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. ELEMENTS OF

NATURAL PHILOSOPHY:

PART (IL

OF THE PECULIAR PROPERTIES OF BODIES.

IT would have been ufelefs in the preceding part
of this work to have enumerated, or to have
armanged under any claffical order, the various bo-
dies of the univerfe; fince the properties which
formed the fubjet of that part, belong indifcri-
minatcly to bodies of every denomination. In treat-
ing of one of thofe properties, viz. of the mobility
of Mmatter, and particularly of the collifion of
bodies, ope difference only was noticed, namely,
that which exifts between elaftic and non-elaftic
bodies ; but that difference neither demanded a
Pa;-rtic.ular difcrimination of bodies, nor could it
With Propriety be introduced in any other part of

©Work, We alfo, in explaining the docrine of
motion, applied jts laws to folids only, not becaufe

YOL, 11, . Auids




) Of the peculiar

fluids are éxempt from thofe laws, as far however
as their nature admits of their being placed in cir-
cumftances fimilar to thofe of the folids; but be«
caufe the mechanic of fluids contains certain other
laws which are not applicable to folids; hence the
particular examination of the equilibrium . and of
the motion of the fluids, was referved for the pre-
{ent part.

We are now going to treat of the peculiar pro-
perties of bodies, viz. of fuch as render one piece
of matter, or fet of bodies, different from another
piece of matter, or other fet of bodies; and of
fuch properties there are fome which belong to a
great number of bodies, though not to all ; others
which belong to a few; and, laftly, there are other
properties, which belong to fingle bodies only.
Thus water, oil, fpirit ¢f wine, and air, are all
fuid fubftances, fo that by that fluidity they are
diftinguithed from  ftones, metals, wood, bones,
&c. which are all fo/id fubitances. But, though
water, oil, {pirit of wine, and air, be all called
fluids ; yet the firft three are diftinguifhed from
the laft, by this, viz, that they are not compref-
fible into a mnarrower fpace by the application of
any mechanical force, at leaft not in any remark-
able degree; whereas air may be eafily compreffed
into a narrower fpace. Flence water, oil, and {pirit
of wine, are {aid to be non-¢laftic fluids ; but air is
faid to be an elaftic fluid. Farther, though water,
oll, and fpirit of wine, be all three non-elaftic
fluids,




Properties of Bodies. 3
fluids, yet the firft may be diftinguilhed from the
other two, by its not being capable of inflamma-
tion ; whereas oil and {pirit of wine may be eafily
inflamed and burned away. Yet though thele two
agree in the property of being inflammable, they
may however be eafily diftinguifhed ffom each
other by means of other peeuliar properties ; com-
mon oil, for inftance, is much lefs fluid than
Ipirits ; it alfo feels clammy to the fingers, which
{pirit of wine does not ; it is lefs inflammable, and
lefs evaporable than fpirits, &c.

This thort fketch of the nature and variety of
the natural properties of bodies, will fufficiently
manifeft the multiplicity of particulars which muft
be noticed in the prefent part of thefle elements;
and will, at the fame time, point out the neceffity
of preferving as much order and perfpicuity, as the
intricate nature of the fubje& can admit of.

With this view we fhall begin by making a
flight, but general, furvey of the Univerle, or ra-
ther, of the bounds of human knowledge relative
to the number and variety of natural bodies;
whence the reader may form fome idea of the ex-
tent, variety, and importance, of the fubject. But
Previous to this, it will be proper to make the fol-
lowing obfervation.

Itis a rule in elementary compofitions, to explain
;hOfc articles firlt, which may elucidate what fol-

OWS 3=to take nothing for truth, unlefs it has
been Previoufly proved ; and not to mention any
B 2 thing




4 Of the peculiar Properties of Bodies.
thing which has not been already defcribed. But
the ftrict adherence to this rule i1s impra&icable ir
natural philofophy, wherein hardly any thing can
be mentioned, which does not owe its exiftence
to the previous exiftence of feveral other things,
which cannot have been all previoufly defcribed.
Thus, in fpeaking of the fufibility of metals, we
mufl natarally mention the thermometer; and in
defcribing the thermometer, we muft naturally
{uppofe the previous knowledge of the fufibility
of glafs, and of the nature of quickfilver, which
is the metallic fubftance moftly ufed for the con-
ftruction of that very ufeful inftrument. The
reader, however, need not be under any apprehen-
fion of being mifled or confufed ; for whenever any
article 1s mentioned without its having been pre-
vioufly explained, he may be affured, in the firft
place, that the particular defcription of that ar-
ticle is not neceffarily required in that place; and
fecondly, that the proper defcription of that arti-
cle will be found in fome other more appropriate
part of the work.
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CHAPEER: L

CONTAINING AN ENUMERATION OF THE VARIOUS
KNOWN BODIES OF THE UNIVERSE, UNDER GE-
NERAL AND COMPREHENSIVE APPELLATIONS,

HE moft diftant objeds, that are at all per-
ceivable by any of our fenfes, are the lumi-

hous cozleftial bodies, amongft which the Sun is
the grandeft and the moft admired of the creation.
Its {plendor, its heat, and its beneficial influence,
have always excited the particular attention of the
human (pecies, and have obtained the adoration of
all thofe nations, which have not been blefled with
the light of Revelation. Next toit is the Moon,
_WhOIE apparent fize nearly equals that of the Sun ;
but its fplendor is vaftly inferior. ‘The other nu-
Merous bright objefts of the heavens differ from
each other in fize and luftre ; but in thofe refpects
they al| appear greatly inferior even to the Moaon.
Amollg& them there are fix, which are feen to
Move with apparent irregularity, but under certain
determinggc laws, through certain parts of the
}fea"enss whilft the others appear to remain at the
z“r:zel:nulterable diftance from .each c‘Jther-.—Thc
.. Mj: c_al[ed Planets, and th'EIr particular names
ury, Veuns, Mars, Fupiter, Saturn, and the
B3 Georgian




6 Of the known Bodies

GeorgianPlanet : but it will be fhewn hereafter, that
the Earth we inhabit is likewife a planet, which
renders the planets feven in number. The latter
are called Stars, the principal of which have like-
wife obtained particular names; but they are too
. numerous to be inferted in this place.

Befides the Stars propetly fo called, and the pla-
nets, which'are always vifible to the inhabitants of
the FEarth, feveral other luminous objects are at
times feen in the heavens, which appear for a con-
fiderable time, move in a manner apparently more
irregular than the planets, then difappear, and per-
haps make their appearance again after a long
period of years. Thefe are called Comers.

By means of the telefcope it has been difcovered,
that four {mall luminous objeéts revolve at certain
diftances round the planet Jupiter; feven fuch
bodies revolve round' the planet Saturn, and fix
revolve round the Georgian Planet. Thofe {mall
revolving bodies are called Satellites, or Moons ; for
in fact the Moon itfelf will be fhewn to be a Satel-
lite, which moves round the Earth, in the fame
manner as the abovementioned fatellites revolve
round their refpe@ive planets in ftated periods.

The {cience which enumerates thofe coeleftial
objects, which defcribes their peculiar appearances,
which ecxamines and calculates their movements,

and which renders that knowledge ufeful to the
human fpecies, is called Afronomy, the elements of
which
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which will be explained in the fourth part of this
work.

The celeftial bodies which have been juft men-
tioned, and fuch as fall under the cognizance of
Aﬁronomy, do all move under certain laws, which,
even with refpect to the Comets, have been in a great
meafure inveftigated and afcertained. But there
are {everal other objedts, either luminous or opaque,
which appear in the fky at uncertain times, and
which de not follow any known regularity of mo-
tion; o that they very feldom appear twice in the
fame place, and of precifely the fame fhape. Thefe
are, for very ftrong reafons, fuppofed to be much
nearer to us than the Moon, which is the neareft
10 us of all the celeftial bodies that have a known
regularity of motion. They are colleéively called
Meteors, whence the particular examination of their
origin, of their appearances, and of their influence,
or of their effeéts, forms the fubject of Metcorology,
which is a very confiderable branch of Natural
Philefophy.,

The principal objeéts of Meteorologyare, 1. Thofe
luminous appearances, which are commonly called
Falling Stars, or Skooting Stars, the largeft of which
arc more particularly called Meteors. 2. The quick
moving light, which is feen at times in the fky,
e[beCially about the North and South Poles, and
Which has hence been denominated the Aurora
Borealis, anq Aurora Aufiralis, or Northern and
Southern Lights, 3. The Rain-bow. 4. Halo's, or

B 4 Corona’s




8 Of the kuown Bodies

Corona’s, viz. thofe fteady white circles which are
{ometimes feen about the Sun and the Moon. 5,
Parkelia, or Mock Suns, and Parafelenae, or Mock-
Moon. 6. The Zodiacal Light. 7. Other luminous
appearances more irregular and lefs remarkable
than the preceding, which have obtained, from their
more ufual {hapes, fituations, &c. the various names
of Draco Volans, viz. Flying Dragon, ot Plying Kite ;
Luminous. Aréhes; Luminous Clouds; Ignis Fatuus,
vulgarly called Wil with a wifp, or Fack in a
lanthorn, or Fack-a-lanthorn; the Fata Morgana,
&c. 8. Thunder and Lightning. 9, Fapowrs, Fogs,
Mifts, and Clouds. 10. Rain, Hail, and Snow.
x1. Water Spouts. 1z. Winds, under the various
names of Trade Winds, M’onﬁmn:, Ga[gs, W hirlwinds,
&c. . Storms, and Hurricanes.®

Sorne authors have reckoned thé natural forrrm-
tion of ice, or the froft, as alfo carthquakes, volca-
nos, &c. amongft the meteors; but it will be much
better ta confine the word metcor to its onginal
fignification, viz. to fomething that takes place
in the fky above us, but nearer to us than the
Moon.—The nature, origin, and effects of the
above enumerated meteorogical objeéts, as allo of
volcanos, of carthquakes, &c. will be defcribed in
different parts of thefe elements.

* Thofe objects of meteorology have been ufually faid o
be of three kinds, viz. fiery, watery, and airy, mesearss  Bug
this diftinétion is both ufelels and improper.

We
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We muft laftly enumerate the various bodies
which form the Earth, or the planet we inhabit.

A variety of obfervations, experiments, meafure-
ments, and incontroyertible arguments, the prin-
cipal of which will be mentioned hereafter, have
Proved that this Earth is not a perfeét {phere; but
that it is' a little flattened on two oppofite parts,
which give it the figure of an oblate fpheriod; the
longeft diameter of which has been reckoned equal
0 41960862 Englith feet, or 7947 Englith miles;
the fhorteft diameter has been reckoned equal to
41726516 Englith feet, or 7902,7 Englith miles ;
the difference of the two diameters being 234345,6
feet, or 44,4 miles,*

The

* See De la Lande’s Aftronomy, vol, 111, Dela Figure de
la Terre et de fon applatiflement ; where, viz. in §. 2690, and
2693, the two diameters are fliewn to be equal to 6562024,
and 6525376 French toifes, from which the above-mentioned
lengths have been derived; a French toife being equal to
6,3045 Eng[ifh feet, l

Sir Ifaac Newton, fuppoling the carth to be of uniform
dﬁﬂﬁty, afligned for the difference between the equatorial
and polar diameters xrz part of the former. Bolcovich,
taking a mean from all the meafures of degrees, found the
difference of the two diameters equal toz£.. [From other
mealurements made in various parts and calculated by dif-
ferent able mathematician s, this difference has been reckoned
%?:i.mtoﬁ;r or ::,J by de La Lande; to ;¢ by de La
el ‘:’ith [‘;:.r by oc_;c.ur.-—Thefe latter refults agree pretty

¢ obfervations of the length of the pendulum
- - made
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The furface of the Earth confifts of land and
water varioufly intermixed. ‘The land is ufually
divided into, 1. Continents, or very large tralts
comprehending feveral countries, ftates, &c. 2z,
Iflands, or fpots of dry land, having water all round.
3. Peninfulas, or fpots of dry land furrounded by
water, excepting a fmall neck or communication
with fome other land. 4. Iflmufes, or necks of
land, which join the peninfulas to other land.
5. Promontorics, or high lands extending themfelves
into the fea, the extremities of which are called
Capes or Head-lands. And laftly, Mountains, which
are parts of the land confiderably elevated above
the adjacent country; the fmalleft of which are
called Hills.

