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AND
Pneumatical EXPERIMEN TS,

. To be perform'd by FrRANcis HAUKSBEE; and, the Explanatoty,
LeQures read by WiLL ram WarsTowN, M. Al

MECHANICK S,

1t DAY. IR ISAAC NEWTQN's Three
: Laws of Motion, or Nature, demon-
ftrated by Experiments.

That the Velocity of Falling Bodies is as the
Times of Falling, and the Lines of Defcent in the
Duplicate Proporcion of thofe Times,

An Inoftrument to meafure che Force of Falling
Bodies,

Experiments cuné:flla,iﬁg' the Sliding, Rolling, and

~ Falling of Bodies.

Thac Bodies will afcend as high, as whence they
fall by the laft Velocity imprefs'd, when all Obfia-

Thar Bodies by a compound Force move in a Di-
agonal Line, -

ad-The Balance and Salyard, wich all their
reies and Ules (hewn and explain'd.

The Method of eftimating’ the Momentum, or
Quancicy of Motion in-any given Body,

he general Principle of Mechamcks eftablifhed

upon this Method.
Experiments to demonftrate the differenc Effets
of the fame Weight or Power atting in different
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sd_All the Phenomena of Pulleys, both fingle
and in all their poffible Combinations explaind. =
The Power of the Wheel or Axis in Peritrochio &8
explain’d. e ¥
The Wedge, with the Method of compuring issj *°5
Force, deduced from Experiments. oA T
The Screw, with che manner of computing i
Force. - 4 1:V & T

A Compound Engine. . : e
4th—An Experiment of Lifting a Weighe by 2 =
Chain of Inflaced Bladders, wich its Applicatiento
Mufcular Motion, : e B
Galilee's Demonftration concerning the Scrength of .~ 8
the Banes, Timber, ¢r¢. reduced to.Experimenc, | WSS
The Method of computing the Force of the Air | "8
on the Sails of Windmill:, and of Ships ; and of Wa.
ter on Water-Wheels, and onf the Rudder of a Ship,t
Experiments to fhew the proportionil Advatitages %
of large and fmall Wheels, in all Sorcs of Carriages, = =8
as Coaches,- Waggons, Carts, {re. 3 - A
| e
sth~An Experiment to fhew, chat the lateral =
Motion compounded with the perpendicular Proje-t
étion, does noc aleer the Line of Afcent or Defceas
in the projeted Body. R e 1
The moft confiderable Objeftions againft the Mo-

Direétions ar the fame Poine ot any Engine.

- The lf.efulution of Forces into thofe of other Di-

pettions,
Al the various Kinds of Levers explain'd,

| ment,

tion of the Earth, anfwered from this Experis
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Thar the Line defcribed by a Projedtile is a Para-
“bola.

The Experiments upon which the Art of Gunne-
ry does depend, moft exadtly perform'd,

éth Experiments concerning Pendulums,

The Defcription and chief Propertics of the Cy-
cloid, and the Application of Cycloidal Cheeks for
regulacing the Vibrations of Pendulume.

An Experiment to fhew the Analogy between
the Swings of a Pendulum and the Waves of the Sea.

Experiments ‘concerning the Expanfion of Merals
by Hear.

7th—The Laws of Motion in the Collifion of Hard
and Elaflick Bodies. _

Experiments concerning the Centrifugal and Cen-
tripetal Forces of Solid and Fluid Bodiesin Motion.

Experiments in order to eftimate the Cencrifugal
Forces of Solid Bodics.

MAGNETICKS.
8:h DAY. A Teradive and Diredtive Powers of
Load(tones.

The Form or Pofition of Filings of Iron at the
Poles and Equartor of a Loadftone.

Magnerick Power ats thro’ all Bodies but Iron.

The Artradtion of different, and Repulfe of cor-
refponding Poles. [

T he manner of touching and untouching of Needles.
| The Law of Magactick Attrattion difcover'd,

¢th—The Phznomena of Terrelle, or Spherical
Loadftones,

The Dircftion of Magnetick Needles on the Sur-
faces of Terrelle nearly towards the Poles,

Their Variation Eaft and Weff, v

‘The Inclinatory or Dipping-Needle, with the Law
of the Aleeration of that Inclination on the Surface
of a Terrella. ‘

The Terreftrial Magnetifm confider'd.

The Application ot the Dipping-Needle to the
Difcovery of the Lengitude and Latitude of Places
by Land and Sea.

OPTICKS

-yoth DAY. T Xperiments to demonfirate, thar in

E the Rays of Lightthe Angle of In-
cidence is equal to the Angle of Refleftion in all
Sorts of Surfaces.

The Method of cracing the reflefted Rays of
Light from Plain, Convex, Concave, and Cylindri-
cal Superficies, wich all their wonderful Properties
and Ules, fhew'd and explain'd.

3 1eh—Sir If. Neweon's Reflecting Telefcope exhibired,
and irs Conftru@ion explained ; together with fome

r

a’

Specimens of irs Ufes in obferving the Planets and:
Fixed Stars,

12th—Experiments to fhew the Manner of Re-
fraction, '

The Sines of the Angles of Incidence and Re-
fraction, fhewn to be (arall Degrees of Incidence )
in a conftant Proportion to each other.

An Infirument to meafure the Refra&tion of Fluids,

The Method of tracing the Refrafted Rays of
Light thro' Plain, Convex, and Cpncave Superficies.

13th—An artificial Eye, in which all the Coars
and Humours are curioufly reprefented,

The Diffection of the Eye.

The Explication of Vifion by the naked Eye,
deduced from Experiments. '

14th_All the Effets, Properties, and Ufes of
Plain, Convex, and Concave Glaffes, both fingle
and combin'd in Telefcopes and Microfcopes,
fhew'd and explain’d.

Several Kinds of Microfcopes and Telefcopes,
with the Manner of applying them to their refpeétive
Objefts ; rogether with a Specimen of cthe Ufes of
fuch Microfcopes and Telefcopes.

A Muloplying Glafs.

The Magick Lanchorn,

15th—A particular Apparatus to manifeft and
meafure the Refraétion of Air.

The Camera 0b[cura.

The Theory ot Liﬁht and Colours, as delivered
by Sir Ifaac Newton, demonftrated by feveral of his
principal Experiments.

The Archbithop of Spalats’s Experiment, which
difcovered che Caufe of the Rainbow,

Monfiear Hugen's Experiments, which difcover
the Caufes of Halo's, of the Mock Suns and Moons,
and of inverred Rainbows. ,

Experiments concerning the blending and Pro-
duttion of Colours by Motion. i

HYDROSTATICKS.

16th DAY.~y~*H A T Fluids gravicate in proprio
T the upper Pil‘%ﬁ mn:inu:llir q];r:fﬁb:g’
upon the lower : That this Preflure is not only
pigated Downwards, bur even Upwards, and Side-
ways, according to all poffible Dire@tions; That a
ligl{:cr Fluid may gravitare upon a heavier, and an
heavier upon a ligheer ; That a Fluid may fuftain a
Eody heavier in Specie than ic {elf, and even raife ic
up; That a Fluid may derain a Body lighter in Spe-
cie than it felf, and even deprefsic. A general Ex-
periment to prove, thac a competent Preflure of a
Fluid may preduce the remarkable Phznomena of
the Torricellian Tube, the Pamp, Syringe, Syphon,
polifhed Plates, and other Effc(ts of the like Nature,
b o Shatl o et e
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y7th—That Fluids prefs according to their per-
icular Alditudes, whatever be their Quantities,
or however the containing Vefiels be figured. The
exa®t Eftimate of all manner of Prefiures. That
the Velocity and Quantity of Fluids running our at
a given Hole, is in the fubduplicate Proportion of
their perpendicular  Altitudes,  Several Sorts of
Pumps. Of the finking and floating of Bodies im-
mers'd if Fluids 5 their relative Gravities and Levi-
ties; their Sitvacions and Pofitions. The Phanome-
na of Glafs Eubbles and Images accounted for.

18th—An Inftrument to find our che Specifick
Gravity of all Liquors. The Hydroftatical Balance
explain’d, with the Methods of determining the
Specifick Gravities of all Sorcs of Bodies, whether
Solid or Fluid, thercby, The Praxis of the Hydro-
flatical Balanee, whereby the Specifick Gravines of
feveral parricular Bodies are actually found our. Some
Account of the various Ufes of fuch Enquiries.

PNEUMATICKS illuftrated by Experi~
yments ﬁl?‘ the maoff part Tubular , being

+ fuch as were wont to be made before the
Air-Pump was invented,

HE feveral Phznomena of che Tor-
ricellian Experimene exhibiced and
explained. Other Experiments of the like Nacure,
with Fluids varionfly combin'd. Several Sorts of
Birometers, Thermometers, and Hygrofcopes. The
Preffure of the Air fhewn by Experimene to be dif-
ferent ac different Altitudes from the Surface of the
Earth.

19th DaY.

soth—The Denfity and Spring of the Air proved
by feveral ways to be as the Force which com-
prefles ir, and reciprocally as the Spaces into which
it is compre(s’d. From hence an Enquiry 1s made
into che Limics and State of che Atmolphere.

21ft—The Effelts of the Weight and Spring of
the Air in Syringes, Pumps, Siphons, polilhed
Plates, Cupping Glaffes, Suttion: Refpiration ex-
plained by arcificial Lungs ; Thar the Air may be fo
diforder'd by a violent Impulfe, as to require Time
to recover irs Screngeh and Elafticicy again.

The more known Properties of the div effa=
biifbed by the Aiv-Pump, and other Engines.
HE Air-Pump ; the Inftraments for

22d D.&Y»,T
; Condenfing and Transferring of Air;
their Fabrick, Operation, and Gages ¢xplained.

2 3d—A Parcel of Air weighed in the Balancej
irs §peciﬁ=:k Gravity to that of Water derermined
thereby ; an artificial Storm, fhewing chac highWinds
may make che Barometer fink much and fuddenly.

24th_The Weight, Preflure, and Spring of the
Air prov'd feveral ways ; by the Senfe of Feeling ;
by breaking Glafs Vials ; by the Phznomena of
Bladders, Glafs-bubbles, Founrtains ; che Gardiner’s
Warering-Por; the Diving-Bell, goe.

25th==The Torricellian Tube in Vacwr; Quick
filver raifed to the ufual Height of the Weather-
Glafs, by the bare Spring of a little included Air ;
Otto Gerick's Hemifpheres 5 and chatr denfe Air has
the fame Advantage over common Air, as that has
over a Facwim,

The Ebullition of Liguors in Facas; the Quan~
tity of Air contain’d in them; the Suftentarion of
Fumes and Vapours ; the Defcent of Bodies inFacua.

The more bidden Properties of the Air con-

fider’d by the belp of the like Engines,
26thDAY~g* H E Influence of the Air examin'd as
to the Caufes of Magnetifm ; the
Elafticity of Springs ; the Cohazfion of the Parts of
Matter ; the Sphericity of the Drops of Fluidss
the Afcent of Liquors™ in capillary Tubes, and be-
tween Glafs-Planes in the Carve of the Hyperbola,
both by the Atcradtive and RepulfivePower of theGlafs.

27th—_The Influence of the Air, as to Sounds, Fire,
and Flame ; the Confumption of Fuel ; the firing of
Gunpowder; the Effeéts of rarified, condenfed, and
burat Air upon the Life of Animals.

28cth_ A Piece of Phofphorus in Fiacwo 5 new Ex-
periments concerning the Mercurial Phofphori; Ex-
periments concerning cthe Elericity of Bodies.

Every SUBSCRIBER is to pay Three Guineas; One Guinea at the Time of
Subfeription, and the Remainder, the Firft Day of the Courfe.

SUBSCRIPTIONS are taken in at Mr. Whifton’s, in Great Ruflel-Street ;
and at Mr. Hauksbee’s, 711 Crane-Court 7u Flectftreet ; where the Conrfe is to be

perforni’d,

i



Advertilement.

