleys
hangs the weight H in the little concentric Pulleys E F G and
CDN, one of which is conjoyned immovably to the otker,
and both together about the commion axis of that which turns
eafily : Morcover below ler theré be two Pulleys K and L con-
joined in their centers to the common beam K L, in the middle
whereof hang the weight M. About thefe and the former
Pulleys draw rwo perpetual chords by this artifice the firft Chord
is BLGFEGRB, to wit, fothat it fold abour the Periphery, or
circuir of the whole Pulley E F G once: The other Chord in
like manner, muft be drawn about the whole Periphery, of
the lefler Pulley CD N, concentric with the former, o that this
whole Chordbe ACNDCK A. But now that which is
faid concerning this laft Chord,and the pulleys belongirg 1o i,
is, that it ought to be done altogether like to the other, bur
placed on the other face or fide of the Pulleys, which in like
manner containsa certain leffer Pully equalto CD N, ftanding
out on the other parr and divides ‘the whole office of holdin
or bearing up with the other ; whérefore it behoves'the Pulleys
A and K to be alike. : R '- ;
Thar therefore the weight H be drawn with its Pulleys on
which it hangs, you muft apprehend the Chord A K, e¢ither
alone or compared with another, viz. in E, and drawn down-
wards ; for {o it comes to pafs that the weight H afcends, ‘yet
in the mean while the motion of the Pulley B is not flopr, and
confequently neither the metion of the €lick, or other Engin
S0 likewile it appears in this method, as alfo in the precedent,
that the acraction of the weight may be continued as lorg as
you pleafe without hindering the motion of the Engin, Laft-
Iy, 1t appears in this latt method that the motion downward of
the weight may be made flow according to any given propor-
- tion,
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tion, to wit, in that proporiion which the diameters of the
Concentric pulleys CD N and GEF have: to each other; and
in the fame proportion the weight will always be increaft.

Problem. Iil,

7o appp&_’y-a Spharical, or rolling weight, to the Wiheels of
. Clocks, or other Engins, by finite Chords, as well as by
anfinite Chords,

Ince oftentimes it is neceflury in the artificial corftruétion
) of Clocks, and other Engins, to mikeule of Spharical or

rolling weights, two or more whereof fucceed cach other mu-
tually to continue or perpetuate the motion of the Epgin, as
will appear by what fhall be faid ; therefore we will deliver a
double method, whereby it may eafily be obtain’d.

Fig. 127. Firlt, it may be done by a perpetual Chord, or
Thong of Leather twifted ; for let there be two Pulleys, or fhore
Cylinders A and B, A being fixt to the lowelt Wheel of the
Clock, and B ftablifht in the loweft place to which the weight
ought to defcend ; put on each the perpetnal chord ABCD A,
ora Thong made of the Hide of 2 Bealt ; then take another Thong
alrogether like to the formerand putabout the {ame Cylinders,or
on two othet pulleys parallel to the former and diltant from
them fo much asisthe diamerter of the Spharical weight D,which
is {ufficient to turn the clock or Engin, this interval of the double
Thong being obferved, joyn one Thong with the other by
ranks of certain tranfw:rf;]: Irons {emicylindrical, whole bafes
are EH I, LM N: And they are eafily conneéted if you drive
a Nail through each Semicylinder, and the Thong which folds
about it, or if by chance the Thongs of the Semicylinders
ftrain in the middle, it will make a Scale, as appears 1 the
Figure P Q, {0 that the Spharic weight D being placed berween
the forefaid degrees will be {uftain’d by the lower pair of Cy-
linders, viz. in F. But that thele kind of perperual Scales
may be turn’d about with the Cylinders A and B with an uni-
form morion, there muft be made hollow SemicylindriC grooves
or Channelings in the Peripheries of the Cylinders, in which
are received the convex Semicylinder of the Scale.

 If the Sphzeric weight D be of a great bulk, the Thongs may
be made of double or triple Leather that they break not, or in
{tead of them Iron chains may be uled, The
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The chicf ufe of this perpetual Scale is to continue the motion
of the Clock, or other Engin ; for after that the weight D is
defcended to the loweft part G, "tis caft away by the Scale,
which will be done either from the Pulley B, or better from
fome obftacle fitted below for this purpofe ; then the Globe
breaking out from the Scale in the lower groove G, lifting up
fome peftle of Iron by means of a2 Thred or Chord, opens an
entrance to the other Globe in the upper groove E, that it may
fucceed in his place on the top of the Scale; bur the former
Globe depofed in G is lifted up again to the groove F, by an
artifice which we will thew in the following Problem, that it
may again defcend by the Scale, &-.

Fig. 128. Secondly, itmay be done thus, affix the Pulley Hto
the loweflt Wheel of the Engin, which ought to move and turn
calily about its Axis, having in its Periphery Saw-like Teeth
with the Peftle R, which being fixt in fome place of the Wheel,
and firted with a plate of metal prefling ; put the Rope L HK
upon this Pulley, faltning to one of itsends L fome little Box or
Basket wherein the Globe may be received, and to the other
end K, hang a weight of fuch gravity, that it may draw up
the Basker free from the Globe, from the bottom Q_to the
top, where now it appears in the figure, which the Peftle R
will not hinder, which hinders only the oppofite motion
of the Pulley H, and that the Globe may be contain’d within
the Box or Basket, and not {lip out of it, ereft two or more
vules P Q and M N, &e. Bur after that the Box with the
Globe is defcended to the bottom QS, the Globe muftrun out
of the Box, either by mangling the rule N, or by the declivity
of the bottom QS; Laftly, the Box or Basket being fieed from
the Globe, is lifted or raifed upwards by the weight K, and
being advanced to PM, rtakes in there the other Globe equal
to the former, and that the Clock, or other engin, may be
kept in motion while ii is let down in Q, and raifed again in
M, we will thew by and by. ' '

Problem
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Problem. IV.

70 convey weights, moving an Engin up fo the upper par?,
after their defcent to the loweft part.

Fig. 129.7FHis may be done many ways; firlt, by the perpe~

rual Scale defcribed in the preceeding Problem,
for if you underftand a Toothed Wheel joyned to the Pulley A,
and firmly adhearing to the {ame Axis, if then this toothed
Wheel be moved together with the Pulley A by any fuper-
fructure, or any other way from the power impelling the Su-
pream Wheel, or part of the Engin, and the motion be made
from A towards C, the Globe, or weight D, will be railed
gently from the bottom to the top, whence it devolves again
to animate the Clock,or other Engin, by the artifice explicated
in the precedent Problem.

Secondly, the Artifice in the {ame third Problem, explicated
in the fecond place may eafily be applied to the drawing Sphz-
rical weights,from thg bottom to the upper moft part. For
let there be a toothed Wheel ABC to which there may
be others made according as the thing requires; place the
Pulley DE on the axis of this Wheel on which a Rope being
put, fet one end of it fuftain the Sphaerical weight P within its
Box or Basket, and on the other end hang the Counterpoife
N, a lictle lighter than the Basket P without the Globe, or
weight, that from this that may be taken up. The Peftle B
farnifht with a little wing lays hold on the Snags of the Pulley,
and derains it againft the endeavour of the weight P. ~Alfo
make a cerrain dovetail D F in the Periphery of fuch bignefs,
that it may be equal to a quadrant of the Circle, or exceed ir,
in the middle of this make a long flit D F, through which the
common axis D of the Wheel and of the Pulley may pafs;
moreover make a moving leaver HG FC made fum igme-
where about the point G, with which Leaver the forefaid
dovetail is linked in the point F: Then in the point A fix a
{par, or bolt A K, furnifhc with a prefling wing and movable
about the point A, and near this Dboit place a Leaver full of
corners or nooks K L MN movable in the point M.

Thefe things thus difpofed, If by the motion of the Wheel
A B C the weight be clevated leifurely to the top of its alcimdeé

an
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and being flipt from the Basket or Box into the groove or
Channel leading it to the defigned place for animation of the
Clock, norwithftanding the empty hasker_ will be moved
by the power raifing ir, untill it hits againft the Leaver
CGH and lifts it up a litle, and the Leaver being raifed
takes up together with it the dovetail FD : And this Pefile B
being firercht at lengeh through the whole thicknefs.of the
Pulley in this part to the dovetail ; in the mean while that the
end H of the leaver CG H being deprefled lays hold on the
bolt A K and detains it, at the fame time the Peftle B being
lifted up withour the Svags of the Pulley, the basket P, although
empty, yet heavier than the counterpoifle;, N will turn the
Pulley,and it will defcend to the botrom that there it may again
receive another Sphearical weight to be drawn np in the fame
manner, '

For the counterpoife cither of it {elf, or by making a certzin
knot in the Rope will raife the nooky Leaver N M L, and by
it withdraw the bolt A K that it detain not any longer the end
H, which being loofed, the doverale DF falls off, and then
the Peftle B being fent down lays hold on the Jags of the Pulley
that the atcradtion of the weight may be made again.

If you fear left before the Peftle B being drove away by the
Snagged teeth of the Pulley, and the Pulley with the Basket
fhould begin to defcend before the end H is laid hold on by
the bolt AK ; then hang fo much weight o the arm G H of
the Leaver as fuflices to raife the dovetale with the Peftle B,
and that the weight be not raifed fooner than the basket af:
cends upwards, detain this arm G H by a certain crook or
hook made afier the fume manner as the hook N H-in the fol-
lowing Figure. But then in ftead of the arm FC, the arm
MN will be produced, that that being raifed from the basket
will withdraw the hook {uftaining the endeavonr downward
of the end H which is heavieft ; Moreover it will reftore it to
its former fite afcending with the Impetus of the counter-
p(}i{ﬂ' IN. &

Alfo note, that when the Wheel A B C is often turn’d about
in drawing of the weight, and conveys the Peftle B every
whete with it {elf; thar when the attraction is finifht, the Peftie
B will be found in the upper quadrant that is above the
doveral, which always certainly happens, if in the Rope or
little chainof the Pulley you make litde knots or buttons for

that
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that purpofe, according as 'tis fhewn in the fecond Prob-
lem.

Fig. 130. Thirdly, the fame Pulley may be freed from irs
Peftle by another artifice; let the {ame Wheel B ftick faft to the
axis C,and the Pulley D movable thus, that it may be moved ro
and fro by the Axis AC; Then after that the Basker Eis brought:
to its height, it will raile in the firft place the knotty Leaver
EF G fixt movably in F; and this by the lictle arm G H drives
out the hook H N, whereby the other knotty Leaver ML K
is fuftain’d, to whofe arm LK {o much weight muft be hung
as is convenient, that the other arm L M laying hold on the
Tube M P, joyned to the hole of the Pulley D, may draw the
Pulley by the Axis A C towards C, although againft the érdi-
nary refiftance of the force of the Hazlix CP: And in this
manner, thofe jagged teeth of the Pulley are withdrawn from
the Peftle B, and the Basket E defcends with its weight, by
turning round the Pulley together freed from the obftacle of
the Peftle ; notwithftanding in the mean while the little arm
L M rouches it highly, and detains the Tube ending in the
rundle, in which the contaét may be facilitated by adhibiting
the little Wheel, or a turning Cylinder, &rc.

The arrival of the Counterpoile will make the Pulley repair
to its place, for this when the impetus of the knotty Leaver
M LK, lifts up the end K, it places it in the hook H N ;
which being done the pulley is forc’d into its place, by the
prefling Healix led about the Axis.

Hence alfo you muft take care, in making the Peflle B, that
it be not let or bore down from its liwle wing, deeper than
the inciilions, or Jags of the Pulley.

Problem. 1V.

To fit an irregular finite, and diforderly moving power, [o to
an Engin, that it f[ball make a well order’d regular, or
wholly equal motion.

Ince Regularity and equality appears in no other motion
more than in the Circalar, which of its own nature {eems

to require equality ; we fhall in this place declare thofe things
which are for obtaining this equght}_r of motion, which truiy
are. of great momeunt in Engins, efpecially in the conﬂrmf_tla;u ({3*
tnof .
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thafe thar meafure time. And of thefe kind of Irregular
powers {ome are perpetual, or infinite, and others finite which
do execute their office to time. We fhall treat of thefe laft in
this place, and of the former we fhali fay fomething hereafter;
heavy things being hung at liberty whether hanging from an
Engin, or fome Wheel, are called regular powers, becaufe
whether they are hung high or low, they always obtain equal
force or moment ; notwithftanding if they are placed in fome
ambit of the fame Wheel according to a divers fite, and the fame
inclination, they acquire divers moments as appears from what
has been faid elfewhere; but "tis needlefs to reduce this irre-
gularity of weights to regularity, finCe that may eafily be
done.

Therefore irregular Powers which we commonly ufe in the
conftruétion and motion of Engins are Springs, thas is, cerrain
thin pieces of mertal in manner of an Hzlix, or wrapt up in
Spires fuch asare commonly ufed in watches, concerning which
fomething is faid before.

Firf#, the refiftance of the faid thin pieces of mettal is kfs in
the beginning while they are bent or drawn than in the end,
and in like manner when they are drawn or bent have greater
force, and make a greater endeavour to reftore themfelves in-
to their firft ffarion in the beginning of reftitution or red uétion
than in the end, and this force increafes or decreafes not uni-
formly,and with a proportional increafe to the adductive or re-
duétive motion, but with another certain increafe or progrel-
fon not as yet certainly known, of which in ics place.

Secondiy, i the thin piece of mettal be bowed or bent into a
Spite, or larger Spieres, the bending refifts lefs, and makes lefs
force to reduce it felf than if it be bent in leffer Spires ; hence
"tis, that in this fecond cafe it hath greater force whereby i
defires to reftore it felf, but obrains lefler motion.

Thirdly, Springs,or the fame thin pieces of mettal being bow-
ed into a Spire or wreath, may be drawn more violent either
in the Centre, or in the Circumference,. or in both parts to-
gether ; if the thin plates confifting in the extream which is
= the gircumference, the plate will be drawn by the wrefting
of the other extream being in the Centre, it refifts the draw-
ing lefs than if remaining centrelly immovable in the extream,
the plate be wreathed about in the Periphery, the reafon is, be-
cau%n:_i;n this {ecoad cafe it ought now only ro out go the refift-

ance
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ance of bending, but al{o the other of rubbing, or weaving of
one volute upon the other, which refitance neverthelefs it hath
by accident.

Fourthly, Springs are made weaker by degrees by often draw-
ing them, but they are more weakned i? they never reftore
themfelves, but if always, or for a long time, they continue
drawn or puli’d ; hence they have greater force in the firt ma-
king of an Engin, bur leffer after long ufing them.

Fifthly, if they remain fometime free, that is, wichour draw-
ing, they recover fome of their flrength which they had loft
betore.

Sixthly, Fo. Helmont in his Book entituled Med. Phyfic. de tem-
pore, Num. so. affirms, Thar the faid Springs of Clocks or Wat-
ches are wont to be more ftrong, or ftubborn, when the North
wind blows, which notwithftanding is not as yet well known
to me, neither doth the caufe of this Phenomena ealily appear,
unlefs you'll fay from Cold, which is wont to be more rizid
when the Wind is Northward.

Thefe things being noted, the irregular force of Springs may
be reduced ro uniformity divers ways : Firft, when thefe thin
pieces of Mettal are wontto be made every where of the fame
breadth and thicknefs, they exert their force unequally in tte
beginning and in the end ; if the parts near the Centre be
made thicker than the other, or broader with a due propor-
tion, and then the drawing to, or lapping up being made in
the Centre, the refitance will be equal and uniform in the
whole drawing, or wreathing, and confequently they will
make the force equal in their whole reftitution, until they
come to their firlt ftate, or condition ; moreover on the con-
trary, if they are made thicker in the parts neareft the circum-
ference, and then the drawing be made in the circumference,
from the oppofite reafon there will be an inequality of force
o compcn{Ete or amend that unequal thicknefs or breadih of
the thin plate; notwithftanding this way, whereby the inejua-
liry of this thicknefs compenfates, the inequality of force is not
ufed, perhaps becaufe 'tis more laborious, and neither isir ea-
{y to find the proportion, whereby the thicknels ought to Le
increafed gradually ; yet if it were reduced into practice, i
would be far more ufeful and certain than the other,

The {ccond way more obvious, and ufed in regulating the
Springs 1in ancient Watches,ﬂisk; by an unequadl preflivi Iu,':

2 i
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the firongel part of the Spring, and that is made in a certain
changable Orb like the figure of an heart, for this Orb when
the fpiral plate makes lefs force, is alfo lefs prefled from the.
other plate, or hindering wing ; but when it exerts greater
force 1n like manner that force is abated, {o that 'tis reduced
to a certain quality ; alfo this way is {carcely ufed now among
modern Artifts, when notwithftanding ’us lefs laborious, and,
as Experience teaches, oft-times more ufeful than others ; per-
haps 'tis defpifcd becaufe 'tis more fimple, to deter others from
inquiring into an Art which is more Elb[if, which they would
do, if it were eafier and fimple.

Fig. 131. The third way,which isat this time moft in ufe is, a
Hzlyx of Steel included in the Cylinder A B (© D, movable about
the durable axis E F ; thisaxis paflesby the centre of the Halix,
and detains its central end firmly, and left it fhould be turn’d
about together with the Spire or Wreath and Cylinder, ’tis hin-
dred by a jagged wheel G H, firmly put into an axis, and a lit-
tle bolt or peftle HI, which ftrives againft the Jags of the
. Wheel : To the fide of the Cylinder a Cone is made, or fome
other fuch body fharpned attop like to aTop C K M, movable
about the axis L M, the Periphery of this top is made in the
manner of a Screw, with channellings or cavities made round
it to receive a chord or chain, one end whereof is fafined in
the point of the Cone K, and wound about the Cylinder, the
other end of the chord is faftned to the Cylinder in D ; thefe
things thus conftituted, the inequality of the refiftance of the
fteel {pires, or wreaths, drawing irregularly is made fit or meer
by the deformity of the top, which where the refiftance of
the {pire or wreath is leaft, the greater Periphery being turn’d
receives the chord, whereby the Cylinder is drawn about, car-
rying about the included end of the {pire or wreath fixt to the
Cylinder ; and where the force and refiftance of the thin plare
is ftronger, the chord being then in the tharpned or lcfler pare
of the top or cone, eafily {uftuins thar greater force by lefler
diftances from the centre or axis, and by allaying it, tem-
pers it.

You fce then the whole perfection of Clocks, or Watches,
which confifts in uniform morson, or  equality, depends
on the framing rhe forefaid cone or top ; which I defire Ar-
tifts diligently to obferve, and to take great care in the mak-
ing of it, that the moving force of the {piral thin plate be ren-

TS drer
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dred every where equally valid 5 neither is it fufficient, as
they are wont, to try it by hearkning to it whether the found
be fharper or graver in the {wiftelt motion of the jageed lic-
tle wheel G H, fince "tis not ealy to diftinguifh the leaft dif-
ference of found ; wherefore “tis rather to be done fome other
way, and Father Schustus propofes two, the firft is by weigh-
ing, wiz. by a weight hung on a long arm leading the Cone
abour, for if which way foever the Cone be turn’d about,
the fame weight endeavours equally 2gainft the addudtion or
redu&@ion of the Spire, the Cone or Top will be pe:fcét.

Fig. 131. The fecond way is meafuring by rime, for, fays
he, the lirtle Wheels being fet at liberty in a fwift and free
motion ; take fome very fhort Pendulum, and by its vibra-
brations examin the circumvolutions of the lower Whecls,
for if the circumvolutions of each wheel be in equal fpace of
time, it argues that the cone or top is perfelt: In the fame
manner, the circumvolutions or turnings round of the jagged
lirtle Wheel G H may be examined by a Pendulum, to wit,
whether they are made in equal time, notwithftanding if there
be added weight to the forefaid little wheel the motion is

rendred more {low.

Problem. VI.

To mend the unequal motion of Clocks, or other Engins, by
applying a Pendulum.

He chief fault in Clocks, and all Engins that meafure time,
is the irregularity of motion, for no kind of Clocks to
this very day is foind, ‘Whofe motion is {o equal or uniform,
that it errs not at leaft a minute from the true meafure of rime,
in one day or 24 hours, although it hath been the fludy and
endeavour of many ingenious men; in the furft place, we are in-
debted to Mathew Campanc to this end, that by the accurate
meafure of time Geographers may obtain the knowledge of
Longitude, and what proficiency they have made in it, you will
underftand by what follows.
Truly ’tis doubted whether any man can by application of a
Pendulum, compleatly perfectthe little jagged Wheels of Clocks,
and take away their inequality ; therefore the Author of that

famous Invention, deferves to be followed and praif.fc}
0
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of all Men ; and fince there are divers ways of application in
this kind, fome whereof we have defcribed jult before, it re-
mains that we reckon up {ome othersin this place, either more
ingenious, or allo more ufeful.

Fig. 132. Lettherebe a Pendulum I L, with a2 wire fixt ro
the Axis C D, which refts on the two poles C and D, and in
the middle part of its Axis, faften here 2nd there rwo lirtle
wings, or thin plates of mettal, extended according to the
length of the Axis, orin an Horizontal fite, above this Axis le
the upper wheel of the Clock A B be turn’d, being made by
a peculiar are ; to wirt, let it be made in form of a Zone, with
a double row of Teeth difpofed to the end of the Zore in fuch
a double order, that when the Teeth, or little Keys. thar ftand
out, being confiderably diftant from one another, each tooth
of one row, anfwer to the middle fpace of reeth of the other
row ; for fo by wrns they will hit againft the aforefzid rwo
wings, to wit, one tooth or lictle key of the row towards the
right hand, on the righ wing, and the other row on the lef;
hand, on the left wing ; again, the othar on the right, on the
right wing, from whence are made the Alrern Vibrations of the
Pendulam. If then each of the two rows confifts of ten teeth,
in all they will make twenty ; and’ the Pendulum muft be of
fuch length, that each compoled Vibration anfwers one fecond
of time, there may be fitted on the {fame Axis of rhe wheel the
Tympane F with fix teeth, which will be moved by the wheel
G H of 36 teeth, for this will abfolve one circuit in the {pace
of a -Minuie ;. {othat an Index fafined ro its Axis, may note
every fecond in 2 circle divided into 6o equal parts; and be-
neath the Wheel G H, another may be fited, which may be
turn’d about in the fpace of an hour, and its Index may thew
the minutes, moreover another which may fhew the Hours,
.

But fomething offers it felf worth our noting in the appli-
cation of Pendulums 1o Clocks ; in the firlt place, if a weight
doubley or tripley greater be hanged to a Clock, it is not the
reafon of moving it notably {wifter, or the caufe of making
the hours vihibly fhorter, becaule in this cafe the Pendulwm is
forced more vehementy, and therefore makes greater arched
“inits Vibrations ; it fecms that it ought to move more flowly,
and to make the hours longer, if it be true that is faid in the
Book of Pendulums, that the Vibrations which are made in a

greater
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greater arch from the fame Pendulum are longeft ; but expe-
rience tells us, that the Hours are fomewhat fhorter if weights
are hung much greater, and the reafon is, becaule the wheel
which is called Serpentine, or the wheel meeting with the
beam of the Ballance by way doth not permit each Vibration
to run throughthe whole Arch which they would runthrough,
and therefore cuts them off a little fhorter.

Secondly, For this reafon Perdulums ought to be a fmall- mat-
ter longer than if they were altogether at liberty, leaft cach of
their vibrations be made in a fhorter time than s mect.

Thirdly, You ought not to ufe a firing or litle chain, be-
caufe they will bend, but a wire, or in greater Pendulums, a
rod of Iron, or other Mertal

Fourthly, Since in thefe kind of Clocks the augmenting or
decreafing of weights fignifies little to the fwiftnefs or flownefs.
of motion, but the fwiftnefs or lownefs depends almoft wholly
on the length or fhortnefs of the Pendulam; therefore that
Clock may bz reduced to the juft meafures of Hours, the Globe,,
or Ball, ought to be fixed to the lower end of the Rod, in fuch
manner, that it may be raifed or depreficd, and that may be
done if there be a {crew made on the end of the Rod, which is
engrafted to the Globe more or lefs, and binds it very well
that it {lide not down, which inconveniency may be prevented
by another concave Screw P, which keeps the Globe awaysin
the fame place.

Fifthly, "Tis better to hang 2 heavier weight to a Clock, or
make ufe of a ftronger Spring, and to apply a Pendulum a lit-
tle the longer.

Sixthly, The Vibrations ought not 1o be too great, but the
Pendulum ought to {wing backward and forward to the height
of 30 or 4o degrees in its arch.

Seventhly, Clocks made with Pendulums, require much grea-
ter weight or ftronger Springs than others, which are regula-
ted by the ordinary fimple poifers, {o thar fometimes a wiple
weight is required to it, than is required to a Clock without 2
Pendulum ; neverthelefs for divers reafons, according to the
manner or fathion, a Pendulum may be firted, it may require
more or lefs weight in the precedent artifice, unlefs the litcle
wings of the Axis C D be made long, it will require a great
weight ; as appears from the principles of Mechanicks,

Eightbly,
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Eightbly, Greater Clocks which are furnitht with greater
Pendulums, in like manner require weights in the fame pro-
portion, or alfo in a greater than the times of the Vibrations
have, or which is the (gzme, in fubduplicate proportion of the
lengths of the Pendulums; for Example, leta Clock have a pen-
dulum of 36 inches, or 3 feet, which makes each Vibration 1n
one fecond, and another with a pendulum of 9 inches, which
abfolves the vibrations in half a fecond, fo that in one hour
that makes 3600 vibrations, and this makes 7200 ; fince the
pendulum of the firft Clock s quadruple of the other, to agi-
tate 1t, is required a quadruple force or weight; becaufe it
ought ro move but doubly flower, alfo the Serpentine wheel,
or that which incites the pendulum, muft be moved doubly
tlower, and therefore the weighthung to the lower wheel will
have a double weight, therefore adouble weight {fuffices to move
2 pendulum of quadruple length through like Arches; for a
double weight, if it have over and above a double poife of a-

nother weight, is equivalent to aquadruple weight.
fig. 133. Norwithftanding ’tis to be Noted, if the longer

pendulum be inforced in a point proportionally di-
{tant from the centre of the pendulum, a weighe as little again
will {uthce to move the long pendulum, as if the pendulum A
€, receive an impulfe from the upper wheel in the point B, and
another longer pendulum D F, receive an impulfc in the point
E, and let the proportion be the fame of AC to D B as of D
F to DE, a weight doubly lefler is required to move the
longer pendulum than to move the fhorter pendulum ; for if
the difpofition of the wheels be the fame, or the velocity the
fame as the upper wheel, an equal weight is required as ap-
pears, bue in a longer pendulum the upper wheel is moved
doubly flower, and {o the weight hung to the Clock hath a
double poife, therefore a weight doubly lefs fuffices. Bur if
the pendulum D F be impelled in G, {o that D G be a mean
proportional between A B and D E, than an equal weighr in
cach Clock is required, and only double the weight is requir- -
ed in the Clock of the pendulum D F, when the pendulum is
incited in the point H, fo that D H be equal to A B, and the
Globes C and F are fuppofed of equal weighe, butif the weights
arc uncqual, then their proportion ought to be h.d, wrich
may vary diverlly. |

Problem
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Problem. VIIL.
Anather way of fitting a Pendulum to a Clock.

Fig. 134. Ere we will defcribe the way moft in ufe of fi-
ting Pendulums to Clocks, the ferpentine or
encountring wheel, muft be placed in an Horizontal fite, and
the beam of the Ballance alfo ftretcht our Horizontally on the
fame ; the wheel furnithe with jagged teeth, muft have its num-
ber unequal to this, that two little flaps, or wings, of the Bearh
of the Ballance, may lay hold on the teeth by turns, according
to the ufual manner, which lirtle wings ought therefore {o to
be joined to the beam of the Ballance, that their planes make
a right angle, and the Axis of the beam ought to be extended
precifely through the centre of the Wheel ; bur becaufe if the
Pendulum be immediately join’d to the beam of the ballance,
its weight will burden it toe much,therefore a handle is added
to the beam, boared through in the extream point, to which
hole is fixt a rod hanging at liberty that it may eafily agitate,
Bur you muft take care thar the lower littde arm poffefs 2
middle fire between each little wing of the beam of the Bal.
lance, left one vibration of the pendulum be greater than ano-
ther, and make the motion very incongruous and lame; inthe
reft obferve the.precepts already delivered; fome fix a Globe
unmoveable on the end without any Screw, moving the cen-
tre of the Spear or Wire, they raifc it or deprefs 1t to reduce
the vibrations to the exact meafure of time, tor when the cen-
tre is raifed, the pendulum runs through a leffer arch, and
{fooner difpatches each vibration, {pecially becaufe *tis refifted
by a lefler impulfe, and it makes the vibration flower, if it be
depreft for the contrary reafons; yet you muft take care that
the centre be not beneath the axis, nor that it be elevated much
above it; lafily, the length of the little arms are determined
- by praétice, and by the wheels.

Cc Preblem
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‘Problem. VIII.

70 amend the Irregularity of all Clocks and Engins, mea-
Juring time otherwife than Z_*y the manner of Pendulums.

Know fome have not been wanting, who are willing to a-

dopt Pendulums to watches,or portables Clocks, neverthe-
lefs they laboured in vain ; for the {mallnefs of the Warches,
and the diverfity of their Scituations, with the continual agi-
tation of the pendulums, while they are carried abour, cannot
eafily admic them to vibrate uniformly ; and although the pen-
dulum may be {o fitted, thac bting librated between many
circles or rings, after the manner of a Sea Needle, it may al-
ways obtain a perpendicular fite; however the agitation of the
whole watch will make the vibrations of the pendulum to run
fomerimes in this, fometimes in the other part, hindering their
equality altogether, befides that, the {fpace which the beam re-
quires, is much greater than the magnirude of Watches will
conveniently admit ; wherefore perchance more patly,the whole
watch with its pendulum appled to it after one of the forefaid
prefcriptions, may be hung within 3 or 4 little circles, which
may ealily be included in a Sphearical cag of the Watch.

Since therefore the application of Pendulums to thefe kind
of Warches, or other portable Engins, are either ufelefs or al-
together difficuli, the illuftrious Hugenius ( for his new Inven-
tion, now known to all the World ) hath found our another
way, which [ could not pafs by in this place, it being very
profitable and ingenious, therefore accept it as taken from Let-
ters of the fame Author.

The Miftery of the Invention confifts in a thin plate of met-
tal or {pirval creft, having fafined to it at the lower end a Cats-
gut String, or an Inftrument of an equal weight, but greater
and more ponderous than i1s wont, and movable of its own
accord to and fro upon its points 3 and the other end is faft-
ned to a litile part or covert fticking up above the upper parg
of the Clock, which being once vibrated to the tongue of the
Ballance of the Clock, comprefles and releafes its {pires one af-
ter another, and drawing co it felf a little help coming from
the wheels of the clock, maintains the motion of the Inftru-
ment or Ballance fo wuly, that although it makes greater or

lefler
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leffer digreflions, its reciprocations neverthelefs throughout are
equal in time one to another. _

Fig. 134. In the figure of the former Clock the plane is
A B, the circle of the Ballance, or compafs about the tongue
of the ballance C D, its axis or lance E F ; the wing or {pring
turn’d into a fpire G H M is faftned to the {pear of the bal-
lance in M, and to the thin plate of mettal on the upper plane
of the Clock in G, fo truly, that all the fpires of the {pring
cleave to thefe two props hanged up in the air, touching no-
thing beneath: N OP Q_is a certain covering, or propping,
in which the other point of the ballance is turned : R Sis one
of the toothed Wheels of the Clock, having a certain motion
of the poifer impreft on it from meeting with the next wheel,
and this wheel RS is folded into the Tympane T, made faft
to the axis or {pear of the poifer, whofe motion is by this means
as much maintain’d as there is occafion.

This Invention of Hugenius may be ufed not only in Watch-
es, and portable Clocks, but alfo in others which are put into
motion by hung weights; and to which he adds, Thar a clock
made by the forefaid Artifice may be ferviceable in finding
the Longitude at Land and Sea, which I am not eafily indu-
ced to believe, for neither is the inequallity of motion of Clocks
more correted by this Invention than by Pendulums, as you
may eafily underftand by what is faid, neverthelefs ’tis very
ufeful, becaufe it may be fitted to portable Clocks, or Watches,
which cannot fuffer a Pendulum.

Fig. 135. 1 obferve that the {pear of the ballance EF may
agitate, and unlefs I am miftaken, more beneficially by a Zone
or double wheel with fmooth teeth, or little keys after that
manner, whereby a pendulum agitates in the fifth problem, to
wit, if the little keys C, D, G, H, &. by turns, or one after
another, hit againft the two little wings A and B, here and
there fixt to the fame fpear or lance ; for fince this {pear ought
to be mueh thicker and {tronger than commonly they arewont
in common Clocks, and more refifts the impulfes of the wheel
S R, by reafon of the {pire G H endeavouring againft it, the
poifing wheel commonly call'd Serpentine is not fo ufeful,
‘which is wont to agitate the common fpear of the Ballance.

£ ca Problem
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Problem. IX. |
A Clock that makes no Noife, and yet hath a Pendulum..

Fiz. :36.IT will not be unpleafant in this place to defcribe a-

. kind of a Clock which we found in F.ther Adili-
e’s third Book of Statics, or art of ballancing, Prop. 9. where
he hath thefe things.

This kind' of Clock, or Watch, is. moft ufefull; becaufe no:
found of the Poifer is heard, and therefore may be ufed in a.
Bed-room. without fear of difturbing ones reft.

The Lord Setale hath had many of this kind made, and the
Artifice was thus: The Clock confifts of 4 wheels, and one axis.
furnitht with lictle wings or Pinions.

The firft wheel was furnitht with 96 Teeth, and difpatche
half a circulation in an hour.

The fecond had in the axis 12 little Teeth, and in the cir-
cumference of the wheel, it had 72 little Teeth, and it accom-
plifht 4 circulations in one hour.

The third had 6 little teeth in the axis, and'in the circumfe-
rence 6o little teeth, and finitht 48 circalations in an hour.

The fourth had 8 little Teeth 1n the axis, and in the circum-
ference 8o, and finifht 360 circulations in an hour.

The axis furnitht with wings which is defcribed in the Fi-
gure e e, had 8 little teeth, and finitht 3600. circulations in an
hour, and fince every circulation made one compounded vi-
bration, there was 3600 compounded vibrations, and 7200
fimple ones ; one compounded vibration is equal to a fecond.
Minute, and a fimple one to half a.-fecond minute, the length.
of the pendulum was 9. inches.

The whole Artifice confifts in the axis. B C, and in the han-
dle of the pendulum H I K, which may be turned about the-
point G, as about an axis, and the point K was ingrafted in
the point 6 of the axis, furnitht with rings, which axis while
it turns, inforcesthe arm K I, and draws it in by turns ; which.
you may. ealily conceive, it the arm K I be at right angles with
the axis B C, and beingrafted in the point 6; the reft may bet-
ter be conceived if the thing be put into Execution, than can
be expreft in. words,

Problem,_
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Problem. X.

To determine the number of Teeth and Wheels in Clocks
which have Pendulums.

THis practice ought not wholly be negledted, which is
moft ufeful in dire&ing Artificers, elpccially fince ic alfo
contains a method of beginning, aid’ reckoning the number
of vibrations and circulations of wheels, which 15 very. necef-
fary in the conftruétion of ali other Engins.

The forefaid Author began thefe reckonings, together with.
the forefaid method in divers forms of Clocks, beginning from
a Clock which confifted of two wheels only ; for although it
is difficult to fic that pendulum, neverthelefs if it be accomplifhe
it will be very exad, fince the meeting of many wheels induce
always a greater inequality in motion.

Fig. 137. In the firft place therefore (faith he ) ket there
be two wheels, the firlt or lower of 120 teeth, which is fup-
pcrfed to finith two circulations in hour, wherefore it will be,
equivalent 1o 2 wheel of 240 teeth : The fecond wheel hath a
Little wheel of 5 teeth, wherefore while they pafs through s,
of the teeth of the greater wheel, the fecond finifhes one cir-
culation, therefore you muft know how many times 5 is found
in 240, which you will know by Divifion, and the quotiene:
will be 48, wherefore the fecond wheel makes 48 circumvolu-
rions in one hour: And it appears, that the fecond whcel of
35 teeth, each of which effeCts two fingle vibrations, fince it
touches the poifer twice ; wherefore each circulation makes
2o vibrations, multiply 70 by 48 and you will find 3360 fingle
vibrations in an hour, the Pendulum will be Feet 3%, and fome-
what more.