The watery part of the {urface is ufually divided
into, 1. Oceans, or vafl colleGtions of falt water, viz.
the largeft divifions of the watery part of the fur-
face. 2. Seas, or parts of oceans, clofe to, or between
dome countries. 3. Gulfs or Bays, which are feas
having land all round, except on one fide, by which

made in different latitudes ; {o that upon the whole +1, or a
fraltion not much differing from this, feems to be the neareft
to the truth, The caufes of difagreement between the re-
fults of different meafurements, probably are the imperfec-
tion of inftruments, the partial attraction of mountains, and
the unequal denfity of the materials within, and at no great
diftance from the furface of the earth, See Profeflor Play-
fair’s paper on the fig. of the Earth in the Tranf, of the.
R. 5, of Edinburgh, vol. V. P. L.

3 they
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they communicate with other feas or oceans.
4. Straits, or Fyiths, being narrow brancles of the
feabetween two contiguous lands, or narrow paflages
from one fea to another, . Lakes, or collettions
of water in fome inland place. And 6. Rivers, or
Streams of Water.

The particular defcription of thofe parts, as alfo
of the political divifion of the Earth, form the fub-
Jedts of Geography and Hydrograghy.

There are feveral hollows or natural pits 1n the
Earth; but they either do not defcend, or could not
be examined, to any great depth. Deep pits have
alfo been made by human art ; but the deepeft of
them do not exceed 2400 feet, or lefs than half a
mile; 6 that the induftry of man has not been able
Lo penetrate fo far below the furface of the Earth
as half a mile, which is a very fhort diftance indeed,
When compared with the abovementioned lengths
of the diameters.  So that whatever lics below that
depth is to us utterly unknown.

The materials which have been extracted from
thofe ' excavations are not in general of a nature

different from thofe, which in fome pacticular
Places haye been four

1d immediately upon the {ur-
face of the carth. ‘

Upon that furface a vaft variety of objects 1s to
b‘j O'Dﬁ:l‘ved; but thofe various objects, together
With thofe that are dug, have been ufually arranged
under 0. grand divifions, which are naturally
fugpefteq by their more ftriking properties, and

which
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which have been emphatically called the threg
Kingdoms of Nature; viz. the Adpimal Kingdom,
which comprehends all thofe {elf-moving, organiz-
ed bodies, of which the human being forms one
{pecies, The Fegerable Kingdom, which compre-
hends all thofe organized bodies called plants,
which grow by an enlargement. of parts, have a
certain period of life or of exiftence, but are at-
tached to a particular part of the foil, from which
they derive the greateft part of their nourifhment.
And lafily, the Mineral Kingdom, which compree
hends z2ll the other bodies of the Earth; for all
the others are fometimes found within the Earth,
whereas living animals and hiving plants are not to
be found buried at any confiderable depth below
the furface of the Earth.

Every one of thofe three grand divifions is fub-
divided into a variety of f{ubordinate fubjects,
Thus the particular enumeration and claffification
of all living creatures, or organized bodies, which
give marks of fenfation, which continue their kinds
according to invariable laws, and which are found
in the flate of embryo, infancy, maturity, old age,
or death, forms the fubje& of Zoology.— dnatomy
examines and defcribes the internal and external

parts of the animal body. AMedicine, or the Me-
dical art, endeavours to preferve or to refiore the
health of animals, and is it{elf fubdivided into

other branches, &,

Thus
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Thus alfo with refpect to the vegetable king-
dom, the enumeration and regular arrangement of
all the plants forms the fcience of Botany. The
art of Cultivating them is called Agricalture, Huf~
é‘:’md;:}r, &c. :

In like manner with refpect to minerals, the
“hunieration and arrangement of all their {pecies,
together with the, defcription of fuch of their pro--
Perties as are neceflary to difcriminate them from
cach other, forms the fubjeét of Mineralogy, The
confideration of their original formation, and of
their prefent natural difpofition in the body of ‘the
Earth, is denominated Geology. The particular
knowledge and management of one fort of mine-
rals, viz. of metallic fubftances, is called Meza/-
furgy 5 and fo forth.

When the knowledge of thofe various fubjects
Was not very extenfive, all the known particulars
could be eafily arranged under the general title of
Natural Philofopy ; but the progrefs of civiliza-
tion, and the unremitted attention which has been
beftowed, particularly within the two laft cen-
turies, on feientific {ubjets, have increafed the
number of ufeful difcoveries to fuch a degree, as
to render the capacity of one man inadequate to
the comprehenfion of the whole ftock of know-
ledge, ang much lefs able fo treat of all the
mentioned fubjets in a’ full and complete
Maliney, Thercfore, under the title of Elements

of Naturg] Philofophy, we mean to explain the

abOve-

principles,




14 Of the known Bodies

principles, or the foundation of all thofe various
branches of knowledge, which depend upon the
properties of natural bodies ; whence the ftudent
may obtain a competent knowledge of the whole,
and particularly of the admirable connexion
which exifts between them all, upon which, as
upon a {teady foundation, he may extend his

-knowledge of any particular branch, which his in-

clination or his profeffion may lead him to adopt.
Almoft all the bodics which come under the
cogniza.nce of our fenfes, viz. all the animals, all
the vegetables, and almoft all the minerals, are
compound bodies; viz. they evidently confift of
{ubftances differing in weight, colour, and other
properties, which may be feparated more or lefs
cafily from each other; but when feparated to a
certain degree, the human art is not able to de-
compofe them any farther. Now thole fubftances
or components of amimal, vegetable, and mineral
bodies, which appear of a uniform nature, and
which, at prefent, cannot be divided into more
fimple fubftances, muft be reckoned elementary
or primitive, until a-mode of decompofing them
be difcovered. Thus, for inftance, water was for-
merly reckoned an elementary fubftance; but it
has been of late years difcovered, that it confifts of
‘(for it may be relolved into,) other fubftances, which
poflefs. properties very different from each other.
Hence, at prefent, water is no longer looked upon,
as an elementary fubftance, 1It, therefore, na-
turally
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turally appears that the number of elements muft
have been always fluctuating, and that it is likely
to continue fo for ages to come, fince the inge-
nuity of man continually difcovers new fubftances,
and at the fame time finds means of reducing into
fimple fubftances feveral fuch bodies as had be-
fore pafied for & imple, primitive, or elementary,

The fcientific perfons of the prefent time ac-
knowlcdcre the fubflances of the following lift, as
the eipmcnts or components of all animals, vege-
tables, and ‘minerals; yet it will prefently be
fhewn that fome of thofe clements are merely ‘hy-

pothetical, and that they have been admitted as
fuch,

by reafoning from analogy upon other
facts,

ELEMENTARY SUBSTANCES:

Light

Radical fuccinic

Calorific, or caloric
The Electric fluid
The Magnetic fluid
Oxypen
Hydrogen
Azote
Carbon
Sulphyr
Pholphorys

adica) Mmuriatic
Radicy boracic
Radicyy Auoric

Radical acetic
Radical tartaric
Radical pyro-tartaric
Radical oxalic
Radical gallic
Radical citric
Radical malic
Radical benzoic
Radical pyro-lignic
Radical pyro-mucic
Radical camphoric
Radical la&ic
Radical
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Radical fach-la&ic
Radical formic
Radical Pruflic
Radical febacic
Radical bombic
Radical laccic
Rad'cal {uberic
Radical zoonic
Arfenic
Mollybdenite
Tungften
Chrome
Titanite
Sylvanite
Uranite
Manganefe
Nickel

Cobalt
Bifmuth
Antimony

Zinc

Tion

Tin

Lead
Copper
Mercury
Silver
Platina
Gold
Silica
Argill
Baryt
Strontian
Lime
Magnefia
Jargonia, or Zirgonia
Pot-alh
Soda, and

Ammoniac

The firfk four of thofe elements may with pro-
priety be called hypothetical. Thefe are Light, or
that Auid which renders objects perccivable by
our eyes 3, Caloric, viz. the fluid which is {uppofed
to produce the phenomena of heat, or to affet us
with the fenfation of heat; the Elefric Fluid,
which is f{uppofed to produce the phenomena
called eledrical, and the Magnetic Flyid, to which
the propéxties of the magnet are attributed; for,

10
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in fa, the phenomena which fall under each of
thofe four dendminations, are only fuppofed to be
the effects of o fingle fluid ; refpecting the nature of
which, however, various opinions are entertained.

We fhall treat at large of thofe four very re-
Markable natural agents in the third part of this
Work ; yet fome of their properties muft unavoid-
ably be mentioned in treating of the properties of
all the other clementary {ubftances, in the prefent
Part.

With refpe&t to the latter, it may likewife be
Obferved, that fome of them are only fuppofed to
exift from analogy. Thus it is known that the
fulphuric acid confifts of fulphur and oxygen ; for
it may be formed by combining thofe two fubftan-
“¢s together; and it may be reduced into thofe
fubftances, It is likewife known, and for the like
Teafon, that the carbonic acid confifts of carbon
and Oxygen; but the components of the muriatic
acid are not known with certainty ; yet from the
Analogy of other acids, the muriatic acid is fup-
poled to confift of oxygen joined to fomething
Vﬁf“:’ Which fomething clfe has been called the bafe
of that acid, or the muriatic radical. "The like ob-
fervation may be applied to {ome other radicals.

The knowledge of the exiftence of the abeve-
?xf?tiom(l elementary fubftances, excepting the

Lr 'four, has been acquired by the actual decom-
I_mﬁ“o” of animal, vegetable, and mineral bodies,
fuch as age wWually found; and likewile by the

TR e actual
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attual re-compofition or formation of fome bodics
n a great meafure fimilar to the natural, from
a combination of fome of the elementary {ubitan-

ces.- The art of decompofing natural Bodies is

: lyfis ;—the art of forming compoinds
is called Synthefis; and both the art of analyfing,
and the fynthetical art, together with the l\u(n.,.-
ledge ‘of the principal facts which have been al-
certained by thofe mearts, form the fcience of

H.,\uw thus far given a general idea of all the
bodies, which either are known to exift, or are, for
very {trong reafons, fuppoled to exift; I (hall now
{fubjoin a fhort but cmnprehenﬁv' view of their

properties; and fhall, at the {anie time, point out
the order in which the particular defcription of
thofe properties- will be arranged in the following
chapters.

It bas l‘:l,n (hewn in the firlt part of this work,

that matter 1n general is poffeiled of extenfioi, di-

VIBOHILY, u}ZJ-.-Lf:L--ﬁ ..:‘_}, OOIALy, VIS eriiac, amd

S mena B D APt e T e U e A
oravitatign—Upon the m u‘:nhiy and the wis iner-

2iac of hochc&-‘ the extenfive do&rine of motion or

s, have been eftablithed ; but that
d-::vé"rrmc cannot be fufficiently elucidated, unlcis
it be particularly adapted to each of the three
principal ftates of bodies, viz. to folids, to non-
elaftic fluids, and to claflic fluids; therefore, hav-
ing already explained the mechanical laws with
relpect to folids, it will be neceflary, in the next
place,
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Place, to treat of the: mechanical properties of

Ron-elaftic fluids, under the title of Hydrofatics;
then of the

mechanical properties of elaftic fluids,
under the title of Prewmatics; and laltly, of the
other peculiar properties, belfides the mechanical,
which belong to each of them, viz. to folid ‘and

fluid, to fimple and to compound, bodies, under

] 51 - <
the title of Chemitry

The properties of bodics may be faid to be either
ef a 4

o f o g i
rajive or-of an alfin

e nature, The former
“Duty, impenetrabifity, wmo-
and rarity, ha dnefs, foft~

"fsy Juidity, rigidity, fi xioility, elafiirity, opacity; and

which have been fufficiently defined

n the Preceding pages, and will be farther ex-~

plained in

s GEITY

Traufparency ,
I

the following; or their meaning is

Commonly too well known to require any particular

definition, The latter, or thole of an adtive nature,
&€ attreion and reputfion.

Befides what relates to light, heat, elericity,
afld magnetifim, there are four forts of attraction,
Mt The attraction which every known body
has towards al] ]
latioy ,

Viz.

1e reft, and which is called gravis
2dly. The attraction which homogeneous
o

Parts of ‘matter have towards each other, or by

::;;ec:; t‘: hey adhc'“? to each other, and whi.ch is
'€ atiraction of ageregation 5 and fuch is the
hich two {mall drops of quickfilver,
contiguous to each other, rufh, as it
ach other, and form a fingle drop 3

c 2 3dly.

Were, Intg e
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3dly. The astraction of colefion, or that power by
“which the heterogeneous particles of bodies adhere
to each other without any change of their natural
properties ; {uch as the adhefion of water to glafs,
of oil to iron, &c. g4thly., The attraion of com-
pofition or of affinity, which is the tendency that
parts of heterogeneous bodies have towards each
other, by which they combine, and form a body,
differing more or lefs from any of its components.*

Repulfion’ takes place either between the ho-
mogeneous, or beétween the heterogencous, parts of
bodies ; but the exiftence of the former is with
great reafon much doubted.