IR-Pumps, or Engines for Exhaufting the Air from proper Veffels,
with all their Appurtenances; whereby the various Properties and

Ufes of that Fluid are difcover’d and demonftrated by undeniable Experi-
ments. Engines for the Compreflion of the Air: Fountains, in which the
Water, or-other Liquor, is made to afcend by the Force of the Air’s Spring,
Syringes and Blow-Pipes, with Valves for Anatomical Injections. Hydro-
ftatical Balances, for determining the Specifick Gravity of Fluids and So-
lids. The Engine and Glaffes for the New Way of Cupping without
Fire. Scarificators, which at once make either 10, 13, or 16 Incifions.
Weather-Glafles of all Sorts, as Barometers, Thermometers, &*¢. Refle@-
ing Telefcopes, by which in fo fhort a Length as Six Feet, all that has hi-
therto been difcovered in the Heavens (by the longeft Telefcopes of the

common Conftruction ) may be obferved.

ALL the above-mention’d Inftruments, according to their Lateft and
Beft Improvements, are made and fold by FRaNc1s HAUKSBEE, in

Crane-Court in Fleetfireet, London,
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An Explication of the Firft Pr. ar k.

1GUR E. 1. This belongs to Galiled's famous

Demonftratien of the Velocities and Times of
Eodies defcending by an umiform Force, fuch is
thar of Gravity here below: And (hews that they
will ever fall in equal Times, 1, 2, 3, 4, (oc. ac-
cording to the odd Numbers, 1, 3, 3, 7, ¢rc. or
the Trapezia BCDE, DEFG, FGHI, ¢
and by confequence, that their Velocity willincreaie
uniformly in Proportion to the Lines B C, D E,
FG, HI, goc. or to the Times of Defcent. And
thar the entire Lines of their Defcent will be as che
Triangles ABC, ADE, AFG, AHI, (9c.oras
the Squares of thofe Times; 1, 4, 9, 16, Qe

Fig. 2. This is a firong Balance tor an Experi-
ment to prove the former Propofition, by fhewing
that any Buller or Ball, when it falls from four
Times the Heighr, has twice, from nine Times che
Height has thrice its former Velocity or Force; and
will accordingly raife a double or triple Weighr in
the ite Scale, ro the fame Height, and no
more ; and fo for ever,

. 3+ This fhews how Bodies upon an inclin'd
Plane will fide, if the Perpendicular through the
Cenrer of their Gravity falls within; and will rowl,
if that Perpendieular fall withour their common

Fig. 4. This fhews that an oblique Body will
ftand, if the Perpendicular through its Center of
Gravity cut the Bafe ; and chac ic will fall, if ic
cut not the Bafe: As accordingly we ftand when
the Perpendicular through the Center of Gravity of
our Bodies falls within the Bafe of our Feer; and
Iw_'a'i: are ready to tumble when it falls withour the
dmc. i

Fig. . This is a Conick Rhombus, or two
right Cones, with a common Bafe, rowling up-
wards ro Appearance, or from E rowirds F and
G : Which Poincs are fec highers by Screws than the

Poinc E.  But fo that the Declivity from C towards
A and B is greater than the Acliviey from E ro-
wards F gnd G. 'Whence icis plain, thac the Axis
and Cencer of Gravity do really defcend all che
way,

Fiz. 6. Isa Balance, in an horizoncal Pofture,
with weights at Diftances trom the Center recipro-
cally proportional o chemfelves 5 and thereby in
Aquilibrio.

Fig. 7. and 8. Are two other Balances in an
horizontal Pofture, with feveral Weights on cach
S'de, fo adjufied, thar the Sumof che Motion on
one Side, made by multiplying each Weighe by i
Velocity, or Diftance from the Center, and fo add-
ed togecher, is equal o chac on the cther: And fo
all is %!ili in Aquilibrio.

Fiz. 9. Belongs to the Liws of Motion, in the
Collifion of Bodies to be cried with Pendulums, or
otherwife, both as to Elaftical Bodies, and to thofe
which are not Elaftical.

Fiz. 10. Belongs to that Famonr and Funda-
mental Law of Motion, thac if a Body be impell'd
by two diftinét Forces in any Proportion, it will in
the fame Time move along the Diagonal of chat Pa-
rallelogram, whole Sides would have been delcrib'd
by thofe diftinét Forces ; and that accordingly all
Lines, in which Bodics move, may bz confider’d as
Diagonals of Parallelograms ; and fo may be refol-
ved into chofe two Forces, which would have been
neceflary for the diftint Motions along their two

Sides refpe@ively: Which grand Law includes che

Compofition and Refolution ot all Motions whatio-
ever, and is of the greateft Ufe in Mechanical and
Natural Philofophy.

Fiz. 11. Are two polite Plains inclined to ene
another, to (hew chac the Deicent down one Plain
will elevace a Ball almoft to an cqual Heighe on the
other. B Al
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MECHANICKSG.

7

An Explication of the Second P L A T E.

IGURE. 1. Ische deceitful Balance ; which

yet is in Eguilibrio ; becaufe the Weights 23
and 24 are reciprocally proportional to their Di-
ftances from the Center of Morion. Now this
Cheat is eafily difcover'd by changing the Pofition of
the Weights, and putting each of them into the o-
ther Scale, which will then be very wnequal, or
nearlyas 11 to 12.

Fig. 2. 1Is thac fore of Balance which is called a
Stiliard, and of frequent Ufe among us. Ttis only
a Common Balance, with Weights at Diftances from
the Center of Morion reciprocally Proportionable to
themfelves : Only here the Length of Parc of the
Beam is compenfared by a large Ball or Weight B,
fixed so che fhorter Beam ; and one Weight as w
removed along equal Divifions is made ufe of to
weigh feveral others, as 6 w, ¢oe.

Fig. ‘? Is defign’d to fhew how any Force is di-
minifh'd by its Obliquity ; and that a Weight hung
obliquely at ?. 2, 1, in the Circumference of a Cir-
cle or Wheel, is of no more Efficacy, as to the wurn-
ing of the Wheel round, than if ic were hung per-
pendiculary at the correfponding Points 3, 2, 1, in
the Semidiameter of the fame Circle,

Fig. 4. Is the Demonftration of the former Cafe,
by fhewing that in thofe Circumftances the Force
P B is refolved into two B F and B G, of which
B F pulls direitly from the Center, and is of no
Ufe to the turning the Wheel round : And foallthe
remaining Force 15 reprefented by the perpendicu-
lar Force B G, which is whelly fpent in tarning it
round. Sothatas BPis to B G, fo is the whole
oblique Force, to the real or dire& Force: Or fo,
in the fimilar Triangle BE C, is B C the whole ob-
lique Radius, to C E the Perpendicular : Or fo in
the foregoing Figure 1s O 1, O 2, O 3, the com-
mnn Hypotenufe or entire Radius, 0 0 1,02, 0 3,
. the Bales or fhorter Radij, where the String curs
the entire Radius perpendicularly.

Fig.s. Is the firft Sorc of Lever, where Cthe
Prop is berween the Refiftance to be overcome, or
Weight to be moved 5 w, and w 1 the Power or
Weight to mave the other by: And is fo like the
Cafe of the Balance or Sciliard, thar it nceds no
particulap Explication. A Crow of Iron isof this Sort.

Fig. 6. Is the fecond Sort of Lever, where the
Refiftance to be overcome, or Weight to be moved

W 3, is berween the Prop C and the Poinz A, o
which by the means of the Pulley P, the Power or
Weight to move the other by, is applied. Bakers
Knives for curcing Bread are commonly of chis Sort.

Fig. 9. 1s the chird Sorc of Lever, where the
Refiftance to be overcome, or Weight to be moved,
W 2 is at one End, the Prop at the other, and the
Power or Weight w 3 berween them. A Ladder
lifted up by the Middle, in order to be reard,
where one End is fixed, is of this Sorc. Only the
Force being in chis Cafe nearer the Prop than the
Refiftance to be overcome, or Weight ro be moved,
this Sort of Lever diminifhes Force inftead of in«
creafing it, and is cherefore of little Ufe,

Fig. 8. Is a common Lever of the firft Sore,
with its Prop'and equal Divifions, fit to be ufed as
the Stiliard. :

Fig. g. Is a compound Lever of the firft Sor, -
as long as the fingle one juft above ir, where a
Weight at G, by being doubled three feveral Times,
will raife eight Times its own Wm%h: ac A, aswell.
as the other does it at once. This laft 15 therefore
of the fame Force as the former, and no more ;.
and by being compounded, is lefs confiderable than
the nt{u.-r.

N. 8. Had the Proportion in the Compound Le-
ver, Fig. 9.been otherwife, as fuppofe the Parr BC
on one Side of the Prop B three Times che Lengeh
of A Bon the other Side, and the fame in che
other two Levers C E and E G 5 then the Weighe
G being but the 27ch Part of the Weight ac A, will
be in AZquilibrio wich it.

Fig. 10. Is a bended Lever of the firft Sorr,
where C the Prop is at an Angle, and the Force is
wncreas’d with C H, the Diftance of the Weight
w 1, which by the means of the Pulley P, is applied
to the longer Parc of the Lever; and in this Lea-
ver, the Power is to the Refiftance reciprocally as
their Diftances. An Hammer drawing outa Nuil is
fuch a bended Lever.

Fig. 11, 12. Shew that Levers or Balances thac
are even when horizontal, may be uneven in other
Poficions ; that is, too light when the Center of
Gnvit{wot one Weight is fix'd ro the Lever or Ba-
lance above, and it is elevated ; or below, and de-
prefs'd : Becaufe the Perpendicular cuts che hori-
zoneal Line too near the Ceacer in thefe Cafes.

An
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~duly firced to po<lerve equally in cheir Labour;
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MECHANICRKS

An Explication of the Third P A T k.

IGURE 1. Tsa Sort of Compound Lever of

the fecond Kind, where the Weight H 6 is un-
equally born by the Weighes F 4 and G 2, which
are reciprocally proportional to the Diflances C B
and C A ; and are accordingly in AEquilibrio.
Whence we fee how two Men may bear unequil
Parts of che fame Weighet, in Proportion to their

MNearnels thereto.

' Fig. 2.. Is another Engine of the fame Nature

»with the former; where the Lines D C, A E,

B ¥, and the Lever A B, are parallel to the Hori-
zon ; buc the Lines on which che Weights hang
Dw 7, E ws, Fwz, are perpendicular chercro;
and here a Force or Weight pulling at che Poinc C
fufiains che unequal Weights w 5 and w 2 in Fqui-
librio: Provided the Diftances C B and C A be re-
ciprocally proporrional to chofe Weights. Whence
we learn, how Horles of unequal Scrength may be

viz. by raking care that the Beam by which the
boch draw a Weight or Waggon, may be divided
at the Point of Tradtion as C, in reciprocal Propor-

- tion to (uch their Strengeh.

Fiz. 3. A B is an upper Pulley, of no direlt
Advantage, buc for Readinefs of che Mocion, as in-
creafing not the Power at all ; equal Weights being
ever required to raife others.

Fig. 4. Ts an upper and an under Pulley con-
nedted rogether ; where the upper being of no Efh-
cacy, the lower does however double che Force, as
is ever the Cafe in fuch Pulleys.

Fiz. 5. Is a Compound Pulley of three upper
and chree under Pulleys, all communicating roge-
ther ; where therefore che whole Weighe is divided
among 6 Strings; and fo 1 Pound balances 6
Pound. The laft Scring BM 1, as paffing beyond
the laft upper Pulley, not being here to be reckon'd
of any Confequence. -

Fig.6. and 7. Thefe are Boxes of the fame Num-
ber of upper and under Pulleys wich che former ;
only in ocher Pofitions, and depend on che fame
Principle entirely.

An
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MECHANICKS.

An Explication of the Fourth P L. A T E.

P* IGUR E 1. Is a Syftem of Pulleys connected
ergether, whereby the Force is increafed by
Addition in Proportion to the Number of Cords
1) char one Pound, w 1, fultains five Pounds, w s,
as muft happen from the Equality of the ftrecching
of the whole Cord , and che confequent Divifion of
the whole Weight into five equal Parts, as equally
Tugporeed by chiem all.

Fig. 2. Tsa Syfiem of Pulleys not connedted to-
gether, whereby the Foree is increas'd, for every
lower Pulley 5 according to the Numbers, 2, 4, 8,
in a double Proportion ; becaufe every lower Pulley
doubles the Force of the former; as is evident ac
the firft Sighe; fince the Velocity of Afcent or De-
feenc of the greater Weight is every Time buc half
fo'grear as betore.