Fie. 128. 1 will propofe another not unlike the precedent -
Let the fame wheel have 120 teeth which will make two cir-
culations in an hour, and therefore will be equivalent to 2
wheel of 240 teeth: The fecond little wheel fhall have 6 teeth,
divide 240 ‘Ly 6 and the quotient will be 40, the {fecond wheel
then will be rurn’d round 4o times in an hour, and fhall have
45 teeth ; and becaufe, as I faid but now, cach rooth touches
the poifer twice in each circulation, this number will be dmi?-

d
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led ard will make 9o, which number multiply by 40, ard
you will have 3600 fingle vibrations in an hour, that 1s, each
fingle vibration will be equal to a fecond minute ; the length of
the Pendulum muft be 3 feet 3 inches and +3 of our Englith
feer.

Or if inftead of the 6 teeth of the little wheel you put the
teeth of the little wheel 5, for then the fecond wheel com-
pleats 48 circulations in an hour, and there will be 4320 vi-
brations in an hour, the length of the Pendulm will be about
two feet.

In the like manner, if there be given the firlt wheel making
two circulations in an hour, and of 150 tecth ; the fecond

wheel, or that which encounters with it, fhall
Fig. 139.  have a little wheel of 5 teeth : Wherefore the di-

vifion being made of 300 teeth ( which are in two
circulations ) bv g, it will make 6o circulations : Suppofe 6o
teeth in the {econd wheel, that is, 120 vibrations in each cir-
culation, it will make the number 7200, and the Pendulum
abour 9 inches, thar is, each fingle vibration will be equiva-
lent to half a fecord minute.

The {ame things being obferved, except that the firft wheel
compleats only one circulation in an hour, you will have the
number of vibrations 360z, and the Pendulum will be 3 feer,
that is, each vibration will be equal to one fecond minute.

Which Examples I have put only, becaufe you may learn
the method of finding out other numbers, which fhall feem
more fit.

A Clock with three Wheels.

You can fcarcely make Clocks with Perdulums which fhall
have only two wheels, unlefs you make the Wheels very
great, and abundance of teeth: Whercfore the greater are
commonly made of three Wheels, and the lcfier of tour: I fhall

exhibit in this place fome numbers: A Clock hath

Fig. 140. 3 wheels, the fuft of which hath 112 teeth, and
the fecond little wheel 5, the fecond wheel hath

6o, the litile wheel, or axis of the third wheel hath 8 teeth,
the meeting wheel 15, you will have the number of Vibrations
thus, Divide 112, the number of teeth of the firft ( which in
cach hour is once turn'd about ) by 7, to wirt, the axis of the
fecord, and you will find the fecord to be turn’d about 16
times ; and the fecond hath 6o teeth, wherefore muliiply I::ﬂ
oy
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by 60 and you will find 950, thercfore it pafics over g8o teeth of -

the fecond in an hour, which number you muift divide by 8, the
axis of the third, and you will fiad the third to make r20 Cir-
cumvolutions, and it hath 15 reeth which make 30 fingle vi-
brations, multiply 30 by 120 you will have 3600 ingle vibra-
tions, and each equivalent to a fecond minute, the length of
the Pendulum muft be abour three feer.

The (1me is better done by other numbers : Let the firlt have
94 tecth, the axis of the {econd 6, the {ccond 45. the axis of the
third 6, the third 13, and this length of 3 feet is beit for
great Clocks.

The 3 following numbers give the number 7200 vibrati-
ons in an hour, that is, 2 vibratiors in one fecond minute, to
wit, the going and returning, and the length of the Pendulum
9 inches.

e S————

Vibrations 7200 Vibrations 7200.
arder of Circumvo- Teeth of || Circum- [Teeth ot -J(_'ilCLlrl‘j-1Tl:ﬂTl1 of |

whﬁels.l lutions. | wheels. | volutions| wheels. | volutions wheels.
3 | 144 ‘ 25 1 144 | 25 || 44 | 25
5 . 5 5
2 48 60 145 50
15 5 1 6 5
; RN 1] = I 72
Length of Pendulum ginches. Pend. 9 inches.  Pend. 9 inches.

Iﬁ the fucceeding Table the numbers defcribed give the Vibra-
tions 7600 and 10000, with the Length of the Pendulum
8 inches and 4 inches and 3.

£ " Vibrations 76co. o Vibrations 1ocoe.
yorder of | Circumvo | Teeth Circum-| Teech [|Circum-|, Teeth ‘Cir. Tee,
iwheels. | lutions. : volutions volutions !
AW N T T 19 || 200 19 || 200 | 25 [2c0| 25
S 5 5 '
2 T RS M (- 50 20 50 | 20
G 1 6 S
j i = '
I i - f i 2 6o |} 13 75 1 1§

I
Length of Pendulum 8 inches.  Pend. 8 inches. Pend, 4 inches 3 4%

The
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The following Numbers are for a Clock, which makes 10800
Vibrations in an hour, or 3 in one fecond mirure, the length
Of the Peandulum 4 inches and %, and others alfo, as may be
{een in the following Table.

T{:'-;‘.;};;ii I{_':r-'f;{_}::-!’ 1410 || 11400 11400 10944 || 9500
| et | 1
SR H it 13 o
216 {25216 |25 ‘xb:‘i 2511300 [19| 300 19 [283 |19 %310 L5
4 | i i
| | - | 5 5
12+ 28|| 18 f60 118;‘-' s0|| 30 [59]| 25 (60| 24 60 1264 {50
L sihi. 6 5 ;‘ | 6ll " |6l 6
| 1L =cll gL n‘ 2 {72 ~ e ’}}f;f e Ty 2 |30)

The following Numbers are for a Clock with 4 Wheels. the
number of Vibrations in an hour are 10800, t0 wit, 3 Vibra-
tions anfwer one {econd minute, the length of the Pendulum
is about 4 inches 2.

10300 | 10300 | 108c0 10800

360 15 | 360 | 15 360 | 15 360 15

6 I 6 || 6

6o 30 6o 1' 10 [l 60 36 | ' 6o 36

6 Ll 6 | 6

7% | s 9 4o || 8 45 (| 8 45
g | | |

I 6o I "| 54 h I 64 i| I 56
booee ot s }

Thele Tables were made by the forefaid Author, wherein
the Printer had committed fome Errors which we have amen-
ded, that they may be ufeful to Artificers.

If in the Lift Table you take the numbers propofed, chang-
ing only the number 15 of teeth of the upper wheel, ard in

-dts pluce uling a wheel of 20 teeth, you will have a Clock
which
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which will compleat 14400 Vibrations in an hour, to wit, 4
in one fecond minute, and the length of the pendulum will be
Inches 2 £ ; neverthelefs becaufe many Artificers will have the
meeting wheel to have an odd number of teeth, they obferve
the precedent numbers, to wit, {o that only the laft wheel but
one which finithes 6o circulations in an hour hath 48 teeth ir-
ficad of 36 tecth, and makes the fame number of Vibri-
tioNs 14400. |

Wheels are divided many other ways, and the Clocks are
commonly furnitht with Pendulums ; fome are fo difpofed,
that the {crpentine, or encountring Wheel, is turn’d round ¢o
times in an hour, and is furnifht with 6o teeth, and finithes two
vibrations in one fecond minute ; or hath 30 teeth, and fi i-
thes one vibration in a minute, then the number of the tecih
themfelves infcribe the minutes which appear confpicuous
through a round hole, or through a little opening made in
the front of the Clock.

Problem. XI.

To correct perfeltly the inequality of motion of Clecks, or other
Engins that meafure time, having Fendulums, by apply-
ing a double Pendulum, and by Cycloides.

Lthough a2 Pendulum applied to a Clock ( as we have
faid ) effe&s this, rhat if the impullive caule of motion
of the wheels be too fwift, or too ilow, irts vibrations tempers
it, each of which when they meafurc a dererminate rime, ei-
ther they agree to the too'much celerity of the wheels, or
they {tir up and excite their heavinefs and dulncfs, whence for
the moft parr the irregularity is taken away ; notwichftanding -
becaufe while the Pendulum refifts the unequal impulics of
the wheels, their vibrations muft necds contrat {fome irrcgu-
larity to themfelves, {o that fome make their cxcurions thio’
greater and others thro’ leffer arches ; and it appears by what
has been faid, that thofe Pendulums finifh their arches in fhor-
ter time which make the leaft arches, and thole in longer
which make greater or larger arches: Hernce ‘ils, that by :p-
plication of a Pendulum all the Iiregularity is : ot whallv cor-
rected, unlefs the Clock be fo ficted thar che vibrations be rig-
ly regular and uniform. :
D And
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And this irregularity of Vibrations may proceed from a
threefold head; the firft is, the various temper of the air thro”
which the globe paffes, for if it be thick it refifts more, if hea-
vier, the motion is net only confequently hindred by the grea-
ter denfity, but alfo the weight of the globe is rendred lefs
ponderous, that therefore they have lefs firength to cut the
air, and it renders- the motion of the wheels and the Impetus
more faint and weak. The fecond is, the impulfive force of
the wheels, or other power, continuing the vibrations, which
if it be frregular, induces in like manner at lealt fome, if not
all, the Irregularity in the vibrations, and thefe two heads may
be referred to ourward caufes. The third is- from within, or
from: the nature of the vibrations themfelves, which are, as.
we have faid, thacif a globe fall by its.own weight, in fwing-
ing it will make many vibrations, yet they will not all be of a:
like continuance:

The irregularity of Vibrations which proceed from the firfk:
head may wholly be taken away, if the Clock with the Pen-
dulum be included in a cafe of glafs, or fuch like receptacle,
wholly unpaffable to the air ( which how to perform we fhall:
fhew hereafrer ), wherefore it remains that we {peak to the
two other.. -

To the Irregularity of the third head, which is as it were
inbred in the fimple vibrations themfelves, a remedy feems to-
be found by the induftrious Hugesius by the following inge-
nious practice, the whole Art confifts in a double arch of the:
figure of a Cycloid, within which the Pendulum agitares.

Fig. 141. Let the Pendulum be A B, which is agitared to»
and fro by indifferent arches. B €, BD of 20 degrees, and let
this Pendulum hang by a thred or {mall cord A E of one inch
more or lefs, according to the length of the Pendulum, whofe.
remaining part E B muft be ftiff ; difpofe here and there near
the centre A two-bowed thin plates.of meual AGH and AEI,
fo that they touch the lines A D, A C, in the points F and G,
and the curvity oughtrohave the figure ofa Cycloid ; fo it wilk
come-to pafs that if the Pendulum make greater vibrations, ard.
runs out beyound the lines A C, A D, it willtouch the Cycluid
in the paints F and G, and itslength willnot any longgrbe A D-
but F D, and {o when: the Pendulum. is made fhowrer, ics vi-
bration continues ks time: But why the Author chofe rather
the figure of a.Cycloid than another Ciuve doth nor fufficient..

by
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ly appear, nor doth his Demonftration feem to be lawfil,
whereby he pretends to thew by this Cycloid that the length
of the Pendulum is made lefler and leffer fucceflively, while
it hits againft the thred A E, and that that lefler length precife-
ly compenfates the greater length of time of the vibrations
which are made by the greater arches. :

The manner of dr:fcribinig the Cycloid,according to the Au-
thor, is two fold : Firft, defcribe a Circle whofe diameter A B
is equal to half the length of the given Pendulum ; take in the
circumference any number of equal parts both ways from the
diameter as AC, CD, DE, EF,and AG, GH, HI, 1K, and
join the parallel lines CG, D H, E I, F K, then make the right
line L M equal to the Curve or arch A DF, and divide it in-
to-as many equal parts as there are in the arch, to wit, into 4
parts, one of thefe parts of the line L M transfer from C'to N,
and the fame transfer from G to O ; moreover two of thefe
parts L M transfer from D inP, and-from H in Q likewife
three of them from E in R, and from 1inS: Laftly, all four
from Fin T, and from K in V, and by the points A, O, Q,
S, V draw a line, and alfo by the points A, N, P, R, T, and
they will be portions of a Cycloid, between which the Pendy-
Ium muft be hung from the Centre A; the right line L' M
which is to be equal to the arch A DF, he teaches to find in
this manner : Make X Z equal to two chords, fubtending the
arches AD, DF, thentake X Y equal to the Chord A F, of the
whole arch A DF, rake the third part of the difference’Y Z,
thatis Z A, and add it to X Z, and X A will be 2 right line e-
qual to the arch.

The fecond way is Mechanically ; on a plain Table, place a
Ruler A B half an inch in rthicknefs, make alfo a little wheel or
cylinder of the {fame thinknefs CDE H, whofe Diamerer make
equal to half thelength of the pendulum; then a thred or ftring
F C HE being faftned in the point F of the rule, and in fome
point E of the Cylinder, fo that part of it be wound about the
Cylinder, and the other part extended on the fide of the rule
F C; inthe fame Cylinder fix an iron ftile D I, which fhall
defcend a litdle below the lower bafe, and exaltly correfpond
1o the circumference of the Cylinder; thefe things thus dif-
pofed, if the Cylinder turn abour on the fide B A, towards A,
{o that the ftring be always wholly ftrecht, the flile with it
point I, will defcribe the cycloid line 1K, and in the fame
- “1d 2 man.
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manner, you may defcribe another like and oppofic unto it
and you will have the figure MK I, which reprefents the fpace
between the two crooked pieces of thin metral, between which
the pendulum ought to agiiate, {0 as to make all its vibrations
in equal times. - ' |

* Another lare invention of Matheww Campanes confifts altoge-
ther like to a double Pendalum, which is 1o fitted to the Clock,
that one of them moves and makes a certain number of vibra-
tions, the other refting, and by turns while the firft refteth the
other finithes the fame number of vibrations ; and in this man-
ner, 'tis ﬂgim[ed bv one after tother, IEI'IRE as foon as one reft-
eth, the other begins ta move; for it a pendulum of its own
accord and proper weight falling from {fome certain height of
irs arch, make 1oo vibrations in the {pace of one minute of an
hour ; ’tis certain that another exaétly like the former will e-
fect the fame number of vibrations in the fame {pace of time,
provided icfall of it {¢If from the fame height; to wit, the im-
pediment being removed in the fame manner which detain’d
the pendulum from falling from thar Altitude ; wherefore if
two pendulums are {o fitted in a Clock, that they are both e-
very where alike, and falling from an equal height finith 106
vibrations in one minute, they will move one after another,
nor will one begin to move until the other has finifht 100 Vi-
brations, and no irregularity can intervene in the meafure of
motion, fince each compleats 100 vibrations in one minute
precifely.

And the Clock may be fo difpofed, that while one pendu-
lum makes its vibrations, the other pendulum not only refts,
but neither any of its wheels of the Clock are moved, befides
fome one defligned for the purpoie, thatasfoon as the other
hath made 100 or 6o vibrations, it removes the impediment
which detain’d both the pendulum and the Clock; and detains
the pendulum firft in agitation to reit at the fame inftant thacche
other rogether with the Clock begins to move ;- then again,
the Clock with the pendulum refteth the impediment being re-
moved from the motion of the other pendulum.

This may be done many w.iys, as any one inftruéted and
exercifed in Mechanicks may eafily underftand; the Author
thews one way, which becaufe he hath nor {ufficiently explain-
ed i, tis in vain to defcribe it here.

And although I think this: kind of Clock furnitht :;ilh_ a
ouble
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double pendulum to be moft exact, and {carcely toetrc

miniite in an whole day, that is, in 24. hours, if it bewch kep
in fome Chamber, and be placed in an nnmoveabls Gre et it
you make ufe of it in Navigation (o find the! Geographical
Longitude, I cannot efteem it wholly to' fatisfie what 1s ¢« ired,

for two Reafons ; firflt, becaufe it can fearce be in thedgitrion
of a great fhip, but the whole Clock muft conceive {grie mo-
tion, or at leaft a lisht fhaking or trembling in it {elf, alioneh
it be artificially fixt on movable poles, o¢ hangs on mov:ble
circles ; from which trembling or fhaking, the vibrations of
the pendulums muft needs fuffer fome irregularity.

The fecond reafon common to all 'kind of perdulums is,
becaufe while the pendulum is moved together with the fhip,
st makes not 2 circular motion, bt another motion mixt of a
circular and a right; yea, it the fhip befides an Horizontal
motion be agitated by other motiors, chiefly upwards and;
downwards,as happens many times in ap unquiet 5, the mo-
tion of the Pendulum will be mixt of a Circuler, Horizontal,
and of other motions both right and crooked, nor at any time
uniform, from whence it comes to pafs, that while the centre
of the pendulum is irregularly moved, 1its vibrations will be
irregular, and it will run through fome times greater and
fome times lefler arches, or rather crooked lines, and altoge-
ther unlike between themfelves, as we have thewn hefore.

Problem. XII.

To reduce the continual moving, and irregular Powers. of
Clocks and Engins, to a regular and uniform motion.

Ince in the preceeding Problem we have taught ways and
means whereby the finite and irregular motions of Powers
may pradtically be reduced to equality of motion, nothing
{eerms now to be wanting, unlefs ’tis to fhew how to obtain a
motion equal and uniform in powers infinite or continul,
which otherwife of their own nature are irregular; which, if
it be done, we fhall attain to a motion continual, and altogether
equal; neverthelefs I do not mean that continual motion which
is altogether mechanical,or purely artificial{ of whichinits place)
butthe other which is called Phyfics-Mechanic,becaule that it part-

ly confifts of Art, and- partly of Nature; for fince no moving
Dd 3 pOWer
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puwer {cems to be continual or perpetual, unlefs it be natural,
or depends immediately on a natural caufe, as we thall manifeft
hereafier, and thefe kind of natural powers or virtues in nature
kcep nor always an equal order ; it is requifite to find our an art
whercby we may éffect thar their force, although unequal, may
beverthelefs be ferviceable to the perpetuating of a motion e-
qual, and alcogether uniform.

Therefore I call all thofe perpetual moving powers, or na-
tural and irregular, to which we are apt either immediately
or mediately to apply new weights, or regular powers, within
fome finite "and determinate time fuccellively, and always to
the Engin being once made.

And all the induftry and art which is to ufed in this matter,
may eafily be gathered from what we have f2id in Problem the
sth, for if we fuppofe a Clock to be made, whofe motion
according to the rules prefcribed juft before is abfolutely uni-
form,and it fhonld go {o for eight days by fome weighthanged
to the lower wheel, that in that {pace of time, it fhall want
no help, if then within that fame time of 8 days an infinite
power, or a perpetual natural one be artifically applied, that
thall be fir to raife another weight equal to the tormer, and to
depofit ic in the place of the former, f{o that forthwith the
weight of the Clock likewife fhall defcend to the bottom, and
be placed in the fubjeted channel, the Clock will be moved
again by that new advanced weight, according to the artifice
1n Problem the sth. aforefaid, and thar will al{o keep it going
& days, it is plain that the motion of the Clock will be equal
and-perpetnal. - |

Sut Note,that you muftufe two weights at leaflt, one where.
of muft be hung to the Clock, while irs regular motion moves
torward, the other by an irregular power ( {fuppofe Wind,
Rain, Heat, Drought, &) is fubflituted in its place, before
that hath difcharged its office. od - -

Moreover thefe two weights ought to be, Spheerical,that one.
may eafily fucceed the other, the devolution beihg made by a
channel, or plane, fomewhar declining, as in the fame 5th pro-
blem is ftewn. 81 nizaie ftedh s

Laftly, ’tis convenient that the motion of the Clock be lon
enough, and lafting, before the weight defcend to the l_’i)"ﬂéfﬁ
plece, for this reafon, that the natural powers may ferve rurn-g
futhciene time in the interim, that the other weight that Comes

in
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in place of the former be drawn up; for although the fore-
{aid power be perpetual, yet it aéts nor always, or at leait {o
little fometimes, that although at fome rimes it be more ftrong,
oft-times neverthelefs a time may be ex;efted for fome hours,
or alfo days, wherein force convenient may be atrained by the
fucceflive and irregular feries of natural caufes; that you may
more clearly underftand what is meant when we fpeak of per-
petual motion, for then we defcribe various perpetual motions:
Phyfico-Mechanic, from whence ir appears of what ufe ina-
tural powers are, and by what art they are applied, that their
force although irregular may notwithftanding perpetuare a re-
gular motion to any Engin; [ will offer only one Example in
this place, by which you may eafily judge of the reft. 'Tis
already known to Artificers, that by imall Breaths, or from the
{fmoak of a Kitchin: Fire, {pits are wont to be turn'd, that is to:
fay, difpofe in the centre of the Chimny ( which if it be Cy-
lindrical it will be the better ) a crofs, or fome wheel, furnifhe
with wings made of Tin, in the {ame or like form as is betore
defcribed, for fo while thofe wings hit obliquely againft the
Smoak, they carry the wheel about, and if there be in the axis
a toothed Tympane, it conveys that together with ic felf, by
which means it moves ether wheels annext to it ; a weight
{fomewhat Sphaerical put into.a little Basker, may be raifed to:
a certain height, and there put down according as we have
{aid at Problem sth.  And to raife this weight which is fit to
animate the Clock in motion 24 hours, it will not. be needful
that wood be always put on the fire, bur a fire a few hours.
will be fufficient each day, if the Clock which is to animate by
the weight raifed by the Smoak,be proportioned. to that weight.
Wherefore in this, and any other like artifice, firft you muft
examine how much weight may conveniently: be raifed by a:
natural power in a limitted time to a perfixt height, and then
make the Clock or Engin proportioned to {uch weight.

What we have {uid. concerning Smoak, may take place in
Wind blowing, and Wings impcling, which will raife weight
by annexing wheels, alfu if any onein a City, or the Gate of
an Houfe, difpofe a thrcthold, or lictle Bridge, with an occule
leaver, or a fpring of thin mettal plate a little elevated, {o that
by the catring or going forth of Men, of Horles, and of Cha-
giots, a weigh: may be deprefled.ofi- fimes in a day, from each
force a weight of fome bignels may be raed 2 little, and {o»

-!\:'EI’)-
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by repeated motions may be drawn to a defigned height for
-the perpetual animating of any.Xngin. -

Problem. XIII.

A Clock animated, or going by Sand, perfevering in motion
many days, and [bewing the Hours, and alfo Striking.

A Fter the application-of weights, or moving powers, we

come to thofe Engins, or meafurers of time, in which
the circular motion is moft apparent, and fince there are many
Houi-glaffes thar belong to perpendicalzr motion, or to an in-
clined plane, it remains for the perfecting of them, that we
‘thew how ( approaching to circular motion ) it maybe effect-
ed that they may turn themfelves by motion of their own ac-
cord after the flowing or running of the Sard, 2and that not
once, but many times one after another, that therefore we
may not only be freed from the inconveniency of atterding
the laft flux of the Sand, whilec we are converfant in any other
bufinefs, bur alfo that it may not want any help of the hands
for feveral days, and each rurning abour may fucceflively fhew
the Hours, or likewife Strike : Mark whart follows,

Fig. 143. Suppofe A B an Hour-glafs with Sand, fuch as is
cominonly ufed, in the middle whereof fix a tranfverfe axis G
H, and in an Horizontal fite, and to the fame axis let there be
firmly fitted two Pullies, or rather Cylinders kere and there,
movable with the axis by means of weights Qand R hang-
ing from them; above the Hour-glats make another Horizon-
tal axis 1 K, movable about the poles I K, to whofe fide annex
an immovable arm L M,with a weight M affixt to its end; and
in the middle in liike manner, let another lictle arm N O para-
Iell to the former defcend, which may be detain’d in its ex-
tream part O, or rather elevated together with the weight M,
by a little wing ftanding out from the upper bafe of the Sand,
{0 that being hindred by the weight M, the Sand cannor be
wholly turned by the weighis Q_and R, notwithftanding it will
remain in a fite not altogether perpendicular, but {fomewhat
inclined ; and the weight M muit be fo proportioned to the
weight of the Clock, and alfo to the weighis Qard R, thar it
may be dciain’d in the faid inclined fite, untili all the {and be
“defcended from the upper glafs A into the lower one B, and

wlhien ali the Sand is run intothe lower glafs By it will obrain

nEAeE e I s
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greater weight, that therefore while the Sand endeavours to
be placed in a perpendicular fite, orin the line of dire@ion,
the weight M will rife higher, and ar once will free the little
wing O from the little arm N O, from whence follows the
turning of the Hour-glafs by means of the weights Q R, and
the lower part B will be placed in the upper part, and will be
detained by the little arm N O, by means of the little flap or
wing P, untill the Sand is again run out ; for then it will a-
gain be turned as before, and fo fucceffively until the weights
Q_and R are quite defcended 5 but becaufe the lictle Cylinders
CE, on which the ropes {uftaining, the weights Q R are
turn’d about, may be of a {mall bignefs, and becaufe after eve-
ry hour they make bur half a revolution, it appears that the
motion of the Clock and the turnings may be extended to ma-
ny hours.

But if you would fit an index to thew the hours, that you
may eafily obtain by means of two little teeth, fixt on the end
G of the axis G H and oppofite to each other, which {uccef-
fively and by turns one after another, every turning of the
Hour-gla{s will move forward the wheel G T, furnifht with {o
many teeth as there arc hours defcribed in the circle, which
may be noted by a ftanding  index fixt in the centre of the
{fame wheel; but if in like manner youaffix an hour wheelin a
convenient place to the fame Engin, which may be moved for-
ward by means of fome_ toothed Tympane, or wheel, by the
fame axis, you may caufe the number of hours to be heard by
{triking on a Bell.

Many other ways the index may be fitted to the fame En- .
gin, and the ftriking of the hours may be made, as will appear
by what we fhall thew hereafter, when we fhall treat of the in-
dexes of Clocks, and their friking.

Problem. XIV.
A Clock moving by the Confumption of Oyl in a Lamp.

Fig. :44.Mﬂke a Lamp whofe part A B entertaining the
Oyl, islike a Column or Cylindrical, fhut clofe

cvery where, except in its loweft part C, where the Oyl cnters
flowly through a little opening into a veflel annext C L, while
the other Oylis confumed by the flame L ; in the foremof part
E'e [N
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I N .make a certain channel, and folder or glue it to the fore-
faitjiif}}'lihdeg’,.wit‘hin which on the upper part make a fecret
ot hidden pulley 1, withan axis E F, prefenting or conveying
on the ourward vifible face the indéex of the hours defcribed in
- the circle G H.

Thefe things being done, put Oyl into the Lamp, or Cylin-
der A B, upon which ler a cube D of light matter ( as Cork, or
Wood ) {wim, and to this you muft faften a thred, or car-gut
D CG 1M, viz. that it may defcend from the uppsr fuperficies
of the Oyl to C, and being put about 'the little pullies CC,-it
may afcend to I, and be folded about that pulley; and laftly, let
the other end M {uftdin a weight, yet of lcls gravity than to
draw downwards the cube D, which muft always Swim. up-
on the Oyl, and ‘while the Oyl confumes, it defcends with
the Oyl, and draws the thred, or Cat-gut, with the weight M,
and tugns the pulley I, togethier with the hour Index.

-

“'Note, That the magnitude of the litle pulley I, muft be pro-
portionate with the defcent of the Oyl, and of the cube D
wherefore we mult obferve how much the cube defcends in
one hour, to the end that the litle pulley moving, the index
1 may be moved orderly. L ]
“Moréover the receiver muft be uniform, and of one thick-
defs. -and miift make ufe'of the fame number of threds that the
Oyl may be confumed uniformly, and the Lamp may be fill'd
with Oyl, ecither by a little door, or wicker, beneath G, or by
{ome hole in the upper bafe of the Cylinder A, which after-
wards mult be diligently fenced from the Air entring in with
"3 Screwa-., . e :

“IF the axis of the little pulley I be fo fited within the Cy-
linder A B, that its end F ftick out on the out-fide by a hole
made in the fame Cylinder,and turn about the Index, you will
obtain the fame effeét without the channel on the exterior part
I N. whichis made to caufe the artifice to feem occult and mi-
{rerious; but that hole muft be {o fitted to the Bl S -
in it L F, that there appear no adnuttance for air into the Cy-
linder A B, for if there be, the Oyl will wholly defcend, and
ye poured out without the veilel C L.

Allo the index of the hours may be made in the upper bafe
A, of the Cylinder to fir, fo that the bafe it felt'be for the
hour circle. which may eafily be obtained many ways, 2s will
appear [0 any indufirions Artibcet.

LﬁJ'?E}',
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Laftly, Befides the circle and the hourindex, there may be ap-
plied a toothed wheel, by whofe means the hours may ftrike;
and if to make it more ingenioufly, you would place a litte
Bell within the Lamp to give notice of the hours, you muft
{older or glue an open tube fpirally to both ends of the in:
ward fuperficies of a concave Cylinder, defcending abouc. the
Cylinder ; and through this tube, or channel, defcends the Oyl
while ir wafts by degrees, and a globe of light matter” fwims
ming on the Oyl within the tube ; then all things being {0 fir-
ted, that in each hour the motion of the Globe in defcendin o,
finithes one whole fpire, and then it hits-againft a peftle, o
{ome flap, or wing, which loofes the movable wheel from the
weight, asis wont to be dene in' common Clocks with wheels,
fo after the finithing of each fpace of the fpires, the Globe
unloofing the fame wheel, caufes new ftroaks of the hours on

the Bell.
Problem. XV.

7o make a pulley Clock, or a Clock of meer pullies without
any toothed wheels, -

Fig. 145.rJHis artifice is propofed by Father Schostus, lib. 9.

Tecnic. Cap. 1o. Prop. 47. Let there be ({ayshe)
a little pulley A B about its axis, or alfo with a2 movable axis,
to.this join the perpendicular M N P, by . the artifice in: Pro-
biem the 3d, and thatby means of a lictle'rod M A 5 from the
licele pulley A B, fufpend the pulléy: C'D, by means of a per-
petual knorry little chord, whether thofe knots be made of
firm litcle balls difpofed or fixt to the rope, or knots made by
bending the chord it {elf, and cavities or hollowings of equal
{pace from one another, to anfwer thefe knots in each puiley
A’ B and C D the pulley C D hath in its'axis a little pulley E
F made faft, from whence is {ufpended in  the fame plain man-
ner the pulley GH; and fo henceforward the pulleys may
be continued as many as are needfull; from the lower pulley,
wviz.tothe little pulley I K, of the pulley G H, hang the weight
L, {ufficient for the motion of the pullies, and of the perpen-
dicular ; all the axes of the hanging pullies muft be moved not
~ within a firm hole, bur within a certain flit, or notch, cur from

the top to the bottom, that while thofe perpetual chords and
. BeC3 the
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the knots are contracted, or diftended, the axes of the pullies
may be raifed, or deprefled ; the reft that belongs hereto, as the
proportions of the pullies to each other, are eafily underftood
from what is {aid before, all thofe pullies being agitated by
the force of the weight L, will be moved circularly, and the
perpendicular N P, freely moving initscentre or point of fufpen-
fion, will be agitated by the little pulley A B, and the little
rod A M: See the problem before cited, and the other ways of
applying pendulums to Clocks before defcribed.

According to the Author, the Pullies muft be fo difpofed
that their axes move within the flit, or notch, and that caufes
the Engin to work ill, for when the axes gravirate unequal-
ly from the other Pullies, or from the weight L hung to the
Pullies, they are crooked or awry, and do not rerain an hori-
zontal fite as they ought ; wherefore the axes thould rather
be put into firm holes, and left the chords be fhrunk or ftretch-
ed by wet, or drought, they may be wove of metallic threds,
or wyres ; but if youufe common cherds the axes muft be
put into flits, and not into holes, but the pulley ropes. ought
to be doubled, and the weight hung to the lower litrle pul-
ley, to wit, to the axis of the pulley C D, another little pul-
ley equal to E F muft be fixt, and you muft anfwer the {fame
in the oppofite face of the pulley ; which little pulley in like
manner with another perpetual chord muft {uftain the fame
pulley G H, or rather another altogether like it, and annext
to it: Laftly, another fmall pulley like to I K muft anfwer on
the oppofite face ; then the weight L will be parted in the
middle, and will be fuftain’d partly by the little pulley 1K,
and partly by the other oppofite.

Problem. XVI.

To render the motion of a Pendulum continual for many hours,,
or ablo whole days.

Any Artifices have been invented in the laft years of this

Age, and various ways thought on of rendring or ef-
fecting the motion of Pendulums continual, that they may
perfevere for many hours or days with the fame perpetual ve-
locity 5 from whence alfo this advanrage follows, that all the
vibradons are made in equal times ; fome of thefe kinds of

Artifices
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Artifices T fhall defcribe in this place, which feem to me molt
meet for the purpofe, for any one of his own ingenuity may
take occafion to think of others.

Fig. 146. Firft then, let the Pendulum be A B, to which at
right Angles join the little arm A C, and let the upper wheel,
or toothed Cylinder be D E, which being rurn’d abour draws
with it another little arm D C, made faft in the bafe of its Cy-
linder near the circumference being round in the middle, and
with a {mooth pin, {o that the little arm may be freely mo-
ved about this pin, and confequently while tis turn’d about
the Cylinder, or wheel D, the little arm D C may be deprefs’d,
or bore down, which conjoin in C with another little arm,
and the angle C being inlarged will fuddainly caufe the lance
of the Pendulum A B to be lifted up, which is join'd in A to
the wood I L from whence being fufpended ’tis detain’'d, but
neverthelefs it freely turns about the {mooth pin A faftned to
the wood ; then {fome fufficient weight being added to the
lower wheel G, from this motion follows the morion of the
wheel above it F, and this being in the middle ( as it is wont
to be in Clocks ) turns about the uppermoft wheel E D, which
drawing with it the little arm of the pendulum, the fame im-
prints a motion to the pendulum, as long as there is new
rope which fuftains the weight annext to the wheel beneath,
or loweft wheel.

Note, inftead of the Cylinder, or little wheel D E, you may
fit a toothed Cylinder having a crooked handle, which will
lay hold on, and turn about the little arm D C, fuch as is the
Cylinder M.

Note alfo, by how much leffer the proportion of the diame-
ter of the little wheel D fhall be to the arm A C, {o much lef-
fer will the arches be that are defcribed by the motion of the
pendulum A B.

Fig. 147. In the fecond place let the pendulum A B be
movably fixe in A, in its lance faften the arm M G, which may
eafily run fometimes into this, fometimes into that part, and
fuftain it parallel to the horizon ; from the middle part of the
{fame arm M G ftretch out wood or iron like a lictle fork, or
two teeth, made hollow, fticking out as at L, which in its ca-
vity or cleft admits the pulley E F, immovable and in an ob-
lique fite put into the axis C D ; let this kind of axis be fur-
nifht with a toothed Cylinder, which will be turn’d about by

the
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the wheel N, by means of the weight P being added to it, or
by means of other wheels, as you pleafe : The Engin being
difpofed in this manner, while the axis I H is turn’d about of
the lower wheel ; in like manner the middle axis C D is
turn’d about by the toothed Cylinder, and wich ir the lictle
pulley E F, which fince it obtains an oblique fite, it caufes the
arm G M, into which it 1s put to run to and fro, and moves
the pendulum A B.

Fig. 148. Thirdly, Suppofe the pendulum D B, hanging
from the arm A C, immovably fixt in C, and let the lance of
the pendulum be flretche our fomewhar above the point A,
frem whence s fufpended, to wit, in D ; then fir the axis
E F, {uftain’d in the middle by the arm F, to which join the
toothed Cylinder L, and ler this axis be ftretched out through
the hole of the arm F towards A.  Laftly, in the extream part
Of it near A, ler it be furnifht with a concave Cylinder, and
being cur oblique, {o that the {eétion G D make an Elliptic fi-
gure ; the Point A from whence the lance of the pendulum is
fulpended, mult be in the fame horizontal right line with che
axis E F, and with the arm A C; moreover it ought to be

recilely in the centre of the fame fedtion G D, although
Eecaufe of the cavity of the Cylinder the point of hanging re-
mains free in the air.

Then while the toothed Cylinder L is turn’d round together
with the axis E F, the Cylinder D G is turn’d all under one,
whole extream or end being an oblique Seétion, hitting againft
the lance of ‘the Pendulum it unites a motion like to the pre-
cedent.