It is remarkable that of all thofe properties we
only know their exiftence, and fome of the laws
under which they aét; but we are otherwife ut-
terly ignorant of their nature and dependence.

* The inveftigation and the knowledge of this laft fort
of attrattien, or affinity, is the moft ufeful and extenfive,
it being the foundation of chemiﬁry and of various arts.
Its inveftigation is likewife very intricate, for it is different
between any two bodies from what it is between any two
others, and it fluctuates according to a vaft variety of cir-
cumftances. Thus, for inftance, a certain body A has 2
greater tendency to mix with another body B in a particu-
lar temperature, than in any another. The fame body A
has a greater affinity to another body B, than to a third
body C, and it may have no affinity at all, or even a repul-
fron, towards a fourth body D. Yet when D and C arc
mixed fo as to form one compound body, then A may have
an affinity.to that compound,
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CHAPTER Il

OF HYDROSTATICS.

HYDROS?}Z-TICS 15 the fcience which treats

of the preffure and equilibritm of nona
elaftic fluids *; Hydrodynamics is the {cience which
treats of fluids in motion ; and Hydraufics treats of
the conftruction of certain machines or engines in
Which fluids are principally concerned. But we
fhall now treat of what relates to non-elaftic fluids,

without taking any farther notice of thofe nominal

diftinctions. T
A

i o S

* This feience began to be cultivated by the great
Archimedes,

T Water, oil,

fpirit of wine, and other fuch fluids, are
faid to be moy.

elaflicy or mon-compre(fible, not becaufe they are
but becaufe their compreffibility is fo very
* 19 make no fenfible difference in our calculations

relative to the preffures, movements, and other properties of
thofe fyids,

3 The Ingenious Mr. Canton, in the year 17671, difcovered
the camprcﬂihility of w

ater, of oil, &c. in the following man~
ner, ‘ :
: ¢ took a glafs fube having a ball at one end, much in

e (har

1€ 11358 of 2 thermometar glafs ; filled the ball and part of

the tube wigy Water
3

1.y
a:'“-’il-ltclj' fu ;

foal]

which had been deprived of air as
¢ 3 much
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A perfeét fluid is that whofe parts may be moved
from each other by the leaft force. . But fuch a
fluid is not to be found ; for independent of its
gravity, or weight, or tendency towards the centre
of the carth, every non-claflic fluid s pofleffed of

the

much as it was poflible ; then placed it under the receiver
of an air-pump, and'on exhaufting the receiver, (viz. on
removing the preflure of the atmofphere from over the
water and the glafs in which it was contained) the water
rofe a little way into the tube, viz. expanded itfelf. And,
on the contrary, when he placed the apparatus under the
receiver of a condenfing engiue, and by condenfing the afr
in the receiver, increafed the preflure upon the water, a
diminution of bulk tock place, for the water defcended a
little way into the tube. Inthis manner,” ke fays, “1 have
<« found by repéated trials, when the heat of the air has been
« about 50% and the mercury at 2 mean height in the baro-

¢

meter, that the water will expand and rife in the tube by
« yemoving the weight of the atmofphere, one part in
¢« 517403 and will be as much comprefled under the weight

of an additional atmofphere, Therefore the compreflion

-~
-

« of water by twice the weight of the atmeiphere is one
« part in 10870.”

¢ Witer has the remarkable propetty of being more
« comprefiible in winter than in fummer, which is contrary
« to whatI have obferved both in fpirit of wine and oil of
% olives.”

Mr. Canton likewile fubjected other fluids to the like
@xperiments, and found them fufceptible of comprefiion
and expanfion in the following proportions :

Compreflien
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the attraGtion of aggregation [viz. of the mutual
altraction between its parts) in a particular de-
gree; of the attradtion of cohefion, which is likewife
i a Particular degree, towards other bodies, and
of the attra@ion of affinity.  Befides which a
fort of obftruction or want of perfect freedom may.
be obferved more or lefs-in all fluids. For ine
ftance; a fmall drop of water placed upon a dry
and clean glafs plate, does not aflume an hori-
Zontal furf:tcc, but remains nearly of a globular
form; i s attraction of aggregation, which draws
E\'Cr},' part of it tewards iis centre, bcfng greater
“than its gravity; and its atira@ion of cohelion
towards the plafs bemng juft fufficient to let the
drop adhere to the glafs, when the latter is turncd
upfide down. But if the drop bc, {préad over the
furface of the glals, then the flm of water will
adhere to the glafs with greater force, nor will it

———

of {pirit of wine 66
of oil of olives - 48
Compreflion ¢ of rain water - - 46 » millionth parts,
of fea water -- 40
of mercury -« - 3
Mr, Canton was of opinion that this fmall degree of
C‘)mprcﬂib:ht_y is not owing to the compreflion of any
2ir which might be lodged within thofe fluids; for, having
caufed a quantity of water to imbibe more air than it con-
tained ingy preceding trial, he found that its compreffibility was
net they by increafed,—~Canton’s Papers in the Phil. Trant,
¥ol. 52d ang 54th,

c 4 Yecover
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recover its former globular form ; becaufe by the
{preading, its particles have been brought nearer to
the glafs, and the whole drop has been brought into
contact with a much greater furface of the glafs;
by which means the attraction of cchefion, or at-
traction towards the glafs, has been rendered much
greater than the mutual attraction between the
particles of water (for either of thofe attraflions 1s
increafed or diminithed by bringing the parts
nearer to, or by removing them farther from each
other), and it has likewife been rendered much
greater than the attraftion of gravitation.

If the fame experiment be tried with a {mall
drop 'of quickfilver, inftead of water, this allo will
affume a globular form, in confequence of its
attrachion of aggregation ; and it will adhére to the
glafs, if the latter be turned upfide down, on account
of its attraction "of cohefion. But it will be found
umpoffible to {pread it over the glafs, becaufe its
attraction of aggregation is much greater than its
attraction of cohefion towards the glafs.

When the quantity of fluid is confiderable, as a
cup nearly full of water, then the attradtion of co-
hefion is much fmaller than its gravitation, and the
greateft part of the fluid lies too far from the fides
of the cup, to be fenfibly affected by its attraction.
Hence the furface of the water, in confequence of
its gravitation, (as will prefently be thewn) will be
horizontal, excepting that part of it which lies near
the fides of the cup, which will be attraded, and,

* afcending

-
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alcending a certain way, will drag part of the con-
tiguous water in confequence of its attraction of
ageregation, {o as to form a concave furface: - On
the other hand, by a little care, more watér may
be put in the cup than its abfolute capacity, or,
fi-\’ﬁﬂking more juftly, the water may be made to
projeét above the edge of the cup, and then near
the edge it will aflume a furface vifibly convex;
it being prevented from falling over to a certain
degree, by both the attraétion of aggregation, and
the attraltion towards the fides of the cup.

Thus much may be fufficient to fhew that both
the quiefcent frate of fluids, and tlieir movements,
are influenced by 2 variety of powers: but as gra-
vitation is the principal afting power, when the
quantity of fluid is not very fimall, we fhall there-
fore proceed to ftate and to explain the laws of hy-
droftatics, upon the fuppofition that flmds  are
aétuated only by the power of gravity ; for we fhall
afterwards endeavour to point out the principal
deviations from thole lawe, which are occafioned by
the interference of other caufes.

I fhall however juft mention, previoufly to the
ftatement of the neceffary propofitions, that though
much mention s made of the particles of fluids,
vet by this exprefiion we only mean indeﬁni'tcly
{mall parcels of fluid ; for we are not acquainted
with the fhape or fize of thofe particles, nor indeed
with that difpofition which renders them fo very
moveable from each other. Our eyes, either naked

:
eF
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or when affifted by the moft powerful microfcope

vv’

mponent particles of any

cannot difcover any
fluid. Some fmall bodies are indeed to.be {een in
certain natural fluids, as in blood, milk, &ec.; but
thofe are not the parts which conftitute the fluid ;
they are folid er compact {mall bodies, which {fwim
in, or ar¢ mixed with the fluid.
Propofition I Ewery body, or [yffem of bodies, en-
‘f:_’“'-'_")ﬁu"'l'j 2o defrend witl) b o#ts centre of gravity towards
the dentre of the earth, and that as near as it lies i its
The. truth of this propofition is fully manifefted
by all- that has b-:au already faid relatively to
the centre of grayity, and to the mechanical
powers: but as it 1s the foundation of the do&rine
of hydroftatics, it will be of ule to render it fiill
more familiar to the reader.

- Thus if a folid bedy BD (fig. 1. Plate X.) be left
at liberty, it will fall towards the ground, and if it
happen to hit the ground with one end B ﬁrﬁ,‘ in
the oblique direction in which it is reprefented, it
will not remain in the fituation which is indicated
by the dotted reprefentation, but it will fall flat
upon the ground, as at BC; for in that flate its
centre of gravity A will come as near as it poflibly
can to the ground, fince the gravitating power will
force the body to move on until a fufficient impe-
diment is interpofed between the centre of the Farth
and the centre of gravity of the body.

Now




Of Hydroftatics. 27

Now imagine that the abiovementioned body be
very foft, and it is plain that if the cohefion of its
parts be lefs powsrful than the gravity of thole par-

ticles, the bo{iy will not remain in the fituation
ABC, but will fpread itfelf very flat and clote
to ‘the flat furface of the ground, in order that.its
centre of gravity may come as NCAr as pofible to
the centre of the earth.

Farther, let the body AB, (fig. 2. Plate X.) cons
fifting of two equal balls” faftened to an inflexible
rod AB, be pl:lLed upon the fulcrum D, whilft 1its
centre of gravity isat C, viz. in the middle of the
rod and it is evident that the end B will defcend
until the body remains in the fituation of the dotted
reprefentation EG; for in that cafe its centre of
gravity C is as low as the obftacles at D and G wilk
permit it to defcend.

- The defcent of this body AB may be preveated
by applying a hand, or fome other obftacle at F;
but in this cafe the obfacle at F will fuffer a pref-
fure upwards; which preffure is equal to the excels
of thie momentum of the end B above the mo-
mentum of the end Aj viz. to the weight of B
multiplied by BD, minus the weight of A multi-
plied by AD ; for if that difference were added to
the end A, the centre of gravity would then be re-
noved from C to D, where it would be fupported
by the fulcrum D, and of courfe the two parts of
the body on either fide of D would balance each
other; {o that tn thlS cale one end of the body

preﬁls
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prefles upwards, becaule the greater momentum of
the other end tends downwards ;-and the latter can-
not aét without producing the former.

Propofition I1. 4 fuid whickis kept in any veffel
gpen at top, will acquire, and will remain atroff zoith,
a flat furface parvallel to the horizon, as long as it is
o diffurbed.

This is a natural confequence of the preceding
principle ; for in that eafe the centre of gravity of
the fluid will lie as low as it poflibly can. Thus
let ABDC (fig. 3. Plate X.) reprefent one fide of a
reflangular veffel containing water as high as EF,
whofe centre of gravity is G; now we fhall prove
that when the furface of the water is flat and hori-
zontal, as EF, then the centre of gravity of the
water lies loweft; but that if the water be eleva‘ed
on any part of that furface, and of courfe lowered
on any other part, then the centre of j._::':'.vity will
be removed to fome place higher than G.

Imagine that the water be difpofed in the fitua-
tion DKBC, viz. that the portion KEH be re-
moved' to the place RHF ; and in this cafe the’
centre of gravity L of the quantity of water KDH
FC remauss in its original fituation, whilft the
eentre of gravity of the quantity of water KEH has
been removed higher, viz. from I toS, Now fince
the common centre of gravity of two bodies is in a
ftraight line between the refpective centres of gra-
vity of thofe bodies ; therefore, the common centre
of gravity of both the quantities of water formerly
' ' frood
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ftood at G in the line TS ; whereas it now ftandsat
O in the line LS, viz. evidently higher than the
level of G, which is the line 27,

This reafoning, which has, for the {fake of bre~
vity, been applied to one fide of the veflel, may
be cafily adapted to any fection of the water and
veflel, as alfo to veffels of any thape, and to any
irregularity which the furfuce of the water may
be fuppofed to acquire ; for in any cale the con-
clufion is exa@ly the famc, namely, that the
centre of gravity of a given quantity of fome
uniform fluid, like water, which is contained in
an open veffel of any fhape, ftands at the lowelk
pofiible- fituation, when the whole furface of the
fluid is in the fame horizontal line.