Fig. 3. 1Is the Axis in Peritrochio; or Wheel,
with its Axel ; where any Weighe or Force applied
roond E F, or C D, or A B, has jult fo much
greater Power to move the Wheel, or eurire Ma-
chine aboucr the Axis, as the Velocity or Diftance
trom che Geomerrical Axis it felf is greater. Nor
is there any farcher Difficuley in chis plain Engine.

Fiz. 4. This is only a Train of Wheel-work;
which by Compofition of Wheels vaftly increafes
the Force. Thus fuppofe the Diameter of the Bar-
rel E F, be ten times che Diameter of the Pinion
G: And the Diameter, or Number of equal Teeth
in G, be one rench of che Diamerer, or Number of
ecual Teeth in H I: And the Diameter and Velo-
cit of the Teeth in H I, be ten times the Diamerer
an{g Velocity of the Pinion K ; and the Diameter
or Number of equal Teeth in K, be one tenth of
the, Diameter, or Number of equal Teech in L M
And char the Barrel N O, be of the fame Diameter
with the Wheel LM, Thena Weight on the Barrel
E.F. will Lalanceaweight one hundred timesas heavy
vpan the Barrel N O 5 which is done by its moving
an hundred Times as fwiic as the ocher, For the
Yelociey 1n the firfl Barrel EF, to that of its Pi-

]

l

nion G, is as ten to one ; and thir in che Wheel
H I, tochacinies Pinion K, isallo as ten eo one.
While the Velocities ac eich Wheel, and its cor-
refponding Pinion in the other Wheel, as well a3 ac
the Wheel L M, and ics Barrel N O, arc equal,

Fig. 3. Tsa_compound Engine, ta prove chic in

a Wedge, as E M G, deprefs'd by a Weight w, or
by its own Weight, or by a Stroke, the Force is
diminifhed in Proporcion to the Sine of its Aperture,,
compar'd wich che Line of ics Depth @ So chac when
the former Sine is double or triple, ¢re. che Force:
is diminifbed one half, or one third, ¢re. This is:
liere prov'd by the Wedges [eparatng ewo Cylin-,
ders, which are drawn togecher by ocherWeighes, in
the Scales R and S beneach,when its Sidesare fcrew'd
nearer or farther off, to adjuft their Diltance to
thofe Weights perpetually.

Fig. 6. Js a Wedge by ic felf, where the Force is:
increas'd in the Proportion of the Sines of the Angles
of Aperture;, D F and D E, toche Radius D B
or is refolv'd into two Forces, the one perpendicu-
Iar, and the other parallel ro the Plain ot che Tree
or Timber it is to reeve : And chis becaufe the Ve-
locicy downward 18 ever ro the Velocity fide-ways.
in the Proportion of B B.ro D F and D E, or
to 2 D F. i. e. by the Similicude of Triangles,as A B
orCEB w AC.

Fig. 7. Is a Paper Wedge, H F G coil'd round
a Cylinder, and fo reprefenting a Screw 5 and fhews
that its Force muft be increas'd in Proportion to the
Progrefs along its Cylinder, when i is compar'd
with the Circumferences on the fame Cylindrical
Surface, or as HF o H G..

Fig. 8. Is a compound Engine to explain and
meature the Power of the Screw : from whence ir
appears, that che Force of Screws is reciprocally
proportional to the Diftance of the Aelix's o
Threads which compofe them.
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An Explication of the Fifth Pr aTE.

T IGUR E 1. Isa Compound Engine inwhich

all the feveral Mechanical Powers are com-
bin'd : as che Wheel and Axle G H: The Balance
or Lever I K: the Screw F ; which includes the
Wedge : and che Pulley L M. The entire Force of
this Engine is to be computed by compounding the
feparate Forces rogether.

Fig. 2. Tsa Windmill ; whole Force is here re-
prefented, by irs raifing a Weight on a Barrel, The
Wind is fuppofed to blow parallel to the Axis, from
E towards D irs feveral Sails have their Plains
nearly 43 Degrees oblique to the Plain through the
middle of thofe Sails : Two of them inclining, and
two reclining. By this Means the Wind falling ac
abour 45 Degrees obliquity on the Plain of cach
Sail ; the Breadch of each Sail is a Diagonal of a
Square, one of whofe Sides is parallel to the Di-
rettion of the circular Motion, and has s full
Force; and the other is perpendicular chereto, and
fo has no Effett as to thac circular Motion ar all.
And as much as cthe Side of a Square is lefler than
the Diagonal, fo much of che whole Quantity of the
Wind is loft on every fingle Sail. Bur then each
Fair along the fame Line, by the different Situacion
of thofe Sails, agreeing in the fame Motion, the
whole united Quanricy is more than the fingle Quan-
tity upon one equal Sail direftly expos'd to the
fame Wind, as much as two Sides of a Square are
greater than the Diagonal. Buc this wichour the
Confideration of the weakning of the Force of the
Wind by the Obliquity of Incidence ; which alters
the former Proportion : for this alfo diminifhing
the Force in the fame Proportion with the former
Diminution of the Quantity of the Wind, the
whole Diminution will ever be as the Squares of that
Quanticy ; or as the Squares of the Sines of the
Angles of Tncidence : wherefore in this Cafe of Four
obliqueSails of 45 Degrees will be equivalent toTwo
ones.

Fig. 3. Tsthe claftical fpiral Spring of a Watch,
out of irs Box, and uawinding it {elf more weakly,
us it is lefs refirained.

Fig, 4. Ts the fame Spring in irs Barrel A B
join'd by a Chain to s Fufee C D, or {piral Line
about a Cone, which Cone has the Semidiameter or
Diftance from irs Axis in the-very fame Proportion,
greater 4s the Spring 15 weaker, and leffer as the
Spring is ftronger : that fo the abfolute Force on
the Wheels of the Watch may be ever the fame,
for the exa@t Equality of their Motion in all Cafes.

Fig. %. Is an Imitation of a Waggon or Coach,
with its fore Wheels E F, eicher equal (" as here, )
or ¢lfe lefler, or greater, than the hinder GH; to
be drawn by a Weight w in che Scale, eicher upon
an Horizontal,or upon an Inclined Plain A B, and to
get over any Obftacle as CD: The Quadranc M,
and Buller N, are to fhew the Quantity of the Ele.
vation of that Plain, for the Tryal of Experiments
relating to all tuch Sort of Vehicles,

Fig. 6, Tsa firong Machine, with 2 Wheel OP,
and irs Winch R, and String O P LK, its lefler
Barrel K L, circular Table A B, Scale with a Weighe
w, fufpended by a String thac comes through the
hollow Axis C D, and cblique Tube G C, in which
Mercury or a Buller is included ; irs Screw H ; irs
Balls I and B, and rheir Strings ; To fhew char Mo-
rion once begun always continnes, cill fome other
Caufe ftops 1c: Thar abfolute and refpe&ive Mocion
are enrirely different @ And to fhew withal the En-
deavour ol Bodies cthar move circularly to recede
from che Center of their Motion, on inclined, as
well as horizoneal Plaing, and chae in the fame Circle
in a duplicare Proportion to their Velocity.
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An Explication of the Sixth PrLATE.

IGURE 1. IsanInftrument to fhew the va-
rious Parabola’s thacr are made by Projetils,
and particularly che Truth of the feveral Rules in
the Art of Gunnery, Wherein AB is a Tunne]
full of Quickfilver, D K is a Glafs Tube, let into a
Groove or Frame of Wood for its Suppore, and ac
Kisa fine Stem, accommodated to the Arch of a
Quadrant L M, and turning upon its Center, to diret
the projected Quickfilver to any Angle; while the
Tube's perpendicular Altitude, or the Force that
produces the Projeftion, is either the fame, or al-
tered h{l a differenc Inclinacion atc Pleafure, accord-
ing to the Nature of the feveral Experiments.
Fig. 2. Ts a Cycloid with itsequal Sides AB, AC,
and pendulows Body E, ofcillating thercin,  And,
Note, That by the Make of the Figure, the Line BC

' is equal to the Circumfercnce of the Circle DGF,
by which it was deferib'd ; thar che Length of rhe

Cycloid ic felf is four times chat Circle’s Diameter
that every Pare of it from F che Vertex is fhill dou-
ble o the Chord of the Correfpondent circular
Arch G F; thac irs included Area BDCF, is
Three times the Area of the former Circle; thac
the Force upon the Pendulum ac any Point E, 15 ex-
aély proportional to the Diftance along the Cycloid
of the Point from the Vertex, as EF ; and chat
therefore the Time of every Ofcillation, in all An-
gles wharfoever, is always equal.

Fig. 3. ACE is a Syphon with Quickfilver from
At C, and a Pendulum of half thar Length ; to
fhew here alfo thac the Force is as the Line to be
deferib’d, and thar by Confequence the Vibrations
in the Syphon are all cqual: as alfo to fhew thac
they are equal to thofe of a Pendulum, of half the
fame Length: As is plain from the former Cafe of
the Cycloid, where the Length of the Pendulum is
half that of the Cycloid in which the Body moves.

Fiz. 4. A B arc two Spheres, to denote the fe-
veral Laws of Motion in the Collifion ot Bodics,
whether Elaftical or noc Elaftical, to be tried in the
Cycloid, or in a Circle, with proper Correttions:
Which Experiments yer are moit of chem too dith-
cule for fuch a Courfe as this is.

Fig. §. Is an Inftrumenc co explain mufcular
Motion ; fuppofing the Mufcles to be fome way like
a String of Eladders; by fhewing thac a fmaller
Quantiry of an claftical Fluid may cqually raife

t:ci:ﬂl Weights with a larger ; and o fhew exaétly
what Quantity is neceffary for any parcicular Effect.
For thus will the lefler Quanticy of Air, ( meafured
in bach Cafes by the Gage C A K, as condens'd by
the Syringe HA ) equally raife an equal Weight to
the fame Heighe by the lefler three Bladders, that
the greater Quanuticy raifes the fame by the one
larger Eladder.

Fig. 6. Are feveral Pendulums of feveral Sorts
of Macter, heavy and light; where the Centers of
Sufpenfion and Ofcillacion are equally diftanr, and
the Times of thofe Ofcillations are all equal. This.
alfo hins che other remarkable Phanomena of Pen-
dulums ; viz. thar the Semicircular and Cycloidal
Times of Ofcillacion are o each other as 34 to 29 :
That in both the Length of the Scrings of Pendu-
lums are in a duplicate Proportion to their Times of
Ofcillation ; and thac the Heights of Roofs, goe.
may be found from the Times ot the Ofcillitions of
Pendulous Bodies fixed ro them, on the known Hy-
pothefis thac a Pendulum of 3¢ 2 Inches vibrages
in one Second of Time.

Fig. 7. [Is a Fountain running on Wheels, and
made by Air condens'd on the Surface of Quickfil-
ver, and fo forcing the Quickiilver toalcend chrough -
the Pipe G: An§ is to fhew chac cthe Lines of Pro-
jectils, or other Bodies, are noc alter'd by the com-
mon Motion of the whole Inftrument or Floor on .
which they are plac’'d ; and that all Macions on the
Earth, if it move, will be che fame as if ic ftand ftill,

Fig. 8. Is a Parabola with the feveral Lines be-
longing to ir, in order to demonftrate the Dottrine
of Projeétils 5 and particularly the Art of Gunnery.

Fig. ¢. Is an Engine moving on Wheels, thac
lets a Ball fall down trom a Groove through a Hole,
a5 it is in Motion ; to fthew that ic will then fall on
the fame Point of the Frame thae ic falls upon when
it is ac reft ; as does a Scone lec fall from the Top
of the Maft of a Ship under Sail : and chac all re-
{pective Motions on the Earth mauft be the very
fame, while it felf moves as if it were ac reft.

Fiz, 1o. 1Is a Cylindrical Iron A B, fwinging on
a Pin EF, in the very fame time thac a pendulous
Body D of two thirds of its Lengch CD does;
to fhew thac two thirds is the Center of Ofcillacion
or Percuffion in all fuch prifmatick or cylindrical
Eodics. :
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An Explication of the Firft P A T k.

IGURE 1. Reprefents the Foundation of

Vifion, and of all Opricks whatfoever, by ex-
hibiting to the Eye a Specimen how the Rays of
Light do as well originally, as after Reflection or
Retradtion, fpread themfelves in right Lines from
each Point in every vifible Obje®, as P, to cach
other Point, as R, R, R, R, R, every way, to be
resciv’d by the Eye in any direft Pofition whatto-
ever.