Fig, 149. Fourthly, let the Pendulum be A B, whofe axis
A Ccarries with it two toorhed Cylinders D and E, which in
like manner here and rthere, lay hold on the toothed wheel
D E, but with interrupted teeth, {0 that while one Cylinder
lays hold on the wheel on one part, the other Cylinder lyes
upon the oppofite part of the wheel which wants teeth, and
therefore the whole wheel oughe to be divided into many rows
of teeth in #n odd number, and ’tis convenient to make each
row of three teeth, and between one and the other row, a
fpace of teeth lefi vacant, as much as is occupied by three
teeth; {o as often as the weighe fhall be hung to the lower
wheel H K, this being turn’d about, will move the toorhed
Cylinder Fy which being in the middle, will move the f?_re-

aid
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faid toothed wheel, which biting the toothed Cylinders D, E,
one after another, fomtimes on one, {fomtimes on the other
oppofit part, will move in like manner the pendulum A B a-
ternately.

And as in the forefaid Engins, each vibration of the pendu-
lum is made in a determined part of time ; towit, inone {econd
minute, or in 2o third minute, . the proportion of the wheels
and of their teeth muft be cbferved, as in this laft Engin, if Ve
would compofe each vibration of the pendulum to an{wer one
fecond minute ; in the whesl D E, dilpofe 25 rows of teeth
with as many vacant {paces between, the Cylinder F muft be
furnifhc with 8 teeth, the wheel H K muft have 94 tecth, the
Cylinder G likewife confifts of 8 tecth, bencath which will be
another wheel of 96 teeth, to which hang a weight; forin this
manner 3600 compound vibrations will be made in each hour,
each whereof will be equal to one fecond minute; then make
fit the weight hung to the lowermoft wheel, with the length
and weight of the pendulum A B, in fuch manner, that the
lower wheel be once turn’d about in an hour precifely, for fo
it will come to pafs that the Cylinder G willbe turned 12 turns,
and the Cylinder F, together with the wheel D E 144 turns,
and at laft the pendulum will finifh 3600 compound vibra-
tions.

Inftead of the wheel D E of difcontinued teeth, you may
ufe a toothed wheel common to Clocks, if inftead of the Cy-
linder of teeth, laying hold on ir, you tife two lircle handles,
which by turns fhall urge and move forward thofc teeth of the
wheel, by laying hold of them.

Inventions of this kind are excellent, not only in being fer-
viceable in continuing the motion of the pendulum, buc alfo
in making of Clocks moft exact as is obvious to every confide-
rate perfon ; which Engins or Clocks have this utility and con-
veniency, that they fcarce make any noife in their motion,
fince the pendulum is inftead of a Ballance, which in common
Clocks cannor agitate without noife.

Problem
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Problem. XVIL

Zo make a Clack to fhew the hours on both fides, after a new
method, which by a weight hung to either of its fides pro-
fecutes its courfe, and the index of the Clock proceeds for-
ward in both motions confequently.

L

He Author before cited teaches this Artifice: See the laft
Figure of the preceeding Problem, where we have taught
the method of continuing the vibrations of a Pendulum ; for if
you rightly underftand the conftruction of the Artifice of this
Engin, ’tis manifeft from thence, that if, while the perpendicu-
lar A B is agitated, the wheel K H fuddenly changes its turn-
ing abourt to the oppolfite part, that is, it begins to move to the
right hand, when before it moved to the lett hand, the moti-
on neverthelefs of the perpendicular will in no wife be hin-
dred; becaufe that in whatfoever place of its arch, the per-
pendicular A B lays hold on unawares from its firft acquired
ampetus, it will continue the fame vibration ; but for the follow-
ing vibration, ir will have the favoring impulfe to it felf, for as
much as the parity of the reft is the motion inftituted by the
wheels in this, or that part.

The {fame may be obtained other ways, as is explained in the
foregoing Problem, but chiefly by the Figures 146 and 148, but
yet eafier by application of a Pendulum,which we have taught at
Problem s ; it only remains then that an index be applied {o,
that although the turning of the wheels be made on the oppofit
part, yert it always proceeds forward in the fame part.

Fig. 150. Let the axis A B be continually movable toge-
ther, with the toothed Tympane B, firmly adhearing to the ax-
is, which forces the wheels of the Clock on both fides to this,
or that part. i

In the firft place, fix on the fame axis, two wheels with fin-
gers, or claws, within which {fmooth holes being bored in the
centre, and the axis being fmooth will move freely ; moreover
put upon the axis two other Cylindrics G H, and I K, with
faw-like tecth or jags, each whereof muft be firmly pur into
the axis, and turnable together with it, the jags of thefe wheels
bend to the oppofit parts, and are ftifned in the oppofit parts by
wedges,or litile peftles C G, E I, cach of which is furnifht with

a little
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a little prefling wing in prefling its power, that the pins bend-
ing forward to the Jags, admitr the motion without much re-
filtance,- and -thefe pins are conveyed by the finger'd wheels
CD, and EF, to which are fixt {mooth little pins holding
them at liberty ; laflly, to the two finger’d wheels, there muft
be added a third C E movable with the axis L M, and its fin-
gers folding in both the fingers of the wheels C D and E F, it
may be expedient that the wheel CE referrs to ancther fite,
to wit, verrical, ( if neceflityrequire it ) the circle of the wheel
being put in points defigned.

Therefore the Tympane B with the axis and jag wheels G
‘H, I K fixtin it, are turn’d in either parr, for prefently either
of the jag whe¢ls will be bound by its bar or pin, and render
its finger as it were continual, ‘which with ‘the axis leads it
with it {clf, and the wheel C E together; and becaufe this in-
foids its fingers with the other wheels, 1t impells it but in the op-
pofit part, in which its bar or peftle hinders not in as much as the
oppolit jags, holding the former and admitting the motion on
that part; now if the Tympane B change its tumning to the
oppofit, then thar which was firft hindred by the peftle or bar
will be loofed, but that which was leote lays hold o his jag-
ged wheel, which then firft begins ro move in the fame parr,
in which his finger’d wheel nroved before, and fince the fin-
ger’d motion is the {ame now as before, becaufe continued in
the fame part, therefore the motion will be continued, and the
half of the Fingers CE ; to which therefore an hour index be-
ing firted, will always move forward into the fame pare whi-
therfoever the Tympane B with the whole Dial 1s carried.

Note, Firft, That the wheel C E advancing alwaysinthis or
that part, depends on the jaggs or faw-like weeth, reciprocally
inclining, and turning towards this or that pare, whence it
the fite of both of them be changed by imverting both the jag
wheels, and the other face being applyed ro its finger’d wheel
{ the pzftles or bars of the Jaggs being alfo changed ) ‘the mori-
on DtPthe wheel C E will he?il{cwiﬂ: changed.

Secondly, if the wheel C E be led about by the hard in that
part in which it was fuft impelled by the firgers C D, and E
F, both thofe fingers will be moved, butthe axis with the faw-
Jike teerh ~wheel, refteth by force of this Conftrution it no.
thing elle"hinders, -and may in the interimbe tureed inthi: o
that part, while "tis not moyed {ooner than the axis I M. _

i Thivdly
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Thitdly, butifyou will lead about the wheel C E by the hand |
in the oppofite-parc,and not in it which it was decreed to move,
no motion at all will follow,but the whole {yftem will be firm,
-and will flick, {o thar the refiftance of the hand detaining the
wheel exceedeth, ’tis necellary to apply a proportionate pow-
er to the tympane B on each -part-of it, which is no lefs a Pa-
radox than the former ; this conftruétion extends it felf to ma-
ny other Problems of motion, as the deducing the librating mo-
tion into Circular, to the recalling what{oever irregular motion.
to a well order’d Circular, ¢-e. as wild appear in what follows..

Problem. XVIII..
The Hydraulic Clock of Father Bettinus.:.

His kind of Clock is indé¢ed very ingenious, and the in--
vention of Father. Bestimus, and afterwards increaft and:
enlarged in many.things by Father E/fchinardus, of whofe work -
alfo 1 have. often obferved not without grear pleafure of mind,,
the like Engin made in the. Roman College, which performed .
the effeé beft of any :. Therefore left our work fhould want.
{fomewhat of thofe things which {cent moft.of Ingenuity, we.
have rranflated this from Bettinas. .

The eutward Artifice of the Hour Tympane..

Fig. 151, You fee the exprefs form of ‘the Tympane con--
veyed from the axis through the centre, whofe apparent Pole:
is H, and the orher pole not apparent, and of the chord IK L .
M N P, whofe two ends are fixt in I, and the little pulley K
(if you pleafe of Brafs ) with a fmall weight firetching out the -
rope lightly, that -beyond L it adheres about the occult pole: .
But the great weight under the pulley N while the rope en-
deavours-to draw the chafed axis, and as it were toothed, af-
terwards moves the Tympane together with the Tympane and |
the number 4 afcends, and after the Tympane movable pieces -
cither of wood or iron toothed, whole form and art we will.
thew hereafter, and fome fuch you fee Q, R, while they hit
againfl the movable and changing plate of mettal S, it con=~
nedts the handles T V X, being drawn together they raife the.
Bitle hammer on the fide of the lile Bell Y to ftrike the.
hours,

The
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The art of changing the numbers in the hole, where 4, as
“it were, lies hid under the circular plane, as alfo the art of fet-
~ting art liberty the teeth under the plane of .the oppofite Tym-
_pane, we will fhew hereafter.

Setz. 1I.
The inward ﬁi‘.-?‘f.f}{f{:" of the Tympane.

Tig. Ne of the circular planes being drawn alide the Tym-
152. pane immediately fhuts, and that on the other part o-
pens,as you {ee in the figure annext; behold there appears to you
the fuperficies of two concentric cylinders ABC, D EF with-
4n the Tympane, within the concave of the lefier the ftays or
props are G, H, in whofe holes the axis of the Tympane is put,
within the convex of the lefler, and the concave of the grea-
ter is the plane K, which is join'd to the cylindric {uperficics,
and tothe circular planes fhutting the Tympane ; through the
litle hole I of the{mall plane 1K pafles water to run, when
the Engin is moved by force of the weight, and defcending ia

C, the water is preft by the plane K1.
_Therefore while the rope about the:little toothed wheel, af
:tex'H by the force of the weight weighing down to the parts
‘beholding the left hand as F E, thruft through G, H turns the
axis together with the Engin, and the plane K1 defcends and
‘hits againft the water, and prefles it towards the parts behold-
ing the right hand as M A ; in the mean while the water
mickles down through the hole, and by litide and lictle the
plane K 1 intercepts the middle between the water, until the
water running between more and-more through the hole I,
and the plane K I afcending to the parts towards AD ( or be-
holding the right hand ) moft part of the water which flows
beneath the plane increafes the force of the weight hanging a-
bout the axis H, and caufeth the plane K I which now is idle
in the parts A D with a little water ( which it hath not as yet
deeply flowing above.it felf ) at length 'tis twn'd by A D with
a fwifter motion towards C ( or to the parts beholding the left
hand ) and from thence it defcends again and the water prel-.
{feth, which again flows through the hole, &+. and {o perpetu-
ally by turns the Engin is uned, the Orb compleating a rotation
once in each hour. »
2 . Fhe
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The art is, that the dropping of the water continue an whole
hour, whiles.that after a {low: and infenfible motion of the En-
gin for an hour, uncxpeétedly the Engin turns, in the begin-
ning of the droppirg ; in which revolution the hour is ftruck
on the back parc of the Tympane, but in the forepart the note
or figive thewing the hour on the dial plate is changed.

LY NS B

An eafy-and wof! ingenious Art, whereby the number of hours
are always changed, and alfo the bours are flruck i the
bour Tympane without the artifice of other vulgar movers.

Fig. " HE invention, of which ftriking -and- changing you
153. A (hall have here in a double figure :  And firft, that
which belongs to the changing of the numbers thewing the
hours; {uppofe on the fore part of the fhut Tympane, the plane
t0 be drawn afide with the inclofcd little boards.

The circle AB.C D expofes to theeye thar plane on the fore
part, to which isafixt in E-and F the Hexagon plane, leffened
in on fide P Q_a half part of one of the other fides ; and that
Exagon is the excentric to the circle A B C D, having a holé G
common with.the circle ( which is the centre of the circle )
in which the axis of the Tympane is conveyed through. The
hole under. A is that, under which the number of the hour
Indexes appear on the other part in the little boards, which
muft be noted in the hinder part of the little boards, ‘but. in
the figure for plainnefs they ar¢onoted in the face apparent to
the eye ; you fee thofe little boards joined: ro littlethin plates
of mettal with corners, the ends whereof ‘are movable about
the fixt little pissawithin the little boards: ]

The outward form ofalie art you have #n-thedeperate H; and ar
Fand K ;- fmagine’ then the little board Hto be in his place be-
tween 14, and to ftand upon thé fide P Q, which is only fit to
receive one little board, the other fides being large enough for
rwo, as you {ee in'the Figure; then while ‘H. between 1K
fiews the number { which you muft conceive on the other part }
of the firft hour thioush the hole A; and the-circle AB CD is
arned with the Tympane flowly {uppofe towards' A, the Hetle
boards 7, 8 fir themielves to the frde ML, and 6, 5, to the
tde LR, 4, 3, toahe fide R Q, and by reafon of the obliquiz

s
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ty, the little board H being removed from the fide PQ, inits
place fucceeds 2, and fhews it {elf under a form. Moreover F-
and ‘12 fi themfelves to the fide P N, rr and 1o, to the fide
MN ; ¢ and 8, hang down beneath L M, and 8 {ucceeds in
the place of the middle 7 hanging down, ¢, and thiee always
hang down without, and beneath one fide as you {ce 6, 7, 8,
beneath M L ; and by this ingenious, eafy, fimple, and won-
derful art the lirtle boards change by turns, and one after ano-
ther they thew the hours, the number of hours beisg iniCribed -
undér an open bright hole. vOas aiing -

Fie. 154. But thac which'befongs to the - fliiking of the
hours is thus; fuppofe on the back part of the fhur Tympane,
the plane being drawn dfide with the inclofed toothed lirtle
boards, that plane on the inner part expofed:to théeye isrepre-
fented by the'circle ST, -to- which is afhxt in V X a pentago-
nal plane excentricin the cirele S T, having a common {quare
hole ( whichisthe centré ofthe circle ) in which'the axis of
the Tympane is put thirongh ; there are § licrle boards quadran-
gular with teetht ' according -to the number of hours to be
firuck ) having bafes fomewhat lefs than hie fides of ‘the Penta-
gon, and they are made faft by ‘the corners with thin platcs of
metral movable about the ends asyou fee! in the'Figure, and as is
done in the litcle boards of the hour indices in the antecedent
circle. .

That you may underftand the form and art the better, you
have fet a part Z, fuppofe the thin plate (by whofe impuife
the lictie hammer is led to @trike the hours ) to be in #, andthe
circle in the Tympane to be turn’d from$S towards 4 T, the lit-
lit board B with 6 teethor claws flriking againft in 4, {founds
fix tinklings on the bell for the hours, and prefently falls down
beneath «; then B being 'ﬂbli{}ue- to the parts ‘T, the little board
dfirsic felf to the fide ¢, and{o of the reft in the Oib, as is
{1id before of the little'boards of the hour Indexes. g tareniio 8
And it muft be noted and'effeed, thar the lifcle boards
with téeth of the circle ST, fo agree with the little boards of
the Cirele B D of the antecedent figure, that they firike the
hour, - which ' is 'prefently fhown under the hole, the number
of thé Keele' board in the circle B D being changed.

Alfo you muft'take care that the hour plare infcribed in the
firfe Figure, Setion the Eirlr, be diamerrically oppofit to the
plane K I of the figure in Secliom the fccond, throngh the hole

Of
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of whofe plane th water trickles down ; ‘and’ let the fame hour
plate be oppofite to the little toothed  board firiking the, heur
( not fthew’d in the plate ) of the next following number, fo
that when the fhining hour eye is below the Horizon of the
hours Diametrically oppolic to the litrle Bell, and in thar eye
they number of the hour is changed, in the fame moment the
toothed little board ftrikes the hour, which being changed the
hour immediately appears above the Horizon. B

Abour the hole 1, inthe plane K 1, through which the wa-
ter flows on both parts above and beneath the plane K I, in
the back convex of the Engin 2re two:broad holes, through
which the water is pourcd into the Tympane, and when
necd requires 18 prefently all taken out, and through the fame
holes appears.the lefler hole I, in the plane K I, .that it may be
looke after ifany thing hinders the running of the water through
that little hole, and thofe two greater holes on the back part
of the Tympame, may eafily be thut and open’d by two brafs
thin plates athxt with wax, or other fir glue.

And hecaufe in the beginning of the hours the Tympane is
turned flower, afterwardsalways {wifter, becaufe of a leffer re-
- diftance,of Water, therefore in one of the circular. planes fhut-

ting ;lw.T}*mpane i pur a thin plate of lead in manner of an
hook, decreating by liccle and: lictle, ¢, -

Sebt.  IV.

Obferyations of Father Efchinard, to be pradlifed in making
< the, forefaid Engin. i lefint i

2

THis Author learned in Experiments advifes in the firft place,
that the Tympane be divided in four equal parts by Pa-
rallelograms of thin plates of mettal, one whereof ought to be
boared through with a fmall hole, as is faid, bur each of ‘the
reft are to be poared with a double hole much greater, one
near the falcia, the other near the inward axis of the Tym-
pane.; for hence it will come to pafs, that after the water
hath paft through by the f{mall hole in an hours time, then
having obmain’d a freer paffage, it permits the veflel to be
turn’d about with a {wifter motion, that in the interim the
hour may be fhown by a fign of the little Bell, or the next
cllapft, .or the next to come ; for unlefs the other thin plates

are

|
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are made ‘with greater holes, the Tympane will rather retwn
than run forward ; wherefore likewiic an infirement may be -
made divers ways for ftriking the beli, to wi, by making it {o
that thofe points take up fomewhat in cheir {fwitter motion at-
rer the manner of a Leaver, as is wont to be donc in large
Clocks with wheels, one end of which Leaver while 1t falls
down draws the thred to it felf, and raifes the hammer ; allo
fharp points fixt to the tables may be fo faftned to the hinder
fuperficies of the rables, that they may diretly behold the
Tympane, as alfo the centre of the Pentagon may be other-
wife taken, ¢e.

Secondly, The iron plates being wafht over with tin, corrupt*
prefently, unlefs it be fenced by fome Sandarac, or varnifh, fit-
for the bufinefs ; Copper cover'd over with tin, or tin only of
it felf, fo that it be very thin, is beft of all.

Thirdly, Beware left the place of the {mall hole be {o, that:
after fome time the magnitude of the hole be changed.

Fourthly, The Tympane muft be 4 of one Palm at leaft,
both in length and breadth, for if it be lefs it will not fucceed
fo well.

/ Fifthly, The moft fit water he takes to be rain water diftill'd,.
but if the veflel be made of glafs, hot water will be beter ;
and the gquantity of warer ought not to fill much lefs than half -
the Tympane, but efpecially it ought not to come to the inner
axis, wherefore that axis will be the better, if it be made as
{mall as poffible ; the other things to be compared with one a--
nother are, the littlenefs of the hole, the quantity of water,
and the force of weight ; but chiefly you ought to take care
left that hole be ftopr, which ought to be at leaft as big as,
one arch.

Sixthly, He denies that the thing may be done with Quick--
filver inftéad of water, both becaufe it requires a greater hole
to flow ourt 4r, and therefore alfo a.greater Tympane, as alfo -
becaufe it will pals out moft heavily ; lattly, becaufe all mettal.
corrodes, and therefore the Tympane ought to be glafs, which
will be difficult to be made: Alfo he denies duft, or fand, to
be fit for that fervice, fince ir ought to pafs through a {mall
hole by being compreft in the middle, which is done by thole
thin plates of mettal, which cannot be obtain’d by duft: He
concludes, if any Liquor be found in which heat and cold doth
not govern, that is moft fit, {0 it doth not corrupt the matter of
the Tympane, " Seven.. .
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Seventily, H2 aflerts another fuch like Engin of his, own com-
pofing, wherein he hath made a perfeét Hexagon in  the axis
for the Pentagon, and about it feven Tables are gathered to-
gether in the fame manner as above, every one of which bears
before it ove of the feven Planets defcribed with its proper
Charalter.  Laftly, in the foremoft face appears a circular thin
plate of mettal, but that for one circular hole it hath fix, each
being defcribed upon with fome caleftial Sign, beginning,
viz. from Aries ; then while the axis is turn’d about the
Plancts are moved to the Weft, but fo, .that in every cir-
cumveiution they go back to another Sign placed after it in
due order. | : KT

Eighthly, He teaches in what manner one Tympane, fo it be
large, may futhce for flriking the quarters of hours ; fays he,
make a Velicl, which divide -in 4 paits by 4 thin plates, and
then divide it again, but in a contrary manner, that is, ler it
be cut by the plates in the Seftion which makes a circle, and
take away, as it were, Lspart of the veflel, whence there will
be, as it were, two Velflels in the manner of one, then either of
thefe will be divided in 4 parts ; the plates which divide the
lefler Veflel ought all to be-double-in a-place, to wit, nigh the
fafcia, and nigh the axis, to be opened with.largedholes, and
re plates of the greater veliel are boared double-in a place,
but with an unlike hole, to wit, one nigh the Fafcia very
imall, and the other the axis much greater ; for this is necel-
fary to communicate the air to every part of the Vefkl, other-
wile the warer will not pafs freely through. the fmall hole ;
laftly, put the water in {o to the lefler veflel thot it may almoft
touch the axis, but in the greater veffel as little as may 5 be for
hence it comes to pafs, that when all the water in the grea-
ter Vellel fhall pafs through the firt {fmall hole, before thar
(- fince 'tis but little.) thesimpediment of the {econd -thin plates
hinders, 10 the mean while the Clock will be moved {wifter,
bur becaule this way it rather returns. than goes forward,
therefore 'tis reftrained by the water put in the leffer Vellel,
which in the interim paffes through the great hole ; then
while the Clock in this manner is moved, after every quar-
ter of an hour it frikes on the litle Bells the number of quar-
ters clapft. | |

INote this one thing diligently, wiz. left that {low motion be
oo fhort, as not to {uthce for the fiyiking of the Bells as.often

LLas
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as is required; alfo note, that hence it neceflarily happens,
that the outer face of the Clock is a little changed ; for other-
wife ir will follow, that in the middle of the fecond hour, the
number of the hour appears not longer, which evil we may ea-
fily cure many ways. |

Hence he concludes, that this fecond divifion of the Tympane
may alfo diftinguifh the Tympane for fo many hours, for hence,
{fays he, proceeds great benefit, for you may as you pleafe make
the motion more or lefsilower for ftriking the bellwiz. if you put
more or lefs water into the leffer veflel, although you leave
‘the greater veflel untouchr; bue in this cafe ’tis {ufficient, if
the greater veflel only be divided with {fo many thin plates ;
for the other plates are put only to reftrain the too flow mo-
tion, as1s {aid before.

Ninthly, Becaufe thofe things which are {aid feem not fir to
the ftriking of greater Bells, three vefels are to be made in
this manner : Two of them muft be divided into 4 parts in the
main, as is faid of the leffer veffel for the quarter hours, the
third muft be alfo divided into 4 parts, but the fame altoge-
ther after the manner of the greater veflel for the quarters ;
the water in the firft two veflels is pur in as you pleafe, but
the fame muft be obferved as in the lefler veﬂ%ﬂ for the Quar-
ters ; and in the third you muft obferve thar which we have
faid of the greater vellel for the quarters : But now if to the
end of every quarter the third veflel (as is ufual in great clocks)
lifc up fomewhat, fo thar it being raifed a free courfe is per-
‘mitted to the other veflels, to wit, to one of thofe in the end
of the hour for ftriking the hours, and the other to every
quarter for firiking the quarters, the thing will be accom-

lifhe.

% Tenthly, The forefaid Clock hath this peculiar, thar it makes
‘no noile, nor the motion of the Ballance, nor the Wheels di-
fturbs not no€turnal reft: Notwithftanding if ycu would make
ufe of it t0 rouze you from fleep at an appointed time, you
‘may ‘eafily do it, by raking all the teeth from the Tables, ex-
cept one of them, which you muft fix in fuch place and or-
der, that after the prefixt number of hours it may ftrike on
the bell, or make fome other noife, as is wont in excired
Clocks, of which we fhall fpeak hereafter: There are alfo o-
ther ways more eafier, as if you ufe to it the percuflion of a
weight, whereby one part of the equilibrated table deprefles a

; Gg Cliggut
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Cliggut, fomething fallying out into the room, and you may
encreafe or diminifh the percuffion of the weight, by making
a greater or leffer hole in the other three plat?s, which have
large holes for the {wifter motion, ¢v. But if you add one
wheel, you will find feveral ealy ways.

The Author concludes, that hence all thofe Engins may be
fupplied by a fhort Compendium, which are not wrought but
by many Wheels, efpecially in thofe which want temperate
motion.

Moreover he adds many other things to equip this Engin,
and, Firft, he fays, the veflel may be {o accommodated in the
outmoft part, that at what time the Clock is moved {wiftly,
whether before or after the Strokes on the bell, little boards
being placed, or fuch like, as is wont in Hydraulic Organs, it
will utter a confort of mufick, either in {ome Cimbal, or on
lictle Bells harmonically difpofed.

Secondly, If the Clock be hung after the ufual manner to-a
wall, and to its fide, fome plane table be made faflt to the wall
through the length, that it be parallel to the horizon, upon
that table may be placed the Sun in its courfe, a hidden firing
being drawn which rends rightly ta the Clock, which may
be drawn by the veflcl in its eirculation ; and on the wall
you may difpofe in right order ( in the way through which
the Sun runs its courfe ) the heavenly houfes, whence each
hour, a little Image poetically adorn’d appears, which fhews
the hour on the right hand next elaplt of the Sun, and on the
left hand it leads fome of the heavenly Signs, or fome fign of
the Zoliack addi&ted to that houfe, &ve. thus thofe little Ima-

ges will appear every one to his time; put crofs in the way:
by which the Sun pafles, fome little board, fo that when the-

courfe of the Sun being moved by the {wift motion of the
Clock, being carried in its courfe, it hits againt one end of
the lictle board ; which if the little board be placed in man-
ner of a leaver, it may fo be accommodated that while one
of its ends is drawn, by the fervice of the other end with {fome
ftring added to it, the little image is brought forth to.the Sun,
and there left.

Thirdly, Belides that heavenly mortion, that number which
fhews the hour next elapft may be fo accommodated, that the
fame fite and face may ferve, as well in its Apogeon, as in its
afcent and defcent, to wit, if there be put to the litle plaie

on.
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on one of itsparts fome tin, a little heavier,being {o affixt to each
table, that it may moft eafily be turned about its centre.

Fourthly, Almoft in the fame manner, in that circular {uper-
ficies whofe half partalways appears divers {mall Images may be
affixt, fo that they always remain aright, by means of Tin, or
{ome other heavy thing added to their feet, and in going for-
ward they may fhew the quarter hours, .

Hitherto we have added no Wheel, but if we add one or
two, you will artain many fine effects. Firft, a toothed wheel
may be {o placed on the veflel, that its axis may fall right on
it, and on the extream circumference of the veflel many iron
ftiles may be put, which while the veflel is turn’d abour they
move the overthwart wheel placed above, by hitting againft
its teeth, moreover you may conftitute a Load-ftone on part
of the wheel placed above ; now if you faften an Image with
a wyre, with an iron flile in it hands, according to the motion
of the Load-ftone, it will thew the hour, &.

Problem. XIX.

To make the Indexes of Clocks, fo that they fhall defcrile
not only Circular, but any other Figures by their motion.

F any one would adorn the Index of a Clock with the

Arms of fome Prince, or City, to difpofe it in the form of
2 fhicld. of a heart, of a crofs, & fo that the fame being artihi-
cially made, or a {mall image, or any other fign performing
the office of an Index, the numbers of the hours being in-
{cribed on the parts of its figure, 1n whatfoever order they
are difpofed in, it will fhew fucceflively ; or that an Eagle
with its bill, or a Lion with its tongue, &re. There are divers
Artificers in Father Schottus Technica, Book 9. Chap, 5. the mofl
ufeful whereof we will here impart.

Fig. 155- To defcribe the moft difficult figures of moving
Indexes aflume the artifice of a Parallelogram made in this man-
ner: Firft, of folid matter, viz. of iron make four rules A H,
A K, KL, HM, which in the points A, H, G, K, {o join with
curious {mall pins, that the {quare may freely be firciched
wider, or contraéted narrower ; then to thole portions or
parts fianding out on cach fide CL, C M, join by the fame ar-

G g 2 Eiﬁ':\‘
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tifice as many more rules, but fhorter, and if you will, decrea-
fing in the {fame proportion, and in the connetting or joyning
paints, freely turning.

Secandly, On that face of the Index that lies hid towards the
Clock, conceive 2 hidden toothed wheel CDEFG B, to wir,
{o as thofe Indexes thar are wont commonly to turn once in 11
Or 24 hours, in this being made hollow, or any other way
fited, underftand a little” Channel A C, fo that within it a
little nait, or pin C, may be put fticking out from the Paralle-

logram towards the Wheel, and may run to and again, this way’

and thar way, withour refiftance.

Thirdly, Fix a {mall pin A in the Center of the toothed:
Wheel, and then berween it and the other lirtle pin C,; which
ought to run in the little channel or groove, a Spring, or fome:
impulfing Spire, being put between by a Wyer of a competent:
thickne(s in the manner of a wreathed Cylinder fcrew, draw-
ing: afide as much as is requific the little pin C, from the other-
fixe pin A ; which Spire perhaps may more conveniently be
made of a. Serpentine plate drawn and bowed.

Fourthly, Propofe now any figure which you would have
the hour index defcribe with its point; fuppofe a Hexagon,
or figure of fix fides: Cut then in the plane of the Index a fix.
fided hole CD EFGB, whofe Center is A.

Fifihly, Upon the whole Parallelogram, and the hole that is
cur, place fome figure, as of an Fagle, or a Dragon, . fo.
thar its neck rouch the texture of the Parallelogram and hide
ity and the other part of the body be fpread over to the hole
that iscut ; Moreover that Parallelogram being wove in the
neck of the figure by more of the fame Rules placed berween,
i the likenels of a net, and move artificially after the manner
of feathers, or the Scales of a fith, &. Y

The hou Wheel then intercepting the pin C in its groove, .
carries-ira long with it ; and" this from the drawing prefling,
piate placed between A C, and the cur.  Sexangular. hole, or
inCluded berween other limits, will caufe the Eagle, having 2
crown crofs or ftar on its head, or a Dragon with his tongue or
fting, to deferibe the fame figure, and to thew the hours de-
{trived in its limb. -

In the deferibing of “other figures; ‘as.of ‘a heart, a rofe, a
fhicld, &, the Induftrious will find it eafy ; another motion
may eafily be given over andabove, to.a Lyon, an Eagle, or a

Dragon,
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Dragon, ¢c. that this fpread his Tail, that tofs its Spirc 5, the
other open its wings, ¢rc, and that ciiher by the {ame araihce,
or otherwile.

Prcblem: XX.
To perform the fame more Compendioufly.

. Lthough the forcfaid Arrifice is univerfal, and extends it
felf to many figures, yer this prefent Propofition may be
reduced ‘o practice, with lefs- charge and trouble, efpecially
to the eafier; as Ellipfes and Polygons; and. moreover may be
applied to other Paradoxical affeétions. . :

Fig. 156. Let ABC be a rod of mettal, having a round
hole in A, but in C where it bends, it endsina little ring, ot~
other ere@® hole C E, through which pafles another rod DEF, .
which bending in the like little ring F B, and in like man-
ner made faft to the former rod, and clofe or touch each other
{o lightly, that they are carried on one within the other to
and fro freely ; in the end D is made an arrow; a lictle Star,
or other {uch like fhewing Apex.-

Secondly, Underftand in that plane in which the number of
hours are infcribed fome figure, @iz, a Square to be delcribed
‘GHITK, and nigh to its defignation cut a channel.-or groove of -
my depth, and its breadih, {o that fanding out from-the licttle
ring it may reccive the point B, that it may run freely in its
Channel.

Being placed then, and fixt to the hole A in the Centre of
the quadrate, and..to the ftyle B in the fame cavity, if this
whole joining together of the Index in the point A be tugr'd:
abour by the Axis of fome Wheel, or led about circularly any
other way, the end D muft needs defcribe a Square. figure, or
another after the {fame manner, as isthe Channelin which the
ftyle B igaded abour.

No®™ggrt, the {fame Inftrument may be more ingenioufly
made of two rules, in one of which a little channel is drawn -
out in length, and the curfor runs to and fro inthe other by
turns ; but the Artifice may be {o cover’d, that the contraction
and diftenfion of the rules cannot ealily be noted, in producing -
the rule DEF beyond the centre A, &re.  Secondly, 1f between

the:
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the rings E and F you put a wire, or a divided plate of mettal,
it will not be neceffary ro hollow it in the plane, but only cut it
outfrom the thicker plane being laid upon the other, or by
the¢ rules thar frame the Poligon.

If you afect Paradoxes, hence you may eafily deduace, Firf,
that by the continual drawing and revolution of one and the
{ame common compafs, you may defcribe a triangle quadrate,
¢c. for if one foor of the Compafs be fixt in the hole A, and
and the other firmly lay hold on the Style E fticking out, and
being led about by the compafs, the ftyle will defcribe fuch a-
nother Figure D, and was the little hollowed Channel, or ano-
ther {uppofed plane terminated by acertain figure.

Secondly, 1F you would defcribe a circle by the fame opening
of the compafles, and not from the Centre of the Circle, you
may do it almoft in the {ame manner, which doth not require
that the point A with the foor of the Compafs be in the mid-
dle of the figure, as is manifeft.

Thirdly, you will increafe the admiration, if you add the
defcribing ‘a Triangle, a Square, an Ellipfes, ¢~c. greater or
lefler, with one opening of the Compafles, and you may effect
it thus; Produce the length D E F towards A, and let the little
ring or Curfor B F, havea {crew, or turning joint in F, that
the compafles remaining ar the fame diftance, and only the
relique DEF being drawn from, or intruded from all the reft,
and the forefaid turning joint may be fafined in F: More may
be added by the Ingenious.

Problem, XXI.

To make and ‘incite a Chronomertric Index to an Elliptic

Sigure, by a certain and peculiar wethod. 5 |
' Lthough ‘both the forefaid Artifices ferves to defcribe

Ellipfes, yet the Author adds another, taken from 2 pe-
culiar Geometrical Inftrument of Guide-wbaldus, or rather de-
duced from the fame foundation.

Fig. 157. Three planes, or thin plates, are to be conceived,
the firlt is of an indefinite figure, which is defcribed by the
Elliptic Index AB C D, this is boared through in the middle
in the round hole HEF G, and morcover eut in with four {lics

al
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at right angles which are 1E, KT, LG, MH, and join'd to-
gether with a round hole, the length of the flits is as much as
the Semidiameter of the hole.

The other Plate P L is circular, which hath on that part fome
Index which is laid open to the view of Speltators, béing put
apon the former flits, and therefore ‘touches the forefaid hole
of the former plate.

The third plane cf the orbis TK L M, touching the fame
tole on the other part of the middle, and of the flits of the
plare, and this therefore lies bid 2ll within'; ‘s Centre 15 the
fime with the Centre of the round hols, and it hath Glaed or
Soldred to it, two Segments above and ‘beélow the Centre, be-
ing cut through by a circle on its Periphery, that perfectly fills
the fides of the hole, and razes while they turn within the
hollow of it ; the thicknefs of thefe Segments 1s the fame asthe
lics of the plate, with which they are therefore equal and alike.

The confpicuous Orb P'L " hath its Centre in thar poing,
which is pofited in the Periphery of the Segment H E, Glued to
the hidden orb MIKL; In [his'po'mtnholeismadethmugh each
orb, to wit,the confpicuous PL, and the occult M IK Lyto which
hole afterwards a fmooth lictle pin is put,to join each orb freely.

In the confpicuous orb P L on one face which beholds the

middle. or flic plate, are fixt two little round naifs T and N,
of the fame thicknefs as the breadth of the {lits, within- which
they ought to run to and fro moft freely ; the length or height
of the little nails or pins is the fame as the thicknefs of the flits,
and the plates, or fomewhat leffer, left thy touch the occult orb
through thofe flits, and raze it in the motion ; they are diftant
from each other the intervall N, equal tothe diameter of the
hole. - -
In the inner and occult orb make the hole R {fomewhere,
snto which enter fome little nail fticking out for that end in the
diurnal Wheel of the Clock, whether it be turn'd once in 2
or 24 hours, the Centre of which Wheel ought exaétly to an-
fwer to the centre N of the hole HE F G,and alfo of the occule
orb IK L M ; the diftance of the hole R, and of the little Nail
anfwering ir,will be the.fame wiz. RN ; it is the {fame, if in the.
diurnal Wheel of the Clock a hole be bored through, and in
the point R of the orb a little pin anfwering it be fixt.