It 1s an evident confequence of this propoﬁtion,
that if @ weffel confif of two pipes perpendicuiar ie
the horizon, and open at top, as in fig. 4 Plate X5
or if it confiff of various pipes communicating with eack
other, (howfoever they may be inclined 1o the herizon,
but open at top ), as i ﬁf; 5. Plate X. and a qnan-
lity of water, or of other fluid, be poured iuto any
of them, the water will vife the fame borizontal
iing or level in all the pipes which communicate 48
above ; for in that cale only the centre of gravity
of the whole quantity of water will lie as low as
the veffel can admit of.

Thofe perfons who may think it ftrange that
th‘e fluid going down one pipe thould drive a part
ot the fluid upwards in the other pipe, muft con-

fider
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fider that this is analogows to the préfiure upwards
of the folid, fig. 2. Plate X. as explained in page
273 viz. the ftuid s driven upwards in one pipe;
in order that the greater quantity of fluid in the
other pipe may delcend lower down.*

Propos

% Though the application of prop.2d. to the above-men-
tioned cafe of pipes, &c: be very obvious ; yet to prevent
any poffible difficulty in the mind of the novice, I fhall
inftance it in the cafe of fiz. 4. by which example the at-
tentive teader may be fully enabled to apply it to any other
cale. :

GD and FC reprefent two egual cylindrical pipes open
at top, communicating with each other at the bottem, and
containing water as high as AB; the height AD, or BC,

he

centre of g.uvhy af

being 10 feet; it is evident that t
all the water which is contained in tholzt pipes muft be

at K, viz. - five feet above DC, and midway between the

two pipes; whillt the ccatre of gravity of the water in
each pipe is at Y and Z refpettively. Now fuppofe it
poflible to remove two feet height of water from the pipe
GD into the pipe FC; then, becaufe the pillar of water

E which remains in the '.II! e GD, is eight foet high, its

centre of gravity muft be at §, 4 feet above I and be-

caule the pillar of water CF in the other pipe new is 12
feet high, its centre of 'bz.wu T muft be fix feet above C3
{o that the centre of y of the water in GI3 has been
lowered as much as ine centre of gravity of the water in
FC has been c;;\::‘.r:d; hence the firaight line ST muft
pafs through the point K, which is the common centre of
gravity of both the pillars of water when they were equak.
2 But
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In fig. 5, Plate X. it 1s evident that the quan-
tities of water inthe different pipes prefs equally
againft each other; for if a quantity of water be
removed from any one of thofe pipes, the furface
of the water will defcend to a lower level in all the
other pipes; and that the preflure is exerted
equally in every dire@ion is proved by obferving
that, however the pipes are connected at B, the
water rifes to the fame level in them all,

In order to ‘prove that the preflure 15 exadly
proportional to the perpendicular height
water, let ABE, GHD, be (fig. 6. Plate X.) two cy-
lindrical pipes of equal diameter, fituated perpen-

of the

dicular to the horizon ; and let them contain equal

quantities of water, which of courfe muft be

But now the quantity of water CF is to the quantity of water
ED, as 12 1o 8, oras 3to 2; therefore (fee p. 75 Vol, 1.)
the diftance of their common-centre of gravity O from 8§,
muft be to its diftance from T, as 3 to 2, viz, it muft be
Aearer to 'I" than to S, or nedrer to ‘T than the point K is;
for K is midway between 8§ and T3 ther

ey by remov-
ing pact of the water from one pipe to the other; the centre
of gravity of the whole has b
“of gravity lies

cen raided 3 hence that centre
lowelt when the {urface of the water in
both pipes is i the famelevel, or horizontal line, AB.

equally
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equally high in both pipes, viz. AB equal to CD 4
and the preflures on the Dottoms BE, ED muft
evidently be equal. Now let the water AFBE be
poured into the other pipe, where it will occupy the
fpace GHFC, fo as to make the whole perpen-
dicular height HD double the height CD. And
it is alfo evident that the quantity of water GHFC
muit prefs as much upon the furface of the water
FCED, as it did upon the bottom BE ; therefore
the preflure on the bottom ED is now double of
what it was before, viz. a double perpendicular
beight occafions a double preffure. In the fame
manner it is proved that a trcble perpendicular
height occafions a treble preflure ; or, univerfally,
that the preflure is as the perpendicular height.
And the fame thing is evidently true with refpe
to any other uniform fluid.

Notwithftanding the evidence of this demon-
ftration, fome of my readers may {til] wonder that
a fmall quantity of water, fuch as is contained in
the pipe AB, (fig. 7. Plate X.) {hould balance the
Jarge quantity of water in the pipﬂ DC; and to
thofe it may be of ufe to fee this property ex-
hibited in another light,

Suppole then that the capacity of the cylindri-
cal veflel EDC be equal to 100 times the capa«
city of the other cylindrical veflel ATB.  Now if
the water were to rife one inch above ED in the
large veffel, it is evident that it would neceffarily
fall 100 inches below AF in the fiall vefiel; fo
that




Hydroftatics. 33
that the fpaces; through which thofe two quantities
of water move, or their velocities, are inverfely
as their quantities, or their weights: hence their
tnomentums are equal, and of courfe they balance
€ach other, in 'the fame manner as the two
weights R and Z of fig. 8. Plate X. balance each
Other, when the arms of the rod on either fide of
the prop S are inverfely as the weights.

It is an evident confequence of this propofition,
that the preffure on any determined part of the bottom,
or of the fides, of any veffel containing a uniform fuid,
like Water, is equal to the weight of a pillar of ihat
Suid having a bafe equal to' that part of the bottom,
or fide, and the altitude egual to the perpendicular
height of the fluid above ir.

. Whence we may caleulate the preflures upon,

and of courfe the {trength required for, d

dams,
pens, cilterns, aqueducts, dikes, flood-gates, &c. (1.)
Before

—

(1.) The praical application of this corollary to fiuch fir-
faces as are parallel to the upper furface of the Huid, is eafy
and obvious ; for we need ouly multiply the given furface
by the perpendicular altitude of the fluid above it, Thus if
it be required to determine the preflure upon two f{quare
feet of the flat bottom of a veflel which contains thrce feet
Perpendicular depth of water, we multiply 2 feet by 3, and
the Produ&t is 63 viz. the propofed part of the bottom
{uftains , preffure equal to the weight of fix cubic feep of
WRISE; but one cubic foot of water weighs about 1000 avoir-
VOL, Ir,

D - dupoife
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Before we proceed any farther, it is neceffary to

34

obferve, that the furface of the water, or of any
other fluid, bas been faid to affume a flat horizon-
¢al furface, or to come to the fame horizontal line,

n

dupoife ounces; therefore the above-mentioned preflure is
equal to 6000 ounces, or to 375 pounds.

But the application of it to oblique or curve furfaces is not
equally obvious; for every point of fuch furfaces is at a
diffetent diftance from the upper furface of the fluid: we
fhall, therefore, endeavour to elucidate it in a more par-
ticular manner; and for this purpofe it will be neceffary
to premife the following propofition, which is demonftrated
in an eafy and perfpicuous manner, as given by Mr. Cotes
in his Hydroftatical Le&tures,

If any indefinitely fmall part or point of a urface, or num-
ber of furfaces, be multiplied by its perpendicular diffance
from any given planes the fum of the products will be equal
fo tbg produit of the whole furface, or number of furfaces,
multiplied by the perpendicular diffance of the centre of gra-
wity of the fingle furfacey or of the common centre of gravity
of the whole number of furfaces, from the fams plane.

In fig. 17. Plate X. let any number of quantities a, 3,
¢, 4} veprelent as many weights, hanging at their centres of
grzw"![}’a ay by ¢y dy by the lines av, bo, co, do, fixed to any
horizontal plane 0,250, 05 and let 2 be the common centre
of gravity of all the weights, and zs its perpendiculardif-
fance from that plane: T fay that axdsdbxba+cXco
Fdxdo = (2-4;-£:?+£+(|";'1 %o,

For' let the common centre of gravity of the weight

drawn paralle

a, b, be the point ¥, and to the line »
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tn fuch pipes as communicate together, on the
fuppofition that the force of gravity ad&s in the
direction of parallel lines ; and f{uch appears to be
the cafe with {mall furfaces of water, as for in-

ftance,

——

reft, let am and b be perpendiculars. Then by the fimilar
triangles mya, nxb, we have mx: nx:i (xa:xb:: ) b:ay
by the known property of a centre of gravity. Hence

@XMy =h X nxy OF 4 X {10 —— X070 X X0 =110, OFy & X MY —=
X X0=h R x0 — b X 10+ whence aXmo+b X no _—.m
Xx03 which was to be proved in the fimpleft cafe of the
propofition.

Now let a weight x=a 44, be {ufpended by a line xv, in
the common centre of gravity of 2 and #; and likewife a
weight y=x ¢, in the common centre of gravity of xand ¢
and alfo a weight z=y 4 in the common centre of gravity
of yand 4: Then z is the common centre of gravity of
all the weights a, &, ¢, d, firft propofed.

Confequently, by what has been proved in the firft cafe,
Wehavea X ao+b % bo—=wx % xo;and likewile ¥ X ¥0+ 0 X co=
¥Ryos; and likewife yXyo+d¥di=z Xzo: confequentiy,
aXao+bxbote Xeo=y X yo;andlikewife a X ao 45 % bo 4
EXoofdxXdo=(zXz0=) 2+ bc+dxzo; which was to
be proved. ~

Hence if a furface or number of furfaces of any kind be
confidered as equally ponderous in every equal part, and as
divided into indefinitely {mall parts, fufpended by lines
drawn from their centres perpendicularly to any horizontal
plane; it is manifeft that if every part be multiplied refpec-
tively into jts perpendicular line, the fum of the produs
will be equal to the product of the whole furface multiplied

D2 : _ into
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ftance, a fmall pond, a ciftern, &c. But fince the
force of gravity tends to the centre of the Earth,
every point of the furface of the water, or of any
otherfluid, when quiefcent, mult be equidiftant from

that

into the pe;rpendicular diftance of its centre of gravity from
the faid plane; and that this equality of the produdls will
fubfift even if the faid lines be perpendicular to any plane,
though not parallel to the horizon,

This being premifed, the method of determining the
preflure of a fluid upon any given furface becomes evident
and general ; for confidering the upper furface of the fluid
as the above-mentioned plane, in the firfk place we find the
area of the given furface (by common menfuration); fe-
condly, we find the centre of gravity of the fame (by the
rules of chap. VL. P. L.): then multiply the area of the given
furface by the perpendicular diftance of its centre of gra-
vity from the furface of the fluid, and the produ&t will
exprefs the preflure. Thus the preflure on the furface of
an hemifpherical veflel full of water, is equal to the pro-
dut of its furface multiplied by its radius,
~ Thus alfo the preflure upon the fide ABCD of the
rectangular veflel, fig. 18. Plate X.; full of water, is equal
to the produét of the area ABCD multiplied by, half the
depth of the water; Vize by the diftance of the centre of
gravity E of the propofed furface from the furface of the
water.

It appears from what has been faid above, that the pref
{ure of a fupsrincumbent fluid on the fide of a vedlel, or, in
general, on any furface which is not parallel to the furface
of the fAuid, muft be unequally diftributed over it. Thus,
for inftance, if through the centre of gravity E of the fide

ABCD,
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that centre: hence that fluid muft affume a fphe-
roidical furface, like that of the Earth; and this
curvature is both vifible and meafurable in large
furfaces of water, as that of the fea,

. Since

ABCD, fig, 18. Plate X, an horizontal line be drawn,
which divides that fide into two equal parts; it is evident
that the preflure on the lower half is greater than the pref=
fure on the upper half, becaufe the former lies deeper into
the water. Therefore there muft be an herizontal line
lower than the middle E, which divides the fide ABCD
into two fuch unequal parts, as that the preflure of the fluid
upon one of thofe parts be equal to the preflure of the fluid
upon the other. Hence if the whole preffure of the fluid
were collefted upon that line, - it would have the fame sf=&
upon the plane, as when it was diffributed unequally upon
it.