Fig. 2. Reprefents the known Law of Refledti
on; that che Angle of Incidence CPD, is equal
to that of Refletion CPE, or char the Angle of
Inclination DP A is equal to the other E PE.

Fig. 3. Shews the Reafon why a plain Look-
ing- ghfz, as A EF B, exhibits the Objeft CD by
the Image ¢d, which is equal to C D, and equi-
diftant from che Glafs Ac= A C: And in an ereét
Pofture ; all depending only on the Equality of the
Triangles, whofe Vertices are Cc: D4, and have
their common Bafes below E and above ¥, which
Glais by forming the fame Image ¢ d, fo to the Eye,
as if che real Obje& CD was at ¢4, mufl needs
fhew chac PiGure in the Place affign’d, withour any
:‘n:qmti;y of Diftance or Magnitude, or any Inver-
101,

Fjg. 4. Shews the Reafon why the fame or equal
Objet, as AB, C D, E F, appears larger when it
is nearer, and fmaller when farther off : viz. off ac-
count of the Inequality of the Angles AG B, or
MGN, andCGD, or KGL, and EGForHGI,
and the confequent Inequality of the Pifturcs made
by the Rays ar the Botrom of the Eye,

Fig. 4. Shews the Reafon whg a Convex Look-
ing-Glafs, as A E F B, exhibirts the Obje@t CD by
the Image cd, both nearer to the Glafs, and lefler
than ic {elf ; bue fill in an ereét Pofture. All de-
pending only on the different Bend of the Circle

E

beeween E and irs lower Puinr, becween F and irs
upper Point ; which cannot make che Angles of
Befleftion or Inclination cqual, as they muft needs
be in all fuch Refleétions, withour making the Ver-
tices of the Angles, as ¢ and 4, nearer che Glafs
than C and D: Ard fo che apparent Pifture or
Dismeter ¢ d lefler than thar of the Objeft C D,
though wichour any Inverfion.

Fig. 6. Shews the Reafon why a Concave Glafs,
as AEFB, exhibits an Obje&t plac’d ncarer che
Glafs than the Center, as C D by the Image ¢4,
remoter from the Glafs, and larger than i felf, wiz.
for Reafons juft contrary to thofe under che fifth
Figure forcgoing. A

Fig. 7. Shews the Reafon why a Concave Glafs,
as CDEF, exhibits an Objed, if it be plic’d re-
moter than che Center, as A B, inverted, and ac dif-
ferenc Diftances berween the Eye and the Glafs ; ac-
cording to theLengeh or Shortnets of its own Diftance,
as BC or AD, wiz. Becaufe the Rays from the fame
Point flill crofs one another, 4s at G and H, belore
they fall upon the Eye; and fo by forming an in-
verted Image make it impoffible for the Eye co fee
the Objet 1 any octher Pofition than thac the Image
has ; which Image indeed it felf is che only proper
Objeit of the Eye, in all fuch Cafes whacloever.

Fig, 8. Is a Pifture in Contufion; but rectified
by a Convex Cylinder, and thereby broughe into
exact Order again.

Fig. 9. Reprefents an Image in a Cylindrical
Comncave Surface, when the EF is in a Plain per-
pendicular to its Axis; fo chae lengthways i is as a
Plain, and breadchways ‘as a Concave Specy/wm :
Which therefore makes the Pifture longer, but noe
wider. The contrary wiil happen in a Convex
Speculum, which will make it [horter but not nar-
rower, for the like Reafon.
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An Explication of the Second P L AT E.

IGURE 1. Shews that an Objed, as K, feen

thmu?h a plain Glafs, whofe Sides A B, C D,
are parallel, by the Eye at G, appears our of irs
true Place ; and this fo much the more as the Glafs
is thicker : While ac the fame time the two Surfaces
do exaftly balance each other's Refraltion, and
make the two Rays HK, G F exaftly parallel.

Fig. 2. Exhibits a plain Method of meafuring
the Refraltion of Fluids ac all Angles, and of pro-
ving thereby thar it is always in one fixed Propor-
tion of the Sines, as the nexe Figure will explain it.
For if the moveable Rule K C L, with its meafuring
Circle ABD E fix'd by the Prop E, to a heavy
Pedeftal F G, ina large Glas A HI D, be fo far
immers'd in the Fluid, that the Center C may be in
the Surface of the Fluid, and one of its Legs CL
be fo far bent from a reftilinear Pefition, thae the
Refration of the Fluid can juft make it appear as
if it were in a firaic Line, the Angle BCHK, or its
equal MCE, is the Angle of Incidence: And
LCE the Angle of Refradtion: And LCM the
Difference, or the refratted Angle.

 Fig. 3. Is for the 1lluftracion of the former Pro-
pofition, and fhews the Sines afore-mentioned ; as
AD or GN (for they are fupgos'd equal, and the
Line ACN one flraic Line, ) is the Sine of the
Angle of Incidence, and F E the Sine of the Angle
of Refraftion, which Sines do in the fame Fluid ar
all Angles bear one and the fame Proporrion to each
ocher ; ull ac laft, if the Refradtion ke out of a
thick Medium inro a thin one, and makes the fecond
Sine equal to the Radius, thar Ray cannor emerge ac
all, bur will be reflefted back by the Surface into
the fame Medium whence it came, along che Line CR.

Fig. 4. Is a Bafon of Water, or other Fluid ;
to fhew the common Experiment of Retraction
where a Shilling, or other Object at A, (" which is
fo plac'd that it cannot be feen by the Eye ar O,
the Side of the Balon C interpofing) is readily feen
there, as foon as the Water or other Fluid is pur in
to the fame Bafon, and appears to be remov'd o che
Point B,

Fiz. 5. TIsthe Alteration of a round white Obielt
D, as feen throvgh a Triangular Glafs Prifm A EC,
by the Eye at G, where che double Refraction of
the Glafs at E and F makes cthe Objeét appear ac d
and that as an oblong colour’d Image ; wherein the
upper Part is made by the violer Rays, which are
moft refrangible ; and the lower by the rcd Rays,
whish are Jeaft fo ; and che incermediare Parcs by
thefe chat are refrangible in a mean Degree 5 aleer
the Order of the Colours of the Rainbow.

Fig. 6. Shews the Nature of a multiplying Glafs
AD, and is Plains AB, BC, CD, ¢oc. and che-
Reafon why the different Refrattion of every ob-
lique Plain, as A B, CD, ¢rc. exhibits che fame
Objedt K as a different Objett k, k, ¢rc. according
to the Number of the oblique Plains : While che
dire® Plain E C fhews it ftill in its own Place : And
while che Convolurion of the Glafs on the Axis K L
removes all the oblique Images, but does not ' re-
move the direét one, on Account of the Change of -~
the Poficion of thofe oblique Plains, and of the un-
changed Pofition of che dirett Plain.

Fiz. 7. Shews the Effett of cthe Lens, or double -
Convex Glals, in gathering parallel Rays, as GL,
HM, AB, IN, KO, {rc, towards a Point, as D 5
becaufe, as in che Cafe of the Prifm above, the Ke-
fraction #o the perpendicular in the Entrance, and »
from it in the Exic of chole Rays, do ftill, by the
different Poficion of chac Perpendicular, confpire to -
unite the fame Rays.

Fig. 8. Shows the contrary Effett of the double
Concave Glafs, in fcareering che parallel Rays 5 and -
thar exadtly on the like Account ; and fo chis needs
no new Explication.

Fig. 5. Shews the Reafon why a Lens, or dou-
ble Convex, fhews a near Objedt at Q, as more re- -
more at ¢, becaule ic refradts it fo chat che Rays from
the fame Point meer more backward than Lefmr: :
And why it fhews the fame Objeét larger alfo:
Which muft needs be, becaufe every Poinc in the
Objet appearing fo much more backward, and yec
in the fame apparent Angle, its Length and Breadch
muft every where be proportionably enlarg'd.

Fig. 10. Shews how fuch a Lens inverts Objeéls, .
as A, B, b a, which ic does on Account of the In-
teriection of the Rays from each Poinr, in or near
the Lens ic felf: Which neceffarily infers fuch an
Alteracion : juft 2s che Images of all Objeds are in .
the Eye in an inverted Pofition, on the like Ac-
ccount,

Fig. 11.  Shews how a Lens does {o refralt the
Rays from every Poinc of an Objet, that is in ies .
Focus C, and B, and A, thac the Rays from each
of thofe Points do become parallel afterward ; and
alfo how parallel Rays of different Politions are ga- -
ther'd in thar Focus.

Fig. 12. 1Is the Nature of direft Vifion Uy the -
Eye, in fome Conformity to the 1oth Figure : only
in this Cafe the Cryftalline Humour is che Lens.

Fig. 13. lsthe Cafe of a Concavo-convex Glafs, .
with its parallel Surfaces, as in Fig. 1, 2

n
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An Ex-plication of the Third Pr ATE..

IGURE 1. Is a Tclefcope, with two Convex
F Glaffes, the one towards the Objet and che
Segments of a greac Sphere, the other near the Eye,
the Segments of a fmall Sﬁhm £ hi, and they are
to be {o placed thar che diftinét Bafe or Image may,
by the Colleftion of the Rays, be in the common
Focus of both the Glafles fed By thefe two
Glaffes the parallel Rays, or thofe nearly fo, as pro-
ceeding from che fame Point of the Objet A BC,
( which is to be fuppos'd confiderably remote ) are
made to meetin the intermediate Image f e d, at f,
and ¢, and 4 and again ac the Bottom of che Eye,
acr, and 5, and ¢ 5 butin an erect Pofition ; and
therefore {o as to fhew the Objedt inverted.

Fig. 2. TIsa Telefcope with four Convex Glaffes,
the one towards the Objett, and chree nearer the
Eye : Whofe Tmages are made in the common Fo-
cus of two Glafies, as before.  This is like che for-
mer ; but only thac two of the Eye Glafies ferve
mfrc'i to reinvert, or to ereét the Image, thac fo ir
may {c inverted at the Borrom of the Eye ; and
therefore may (hew the Objedt in ics true or ereft
Pofition.

Fig. 3. Is a Telefcope, with a Convex -Ohjedt
Glufs, and a Concave Eye Glafs ; which laft, by
fcartering the Rays, as it they came from a nearer
Point, makes the Image inverted in the Bottom of
the Eye, and therefore fhews che Objedt in its true
or eret Pofirion.  Only this takes in buc a {mall

Part of an Objeét, and fo is lefs ufed chan the two !

former Telefcopes.

Fig. 4. Ts a Telefcope wich a Triangular Prifm
D.B in its Axis; and char Prifm’s Gage F G for
the Demonfiratien of the Refraétion out of Vacuwm
into Air, and out of thinner Air into thicker ; and
. both by the Means of an Obje¢t feen through the
Priim, as well when the Air is condenfed, as when
it is exhaufted. . Where.in the firft Cafe.che Object

is feen.higher, and in the other lower chan in its
natural Sicuarion ; as the two following Figures de- -
monftrace,

Fig. 5. Shews how the Objeft or Circle which
was low ac firft, is to-Appearance rais'd as ic pafles
through condens’d Air ; by being refratted towards
the perpendicular, in ics Ingrefs into a Glafs Prifm, .
and from ic in its Egrefs into the common Air -
again,

Fig. 6. Shews how the fame Obje& or Circle, .
which was high at firft, is to Appearance depre(i'd, .
as it pafles through the Vacuum 5 by being refratted
from the Perpendicular, in its Ingrefs into the .
Prifm, and towards ir, in its. Egrefs into the coms
mon Air 1gain. [

Fig. 7. Is a Triangular Glafs. Prifm, ficeed to-
receive all fores of Fluids, and when rightly ap--
ply'd ro the Semi-circle of the nexe Figure, does -
exattly meafure the refradtive Power ot all thofe
Fluids. Where the vertical Angle GDH is 45.
Degrees; and by confequence the half Angles CDH, .
CDG, CHG, are 22° 30/, and where all is to be
fo contriv’d, that the Rays within the Glafls may be .
parallel o GH, and perpendicular to CD, and may .
tall on each fide Plain of che Glafs Prifm in an An-
gle of 22° 2a from their Perpendiculars ; chat fo..
the Refrations ac che Ingrefs and Egrcf; may be.
equal, and the Computations eafy.