The forefaid pin then being entred in the hole R, will caufe
the occult orb IKLM to move about, being laid hold on

by.
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by the Wheel of the Clock, and will carry it forward from
R rowards M; and at the {fame time a2 hand being formed, 2
Lilly, the Sun, or fuch like, the Index P will proceed for-
ward to the oppofit part, and by its apex defciibe the Ellipfis
A BCD, to which hours unequal {paces are defcribed diftinét-
ly, which neverthelefs are finifht in equal time, to wir, hourly,
by the Index.

Since the confpicuous orb P L, on this face, on which ’tis
beheld, is altogether plane and whole, you may: for ornament
infcribe on it, either the Efligies of the 7 Planets, or the
figures of the 12 Signs, which indeed have no other ufe, than
that they are turned about wonderfully to and fro with the
~otb, that he that is ignorant of the {truGure, and its make,
can hardly conceive it, becaufe that the orb is moved wich a
double motion, one by which its Centre E is carried circularly
about to the Periphery of the hole EFG H, and the other
Eliiptic, whereby the other parts of the orb are carried.

The Internal F H between the two Segments is therefore
left, that the little nails I and N may pafs in a right morion
through it diametrically oppofit without obftrution from one
{lit to the other. See Guidubaldus i the Demonftration of  the
Planifphere, and Bettinus:ois Comments on the 281h, Prapry‘?rfmg"
the Gth.  Element of Euclid.

Problem. XXII.

«Ditiers ways to make a right lived Index to [Fewthe bours.or
Y g : 3
quarters ,3{ Lours, .{y a r.r.gi’-rt motion, avd then to return

back again.

Fig. th.MAke a plane Wheel A BCDEF, whofe middie
L pare DEFA is furnithe with teeth, bur none

in the other pars, the axis A G H D liesdiveétly over, Orpon
the Centre, or diameter of this Wheel, carrying two toothed
Tympanes A and D, alfo two toothed Wheels G and H, which
all firmly adhere to the axis A D : Thirdly, make the Oblong
IK LM, three of its fides being of Solid mertal, and the fourth
KM is cloied by the figure of the Sun, orany other fign, mov-
ing forward by a right lined Index, which neverthelefs may
be placed moft conveniently in the middle of the oblong;
Fourthly,
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Tourthly, to the two longer fides I K and LM, make the reeth
of the Wheels G and H to agree to the teeth of the other, viz.
to the face of thofe fides which the Wheels G and H behold
and touch, for that oblongis conceived to lie upon the Wheel
G and H, and thefe to cover over the fides IK and L M.

The half toothed Wheel moving then in the firft place from
A towards B, will move the Axis AD, with the Tympanes
and Wheels in the {econd motion, with which in like manner
is carried on the oblong with the Sun K M from K towards B;
and the length of the fides I K, LM of teeth ought to be in
the fame ratio to the Wheels G and H, as the Semiperiphery
D EF A to the Tympane A or D equal to it; Secondly, and
becaufe the plain Wheel is furnitht with tceth only in the
middle part, which begins to impel the Tympane A Firft wich
its teeth, the Tympane D oppofite to it is hindred by none,
much lefs when the whole axis and Wheels are turned, and by
an unanimous confent both wheels G and H the fides of the
oblong, are fo long forc’d forward by an uniform motion, as
the channel'd Cylinder A is impelled ; Thirdly, when firft the
toothed Semicircle approaches to the Tympane D, and begins
to fet its teeth in it, in the fame moment the Tympane A is
freed from the force of the teeth, and is turn’d to the oppofite
part, being led by the other; from whence alfo the oblong
removes the track out of the way to the oppofite part, as long
as the toothed Semicircle forces, which it ought to perform 12
or 24 hours, or, it you pleafe, but one hour : Fourthly, this
whole artifice is hid beyond a certain table equal to the oblong
of the Index, which therefore isdivided into 12 equal parts,
. or hours, and the number of the hours are defcribed in a
double row, the uppermoft of which from r to r2 fhews the
Aftronomic hours from Midnight to Noon, and the lower from
Noon to Midnight, or otherwife.

" It may be done eafier, for the weight in the fpace of time
in its defcent of the whole height, either in a plane vertically
ereed in fome place, the fame horary intervals may be de-
figned ; and the fame perpendicular motion of the weights
may eafily be tranflated into an horizontal one, by a Pulley put
between, on which put a {fmall chord, and bind it to the de-
{cending weight ; or if you find that inconvenient, fit a Pulley,
~ or Cylinder, in fome Wheel of the Clock, meafuring: time

by its morion, for a Chord being folded to the Cylinder ac-
H h : cording
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cording to the various magnitude of the Pulley, or to the num-
ber of its revolutions made in an hour, will give divers horary
ntervals in the plane defigned on the Wall, or other plane of
a competent length, in which, if you pleafe, you may hide
the Artifice, and within or behind the table of theright lined
Ind:x you may place a piece of load ftore from the weight
by the forefaid little chord to move forward flowly being
lonfe. and without the table; in the fight of every one, may be
moved by the hidden load-ftane an lron gilt with the Sun,
or Phaeton driving a rofey Chariet, & Chamelion, or a kind of
Sea fith, ¢&e.

Problem  XXIII.

T Efiell the fame another way more ingenious than the fore
mer.

radtice, that the toothed oblong forcing the In-
dex, and lying hid behind the table, while "tis conveycd to and
fro of its own accord, requires another {pace equal to the waale
to which it allows and extends it felf: and in the lawter way,
whether he appoints it by finite or perpetnal Chords, he doth:
it either by attra@ion of finall Chords, or of the Index by a
$inall chord, from whence “tis moved forward, thetefore I have:
thoueht on the following way whereby both thofe defcéts
may be remedied.

Ler therefore the whole length of the table of the right
lined Index be A B, or CD; take a chord, or fmall rope, fix
times the length of A B.and join the ends to make it pexpetual,,
as EABFDCE; Pat this about two Pullies, o Cylinders E and
B, moving frcely about theirCenters, fo that the fmall Chard
pafs oceulily under the upper boxder, or limb of the table A B,
and of the lower C D ; Secondly, det there be alfo fome: Index:
as G, fo fiteed that it may move forward to and fro through
the whole lerigth of the table freely, which may be done
thus; ¥t may run to and fro within two lirtle Channels, og
grooves, cut in the upper and lower limb of the table, or by
two other metallic Chords, or wyers, flrongly extended andy
hung in the {ame limbs, and it flraips. them lightly wi;ih i{i"a.

; QI

Fig. 159. BEcaufe the forefaid Author appeints in the fhrft
P
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loofe little holes, of rings, through which the chords are tranf-
mitted ; then the Index G will be moved forward .in thefe
channels, or wyers; perpetually by the little rope to and fro in
this manner : Becaule the perpetual little chord is fix times the:
length of A B, divide it into fix parts, as A B, BF, F D, D C,
CE, E A ; moreover in the three points of divifion A, F, C,
omiting one interval, or {pace, bind or faften juft {o many in-
forcing flexible obftacles with this condition, that pafling by
the perpetual fmall chord through the two loofe rings of the
Index G, wiz. of the upper and lower, the obftacle hitting
againft the ring of the Index moves forward the Index ; and
the Index arriving and confifting at the extream fide A C or
B D, the obftacle being drawn by the perpetual chord, never-
thelefs going forward paffes through the little ring of the In-
dex overcoming that {mall matter of refiltance. To this end
you muft take {fmall ftalks cut off from the Quils of Birds, or
Horfe, or Swine’s hair, or the firings of a wood-like White-
thorn ; then thefe three obftacles being conveyed overthware
by the perpetual chord in the points A,F, C, and fixt ; con-
ceive now one of the pullies E or F to be annext with {ome
wheel of the Clock, as with the diurnal when you would
have the Index to be of 12 or 24 hours, or with the hourly,
or quarterly, ¢e. if the Index ought to be hourly, or of quar-
rers: Let it be hourly, and cither of the pullies E or F to move
regularly circular by the hour wheel of the Clock from
whence it will be incited, or by another perpetual chord; or
by a toothed Wheel, &e. And make the motion of the
Pulley,and of the perpetual fmall Chord, furnifht with the ob-
fracles, or fmall firings, or hairs, the upper from B to A, and
the lower from C to D. Underftand now the Index G, to be
brought by the horfe hair, or other ftring A, from BD 1o AC;
Then becaufe the Index cannot pafs further, the horfe hair
notwithftanding being drawn by the perpetual chord, it will
pafs through the ring of the Index, which 1t will lay hold on,
and will pafs forwards towardsE. At the f{ame time the hair
orftiing C applies to the lower ring of the Index, and the In-
dex being free from the former hair A, draws it back with ir
(elf from C towards D, then the Index hining againlt B D the
Margent of the table, this lower hair will pals through its ring,
in the mean while the other hair F is now found above, which
Index that it may remove it fbrcesl away, and this reciprocation
Hih = of
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of the Index enduresas long as the motion of the Clock, if you
diligently obferve what follows. |

Firft, Obferve the Compendium in the beginning of this
Problem ; for whatfoever is without the table A BC D of the
Index, you will contract to a lefs {pace, if you wind about the
Rullies E and F once or twice thofe portions AEC, and BED
of the perpetual chord ; for in this manner thofe Cylinders,
or Pullies, muft needs be moved near to the table of the Index,
and always to its top, as the Centers of the Pullies E and F an-
{wer to the extream limbs of thetable A C and B D.

Secondly, to continue that reciprocation of the Index with-
out any error, you muft take grear care that the precedent
obftacle, or hair, pafs through its firft ring, and leave it before
the fucceeding one fieze his, which you may eafily obtain if
you-do not permit the Index to-come to the extream terms A C.
and B.D, but a little before it touches them, ‘tis forc’d to ftand:
ftill, and is freed from the former mover, that the other com-
ming too, which was firft difpatcht by the former obftacle;
may find our the Index, which will be done in a fhore
time:

Thirdly, Becaufe-at the firlt afpect of this Index: you cannot
know whether it goes forward or backward,therefore the thing;
may be {o ordered, that one Index in going may turn to the
{pectators a face of one colour, and the other in retorning a.
colour contrary to the former: If yet the number of hours or-
quarters above, be gone forward from A to B, and the lowenr
from. B C, it will be known prefently at the fuft afpect, whe--
ther the Index goes forward or backward.

Problem XXIV..

Lo make: the famepower which moves the hour Index to fPrike:

~Ather Sehortus thinks it may be done_ by a fpring; or feek:
E {pire ; for fince cach {pire after this manner hath two ends, .
central and circamferential; one of which being drawn, each.
1eturns £o.the oppofit parts; fays he,one end, wiz. the Central,.
may. force the Wheels. of the Index, and the other the flitking
Wheels, orthe contrary ; And he afhoms that the irregular
force
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force and refiftance of the fpire may be made fic by the artifice
delivered by us before, notwithftanding this muit be diligently
obferved, that fome certain time muit be appointed by the
Artificer, wherein the Clock is to be drawn up, and then ac-
cording to the number of Pulfes of each hour the other loofe
end will be made fir, the Cone of this other end forcing the
chronometric Wheels ; But in this praétice fome difficultics oc-
cur, wherefore I efteem the following pradtifes of the {ame
Author more apt.

Fig. 124. Firft, therefore conceive in the Figures. of Probl
24, the two Pullies A and B, to be firred to the two whirling
fitems of the lower Wheels, that is, totheir axes; one in-
deed to the Chronometric fyftems, or eivcumagent Index,
and the other to the ftrokes defigned ; for “tis, manifelt
from the right underflanding of hanging of weights, that
one and the fame weight D ferves both for the carrying
about the Index continually, and to the ftriking of the hour
Wheels.

Nite, Firft, the Pullies A andB in Fig. r24. muft be under-
fiood to be {o placed as you fee them defigned i Fig. 125,
Nore, Secondly, if you do not make ufe of 2 perpetual chord,
but a finite, then you muft conceive that Chord to be perpetu-
all diffeéted, and to each end a weight, or poyfer, to be hung
to continue the Chord within the Pullies A and B. Note,Thirdly,
both ways here requires this weight D to be as heavy again,
as that which is fufficient to carry about the other Wheels all
at once :+ If therefore to each fingle weight that motion thould
be effeted, you may make ufe of this following ( although
more laborious ) pradtice.

Fig. 160. Secondly, make the Axis AB ftrong,and like a tree,
or Cylindric, and ftablifht in the points A and B, put on rto
this two toothed Wheels C D and EF, each of which fholi
have in its Centre a Cylindric Tube A G and B H, join’d or faft-
ned tﬂ%ﬂher moving freely about their Axis A B: And to the
ends of thefe Tubes G and H, muft be faftned a little orb, or
Jagged Wheel G and H, having but few jags, or teeth, as 1z or
w6, but very deep; Thirdly, 1o the {fame Axis A B between each
Wheel in the middle place, put the Pulley K Imade hollow for
receiving the Rope, to which that one only weighe muft be
bound, and this Pulley alfo muft. be movable about the unmoved’

Ax1s:
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Axis A B; and inthe Bafes or Planes which behold each Wheel,
muft be Bolts' or Bats, on both fides the fume numbet, and
made by the fame Artifice on both fides; Farehly, the Bay
therefore M L, whereby the Pullies are joyn’d together, hath
firlt of all a hole, through which and the ear or ring made
faft in the Pull-y, pafles the little round Axis, moving frecly
in the joines forfaking that Bar: The {ame Rail or Bar rowards
the Axis'of the Pulley, holds our a cerrain hook, or lircle arna,
athwart, as in Leavers full of corners or nooks; and laftly, to-
wards the other end L ’tis bent like a hook, or bill. Fiftbly,
the Rails or Bars being fitted in this manner in the ambit of the
Pulley in any number,as 3 or 4, {o.that all together they anfiey
the Jags of the Wheels' G and H, underftand between the
Jagged little Wheel G, and the Pulley TK, fome Lilly, or Jike
flower to be put, cut out of a thin plate of mettal; whofe lit-
tle Leavers fticking out towards the Centre of the Pulley, prefs
the points or little arms of the Bars or Rails, that in this nap.
ner the bars L M, ftrive or ftrajin always againft the cuts of lje
Jagged Wheel, and the fame is done by the face of the other Pyl
lies. - Sixthly, to the Tubes, or hollowed Axes. of the toothed
Wheels, muft be put fome Cylindric Segments N and Q, upon
the forefaid Axes or Tubes, movable freely to and fro; and
join them to fome firm Beam N O P Q. that according to the
motion of one Cylindric Segment, the “other may be moved
with a reciprocal motion. Seventbly, make fome ballance CK E,
movable inthe Centre K, abour which the half toothed Wheel
is conveyed with ir, whofe teeth anfwer to the flits 6r curs of
the Beam OP; A'lictle arm s erefted in the upper part of the
{ame Ballance anfwering the little tongue; or cock, of common
ballances, to this is affixc the Sphzre R of a competent weight.
Eighthly, to the Tube or Hollowed Axis of the Wheel C D, is
put the little oib A, or fmooth Wheel, movable together
with ‘the former, neverthelefs it hath in fome cerrain place of
us| Periphery one triangular'tooth eretted of unequal fides,and
of fuch form as you fee in- Wheels, with Jagged, or faw-Jil e
teeth, fo that i’s Hyparbennfe tifes up flenderly from the ambir,
or Periphery, and at' length is ended in the precipice of the
Cathetus, this little tooth-abeut the end of any hour, lifts up
flowly the little arm C, then when the ballance CKE is-in-
clined it pulls up the little orb- A.

Thefe
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‘Thefe things thus prepared, underftand Firf, tlie Horomett'©
Syftem to be the fuperfiruture of the toothed wheel T' D, ah
the fyftem ferving o excite the {trokes 1s of the other wheel
EF; moreover from the pulley K [ is hung fome compe-
tent weight by the Arcilices propofcd before in Problem -
the 2d.

Secomdly, Underftand ‘the ballance C KE with the weight R
to be inclined towards the ¢hronomerric Wheel € D, for 1o
it will come to pafs, that' the Wheel half toothed K for-
ces the Beam O P towards the fune toothed Wheel
C D. and together with the Beam, each Cylinder N
and Q.

Thirdly, One of the hour Cylinders, viz. N, when in this
manner it goes back from the jagged Wheel G, it thrufts.
down all thofe hooked rails or bars in its InCilions ; and by
the contrary reafon the Cylinder Q_being moved to the jag-
ged Wheel H, lifis up all the rails or bars on that part, o that
the jegsin the litle Wheel Hare in no wife laid hold on by
them. - - 15 o -

Fourthly, When ‘in this' manrer the weighr hung from the
common pulley hath a conneékion with the Wheel C D, and
none with the other Wheel EF, that Wheel only  will incite,

and not this, and that will be done in an hours fpace, until
the tooth ficking out in the little orb A, begins to take up

fowly the lictle arm C, and with it the whole ballance CE,

and alfo the weight R. ; .

Fiftbly, The weight R being inclined: beyond the line KR
owards P, fuddenly rufhes to the oppofite part with thecock of
the Ballance,and together with the half toothed Wheel K, im-
pels the Beam O P, and the Cylinders. N and Q_towards Bj;,
wherefore the Cylinder N lifts its hooked Bar, and the Cylin-
der Q_letsit down,and this being reccived within the jags of the
Wheel H, make fin the Pulley. K I with the Wheel E F, and.
its Wheels pertaining to the ftriking;, which unlocks the arm
KE{! by a certain Leaver which the Figure doth not ex-

refs.
; Sixthly, The hour being declared by firiking, the ballance
C E is again lified up with the weight R, 1o the oppofit part
by inclining towards O, and that is done by the Phonotadlic
Wheels, efpecially by thofe which are thruft on immediately
from the Wheel E F, and which for every blow or ftroke is.
wong
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wont to go once round, and carries in it's Axis a certain heart,
by help whereof through Leavers difpofed to that purpofe, it
may be done very eafily, the Impetus of the Wheels approach-
ing from the colleéted motion.

Note, Firf, in ftead of the Pulley K1, a toothed Tympane
may be placed, which may be moved by another inferior
Wheel, and it’s weight, for the fame effe will follow, by in-
creafing the weight of the clock as much as the thing requires:
Nortwithftanding the forces of which may be hindred by a
Ipring, or ftecl fpire, but only in a fixt, or ftanding clock, for
in 2 portable one the fame foundation remaining of fhutting
by the bar LM, the other furniture of the Leavers will be
otherwife difpofed to work changes. Secondly, when the Pho-
noteclic Wheels are incited by the weight,the motion of the Index
ceales the fame time, bur after that manner that either ’ts of
it felf bu litle, or ’tis compenfated from elfewhere ; alfo i
may be {o made that berween thofe ftrickings, the Index fhall
not move forward at all, but the more free defcription of the
artifice, the brevity of time excludes. Thirdly, if the Chronome-
sric Wheels are incited not by a ballance, but by a Pendulum,
the Artifice may be efleCted eafily, that that may be appre-
hended and included in the uttermoft term™ of its arches, and
then the weight being reftored to its Wheels, ’tis unloofed into
Vibrations,otherwife the motion of the Pendulum once ceafing,
it cannot be ftir'd up again by the weight only ; the reft Ileave
to the Ingenious to confider. Thus he.

And truly this practice is very ingenious.

Problem.
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————

Pfoblcm XXV.

To caufe any firong blow or flroke ufually fEruck on great Bells,
by a Hammer, and by qreat Weights, to le. effecfed .{y
much leffer wergbr and ffwfr toothed Wheels. '

Fig. 161.Y] Et the Wheel ABCDEF be divided into 6, 8, or

“more parts, in the divifion of which points make
fo many Jmnrs for. certain equal arms and equiponderant ham-
mers,or lron balls,or Globes;to be fixed, yet {o,that the motion of
any arm run not out béyond the quadrﬂnt of .a circle,; wiz.
DGH: To the Axis of this Wheel place a Pulley with a weighe
and one toothed wheel, which fhall turn abourt a certain axis
with a ballance, to retard the motion of the whole Engm and
alfo the impetus caufed by, this ballance, &ve.,

Rails crBars then being advanced fhutting up the mc:rtmn of
the Engin, after which fome hammer; to Wi, DG muft be
conveyed perpendicular to an Hurl?ﬂma] fite, and a little be-

yond the hammer falls down with a fbicc, and delcribes
b}? its fall the arch G H, and on the brim of the objected Bell
ftrikes a ftroke, or bl::uw and becaufe it touches eonly the
extream of the Bell, ’tis pmfmrl}r withdrawn by the Engin
from proceeding any further, otherwile if the hammer fhould
teft a little while, it would hinder the {ound of the Bell, fome
fteel plate fhould be put between, by the fide, which Thould
rfﬂlaw the Hammer immediately from the bell; and not hinder
from tending downwards: And in this manner, much lefley
weight being difpofed, forces the Hammer and makes the ftrokes
more valid, becaufe the Engin is as it were Aquilibrared: Thg
{ame may be performed by Iron Spheres, or Globles, falling

trom on high an the bell, whlch Glam; is again faifed o, the
height by.a fcrew with a fmall power. . Or fo_many Glo ‘w:
may be placed in an upper place, as are 1Lquu{.d for all the
ftriking of hours for the whole day, as alfo of cach hour, i1,
oae of them is freed from the obftacle thar it nay fall_ on the
Bell, afterwards two, and after thar three, . accordiy o a5
the number of hours require: The hours ms iy be adorn” |
divers other new ways to thew the diftance of hours, for [ 1ft,
1 l lf-
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if you would fhew not only the hours, but alfo the quarters,
you may do it by many {mall bells, to wit, make ufe of five
little bells, whofe founds afcends. By degrees in a Mufical in-
creafe or proportion ; and for the ftroke of the firft quarter,
the meaneft or lowelt little Bell will: found' ‘Do, or, ur; for the
{econd quarter Do, re 3 for the third Pe, re, mi, then follows :
the ftroke of thehour fol, {ol, fol, & fo often as the prefent
Hour requizes.. i, = &1 e ' ' . |
Secondly, the fame may be effeCted by means of mufical
Chords,“to wit; if you extend them on a table made thin and
hollow, either Parallel to'each other, or as radius’s meering
in one point ; and they may be {6 fitced and tempered thar two -
oppofits give a Harmony, beginning from perfect and  pro-
ceeding-'to imperfet, for *thefe  kinds 'of Harmony being
incited, each hour by -a diurnal Wheel with two chords,
will fignify the hour decreed in a bed chamber, which may be
heard in a night without the trouble of noile ; and the Im-
ulfe of the, chords may be repeated three or four times, left
the hearing be'deceived, if you have a' mufical Inftrument
with keys; you may ufe 2’ Phonotactic’ Cylinder dire to the -
f]jc:_ck, with 4 weight "hung to it;" by which it will be turn’d
g 4 o o LG | ' -
" Thirdly, the thing may be effefted likewife by the Pipes of Or-
gans,for if the Phonotactic Cylinder be made and appliedto the
keys of the Organ,and the Bellowsbeing drawn either artificially
by fome eafy Engin, ‘or being once drawn perfifts {0, arid they
muft defeend by liccle and little ‘each hour while the found’ of
Hours'is vequired, to be made. g < ol
* Fourthly, the Strokes of ‘the hours may be made by a military .|
Tympane, or drum, and that moft eafily, as to any Induftrious
perfon will appear ; yea, we affirny it is not ditheudr by Engins
ro exhibit to the ears, any ftrokes or blows wont to be'declared:
by Tympanes, with as much'dexterity, as it can be dohe by
thé moft skilful Mafick Mafter, both as to the Celerity ‘'of the.
blows and the' difference of inequality of Percufiion, and alfo
as to Harmony or the founds of Tympanes in Mufical confort.
Laftly, there is no Mufical. Inftrument, the Tube or Trumper
perhaps excepred, but it may be {o fitted to a clock, as to make
divers Harmonical founds each hour. o M

bl '  Problem..
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Prnblem XX;ETI ;

Zo procure excited Sounds at Jppﬂmrﬁtf times by many Ar-

tifices.

-'THis Father Schottus teaches at Propofition the 2gth. thus,

inclofe a Steel {pire with two lircle Wheels and a little
Hammer, within a lictle bell, and this little Engin ftands upon
3 or 4 feer, and hath a little tongue flicking out downward,
by which the fteel fpire being firlt bent, the motion is imparted
to the little Hammer ; If then the lictle Engin be placed above,
the Index of the clock lying Horizontally, or applied vertically
about the centre of the Index, the feet of the little Engin being
ftablitht, and that little tongue fticking out, directed to the
line of the hour which you defire to excite, then the Index
of the Clock being conveyed to the little tongue, and opening
the inclofure of the little Hammer gives the ftroke required;
and after that when{oever you plr:a%e to remove. it you may,
and put it again to the little Engin. 5, et ' :
Fig. 162, Secondly, if a Clock be required fhewing only the
hours, and to hang to the wall of a room ; In the wall nigh
which the weight of the Clock defcends faften in A a littie
arm, or Leaver A B, movable in A, on the end of the Leaver B,
bind one end of a {mall chord, than to a little Bar fixt in C

caft over the other end of the fmall chord, to which bind a

littlefpar or piece of a ftick C D; laftly, faften a third litcle Bar
in E, within which and the end D of the ftick putr the light
ftick E D between, fo that it may ftick faft berween the little
bar E and the end D of the {par or piece of fltick, and the
weight G being hung will therefore ftick faft, under which
you muft put a brafs bafon, or fuch like body of found, in
which the weight G falling, excites a found ;then fift-up the
weight F impelling the Clock, to {fo many hours as you defire
it to excite, for the weight E being ellapft in a determincd
time, the ftick being conveyed flowly to E D bares it down,
and cafts it downwards : And this obltacle being raken away,
thé ftick C D being loofed fends down with a force the weight
G into the bafon underneath.

12 1hi f!'l.;l'J
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Thirdly, for excited founds for Souldiers, or Husbandmen, to
a determined time, you may prepare them eafily in this man-
ner, take a piece of match, fach as Soaldiers ufe, of one thick-
nefs and denfity every where, try diligently how much the
fire will confume of it in an hour, then allewing the length of
the match for as many hours as you pleafe, note the end, and
extend the whole in length upon fome picce of timber in an
Horizontal fite, and a little elevated from the earth: Then in
the firlt fign nored in the march,bind a little chord,ard to the fame
fome weight,viz. a ftone, and the other end of the rope or chord
bind abour and make faft ro fomewhat, asto a wall, or a tree,
&e. for it will come to pafs, that when it hath burnt to the
noted fign, it burns or deftroys thar end of the lirtle rope, and
the ftone falls into fome Vellel or table placed juft under, it and
fo makes a noife. ' ki : S

Many other fuch'like may be thought on which may either
be applied to Clocks, or may effect it themfelves, that at an ap-
pointed time they may waken and raife up them that fleep by
fome noife ; Forin the firlt place all kind of Clocks which we
have defcribed before, to wit, which are moved in defcending
by an inclined plane, that may eafily-be’ done, if® while they
come to fuch a line of the hour, they run againft. fome obfta-
cle, fromr whofe repulfe or removal, a found is made, or
fome other noife’ excited ; Secondly, we may obtain it by all
hour glafles of fand or warer, for being increafed by degrees
by the weight of the water or fand falling down, it may be
made, that when it increafes to fuch a magnitude the other
weight fhall prevail, which either lifts jtup, or being freed.
from the Impediment it fhal] fall down, &-. Pk

Problem
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Problem XXVIL

Divers Ornaments applicable to Clacks, and  fuch like
Engins..

<HE Ornaments which may be added to Clocks,and other

~ Chronometric Engins, are innumerable, for befides thofe
which belong to their Indexes,and the other before mentioned,
the ingenious Artificer may eafily invent many other, fome
whereof we will fhew briefly. -

Firff, a Clock may be made which not only declares the
hours and quarters, but alfo the minutes and feconds, and that
either with divers little bells, or by a mufical Inftrument of
Chords or Pipes.

Secondly, the noife of the forefaid Harmony may be made,
either before thofe firokes can publifh the Mufical confort, not
only in {mall bells, or any other Inftrument, or alfo more to-
gether, which may eafily be done by Phonotactic Cylinders,
as is fhewn before ; and not only by thofe Cylinders, but alfo
by an oblong plane, to wit,if you have a thick plate of mettal or
2. wooden table, to which faften fo many {mall bolts, or pins,.
and diftant a due proportion between themfelves as the Mufi-
cal tone requires, fo that while that plane is moved upward
and downward to the right hand, or to the left, his fmall pins.
fticking out, hits againft the Organ, or other Inftrument, e
And this oblong plane may be moved here and there by a re-
trograde motion, as is faid before concerning the Index of
the like plane at Problem. 17, in which cafe, notwithftanding
it behoves. the whole thing to be doubled; to wit, one
anfwering to one half of the oblong plate moved in one part,
and the other to the other half in the rcturn of the fame

late.

Thar the Clock, or Inftruments, may be rightly applied, the
following things are to be ob{erved. Firff, the toothed Wheels
of Clocks which the Cylinder turns about, ought to be{cituate
in the middle of the fame Cylinder, or in both ends. of i,
for if it be applied to one erd only, fome inequality eafily
happens to the motion, by the refiftance of raifing the Ham-

mers,,
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mers, ot deprefling the little hands, ¢&ve. and the Cylinder
muit be exaltly turned : Secondly, for each fmall bell (if you
will make the founds on bells ) let .there be two Hammers,
two little hands, and two rows of holes in the Cylinder, to
wit, that any note although fhort in the tune, may be expreft,
when they are doubled, or repeated many times, for if chofe
notes be many, to wir, tailed or twice tailed following im-
mediately, it cannot fo well be ftruck by one Hammer, and
prefently raifed.  Thirdly, the fewnefs of holes for one touch,
may be fupplicd by the diverfity of {mall pins, more or lefs,
ftretcched our withour the hole in which they are faftned:
Fourthly, to greater Hammers, or greater refiftings of Elevation,
Poifers or weights mult be hung as much as need requires ;
Fifthly, the little hands and {mall pins, are moft exa&lly of a
length.  Sixthly, for accelerating the motion of the Cylinder,
thofe wings which catch the wind, or {mall weights inftead of
them, are movable, that they may be moved more or lefs to
the Centre of motion. Seventhly, when the motion of the
Cylinder alted by weights, is flower in the beginning, a ftay
muft be put between, of one touch, or a touch and an half, to
‘gain the Imperus, before the littlekeys or pins begin to publifh
the ftrokes: Eighthly, if the Confort of mufick preceed the
ftrokes of the hours, care muft be taken thar the key opening
the ftriking Wheel of the hour Be movable, left when the
runes are fome fhorter than others, the ftroke of the hour may
be a long time expeéted.

Thirdly, as Indexes of Clocks, and other Engins, belong to
rhe Senfe of the eyes, and of the found to the hearing, {6 to the
fame hour meafurers, other ornaments may be added, which be-
long to' Qdour or fmelling ; for it may be made that et'rzry\r
hour, or at other appointed times, a box or fmall ciftern may
~open, in which fome odoriferous bady fmelling very fweer is
clofe thut, and the Odour will difperfe it {elf into the whole
room ; in’like manner cocks of fmall fountains ‘may be opened,
fending forth Odoriferous liquors, which liquors may ‘bé di-
vers, according to the diverfity of the hours of the time’;. yea,
they may be {o fine and full of Spirituous re&ification, that
they may refolve into air, and by their {ubtily vanifh, their
Odour only remaining. Neither is it neceflary to ufe. many
fountains ot {pirital Engins, if {0 be you make a fimall Engin
‘out of whofe cock only, divers liquors ron forth f:‘i:cry-hcmr‘;

Alfo
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Alfo Odours may be made either by means of perfuming fire
which may be excited every hour, to wit. by percuflion,that the
next fweetned matter may be burne; Or beig moved into an
occule furnace, or lamp, the marter may be moved to them, or
rather thofe to it

Fourthly, 1t may be made, that the clock every horr or ap-
pointed time, fhall archicve divers offices of wraft, as 10 were a
{arvant, andbe dilligent in the Bed-chamber defigned to va-
rious Offices; fo Cloks may be made which at a prefixt time
of night fhall ftrike fire and kindle a light ; and in the fame
manner they may be fo fitted, that they may {erd forth water
from a fountain, at certain hours for the wathing of hands,
or draw it from a well, or fo as to fnuff candles dexrerioully,
at appointed times: Alfo a clock may be made, which be-
ing . placed on a Table, may reprefent  Bacchus  fitting
on aTun, and at certain cimes fill pors with divers kinds
of wines: Alfo a Statue may be made in the top of the
Clock Turret, that may unfold a fireamer in the morning, and
fold it up in the evening ; and many other fuch like as thefe.
may be performed.

Laftly, other Inftruments may be added to Clocks which
may fhew the degrees of heat and cold, and alfo of moifture
and drvnefs, or which fhall foretel when it will be rain and
when fgﬂ weather, yea,and they may (hew the winds at any
time in an inclofed chamber.

Problem XXVIII. .

T make a Chariot, or [bip, withan Index of Miles, for S,
meafuring of a Journcy.

Fig. 163. Eafure the compafs or Periphery of the Chariot «

' Wheel propofed, and for example let it be-
ten feet ; To the Axis of this Wheel A B, fic a imall tooth
E, running on another Wheel CD, furnithe with so teeth:
Again chis Axis 1 E muft have a fmall tooth, like to the fmall

tooth of the former Wheel in E, which folds into the teeth of

the .
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the Whecl EF, divided into 12 equal parts, each of which
Confifts of io teeth, fo that all the teeth of this Wheel are
120 ; Moreover in its Centre G an immovable Index is dif-
pofed, which will tell the number of Miles and hun-
dreds of Paces thar hath paffled by the Chariot in the Jour-
ney ; for each circumvolution of the Wheel A B, thar is,
cvery two paces that is made in the Journey, ore tooth of the
Wheel C D is moved forward by means of the fmall rooth C,
and therefore fince the Wheel C D is furnifht with so teeth,
its whole circumvolution will be compleated after 100 Paces,
and then it moves forward the Wheel E F by means of the
little tooth E ; then fince every part of divifion of the Wheel
E F conlilts of 1o teeth, after every 1o circumvolutions of the
Wheel C D that is, after 1000 Paces, or one mile of the
Journey, the Index after that will note another number of
Miles; in the fame manner altogether the thing may be done
in a Ship, provided thar a Jagged Wheel like to the Wheels
of Mills be fo ficted to the fide of the Ship, that it may freely
move abour the axis, while its Jags hiragainft the water; and
this Wheel will be inftead of the Wheel of the Chariot A B,
to which others are added, as 'we have faid ; for the whole
Artifice confifts in  this, that the circumvolution of the frft
Wheel which anfwers the length of the Journey be multiplied
proportionally to the other Wheels GD and EF, which may
be done eafily, and divers ways. ]

e

Problem  XXIX. ﬁ

i

The method of making Archimedes’s Screw for the raifing of
water feveral ways. : o

Fig. 164. Rehimedes his Screw s no ‘other than 2 Colamn
or Cylinder, on which a Tubeis wound about

{pirally, or in the nature of a fcrew, asappears in the annexed
Scheam, where A B repr cfents the Cylinder i an’ inclined’ fite
*vo' the'Horizon, and C D fhews the Tube drawn abour 4¢ {pi-
‘vally y and this Tube if one end of it have anopen mouth G,
put in the water, 1o that the water enter into it, and then the
Cylinder
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Cylinde¥ being duly mr:lmea and ie~being rurh'd! aboue by
rhé: tWo poles, or en&s of the Axis E'F that ‘it tays upomn
it will ¢ome to'pafs that the water-ferpent by litcle and. liccle
will afcend to the top, and run our at the other mouth D.

This ancient and moft ingenious Engin, owns 'the:moft In-
genious Archimedes' 'for 1its inventer; 'which firft ufed it ta
empty water'out of thé'great thipsof Hiéro King of Syratufe; thén
the Egyprians ufed the fame, ( witnels Diodorus Siculus )to draw
out the water from the fields drowned by the River I\}J’n and
Cardan in his book de Subril; makes mention of a Blackfmith
that made this kind of Engin, ‘and imagining himfelf & be the
firft inventor of it, for joy ran out of hixs wits, © ~¢ ui jC

How much- the* Cyﬁ-ndiﬂ*;, orits Axis'EF, ought to bf. ele-
vated above the Horizon is not ¢afily determin’d ,aswill appear
by what follows, although'commonly’ Mechanics ¢ with Vitry-
vins, Book 1o, Chap. 11. )mqmre {uch an inclination as con-
flitutes: Pythageras his wiangle E'G F, to-wit, fuch that the
fide or Bafe E F- which ré embif.tmhe Axis ‘of I#fv(,:j,rimdrr
thall be tothe fide E'G, which'is thé Horizontal’ line; as’ 510
4y and the fide E'G 'inwhich the other ﬁde FG falls Bt pen—-
dicularly, isto0 F'Gas 4 t0 3.0
* And the Tabe and its Spire maﬂ b& o' fitted about the
Cylinder, that each Spite be more or lefs inclined, and more
ar lefs' nearer each other by turns.