It may be likewife eafily conceived, that in the laft men-
tioned line there muft be a point, in which if the whole
preflure were collefed, it would have the fame effect upon
the plane as when the preffure was unequally diftributed all °
over it,

It follows, that if exally againft that point, but on the
oppofite fide of the plane, a force be applied equal to the
whole preflure of the fluid upon that plane, this force would
exallly counteraét that preflure, and the plane would remain
perfedtly at reft, viz. it would not incline to any fide. Now
that point in any furface is called #he centre of preffure of
tb“’f-’f!face, and may be inveftigated by means-of 2 fluxion=
ary caleulation, But for this inveftigation, which goes rather
beyond the limits of an elementary treatife, I muft refer my

D 3 inquifitive
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Since fluids prefs in every direGiion, and that
preflure is as their perpendicular heights ; therefore, .
at the fame depth, the particles of the fluid prefs
equally againft each other.  Alfo, fince equal bulks
of a uniform fluid are of equal weight, therefore na
motion can take place in a fluid without fome ex-
ternal caufe; but if one parcel of the fluid becomes
lighter or heavier than the reft, then that portion
will afcend or deftend in the fluid, giving way to
other parcels of the fluid that are heavier or lighter
than itfelf,

When the bottom, or one fide of a veflel full of

inquifitive readers to the works of other writers, It is
fieceflary however to add the following obfervations:

In this cafe the plane, which fuftains the preflure of the
fluid, is fuppofed to be an inflexible plane, or the furface of 3
very fubftantial folid; for if the plane be the thin fide of a
vellel, or any other vef‘y flexible fubftance, the preflure col=
leéted in one point would not produce the fame effect as
when it is diftributed over the whole plane. It may be
fuftained in the latter cafe, whereas it might bend or burft
the plane in the former,

Various writers have concluded, that if a plane immerfed
in a fluid be fuppofed to be extended until it cuts the fur-
face of the fluid, and if that fection be confidered as the
axis of motion of a pendulum whofe bob, or fufpended
body, is the propofed plane; the centre of ofcillation of
fiich 2 pendulum coincides with the centre of preffure of
that plane.  But Profeflor Vince fhews, in his principles of
hydroftatics, Se. I Prop. XII, that thofe points {eldom

goincide,
flud
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Buid is heated, the fuid which is contiguous tothe
heat, is thereby rarefied, viz. its bulk becomes enlar-
ged, and of courfe it becomes lighter than an equal
bulk of the fame fluid which is not fo rarefied; hence
1t afcends in it, &c.—And this is the caufe of the
Motion which takes place in fluids that are heating
ar boiling. :

The fame thing which has been faid of fluidsin
fluids, or of the parcels of a fluid, is applicable to
folids, viz. a folid at any depth is prefled in propor=
tion to the perpendicular altitude of the fluid over
it; but as that preflure acts on every fide, the body
will not afcend nor defcend in the fluid, unlefsats

weight is fialler or greater than that of an equal
bulk of the {urrounding fluid.

If the immerfed body be comprefiible, fuch as a
bladder full of air, then the preffure of the fuper-
Incumbent fluid, according to its perpendicular
height, will be rendered manifeft; for the deeper
the body is conveyed, the more will its bulk be
Contracted,*

If

————

* Sailors at fea frequently thew the following experi-
ment: They cork an empty bottle, (viz. a bottle full of
3ir), tie it toa rope, to which is added a leaden weight,
and let the whole down into the fea to a certain depth;
they then pull up the apparatus, and generally find that

Cither the cork is driven into the bottle, or the bottle is
broken,

But if the experiment be tried with a bottle full
of water,

or of wine, and torked as before, no alteration.
D 4 will
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If; when a {olid is immerfed in a fluid, the preffure
of the fiuid on one fide of the body be prevented,
then the preflure on the other fides of it will be
rendered manifeft; and by this means a body
aftually heavier than an equal bulk of water, may
be caufed to be prefled upwards by the water; and,
on the other hand, a body acually lighter than an
equal bulk of water may, be caufed to be preffed
downwards by the water,

Take a g]ifs tube about 18 inches long, as AB
fig. 20. Plate X. open at both ends, and let its
Jower end be ground quite flat and fmooth, Leta
brals plate C, a little larger than the diameter of
the tube, be ground likewife very flat, and fix a
little hook to its middle, to which a firing D s muft
betied. Place the brafs plate againit the aperture
of the tube, and by pulling the firing at D, keep

the

will take place. ‘This difference of effet is owing to the
bottle being full of a compreffible fluid in the former cafe,
and of a non-compreffible fluid in the latter.

At the depth of 32 feet below the furface of the fea,
a diver has been calculated to be prefled with the weight of
about 28000 avoirdupoife ‘pounds; yet as that preflure is
diftrjbuted 2ll over his body, and the human body confifts
moftly of non-elaftic fluids or of folids, he does not feel any
remarkable inconvenience from it.—This preflure is calcu-
lated in the following manner,

“The furface of the body of a middle fized manis reckoned
equal to about 14 fquare fects therefore a diver fituated 32
9 feet
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the plate tight againft the tube.  In this fituation
i!nmergc the tube in the water, until the plate is
below the furface to the depth of more than 8 or
10 times its thicknefs. Then if the ftring be let
£0, the plate ‘will not fall off, but will remain
adhering to the glafs tube; the reafon of which is,
that now the water prefics only againft the under
part of the brafs plate. And, in fa&t, if water be

Poured into the tube, then the plate will be imme-

diately feparated from the tube, and will fall to the
bottom of the veflel EF. '

A brafs plate ac, fig. 21. Plate X. very flat and
{mooth; muft be cemented to the bottom of a veffel
EF; a fimilar fimooth brafs plate, to which a large
cork is  cemented fo as to form a compound body
lighter than an equal bulk of water, muft be laid

upon the former plate, and in very clofe contaét with

fect below the furface of the fea is prefled by a pillar of

water whole bafe is 14 fquare feet, and altitude 22 feet, Now
41q ) d

fuch 2 pillar contains (14 X 32.=) 448 cubic feet of water,
and as acubic foot of water weighs about 1000 avoirdupeife
Ounces; therefore the weight of fuch a pillar is (448 % 1000
=) 448000 ounces, or 28000 avoirdupoife pounds.

In this calculation the furface of the bedy of the diver
has been confidered as being all at an equal diftance from
the furface of the fea, which is not really the cafe: but at
the depth of 32 feet the difference of perpendicular diftance
of the various parts of the body is not confiderable ; (o that
ff.!e refult of the calculation is very near the truthy efpecially
if the depth be reckoned from the middle of the body.

it,
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it. Then byapplying a hand, ora &ick to the upper
part of the cork, keep it down until the veflel EF
be filled with water. This done, remove the hand
or flick from over the cork, and it will be found

that, though fpecifically lighter than ‘water, the

D
g
cork and brafs plate will not afcend to the furface
of the water. The reafon of which 15, that the
water cannot in this cafe prels on the lower {urface
of that brafs plate. And in falt, if by means of the
ftick or hand, the upper brafs plate be {eparated a
little from the lower one, {0 that the water may
enter between them, then the upper plate with the
cork will immediately afcend to the furface of the
water.

Propofition IV.  HWhen fuids of different fpecific
gravities mutually prefs againft each other, their fur-
faces cannot e in the fame level s but their perpendi-
cular altitudes” above the level of their juntion are
inverfely as their [pecific gravities.

The weights of equal bulks of different bodies
arc called zkerr fpecific gravities, or their relative
weights. Thus, for inftance, if you fill a veflel
with water, and weigh it; then remove the water,
fill it equally full with quickfilver and weigh it
agnin, you will find it to weigh, in the latter cafe
14 times as much as it weighed in the former*®:
therefore the {pecific gravity of quickfilver is faid to

* 14 israther greater than the truth. The real weight
will be thewn hereafter.

“be
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be 14, whilft the fpecific gravity of water is faid to
beone; and fo of the reft. Hence the weights
of bodies, or their abfolute weights, are exprefled by
the produdts of their bulks multiplied by their
refpective fpecific gravities ; for, in the above-men~
tioned inftance, if the weight of quickfilver is 14
pounds, when that of an equal bulk” of water is
one pound, it follows that 4 times that bulk of
quickfilver muft weigh 4 times 14, or 56 pounds ;
that 10 times that bulk of quickfilver muft weigh
140 pounds ; that twice that bulk of water muft
weigh twice one, viz. 2 pounds; and {o forth.

Now let the part ECDF of the cylindrical bent
tube, fig. 9. Plate X. be filled with quickfilver,
the furface of which will come to the fame level
EF in Dbothlegs. Then fuppofe that one inch
height of quickfilver, viz. GE, be removed from
the pipe CS, and that inftead of it fourteen ‘in-
ches of water, viz. GS, be added; it 1s evident
that fince quickfilver is fourtecn' times as heavy as
water, the perpendicular pillar. of water GS muft
prefs upon the furface of the quickfilver GV, as
much as the perpendicular  pillar of quickfilver

EG: hénce the preflure againft the quickfilver in

the pipe BD remaining the fame, 1ts furface muft
Temain at F. But the furface of the water is at §,
Viz. 14 inches above the level GZ of the jun&ion
of the two fluids, whiltt the farface F of the
quickfilver is one inch above the faid level. There-
fore the Perpendicular heights of thofe fluids above

the




44 O}i‘- f{)'d’?'q/?c?t[m,
the level of their jun&ion are inverfely as their
fpecific gravities.—The like reafoning may evi-
dently be applied to all other fluids, and to veilels
of any other [hape: therefore the propofition 13
univerlally true.

Propofition V. A lody floating in a fluid. dif-

places a quantity of the fluid, the weight of whick is

equal. to the weight of the body.

Thus the body- DB, fig. 1o0. PL X. floating
on the fluid FHG, weighs as much as the quantity
of that fluid which would exadly fill up the
{pace ABCE ; for the body DB is kept in that
place by the preflure of the {urrounding water,
which fame preflure, previoufly to the immerfion
of the body, was jult {ufficient to keep in the
fame place a quantity of the fame fluid equal to
the {pace ABCE : therefore the weight of that
quantity of the fluid 1s equal to the weight of the
body.

"The following conlequences, or corol/aries, are na-
turally deduced from this propofition.

1. If the fame body be fucceffively placed on
fluids of different fpecific gravities, it will difplace
different -quantities of thofe fluids; that is, it will
fink deeper in the lighier than in the heavier
fluid,

g. If the weight of the body be equal to that of
an equal bulk of the fluid, then that body will re-
main at reft in any part of that fluid below the
{urface,
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furface, and 'no part of the body will appear
above the furface of the fluid.

3- Ifa body heavier than an equal bulk of a cer-
_taiﬂ fluid, be placed on the furface of that fluid,
1 will fink with the excefs of weight by which
the weight of the body exceeds the weight of an
€qual bulk of the fluid. Thus, if a body which
Weighs three pounds be put in water, and a quan-
tity of water equal in bulk to that body weighs
two pounds; then the bedy will defcend in the
Water with the force of one pound; the meaning
of which is, that if that body bé tied by means of
a ftring to one feale of a balance, and be weighed,
firft out of the water, and then in water, as ‘in
fig. 11. PL.X. it will be found to weigh three
pounds out of the water, and one pound in water:
whence it follows, that if the weight of a body be
divided by that weight which it lofes in water, the
quotient thews its {pecific gravity; viz. it-fhews
how many times that body, is heavier than an
equal bulk of water.

4. If a body lighter than an equal bulk of &
certain fluid be placed at the bottom of a veffel
full of that fluid, that body will afcend “with
more or lefs force, according as the difference of
weight between the body and an equal bulk of the
fluid is greater or fmaller;. becaufe a quantity of
the flyig equal to it in bulk, but heavier than the
body, will continully take its place, until part -of
the body projeéis above the furface of the fluid;

and
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and only {uch a part of it will remain in the fluid,
as can difplace a quantity of the fluid whofe weight
equals the weight of the body. Therefore in order
to keep that body below the furface of the fluid,
you muft prefs it with a weight equal to the dif~
ference between the weight of the body and the
weight of an equal bulk of the fluid.

5. Ifa body be caufed to float fucceflively on
swo different fluids, the quantities of thofe fluids,
which are- difplaced by that body, and likewife the
partsof that bedy which are immerfed in the two
fluids, will be inverfely as the fpecific gravities of
thofe fluids. Thus, fuppofe that a folid body
weighs g 1bs, that an equal bulk of water weighs
10 ibs. and that an equal bulk of another fluid
weighs 15lbs. in which cale the fpecific gravities
of the folid body, of the water, and of the other
fluid, are as 1, 2, and 3:  Then that body, when
floating upon water, will difplace a quantity of wa«
ter which is equal to one half of its bulk, ‘and
when floating upon the other fluid, it will difplace
a quantity of that' other fluid, which 1s equal to
one third part of its bulk. But one half isto one
third, as 3 is to 2, and thofe numbers are mverfe-
ly as the fpecific gravities of water and of the
other fluid.