Fig. 8. . Is the Semicircle, with the Glafs Prifm -
full of irs Liquor rightly apply'd chercro 5 and boche.
Arms of the Index ED, FD, equally elevated
ahove the horizantal Line AC. This fhews the
Proportion of the Sine of the Angle of Incidence.
to thacof Refrattion, in this Incidence of 229 30°;
which Proportion .of Sines being the fame in all
other Angles, we hence learn dac Proportion accus
rately and univerfally, -
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- double Circles of Mufcovy Glafs, and kepe down by

"EF, placed very near the Obje@t, be cait into a

ted thar the fmall Glaffes, whereby fingle Micro-

- crolcope , is only a ve
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fcopes : Containing A C a Cylinder of Brafs
or Ivory ; to which, near the Eye ac K, the Micro-
fcope it {elf, or very fmall Sphere of Glafs fer in
Ivory, is apply'd; G H a fmall Slice of Ivory, and
its Mulcovy Glafs Circles, with the fine Objeéts upon
them, inferted in their true Place; E F a Convex

Is the Apparatus for Micro-]

Glafs, ferewed into the former Cylinder, and ar a
due Diftance cafting Light on the Objeéts ; wich IL,
the Handle of the Microfcope.

Fig. 2. Ts only one of the 8lices of Tvory A B,
like G H before-mentioned, fer by ic felf ; wich the

a circular Wire ; berween which, on one of
thofe Glaffes, che fmall Objeéts are commonly
plac'd.

Fig. 3. Is a Scheme to demonfirate how the
double "Microfcope comes to magnify fo much.
Where G is the {mall Obje& ; which, if there be
Light fufficient, may by the fmall Microfeope Glafs’

larger Image H I : Which by the Means of the two
Eye Glaffes, are reduc'd intoa Compafs fit to enter
intp the Eye. And here by the way it is to be no-

fcopes do magnify fo much, and whereby the
Magnitude is 1n Parc increas'd in chis double Mi-[

Amall fpherical Glafs, or
Segment of ir, which does fo fuddenly reduce di-
ftant Rays to Parallelifm, or nearly to it, chat a
Amall Objedt, which by its grear Nearnefs could not

be otherwife feen, is hereby made vifible,
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Fig. 4. 1s the double Microfcope, with all its
Apparatus and Contrivances, as to che Pofirion of
the Objeét, the Light to be thrown upon ir, and the
Elevation and Depreffion of the Inrfr?;mrnt ic f2lf,
as the Cafe requires, ¢oc. all which che Figure does
plainly fhew to the Eye.

Fig. s. Is a circular Plare of Ivory, with a
fmall Sphere of Glafs in its Center, and a Screw
round the Center, to be put upon the firft Figure
at B.C, as a fingle Microfcope.

Fig. 6. Is a fmall Fifh, reprefented in a Cylin-
drical hollow Glafs, fo as it 15 ro be placed when
the Circulacion of Blood in its Tail is to be feen by
the fingle Microfcope.

Fig. 7. Ts the Magick Lanthorn, with its Pede-
ftal T: its Lamp W ; its double Convex Glafs
X Y ; its Pittures inverted upon the Plae EF;
and irs large or gygancick Images at B A projefted
upon the whire Wall, to the Surprize of che Spe-
tarors.

Fig. 8. Is the Demonftration of the Cameras ob-
fewra, or dark Chamber ; which will fhew the Ob-
je@ as A B erett, Where C D is the double Con-
vex Glafs, ready to form an inverted Picture b a:
Which by the Refle¢tion of che plain Speculum EF,
plac'd obliquely in an Angle of 4%, is formed in an
erett Pofition ac & 4, for the View of the Spetta-
tor. 3

@)
RN

AN












S I SRl B 08

An Explication of

IGURE 1. Is one of Sir Ifaac Newton's Ex-
periments, to fhew the different Refrangibilicy
the Rays of?l.ight, of the diffcrent Colours, Red,
Orange, Ycllow, Green, Blue, Indigo, Violer.
Where DE is 2 Parallelogram of Paftboard, having
the one half DG blue, and the other half F E
red ; both ﬂmnﬁiy tluminated by the fame Candle:
and having black Silk wrapped feveral times round
i. MN 1s a Lens or double Convex Glafs inter-
pos'd, which gathers upon white Paper the blue
‘Rays foomer at A i than the Red ac HI: As ap-
pears by the Diftinnefs of the Colours and of che
Silk ac chofeand only chofe Diftances. Where alfo
at fomewhac above 12 Feer from the Colours to the
Images, the Diftance becween b# and H 115 no lefs
than an Inch and. half,

Fig. 2. [Isanocher of Sir Ijaac’s Experiments to
the fame Purpofe: Where X Y reprefents the Sun:
£ G, 2 Window, with a fmall round Hole at F :
within which is a Triangular Glafs Prifm A EC,
by which the Rays of the Sun are differencly re-
fratted upon a white Wall or Paper M N ; and be-
«come an Oblong Image P T ; the Yiolee feen ac P as
moft refraited ; and the Red ac T, as leaft re-
fratted : And the intermediace Colours feen in in-
stermediate Places, according to the different De-
grees ol their Refradtion. )

Fig. 3. [Is another of his Experiments, to fhew
‘that White is a Mixture of all Sorts of colour'd
Rays ; where D C is a Hole in the Window, which
admits the Sun’s Rays. E F G a Prifm, cafting its
oblong colour’d Image upon a Lens, or double Con-
vex Glafs ; which colleés all chofe Rays into its Fo-
cus. In which Cafe, the Point of Concourfe exhi-
bits a perfe@ White Colour ; tho” upon their Sepi-
ration again, the oblong colour'd Image appears
‘again, only in an inverred Poficion : as the croffing
-:%'athe Rays in the Focus muft of Necefficy cccafion.

Fig. 4 Is the laft Experiment improv'd ; by
fhewing that the White Light made by the Mixture
of all the Colours is but imperfeétly fo, when any
.of the feveral Colours are intercepred in their Pai- |
fage ro their Focus, or Place of Mixture.

Fig. s. Is the Experimentum Crucis, or derer-
‘mining Experiment. Where B F is the Hole char
Jetsin a large Ray of Light : whofe middle Parr,
aafter it has pafs'd through the Prilm ABCG, 15 let
‘through a leffer Hole ac G, and forms an oblong
‘colour'd Image at & ¢ : where another fmall Hole lets
'thro’ one Colour only ; which paffing chrough che
Second Prifm a b ¢ it is refracted again, and caft
upon NM. And here it is moft remarkable, that
.the two Holes and fecond Prifm are kept immove-
able ; and fo the Kays Gg fall upon cthe fecond
Prifm in the very fame Angle, whatever Colour
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they are of, and that by the Motion of the firft
Prifm, all che Colours may fuccef:fully pals chrongh
the fame Holes. Yer is che Refradtion by the fecond
Prifm never then able to produce any Variety of
Colours ; bur exhibits che Iimage always of that Co-
lour alone, which falls wpon 1t before che fecond
Refraction.

Fiz. 6. Ts a Figure for che Explication of the
feveral Refractions and Reflettions ot Lighr, which
caule che Phaenomena of the Rainbow, Thus it the
greateft Crowd of Rays enter in Parallel o BQ
along or near to A N, the round Drop of Wacer
LBGQ will refraft Parc of chole Rays to ¥, whence
Pare of them will be refleéted ro G: And going
there out of the Drop, will be thereby retratted to
R, which doubkle Refradtion will fo feparate the fe-
veral Colours, and make them go out 1n Angles fo
fenfibly different, that as the Eye is placed a liecle
higher or lower, it will {ee a dificrent Colour ; and
that in Angles as AXR, of abouc 41 Degrees ; and
this is the Cafe of the primary Rainbow, which ap-
pears in about thac Angle from the Axis BQ, or
1ts Paralle] A X. Thus alfo, if che fime Line AN
be now fuppos'd to reprefenc another Drop, and
thar fome ot the Rays ac G are refletted a fecond
time, and {o pafs our ac H, and are chere refracted
to §; here will be a weaker Impreifion, but a like
Refraction and Separation of the Colours as bekore
and the Eye placed a lictle higher or lower will alfe
fee differenc Colours, tho’ in a contrary Order to
the former ; and chat in an Angle, as AY S, of
abour s2 Degrees and a half ; which is che Cafe of
the fccondary Rainbow,

Fir, 7. Are the two Rainbows themfclves, r prefenced as
they appear in Nature. Where AEEF reprefents the A fuil
of {pherical Draps of Rain, in {uch Parts as the Angles EOPR,
FOPP“: about 41 Degrees from the Axis O P, which Axis is
the Line from the Sun’s Center, through the Eye of the Spefia-
tor, to the Center of the Rainb w : And where CG DH re-
prefengs the fame Air, full of th: like Drops, in fuch Parze
where the Angles GOP, HOP ave about §2 Degry and 2 half,
Where alfo the Rays SE, SF, 5G, SH, coming irom whe Sun's
Cenrer, are reprefented as paralie!, by realon of its vaflt Di-
ftance, Thele Rays, when they fall upon the hizher Opadeane
of the Drop, asat $F, §F, come to the Eye at O in abuue
an Anpic "‘F"I-[ vece, afe:r two R.fradtions, and one Refle=
&ion 3 and {0 canle the primaryRainbow : the Red is wichour,
by the leaft refrangible Rays ac ¥ ¢ and the blue within, by the
more refrang ble Hays ar E.  Buc when they fall upon the
lower Quadrant of the Drop, as at 5G, SH, they come to the
fame Eyc az O, but in an Angle of about g2 Degress and 3
half, alt.r two Refra&ions, and rwo Refledtiors, and {o caufs
the {&.ondary Rainbow. YWhich is Blus withoue, by the more
refrangible [1.1 at H3 and Red within by the leaft ac G
Wh: e cor:, that bicanfe the Angles FOP, EOP, a5 well =x

l

%thofe HOP, GOP, are ev.r the fame, the fame Colours muft
| Rill be circular, or appear in the Susface of a right Cong,
whole Az is O P, and whole Sides a1e rie Lines toined vowd
thereon, as QE OF,; and O5 UH. .
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HYDROSTATICKS.

An Explication of the Firft P A T k.

IGURE 1. Isa Ealance, ro weigh Water in

its own Elemenr, and in the Air; and to prove
thac its Weighe is che very fame in che former Cafe
as in the latrer. For when the Glafs Bottle F is
exhaufted of Air, ic will indeed require much more
Weight to counterpoife it in the Air, than in the
Warer ; by Reafon of the much greater Weight of
the Warer chruft ouc by it, than of the Air ; yer
when upon the Admiffion of Water within, you
weigh ir again in the Air, and then in the Water,
the additional Counterpoife now neceffary
wery fame ; and fhews chae the real Weighe of the
Woarer admireed, is the fame in both Elements.
This Figure does alfo fhew how Trials may be made
to (hew the refpeftive Weighe of thofe Bodics in
Eluids chae fink in chem.

Fig. 2. Is an inverted Syphon, ro fhew wh
Elwds ever prefs according to perpendicular Aln-

rude, and not according ro Quancicy of Matter : As

the fmall Quancity of Warer in the fmaller Tube 1s
a Balanee for the grear Quancicy in che grearer, and
ftands upon the fame Level CD E G 5 becaute in all
podfible Morions and Viliradons of the Fluid, the

Viclecity in che fmaller mufl, by the Make of the .

Sl)*p]mn, compenfate the Quantity in the larger;
the one afcerding or defcending as far as BD, while
the other afcends only as far as E H, and fo the

in che Saliard alfo.

Fig. 3. Is to fhew the fame equal perpendicular
Height or Levelin @ common Syphon inverted.

Fig. 4. Ts a Number of hollow Tubes, of all
Shapes and Diretions, to fhew that if their lower
ﬂriggﬁ be puc under ringed Warter, and Ol be
poured on the Surface of rhar Water, from GH
EF, the tirged Warter will equally be prefied up-
wards chrough all the Tubes, accordingto all Dire-

l

is the |

| €tions ;5 and will ftand upon a common Level 5 tho®

fomewhat under the Surface oi the Oil, becaufe:
Oil is ligheer than Wager.