‘Beflides to the fame ‘Cylinder, (which may be greater. or
fmaller') there imay be put aboury two,-thice, orimore "Tubes,
focharione” fuecellively Yafter o ariothce may draw’ the iw ater
beneath; ‘and miay pour it/ ouf in' the {ame order above, 77 s

r/ Some- hide‘the Tubeor Tubes, 'within the'hollow of ! tha
C

ylinder or they make the whole cavity, except the Axis in
the m:ddle, into ‘a Spiral pipe, or Channel, after the manner of
winding ftairs, for ﬁrﬂ'lhﬂ make the (Imnnef {pirally’ abour
the Axis? Gfﬁnall timber, 'then afterdvards | thev cover'the whole
all over, that the whole Enctiidéamsiamear 'Colunin, the
m}ﬂm‘y lying hid within'; ' Father 'Chriftcpher Grumberger made
a tranfparent Channel, or {piral pipe; covering ir over with a
Selenite ftone, or lﬂﬂkmg Glafs, that it m: y appear to the eye
ookingron it how-the warter-afcends.. 1 o

- IF abour the Cylinderyow fie little: boardsfich as :snﬁd i3 il
‘Whtﬁls or aWheel furnifhr wich lictle bodr ds befirred abour .! e
f&me, near. thedowerpart B, ‘this parc may be {o Rept sbove the

1\ t'-LI\...!
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water of the River flowing, that the little boards may be for-
ced by the water, and turn about the Cylinder, for fo the water
may be conveyed from the River into a meadow, or any other
place that you will have it.

Moreover you may raife water to any height in a narrow
place, wiz. within a Tower to the top thercof, as we have
known done at Auguffa in Germany 5 10 Wi, if the fpiral pipes
be multiplied, fo that the water being raifed by the lower fgiraf',
and being poured out in D into fome receprtacle, or Ciftern ;
hence it may be raifed higher again by another Spiral, and fo
fucceflively by more fpirals, as high as you pleafe, all which
Spirals may be moved by one power, wiz. by the water of a
River underneath, o by another animated Power.

Thus much-as to the makh}g and common ufe of the Screw,
or Spiral pipe, and you will {carce meet with any thing elfe
among writers, but that which contains the reafon where-
fore the water afcends by the {piral pipe, contrary to its natural
gravity, you will hear the fame ftory among all of them that
T have read ; water indeed always defcends in the {pires of a
Tube, and flows naturally to the loweft place, but neverthe-
lefs in the mean while by turning . round of the Cylinder "tis
conveyed to a higher place ; likewife the weight of the water
it felf, while it advances the {piral Tube, or pipe, helps its ad-
vancment: Some fay ’tis done by a certain mixt motion joyn'd
together, of the defcent and afcent of heavy bodies, which
while they affe& to defcend by their proper motion, they
run through the Spiral of their own accord, and the fpiral by
the turning about of the fcrew, the weight running down lei-
furely, and obliquely and as it were by fteakth, raifes it v .
by degrees, I fay, you will find thefe,and fuch like expreflions, |
or meer words which found altogether the fame thing.

That we may therefore thew the trae caufe of this motion:
clearly and manifeltly without ambiguous words, we. muft
oblerve fome Experiments approved by us. uds

Firft, Not only water, or other Liquor, may afcénd by the
Tube of the fcrew, but alfo one, or more Globes of any folid
merailic matcer.

Seeondly, by how much greater {wiftnefs.the fcrew is turn’d
abour, not only a greater quanticy of water afcends proponti-
onally to the greater fwiftnefs, ‘as if the motion of the fcrew

e doubly {wifter, the quantity’ of the water will be doubly
greatexy
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greater, which in equal time will be poured out of the upper
mouth of the Tube, but a much fgrcattr proportion, fo that
it may happen that the motion of the C linder about its axis,
being put double, ‘the quantity and con equently the ‘_-'E]DEIIY.
of the water afcending is triple, or allo quadruple,or quintu ple ;
and this appears clearly, if inftead of water we place Bullets,
or {mall metallic globes in the channel of the ferew ; for it will
come to pafs fometimes, that the fcrew being turn’d about, the
Globe will afcend but very little, or if it afcends a little, ¢
prefently flides or falls down again in the Tube, but the ve-
locity of turning about being increaft, it only afcends, all the
other circumftances remaining the fame.

Thirdly, the lefler the axis of the fcrew is elevated from the
Horizon, the greater plenty of water afCends, and with more
eafe, o that the fcrew be turn'd with the fame velocity, and
all other things alike. st

Fourthly, There is not the fame proportion of quantity of
water afcending through a narrow Tube of a fcrew, to the
quantity of water afcending through another broader Tube,
asis the Bafis of the narrow Tube to the Bafis of the broader Tube ;
for example,let the narrower Tube be A, and the Tube B doubly
broader ( or as broad again, ) I fay,through the Tube B there
does not afcend a double quantity of water the other things
being alike, but lefs then double, and therefore if there fhould
be two Tubes of A, and only one Tube of B, although the
largenefs of this, or the inward cavity be equal to the double
largenefs of the other two Tubes, notwithftanding it will not
draw an equal quantity of water, {o that they are all of an

_ equal length, and in the fame manner alike, or the {crews are
rurn’d alike,

Thefe things being noted, I fay, in the firft place, that 'tis
faife which they commonly afirm ( asis faid before ) that the
water does defcend in any manner in the Tube of the fcrew,
and much lefs to make a mixt motion by the afcent and defcent :
And this appears in the firft place chiefly by an experiment of a
Globe rurn’d abour in a Cylinder through a glafs Tube,{o always
afcending as ’ris never difcern’d to defcend (1 {peak in re-
{peét of the Tube) for it runs towards the upper part of the
Tube, never going back untill at length it break out at the up-
per mouth ofthe Tube; the fame which appears in the upper

| - Kkaz {uperficies
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faperficies of water afcending; and certainly it feemsto: be:
lmp!iéjg in thetetris thar the Tamé edvy body 'fould: afcend:
and defcénd togethetar tHe fime  tife; for it will be! moved
together with'two oppofite. thotions, ‘which'is contraryy as we
have fhewn before. A AR R g
The reafon then why the water,or-Globe,or any other heavy:
body, afcends through the {piral Tube of the ferew,  ought o
be fought from the adberence of ‘the ‘water, or othéibody, 't
the inward fuperficies of the Tube, ¢ither from fome rough-
nefs of the fame {upetficies, or #lfo'of the {olid Globe afcending,
by reafon of which the motion of bodies ' is hindred in theig
defcent by an inclined plane,  which how it happens in the
ferew will be eafy to explain from- what is' faid. _
_Iay, then the'water;, or Globe, doth'nor always move in the
Fube, fo as always to g ‘forwdid'furcher, but by fome litcle
fpace of time, wherein the Cylinder is turn®d labout, the
Globe ‘reftsin the fame part of thé Tube; but becdufe the fame
time, in which the Globe refts with refpect to the Tube, that
part of the Tube on which the Globe refts, afcends by the
turning abour of the whole: Cylinder, it comes to pafs.”alfo,
that th¢’ Globe- refting “ia” thit : pare{* i the 'miean while is
raifed higher from the: Harizon, .a1id the other: parts “of ‘the
TFube- immediately - following, obtain’a lower fite with- re-
fpe&t to the Globe, which therefore are conflicuted in a:plane:
omewhat inclined ; -then the reft of the Globe ceafing in that
patéof the'Tube, ir defcends by thar inclined plané to the lower
patr]liand cheve i vélts ‘Agdin ( forl as much ' as if it ‘fhould: pafs
fisrtiers icought’ tolaleend, 'which is contrary \to!its natural
gravity land while 3¢ relts in thae part, “ds g_rﬁnsferf' d.again to-
gether with the Tube into an higher fite, from whence it a-
gain tddes down by another (dnclined plane: on- the ‘ether part
ofithe/Tube; and 1o by degrees'is moved forward even to the
upper mouth of ithe “Tubé ; “and the veafon'of this interrupted.
mhotiony ‘ertintevpohtion of réfty s, as I faidyithe adherence o
roughnefd of the fupéificies’both 'of the Tube and:alfo: of the
hobe o for io edimes thipafs thao by fome lircle ftays the motion
is intermitted, while the :movable body 'finds' refiftance in-the
rough planeidqqy oy ebsv (41138 301
g 16500 Amdrihiere; s dnothiér re&ﬁm'bcﬁdés the forefaid
réfiftance of' Roaghnefs; or adherency: of  bodies, which very
much moves forward fuch motidn: to wir, the impreft Im-
petus.

TN
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petus of morion in the oppofite part of the Globe,or water.. Let
the Horizontal line be A B, above which the axis of the {Crew
A C is raifed, and let the fpiral Tube be DEL L MN. Neow,
for example, if the Globe of lcad be in part of the Tube E, i
the Cylinder be turn’d about with 2 motion from E towards
G D ; while the Globe refls a little in part of the Tube E,
in as much as. that part together with the Globe refting 1s 1;;‘14{-
ed by the turning abour of the Cylinder into a place, nearey
the horizontal line, wiz. into P, and in the mean while, the
part of the Tube H is deprefled to Q; from whencg it Comgs to
_p.‘lfs that part of the Tube is conflituted in the, inclined fité P
Q. and therefore the Globe, which was found in P defcends
through that part of the Tube; or inclined planc from P in
Q. where you fee now the ;Globe advanced bigher above
‘the Horizon; -for the point Q_ is more diftant from  the
Horizon A B, than the point ‘E, where the Globe was before ;
again in Q. becaufe of fome refiftance which it cannot over
come through the lictle flay of time refting, ‘tis raifed as be-
fore with part of the Tube in the fame point Q, then an-
fvering to the time; from whence again after refting, it falls
“down in the other part of the Tube, and {o {ucceflively in de-
“{cending it truly alcends, but not {6 as to afcend in. the {ame
“time in which it defcends, and therefore it cannot. be faid,
ruly {peaking, thar it afcends, in defcending, nor that
that motion is properly compofed of  afcent and defcent.
‘Wherefore it afcends in, that part of timein which ’tis hindred
by the adherence to the inward fuperficies of the Tube, or its
roughpefs, that ’tis not. moved forthwith, but it defcends
after that . fmall ftay, or Iitrle reft, and becaufe it deflcends
'more oblique than before ‘it afcended, therefore the defcent

‘i lefs, confiderd abfolutely and in a perpendicular line than

is the afcent ; and therefore after all the defcents it will be:
found higher above the Horizontal ling,. e e
Add, that after each defcent, to Wik, after the defCent. from
G in E, it doth not preféntly reft in the loweft place E, due to
s natarally, but by the acquired impetus in defcending by
the inclined plane G E, it afcends allo further, wiz. to H, c-
{pecially fince the point of the tube H defcends in the mean
while,and paffes away the globe, that therefore it may fhun the
ftecpnefs from E inH, by being fucceflively Lighter, and afcend
ealicr..
Finally»
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Finally, to the facillitating of this motion of the globe the
impreft Impetus of the tube concurs to the oppofite part of
the motion of the globe, for it is found by experience, that
the Globe defcends more fwift on an inclined plane, being
moved ( for example ) from the Eaft towards the Weft, if in
the mean while that it defcends, the inclination remaining the

fame, the plane be transfer’d by an oppofite motion,

to wit,

from the Weft towards the Eaft; fince therefore while the
Globe defcends, by the inclined part of the Tube from G in
E, or alfo while it afcends further from Ein H, the Tube
by the Circumvolution is moved by an oppofite motion from
H towards E and G, it come to pafs from fuch mortion, or

from the oppofite Impetus of the Tube, it acquires a

greater

velocity : But likewife this muft be obferved, thar as often ag
the oppofite Impetus of the Tube, or of the inclined plane a-
vails to the velocity of the motion of the globe, o often the
Globe fuffers fome rubing or wearing with the plane that lies

under it: Wherefore from the beginning to the end,

all the

reafon of the motion of the Globe in the fpiral Tube of the
fcrew, feems to be founded on the forefaid adherence, or re-
fiftance of bodies in the contaét of fuperficies. And what we
have faid concerning the Globe, the fame may altogether be
faid of water, or of any other body, notwithftanding we

have made ufe of the Globe, in the example, becaufe

if the

experiment be made, as we have oftentimes done in it, all
thefe things clearly appear, which hitherto we have faid ;
And thar the Globe may be manifeft to the eye,and the reafon
of its motion may be obferved, either we muft make ufe of a
glafs Tube, or the fecrer hollow channel about the Cylinder i
muft be of rranfﬁ:arent ftone to fee through; or you may

calily put a double wyre about the fpiral Cylinder,

{o that

that Iron thred, or wyre, touch not the Cylinder, but ftand
above it about half an Inch, and the fame diftance alfo berween
it felf, and therefore fome quadrangles intercepr the {pace of
way, on which the Globe is placed as it were on a channel,

or groove,

From what hath been faid ‘tis manifeft, in the firft place,

how the motion of bodies which are raifed by means
Engin, arc reduced to motion by an inclined plane, -

of this

Secondly,
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Secondly, a reafon appears why the turning the Cylinder
about with a greater velocity, or more {wiftly, that it doth not
only raife greater plenty of water proportionally, but alfo
makes the fame afcent more abundantly ealy ; for fince the
oppofite motion of the Tube avails much to the afcent of the
water, as we have faid, by how much {wifter this motion
is, which is made by turning about of the Cylinder, by {o much
the more the afcent of the water is advanced.

Add, that that little fpace of time which the water or the
Globe refts in fome lower past of the Tube “tis raifed higher,
that therefore the reft ceafing it ought to defcend lefs, and
after the defcent "tis now much higher raifed above the Horizon
than before: moreover, fince that lictle ftay of the Globe hap-
pens from the impediment, or roughnefs of the Tube, {fuppofe
the Globe to be in E, and fome impediment or 1'Dughn-::t]; in
the Superficies of the Tube, tO be in its way on the part to-
wards H ; when this kind of roughnefs is moved forward to-
wards P or G, and let that which raifes the Globe be as far
as P, if the Tube be moved more fwiftly, it imprefles a greater
Impetus, and raifes it higher.

Thirdly, "tis manifeft alfo, why if the fcrew be lefs elevared
above the Horizon, that the water afcends the eafier, 11ay, the
eafier, that is, with lefs force and labour of him, or that which
turns the Cylinder : (for if the Cylinder being turn’d about
with the fame {wiftnefs, an equal quantity of water fhould af-
cend, whether it be more or lefs inclinded ) the reafon is
manifold: Firft, becaufe when the Axes A C are more Elevated
the weight gravirates motre upon the prop of the Axis in A,
but lefs upon the prop in C, but if the Axis be lefs raifed above
the Horizon, or comes nearer to an Horizontal fite, the whole
weight is diftributed to the Props A and € with lefs inequality,
from whence it comes ro pals that the Circumvolution or turn-
ine about is eafier.  Secondly, and chiefly becaufe the entrance
of the water into the Tube by the lower mouth D, refifts and
firives againft the weight or preflure of the water which is in
the-whole Tube, and that weight Or force of preflure is not
computed from the quantity of water which is in the Tube ( for
that is always the fame whether the Cylinder be more or lefs in-
clined ) but "tis computed from the greater or lefler perpendicu-
lar CB; therefore when the perpendicular CB is greater, the

water exifting within the Tube prefles more, and refifts more the
CNiCl=
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c€nterance of the.water by the mouth D, fince therefore that force
or preflure ought to be overcome by the power turning the Cy-
linder, as often as the mouth D draws new water, it .appears
why the {crew being elevated higher is moved with more
Cifficulty ;. Hence youmay be. fatished: that tis falfe that fome
fay, that water thercfore afcends eaficr by a fcrew lefs elevated,
becaule the way and acclivity of morion is. lefer, as. if water.
in alcending by a plane more fieep is alfo more wearied,which'
is foolith: Hence alfo itis, that a {olid Globe is elevated almoft
with equal facility through the Tube of the fcrew, whether
the Cylinder be more or lefs inclin’d; for'in this cafe each rea-
{on aforefaid ceafes; and the feednd xealon ceafes wholly, fince
10 cach circuinvolution of the Cylinder 2 new Globe Is not
railed but that only which is moved forward in the Tube:. And
the furlt realon allo hath fcarce any room, if we {uppofe the
Cylinder alone not to gravitate mach upon the Prop or ftay
on which the ends of  the axis reft upon. - TR N '
And from hence (it appecars -why i cannot ‘be -defermined,
how much. the indination; of the Cylinder ought. to, bé ele-
vated above the Horizon; for this ought io ‘bﬁ”t&hﬁdﬁr’d not’
ablolutely, but with yefpet to many, other things, .and chief*
Iy to thefe three, to wit, to the velocity Wheteby the Cylinder
is trn’d abour ; for if it be rurn’d about more {wifily it may
be more elevated, and neverthelefs the water “will afcend
through the tube, Secondly, to the greater or lefler adhe-
rence of the water, or other, Liquor, to the inward fuperficies
of the fpiral tube ; for when this adherence, is” gidarer, ‘the
water doth lefs gravitate upon the lower mouth of the Tube,
and befides it more eafily containg the Imperus from the mo-|
tion of the Tube in that manper which is thewn a lictle before.
Thirdly, and chiefly to the obliquity of the winding compafs
of thg Tube; for if the fpiral or;winding compafles be thick-.
f:xj-;mg clofer together, and more near gach to other; the Tube
will be longer, and therefore the way, abd motion of the wa-’
t¢r; longer before it comes to the upper part of the Tube; but
neverthelefs 1by reafon of the greater obliquity of the {piral,
the lower water gravirates Jefs, and afcends cafier, and theré-"
fore the Cylinder may be ryifed higher above the Horizon.
geording orhe varicty, thereforg of 1 hele circa miftances 'th
inchinatign.of the Screw may be varied Notwithtanding thi¥
uniyeial précepy,mult, be obferved, to wit, that thie CyIindg

~
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A C be never elevated above C, to fuch an height, that the’
fpiral of the Tube DE or IL or MN appear parallel to the
Horizon A B ; for the point of the Tube D ought to be high-
er than E, and the point I higher than L, and fo of the reft;
otherwife the water being in part of the Tube D E, will flow
our at the mouth D before it be moved forward any further
in the Tube.

Fourthly, from what is faid, “that queftion may be re-
folved, to wit, whether or no’tis moft convenient to have one
large Tube to turn round with the Cylinder, or many {fmall
ones : Father Grymberger affirms, that if one fpiral Tube cir-
cumfcribe the whole Cylinder, fuch a fimple {crew will pour
out as much water, as if there were many Tubes, and fome-
what more, and he affignes this reafon, becaufe many {pirals
of a Tube by reafon of their thicknefs which they muft have
ought to OCCupy more room in a Cylinder than the thicknefs
of one. Bur although this be moft true, yet our queition is
not whether more water may a&:cnd by one Tube only than
by more; for example, unlefs three Tubes taken together are
equal to one other larger Tube, *tis certain that greater plenty
of warer may afcend by that one larger Tube; but the queftion
is, whether or no fuppofing that thofe three Tubes, be exaltly
equal to the Capacity of one larger Tube, and let the Cylinder
be capable, that is fitted cither to the three fmall Tubes, or
to ithe other larger one, I fay, tis to be confider’d, whe-
ther to make ufeof the one large one, or thofe three {mall
ones ?

And to this Queftion I anfwer, It would be better to ufe
three {mall Tubes ( fothat they do not gravitate more by their
weight on the prop f{uftaining the Cylinder ) than on¢ larger;
and not only becaufe (as we have faid appears ) in the fore-
faid experiment ) that they raife more water; bur likewife
becaufe it afcends eafier, and with lefs firength of the power
moving the Engin. The reafon is, becaufe although the
‘hree Bafes of the lefler Tubes be equal to one Bafe of the
larger Tube, and they are fuppofed all of an equal height,
neverthelefs it gravitates or prefles lefs in the triple bule, or
in the lower mouth of the {maller Tubes, than the water gra-
vitates in one bafe only, orin the mouth of the larger Tube,
and that therefore becaufe although the Capacity of the three
Tubes be equal to the Capacity of the one Tubg, neverthelels

L} the



258 Mechanick Powers. Book IX,
the inward fuperficies of the three Tubes is at leaft doubly
aoveater the inward fuperficics of the one larger Tube, and fince-
the adherence of the water is greater where the {uperficies is
oveater to which it adheres, and fince it afcends eafier and:
oravitates lefs upon the bafe when the adherence is greater,
it appears to gravitate lefs on the bafes of the three Tubes, and.
in them the water afcends more eaflily. I add alfo, that the:
water is- eafier drawn if it be drawn fucceflively by many
Tubes by one circumvolution of the Cylinder,than if the whole
be drawn with one turn by one Tube.

From the forefaid greater adherence. of the water of the
{maller Tubes it comes to pafs alfo, that alihiough the Cylin-
der be turn’d abour with lefs fwiftnefs, yet the weight of the-
water cannot {o eafily overcome that. adherence and fall back:
again downward, as happens in wider Tubes, which unlefs
they are moved {wifily the water by its weight eafily goes.
Back more..

Hence alfo we efteem it a.thing not-altogether impoflible to-
to make a f{crew with fuch artifice, that by means thereof the-
perpetual motion may be obtain’d, for the afcent of water or
of other heavy. bodies feems eafielt of all'by the {crew.

And thar this motion may be rendered yet eafier; fome in-
.genious things occur to my mind which I believe may, be-
made ufe of with fome profit.

The firft 15, when you put one or rather more Tubes about
a Cylinder, within each of which you-may put cotten: thred,
extended from one end.to the other ; for by this means the-
adherence of the water increafes, and creeps along more:

calily through the Tubes, although the quantity be lefs, all™~

one as if one large Tube were divided. into many {mall.
OneEs.

Fig. 166. The Second i, fince the rubing or wearing of the:
Poles of the Axis on. the Prop or ftay on which they reft, is the.
chief impediment of all, ro the Circumvolution of the Cylin--
der, and fince there is a greater rubing and refiftance on the
lower Pron A, by the greater graviration there than in B, the-
rubing may be hinder’d, if not wholy, ar lealt in great part, .
by athxing a Wheel, or rather a Tympine C D, to the lower:
part E of the Cylinder A B, which Tympane muft be hollowed:
within or void, not only the lower part D, by reafon of irts
highwels will {wim vpon the water, but alfo it will {uftain the

Cylinder,,

¥
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Cylinder, fo that its Pole A within the notch of the Prop

‘may be turn’d about without any refiftance.

Iig. 167. The third is, that the Cylinder be made of light
‘matter, for the lighter it is the eafier ’tis turn’d 5 Wherefore
it will be {ufhcient to fic the Tubes fo, and to turn them about
in Spirals, that they will need no Cylinder to {uftain them; for
it will be fufficient if in the extream heads of the Tubes, you

fit two little Wheels A B, CD with their Axes fixed in the

Centers. For unlefs they be very big and large, and the Cy-
linder very long, they cannor eafily be bent by the water,
or by their proper weight, and efpecially if they are made of
rough matter, viz. of thin Iron plates cover'd over with Tin
or Glafs, @ Or if you fear the bending of the Tubes, you
may fit here and there in ftead of the whole Cylinder, two
or three rulers extended according to the length from A ro G
and from Bto D, which rules or Spears fupport the Tubes,
leaft they bend in the middle. Likewife you may {0 turn
about many {mall Tubes {pirally, one immediately near to a-
nother, that they being all united together, maké one whole
Cylinder, or rather a Tube, which refembles a Cylinder made
hollow within.

Fourthly, If you defire to raife not Water bur a folid Globe
by a Pulley, you need not make ufe of a Tube ; two iron
wyers turned about {pirally parallel to each other, and faftned
to the extream heads in the Circumference of the little wheels
AB and CD, will be fir for that purpofe ; and thofe WYy-
ers ought to be fomewhat lefs diftant from one another, than

, the thicknefs or diameter of the Globe; for {o the Globe wili

be detain’d within each wyer always in the lower parts of the
fpirals, and will afcend by degrees by thofe {pirals being turn’d
about.

Fig. 168. Alfo it may be made of two thin plates of Mettal,
or of one only made hollow after the manner of 2 Channel or
Groove ; yea, we have made a fcrew fir to rake up a leaden
Globe or Ball of an inch Diamerer, of thick paper or paftboard
turn’d about fpirally, to wit, the Tube of them which Com-
pofe a Tellefcope we have cut fpirally, {0 that the Globe is de-
rain’d within the {piral cleft, and will afcend by the fame ckft,
the Tube being turn’d about. Morecover one ‘plate of mertal
only may be turn’d about a Cylinder which afcends {pirally,
and fticks out every where above the fuperficies of the Cylinder,

B (5 ong
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one or more inches, according as the: magnitude of the Globe

10 be raifed requires, and the plate muft be of fucha breadth,
as is the Diameter of the Globe, or a little more, and ereéted

perpendicularly upon the fuperficies of the Cylinder, and one

of its fides faftned to the fame Cylinder ; then the Cylinder
being clevated in an oblique fite to the Horizon ; for Exam-

ple, in the fite A B, and the Axis leaning or ftaying upon its.

prop, the hollow plate of mertal D C is fitted. under the Cylin-
der, which remains unmoveable in the {ame oblique fite, and
then being diftant a little from the fpiral plate, fo that as i
were, it is razed by the fubjected channel or hollow plate be-
ing turn’d about. Then if you place a Globe on this, and
turn about the Cylinder, the fpiral will move forward the
Globe by that. inclined Channel fram D' in.E, and from E to-
F, .

The fime power or ftrength muft be applied here, as a-

fcrew hath to raife water, or another body, of which we have-

- fpoken elfewhere concerning the common Screw ; for as you

{’Ee the motion or elevation of weight by- this ferew of Archi-
medes, is indeed a motion by an inclined- plane, where thag
univerfal principle always takes place, tharthe increafe of force.
1s taken from the proportion of the velocity of the power mo-
ving, to the velocity of the weight moved ; wherefore, if for
example, asin the prefent figure the {piral being, four times
turn’d about, the Cylinder be 12 feet, and the Globe afcend
from Dto F, inthe plane or inclined Channel D € two feer,.
the power as 2 may raife the weight as 12.

What we have faid hictherto concerning a Cylindric fcrew,
may alfo be underftood of a Conic ferew, for inftead of a:
Cylinder we may ufe a Cone to which the Tube may be fpirally:
turn’d abour, as is commonly known. And although fome.
prefer a.Cone before a Cylinder, yet we fee not any effeét
that it performs better ; therefore finee a Cylindric {crew is,
eafier prepared, we may ufe the fame moft {afely, and.perhaps!
moft profitably, at leaft in. many cafes,

Many other things occur which may be faid concerning this.
Engin, which ih our opinion are very. Ingenious, for writers:
have fcarcely thewn any thing, worthy of confideration to.
Pofterity in this matter although it be very capacious, as may,
be eaflily underitood from thofe things which we have briefly
thewn, with which we fhall C{mﬂludq this ninth and laft Boolk .

!
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Of Mechanick Powers. Giving all honour and Praife to
that great Mafter of ‘Arts, and Fountain of all Wildom, the
Omnipotent God Blefled for evermore.

I had here put an end to Mechanick Powers, but meeting
with fome new inventions relating thereto, lately publifht in
France by an able Mathematician, Which if put in practice may
be ufeful and beneficial in Engins ; I thought fit to add them
by way of Appendix, and they are-thefe that follow.

APPENDIX

Of Epicycloids, and their ufe in Mechanicks.

Definitions. b
Fig. WF the circle ABD be rouled or turn’d about upon the
arch A bd of any Circle, the point D which is the
extream or end of the Diameter A D, will by its mo-
tion defcribe the Line D 14, 15, 16, 17 d, which is.
called an Epicyeloid.
The circle A B D is called the generating circle of the Epi-
eycloid.
The arch A b.d is the Bafe of the Epicyclid.
If the generating circle roul on the out fide of the circle of

the Bafe, the Epicycloid is called Exterior, Or Outer : But if the

generating circle roul on the infide of the circle, the Epicycloid

i1s called Imteriar, Or Inner. v
The fpace contain’d by the Epicycloid, and by its Bafe, is cal-

led the (pace of the Epicycloid..
The

" B69.
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The Dimenfion of the Spuce of the Epicycloid.
Lemma I.

Fig. ' ¥ ET the Semicircle be A P.p.B, ‘whofe diameter is A'B,
I70. and irs centre K having drawn the line p Parallel
to A B,-and meeting the cirele in the points Pp, ttom any
point C of the diameéter'A'B- drawn longer, draw the lines C P,
Cp;

Ly, the firm of the sight ines C A, C P, 10.the fum
of the right linessCB, C p» as the dilfference of the right lines
C B, Cp isto the difference of the right lines C A, CP; or
elle, awhich is the fame thing; th&Raé“tangijma@g--@F the fum
of the lines Q'A, CP ;=.m_dg their differencey is equal to the
re®angle made of the fum of the dines CB, C p and -their

ifference.

- Lemma 2.

Fig. 171. Tn the Triangle CAV if the right lincsP X, G,
B M being parallcls to the bafe A V, cut the fide C A, 1o thar
the fum of CA and CP, be to the fum of Cp, CB, as the
difference B p the Segment of the laft, isto the difference p A
of the firft. ' | \

I {ay, that the Trapezias M p, A X are equal between them-
fclves. |

o L et &

Fig. 172, Let the Semiciicle be ADE B, and on irs diame-
ter A B prolonged or not prolonged, let the point C be taken,
and draw any. right line DE Parallel to the diameter A B
which meets with or touches the ciicle in the points B, E;
From the Centre C, with the Semidiameters C A, CR, CF,
CB, defcribe the arches of circles A F, D PGyEp H, BI,
which meet with any rightlice as CF drawn from the centre
C, inthe points F, G, H, 1. , |
® Ifay, that the fourfided mixt figures A F G P, pHIB are
equal between themfelves,

Demon-
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: Demonftration.. ' ._

Make the right line A f equal to the arch A F, which 11311!1‘
make with the diameter C A, the right angle CAf; having:
drawn C f, draw alfo the right lines P g, p 4, B, parallel to
A f.

"};‘is evident by conftruction that the triangle C A-£ is equal
to the Seétor C A F: In like manner, the Triangle C P g isequal
to the fe&tor C PG, wherefore if from theequals CA f; CAF,
you take away theequals CP g; CPG, the remain will be equal,
to wit, the Trapezia AP gf, and the four fided mixt figure
APGF. We may demonitrate in the fame manner that the
Trapezia p b i B, is equal to the mixt figure p H1B.

But by the firft Lemma the {fum of the right lines C A, CP,
is to the fum of the right linesC p, C B, as the difference of
C p, C B which isp B, isto the difference of C A, C P, which.
is A P ; wherefore by the 2d. Lemma the Trapezia A fgp will
be equal to the Trapezia p 4i B, and the mixt figures A F G P,
»H 1B which are equal to the Trapezias are alfo equal between
themfelves..

Lemma. 4.

Fig. 173. If the circumference of the Semicircle A BD be
divided into equal parts between themfelves in the points
EFGBH I, e and the number of thefe parts be even
and indefinite, and on the ‘diameter A D prolonged or not
prolonged you draw from the point Y asa centre the arches:
of a circle, whofe radius’s are the diftancesY A, YE, YF, Y G,
'~ ¢rc.and let the length of the arch A 4 defcribed by the poine
A bz equal to the circumference of the Semicircle AB D, andi
let the Arch A 4 be divided into as many equal parts ef¢ 4 as:
is in the Semicircle A B D : Then having drawn the Rady from!
the centre Y to the divifionsef g & b, &c. then you will have:
the mixt four fided figure A D X d divided into an indefinite
number of lictle mixe four fided figures which will have the:
following properties. - |

Becaufe the equal divifions of the Semicircle may be drawn
by the points of divifion of the right lines KE, 1 F, HG, ..
which will be parallel to the diameter D A of the circle;.
therefore by the 3d. Lemma the four fided figures.d y Rk,
X z a 4, will be equal between themfelves being equally re-.

moved:



264 Mechanick Powers, ~ Book X.
moved from the extreams: But alfo thofe which are contain’d
between the fame circles will be equal berween themfelves,
becaufe of the equal divifions of the arch AbJ ;  Wherefore
the 4 fided figure A ¢ E» willbe equal to the 4 fided figure
Xzaa.

W;ma}r demonftrate in the fame manner that the 4 fided
figure 2 X 4 7 is equal ro the 4 fided figure d 3 f £ or A ¢ 18 7,
and {o of the reft.

'Tis evident in -each Seftor, as Y X 4 or Y 4 %, that the
four fided figures ate equally removed from the extreams, as
2 X and 3 « are alfo equal between themfelves ; for the 4 fided
figures X x and 4 « are equal, the 4 fided figures X ¢ and 4 s are
alfo equal by the foregoing Lemma : Wherefore if the grearer
be taken from the lefler, the remains which is the 4 fided
figures 2 x and 3 » will be equal, and fo of the reft.

Lemma. 5.

‘The fame things being put as before and in the fame figures,
if you draw the diagonal line DLMNO 4, compounded of
an indefinite number of fmall right lines, which in the 4 fided
figure A D X 4, divides in two diagonal wile all the {mal] 4
fided figures, ‘which are in the diagonal from the angle D even
to d, as appears in the figure, by the lines DL, L M, M N,
N-O, &-.

I {ay, that the 4 fided figure ADX 4 is divided in two,
equally by the diagonal D O 4,

- "Tis not difficult at all in this place, to grant that the fimall dj-
agonals which are from right lines, divide in two equally their
particular quadrilaters, or 4 fided figures, and thar the differ-
ence whichis berween the true divifion and this,is not found con-
fiderable,and feeing we may always find a lefs magnitude than
any given, becaufe that the quadrilaters which are divided, are
{uppofed indefinitely {mall as is commonly accepted in the ufe
of Indivifibles.

Now by that which is demonfirated in the precedent Lemma,
“tis evident that the Quadrilater AL is equal to the quadrilater
X R; In'like mannerthe Quadrilater ¢ M is equal to the Qua-
drilater 4 Q ; the Quadrilater £ N equal to the Quadrilater 54
and fo of the reft. '

3

Where

L
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Wherefore all the like Quadrilaters together on one fide
of the Diagonal DL M'N U P, &. will be equal o all the
Quadrilaters ‘on the other fides But ‘the line' DLNOQ®id
- which divides diagonal wife all the 'fmall Quadrilacers which
are in the diagonal, is {uppofed  to divide alfo in two equally
all thofe quadrilaters ; therefore this diagonal, which may be
confider’d as a crooked line, divides equally in two all the grear
Quadrilater A D X 4 ; which was to be Demonttraied.

Scholium.

If we fuppofe that the point Y which is taken on the dia-
meter A D is infinitely lengthned from the circle A B D, there
may be right lines perpendicular to the Diameter A D, in
ftead of the Arches of circles, which pafs through the points
D KTH A, of which A d is onc, which is put equal to the
circumference of the Semicircle A B D, and which is divided
into {o many equal pars, as is the Circumference A B D;
and laftly, inftead of the mixt Quadrilaters, or 4 fided figures,

-as thofe before, you will have Parallelograms, which being
equally removed from the Extreams, will be equal between
themfelves, and thence it follows likewife that the diagonal
which divides diagonal wile all the litle Parallelograms, which
are from-one angle to the other, will divide the whole great
Parallelogram into two equally.

| Lemma 6.

Fig. 169, The {ame thingsbeing put as before, if you malke
the Semicircle A B D to fet forward, fo that the diameter A D
be placed on rhe part e8 of the RadiusY 8¢, and that the
point A agree with the pointe; ’tis evident that the point /
of the diameter will agree, or be in the point L of the Radius
Ye; Moreover if we make it 10" pafs even to the Radius Y £
ind ' thar the point A fall on the point £, the whole diameter
A D will agree with the right line f'9) the point m of the
diameter of the circle A D B will agtee with the point M, and
{0 of the reft : Whence “tis evident, thar all the points of the
diameter A D, as D/m », &c. defcribe the diagonal line
DLMNd4 -

Mm D omnon-
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Demonffration.