6. When a folid is floating upon a fluid, the
part immerfed is to the whole folid, as the {pecific
gravity of the folid is to the {pecific gravity of the
fluid ; for when the fpecific gravity of the folid is
equal
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equal to that of the fluid, then the folid difplaces
@ quantity of fiuid equal in bulk to itfelf; when
the fpecific aravity of the folid is the half of that
of the fluid, then it difplaces a quantity of fluid
the bulk of. which is equal to the half of its own
bulk ; and fo forth,

7= All bodies retain their whole gravity. when

»immkerfétl in a fluid; but that gravity is either
Partly or entirely counteratted by the preflure of
the fuid, according as the gravity of the im-
mer(ed body is equal to, or different from, that of
ah equal bulk of the fluid. ;

Propofition VI. If & lighter fluid reft upon ' a
heavier, and body whofe fpecific gravity is greater
than that of the upper, and lefs than that of the
lower fluid, ' remain between them; the part of
it which fauds in the upper flurd 15 1o the part of it
which flands in the Jower Suid, as the difference be-
fween the [pecific gravity of the bower fluid and the
Jpecific gravity of the body, is to the difference be-
“Ween the [pecific gravity of the upper fuid and the
Jpecific gravity of the body.

The demonfirations of this and of the following
Propofitions will be found in the notes; fo that
the reader may, according to his capacity, either
€Xamine them, or take the propofitions for grant-
ed, (2

Cor.

e s

{2.) Fig. 12, Plate X. reprefents a veflel which contains
two Ruids, Whercof ADEF is ths lighter; whofe fpecific gra-
vity
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Cor. The part L is to the whole body, asthe dif~
ference between the [pecific gravities of the [olid and
lighter fluid, is to the difference between the ﬁerzv‘n

gravities of the keavier and lighter fluids. (3.)
Propofition

vityis a3 EFG the heavier, whofe fpecific gravity is 4:
UL is the body, whofe fpecific gravity is ¢, and which re-.
mains with the part U in the upper, and with the part L
in the lower, fluid.

It has been thewn in cor. 3. of prop. V. that if the
weight of a body be divided by the weight which it lofes
in a fluid (which is the weight of an equal bulk of that
fluid) the quotient will exprefs the fpecific gravity of that
Bedy in comparifon with that of the fluid, which will be
cailed unity.* Therefore if the weight of the body cut of
the fluid be divided by its fpecific gravity; the quotient will
be the weight of a quantity of that fluid equal in bulk to
the body. Hence it appears that the weight of the body
is e U+ L, that the weight of that quantity of the lower
fluid which is difplaced by thes part L, is L 4, and the
eight of that quantity of the upper fluid which is dii-
placed by the part U, is U a: therefore Lo+ Ua=¢ x
U3L=Uc+Le Hence Léi——=Li¢=Uc¢~—Ua;or L x

b= %¢—a: therefore U: L 1: b —c20—a.

(3.) The laf ff anz ;Mg}, by inverfien and compofition,
becomes Ly L4 U s temg: b—a,
Confidering that we are {urrounded by a thin and invi-

fible fluid called air, (as will be more particularly thewn

in the fequel) in which we conftantly move and live; it
follows that 2 body when weighed in the common way,
that is, in air, weighs lefs than if it were weighed in vacuo,
! ViZe
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Propofition VII. If two fluids be mixed Logethers
the bulk of the heavier fluid is to the bulk of the
lighter, as the dj ifference berween the fpecific gravitie
of the mixture and of the lighter _ﬂnid, is to- the

difference vaLuf{,’fi the [pecific gravities of the mix-
fure

L)

—————

Viz. where there is no air; @ alfo, that if any fubftance
“ float upon the furface of a' fluid in vacuo, upon admit-

€ ting the air, the floting body will rife.higher above the

¢ furface, fo that the proportion’ of the part immerfed to

the whole will be fomewhat lefs than before. The dif-
ference of the parts of a folid immerfed in a fluid, when
in vacuo, and in open air, nay be eftimated in general

thus.” — Atwood’s Deferip, of Experiments for a Gourfe

vy
of Lefures,

&
L2
119

(€

Liet m = the magnitude of the {olid bodys

s = its fpecific gravity;

A = the part immerfed when in open air

B = the part immerf{ed when in vacuo;

a =the fpecific gravity of the fluid in which the

folid is immerfed 3

g = the fpecific gravity of air,

Then (Cor. 6. of Prop. V.) B:m::s:a; and Bz

ms
5 —tothe part immerfed in the Auid when no air is over it.

By the corollary to thelalt Prop. A:m:: s—g1a—g5

s = 'r ¥ -] . v
and A=m x $2 = 1o the part immerfed in the Auid
;?—-g
When the air is over it, as in the common way. Andthe

differey, my  MmHS—
erence of thofe parts =B — A = ms === =
a G—g

MR g N
— " —satag mgXa—s
@ g g ey

e E The
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ture and of the heavier fluid. Then as the bulk
of the heavier Sfuid, multiplied by its [pecific gra~
wity, is to the bulk of the lighter fluid multiplied by
its fpecific gravity, fo is the wéight of the heavier
flurd to the weicht of the lighter fluid (3).

The fame thing muft be underftood of two

The fpecific gravity of air (viz. g) is about o,00133
hence;, by making the computation, it will appear that the
exiftence of the air over a fluid in which a folid floats,
produces a very fmall difference with refpect to the part
of the folid which is immerfed in the fluid; fo that it
needs not be regarded, unlefs the utmoft precifion be re-
quired ; in which cafe the actual fpecific gravity'of the air,
as indicated by the barometer, mult be taken into the com-
putation 3 for the gravity of the air is continually varying,
and its actual quantity is thewn by the barometer, as will
be explained hereafter.

It follows likewife, that if two bodies, of different fpe-
cific gravities, balance each other in a pair of feales, their
weights are not exactly equal ; for if the air were removed,
that body whofe fpecific gravity is lealt would prepon-
derate. e
{(3.) Let A and B reprefent the bulks of the two fluids,
aand & their fpecific gravities, and ¢ the fpecific gravity of
the compound,  Then the weight of the compound is
reprefented by ¢ XA+ B 3 the weight of A is reprefented
by A a, and the weight of B is reprefented by B 4; there-
fore Ac4+Bec=Aa4Bb; and Be—Bb=Ae—Ac;
thatis, c—b X B=a=—¢ x A; confequently A:B::
¢—bia—rc

{olids
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folids intermixed together, fuch as an alloy of two
different metals, &c.

This Propofition is, however, true only when
the bulk of the compound  is equal to the {um
of the bulks of the two components previoufly te
their being mixed, which feldom is the cafe; ex-
Perience thewing (as will be particularly mention-
ed in the fequel) that when two or more bodies
are. mixed together, a fort of incorporation, and
fometimes an expanfion, frequently takes place,
Which is attended with a diminution or increafe
of bulk ; thus, a pint of {pirit of wine mixed with
4 pint of water, forms a compound which mea-
fures lefs than two pinfs. . And a cubic inch of tin
Incorporated, by means of fufion, with a cubic
inch of lead, will' form a mafs which meafures
more than two cubic inches.

When fuch increafe or decreafe of bulk does not
take place, then we may, by the laft propofition,
find out the weights of two ingredients which
form 2 compound body, having given the {pecific

gravitics of the ingredients, and of the coms-
Pound,
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Of the Specific Gravitics of Bodicw
CHAPTER IIL
OF THE SPECIFIC GRAVITIES OF BORILS.

T has been already mentioned that the fpecific

gravity of a body is the proportion which its
weight bears to the weight of another body of
equal bulk, Thus the {pecific gravity of mercury
is faid to be to the {pecific gravity of water as 14
to one; the meaning of which is, that if a quan-
tity of mercury, which exactly fills a certain vefld,
and a ‘quantity of water which -likewile exactly

fills the fame veflel, be weighed feparately, the

former will be found te weigh 14 times as much
as the latter; fo- that if the water weighs one

_pound, or one ocunce, &c. the mercury will be

found to weigh 14 pounds, or £4 ounces, Sc.—=
Thuos alfo the fpecific gravity of merctry is to the
{pecific gravity of zinc as two to ome; viz. if a

{

a cubic inch, or a certain veflel full, of mercury

weigh 14 pounds, a cubic inch, or the fame veffel
full, of zinc will be found to weigh 7 pounds,
Or if the former weigh 100 grains, the latter will

be found to weigh so grains; and {o on.

But though bodies may be thus compared in-

diferiminately together, yet conventency has ef-

J

tablifhed the cuftom of comparing all bodies with

water, the fpecific gravity of which is reckonec

%0
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o J
one, or unity ; {o that, fpeaking of the above-men-
tioned bodies, the fpx,(:ih(, gravity of mercury 18
faid to be 14, and that of zinc, to be 73 mean-
ing that €qual quantities of water, of mercury, and
Of zing, weigh r:,prEtue]v 1, 14, and 7, be they
Pounds, or cunces, or grains, or any other weights.
Nor does this mode of ex iprefling the {pecific gra-
vities alter the proportion between any two or
More bodies ; for inftance, it has been faid above
that the {pecific gravity of mercury is- to that of
ZIne as two to one, and by the laft expreflion thalz
{pecific gravities have been flated as 14 and 7;
but thofe two numbers are to each other exactly
wthe ratio of two to one.

The reafons for which water has been generally
adopted as the ftandard with which

bodies are compared, are, 1ft, tha t by weighing

all other

the {fame body out of water and in water, the {pe-~

cific gravity.of that body nry, in general, be more
cafily afcertained than by any other means; and
2dly, that water of the fame purity and of the
-umc {pecific gravity, -may be eafly procured in
Every country.

But the fpec c gravity of water is liable to be

altered by two c.vfcs, viz. by the admixture of
Other fubftances, and by an alteration of tempe-
Tature ; s—water, for inftance, at 100° of tempera-
ture, is i ghter than water at 60° ;- and ftill lighter
than Water at s40° Therefore .the water, which
o he ufed for the purpoﬂ: of ;th:rtaining the
E3 . fpecific
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{pecific gravities of bodies, muft be free from he-
terogenecus - fubftances, and muft be ufed always
at the {aine degree of temperature. :

Diftilled water, and rain water, are f{ufficiently
pure, and equally ufeful for the above-mentioned
purpofe, as they have not been found to differin
{pecific gravity.

The moft natural way of determining the fpeci-
fic graviry of bodies is to weigh in a pair of fcales,
or by means of a fteelvard, bodies of different
{orts, but of precifcly the fame dimenfions; and
this, indeed, is a very good pra&tical method for
fluids, which may be put fucceflively into the
fame phial, &c.; but the difficulty of forming
folids exactly of the fame dumenfions is fo very
great, that their {pecific gravities are generally de-
termined by’ weighing each body both out of wa-
ter and in water, in the manner which will be par.
ticularly defcribed 1n this chapter; excepting fome
powdery fubftances, which, in this refpe@, may
be treated like fluids.

It appears, therefore, that a common pair of
fcales, or balance, is the principal inftrument which
js required for determining the fpecific gravities
of bodies. It only requires to have a hook affixed
under one of the fcales, This balance, when in
ufe, might be held in the operator’s hand : -but as
thofe exp"eriments. require 4 certain time, and
much accuracy, therefore it is advifable to have
them fet upon a fland, fuch as is reprefented in

fig.

#®




Of the Specific Gravities of Bodies. 55

figr, T4. of Plate X. The whole apparatus, then,
for dctcrmiuing {pecific  gravities, which goes un-
der the name of the Hydroffatical Balance and its
apparatus, confifts of the following pél‘ts. A ba-
lance; fych as ABCD, fig. 14. Plate X. which
thould be fo fenfible as to turn at leaft with the
20th part of 3 grain when each feale is loaded with
4 weight of two or three ounces. An accurate fet
of weights, efpecially of grains, fuch as weights
of 1o grains and of 100 grains, befides the fingle
grains ; it being much more commodious to make
the computation entirely in grains, or at moft in
Ounces and grains, than to be encumbered with
weights of different denominations. A glafs jar
E, about 7 or 8 inches high, which is to con-
tain the diftilled or rain-water. A glafs ball, of
about an inch, or an inch and a half in diameter,
with a bit of fine platina wire, about three iuches
long, affixed to it*, A {mall glafs bucket G, with

e ]

* This ball may be cither of folid glafs, or of hollow
glafs partly filled with quickfilver, or with fome other
heavy fubftance. Tn the latter cafe it generally has a fhort
Periorated flem, into the perforation of which the platina
wire is faftened with cement.  But if it be a folid glafs ball,
3 hole of about +th of an inch in length muft be drilled
H.it, wherein the wire is to be faftensd. For the fake of
“*padition in making the computation, it would be proper

© make this glafs ball of a certain weight expreflible by a
ro . h

L{“d Bumber; for inftance, of 100, or 500, or ARG
grains, '

E 4 3 glafs
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,g)i;u.a handle. A fmall phial or two, as H; viz.
of fuch a Inf.pc as to admit of their being cafily
filled, emptied, and cleaned. And a thermo-
mefer 1.