Fig. 5. Is for the fime Experiment with Water-
on the Sarface of Quickfilver ; into which Quicks-
fyver a hollow Tube is inferted before the pourings.-
in of the Water. For che Water will prefs upon.
the Quickfilver, and raife it in che fmall Tube, tll.
it bears the fame Proportion to the Height of the
Water, that the fpecifick Gravicy of Water bears to-
that of Quickfilver, or abouc a fourreench Parr fo-
high. Which, by the by, is one ready Way alfo
ot finding the Specifick Gravity of Quickfilver tos

| Warer, by mealuring cheir feveral Altirudes.

Fiz. 6. Ts to fhew how Water in a very fmall
Tube ‘may elevate Quickfilver it felf, when it is.
thruft more below the Surface of che Wacer, than.
the Difference of their Spacifick Gravity requires 5.
and chat ic will rife or fall as you thruft it lower, op -
raife it higher; and will ac laft fall out at che Bots
tom, it you raife it too high.

_Fig. 7. s to (hew thac Eluids of different Spe--
cifick Graviries, as Water A B, and 0il A C, will-
ftand ac uncqual perpendicular Aldieudes, in Pro--

| portion o their Quancities,. and Diffcrence of Spe-
Eorce is equal cn boch Sides, as is the known Cate |

cifick Gravicies,

Fig..8. 1Is a Part of 2 Compound Balance, te be
joined o thac of Eig. 3. for che weighing of Levity,.
or of the Power of Afcent in a Body, as F,
lighter than the Fluid whereiniic is.3 and will fhew
chat chat Leviry 15 the Difference of the Weighe of
that Body, and of an equal Bulk of the Fiuid :
Which is alfo the refpeétive Gravicy of thofe Bodies
which are lheavier than cheir Fluids, as may be tried:
by the fame Balance of Fig. 1. alone.
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An Explication of the Second P L A T E.

IGURE 1. Is a large Glafs Vefiel A D full
; of Water as highas E F. Within this is a lel-
fer Glafs veflel PH, open at both Ends, but fome-
what narrower at the Bortom. Through the mid-
dle of this goes a ftrong Wire M N, to which is fix
ed at the lower End a Plate of Lead G H, with wer
Leather to its ugpcr Surfaee, to be applied co che
large lower Orifice of the lefier Glafs 1 K, to keep
out the Water from entring into the fame any other-
wife than by a {low Infinuation. This is to fhew
thar a Place of Lead, or other Meral, may be fup-
ported by Wacer, and not fink in i, where che
Water is kepr from prefling on its upper Surface,
fo long as its Depch under the Wacer is greacer chan
its Specifick Gravity requires ; and thac by Confe-
quence while Water it gradually admicced over ir,
it will not fink cill the perpendicular Height of the
Column of Air between EF and R S bears no
reater Proportion to the Thicknefs ol the meral-
Pmt Plate ( with what is annexed toic) than the
Specifick Gravity of the Metal bears ro Water,

Fig. 2. 1s a cylindrical Vial or Glafs A D, with
a {mall Cylinder of Wood below G H fixed to its
Botrom, and made very (mooth at Top ; and ano-
ther like Cylinder of Wood above G H, made e
qually fmooth on the lower Side, thac it may as ex-
aétly as poffible fir the other ; wich a ftrong Pin I,
fixed inits Axis. Upon thele Two, when Jaid clofe,
is pour’d Quickfilver, till it covers them both as far
as EF. Thisis tofhew, that there is no fuch thing
as pofitive Levity; bur thit Wood is fo far from
rifing in Quickfilver of it felf, thar till a fufficient
Force pulls it up, and permits the Quickfilver to
infinuate berween the two Plates, the upper 15 faft-
ned to che lower by that Quickfilver : Tho' upon
the firft Infinuation of the fame it immediacely and
violently emerges of it felf: As Dr. Moor’s Famous
Trencher did 1n his Bucker, to his greae Surprize 5
till he was forc'd to folve it by the Intredudtion of
his Spiric of Nawre, :

Fig. 3, and 4. Are Veffels of equal Altitude, bue
unequal Bafes, and of the fame Quanticy of Water;
to fhew that Fluids ever prefs according to their Ba-
fes, if their perpendicular Height be cqual ; and
according to their perpendicular Heighe, it their
Bafes be equal, whatever Figure they are of.

Fig. 5. s a cubical Veflel full of Water, in or-
der to ‘compute the entire Quantity of the Preflure
its Sides and Botrom fuftain. And that the Bottom
alone fuftains the whole Weight of the Water 5 as
1s moft evident. - :

Fig. 6, Is to fhew cthat each Side of the fame
Veflel fufiains a Preffure chal to half the Weighe
of the fame Water. For fince the Preflure ac every
Point, as L, M, N, C, is equal to the Alttude of the
Warer above it, AL, AM, AN, A C, by ereéting
equal Perpendiculars LO, MP, NQ, €D, and

fo at all the intermediace Points, and fumming them
up, we fhall have the Triangle A CD as the Sum
of all the Preflures ; which being half the Square
ACDB, made by as many Perp:ndiculars equal
to the longeft C D, and bearing the whole Weighe -
of the Square overic ACD B, fhews thic che Pref-
lure on every phyfical Line, as AC of a criangular -

Prifm, and 1o on the whole Side reprefenced by ir, .

is one half of the whole Water. So thae fince each
of che four Sides fuftain half, and che Bottom the
whole Weight nocwithilanding, the entire Preffure
is three cimes che Weigh.

~ Fig. 7. Isalike Mechod of Compucacion for an
inclined Plain’s Preffure, and how to eftimace it;
viz. by the Weighe of Warer equal to the Prifm
reprefenced by the Triangle AR C, where the Lines

LO, MP, NQ, CR, are erefted perpendicular to

AC, and cqual o LG, MT, NV, CX, refpe-’

ctively.

Fig. 8. Is to determine the Center of Preffure
Z agawnit fuch a Plain 5 ar which it an equal Weight
W direftly pulls along Z P over the Pulley P, ic
will juft balance the Warer, and evenly fuftain ics
Preflure.

Fig. 9. [Is to fhew that this Center of Preffure is
no ocher than the Center ot Percuffion or Ofcillati-
cn abour an Axis, as D. For the Preffures being as
the Perpendiculars EA, FB, G C; and the Per-
cuffions, as DA, D B, D C, the Radij of the Circles
of Motion ; and E A beingtoFB, as DAwDB;

and FBE to GC, as DE to DC: The Percuffions . .

ere flill as the Preflures ; and fo the Center of Per-
cuffion, the fame with the Center of Prefiure.

Fig. 10. Is for the Computation of the Quantity and Cen-
ter of the Preflure on any erelt Reltangle under Warer 3 ac—
curding vo thar Rule, thar che Depth of any Bodies or Surfaces
Conter of Gravity is to be tzken tor the perpendicular Altitude
of sll the Preflures, as a Mcan between them.

Fége 12, Is a large Glals Vellel AD, contaiping Wacer
pcar the Bottom § wit
ter almoft to its Top. Thore is allo a Syphen B H K, with an
bcllow Stem G H, communicating with both ies Leps.
fhew that il you ftop the Top of the Stem of the Syphon
while you peur Oil intw both Veflels, a confiderable Hei
Jb-iﬁtin-:i_:t Bend of the Syphen, and then unltop ir, the Qil
will ()
cend in each Leg ; vill meeting ac the Bend, it 1un down the
Jonger Leg, our of the bigher YWarer into the lower. This is
to thew how the Air prefling upon Water may raifc it up, and

caule the known Effe&ts of Syyhons, Pumps, Syringes, Ce. .

Which ufed vo be aferibed to Noture’s Abhorrence of 8 J acunm.

snother fmallir Veflel F K with Wa- -
To -
eight .

n the Water in both Vefitls, and force it to af- -

Fig, 12. Is a Cube at diffevent Depths of the {ame Water 5 ¢

to fhew how it mult have the fame
it has in ancther, becaule the Water and Cube have ever ihe
fame Proportion of Bulk and Gravity to ome another.

Fig. 13.

has ever the fame abfolute Gravigy.

Fig. 14. WAre a3 Bubble and ImlFu of the fame Nature,
made of Glafs, Air, and Water 3 all fo nicely pols’d, that by
the Preflure or Relaxation of the Air included, which is done
at the Bladder A D, the Bubble aod Images tife and fall afver
a furprizig Manper. H Ln

cight in one Place thar -

Is a Bucker under Water 3 to fhew it can kave .
there mo welpe@ive Gravity, or cannet preponderate 3 tho’ it .
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An Explication of the Third PraTE.

IGURE 1. Is a Tube full of Water, with

Two Heles E, F, for the Water to run out ar,
the one F four times as much below the Surface of
the Water A B as the other ; ( the Vefiel (o be flill
kept egually full all along : ) to fhew thae the Velo-
city and Quantity of Fluids that run our, are in
only. a fubduplicate Proportion of the Altirude of
the Fluids, or twice fo much in a Fourfold Altitude,
Nor: can it be otherwife : For twice the Quantity
running out, with twice the Velociry, implies the
Force or Preffure to be Fourfold, as the Fourfold
Altitude requires ; and fo for ever.

Fig. 2. T1sa Pump ; where G H is a kollow Cy-
linder, reaching to the Water below, with a Valve
G, which will be lift up by the afcending Warer,
and permit its Entrance into the Body of the Pump;
bue will not permic irs Return when itis atrempring
to defcend. D is the Sucker, with its hollow Cy-
linder, and a like Valve : which Sucker is pulled
upward or thrnft downward by the Handle | L K.
When it is pulled upward, it leaves the Ecdy of the
Pump a Vacuum : whence the Air’s Preflure on the
Wacer’s Surface below raifes ic up into that Space,
and fills ic; and when it is thruft down, the Water,
which is ftopp’d by the lower Valve from goirg
back, is forc’d through the Valve in the Sucker D,
into the Ciftern above ; whence by its own Gravity
it runs out ac the Canal A C,

Fig. 3. Is a Forcing Pump, in the main made
like the other, only without a Ciftern ; and the Exit
is out of the Side through a Hole, with a Valve

ing outward, but fhutring inward, in which
Sucker when thruft downwards forces the Wa-
ter oug fideways wich greac Violence.

Fig. 4. Is Avchimedes's Spiral Pump C D, made
of only a Cylinder, with a Follow Spiral Tube
wreath'd abourit; where the Fluid partly defcend-
ing, and pardy afeending, all the way, makes its
flowing.along the more ealy, till upon its Arrival at
the Top it runs out at C,

Fig. 5. Is the whole Apparatus of the Hydro-
ftatical Balance, The Glats Bubble G is heavier
than all Fluids but Quickfilver, and is to be put in-
to all thofe Fluids : The Bulk of Water in ours is
830 Grains Trgy. 1 when pois'd in Wacer ic fink
more by any Number of Grains, thar Number of
Grains fubfirafed frem; if lefs, edded o thofe 830,
do Ly their Froportion to 830 give the Specifick
Gravity of all fuch Fluids to Warer. 1K is the
Glafs Eucker, whirh in Air is in Zcuilibrio with
the Scale E : And becavfe when ic is let into Water,
it will be'no lorger an Equipoife to the oppofite
Scale, bur lighter; the Scale R is to be added to the
Part H, by which tke Bucker is [ufpended, and thac
will refiore the Aquilibrium in Water. By chis
Selids ard Quickhiver are weighed firft in Awr, and
then in Warer : The Difference of which Weights
being the Weight ot an <qual Eulk of Water, by
its Propertion ro ke firlt Weighe in Air, gives the
Specifick Gravity of the Soiid cemypared with Wa.
ter ¢ And if thae Difference fhill divide the Weighe
in Air, for all fort of Ecdies, we may have a Table
ot the Specifick Gravities of the Solias ; as Ly di-
viding 830 by the Sum or Difference of the other
Fluids, we may have a like Takle of the Specifick
Gravity of Fluids, fuch an one as he¢re prefented
the Reader. :



HEDRQSINAD LGRS

A TABLE of the Specifick Gravities of feveral
Solid and Fluid Bodies.