But if inftead of removing the circle A B D, we concieve it
to roul on; the bafe A b d; when the point E of the circle is
come 10 ¢, the diameter of the circle E ro, will be joyned
with the right line ¢ 8, for by the Hypothefis the arches A E,
A e areequal in length; and fiom the fame, when the point F
is come to £, the diameter F 11 willbe joyned to the diamerer
f9, and. {o of the reft. But if you mark the diftances A/,
A m, A n, onevery diameter,as E 12, F 13, &c.it1s evident,
that while the circle AB D rouls on the bafe A & 4, the points
Imn7pqof every diameter meet one another in the diagonal
line DMNOPdJ: For when the point' A of the eircle is
come 10 ¢, the point 1z on the diameter E 10 will be in L,
hecaufe that the diftances 1o, 12, D /are equal; and by the
{ame reafon the point 13 willbe in M, &

But moreaver, when E 10 is placedon ¢ 8, and the poiat 12’
on the point L, the point'D of the circle A:B D will be in the-
point 14 on the arch / 14 z: For. rthe Semicircie 8, 14, ere-
prefents the Semicircle E D 'ro; and as the arch 10D is equal.
to the arch D K by Conftru&ion, when the point 10 by the:
movement of the circle is come to the point 8, the point D
will of neceffity be on the point 14in the arch LKL 1425 {o-
thar the portion L 14 of this arch will be equal to the Portion:
1. K of the fame arch : Inlike manner, when the point 11 s
come to the point 9, the fame point D will be on the point 15
in the arch m /M 15, {o thatthe arch M 15 will be equal to the-

arch ml, &re.
P RO POS K

Fig. I"i the precedent Figures "tis demonftrated that the {i pacé
169. 8 of the moety,or half of the Epicycloid, A bd 17,16, 15,.
0, is equal to the half ofthe Quadrilater A £ 4 X D, joined to
the generating {emicircle A B D.

Fig. 173. 1-have thewn before that the line D M O.Q 4 di-
vides. the mixt {I‘uggﬂrilﬂtﬁt AbdXD in wo &{Jllﬂﬂ}’., & re-
mains then to demonfirate that the fpace DL O Q4 17, 16,.
15, D, contained by the line D M O Qd, and by the half of
the Epicycloid D, 15, 16, 17,4, 15 equal 10 the generating {emi-
ciicle D B A. . .

By conflruttion, the whole generating femicircle ds divided
o mixt Qludiilaters, as mJ rln, and. inwo two trilined, or
3,_1il‘u.‘d.
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3 lined figures DK/, rE A : But alfo the fpace D MO Q4
17, 16, 15, 14, D, is divided by the fame circles defcribed from

the centre Y, into {o many 4 fided, and ;3 fided ( or 3 lined )
figures, as arein the generating femicircle ; {o thar the arches
of every circle contains fo much in the enerating circle
which in the fpace are equal between rhemlglves, as the arch

M 15 in the fpace is equal to tthe arch M / in the femicircle,

which is evident by the formation of the Epicycloid: Where-

fore the mixt Quadrilater, asL 14 15 M in the {pace is equal

to the mixt quadrilater LK/m in the femicircle, for they

have the fame breadth, and are inclofed in equal arches: Bur

each of thefe Quadrilaters equal in the circle and in the fpace

being confider’d as Indivifibles of the one and the other, it

will follow that the fpace will be equal to the {emicircle; which

was o be demonftrated. :

Scheliam.

Keeping to the fame Demonftration, if we fuppofe thar the
point Y 1s infinitely removed from the bafe A 4, which bafe
is a right line in this cafe, and the Quadrilater AJX D is a
rectangle, which is then equal to the generating {emicircle
A BD taken 4 times, as appears by its generation : Where-
fote the fpace A b d 17, 16, 15, D, will be equal to the femi-
circle A B D, raken twice together ‘with the fame femicicela
which is'equal to a femicircle taken 3 times ; the lined 16 D
in this cafe is called Cycloid, or Trochoide, and {fometimes a lict]e
wheel.

i 0. P08, . 1L

'THE {pace of the outer Epicycloid is to its generating circle,
. +as 3 times the diameter of the circle which is the bafe,
together with 2 times the diameter of the generating circle. to
the diameter of the circle of the bafe. -

But the fpace of the inner Epicychoid is to its generating cir-
cle, as 3 times the diameter of the circle which s the bafe,
lefs 2 times the diameter of the generating circle, to the dia-
meter of the Circle, which is the bafe,

Mmnm 2 of
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The Dimenfron: of the Lines of
. Epicyclods.
Of the raﬁcﬁing of Epicycloids. ¥

- Lemma - 1. _
Fig. 1;4..LEI the circles be EBF, FH which touch each-
other outwardly in F. Having join’d the cen-
tres K C by the right line EK C which pafles by the point of
contadt, er touching F ; from. the extream E of the diameter
F E, draw aright line E B, pralonged to the other circle in H.
I fay, that'the arch F H is greater in lengrh than the arch FB.

Lemma ' .

Iet the 2 circles be EBF, FH1, which touch each otherin F,
from the centre K of one of the circles draw the line KB,
meeting them both in Band in L

1 {1y, that the arch FH1 is greater in length than the arch FB.

PROPOS L
Problem.
To find the point of Contall ,or touching of the outer Epicycloid.

Fig. Fr the outer ,Fipfqp-afaid be GHM, whofe bafe is the:
75! circle G-A, defcribed from the centre C. And lct the
generating circle I1H A D' of the Epicjcloid be placed in fuch
S anner. that the defcribing point H be on the Epicyckid in
that point in which the touching is made : If by the centre
 of the circle of the bafe, and by, the centre O of the genera--
ting circle you draw the right line C A O, and by the ex-
tream 1 of the diameter A lyou draw the righr line [H to
the pomt H. L | |

[“fay, the right line. I H' rouches the Epicycloid " in the
poinc B & |

Femma 3.

Fie. t75. Letthetwocircls be F AE, F R D whieh rouch
s1ch other in F, having their convexities of the fame fide, and
that the centie C of the circle F R D be out of the diameter F E
of the circle F A E ; having drawn a righe Ime E A D from
the exiream or end E of the diamecter F E, which cats the €ir~
¢l F A E i the point A, and the circle FR D in the point EE

L iay,
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I fay, that the arch FR D is more in length than the arch F A.

Lemma 4.

Fig. 197. Let the two circles be F S, F R which touch in F,
and that have the convex parts of the fame fide, and let the
centre C of the greater be on the diameter of thelefler lengch-
ned ; if you draw the line C R D from the centre C which
cuts the 2 circles in R and D.

I {ay, that the arch FR of the leffer is greater in length
than the arch F D of the greater.

PEOP S, 11,

70 find the touching of the inner Epicycloid.

An Advertifement. |
THE!‘E are three kinds of inner Epicycloids § the firft is when
the Diameter of the generating circle is lefs than the fe-
midiameter of the circle which is in the bafe; the fecond, when
’tis equal to it 5 and the third, when’tis greater ; we have thewn
at the end of the Dimenfion of Epicycloids, that is among the in-
terior or inner, that thofe that are of the firft and third kind o
fort, are the fame; for that whofe diameter of its generating
circle is lefs than the femidiameter of the circle of the Bafe, 18
the fame as that which on the contrary, the Diameter of its
generating circle is greater than the femidiamerer of the circle
of the Bafe, if the circle of the bafe is the {ame, and that the
generating circle of this laft, have its diameter equal to the dif-
ference which is between the diameter of the Bafe, and the di-
ameter of the generating circle of the firft; wherefore I fhall
{oeak only here of thofe Epicycloids, whole diameter of the ge-
nerating circle, is lefs than the femidiameter of the ciicle of
the bafe. For that which is of the fecond kind of inner Epi-
eycloids, ’tis a right line equalto the diameter of the circle of
the bafe.

Fig. ¥73. Let the inner Epicycloid be M H, whofc bafe is
the circle ABM, and its centre in C, and let the generating
circle | H A of the Epieyclsid, be. fo placed on the bafe, that
the point defcribing H be on the Epicyclsid.. From the centre
C of the bafe having drawn the radius C A to the point touch-
ing A of the generating circle with the bafe, which pafies al-
fu by the centre of the circle.. Lfay,.
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I fay,that the right line I H drawn from the extream I of the
diameter of the generating circle to the defcribing point H,
will touch the Epicycboid in the fame poine H.

Lemma g,

Fig. 179. Let the femicircle be ST A R, whofe diameter
is SR, and let the circumference be divided into any number
of equal parts that you pleafe, fo they be even. From the
points of Divifion having drawn the perpendiculars to the dia-
meter SR, and the touchings as T B which are terminated at
the nearelt perpendiculars which are beneath. |

[ fay, thar the fum of the touchants, as T B, without coun-
ting the firft which is infinice being drawn by the point S, and
the laft; is greater than the circumference ‘of the {emicircle,
without counting the firft and the laft arches of Divifion.

Lemma 6.

The fame things being put as in the precedent Lemma, it
may be demonftrated, that the divifions of the circle being in-
definitely fmall, the fum of the Touchants cuting as thofe be-
fore, without having regard to the firft and laft, differ not fen-
fibly from the circumference of the circle, leaving out the firft
and laft arch of Divifion.

Lenmna -,

The fame things being as before, it may be demonftrated
that the fum of the parts as A B which are cut off from the
perpendiculars of the Diameter of the circle, berween the cir-
cumference A and thar which is cut off B of the upper tou-
chant T B, which is the neareft, may be foundlefs than any
{mall quantity which may be propofed, and by confequence

the points.as B, may be confidered as on the circumference of
the circle.

Lemma 8.

Fig. 180. In the circle D H B whofe centre is C, and the
touchant D A in D, terminating in the Radius CB A length-

ned;
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ned ; having divided the arch D B in two equally in H, and
having drawn C H G terminated by the touchant D A. '

Ifay, that the double of the touchant D G, or which is the
fame: thing, that two touchants together D G, H R, touching
in the points D and H, and terminating at the radiufles C G,
C A, are greater than the arch D H B, but that the difference
of thefe {ame touchants from the arch DH B is left lefsthan the
half of the difference between the touchant D A and the fame
arch D B. - .

Bur as in the continual Bifection of arches, we may demon-
ftrate always the fame thing, it follows, that we may find a
fum of touchants terminated at the Radij, which pall through
the points touching the next following, which will differ from
the circumference of the femicircle lefs than any quantity
propofed; and by confequence thefe touchants may be con-
}Idered as. the arches of the circle in a divifion indefinitely
mall,

Lemma .

The fame thingsheing asin the precedent, I fay, that the
fam of the portions of the Radi) H G, B R, contain’d berween
the touchants and the circle is lefs than the moiety or half of
the portion B A of the Radius contain’d.between the circleand
the touchant D A ; and for as much as this diminution which
is augmented more than half, will be always by the continual
bifection of Arches, ’tis evident that we may find a quantity
which will be the difference of the Radijberween the rouchants
and the circle, which will be lefs than any {mall quantity pro-
pofed; whence it fullows,that in the divifion of the circle into
indefinite fmall parts, the meetings of the touchants with the
Radij may be confider’d as if they were on the circumference
of the circle.

FLemma 10,

*Tis faid in the 6th. Lemma, that in the divifions of a circle:
indefinirely fmall, the portions of the circumference differ not
fenfibly from the touchants, being leflen’d by the method pro-
_pofed ; and that thefe touchants may be taken for the arches of
the circle, wemay now demondirace the fume thing in the Epi-
gycloids, and in the Cycloids. i |

Lawima:
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Lemma 1r1.

Fir. 181. "The {femicircle B D A being divided into parts
indefinitely fmall as D F, and by the points of divifion as-F,
having drawn the lines M F Z perpendicular to the diameter
A B, and by the extream B of the diameter A B, and through
afl thofe points of divifion as D, having drawn the right lines
B D M terminaring in M in the perpendiculars M F the near-
¢ft to the loweft.

I{ay, that the fum ofall the portions, as D M of the lines
B D M ia the femicircle, is equal to the dauble of the diame-
ter A B.

P R QP O-S. 1

Sav, that the bignefs of the crooked line of the outer Epi-
I cycloid’is equal to the right line,which hath the fanie rea-
fon or proportion to the diameter of the generating circle ta-
ken 4 times, as the fumof the diameters of the two eircles, to
wit, of the generating, and of that of the bafe, ro the diameter
of the cixcle of the bafe.

PR OE (.55 0N,

He crooked line of the inner Epicycloid is equal to the
right line, which is to 4 times the diameter of its gene-
rating circle, as the difference of the diameters of the circles
of the bafe and of the Generatour, to the diameter of the cir-
cle of the bafe. ¢ |

PR oS D s

Fig. 181.11\5 the firft place, 1{ay, that when the Diameter
of the generating circle is equal to the dia-
meter of the circle of the bafe, the Epicycloid degenerates into
“a right line fince, 'tis nothing but the diamerer of the circle.
- ‘Secondly, If the diameter A B of the generating circle of the
inner Epicycloid, is grearer than the {emidiameter C B of the
circle of the bafe, but lefs than the whole  didmeter; : T fay,
thae the''{oaer Epicycloid’ is the fame'ds thar' which-is deferi-
_ | ‘ - bed
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bed by the circle D E F, whofe diameter D E is the difference
between the diameter A B of the generating circle, and the
diameter G B of the circle of the bafe, and the diameter D F
will be lefs in this cafethan C B, we may find the bignefs of
this Epfﬂjr‘cfafff b}’ the .4..’45. Propofition.

Thirdly, if the generating circle have its diameter grearer
than that of the circle of the bafe, the Epicycloid which will be
defcribed by the generating circle will be an outer Epicycloid,
which will be the {fame as the Exterior which will be de-
fcribed onthe fame bafe, by anotber circle whofe diameter

is equal to the difference of the diameter of the generating
circle and of that of the bafe. '

Lewma 12.

What is {aid at Lemma 11. touching the likenefs or propor-
tion of D*Q_to D M towards the parts of the bafe of the Epicy-
cloid, will be the {ame as for the parts above the point D.

This Pmopof. is evident, fince we may make the triangles alike
with the parallel lines on both fides the point D, as appears in
rhe Figure. - -y

Lemma 13.

Figz. 183. Let the Semicircle be A M C I, whofe circumfe-
rence divide into parts indefinitely fmall as CI,\I X, from the
points of divifion CIX having drawn the perpendiculars C B,
I E, X Rto the diameter A M,and the Chords AC, A1 A X,
which meet with the Perpendiculars -of the neareft’ divificns
from above to the points F R. , .

I {ay, in any Segment of the circle which you pleafe, that
all the portions together of the Chords, as CF, IR, cantain’d
berween the circumference of the circle and the upper perpen-
dicular,are equal to the double of the Chord A 'C; ‘and by the
{ame reafon all the portions taken together in the femicircle,
are equal to the double of the diameter, which is* alfo he
Cliord of the Semicircle. 3% 1)

Nn PREOS,
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PROPOS VI

Fig. TN the Epicycloid P D, whofe top is P, and any arch P D-
154.4 from its top, the generatii.g circle BD A being put fo-
that the defcribing point be in D, and that the diameter A K
B in this Pofition tend to the Centre C of the bafe.

I {iy, that if we make it, as C A the radius of the bafe, is.
to C K compofed of the Radius of the bafe and of the Radius of
the generaring circle, fo the double of the Chord: B D of the
atch B D of the generating circle which anfwers to- the arch-
P D of the Epicycloid, is to a fourth Proportional, that line:
will be equal tothe aich P D of the Epicycloid.

Of the motivn or rounling of Epicycloids,and of the Cycloid..

Fig. LE T the line DTFB be always crooked on the fame
r-?}g;. fide abour which apply a flexible line ; if we open
or unfold part of this applied line, fo that its part A-B betwen
its extream A and the curve in.B be ftretchr out, then by con-
fequence it will be 2 ftreight line.

I fay, that the right line A B touches. the curve or crooked'
in the point B, from whence it begins to extend it felf.

The line deferibed by the end A of the flexible line which
18 always ftretchr our in its opening, is.{aid to be defcribed by
the roaling of the curve, D T F B,

2 200 ST U L € o ¢

Zle Line defcribed by the rowling of ar Epicycloid,. 75 an
Epicy cloid.

Fie. ¥ ET the Epicyclaid be B DL, its generating circle FDE,

b 3G, its cenrre P, and whole circular bafe is AEL and
the centre C, the top of the Epicycloid let be the point B.

If fromthe centre C and the Semidiamerer C B we defcribe
the circle B F M, which let be the bafe of the Epicyelvid BG K,
whole generating circle will be F G H, which has for its dia-
meter FH or B I, which may be determin’d by faying, as C A

15.
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istoC P, fo is 2 E For 2 A B, to a fourth proportional E H
or A1; and having taken from A I the diameter A B of the
generating circle, there remains BI or F H, which will be
the diameter fought.

I fay, that the Epieyeloid B G K is defcribed by the Roling
of the Epicyclvid B D L. By conftruction, and by the prece-
dent Propofitions of the dimenfion of the lines of Epicycloids,
it appears that the Curve of the Semi Epicycloid B D L is ¢-
qual to the right line A Tor L K.

Now let the fiexible line be fitted about the Semi-epicycloid
B D L, of which the portion from the point D even to the top
B will be extended in the right ling D G this right line D G,
by the precedent Lemma touches the Epicyeloid in the point D;
Wherefore if we put the generating circle of the Epicycliid
in the pofition F D E, or the de{cribing point being in the point
D ; it is certain by the property of Touchants of Epicycloids that
the right line D G touchant, pafles through the extream F of
the diameter E F, in the pofition F DE of the generating
circle.

Having prolonged CE F to H in the circle I HK concen-
trique in the circle of the Bafe, which is defcribed on the
Semidiameter CI; on F H for a diameter defcribe the Semi-
circle F g H. I have demonftrated that the excream G of the
flexible line ftrecchr out fromthe poiat D, will be on the circle
Fg H.

If the point G is not on the circle FgH, and the right
line D F G meet, if it may be the circle F ¢ H in any point g ;
then draw Hg; becaufe of the Semicircle F g H, the angle
F g Hisright, and the reftangled TrianglesED F, F ¢H will
be like, becaufe of the equal angle at the point F.  Wherefore
EF will betoF H, as F D to Fg; and being compounded, E F
will be to E F more FH, thatis EH, as DF to D F more
F g, thar is D g; and by doubling the Antecedents 2 EF or 2
A B, they willbetoEH oer A1, as 2 FD to D g.

By Propof. the 6rh. of the dimenfion of Epicyeloids, and by
confbruction; as 2 ABareto AL, foCA isto CP: But as
CA isto CP, {o is the double of the Chord D F to the
bignels or Magnitude of the portion DB of the Epicycloid,
which portion by the roling is equal to the right line D G
Wherefore by equal reafon 2 A B arecto A ], as'2 DF are to
DG. Butlcome to demonftratethat 2 AB arcto0A L as =

Nn:2 | FD
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FDareto Dg; then 2 D'F are toDG, as2 FDare to Dy,
and by confequent D G will be equal to D g: then the point ¢
of meeting of the right line D F G, and of the circle F ¢ H,will
be the extream G of thart line, ,
It remains now to demonftrate that the” point G is in the
Epicycloid B K, whofe generating circle'is FG H. "By con-
firuction C A, 18 10 CP, as 2 ABare to A I; by dividing,
"CAistoCP kfsC Athat is A'P,'as2 AB oAl lefs2 A B,
bur by doubling the Confequents, CA is to 2 A P which is.
equal to A B, as t02 A Bto2 AT lels 4 AB; and by com-
‘pounding, CAisto CA more ABthat s CB, as2 AB to
2 A Tlefs 4 A B more 2’ AB, thatise’ Al lefs 2 &B; or only
>-B 1, as it appears in the hgure. |
 Bur in taking the half of the Terms of ‘the lTaft proportion
CAwBtoCB,asABtoBI: ButalloasCAisto CB, fofs-
“the Iength of the arch A E 10 the length of the arch B F.
- Nowby the generation of'the Epicicloid BD L, the arch of the
bafe AE is equal in length to the arch of the generating cirefe
F D ; but becaufe that thetwo circles FDE FGH touch eich o-
‘ther inF, the line D F G cutsthe two arches alike FD, FG,whofe
lengths keep berween themfelves the fame ratio or proportion s
thofe of the Chords FD, FG, or'thofe of the diameters FE, FH -
Thenthe arch F D istothearch FG,as FEto FH; or asAB
to B I, which isalfo as G‘A to C B, or as thearch A E to the
arch BF: Bur the arch A E is equal to the arch F D; thenthe
‘arch B Fis equal to the arch ¥ G of the circke F G H, and by
-confequence the point G'is that which defcribes the Epicjelvid
‘B G K ; which wasto bé!demonfirated.
'For the inner Fpicycloids we may demonftrate the fame
thing, only changing the form of the proportion: And for
‘the Cyclvid *tis ealy to behold by the fame demonftration, that
‘theline which is defcribed by itsvoling, is the Cycloid equal to
that which is roled. -
Corollary 1.’

Hence it follows allo by Hyporhefs that the 3lines CA, CB
C Tare continual proportienals: For CA'is to CP as two AB
to A I, in dividing and. doubling the Confequents, C A will
be to 2 CPlels 2C A, asjz AB tb 2 A llefs 4 AB: Bur2
CPlefs2 CAareiequalto 2 APortoAB;jandas2ABro
2 Allels 4 &B,'{o AB toAl'dels 2 A B; wherefore C A is
( 1 ; (8.2
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‘toABas ABtoAllefs 2 A B: Butin compounding,C A is to
C A more A B which is equal to CB, as AB 1o A B more
AT lefs 2 A B, which is equalto B I; and by Alern propor-
tion C A isto A'B, as CB to B1; lattly, beirg Compounded
C Aisto CA more AB whichisequaltoCi, asCB o CB
more B I which is equal to C L.

Corollary 2.

*Tis evident as yet that the line which is defcribed by the
roling of acircle, is the laft of all the outer Epicyeloids, that is
to fay, that whofe centre of the generating circle is at an
infinite diftance; or that which is defcribed by the end of a
right line which roles about a circle in the Touchant, which
doth agree with the roling of the circle.

'Tis eafy to demonftrate that the fuperficies of the figure of
this kind of Epicycloid, when the defcribing line runs over the
whole circle of the bafe, or that it comes again to the {ame
thing ; The figlire defcribed by the roling of the whole circle,
without comprehending the circle which makes the roling,
is equal to one third of the circle , which hath for Radius the
.circumference of :the circle of which the roling is made.
What I fay of the whole circle, the {fameis intended of every
part of this Figure. For the figure defcribed by the roling of
any arch of a circle, without comprehending any thing of
that circle, is equal to & of the Sector of a circle, which has

for Radius the circumference of that arch, and of which the
.arch is like to that of which the roling is made; It will be alfo
.the fame thing for the roling of a greater arch, and of the
whole circle. For that which is the crooked line of this
Epicyclvid, or of that which is defcribed by the roling of an
whole circle or of any arch, which fhall be always equal to
half of the circamference of the circle or of the arch of which
~wetake . of the fuperficie, for the {uperficie of the Figure de-

{cribed by the roling. ;
PR P B |
Of the ufe or advantage of Epicycloids in Mechanicks.
_' F:'g.,LE T the right linc A D be a determined length, and
SiEBT. movable on a Plane about its extr¢am A ; and on the

{ame plane let there be another right line C B, indeterminage
N : ' towards
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towards B, and movableon the plare abour its extream C: if
the Extream D of the line A D isled inte E and R, by the line
C B, which moves it felf on the point C.

I fay, that ifthe lines A D, C B, be placed on the line C A
which joins the Centers of movement, and the points D and
B be pur one upon another, there will be two powers equal
between themfeives, which will aét with all their force on their
lines in the points D and B, that is o fay, ( with direction at
right angles ) thefe powers will bein Equilibrio; bur if the lines
change their polition, as A Dinto AE, and CB into CBE,
the Powers equal to X being applied always in the {dme man-
ner to their lines, and to the {ame places, they will be no more
i1 Equilibrio, but 1o make them in Equilibrio, we muft have
another power Y greater than X applied in B, on CE, and
this Power Y ought to be fo much greater, as the line CBE is
removed from C A.

From the centre C and Semidiameter € D or C B, having
defcribed the circle BB, ’tis evident that CE is greater than
CB. But from the point E having drawn E G perpendicular
to AE, and E F M perpendicular ro CE, and by the point A
having alfo drawn H A M parallel to € E, if from any point F
of the line EF we draw the line F G parallel to CE, thetwo
wiangles F E G, ME A will be alike, for they are rectangled,
and their ar.{g[es in the point E are equally together to a right
-angle, becatife of the right angle A EG.

If we {uppofe now the part EF indifinitely fmall, ’tis evi-
dent that the line C E cannot be moved from E to F abouc
‘the point C, without caufing A E to move to G about the
point A. But it follows from the Laws of Mechanmicks, that to
take an Equilibrio between the power X applied to the ex-
tream or end E of the leaver A E, which moves according as
the [ine E G, and between the power Z applicd to the end E
of the leaver CE, which moves according to the line EF; it
is neceflary that X be to Z as E F 10 EG, that is to fay, as
A M to AE: In fine if we {fuppofe the power Y applied to B
on the leaver CE in the point B, "tis evident, that to make an
Equilibrio between Z and Y, it is neceflary that Z be to Y, as
CBto CE: It follows therefore, that for to make an Equili-
brio berween X applied to E on the end of the leaver AE, and
Y applied in B on the leaver C E, it muft be that X muft be
‘to Y i 'the compound ‘proportion, of A M to A E,and of CB

to
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ro C E, which is the {fame as that of the reftangle A M, C B,
to the reftangle AE, CE. But in the reftangle wiangle
A ME, the fidke AM will be always lefler than the Hypote-
nufe A E; and by conftruction C B will be allo always leffer
than C E, whence it follows, that the power Y will always
be greater than the power X, and that the more the lincs
CE, AE are removed from the line A C which joins the cen-
tres of the movement, the more the power Y ought to be
greater for to make Egailibrium with the power X.

Fig. 187. We may likewife demonftraze the fame thing af-
ter another manner, in keeping ro the common principle of
the ballance, or leaver. For it on M A lengthned, we take
A H equal to A E, and confider CE and M A H as two hori-
zontal Leavers, the points of whoie props are in C and in A,
and that the end E of the leaver CE have a weight called Z,
this weight will have the fame endeavour on the point E of
the elbow leaver H A E, as on the point M of the right lea-
ver or ballance H A M. For ’is evident, that the weight X
in the point H, will be to the weight Z, as AM 10 AH, or
A E its equal. But now if inftead of the weight Z applied in
E on the end of CE, we fubftitute a weight Y applied to the:
point B of the fame leaver CE, for to make the {ame endea-
vour as Z in E, it will be, that Y will beto Z, as CE o CB:
Then the weight X will be to the weight Y for to make an
Lquilibrum in the compounded proportion of A M to A E, and
of C B toCE, as before,whence follows what was propofed.

Corollary..

It follows from this demonftration that a power applied in
B tothe end of the Leaver CB, will nor act cqually a-
gainft another power applied in D to the end of the linc AD
in the meeting of its extream 12, when thefe lines are different-
ly pofited, their powers will always be applicd in the fame
points of their linesCB, A D, and they will aét perpendicu-
larly ; But then one muft be fo much greater as the line C Bis
more removed from C A.

If you intend the contrary, the power which adts muft be
applied to the end D of the line A D for this force or power
ought to be lels when the line. AD 18 more removed from

A C, than when "tis nearer.
- PROPOS:
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P RO P OIS ' 2

Fig. :87,THE {ame things being pur as in the precedent,

133, I {fay, that it on the circumference of the Cir-
cle B B asa bafe. we defcribe rhe Epicycloid B H, whofe gene-
raiing circle is D E R,and Radius theline A D, the crooked line
of this Epicycloid being join’d to the Radius C D ef the baie,
and not making with it the fame mixt line, as %1 'the' pofidion
where it was defcribed, in any place which C B is placed out
of C A; and the end D of the line A D, being put on the E-
picycloid in E, the power Z which is applied in E*ar the end
of A E, as’tis in the precedent propofition, will be in Equi-
librio with the {ame power Z; which is applied in B to the
end B of the line C By and which afts -on the point E by
means of the curve of thé Eyicycloid B E.

Fig. 188. "Tis ealy to fee in this figure by the forming of
the Epicycloid, that in any pofition, which the'line C B is
in, which is joined ro the Epicycloid, the Arches B B will be
always equal in length to the arches D E of the circle D TR>
wheretore 1et C B be in any place, and the power applied in
B cannot move ir {elf through one arch B B, withont moving
the other force applied in E on the end of the leaver A E, by
an arch E E equalin length to the arch BB ; whence it follows,
that the powers being equal they will remain in Equilibrio;
which was 10 be demonftrared.

Fig. 189. We may alfo make this Demonflration as in the
precedent propofition ; and we fhall find that the fame me-
thod which is managed in the inequality of powers, will lead
us here to equality by compounded Reafon: For if we {up-
pofe that the end E of the leaver A E hath the power X A,
which acts according as E G perpendicular to A E. and that
in the point E'at the end of C E, there be a power V which a&s
according 'as £ F perpendicular to CE; ’tis evident. by' the
nature of the Epicycloid, that the line N E drawn by the énd
N-of the diameter D AN to the point E, will touch” the Fni.
cycloid in thar point and thar as when the point E of the end
of the leaver C E fhall have run over a {pace E F indefinitely
{inall, the fame point E of the end of ‘the Jeaver A E wil] be

‘come to G, where the line F G, parallel to E N, meets E (G

perpendicular to A'E; for the {mall portion F G of the Touch.
WP ant
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anr E N may be confidered as the fame curve. Bur having
rawn F C which meets the circle BB in L, the arch S L of
the circle BB between CE and C F, will be equal in length
to £ G by the nature of the Epicycloid ; for when the point
E of the Epicycloid fhall be come to G, the beginning of the
Epicycloid B on the circumference of the circle B B will be-
come to O ; fo that the arch BO will be equal to S L.

The Power X runs over then the {pace E ‘G, when the pow-
er V runs over E F, and for to make an Equilibrium between
thefe two powers, it muft be, that Z muft be to V, as EF 1o
E G, that isto fay, in reciprocal reafon of the {paces run over.
But laftly, if we fuppofe the power Y in the point S, or in the
point B, on the circumference of the circle B B, and thart it makes
Equilibrium with the power V, it will come to pafs that Vv
will be toY,as C B to C E; thenthe power X will be to the
power Y, in the compound reafon of E F to E G, which is the
{fameasE Fto SL,or that of CEtoCSor C B, and of C Bto
C E. Butthis compounded reafon is areafon of Equality,where-
fore the powers X and Y ought to be equal for to make Equi-
Iibrium between themfelves, being applied, as we fuppofe,
which was to be demonftated.

Cﬂfﬂ]!::r__y.

That which T come to demonftrate of the Epicycloid de-
{cribed on the circle B B, for its bafe and for its generating cir-
cle D E, whofe Radius is A D, the meaning is the fame, if the
Epicycloid be defcribed on the circle D E for the bafe, and
that the generating circle be the circle B B, and its Radius C
B; for the movement or motion will be always equal from
one fide or tother.

P~R20 PO Bia il

How to make the Application of motion equal to Engunc,

Fiz. 190.Y Et there be a circle BO L whofe centre is C,
and another circle D E F whole centre is A :

On the circle BOL, as a bafe, and for a genenerating circle
D E F, defcribe the Epicycloid B V H, and divide the circun -
ference of the circle B QO L into any number of paris, as here
Qo 1ntu
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into eight in the F:}ims BK L, é-. and to each of thefe pointé:
apply a portion of the Epicycloid BV H, in K1, L M, whichs
will be the fame as if the Epicycloid had been defcribed, be--
ginning in the points K L, &-.

We may likewile take as'great a portion of the Epicycloid
as we pleafe.as BV H, and by this means make the divifions of
the circle lefler orfewer. The figure B V H G may be the tooth
of a wheel-which may be limitted by the right line H G, which
tends to the centre C of the circle,. or by any other line as you
pleafe, which isindifferent, fince this part of the tooth doth not.
caufe any effet. We may alfo hew a little the fpace between
ewo teeth, as D N.O, to give the more liberty to the mecting
of the parts of the other wheel D EF..

We may then form' 2 wheel on the model of a circle with:
its reeth, and make it move on the centre C.

Now if we apply another wheel to the hinder part of it,.
whofe centre is in the point A in the Horizontal line A C, ard.
that inftead of teeth, on the circumference D E F, we apply
only in this example the pegs or pins of wood D E F, ¢&.
which we fuppofe indefinitely fimall and perpendicular to the
plane of the wheel ; "Tis certain by the precedent propofition,,
that in any pofition that we place the wheel B O L whofe teeth
meet the pins of the other wheel D E F, they will be in Equi-
librio, if the moving forces applied to the Circumferences of
the two wheels be equal between themf{elves.

Let then for this effeét a weight Q be hung from the cit-
cumference of the wheel B O L, equal to the weight R, hung
and applied to the circumference of the wheel DE ;5 thefetwo
weights will then abide always.in Equilibrio in any manner
that the teeth of the wheel B O L meet the pins of the wheel
DEF.

Kut if we apply a, weight B tothe circumference of another
wheel § T, which hath its centre common with that of the
wheel BO L, and which is fafined with i, this weight P will:
be to the weight Q, as CB 1o C S, the weight P will be ftill.
in Equilibriv with the weight R, in all the different meetings.
of the two wheels; for the weight P making Equilibrium
with the weight Q, it will alfo be in Equilibrio with the
weight R.

Ere..
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PROPOS. IV.

‘THings being difpofed as in the precedent, T fay, it mac
ters not whether the divifions of the wheel B K L be e-
qual between themielves, that is to fay, that the teeth be .e-
quallfy diftant one to another, nor the pegs D E F on the cir-
cumference of their wheel.

It matters not whether it have one or more teeth ofthe
‘wheel BK L, which aét all together on the pins of the wheel
D E F, for there will be no more but the {ame force which
will be applied againft that of the wheel DEF. If it have
but one, as B V H, all the force of the weight P, will act againit
that of the Wﬂi%ht R, in meeting with the peg D.

Fig. 190. It you would have two together, as BV H and
K I, of which the firft aéts on the peg D, and the other on
the peg E, 'tis evident by the conftruétion of thefe teeth, that K ¥
will have as much force or power on the peg E againft the
weight R, as BV H on the peg D againft the fame weight R;
and by confequence the force of the weight P diftribures it
felf equally te thefe two testh, each of which counter-ballan-
‘ces the moiety of the weight R : It will be the fame thing,
if you have three or more which aét all together.

Thus it maeters not if you have one or more teeth which
work all together, and ’ti$ indifferent what part of the tooth
meets the peg againft which it acts, fince it will have always
the fame force ; which was to be demonftrated.

RiR 03P OISV

'THf: Engin being difpofed, as before, for to make an Equi-
ligrium, berween the two weights P and R ; 1 fay, thar
if you augment the moving force of the wheel BKL; or,
which- is the fame thing, if you add fome weight Z to the
weight P, this force, or this new weight will aét equally in
all the ditferent encountrings or meetings of the toothed wheel
EKL with DEF, on the force, or on the power ; or laftly,
on the weight R applied to the wheel DEF.

Since to make an Equilibrium between the weight P, aug-
mented by .;the weight Z, and the weight R, you muit
augment the weight R with tohe weight Y, which mufl be to

02 the
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the weight Z ( which makes the augmentation of the weighe
P)asCSto CB, and then the two weights Rand Y toge-
ther will make through all an Equilbriurs with the two weights
Pand Z together ; ’ris evident, that in any pofition which
thefe two wheels are in, the weight Z will be always in
Equilibrio againft the weight Y ; and by confequence the two.
weights P and Z together prevail always with the fame force
againft the one weight R, which is meafured by the weight v,
fince it wanrs this weight to make the Equilibrium; which was.to.

be demonftrared.
P RO PO 8.5

WE may place the Superficie of two Wheels. in the fame
Plane, and inftead of the pegs or pins which fhould
be faltned on the Wheel D E F, we may make the teeth at the:
end of this Wheel, and give them whar Figure we pleafe: By
then the teeth of the other Wheel whofe fizure will be in the
Epicyeloid, ought to have a figare compofed of thofe of the
Epicycloid and thofe of the teeth propofed, this compounded
figure formsit felf, as I fhall explain in the following Ex-
amples.

Example 1.