This hydroftatical balance and apparatus is
commonly made by the philofophical infirument-
makets of 4 very compaét form, fo as to admit of
its being packed up in a pretty {mall box } but
when in ufe, ‘it muft” be fet upon a table,.as i
reprefented in fig. 14, where, it muft be remarked,
that the balance m: ay be moved 2 little way up or
down, either by means of the firing which goes
along the ftand, in the common way, or by fome
other mechanical contrivance which needs not be
particularly deferibed.

We fhall now proceed to flate the practical me-
thods of determining the fpecific graviticq of bo-
dies of various {pecies; which methods are nothing
more than practical applications of the Propofi-
tions of the preceding chapter, as will appear by
obferving at the end of the Rules, the quotation
of the Propofitions upon which thofe rules de-

pend.

Problem I. To afcertain the fpecific gravity of a
pretty large folid, u.m.f. is /mi_} cuongh to fink i
wWaler.

Rule. Sufpend the folid by means of as flender
a thread as may be juft {ufficient to hold it, to the
hook under the fcale C, fo as to hang at the dif-
tance of fix or feven inches below that fcale, and

9 b ¥
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¥ }J'ltdutﬂ, weights in the oppofite feale D, fing
ouf its ex

aft weight inalr, that is out of the water.
Then place the jar E, about three-guarters full
of rain or diftilic d water, jult under the feale C;
which s the cafe altually 1'#}11\41111@(‘2 in the
Ggure ; let the :l'i body be immerfed in the wa-

and either {fome of the W;:ig‘:}ts

£ ¥ 5 . e R R

from the feale D, or by putting weights 1 toe
-~ L, | . EATE &

feale €, find out its exact weight in water. Sub-

trace the latter wei ight i’rcnn the former, and note
the remainder. ]_‘.u-}_.u divide the 'u\-'crgnt of the
the

folid out of the water by that remainder, and
quotient will exprels its {pecific gravity. (Frol.

T x x CoAT s 63
Vi)——See the precautions which follow tl

ample.

o

CX~-

1
A

Example. A piece of filver was found to weigh

t (that s, out of the water) 136 grains, and

0 Water 123,73 grains, The latter weight being

fubtradted from the former, there remained 12, 25

1y ‘E..

-, U2

1. Laftly; 136 was, divided by 12,25, and
the quotient 11,091 expreficd the fpecific gra-
vity of the piece of filver.

Before we proceed any farther, it is neceffary to
Prevent any poffible miftake, by the ftatement of
the {"-uiinwinff ’

General " precantions,  The water in which the
folid is to be weighed, befides its being erther dif-
tlled or 1aip water, muft be quite clean.— Its
"Ei‘“!)’s‘f&ture, as well as that of the folid, muft be

3 ficar as poffible to 62° of Fahrenheit’s thermo-
meter,
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meter; for which purpofe the ball of the thermo-
meter muft be placed in the water, and the tem-
perature is adjufted by the addition of hot or cold
water.— If the {folid body be foluble in water, or
if 1t be porous énough to ablotb any water, then
it muft be varnithed, or fmeared over with {ome

oily or grealy fubftance; but in that cale fome al.

lowance muft be made on account of the varnilh,
&c. —When the folid is weighed in water, its up-
per part ought to be a little way below the furface
of the water; for inftance, about an inch; and it
muft by no means be fuffered to touch the fides
or bottom of the jar.—Care muft be had that
no bubbles of air adhere to the folid under water;
for they would partly buoy it up. Thefe may be
cafily removed by means of a feather.— The folid
muft be of a compaé& form, and free from acci-

dental or artificial vacuities, {o as not to harbour

any air; for otherwife its {pecific gravity cannot
be afcertained by weighing in water, &c, Thusa
picce of filver, which is much heavier than water,
may be formed into a hollow {phere, which will ap-
pear to be much lighter than water ; for if this
{phere were immerfed in water, it would difplace
a quantity of water which is equal not only to the
filver, but alfo to the fpace which is contained in
the fphere*, — Thefe precautions muft be attended

to

* It is for this reafon that a thip might be made of iron,
or of copper, or, in fhort, of any fubftance whofe fpecific

grar-.'i: ¥
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toin the praitical performance of the preceding
a5 well as of the following problems of this chap-
ter, as far as they may be concerned in them.

Problem 11, To afeertain the [pecific gravity
”" \f‘E.':’E{;"‘_.'_) or compall ;!Ja(.i'.!'c.s‘, that are ﬁ!ﬁciﬁzf{f
“avy 1o fink in water, whick are not foluble in that
Fuid, but are 100 fimall to be tied by means of &
iread,

Rule. Sufpend the glafs bucket G by the n-
terpofition of a thread, to the hook of the fcale
C, and find its weight in air; then place the {ub-
ftance, which is to be tried, in it, and weigh it
again,  The former weight fubtradted from the
latter leaves the weight of the fubftance in air
This being done, the fame operation muft be re~
peated in water ; that is, let the loaded bucket be
weighed in water, then remove its contents, and
weigh the bucket alone in water. Subtra& the
latter weight from the former, and the quotient
15 the weight in water, of the fubflance under
€xamination. Having thus obtained the weights
of that fubftance in water and out of water, you
will then proceed according to the preceding
Problem ; viz. fubtra its weight in water from
}s weight in air, and note the remainder. Divide
1ts weight in air by this remainder, and the quo-

!

Tty far exceeds that of water; and yet it would float
B3 wellag g thip which is made of wood, in the ufual way.
tient
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‘ | tient will exprefs its {pecific gravity, (Prop. V.) —
| Oblerve the ge:‘;-’:r;l precautions at the end of
i

Problem 1. p. 57

n

|
I By this meads tlu, fpecific gravity of diamonds
‘ and other {mall precious ftones, as Ao of grains

of platina, of filin ings of metal, of mercury, &,

may be alcertained.

| Example. 'The glafs bucket bei ng fufpended
b i ) ;
. from the hook of the fcale C, was Luuniu-uoned

by weights in the oppofite feale D. Some gold-
luft was then placed in it, and by adding more
weights into the fcale D, its weight (viz. of the
i gold-duft alone) was found to be 460,6 graine.
i , The loaded bucket was then wwgncl n water,

and was found to weigh 736,1 grains; and’ after

baving removed the gold-duft from the bucket,
I the latter by itfelf was found to weigh in water
il 300 grains 3 which being fubtra&ted from 736,15
left 436,1 grains for the weight of the gold
water. Then this weight of the gold in water
(viz 43651) was fubtracted from its weight in air

(viz. 460,6) and the remainder was 24,5. Laftly,
the weight of the GULJ 10 ar, viz. 460,6 was di-
* vided by the remainder 24,2, and the quotient
18,8 exprefled the f{pecific gravity of the gold-
dult.

Problem L. To afeertain the fpecific grav

; a folid body lighter than an equal bulk of water, viz.
fuch as will not fink in it,

Rule,
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Rule. Take anothﬂr body of a Compﬂ.&, form,
but much heavier than an equal bulk of water, fo
that when this body is connefted with the body
m queftion, they may both fink in water. This
bei Ing prepared, afcertain the weight of the hhter
bod}.- in =ir, and the weight of the heavier body
In water, Then tie, by means of thread, both
bodies together, but not fo clofely as to exclude
the water from, or to harbour bubbles of air, be-
tween them; and weigh them bothy in water.
Now fince the heavy body is partly buoyed up by
the lighter body, the weightof beth in water will
be lefs than the weight- of the heavier body alone.
Subtrad the former from the latter, and add the
remainder to the weight of the lighter body in alr 3
for this fum is the weight of a “quantity of water
equal in bulk to the lightér body. ‘Therefore the

weight of the lighter bom' in air muft be divided

by the laft-mentioned fum, and the quotient will

A

exprefs the fpecific gravity of the lighter body.
(Prop. V. Cor. 3, and 4) — Obferve the general
Precautions at the end of Prob. L. p. 57

Example. A ‘piece of elm, being varnifhled in
order to prevent its abforbing any water, was
found to weigh in air g20 grains, A piece of
tead, which was chofen for this purpole, was found
Yo weigh in water gr1,7 grains. The piece of
elm and the piece of lead were tied together, and
being fufpended fromy the hook of the frale C,

)
=
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8c: in the ufual manner, were found to weigh in
water 331,7 grains, viz. 580 grains lefs than the
Tead alone ; therefore 580 was added to g20 (viz.
to the weight of the elm in air) and made up the
fum of 1300. Laftly, 920 was divided by 1500,
and the quotient o0,6133 exprefled the fpecific
gravity of the piece of elm.

It is almoft fuperfluous to obferve, that the fpe-
cific gravities of bodies that are lighter than water,
are lefs than unity.

Problem IV. To afeertain the [pecific gravities of
fmall bodies ( fuck as [faline powders, . ) whick are
Joluble in, or abforb, water, and are not capable of
being varnifhed.

Rule. The {ubftance 1n queftion muft be re-
duced into fine powder, unlefs it be already in that
fhape. Take a clean glafs phial, {fuch as H, fig.
14, put it in one of the fcales of the balance, and
counterpoife it by placing weights in the oppofite
fcale ; then fill the phial with the powder in quef-
tion, ramming it as clofe as poffible, and quite up
to the top. This done, replace the phial in the
fame feale in which it ftood before, and by adding
more weights in the oppofite {cale, find out the
exact weight of the powder alone. Now remove
the powder from the phial, fill the latter with dif-
tilled or rain water, and placing it in the fcale as
before, alcertain the weight of the water alone.
By this means you have the weights of equal
quantities of the powder and of water, which

arc
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are exatly as their fpecific gravities ; but the fpe-
cific gravity of water is' not in this cafe' exprefled
by unity ; therefore fay, as the weight of the wa-
ter s to the weight of the powder, fo is unity.to
a fourth proportional, which 1s the {pecific gravity
of the powder when that of water is reckoned
Unity; that is, divide the weight of the }JOtt'clf:r
by the weight of the water, and the quotient will
©xprefs the fpecific gravity of the powder.

In certain cafes the faline fubftinces or other
fmall bodies, if the reducing them to powder be
objected to, may be weighed in the bucket, ac-
cording to Problem II. but inftead of water they
muft be weighed in fome other fluid, in which they
are not {oluble, and whofe fpecific gravity is al-
ready known; for the {pecific gravitics thus found
may be eafily referred to that of water.

Example. The phial H full of a certain falt
was found to weigh 630 grains (meaning the falt
alone, independent of the phial) and the fame phial
full of rain-water was found to weigh 450 grains,
(viz. the water alone) ; therefore 630 was divided
by 450, and the quotient 1,4 exprefled the {pe-
cific gravity of the falt.

Problem V. 7% afcertain the fpecific gravities of
Huids,

Rule,

l&PE- [‘neni
1t bcing

This may be done either by the method
ioned, which indeed is the moft proper,
the moft accurate, for nice experiments ;
©F 18 the following manner :

Sufpend
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Sufpend the glafs ball F, fig. 14, or a piece of
metal, to the hook of the {cale C, and find fuc-
ceflively its weight in air, its weight in water, and
its weight 1n any other fluid you with to try: Sub-
traft its weight in water from its weight in air,
and the remainder is its lofs of weight when weigh-
ed in water. Alfo fubtract its weight in the ot}
fluid from its weight in air, and the i'emamrfi-‘cr s
its lofs of weight in‘the other fluid. Now thofe
two laft weights are exaétly as the {pecific -gravi-

ties of the two fluids relpectively. But the fpeci-

ia

fic gravity of water is not, in this cafe, exprefied

1

by umity ; therefore fay, as the lofs of weight in

water is to the lofs of weight in the other fluid,
{o 1s unity to a fourth proportional ; that 1s, divide

the lofs of ‘:'-'c-‘z;" t in the other fluid by the lofs of
weight in water, and the quotient wiil exprefs the
fpecific gravity nf the other fluid.

b

ofe a glafs ball with a bitof platina
wite, are Ppr !

e to other f{ubfltances, becaufe
amongil all the vanety of fluids tl*e:e are fewer
v adtion upon g glafs and platina than
upon any other-lolid; yet they are (_urmjrz-'i by
one or two fluids, and therefore when thefe are to
be tried, the method of Problem 1V. muft be
pted ; but the 'phull muft confilt of {uch a fub-
is not hiable to be corroded by the fluid

ftion; or the glafs pbial may be lined in

with a film of bees-wax, which is eafily
dene
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done by warming the phial; for this film will
Prevent its being corroded.*

Example. A glafs ball which weighed 100
Brains in air, was found to weigh 6o grains in wa-
ter, and 70 grains in another fluid ; fo that the
lofs of weight in water was 40 grains, and the lofs
of weight in the other fluid was 30 grains; there-
fore 30 was divided by 40, and the quotient 0,75
exprefled the fpecific gravity of the other fluid.