'INE Gold - —19,640 | Calculus Humanus 1,700"
Standard Gold 18,888 | Oyl of Vitriol — 1,700
Quickfilver 14,000 | Oyl of Tartar - 1,550
Lead 11,325 | Bezoar 1,500
Fine Silver —11,091 | Honey 1,450
Standard Silver 10,535 | Gum Arabick 1,37%
Bifmuth - 9,700 , 3pirit of Nirre 1,315
Copper 9,000 | Aqua Fortis 1,3c0
Calpt Brafs 8,000 | Serum of Human Blood ————1,190
Steel ) Soft 7,738 1 Pitch 1,150
the fame § Hard 7,704 | Spirit of Salt 1,130
Piece ySpring Temper ——— 7,809 | Spirit of Urine : 1,120
Iron 7,645 | Human Blood 1,040
Tin 7,320, Amber 1,040
Glafs of Antimony 5,280 | Milk 1,030
A Pfeudo Topaz 4,270 | Urine ' 1,030
A Diamond 23,4001 Dry Box-Wood 1,020
Clear Cryftal Glafs 3,150 | Sea-Water 1,030
Iceland Cryfltal 2,720 | Common Water 1,000
Fine Marble 2,700 ! Camphire ©,996
Rock Cryftal 2,650 | Bees-Wax ~0,95 5
Common Green Glafs 2,620 Lynfeed Oyl 0,932
Stone of a mean Gravity —————— 2,500 | Dry Oak 0,925
Sal Gemma — 2,143 [ Oyl Olive 0,913
Brick 2,000 | Spirit of Turpentine 0,574
Nitre - 1,900 | Rettified Spirit of Wine ————0,866
Alabafter 1,875 | Dry Afh . - 0,800
Dry lvory 1,825 | Dry Maple 0,755
Brimf{tone 1,800 Dry Elm 0,600
Dantzick Vitriol — 1,715 | Dry Firr 0,550..
Allom 1,714 | Cork 0,240.
Bonx —————————— 1,7141 Air - e 0,001 }
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An Explication of tll_e Firft PL A TE

GURE 1. Are feveral Torricellian Tubes or

Barometers of differenc Shapes, Bores, and
Pofitions ; but where the perpendicular Altitude of
the Quickfilver in the Tubes, above the Level of the
Surface of that in the Bafon, is ever the fame, or
between 28 and 31 Inches high ; which is the known
Counterpoife to een 32 and 36 Feer of Warer
and ro the entire Armofphere in its feveral Srates
and Elevations, where the Bafes of the feveral Tubes
are fuppofed equal.

Fig. 2. Is a Diagonal Baromerer, where the Al
teration of the Perpendicular Alticude of 3 Inches,
by the Obliguity of that Part EC of the Tube ABC,
} as a Diagonal 1s oblique to the Sides of its Paral-
elogram,) is increas’d to 20 or 30 Inches Sideways,
for more Nicety of Obfervation.

Fig. 3. Is a Wheel Barometer, where by two
Weights G and H on a Pulley, by which a Hand is
turned, the one of which plays freely in the Air,
and che other rifes and falls with the Quickfilver in
the Tube, the Divifions are larger and more obvious
than in the ordinary Barometer : as they are in the
Diagonal one ; for the like greacer Nicety of Obfer-
varion. ‘

Fig. 4. Isa common Thermometer, to determine
the Q};]am:ity of the Hear of the Air, or of any Li-
quor, by the Rarefration of Spirit of Wine contain’d
in the hollow Ball at the Bottom, and uts confequent
afcending to the feveral Divifions on the fmall Tube.

Fig. 5, and 12, Are to fhew that che Air's Denfi-

_ ty is as its Compreffion, the former upon a greater

Compreffion, and the Jatter upon a greater Rare-
fradtion ; and that accordingly, in the hrft Cafe, BD
the Srandard Alcitude, or about 29 3 Inches, a::d
L M the Additional Altiude of Quickfilver pour'd
in higher than the Level H, taken together, 1sto
BD the Standard Alticude alone, as IG the im:':r:ed
Parc of the Tube when full of common Air, 1w
HG the Part full of condens’d Air : And in the Se-
cond Cafe, B D the Standard Altitude, is to D C the

Depreffion by che Air, as E C the Part of the Tube
full of the expanded Air, to E F the Parr at firft
lefe full of common Air.

Fig. 6. Is Monfieur Azout’s noble Experiment, to
derermine, thac 'tis cercainly the Air's Preflure chac
raifes che Quickfilver in the Barometer. The In-
ftrument is nothing but a double Barometer coms
municating togecher, by the Means of a fmall hol-
low Pipe in the Middle : Its lower Tube is flopp'd-
ar the Bortom wicth a Bladder; and when the eatire
Cavities are full of Quickfilver, the-Bladder is
prick'd or cut, and the Quickfilver runs our: Here-
upon the upper Baromerer's Tube, and Parr of its
Bafon, becomes empry ; while che lower is yet full :
But upon the unferewing a Screw, and lerting Air
in above the upper Bafon, thac Air preffes on the
%iﬂ{ﬁlvcr'ﬁ Surface, and raifes it into irs Tube;
while che fame Air preffing down che upper Parc of
the under Tube, deprefles che Quickfilver therein
ar the fame time.

Fig. 7. Is a Hygromerer, or Cord, with a Needle
or Index in a Circle, to meafure the Air's Moifture
by its fhrinking up, and confequent Revolution one
way ; and che Air's Drynefs, by irs Excenfion
down, and confequent Kevolution che contrary way ;
and boch meafured by the Degrees of cthe Bottom
Circle.

Fig. 8. 1s a Syphon above 29 Inches high, along
where no Suttion nor Art can make the Quickfilver
run, as ic ufes to do when ic is of any lefs Aldtude.

Fig. ¢. [Is the new Sort of Cupping-Glafs,
whence the Air is fuck'd out by a Syringe, and
where by a Valve it is hindred from rewarning,

Fig. 10. Is an Example of Suftion ; and will
fhew that Quickfilver can thereby never be rais'd to
29 + Inches,

Fig. 11. Is an Example of a Weighe raifed I:g a
S]yringe, as Water ufes ro be ; and ftill fhews, thac
all is proportionable to the Power of the Air's Prel-

| fure, and is limited chereby.
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An FExplication of the fecord PrL aTE.

IGURE 1. Is the Air-Pump, with irs Re-

ceiver and Gage, as ready for Ufe : aa, aa are
two ftrong hollow Cylindrical Barrels, in which are
fuppos'd w0 be Suckers, with their Handles ec, «
notched ; into which Notches a Cog-wheel falls,
which Cog-wheel moves upon the Axis f, when
the Engine is put into Motion by the Winch & .
£&, £¢ are wwo Cylinders of Wood, fixed tothe
Frame of the Air-Pump, with Screws at the Top,
on which the Nuts e, ez do run, and prefs down
the upper Picce f f upon the Tops of the Brafs
Barrels, to fix them both ar Top and Borcom. bk
is a Swan-neck'd, or fmall bended hollow Brafs
Pipe, leading from the Top-Plate 7 iii, or rather
from the Brafs hollow Piece above n n, which com-
municates through that Top-Plate with the Cavicy
of the Receiver. This Pipe is fcrewed to a bortom
Brafs Piece, incladed in the Box 4 ; which is per-
forated not only lengthways, bur allo upwards, in
three Places : The 'Middle one for a Communicacion
with this Swan-neck'd Pipe, and at the two Ends
through fmall Cylinders, inferted into the rwo Brafs
Barrels azaa; and "tis by this Threefold Cemmuni-
cation, thar the Air is pump'd out of the Receiver.
I11 is the Gage ; which is no other than a common
Barometer, or Weather-Glafs ; with its Bafon of
Mercury m m, fix'd to the Engine by a particular
Contrivance, and irs Index or Boxen Recepracle,
with Inches, and its Cork to fupport that Index up-
on the Surface of the Mercury, and to rife and fall
with it ; for the Exaftnefs of meafuring the Height
of the Mercury from that Surface. Only this Baro-
meter is open at the Top, and communicates, as
does the Swan-neck’'d Pipe, with the Cavity of the
Receiver, nn is a Smﬁ-cn-:k, thic cemmunicares
alfo with the Cavity of the Receiver, and either ex-
clodes or readmits the Air, as you fee convenient.
& is the Bottom of the Receiver, ground true to fit

the Brafs Circle below it ; to which it is affixed by
the Hand ac firft, and afterward by the Preflure of
the Air, with wet Leather inficad of Cement

Fig. 2. IsaBarometer Tube, open at the Top H,
and ineluded in fuch a Receiver G B, as gives room
for ic to fland npright, and yer permits the Air to
go backward or forward on its Surface, according
as you pump the fame out of or readmic the fame -
into thac Receiver. And this is done fo, thar the
included Air C D, which fupports the Mercury, by
prefling on the Surface of thac in its Bafon E D, 15
confin'd within. This fmall Quantity of Air, on
the Extradtion of that in the Receiver, will, by its
Elafticity, raife the Mercury almoft as high as the
ufval Smandard : And thercby fhews, that the Spring
of any fmall Parc of ccmmon Air prefles equally
with the whole correfpondent Column of the Ate
mofphere.

Fig. 3. Is a Contrivance to make an Explofion
of Gunpowder in Vacuo: Where HD is ared hot
Iron, ftanding on irs Pedeflal E, within a Receiver
G C ; and F is a Cork, made above like a Difh, to
conrain the Gunpowder ; which by the pulling up
and thrufting down a firong Wire, with a Hole like
the Eye of a Needle, is in a cerrain Quanticty let
fall every time upon the hot Iron ; and on the Ex-
plofion produces Flame, and Atitious Air ; buc ve-
ry little Sound, by reafon of the Abfence of the
Air thac fhould convey it

Fig. 4. 1Is a Syringe, which will fuck up the
Water in the Glafs C D, when it is in the open Air ;
but will not do the fame under the Exhaufied Re-
ceiver EF, unlefs for fo fmall an Alitude as the
remaining Air can fuftain,

&
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An Explication of the Third Pr a1 k.

IGURE r. Isalarge firong Glafs Receiver,
or Condenfer, Arm’d with Brais Circles at both
Ends, and fit to receive and bear the Preffure of Air
confiderably condens'd, when crouded into it by a
Syringe fired for that Purpofe. It has alfo an-
m:m:tf to it 2 Gage C D, to derermine the Quantity
of the condens'd Air within. This Gage confifts of
a hollowTube, Hermerically feal’d ac D, with anocher
fmaller included, opentowards D, and Hermetically
feal'd ar the other End. In this fmaller Tube is
tlefe a lictle Oat:ickﬁlnr: This Quickfilver is by the
. Air at D in the larger Tube, which communicares
with the condens'd Air in the Receiver it felf, and
1o is of the fame Denficy wich ir, crouded inwards
rowards C every time of the Admiilion of new Air;
and by its whole Length from the End near D, com-
par’d ‘with its Diftance from the End near C, it de-
termines the Proportion of the Denfity of the in-
cluded Air to that of the common Air. Note, That
the Syringe to be made ufe of with the Receiver, is
the fame with chat reprefented in the nexe Figure,
as joined to the condenfing Engine it felf 5 and acts
by pulling up the Sucker above the Hole H, for the
Admiffion of a full Cylinder of common Air, and
then crouding it down into the Receiver ; ar the
Borcom of this Syringe is a Valve, thac hinders
« what is once crouded in from returning back again,
_as is necefiary on all fuch Occafions.

Fig. 2. Ts the ufual Brafs Condenfer ic felf, wich

_ a Stop-cock EF near it ; to be interpofed berween
- the Syringe and the Receiver upon Occafion. ‘The
Inftrumene, befides the Frame, is compofed of a
Recipient of Brafs, made of Two Hemiipheres, or
what is equivalent to them, clofed rtogether by a
-Ring of wet Leather, to keep in the Air ; and be-

caufe in this Cafe the denfe Air within endeavours
forcibly to disjoin thefe Hemifpheres, they are con-
fin'd down clofe by a firong Piece of Iron, and
Screws belonging thereto.  The Syringe already de-
fcrib'd, is reprefented as join'd to it afrer che fame
manner that it is when the Air is thereby intruded.
This Brafs Recipicnc will bear Air very mech den-
fer than the foregoing Glafs one, tho' it being noc
tranfparent as the other is, cannot be fo pleafant,
nor {o well fhew the Murations chat happen ro Ani-
mals or other Bodies in condens'd Air as che former.