Fig. 191.- The moft fimple of all Figures is the Circular;
wherefore 1 propofe ar firlt fight the figure of the teeth of the
Wheel BEF inacircle. Let the wheel be BEF, whofe centre
151n A, which hath its teeth of a circular Figure, as BO P, and
wholfe centres will be on thecircle D G M, which hath itscentre
common with thofe of the Wheel A ; let the centre of the other
Wheel be C; having drawn the right line C A which joins the
centers of the two Wheels,and which meets with the circle BE ¥
in B, from the centre C, and with the Radius C D defcribe the
circle D I, on which as a bafe make the Epicycloid D V H, which
hathD G M for its generaing circle. Now if from all the points
DV H, of the Epicycloid, as Centers you defcribe the circles
O N L equal to the circle which forms theteeth of the Wheel
BEF, the crooked line O N L which touches all the circles,
and which will be Parallelto the Epicyeloid, will form the
figare of the teeth of the Wheel BK, that is to fay, that part
ot the rooth which aéls againft the part of the circular tooth
which it meets in its motion, for to the other parts of the teeth
which it meets not with, I have already faid. that they may be

made
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made of what Figure vou pleafe ; but you ought always to
make choice of thofe which are moft durable, and molt proper
to refift the force of the motion.

I {ay now,if you apply equal powers to thefe Wheels with-
in the diftances of their centers C D, A D, in any place that
the teeth meer, you will have an Equilibrium every where;
only it muft be obferved that the meetings of thefe Teeth muft
be always under the line A C.

By the 34. Propofition in any place that the Epicyeloid DV H
is applied to the point D of the Wheel D G M, in making it
move about the Centre A, it will make an Equilibrium between
the equal Powers. For if’ one of the powers caule the other
to move, it will caufe it to run over a fpace equal ro that
which the {ame runs over it felf.  But by conftrudtion of the
tooth O N L, we fee that the crooked line O N L meeting the
circle B z P makes the point D {o much advance, as if the
Epicycloid D'V H met it: For the diftance between the Epicy-
cloid DV H, and the crooked line O N L is every where, that
of the Semidiamerer of the Circular tooth Bz P.

For example, when the centre of the tooth D is come to G,
and that the Epicycloid D'V H is placed in 1 G, its point G be-
ing joyn’d to the centre of the circular tooth, °tis evident that
the arch D Iof the circle of'the bafe will be equal in length
to thearch D G of the generating circle D G M ; But then
the crooked line O N L will be placed in ¢#/, and the circu-
lar tooth E # p which hath its centre in G, will neceflarily touch
in the point »#, the crooked line or curve om I, for the fhorreft
diftanee, from the point G of the Epicycloid to the curve on i
will be in the point touchant » of the circle E 7 p, and of the
carve. Sowhen the point D of the Epicjcleid is come to I, the
peint O of the curve will be come to o, thearch O o will be
equal to the arch D I, and the curve o #/ which meets the circu.
lar tooth in », will be made to advance its centre in G on the
Epicycloid 1 D, and by confequence the arch D G will be equal
in length to the arch O, or D L

I have faid thart the teeth ought not to begin to meet or ren-
counter themfelves but underneath the line A C, thar is to fay,
that the bending O N L is not proper for to act on the circular
teeth, but when the point O of the ciive ON L is come 1o
D ; and by confequence this curve ONL begins not to aét a-

gainft the curve or bending of the circalar tooth, but in the
point
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point Z, whereitis cut by the circle D G M, and it continues
-always in-the  Rencounter or meeting in its part Z P, in de-
fcending beneath the line A C.. 'We may, then-lellen all the
partZ B.of the civcular tooth, fince 'ds not ulctul inthe move-
ment, or motion, and finith it on the circle Z D, We imay
alfo finifh the teeth of the other Wheel by the curve L 1N Q,
and by the circle O D, which will be the ground of the tecihy
Bat in this conitruction we ought to difiribate the teerh afier
fuch’ manner in each Wheel that they begin 10 rencounter
or meet one another only in the hne A C, and thar they
do not hinder one another above, which will always be ¢afy
to do. 4. ¥ |

Alfo note, that the curve LN O Parallel to the Epicycloid,
begins always out of the circle:O D 1, and afterwards that it
is berween, or within ; and laftly, that the diamerer of the gene-
rating circle is greater than D B, which is caly to demonitrate
by the generation of the, Epicyclid , bur I cowfider nor. in
this place but the part O N L of this curve which is. wichout
‘the circle O DI when ’tis in this kind.

We oughtalways to avoid in the teeth of Wheels to make
them wotk above the line A C which joins their centers,
becaufe the wearing or rubing inthem is very gréai, and that
on the contrary “dsinot almoft confiderable in them below,
fuppofing that the motion of the W_hﬁefa'u.'ﬂl--bé from above
to beneath'the line A C.  In the mean time if you would that
the tecth of thefe Wheels: work in rencountring themielves a-
‘bave A C, it mulbe in the making, as I fhall thew by and by,
atter I have thewn a general method. for making the tecth of
one Whgel in different manners, thofc, of the other being al-
ways given ihe fame. | T 5

Excample 2.,

Fig. 192. - Inflead of the Centre D of the circular tooth pro-
poled, as in the precedent example, Itake another point like
that where 1 pleale, as B.on this tooth, and, by means of this
point I find the figure of the tooth BN N, which oughr to
woik with the propofed ; but for to €aufe the tooth propofed
to act or work in as manv parts as is poffible, we ought to
chafe 2. point in this tooth which may be rhe neareft 16 the
Cenire G of the other Wheel, in the imotion of this point

| i - chofen’
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chofen’ about the center A of the Wheel unto which ’tis fait-
ned, and this point will be the point B in this Example.

From the centre C and with the Radius CB defcribe the circle:
B K, which- will be the' bafe of the Epicjeloid' BV V, whofe
generating circle is B G G deferibed from  the centre C and
Radius A B; then' from the céntre' A having drawn the Ra-
dius A G, from the centre C, and by the Radius C'G we may
defcribe the circles G V, which cut the Epicycloid in V, and
by thefe points V we may draw the lines V H I, which make
the angles C V I equal to the angles C G-A.' Then'on the lines.
V HI we may apply the figure B z of" the tooth propofed in
the fame manner as tis applied to the line’ A B, in making it
agreeable in the point B orV, and we may draw the curve
line BN N thar fhall touch the curvature or bending of the pro-
pofed tooth, in all thefe diffetent Pofitions, which fame thing
will happen for the circle, if we take on V H the Magnitudes.
V' H equal to B D the radius of the circle of the propofed tooth,
and that from the points H for a center we defcribe the cir-
cles N equal to thofe of the tooth.

It plainly appears by this formation of the curve BN N
that in any pofition that it meets the circular tooth, the point
B of the curve B N N being beneath A C, there will be every
where an Equilibrium between 2 equal Powers applied to thefe:
Wheels 1 the diftances C B, A'B, from their ¢énters C A : For
we may demonftrate, as in the preceeding example,that in any
pofition that the curve BN N is applied to the circular tooth,
it will be difpofed to make its way in the point B on the cir-
cle B G, a {pace equal to thar which the fame point B makes.
on the circle BK. For example, if the point B in runing over:
the fpace BK on the circle BK, the fame point B comes to:
G, by means of the Epicyclid B V, which muft be placed.
in K #, but the curve BN N will be placed in K », and its.
point N will be applied in the point »,0f the circular tooth B Z,
tranfported in G », which will have its center in hon' A G,
and by coniequence the curve K», which aéts on the circu-.
lar tooth G # 1in the point », makes the point G to advance,,
{o much, as if the Epicycleid fhould be placed in*K G, and.
joined to the curve K 2. ;

"Tis ealily {een, that if the tooth of the Wheel BK is formed.
as the curve BN N, it will begin 1o aét on the circular rooth
B Z, in the point B.on the line A C: For {o {oon as the pﬂin‘.‘r

B Of.
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B of the curve BN N is come to A C, and that it rouches
the point B of the circulur tooth, the 2 teeth begin o a& one
againft the other, and to mzafure how much the tooth B NN
defcends its different points N, as they arc applied in different
places of the circular tooth B Z.

Nerey thar if we take the lines VHI equal to B A, all the
points I will be in the circumference of the circle A 11, swhofe
center is in C; and moreover, that all thefe points I will be
the Centers of the generating circle of the Epicyeloid, in the
different pofitions whence it defcribes the points V.

Lajtly, we may take the point B for the Commencenient of
the Epicycloid in what place you pleafe, whether within or
without the tooth, inftead of taking it in B on the curve of
the propofed tooth, 2s is done in this ¢xample, and we may
find always a curve for the tooch which ought to work wich
thofe propoicd, and which ought to make an Equilibrium be-
tween two equal Powers, which I fhall explain in the follow-
ing Examples,

E.:E:zn&tf!ﬁ. 3+

Ler the right lined tooth be Z D, which makes with the
Radius A Z the angle A Z D, and let the point be D of this
tooth which ought to begin o work with the tooth of the
other Wheel B K; having taken any point B in the line A D C
which joins the centers, and which pafles through the poing
D, determining to whar place the tooth A Z D fhould be made
[0 move on its center A; or if the point D be not deter
min’d on the tooth Z D, and that there be given the point B
of like pofirion to the line Z D, or to the angle A Z D, hav-
ing drawn A B which cuts Z D in D, we may place the fine
A B on theline AC, and defcribe the circle B K from the -
center C,, and the Radius C B; this circle will be the bafe of
the Epicycloid B H M, of which the generating circle is B G, de-
{cribed from. the center A on the kadius A B.

Then to all the points G of the circle B G, having drawn
the Radius’s. A G, and from the Center C, and for the Radjj
C G having delcribed the arches of the circle G V, which ren.
Counter in-V the Epicycloid BV M, I draw C V, and efter-
ward V H I, which makes the angle C V I equal to the angle
CGA; on VI, Lapply the line H Z in the fame manner that

Lz
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D Z isapplied toB DA, thatisto fay, that V H is taken e-
qual to BD, and that the angle VHZ, is equal to the-angle
B D Z, the lines H Z will interfect themiall, whence we may
draw the curve line D N which will touch them, this line D
N will be the figure of the tooth which we feck; and which
ought to be applied to the wheel B K.

"Tis evident by what is demonftrated before of the forma-
tion of the fecond teeth on the firlt which are given, that the
curve D N of the tooth applied to the wheel B K meeting the
right lined tooth D Z below the line A C, and beginning in
the point D will make every way an Equilibrium berween 2
equal powers applied to the 2 wheels in the diftances of C B
and A B, that is to fay, in the extream of their Radij; for if
we {uppofe that the line C B have tranfported the point B toK,
the Epicycloid BV M will be placed in K G, and the line A B
will be placed in A G, {o that the arch 8 G will be equal in
length to the arch B K by the property of the Epicycloid.
But then in this pofition, the rooth will be in A § 4, and the
curve D N being putin E #, its point » which is the {ame as
the point N, will touch the tooth in # ; and even as in all the
pointsas G and K the motion will be equal, there will be eve-
ry way an Equilibrium beiveen the two equal powers.

Where Note, That weouglit not to determine the length of
the right lined face Z D of the rooth towards D; for it may
happen in fome cafes that the curve D N may not be touchant
to all the lines, as H Z, for thefe lines H Z interfc& nor, their
extream H being determined and they rencounter notthe next ;
and if we fhould draw the curve line D N N through all the
points as H, 1t would happen that only the end or extream D
of the tooth would work, and would notwithftanding make
the motion equal, bue this is not that which is propofed in this
place.

E.r.;m{pff 4+

Fig. 194. We may yet make another fort of right lined
tooth, the face of which tends o the center of its wheel, -and
by this means the tooth which alts againft it, has not its facein-
clined to the circle on which it is faltned, as in the preceedi g
' Pp Exam-
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Examples,and this kind of rooth is one of the eafieft to execute in-
great Engins, and moft ufeful for the motion.

Let the fxce be F D of this right lined tooth which tends to
the center A of fts wheel; and which is placed in the line A B
C which joins the centers of the wheels. By any point B of
the line A C, and from the center C, defcribe the circle BK
which is the bafe of the Epicycloid B V, whole generating.
circle is B G, defcribed from the center A and the Radius A
B; having drawn all the Radij A G, 2nd the lines C G which
are the Radiy of the circles G V which rencounter the Epicy-
cloid in V, whence theangle CV I wili be made equal to the
angle CG A. Laftly, whence we may draw the crve DN N
which will touch all the lines V T in their different pofitions;
and which will be the figure of the tooth which ought to be
applied to the wheel B K. This tooth D N N rencounters
the face F D in all its different pofitions, and will make cvery
way an Equilibrium berween 2 equal powers applied to their
wheels in the diftances of C B and' A B. For the curve DN N
being placed in 4 », which is faftned to the Radius CK and:
rencounters the face A FD of the tooth propofed in # in the
pofition A G, will make the fame effeét on the point G, as the
Epicycloid D V placed in K G, as I have made appear in the
preceeding example.

"Tis eafy ro behold by what is explained before, that it will:
not be difficult toform the tooth which we feek, that which
i3 given being of another figure than the circular or righe
lilned, as Parabolique, Hyperbolic, and the fame in the Epicy-
cloid.

P ROFON  NIE

O-Ne may delcribe an Epicycloid-on a bafe which is con~
- centrick to the wheel which carries- the propofed tooth, .
and by means of this Epicycloid, we may find.the Figure of"
the {econd tooth, as in the prececding propofition. .

Fig. 195. Let ZD be the figure of the tooth propofed
which is applied to.the wheel Z, the center whereof is A ;
and on this firlt tooth mark the point D, which ought to begin-
to work or act with the fecond tooth that we ought to apply
w the other wheel, place the tooth 2D in making it turn

with
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‘with its wheel about the center A, fo thar its point D be on the
line A C, which joins the centers of the 2 wheels; in this
pofition of the tooth Z D, having marke any point B that you
pleafe on the line A C, from the center A, and with the Ra-
dius A B defcribe the circle B G, which will be the bafe of the
Epicycloid BV, whofe generating circle is B K, defcribed from
the center C and Radius C B.

'Tis evident by what is demonftrated before, that the Epicy-
cloid B v being faftned to the Radius A B, will fo much ad.
vance the point B from the Radius CB, as the fame point p
advances on the circle B G in any pofition cthat the Epicycloid
fhall be, asif it is tranfported to G K, the arch B K will be e-
qual in length to the arch B G, and fo the difference being
every way the fame of thefe arches, they will al{o be equal
in length, in manner as if the Epicycloid is placed in G K, the
point G will not advance any fpace, bur will be on its arch
B G, and it makes not fo much to advance the point K on the
arch B K.

Now to all thofe points K of the circle BK, having drawn
the Radij CK, and afterwards A K, and from the center A
and Radios A K, having dcfcribed the arch KV which curs
the Epicycloid in V, and the line A C in F, whence the arch
KL will be equal to the arch VF, and then drawing L A
which will cut the arch B G in G, whence 'tis evident, that
the portion B V of the Epicycloid may be accommodated in
G K.

Having made the angle CBI equal to the angle CK A, and
BT being equal to K A, whence alfo the angle B1g will be
equal to the angle KAG, and on g I equal to A B, 0r 0 A G, if
we apply the curve E N Z of the tcoth given D Z,in the fume
manner thar it is applied on B A, as if we tranfport it {0 thar
the point B be put or placed in g, and the point D in E.

Lafily, the Curve of the propofed tooch in all its different
pofitions will form another curve N N D by a line which will
touch them all, which will be the fizure of the fecond tooth
which we feck, and which ought to be applied to the wheel BK,
or to the radius C B L in the manner which ’tis defcribed.

"Tis evident, that this curve N N D will fo much advance
the point B on its arch BG, as the fame point B advances on
BK : For when the point B is placed in K, the curve N D
will advance the tooth ZD in S#d, for the point » of this

Pp:2 cury
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curve which rencounters the tooth in the pofition S # 4, ren-
counters it in the {ame manner, and in the fame place as the
point N which it forms. So the Epieycsid will be in the po-
fition G K, and by confequence two equal powers being ap-
plied to thefe two wheels iu the: diftances of their Radii A B,
CB, will aét every way equally, and will make an Equilibrium.
in all the Rencounters of the teeth of the two wheels.

P'ROPOS. VIIL.

Zo apply a little Wheel inflead. of a Tooth to the VWheel of

an Engin,

Fig. § Have noted in the 6th. Propofition, That the fecond
196. & Tooth ought not to begin to work with the firft, bur
on the line A C; becaufe that the wheels having their mo-
tion above or below this line, the faces of the Teeth which
rencounter themfelves in their removing ene from another,
do only rub one another in making their ¢fcape, which cau.
{es not any fenfible hinderance to the motion; whereas when
the rubing is made by the rencountring of the paris which
venter Or come upon one another, the Impediment to the mo-
tion is very confiderable, and is that which we chiefly oughr o
avoid 1n Machines and Engines.

Behold here a particular conftruction for the Teeth of
Wheels of a great Engin, where the faces which rencounter
themfelves or meet, are made fo that they touch one another
without rubing or wearing, and what remains is only made on
the Axis,or Pivot. S

The conftruction of thefe Teeth is the fume 25 thofe of the
firft Example of the 6th. Propofition, but the Application is
different : In the 6th, Prop»fition the circular Tooth propofed
1s ftayed firmly by the Wheel ; but in thofe here thar is a lit-
tle wheel which is movable about. its centre D, on an axle-
tree, or pin, placed at the end of the Radius A D ; there will
be ther no cther fretting, or wearing, in this Engin, than thar
of the little wheel B ZP on its axis ; for the circumference
will apply it fcif every way, without. frerting, or wearing, on
the Curve of the other Tooth ON L.

SIS
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*Tis evident, that this application of the little wheel cannot
make any varying from what 1 have demonftrated of the cir-
cular Tooth in the 6th. Propofition, and that the effect of the
Engin will be the fame : For it matters not whether ihe
Curve O N L rencounter or meet the circle O Z P of the lit-
tle wheel, or the rooth of the {ame hgure, fince iis center D
will be always the {fame way.

PROPO S IX

The Conftrullion of an Engin to raife Water according to
the precedent Forim.

Fig. LM O I is a great Wheel made of great pieces of wood
197. joined together one with another, which is pofited
or placed horizontally, the Axis, or Tree A B, of this Wheel is
a large piece of wood which is moved by its bafe on a Pivor,
or Spindle P, being only faftned at top, with a pin of Iron to
keep it always perpendicular = This Wheel is toothed, or wa-
ved, on the edge after the manner of Wheels in rencountring,
or meeting, in common Clocks ; and it hath bur 5 Teeth, as
O 1, which aét in pafling upon the little Wheel RS, which is
movable on its axis C : This Axis is faltned to the aim D C,
which is likewife movable about its axis D, which is ftayed
firm at any unjon: The arm D Cis join’d and faftned to the
portion of the circle D E F, {o that they cannot move the one
without the other ; on the thicknefs of the arch E F it muft
have a double flar chain H G, faftned towards the top in E,.
and this Chain hath two rings at the end of it, which fu-
{tains the handle of . Iron which carries the Fin, or Pefile, of a
drawing Pump: The Lcaver, or Arm N, of this Engin pafies
in the Tree in B, and may be ftayed if one will by the
wheel to make it more firm ; it muft have two little Wheels,
fuch as thofe I am coming to defcribe, which are diametri-
cally oppofite under the Wheel, and which do always act by
turns one after another ; for by this difpofition of the little
wheels when one appears in the bottom, or hollow of the wave,
the other appears on the top : But the Wheel turning from
O to 1, the little wheel defcends in ihe rencounter to the part
+ O Q.of the wave, and amounts again in the other, we muft

confides:

.
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confider blic the part O'Q_of the wave, for there is-buc that
that works for to lower the little Wheel which raifes the
Peftle, or Sucker, of the drawing Pump, and which {uftaing
all the weighe of water ; the little Wheel mounting again in
the other partof the wave makes not any etfort or endeavour
againft the Wheel, for it follows only the hollow turning, or
‘winding of the Tooth, not being raifed but by the weight of
‘the Peftle, or Sucker, and irs handle, and of the Tiiangle DE F,
‘which fzll again bereath by their proper weight; which we hay
‘make very near equal to that of the liccle wheel,

Allthe effort of the Wheel is “made only by its weight in
Auch manner, thatif it s as heavy as the weight of the Co.-
‘lumn of water which it oughr to {uftain in the body of the
Pump, the diftance of the Leavers being compenfated, ’is evi.
dent that there will not be any confiderable rubing on the
pivor P But it muft be always fomewhar heavier, 1o thar it
‘may not go out of the Iron wherein the Pivor plays, for otlier-
wife it will work on the two little wheels all the time, which
muit be avoided.

The number of Teeth of this Wheel ought to be odd, fo
‘that it may have always one of the two lictle Wheels oppofite
‘which work, and thar the power which moves the Jeaver N,
‘may act always equally, and not by jumps or skips, as it com.
‘monly happens in thofe Engins which Eave not one or two
‘Wheels.  “Tis in this that the principle dire@ion of the con-
dtruction of Teeth, and the pofitior. of {mall wheels confifts :
For which, chat we may always keep to the rule in the form
of the Teeth, we mult have refpect to the proportions of the
height and length of the Teeth with the diameter of the
wheel.

We muft obferve thar ’tis not poffible that ¢he face of the
Teeth, or of the waves of the wheel, hould work in cvery place
on the lile wheel ar equal diffances from the Axis of the
wheel, becaufe the moticn of the wheel i circular and hori.
zontat, and that of the litile wheel i vertical or perpendicy-
laz ; for it happens that when the Teeth rencounter the lietle
wheel in their lower part, and from their point, if the Axje-
tree of the little wheel is equally removed from the Axis of
the wheel, it will be rearer when the lirile wheel is rowards
the moiety of its defcent, which will be eafily known in the
plase ; this difference of removirg will caufe 2 lirte fretiing or

' wearing
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wearing of tHe face of the Tooth with the little wheel : Bt
thefe are {uch faults which are impoflible ro be whollv avoid-
ed in Engins, and we ought to refpect thofe which have the
leaft, or the lealt confiderable, for the moft perfect.

For the conftrution of the Teeth of the great wheel of this
Engin, we ought to confider them asif they were in the {ame
plane as thofe of the little wheel, and when we have deter-
min’d the figure, we apply it on the wheel to the place where
it rencounters, or meets the little wheel, ferving as a profile or
fit fize cur from the figure of the Tooth.

Fig. 198. Having determined the center D of motion of
- the arm D C of the little wheel R S, and the fize D C of the
arm, from the center D, and by the Radins D C defcribe the
circle C E, on which draw the line A B C touching in C;
on the line B A for a bafe, and CE for the gererating circle
defcribe the Cycloid CV V, and threugh all its points V'V as
centers defcribe the circles N equal to thofe of the little wheel ;
I fay, that the crooked or curve line SN N which touches all
thofe circles will be the figure of the Wave,

If we imagin that the right line B A moves from B towards
A on the fame with the Cycloid CV V which is faftned to ir,
tis evident that every point B of the line BA will have fo
much of the way as the point C will have abour the center D,
being moved by the Cycloid V V: For if the point C of the
line B A is tranfported in T through the fpice C T, the Cy-
cloid C V will be placed in TE, and the point C will be arri-
ved at E, on the arch of the circle CE: But by the generati-
on of the Cycloid, the arch C E is equal in length to the right
line C T, then two equal powers one of which moves the line
CT on the fame, and the other moves the point (2 about the
center D, will make an Equilibrium every where, for we
ought to confider the right line B A as the circumference of a
~ circle whofe center is infinite or endlefs.

But now if inftead of the point C of the Radius D C, we
apply the lirtle circular wheel R S, whofe center is in G, "tis
plainby the conftruction of the curve SN N that it willhave the
{ame effect on the center C of the little wheel in rencountring
its circumference, as if the Cycloid CV 'V fhould rencounter
only the point C: For the center C being put or placed in E,
the point N of the curve S N N will be placed in », fo that E

# will be afhorter diftance from the point Eof the curve. :
' n
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In the conftruction of the Teeth of this Engin, one ferves
not all the curve SN N form’d on the whole Cycloid, ‘but
only on one part, and that which you pleafe, for otherwife it
would happen that the waves would be too grear. We may
then take fgr Example in Fig. 31. the middle part N X of the
whole curve SN X F, which is formed on the half Cycloid
C N; {o the bottom of the wave will be formed by the circle
of the little wheel in the pofition N Z P, and its point will
be in the point X; we may give very near the fame figure to
the part of the' Wave which mounts up again and works nor,
to the intent that the little Wheel may roul away more eafily
i remounting within the bottom.

Fig. 199.  We muft note,that when the little Wheel is come
t0 the end X of the Wave, the center M of the little Wheel 1§
not {0 far as it may be from the point X, that is to fay, that
the line M X is not perpendicular to B C: Bur as the point
X defcribes a line parallel to B C, it works only on the cjr.
cumference of the little Wheel, until thar the point M is
come within the line MX, perpendicular to B C ; the center
M of the little Wheel will defcribe thenin that place a {mall
arch of a circle equal to thofe of the little Wheel, and it ‘will
happen  thar the point X of the wave will be blunted or
dulled a little in the fucceflion of the work, which vl not
happen if one ferves for all the curve N X F; for the wave will
not be one point from its extream F, as in the point X, be-
caufle that the Touchant of the curve in F 15 Parallel 1o B s
and the Touchant in X is inclined to the fame line B C. "Tis
evident, that the work of the point X will only endure {o
much more time as the little Wheel is more grear; for the
~arch. which the point M defcribes, will be greater for draw-
ing the point M, in the line drawn by X perpendicular to B C,
than if the Radius of the little Wheel fhould be feffer - There
is ltill one inconveniency in a great little Wheel 5 for it muft
have greaier ballances on one fide, and on t>¢ ether under tfe
wave, becaufe thar ir moves on two points one of which is i
Pivor, and the other is that of the arm and of the Portion of
the circle which carries the chain, which will not be {fo con-
fiderable in a fmall Wheel : pur if the Lirtle Wheel be very
fmall, it muft take away a greater portion of the . curve N N,
to form the wave that it ‘may have always the fame Eleva.
tion in the pefile, or rod of the Pump.
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'Tis eafily feen that the chain which is faftned to the portion
of the circle ferves to raife the Peftle always perpendicular,
which is a-very good ufe in thefe forts of Pomps: For other-
wife if the handle which carries the Peftle, be only faftned to 4
Leaver movable about an axis.as D in this Engin,it will happen
that the Peftle will be drawn fometimes o one fide, and {fome-
times to the other, and wear unequally in the body of the
Pomp in working, which will deftroy it in athird pare of the
time, as I have obferved in fome rencounters.

PR F S R

We may likewife apply the fame conflrullion to wings, or ta
the Axle-tree of Mills, which have their Wheel wertical,

and whichare for Powder, for Paper, for Fulling, for Forg-
ing, &c. orit may raife Peflles, very near as you fee re-

prefented in this figure.

Fig. T Shall here reprefent only two of thefe Peftles, but we
200. 1 may put asmany as we pleafe, or as many as the mover
of the Wheel can make to go ; you muft always put two wings
oppofite, as A B and C D, to work on each Peftle, to the end
that when one of thefe Wings as B having quitted the little
Wheel E from the arm of the Peftle, and thar it is fallen, then
immediately the other Wing A, which is oppofite to B, begins
to relieve it.

We may alfo obferve that if we have two Peftles, it behoves
that the wings which belong to ¢ach one, will be applied
one after another, to the axis of the Wheel, as we fee here,
where the Azis is to 4 Panes, becaufe that it hath four wings
and two Peltles, and where the wings A and B are applicd
to the two oppofite faces of the axis, and thetwo other wings
C and D, which belong to the other Peftle are applied to the
two other oppofite faces of the fame Axis: If we would then
have three Peftles and fix wings, we muft cur the Axis, or
Tree, into 6 panes, or fides, and if we would have four, we
muft cut it into 8 fides, unlefs we apply two Peltles on the
fame face, and then there needs but half of the fices 1o

the tree.

Q_q B
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. But it muft bé obleryed thit we do nor place the' wings to-
gether,, which are, ‘applicd 1o the fame'face,” bur” to-mingle
them with the others;that {0 the Endeavour, or, eficct, may
diftribute it {elf.equally on. the Axis, or tree,that' is'to fay, that
the raifed. Peftles thould not be together. Xt oy

. T do not_reprefent in: this fisure but one of the kinds of
making the motion, equal, iuﬁrh'ia};isjby giving a crooked figure
to the wings which are faltned fo,the Axisof the Wheel, and
by placing the litile Wheels t0 the end " of ‘the “arm'of the
Peftles, although there be yet another, in making the arms
of the Peftles of a curved or crooked figute, and in applying.
the little Wheels to the end of the right wings of the Axis of
the Wheel : Bur I will explain thefe two kinds in thie con~
firution of the Curves or Crooks. « ' S8

L1

- I'have not given here‘ﬂfe.t:tmj'unﬂion-.'tjﬁ this Engih, nor the
manner ‘of firengthning  all the pieces, s {ufficient for him
that regards the Mechanicks to fhew the difpofidon, the reft-
belongs to the Art of Carpentry.

T.{Jgﬁﬂ;{vmﬁ: F:g 201.

“The fift kind of applying,, thie Curve 0 this' Enigii is that
which is reprefented.in the precedent Figurc ;_let the point C.
be the Center of the Axis of the great Wheel, and C A the
diftance, fiom, the Center 1o the handle of ihe Peftles, on
the right line C A'having determid the point B, which s the
extream A B, of the arm ofrthe Peftlg, and which is the Cen-
ter of the little wheel which, we apply to the end or extréam
of the,arm ; and from the center C, and by the Radius CB,,
having, defcribed the citcle BD, make the Epicycloid BV V on
the ciicle B D, for the Bale, the generating circle having
its center at an infinite diftance,. that is to-fay, That the circum-
ference,of this circle is a right line, and that the Epicycliid BV 'V
is the lafk of all, which is. alfo the. Curve line cﬁ{t‘ﬁbf_’-d by
the roling of the gircle, as is.noted before. &~
Then fromiallthe pointsV of this Epicyeleid, having defcribed
the circles N, egual to the circle EF of the little Wheel, the
Gurve E N N which touches all thefe circles will be the fathion
or form of the arm of the tree, or.axis of the Wheel.
Following the fame method of demonftration, that I have
obferved before, itis evident. that in whatloever Pofition the-
Allmn



arm E NN of the axis, thall be in turning about its axis G, it
will have always equality of motion between: the center of the
little Wheel which rifes perpendicular;and the point B which it
moves about from the center C: For if the center of the little
Wheel B is tranfpofed in H, following the line B, H parallel
to A G and perpendicular to A C, through the CurverE N.N
tranfported in Lzn about fromthe centre C, irisevident thac the
point H, will be found on the Epigyeloid BV V, removed in K H,
with the, Curvée ENN removed in .L#ns: For the fhovteft
diftance from the point H o the Curve L » s, will be equal
to the Radius of the little Wheel E F: But by the Formation
of the Epicycloid B V. or K H, the arch B/K of its, Bafe, will
be equal to the arch of its “generating, circle, which is here
the right line B H, which reprefents alfo the way, from the
center B of the lirtle Wheel, while the {ame point B, defcribes
the arch B K : But the ways BK and B H , being.equal, and
the Powers equal applied in B, of which the one alls to the
end B of the Leaver;C B, and the other to. the end,B of the in-
finite Leaver B A, or determin’d to - what diftance: you pleafe
in A, for the length of the Leavers ought not to be conlider’d
when the Powers are direétly oppofite the one to the other,
it will follow that you will have on every fide an, Equilibrium
between the tworequal Powers.. - - R T

We do not confider here the rubing,or wearing of the
handle of the Peftle throughout the hollowing of the wood it
runs in, for to make itraite perpendicylar,-for we {uppofc that
the Bodies are exceeding {inooth, and that the rubing or wear-
ing hinder not'in any manner the motion. i | |

The Second kind. -Figi loi.

In the Secord manner it muft be that;the arm of the Pellle
is of a curve-figure, -and that the littdle Wheel is applied ;19 thg
end of the arm of the Tree; or: Axis of the Wheel.

The figure of ‘this arm, or wing, is not determined : Since
there is no regard, but to the length from the axis. of the tree,
even to the centre of the little Wheel, which, works on the
arm of the Bar, or Peftle ; it behoves only to take heed thar
the Figure as CK.D, iwhich we- give to this aum, .0r Wing,
hinder not the motion: of the arm of the Peltle,

Q. qz2 Lt
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Eet then, as before, the handle of the Peftle be A G, and the
center ofthe Axis C, having drawn the Perpendicular C A on
A G, markon A C the Radjus A B of the little Wheel, and by
the point B draw the line B E parallel to A G, which will be
the Bafe of the Cycloid B V V, whofe generating circle will
have the length CB for its Radius: If from all the points ¥
of this Cycloid, we defcribe the circles N equal to thofe of
the lictle wheel, the Curve line N N which touches all
thefe circles will be the Figure of the crooked: arm which we

ught to apply to the handle of the Peftle.

"Tis evident by the generation of the cycloid, that if we-
move the cycloid BV on its bale B E, in whar place foever
‘tis placed, as in E D #, the end B of the Radius €B being fe-
moved by the eycloid in D, the arch B D will' be equalin
fength to the right line B E of the bafe’; bat if in ftead of the
cycloid we ufe the curve NN, we fee clearly, as in the pre-
cedent propofiions, that this curve will make the fame way
to the point B, from the end of the Radius. C B, in rencour-
tring the little wheel A F, whofe center is in B; for the curve
#»n which- rencounters the little wheel, cannot advance irs
center, or make ir move forward, but from the diftance of
that center to the eycloid, which is that from the Radius of
the little wheel: But as thefe motions, or movements, are EVEry
where equal, there will be an Equilibrivm berween the two
equal powers applied, as in the precedent example, which does
not require any long explication after that which I have fid
of other Engins.

There is only in this cafe one difficulty for the conftrudtion
of this Engin; for asitis, that the lirtle wheel lays hold on
the arm of the Peftle below, if the arm of the Axis, or Axle-
tree, which carries the little wheel, be right or ftreigh, it ren-
counters the curve before that the littie wheel touches it ; we
muft then bend or make crooked the arm a little, as the line
HK D fhews; to the end that the little wheel begin to ren-
eounter the curve F N N, when its center B is in the line C
A: Boras it is dificelt to make thefe forts of curves H K B,
unlefs it be of Iron, we may alfo make to ferve an arm every
way right or ftreight which fhall bear or carry the center D of
thie litele wheel, buoe then the arm muft be double, and the
firgle whe I muft be applied between two to the end, for the

Crooked.
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crooked arm of the peftle FN N will pafs between thefe two
ftreight pieces which bear the little wheel.

We muft obferve here, as in all the other Engins, thar the
little wheel be fmall; for when the crooked arm which it ren-
counter or meets, ceafes to work by a perpendicular line drawn
from the center of the lictle wheel tothe curve, itoughrto
ceafe in the Rencounter, or difcontinue to meet i, which is
not poffible, becaufe it ferves but one part of the Curve: It
happens then that the extream of the arm works ftill by irs
point on the little wheel, in making it turn on its center until
it be entirely got away, and in the motion, the Equilibrium be-
tween the powers is not found any more, which is 2 defelt in
the Engin, which we muft avoid and leffen by making the lit-
tle wheel of a {mall Diameter.

PROFPOS XL
Of the Length and Difpofition of the Teeth of Wheels.

Fig. 20 3.1 Have already demonftrated, that it is not neceflary
that the teeth be equally diftributed on the wheel,

when they are of a regular figure to make them act equally
one with tother ; for if we have but one, it will be as if we
had more which work, the powers applied to thefe wheels
a6t always in the fame reafon or proportion, the one with re-
{pect to the other. But we muft rake heed that when one
tooth as O NL. which fs cut as L, ceafes to work on the other
‘Footh P Z, that is ro fay, when the Touchant in L of the curve
O N L, is alfo Touchant in the fame point L of the curve PZ of
the other tooth, there muft be two other already of the two
wheels which work together; for otherwile the extream L of
the tooth N L rencountring {till only by the point L,the corve
P 7 will not be moved as before, and the.motions of the
two wheels will not be equal between themfelves: It is nog:
poflible in this cafe to rectify the motion in {ecking the figure
which rightly agrees with the Teeth of the wheel A, to make
the point L work equally on the Tooth P Z; for the point L
rencounters the Tooth P Z, in the {ame points where it alrea-
dy is rencountred by the curve N L. But when another tooth
begins to work,or hath workr already,when the poiat L ceafes

to work regularly on the Tooth P Z, the point L ceafes alfo
1o
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to rencounter the tooth P Z ; but ‘becaufe the wheel to. which
’tis faftned is moved always with an equal motion by the ren-
counter, or meeting of the other teeth of the wheel C, which
makes it go further than she point L alone fhould do, for this
Wwheel A will have always the fame way, as if the Tooth PZ
thould be rencountred, or mer, by the curve ONL prolong-
ed, or lengthned; then the point L will remove afide from
the tooth P Z, and they will work together only fo much as
they cando it regularly, which is a great .advantage to an
Engin.

We ought alfo to take heed that the Teeth of one wheel ren-
counter not thofe of the other wheel above the points, where
they ought to begin to work, that is to fay, rowards G, above
the line A C,which joins the centers of the wheels for the rea-
{on of rubing or wearing, as I have already taken norice of
before,for the rubings which are made ofbodies,which go one
on another are always very great, and on the contrary thofe
thar are made by (lipping, are very inconfiderable, wherefore
we ought to difpofe the Teeth in fuch manner, that they
trouble not, nor hinder one another before they begin ro work,
and that-there be a .convenient length .and depth given them,
for power to difengage themfclves cafily the one from. the
.other. '

- Wemay yet note, asI have done, that the part of the tooth
which: works not, may have what figure you pleafe, and that
we ought only to feck thofe which gives it moft conftancy or
fiedfaltnefs, and which may ferve for difingagement.. Never-
thelefs it is left tobe done as workmen ufe in their common
difcoveries of giving to-teeth the {ame higure of both fides, as
well to inure 1o make thefe teeth all equal, as to ferve alfo to
the motion of the Wheels, when we would make them rturn
adonce contrary to that which is necflary for the ufe of the
Engin; which e are oblieged to, oftstimgs .in the ‘building
and taking of them oo pieces. - -

PRO?0S.
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B RO P10OLS. X,

T make an Engin which ferves to move feveral Sawes for
the [awing of Stones. Fig. 203.

B, is a Frame, or Shas, in manner of a {quare figure, which:

may move eafily from C towards B, and from B to-
wards C, being kept within a kind of hollow gutier of wood,
in which it moves on little wheels which are faftned to a piece
beneath : In this Frame you have two picces of wood joined
at right angles in G and in F, with the picces of the Frame A
M, C B, and which are detained by two bonds or braces from
the fides of the Frame, there muft be allo in the two other
angles of the frame two bonds or’ braces in D and in E, which
ferve to ftrengthen it.

In the middle of this Frame there muft be a Triangle of
wood H I K, which is fuftained in the middle on 2 large piece
of Timber, or Axle-tree L, on which it is well ftayed, and
when this large piece of Timber, or Axle-tree, turnes, the
angles of the Triangle, which are furnitht with {mall little
wheels in I K H, come to rencounter the picces of wood G F
one after another, making the frame A B to move from one
fide to the other in the hollow gutter, by forcing it in G, and:
-afterwards in F.

Towards the ends of the pieces of wood A M, CB, there
muft be two rods of Iron, as M B, which muit be well faft-
ned, which muft bear two handsof iron N O, which may run
along thefe rods of Iron, where they are engaged at one end,
and on the other they are well faftned to one of the arms of
the faw P. Whence it appears, that when the Frame is mo-~
ved, it makes the faws P to move which are on the two fides
of the frame ; and according as the faw works, the hands
defcend by running along the rod M B.

According to the force of the power which turns the axle-
tree L, we may apply many Triangles, as H L K; which will
make to move fo many Frames, as A B, which makes.to go,.
twice as many Saws.

The little wheels which are applied to the angles of. the
sfigiangle, and which facillitate the motion of the-frame, are
«of great ufe, becaufe they take away the rubing which would:

be:
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be made againft the pieces G F, if there were none bur the
angles of the Triangle which hit againft them. Bur although
thefe Iictle wheels are applied to the angles, the motion is pe-
verthelefs unequal ; and for to make it equal, it behoveth thar
the faces of the pieces G F which are rencountred, or hir a-
gainft by the licrle Wheels, muft be formed in a crooked line,
which is demonftrated and explain’d all along before in the
Treatile of Epicycloids.

Fig. 205. How to make the bending of the fice of the
picces G F; from the centre L, and with the radius L [, equal
to the diftance which is between the axis of the tree L of
the Engin, and the centre of the little wheel, having defcri-
bed the circle I F, draw a part of the Cycloid IS on the right
line I Q, which touches the circle in I, and which will be
the bafe of the Cycloid, the circle I F being the generator,
and the beginning of the Cycloid being in I; then an all
the points ot the Cycloid, as a centre, deferibe the circles R
which muft be equal to the little wheel, and you may draw
the line R R, which will touch all the circles towards the con-
vexity of the Cycloid. The line R R will be the bending of
the face of the pieces GF: We may prolong the line R R
rowards V, adding to it a part of the right line, even to the
place where it is faftned in the piece A M of the frame: You
mult obferve, that the lictle wheel in working ought to ap-
oly it felf in the curve or bending R R, in the fame manner
thar the circles R R are placed, thatis to fay, that the pieces
G F oughr to be a little more bending towairds the middle of

the Frame.

Vbl o bl sl PRS- | | B

Zo change the direclion of Motions, or Movements, by the
means of toothed Wheels. Fig. 206.

Et the wheel be A B which tarns on avertical Tampin C,
whofe teeth are placed perpendicularly on the plane of
the Wheel.

If we would move this Wheel A B Horizontally, by means
of the arm D E, and thar its tecth rencounter, and enter in the
Spindles of the Lantern G F, which moves on its Horizontal

Tampin
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Tampin M N, it is evident that the Horizontal movement of
the Power applied to the arm D E will be changed into a ver-
rical movement or motion about the Tampin, or the Axle-tree
M N, of the Lantern.

Alfo by means of an Horizontal motion we may raife the
weight P, whofe Chord is wound about the Roll O,which hath
its axle-tree common with that of the Lantern F G.

But if inftead of the Lantern F G, whofe fpindles are pa-
railel to its axle-tree, we would make another, as H I, whofe
Spindles are inclined to the axle-tree KL, in what angle we
pleafe ; it is evident, that the horizontal motion of the power
applied to the arm of the wheel, will be changed into a2 mo-
tion inclined to it, in what angle one will about the axle-tree
K L.

Only note, that the Spindles of the Lantern HI, which
rencounter the teeth of the wheel A B, muft find themielves
places horizontaily in the renceunter,to the end, that they may
be applied in the {ame manner, as if this Lantern were like to

the ocher G F.
PIRO PO &5, Fig. 207,

The defcription of a Wind-mill,together with the Computatie
on of the force of the Wind on its fails.

Hey are commonly of two forts, but they differ not but

in this, that in the one the whole body of the mill turns
on a Tampin, to expofe the fails to the wind ; in the other, the
body is of ftone, and none but the upper part turns to expofe
the fails to the wind. In thefe the Lantern and the ftones
ought to be placed in the middle of the Tower, that the teeth
of the Wheel in all their different Pofitions may rencounter
always equally the Spindles of the Lantern.

A B is the greatr Axle-tree, at whofe end the Sails are faftned,
and which f{erves for an axle-tree to the Wheel C D, The
teeth of the Wheel C D enter into the Spindles of the Lantern
E F, whofe Axle-tree G H N 1is vertical, and which being
ftayed by the upper ftone I K, makes it turn on that beneath
L M, which is immovable. _

So that the vertical motion of the Sails, and of the Wheel is

converted into the Horizontal motion of the ftones. :
Rr The
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The Wheel hath commonly 48 Teeth, and the Lantern 10
Spindles, fo that each turning round of the Wheel, or of the
fails, caufes near 5 turnings round of the ftones to be made;
whenté you may obfeive; that perhaps the ftones make not
the whole, or more than one turning round, in one Second of
time, and by confequence the fails will alfo make one turn-
ing about in 5 feconds: Thetefore if the wind be to violent,
w? abate one part of the fails to reduce them from this {wift-
nets..’

It is not likely that the ordinary manner of ufing the force
of wind, to turn the flones of mills is the moft advantageous
that is poffible to be found, which is that which hath oblieged
many a&ive workmen to feek after, other forts of Mills to
the wind, and above all the Horizontal, to the end that the
fails may be expofed directly to the wind, and profic by all its
force 5 but all.thefe forts of inventions have not profpered.
We may perhaps believe that the Wind-mills, fuch as we have
feen were not made at firft fight in the perfetion that they
are at prefent, but that the continual vfc which is made of:
them, hath made many defaults to be feen; whichoae amends
afterwards,

Behold the Computation of the force of wind againft the
fails of a mill, according to the inquiry which was made by
Mr. Marior, in his book of the Moution of Waters.

Fig. 208. A B reprefents in this Figure the Axis or Axle-
tree of a turned'Cylinder, and the Rule GH a crofs at right
angles: And I L is another rule, placed perpendicularly on the
fitlf G H, and ftayed alfo in the Cylinder. , M N O P is a fmall
thin table, even as the precedent Rules, which is likewife placed-
perpendicularly on the Axis A B; and Bias o, that it makes
with/it-an angle of 45 degrees, and with refpe@ to the Rule
G H.

it we fuppofe now thatone Calt of water beat direétly
againft the Rule I L, towards the point. Q, and that it turns.
the Cylinder according to the oxder of the letters av¢d,
but that the weight R placed towards the end H, of the Rule
G H, makes an Equilibrium with the. force of the caft of
water Q, that is to fay, that it Linders the Cylinder from
surning-; It is certain, that if the fame calt of. water beat
againft the Fable M O, alfo in the point S, which being alio
fp far removed from the Axis ofithe Cylinder, as the point Q,

and
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and that the ‘dire€tion of this Caft be perpendicular to the
Table, it cannot {upport the weight R, becaufe that its direction
will not be according to the motion of the Rule I L, which
isin a plane perpendicular to the Axis A B; but it cannot at
that time {upport that weight which fhall be to the weight R,
as the fide of a Square to its'Diagonal. |

And if the fame Catft is parallel to the Axis A B, and that it
hit againft the Table M O in the fame point S, it muft f{ill
diminifh in its atctempt in the fame Proportion of the fide to
the diagonal of a {quare, becaufe that this Caft falls obliquely
againft the Table under an angle of 45 degrees. ;

It is then evident, that this double reafon of diminution
ought to reduce the weight R to its moyety, or half part.

Now the wind which beats againft the fails of a Windmil,

beats, or blows, obliquely, and it it rencounters each {ail under
an angle of 45 degrees, it follows then from what hath been
{aid, that it will not have but a moyety of the force which i
would have, if it rencountred direétly, and if the fail, be pla-
ced on the Axle-tree, as the Rule I L on the Axis A B. If we
{fuppofe then that the whole force of the wind be as §o, it wiil
be redcuced to 40 for thefe two caufes. | _
. But there is yet one caufe of Diminution of the force which
¢ mes from the fame obliquity, for it will have a lefs breadih
of wind which rencounters the furface of the fail, than if it had
been diretly oppofite, and this diminution will be fill in the
fame reafon, or proportion, of the fide of a Square to its dia-
gonal, which will in the end  reduce the whole force &f the
wind meafured by 8o, to 28 .

Bur if the obliquity of the fail is lefs than 45 degrees, that
is to fay, if it is more expofed to the wind, whereof we fup-
pofe the direction parallel to the axis A B, and that the angle
be of 6o degrees on one fide, and 30 on the oppolite, then the
firlt caufe of diminution reduces the force from 8o to the
moyety 40, -bat the two others unlike, for they reduce not but
from 40 to 31 very nigh ; which gives us to underftand, that
1t is betrer that the fails of windmils have this obliquity than
that of 45 degrees. : o -

By thefe fuppolitions of Mf. Mariets, if the {wiftnefs of an
inditferent iwind is of 24 feet through cach fecond of time, as
one-may know by experience ; one wing or {3l directly oppos
fite to the wind, and which bhath 144 fcer in its fuperficies

Rtz wil,
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will fuftain 2 weight of 210 pounds, if the diftance from the
fupport, or theeentre of motion, as the Axis A B in the pre-
cedent Cylinder, even ro the place as R, where the weigh:
is placed, is of 1z feet from the {ame, as the diftance from the
centre of the fail.

But if the fail have only 6 feet in breadih, and 24 feet in
length, it will have the fame fuperficies of 144 feer, and its
Centre will be alfo 12 feet from the Axis; wherefore it wiil
{uftain as yer the 210 pounds, having 12 feer of diftance from
the Axis: But if the diftance from the axis te the Centre of
the fail is of 15 feet, it will fuftain 262 poundsand .

But through thefe three caufes of diminution they fuppofe
the angle of the fails of 6o degrees, with the Tree, or Axis,
where they are faltned; the force of the wind reduces it {elf
to fuftains ror pounds and 2; having 1¢ feet of diftance from
the Axis: And becaufe there are four fails, the force of the
windwill fuftain 407 pounds at the diftance of 15 feet from the
Axis of the fails. :

But the femidiameter of the wheel being fuppofed of four
feet, if we make it as 4 to 15, {0 407 10 1526, this will be
the number of the pounds which meafures:the force of the
wind againft the Spindles of the Lantern, in the fuppofition
thar it makes 24 feet in one fecond; there is no regard of the
rubing, or wearing, in all thefe Calculations.

In the-horizontalMills you cannot-have about bur one fail;
againft which the Wind acts dircéily, and it muft be made of
an extraordinary greatnefs, for to caufe the fame effeét as the
4 vertical fails of ordinary Mills, as- "ts eafy to compute by
the precedent Suppofitions. . :

PROPOS. XIV. Fig 209.

Of Wheels, and-of Lanterns, with their Elbows, or crooked.
Axes, for the moving the: Suckers of Pumps..

IF the power turns the wheel vertically, we muft only bend:
the ends of its-Axis; as you fee here in the figure G H. .
Bur if the motion of-the power be herizontal, as-if it be ap-
plied 10 the arm C D .of an horizontal wheel A B, you muft
adjalt the. Lanterns EF, fo thar their Spindles enter- in to

the-
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the teeth of wheel, and that their crooked axes may work the
effect that we defire.

In each crook of the Axis you may put a kind of little ring
T, which is faftned to the end of the Iron of the fucker K, fo thac
in the motion of the Lantern, the crooks of the Axes raife them
and let them fallalternatively,or by turns one after another,thefe
raife and deprefs the Peftles, or Irons, to which the Suckers
are faftned in the body of the pump; this ao makes it give one
ftroke of the Iron to each turn of the Lanterns.

We may make the diameter of thefe Lanterns-a fifth- pare
very nigh of that of the grear wheel; ro theend, that for each
going round of the great wheel, the Lanterns may make five.
But however commodious this Proportion is, we will not
make a Rule, becaufe it muft have regard to the {wiftnefs of
the power which may be too great for this proportion, and:
which will move the Rods, or Peftles, too nimbly.

PR 0P 085XV

I toothed Wheels the number of Teeth-mufl not contain ex~
altly fo many times the Teeth of the Pinions, or Spin-
dles of the Lanterns to which they are applied.-

His Rule concerns: only the execution, and. we ought to
- have regard to make it {o; that the teeth of the wheels-
do not always rencounter the fame teeth of the Pinions, for
when they rencounter, or meet different ones, they grow
perfect in rubing and in ufing themfelves one againtt the o-
ther, and by degrees they make very nigh the hgure which
Behoves them, for to aék equally in their different rencountes,.
and in the different lengths from their Axes, which is.explain--
ed in the Treatife of Epicycloids betore.

It belioves to pradtice this Rule exaétly, that the number:
of the teeth of the Wheels, and of the Pinions, muft be:
Primes bertween themfelves, thar is-to fay, that they do not.
admit of any other common meafure than Unity, and {0 the.
{ame tooth of the litde Wheel, or Pinion, rencounters not:
the fame tooth of the greac Wheel, bur after thar the litle.
one hath made {o many revolutions; or turms; as there are.

tecth in the great wheel,

Bus.



210 Mechanick, Powers.: ‘Book X,

Bur becaufe there is but lictle difficulty to make one divi-
fion of two prime numbers, we may make the number of
teeth of the ‘great Wheel ;. for example, of 48 or 6o, and
thofe of the Pinions of 6 or 8, and in the Mills, the grear
Wheel of 48 teeth, and the Lantern of -ro Spindles, to the
end that the fame teeth may meet as few times as is potlible ;
for if the Wheel have 60,.and the Rinion 6, the leaft num-
bers which keep .the {ame proportion will be 10 and 1,
wherefore the fame teeth of the Pinion of &, rencounter not
them lof the Wheel bur after 10 revolutions ; and if the
great Wheel have 6o, and the Pinion 8, the teeth of the
Pinion! rencounter not the fame teeth of the Wheel, dll after
15 revolutions, becaufe that 15;and 2 are the prime Num-
bers between themfelves, which exprefs the relation of 6o
and 8: Laftly, if the Wheel have 48 teeth, and the Pinion
or the Lantern 1o, the.teeth of the Lantern rencounter not
the fame teeth of the Wheel bur after 24 revolutions, for
the numbers 24 and g, are the two prime numbers which
expre(s the relation’ between 48 and’ 1e, 'and ’s this which
makes us {ee thar we cannot find a number of teeth which
is maore properfoi the Wheel, «and for the Lantern-of Mills,
for the divifion into 48 parts is ealy, and may be done very
exaétly, and that of, 1o \is commodious, and may be re-
wduced 0 gaoii | '
i i o e gt XVL | ;

B

Of obligue and interrapted Movements, or Motions.

Fig. IF the chord D of the weight P, be wound about on
2LO. the roller of the beam G, and . thart ;he Ch{}i'_d- F
which ought to draw the, litile, wheel E, by means of the
pulley L,~on which pafles the chord F; for to go to falten’
ic to the top of the litde wheel E, pailing alfo on another
pulley I, 'which is faftned ro the top of the little wheel E,
and which is fiayed at laft in. M towards the puliey L ; tis
evident, that when the roller (tusms round for. o draw the
chiid ¥y ir-windes at the fame time. the chord D, which is
twafted “on theorall Gy in a contrary fence of. the chord F:
But if thechord Fis twilted on the roll G of 6 feet long, the

" e weight
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weight P defcends at'the fame time from 6 feet high, and will
alfo at the fame time be raifed by the motion of the little
wheel throughout the hollow it runs in.

But the Chord F having been drawn the length of 6 feet.ic
will not make the lirtle wheel to advance bur 3 feer; for as it
palles through upon the pully I, and is ftayed in M, it doth
not advance the pully I, and the hittle wheel E,which are faft-
ned together, but the half of its movement, or 'motion.

Wherefore when the chord F is twifted on the Roll G of 6
feer long, and thar the chord D is alfo rwifted or wound a-
bout of 6 Feer in length, the little wheel E will not have made
but 3 feet of its way; and by confequence the weight P will
not be raifed up again, but 3 feet by the motion of the little -
wheel E; it appears then to be defcended 3 feer, which is fo
much as the little wheel hath madé ‘of way on the hollow
groove, wherefore it defcends by this means by half a right
angle, or it defcends fo much as it advances.

Laftly,if the chord D which is faftned to the round beam,is
all wound up, and that it begins to wind it {elf abour in the
fame {ence as the chord F, then the weighe P rifes again; but
it rifes three times as much as it' advances towards L: For if
the chotrds D and F are wound about of 6: feet on the Roll of
the round beam, the weighr oughr alfo to be raifed to the
height of 6 feet by meansof the chord D, and it ought alfo to -
be raifed 3 feet by means of the little wheel E which draws
it, and which pafles over 3 feer, while that its chord is drawn
6 feet' ; then the weight will be raifed ¢ feer while chat'ic runs
‘over only ‘3 feet in length, which s'the moétion of the little -
wheel E. # ' |

But when thechord D is wholly wound of the round beam; or
cyclinder, and that the weight begins to rife, 'if you make
a ftop to the chord F,as in R, in place which it pafles ar thac
time over the pulley I, {othat the cord cannot any more turn
on the pulley,the fame thing will happen as if it were faftned |
at the top of the little wheel E, and the weight will be raifed
6 feet, by the motion of its chord D,and 6 feetby the motion
of the little wheel E,it will then have run over 6 feetin length «
hanging, while it is raifed 12 feet. .

Now if the parts of the Roll of the round beam on which :
the cords D and F are wound, are of different diameters, ir:
will make the movements or motions, different,and. in different .

pPro-
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proportions of thofe which I come to explain; but it will be
cafy to determine them, the Diameters being given, or elfe,
the motions being propofed, it will be eafy to find the Diame-
ters of the Roll which will ferve them.

We may allo by the fame means make it {o, that one part of
the way of the weight fhall be Horizontal, and the other part
rife or defcend perpendicularly, or obliquely, which requires
no long Explanation ; I fhall {fay no more of circular motions
in rifing,or defcending, feeing they only depend or belong to
the figure of the hollow groove. There isin an all thefe motions
many little cautions to be obferved, which muft be left to the
induitry of the Artificer.

We may alfo make many motions different and oppofite the
one to the other, with oneand the {fame motion, by the means
of pulleys, referring from onetoanother which change the di-
rection of the motions, which ferve chicfly to make the changes
of the Decorations, or Ornaments, of the two wings of Thea-
tres; for one axis only A ( Fig. 211.) which bears the Tam-
bours,or Cylinders B C, of different diameters, coming to turn
by means of a counter poife, or weight, makes to advance to-
wards the middle of the {cene beneath the Theatre, the falfe
£rames or fhathes D, which bear or carry the Ornamentsor De-
corations by the means of the chords C E, B E, which are faft-
ned 1o thefe fhathes, or frames, and which are wound about
on the Tambours in a contrary fence: Thefe fame fhathes D
advancing, and thofe of G retiring at the fame time, whofe
place they rake, by means of one or two chords I, which are
faftned to thefe two fhathes, which pafs above the pulleys thar
refer from one to another H, which are thofe in the walls of
the two fides.  The motion or way of thefe two fhathes will
be more or lefs according to the proportion of the Tambours,
or Cylinders, which bear the cords of their motion.

Prop,
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PROPOS. XVIL Fig 213
How to raife a weight by an obligue motion.

Y Etthe weight be P which is to be raifed obliquely from P
to A, the Engin which ferves for the movement being a
the height of A. |

Make ahollow groove A B compofed of two pieces of wood
which are only removed one from another, fo much as to leave
room for the chord to pafs freely which fuftains the weight P,
and which muft be placed Horizontally ; the chord CDH
-which fuftains the weight P, is{tayed firmly in C towards the
end B of the hollowing, and pafles in the overture berween

he two pieces of wood of which ’tis ‘made; it ‘pafles alfo a-
bove the little wheel E compofed of three pieces, viz. of two
lictle wheels,or rollers,at its ends, and of one pulley between
two, on which pafles the chord C D H. Towards the end A of
the hollow groove there is a Cylinder, or round beam G with
its arms for to draw the cord F, which is faftned to the top I
of the little wheel.

"Tis exly to behold by the conftruion of this Engin, that
“when the chord L F draws the little wheel E from B rowards A,
-the weight P raifes obliquely, or a flant, from Hro A, and that
the elevation of the weight P will be equal to the length of the
Jhollow groove A B.

‘We may alfo make it that the Elevation of the weight P fhall
be in whar proportion we pleafe with its Horizontal way ; for
Example, that the weight P be raifed 20 feet hanging,while it
pafles over 6o feet Horizoneally.

For this effet we may place the motion of the chord F,which
draws the little wheel E from B towards A at the end B of
the hollow groove with a pulley towards A.

Alfo the round beam, or Cylinder, being placed towards B
which draws the chord F,will advance the little wheel from B
towards A. But then it will caufe the cord C D H which {u-
ftains the weight P to be twilted onthe roll of the round beam,
and that it will not be faftned immoveably in the point C, as
before ; the place of the roll where it is twifted, muft have iis
diameter {maller than the fame where it twilts the cord F,
when the Cylinder makes the little wheel E to advance on the

S1 hollow
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hollow groove,and then the chord D will be twifted in a con-
trary fence to that of the chord F, to the end thar it may wind
off, as the other twifts about. The proportion of the diameter
of the part of the roll of the round beam where the chord F
winds about, to the diameter of the other part where the cord
D is twifted, or wound about, ought to be as the Horizontal
way to the difference of the two- ways, which is the fame as
6010 40.0r as 3 to 2. For then when thechord F draws (for ex-
ample) the little wheel E on the hollow groove through the
{pace of ¢ feer, that part of the roll wherethe chord D is twift-
ed will have wound 4 feer, and by confequence the weighr
P will not be railed as yer but 2 feer, although it have run o-
ver 6 feet of Horizontal motion. ,

It will be she fame thing for any other proportion of Ele-
vation 3 obly we muft Note, thar if we would have the weight
P make a greater motion in height than in length, for exam-
ple, if we would have it rife 3ofeet hanging, while it runs o-
ver but 1o feet im length or Horizontally, it behoves that the
diameter of the roll for the chord F be made to thediameter of
that pait of the roll for the chord D, as 1o,which is the Hori-
zontal way, to the difference 20 of the two ways. Forif to
each bout of the Cylinder the chord F make 3 feet of way, the
choid D will make 9, for the circumferences of the rollsare in
the fame reafon or proportion as their diameters ; and by con-
fequence the weight P rifes 6 feet, becaufe of the diameters of
the parts of the roll, and it rifes ftill 3 feet in the fame time,
which is equal to the Horizontal motiun..

As to the fwiftnefs of the motion we may give it what we
pleafe, for if the cylinder cannot draw the chords which make
the motion with {fo much fwifinefs as we require, it muft be
done by means of a counter weight very heavy, which we
may raile to an height equal to the Horizontal motion, and
having faftned this counter weightroa cherd wound about on
the roll, where theother chords whichierve to the motion are
likewife twilted, but in a contrary fenfe, when we let loofe
the counter weight it will turn the roll' with a great fwift-
nels. .

We commonly moderate this motion by means of a chord,
which ferves to make the tricker,or detainer, and which being
applied againft any body where it {lips and retains afterwards,
with the hand we may let it loofe to fuch a proportion of fwift-
nels as we would give to the Engim, This
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This{ame tricker,or detainer, ferves alfo to render the moti-
on equal, which will otherwife be very unequal becaufe of
the acceleration of the counter-weight in defcending.

When cne chord ferves it {elf, of many which-are placed
one from another for to raife the fame weight, or which is
the fame thing, which f{uftains it in feveral places, there muli
be inftead of the lictle wheel .E, a fhath or frame of wood,ufed
as M M, in which there muft be rolls, as N, which ferve with
the pulleys to pafs the chords above, thefe rolls turn on thei
Axes which enter in the long pieces of the fhafh or frame. This
fhath muft run along on the two pieces of the hollow groove,
being drawn through the hook O where we faften the chord
which ferves to its motion ; but it behoves that theihath be
kept on the hollow grooves that it fall not from one fide to the
other.

We may alfo inftead of the hollow grooves, make ohe chord
only to {erve, being well ftretched outr, on which muft pafs
a pulley, as R, which {uftains another S, which ferves to fu-
ftain the chord of hanging motion which the puliey R runs a-
long in, in rouling on the chord which ferves for the  hollow
groove. (] 122209 5

[ fhall not fay any thing concerning the manner’ of making
thefe hollow grooves, and their detainer in ditferent places to
render them folid, becaufe it belongs to workmen, which
work in Carpentry or Joynery. |

We may alfo make of thefe forts of movements which crofs
themfelves without trouble or confufion, for if one ferves to
the fhath, asI have explained before, it is eafy to fee that the
hollow grooves may be cut and interrupred in any place in a
{mall fpace of 4 or 5 inches, which may lerve for the pafling
of the chord which fuftains the weight, which moves it feif
with a ditferent motion from that which,is borne'on the hollow

roove which is cur. withour which the motion of the weighe
will be hindred ; for the fhafh having iislong pieces fupported
on thofe of the hollow groove, it may. pafs eafily above the o-
verture of the hollow greove.

What I have faid concerning the raifing of Weights, may be
applyed to their defcent.

@G b
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4 Catalogue of Globes, Celeftial and Zerreftrial,
Spheres,, Mapsy. Sea-Plats, Mathematical L.
Struments, . and Books, made and Sold b J. Mox-

on, at-the. Sign of Atlas in Warwick-Lane, .
London. .

Ga‘:aéu 24 Inches Digmeter.- Thie price 20/, the pair.
- Globes near 15 Inches Diameter.. The price 4./,

Globes 9 Inches Diameter, The price 2/ 55

Globes 8 Inches Diameter. . The price 2 /. .

The Emlifh .Glsbe, invented by the Right Honourable the.
Earl of Caftlemain, 12-Inches Diameter; the. price ordinary
made up 3 /. beft made up 5/ '

_ Gonecave Hemifpheres of the Stary Orb, which ferves for.a
Cafe to the Terreftrial Globe 3 Inches Diameter, made portable.
for the Pocket, price 1§ s..

Spheres, according to the Pro/omaich Spltem, 14 Inches Dia.
meter, price 3./

Spheres, according to the Prolomaick Syfiem 8 Inches Diame-
ter, prices 1/, 10y, ]
 Gunter’s Quadrant 12 Inches Radius;. Printed on-Paper, and :
palted on 2 Board,. with a No&urnal on the back-fide, price
e
; Gunter's Quadrant, 4 Inches Radius, Printed-on Paper, and
pafted en Brafs, with a No&@urnal on the back-fide, and a .
wooden Cale covered with Leather fic for ic. A new  Inventi-
on contrived for the Pocket, price6 5.

A large Map of the Warld, 10 Foor lang, and 7 Foor. deep,
palted on Cloth and coloured price 2 /. '

A Nap of all the Werld, 4 foor long and 3 foor deep, pafted;
on Cloth and coloured, price 10+ in Sheets 25, 64d.

Six Seriptural AMaps, 1, Of all the Farth, and how after the
Flood it was divided among the Sons of Nuah, 2. Of Paradife

UL .



or the Garden of Edes, with the Countries ewcumjacent inha-
bited by the Patriarchs.

The 40 Years Travel of the Children of Ifrael through the
Wildernefs. 4. Of Canaan, or the Holy Land, and how it was
divided among the Twelve Tribes of Ifrae/, and travelled thro’
by our Saviour and his Apoftles. 5. The Travels of St.Pau/ and
others of the Apoftles, in the propagating the Gofpel. 6. Fe-
rufalen, as it ftood in our Saviours time, with a Book of Expla-
nations to thefe Map, Entituled, Sacred Geogrephy, price of
of the Maps 6 s. Book 2 s. to be bound up with Bibles.

B0 KoY

"R Tutor to Aftronomy and Geography, or-the Ufe of the Glabes
Celeftial and Terreftrial; by Fofeph Moxon, A member of
the Royal Society, and Hydrographer tothe King's moft Ex-
cellent Majefty, price 5
The ufe of the Copernican Spheres, teaching to folve as the
Phanomina by them, as eafily as by the Prolomaick Spheres: By
Foleph Moxon, &c. price 4s.
Wright's Correction of Errorsin the Are of Navigation, p. 8 ».
An Exact Survey of the Microcofm, being an Anatomy of the -
Rodies of Manand Woeman, wherein the Skin, Véins, Nerves,
Mufcles, Bones, Sinews, and Ligaments are accurately deline-
ated : Engraven.on large Copper Plates; Printed and: curiouily
pafted together, fo as at firft fight you may behold all the Parts
of Man and Woman ; and by turning up feveral Dillections of
rhe Papers, takea view:of all their inwards, with Alphabertical
References to the Names of every Member and part of the
Body: Set forth in Latin by Remelins and” Michael Spaber of
Tyrol, and Englithed by fohn Ireson Chyrurgion; and lattly,
perufed and corrected by feveral Artifts: Now correcied by
Clopton Hawers, M. D. and Fellow of the Royal: Society, price
plain 15 s. coloured 1/. 1041
A Tutor to Aftrology, or Aftrology. made eafie, price zs.
The Ufe of a Mathematical Inftrument called a Quadrant,
price 6 d.
" Mechanick Exercifes: Or, the Doctrine of Handy Werks, in
nine Monthly Exercifes. The Firlt. Three, wiz. Numb. L
Numb,



Numb. 1. Numb.1II. teaching the At of Smithing. The Se:
cond Three, wiz. Numb. IV, Numb. V. Numb. VI. teaching
the Art of Fonery. The Third Three, wiz. Numb. VIL. Numb.
VIII. Numb. IX. teaching the Ar: of Honfe Carpentry.  Accom-
modated with f{uitable Engraved Figures, by Fofeph Moxon,
&ec. price of each Monthly Exercife 6 4.

Mechanick Dyalling ; Teaching any man, though of an ordi-
nary Capacity, and unlearned in the Mathematicks, to draw
atrue Sun-Dyal on any Given Plain, however fituated ; only
with the Lelp of aftraight rule and a pair of Compalles ; and
withour any Arithmetical Calculation,by Fof. Moxon, p. 15. 6 d.

Meliificium Menfionis : Or, the marrow. of meafuring com-
priled in 6 Books with Copper Plates, fhewing a new and
ready way of Meafuring, Carpenters, Bricklayers, | Plafterers
Joyners, Glaziersand Painters works, and all Superficies and
Solids, price bound 35 64. ' |

At the place aforefaid, you may have alfo all manner of
Maps, * Sea-plats, Drafts, Mathematical Books, Inftruments,
¢re. at the loweft prizes.

ERRATAES mended thus:

Page | L. :
3 | 27 | To the Proportion.
4 12 | with.
s |30 | Strike out [ e ]
# | 10 ! Lefs.
r1i3sza | “Will
11 | 31 Leotaudus.
12 g .A. B.
12 |'ult  the Comma to be after [ sefore ]
13 |36  ftrike out [ they fhould bave |
13 |37 ' ftrike out [ they fhould bawe |
14 | 13 Propofition 1V, |
27 | 12 Hang a thred.
38 |30 | cin like manner.
391 5§ I?:ﬂan!.‘.
g1 | 15 Foremoft.
§3 | 5 Strike out [ in]
53 | 20 = Leaver.
53 124 and D Q.
53 26 | ftrike out [.r'.u ]
ss | 6 | add [ on ruving ]
s7 |12 | Axis.
Y rgy Axds.




10§
106
117
| -1
125
126
118
329
130
134
137
139
.[4.1
I:H.
145
146
147
149
150
151
Isz
153
160
163
166
70
173
176
179
132
183
184
idg
i8¢
185

9

12

s8 and p. 59 1 the firft [ 59 ] kg Bt
62 and p. 63 L the firft 63 o
hands. .
Tube.
Tube,
then.
Fig. 73.
the
Fig. 74.
will be tripled.
| of.:
f Fhundil:lt.
 fome things. . =
| The whul% circumference of the circle de‘cribed
|l by the wood, would be compared with the line
| NO.
| remain.
| ftrike out [ the §
ftrike out [ iz ]
| ftrike ouc [ sk |
| ftrike out [ rhe ]
| ftrike out [ to0
' when.
to the hindmoft.
{trike out [ée ]
and a liccle.
Bucket M being
raifed into line the 18, then
Silken.
mutft.
rife.
mixt.
K H.
KL;lineas HN
that 1s it.
Cabeus:
B D.
B D.
in,
Feathers.
proceeding.
of the Centre.
but only.
with a Semicylindric.
no extream end’ of.
by fhortning the rule,
fgri]n Fig. 129. let.
the Jags.
lightly.
4

Problem, V.

186



. |
374

confift.: .|

wearlipg.-

uality.

ﬁ?r the way! .. g i)
Slownefs, line 19. Clocks, Meafure.
alwaies. ¥ - ‘o
require greater weights; liae 35, thew
adapt : line 19, applyed.

ftrike out! ['an ]

wings. ;

in an hour. - ° p
thicknefs, line 30, add Fig. 541,
to be ufed. 7 o ] :
piehxt: .-

third Minutes. _
2175 and {o gradually in the humber of Pages.

one : line 20 ftrike out [t/ ]

i

221, ¢&e line 7, the'

223, ¢ gradually, _
plate. -5 1
its hand : line 30 Attifices.
make a Comma after Indexes.
dividing: line 7 a Quadrate,
ftrike out [ ard ] 21
they. 5

interval. - :
Wheels, b

after [rable] make a full flop.
B to C.

Syftem. line 24. perpetually,

Leaves. ,
leave out [ lefz |
pals. |
Flexible,

ftrike out [ 70 ].
re-enter,

cV.

Axis.

Effort.

they come,

‘Prop. XIV,
fuftain.

Proph X¥Wuns ' & dyiv
Prop. "XV
F.rﬁp.- ; X‘JIL

Cylinder. .

- in the place.
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