Fig, 3. Is the Logarithmick Curve A C ¢, with
its Ordinates AB, CD, cd, K reprefenting Abfo-
lure Numbers, and its Abfcifle, CGor DB, I¢ or
Bd and B#, reprefencing their Logarichms, whofe
famous Property ir is, that one Ordinate as A B, is
to another Ordinate as CD, or ¢d or K &, as thag
unlimired Space between the Curve and Afymprote
above the one, is to that above cthe other ; and
whence 15 deduc'd the Proportion of the Air's Rari-
ty ac all Alcicudes wharfoever ; thac ar 7 Miles high
it is 4 times as rare ; ac another 7, or 14 Miles, it is
15 times as rare, and fo for ever, in a Geomerrical
Proportion of Rarity, compar'd with the Arithme-
tical Prcportion of 1rs Alrirude; tho' all chis is here
upon the Hypothefis that the Diftances are not fo
grear, thatthe real Graviry of the Pares be fenfibly
diminifhed. For in that Cafe,

Fig. 4. Givesthe Scheme, which is made ufe of
to difcaver the Air's Rarenefs, even at fuch Diftan-
ces, as imply a confiderable Alceracion in that Gra-
vity; whence it will appear, thac the Denfity of
the Air is diminilhed in thar Cafe more than 4 times
for every 9 Miles of Alritude.
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An Explication of the Fourth Pr. AT E. .

IGURE 1. Is a compound Inftrument, to
fhew, why in a Storm the Mercury in the Ba-
rometer vibrates fo mueh, by a parallel Cafe inan
Imitation of fuch a Storm. A A is a Jarge hollow
Erafs Sphere, into which by the means of che Sy-
ringe in Fig.2. Air is crouded cill it is 3 or 10 times
as denfe as ufual. HF and L K are Two Baro-
meters, with their Bafons in the Boxes F F, K K,
which Boxes communicate by a long hollow Tube
1. EE is a Brals hollow Tube, to convey the
crowded Air near the Surface of one of cheBafons of
Quickfilver, which Air paffes our of that into a
larger hollow Pipe GG, and fo inco the open Air.
Upon the turning of the Stopcock C ro give vent to
the condenfed Air, it rufhes with grear Force along
the hollow Pipes EE, G G ; and as it paffes ner far
off the Surface of che Bafon of Quickfilver F F, it
caufes the Mercury in both the Barometers H H, and
L L, todefcend and vibrate feveral Inches, as che
great Storm made Baromerers defcend and vibrate
in Chambers at a diftance fronr it

Fig. 3. Is a Transferrer ; containing one com-
mon hollow Stem I (here reprefented as fcrew'd o

a fquare Piece of Wood, and thereby held upright) §

with its Stopcock I, and its Horizontal Hollow G H
with which it communicares. Upon this Horizontal
Piece two more hollow Stems are erected, and
communicate therewith, Thefe alfo have Stopcocks E
and F, and to thefe are fcrew'd Two Brafs Plares AB
and €D, on which Two Recipients may be fix'd,
and may communicate with the reft. By this means
the whole Infirument may be apply’d to the Air
Pump, and one or more of its Recipients exhaufled ;
and afrerward any Fatitious or Natural Air may be
transfers’d from one Receiver to another, as Occafi-

ont requires: OF which Inftrumence Mr. Byle made:

greac Ule in his Second Centinuation of Experi=
ments.

Fig. 4. Are very fmalt or capitlary Glafs Tubes, -
of different Beres, let down into Tinged Water, in
Viacuo, to fhew, that by the Arcrattion of the Glafs -
the Water will be elevated, concrary to the ordinar
Law of Hydreftaticks, and that ro a confiderable
Heighe ; and whae is chiefly remarkable, is, that the
Alricude of che Liquid in the Tubes is the fame in
Vicuo as in the open Air, and is always in an exaét
reciprocal Proportion to the Biameters of their .
Bafes.

Fig. 4. [Is the noble Improvement of the former -
Experiment by Mr. Hukksbee, Sen. upon which

' the Learned Mr. Ditton.-has written 2 fmall Treacife. .

It is done by two Glafs Plains, ACB, ADB,
meeting in an Axis at AB; and being abour a
Tencth of an Inch diftanc ac the greateft Aperture
DC, Thefe Plains are Eredted in Spiric of Wine,
and are like a Series of Tubes of all differenc Dia-
meters lefs than D C, which muft therefore elevare
the Fluid a licde ac DC, ard higher all the way to
B, where the Elevation ought to ke Infinite 5 the
Tops of the elevared Columns will form an Hy perbo-
la, EF G, with its Two Alymptotes, the Surface
of the Fluid DCB, and the Line BA. MNote, That .
if the Angle at D C be altered, the Bignefs of the
Hyperbola will be alter’d, while its Species remains ;
but thac if the Angle A B C be alter'd, the Species -
of the Hyperbola will be alter'd- alfo, though 1t will
ftill be a true Hyperbola, and that if the Glats be .
clean, to a furprizing Degree of Exadinefs.

.
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An Explication of the Fifth Pr A T E.

TIGURE 1, Are Otfo Guerick's Hemifpheres,

with their feveral Screws and Apparatus ac
large, fet feparately by chemficlves  They are de-
figned to prove thae the Force of the oucward Air,
when the inward is excrated from berween them,
is equal to the Weight of a Column of Quickfiver
of about 29 Inches and a half : Of Water of about
34 Feer: And of Air ro the Top of the Atmofphere,
all preffing vpon the fame Bafe with the largeft
Circles of Emﬁ: Hemifpheres. _

Fiz. 2. Is the Syringe, with its Hole; to be
ferew’d on to the Top of the Receiver of the nexc
Figure; in order to thruft Air into it, for the Im-
provement of the former Experimént; or to fhew
that tho' common Air be left in the Hemifpheres,
yer if that on their outward Surface be made ewice
or thrice as denfe, they will ftill fuftain an equal, or
a double Weighe refpeétively, before they are fe-

rated.
p‘Fig. 3. Is that Infirument included in fuch a Re-
ceiver D B, and that Receiver kepr clofe o its Ba-
fis by a crofs Picce and Screws, as in the Condenfer
before : Together with a newly contriv'd Scilard,
to which the upper Hemifphere is hung ; wich irs
fixed Bafe, and its Gage, to meafure the Degrees
of Condenfation of the Air, where by the Propor-
tion of SP to P K, the Weight so w. is equivalent
to grearer Weights, and fhews how many Pounds
are required o feparate the Hemifpheres in all Ca
fes. If the Diameter be 3 Inches and a half, they
will fuftain about 130 Pounds ; and fo in all ocher
Proportions. ¢

Fig. 4. Isthe Plate which covers the upper Part
of the Receiver. And through the Hole C the
Piece D E flides, which takes hold on the upper
Hemifphere. [

Fig. 5. Shews the Gage of the fame Inftrument;
chis 1s like thac for che Glafs Condenfer before de-
fcrib'd, and conrains a bended Tube, whofe open

Ecrd is in a fmall Bafin of Mercury; and the other
15 Hermetically feal'd : For this Mercury crowded
by che condenfed Air in the Receiver, will croud
the Air in the fmall Tube clofer in Proportion to its
Denfity, and fo will afford us the Knowledge of the
Quanticy thereof.

Fig. 6. Is alike Experiment of the Cohcfion of
polithed Plates of Brais, or of Marble; when che
Air 1s excluded by a lictle Qil, and an exalt Appli-
cation, This Cohefion may be weighed by che
Stiliard, as well as thac of the Hemifpheres 3 and s
equal to the fame, upon the fame Bafe ; provided
a Ring do prevene cheir fide or thiding Motion ; and
provided the Air can ﬂﬂl&”}f be excluded from be-
tween the Plares, as berween the Hemilpheres
Which laft yer is almoft impoffible to be dane.

Fig. 7. Is a Number of great Weighes, kepe
fteady one over another by an Iron Red palfing
throngh chem, and preffing upon a Bladder half
blown, plac'd below them : This Bladder, by the
Elafticity of its ineluded Air, gradually elevaces all
thole Weights 3 as foon as by I:Ec Excraétion of the
other Air out of the Receiver, wherein they are all
included, its Counterpoife is gradually taken a-
ways

Fig. 8. Isa Number of et d Equs, or Founcains,
made by condens’d Air, in a large Copper Veifiel
CD, prefling on the Surface of Warer at the Bot-
tom ot the Veflel; into which Water a hollow Brafs
Pipe is immers'd. For if there be then a Stopcock
at G, to open or fhut the hollow Pipe at Pleafure ;
and feveral imaller Pipes ar 1 K, communicaring
therewith, turning upon Balls or Joints, and plac'd
in Order, we (hail have a very pleafant Ser of thefe
Fet @ Eaus, or Fountains ; all whofe Water will be
caught by the Bifon AB, which Water may be
again let into the Veflel CD, by unfcrewing the
Pillar in the Center of the Bafon.
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An Explication of

HT1S Plate is in Reality bur one com
T pound Inftrument or Apparatus, for trying
the Eleftricicy of Glafs, and irs Luminoufaefs,
when pur into Motion, and rubb'd upon to hear ir.
Wherein BC is a Wheel, wich its Sering ABC.
D E is a Sphere of Glafs, whofe Air has been drawn
out by the Air-Pump: This is turned round by the
former Wheel-firing ar A. F is a Stopcock, where-
by the Air i» exhaufted, and may be readmicced ac
Difcretion.

In Fig. 1. KLM is an Arch with Threads
of Cruel or Yarn upon it, as chey hang abour
the Glals D E, ( here rcgr:ﬁ:n:cd by a fmaller
Circle wicthin the Arch ) before it is curned round
or heated by rubbing,

Fig. 2. GHI isthe fame with the former ; on-
ly the Threads are here reprefented as they hang ac
the Beginning of the rurning round of the Globe,
before it be heated by Friftion ; being plainly benc
one way, by a Wind arifing from thar Convolution.

Fig. 3. NPO is the fame; only with the
Threads pointing rowards the Sphere, or its Center,
when the Arch is in an upright Pofture, and fome
of the Threads hang partly downwards, and this
upon the Spheres being heated fufficiently.

Fig. 4. QSR is the fame, with irs Threads
pointing che fame way , though in 2 downward Po-
flure, when fome of the Threads thereby are forc’d
o ftand eredt.

Fig. 5. TU is a Circular Arch, in an horizon-
ral Pofition, when the Threads point rowards the
{fame Center, in the fame horizoncal Plain,

Fig. 5. 1s another Sphere, communicating with
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the Sixth PLATE.-

the Air, and ro be apply’d to the fame Wheel in
the Room of D E, where-into is inferced an Axis
with a Circle affixed to it ; ac the Edges of which
Circle the Threads are placed. Thele upon che
Frittion and Heat of cthe Glafs extend themfelves
outward, and poinc from the Cenrer to the Circum-
ference, contrary to the former. In both Cafes the
Threads, when under che Influence of che Eleétri-
city, will be moved by the Finger, even wicthour
Concact, nay by che Finger and Breach, even
through the Glafs ic felf ; fo fubtle are chele Eflevia.
The Light is made when the Air is exhanfted, and
diminifhes as you readmit ir. It f{preads and
branches ic felf inwardly like Lighening, when about
half chat Air is readmitced. The Colour of thae
Lighe is always Purple. It {preads at fome Diftance,
and makes the Edges of a Cravar look a liccle like
the milky Way, by the great Number of Sparkles
it emits : Which may alfo be felr by the Flefh, with
a crackling Noife thac accompanies them, If you
alfo fufficiently rub and hear a large Tube of Glafs,
eicher folid or hollow, it becomes ftrongly Eledtri-
cal, even through Glafs ir felf; tho’ nor fo much
througn Muflin. Ocher Heat than chac by Friction
fignifies nothing. Tt will arradt and repel Leaf .
Gold, and the like {mall and light Bodies, after a .
firange manner, by turns; when once they have
been fully repell'd chey cannoc be made to rouch
them, till they have been refleéted from fome other -
Body. If they lye berween two Picces of Wood,
laid ‘pretty near, cthe Eleétricity fails of its Effect.
With other Circumftances very furprizing and un-..
accounrable.
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