The knowledge of the fpecific gravities of bo-
dies is of the utmoft confequence in philofophy,
and in other f{ciences, as alfo in the feveral arts.
which depend on thofe {ciences. Independent of
thofe bodies which are pretty uniform, and whofe
fpecific gravities are well known, it frequently
happens in chemiftry, in the pracice of feveral
arts, and in fome departments of civil fociety,
that the {pecific gravities of various bodies, elpe-
cially of compounds, muft be aftually afcertained
on particular {pecimens. The ftrength and adti-
vity of divers chemical articles is accompanied with
4 proportionate degree of {pecific gravity ; there-

i

* The fpecific gravity of air, and other elaftic fluids
analogous to air, is afcertained by firft filling a phial with
Water and weighing it, then filling the fame with the
€laftic fluid in queftion, and weighing it again, after the
anner of Problem IV.; but the phial which is necel-
fary for e purpofe of confining elaftic fluids, as alio the
mode of filling it, will be deferibed hereafisr.

VoL, 11, F f:o[',:
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fore the knowledge of the latter is ufed as an in-
dication of the former. The ftrength of fpirits is
determined both in diftilleries, and by the officers
of the excife, from their {pecific gravities. The
affayers and the refiners of filver and gold fre-
quently make ufe of the fame means for determin-
ing the quality of their articles, and fo forth.

This extenfive ule of the knowledge of {pecific
gravities has produced a variety of contrivances,
under the names of Effay infframent, Hydrometer,
Areometer, Gravimeter, and Pefe-ligueur, for the par-
pofe of afcertaining; the {pecific gravitics of different
bodies in an expeditious manner.

The conflru&tion of all thofe inftruments de-
pends upon the principle of the 5th Propofition
of the preceding chapter, viz. that if a body whofe
fpecific gravity is lefs than that of certain fluids,
be caufed to float fucceffively upon thofe fluids,
it will fink deeper into the lighter than into the
beavier fluid. Or that a greater addition of
weight -is required to keep the fame part of the
floating body below the furface of a heavier, than
of alighter, fluid.

 The fimpleft hydrometer is reprefented in fig. 13,
of Plate X. It confifts of a graduated rod or ftem,
CA, about 4 inches long, which is fixed to the
bulb A. From the loweft part of A another ftem
proceeds a fhort way, and terminates in a {maller
bulb'B. The bulb B is partly or entirely filled
with fome metallic fubftance, generally quickfilver,

-, -

which
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Which anfivers two purpofes; it renders the inftru-
Tent juft heavy enough to fink as faras fome part of
the ftem Ca below the {urface of the fluid which
1S to be tried by it; and it ferves to keep the in-
Tument upright in the fluid ; hence it is placed,
3 ballaft, ‘in the loweft part of the inftrument.
Now when the {pecific gravity of a fluid is to
be determ{nad, the' fluid is put into a glas jar,
OF other conveniernit veficl, and the hydrometer is
fet to float in it ; then the {pecific gravity of the
fluid is indicateq by the number of the divifions
of the ftem AC which remain abeve the furface
of the fluid; or (which amounts to the fame
thing) by thofe which remain below that {urface ;
thole divifions being made, by trial and adjuft-
HICNL, to reprefent parts of the whole bulk of tle
inftrument, Suppofe, for inftance, that the bulk
of the whole inftrument be equal to rooo cubic
tenths of an inch, and that each of the divifions
of the ftem reprefents one of thof parts.  Then
If_this inftrument be placed firft in one fluid and
then in another, and if it be found to fink as far
% the goth divifion (counting from the top) in
one fluid, and as far as the goth in the other fluid,
It is evident that of the 1000 parts of the bulk,
950 have been funk in the former fluid, and ¢70
"N the latter ; therefore, fince the fpecitic gravities
Of thofe fuids are inverfely as the parts immerfed,
the fpecific gravity of the former is to that of the
latter as 970 is to g6o. If water be one of ‘the
F 2 fluids,
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fluids, for inftance the former; then fay, as 970
is to g6o, fois one to a fourth proportional, which
is the fpecific gravity of the other fluid when that
of water is called unity. But the divifions on moft
of thofe inftruments are numbered fo as to indi-
cate immediately the {pecific gravity of a fluid in
comparifon with that of water, which 1s reckoned
one.

Hydrometers of the above-mentioned fort have
been made of glals for {uch fluids as corrode me-
tals ; and of metal, which is more durable, for
fuch fluids as have no action upon it. But its pe-
culiar imperfections are two in number; 1ft, Itcan
ferve only for thofe fluids which differ very litde
in {pecific gravity 3 for if the divifions of the flem
reprefent {mall portions of the bulk of the inftru-
ment, then the whole length of the ftem will like-
wife reprefent no great part of the whole bulk;
hence very little difference of fpecific gravity can
be indicated by all the divifions which are upon -
it; and if the divifions, reprefent confiderably
large portions of the inftrument, then the inftru-
ment will not indicate {mall differences of {pecific
gravity. 2dly. The inequalities of the ftem, and
the fmall quantity of fluid, which in the common
manner of ufing the inftrument can hardly be
prevented from adhering to that part of the ftem
which is juft above the fluid, render it inaccurate
in a greater or lefs degree.

Fhe
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The removal of the firft of thofe imperfections
has beep attempted either by adapting different
fems o the fame inftrument; {o that a heavier
or a lighter ftem might be put on, according to
the natyre of the Auid under examination; or by
Afixing certain weights to the inftrument, and al.
tering the value of the divifions accordingly.

The fecond imperfection has been removed by
"emoving the divifions from the ftem, and indeed
by this means the firft imperfection is in great
meafure removed ; viz. the ftem contains one mark
about its middle, and the inftrument is caufed to
fink always to that mark in different fluids, by the

addition of different weights. Then the {pecific
gravities are indicared by thofe weights.

The weights in fome hydrometers are fcrewed
to, or fimply laid in a cup fit to receive them at
the bottom of the inftrument. In others the
weights are placed in a cup which is fixed on the
top of the ftem, and which of courfe remains out
Ofthe fluid. But as the laft method is apt to ren-
der the inflrument top-heavy; therefore fome of,
them have been conftructed with two cups, viz.
ON¢ at top and another at their Tower part ; and
Proper weights are to be placed in both, viz. the
Coarfeft or largeft in the lower, and the minuteft in
lhe U'PIJCI' CUP.

Such infiruments have alfo been ufed for deter-
Runing g fpecific gravities of {mall folids. In

F3 this
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this cale the folid is placed in the lower cup, and
fuitable weights are put into the upper cup.

Another inftrument has alfo been ufed for expe-

ditioufly determining the fpecific gravities of fluids.
It confifts of a feries of glals bubbles, increafing
- and decreafing in fpecific gravity from the
ftandard fluid, in a known ratio. Whena fluid 1s
to be tried, thofe balls, which are all numbered,
muft be placed fuccefiively in the fluid, and it will
be found that fome of them will fink to the bottom
of the vefiel, whilft others will remain on the furface
of the fluid; but that bubble whichis precifely of
the fame fpecific gravity with the fluid, will remain

3

in any part of it, without fhewing any tendency
cither to afcend ot to defeend.

All thofe inftruments muft be reckoned inferior
to the hydroftatical balance and apparatus, and that
on various accounts, which will eafily occur to any
reflzCting mind. Expedition of operation, and
portability, are the only circumftances which have
recommended them, But the ufe of the balance
i$ by no means long and intricate; and it is un=
queftionably the leaft equivocal.  With refpe&t to
portability, it muft be obferved that no fingle hy-
drometer, even &f the belt fort known, can be ufed
for afcertaining the fpecific gravities of all forts of
bodics 3 and if many of them muft be had in rea-
dines, then’ the bulk of them all will more than
equal that of a tolerably ufeful balance and appa~
vatus. Therefore we may conclude with affirmings
that
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that the hydroflatical balance and apparatus . is
Upon the whole the moft accurate, the moft dura-
ble, and the moft portable apparatus for the purpofe
of afcertaining fpecific gravities in general; and
that the ufe of hydrometers may be recommended
to fuch perfons only as are obliged to try a great
Variety of fluids which do not vary much in gra-
Vity ; viz. to diftillers; to, officers of the excife, &e.

Thus far I have endeavoured to give a fhort but
Comprehenfive account of the inftruments, which,
befides the balance, have been contrived for the
Purpofe of afcertaining fpecific gravities, A par-
ticular defeription of them all is Incompatible with
the nature and limits of this work. - But if the rea~
der be defirous of examining the particular cop-
frruftions and ufes of ‘fuch inftruments, he may
confult the book$ which are mentioned in the
note*, '

In determining fpecific gravities of bodies, diffe-
Tent experimenters have ufed water of various, and
fometimes of unknown temperatures ; generally how-

——

* Boyle’s Works, quarto edition of 17725 vol. IV.p,
204:—Phil. Tranfaions, vol. 36, 'vol. for 1793, p. 164.
~Memoirs of the Manchelter Society, vol. 1,—Ramfiden’s
Account of Experiments to determine the Spec. Grav. of
Fiuids; London, 1792.—Annales de Chimie, vol. 25.—
Baum{:‘s Elem. de Pharmacie.—Nicholfon’s Journal of
Nat, Phil. No. I. HL—De Prony’s ArchiteCture Hydrau-
lique, from § 614 10 § 626.

F 4 ever,
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ever, belween the gothrand 6 5th degree of Fahren-
heit’s thermometer. But the beft tables of {pecific
gravities have been formed at the temperature either
of about 55° or 60°.

A confiderable difference does frequently appear
in thofe tables between the ftatements of the fpeci-
fic gravities of the fame bodies. This difference
{ometimes affeéts even the firft decimal figure ; in
one table, for inftance, we find that a certain body is
2,135, and in another table that it 15 2,245. It i1s
evident that this difference cannot be attributed to
the different {pecific gravities of water at thofe tem-
peratures ; for that difference will not affett even
the third decimal figure ; but it mufl be attributed
to other caufes, the principal of which are the -
petfection of the inftruments' with which the bodies
are weighed, and the various qualities of the bodies
themfeives, which are occafioned by innumerable
and often apparently trifling circumf{tances. Hence
it follows that in forming a table of fpecific gravi-
ties the greateft care fhould be had to attain the
utmoft degree of accuracy ; but in the ufe of {fuch
a table, fome latitude muft be allowed to the poffi-
ble error in the flatement of the fpecific gravities, in
proportion as the conftitutions of the bodies are
more or le(s vanable,

The following table has been formed by com-
paring the beft tables of fpecific gravities now ex-
tant ; by confulting the works of the beft authors
who have treated of particular {ubftances ; and by
epeating
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Tepeating feveral of their experiments. But after
all, it muft be acknowledged, that the difficulty of
feconciling the different difcordant ftatements, and
of obtaining genuine fpecimens for attual experi-
ments, is fo very great, that the utmoft diligence
will not be fufficient to obtain certainty and pre-
Cifion*, The reader will find the fubflances ar-
ranged in the following manner. The metallic
fubftances occupy the firft place; thefe are followed
by the earths and ftones; then come the inflam- -
mable, the vegetable, the animal, and laftly the
fluid fubftances.—When a fubftance is ftated with
two {pecific gravities, the meaning is that the {pe-
cific gravity of that fubftance is various, viz. fome

* 1f the reader be defirous of examining this fubject in a
more particular manner, he may confult Dr. Davis’s ex-
cellent Paper on Specific Gravities, in the Phil. Tranl
vol, XLV. p. 416; or in the Abridg. vol. X, p. 206. This
Paper contains all that which had been done previous to the
Year 1747, relative to the fubje&.—M, Briffon’s Tables of
Specific Gravities.—M. de Prony’s Archit. Hydr.—Mr.
Gilpin’s excellent Tables of the weights, &c. of mixtures of
fpirit and water in different proportions in the Phil. Tran(. for
the year 1794, page 275.—Kirwan’s Mineralogy, fecond
¢dit.—1I do not refer the reader to a vaft number of other
tables, which are cither lefs corre&t, or copied from the
2bovementioned works. With refpeit to the gravity of
air under different degrees of preflure, as allo of heat, &c.
he may perufe a moft valuable paper of Col. Roy, in the
Phil, T'ranf, vol. LXVIL

{pecimens
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{pecimens of it are heavier than others, but between
the annexed limits. When that variation is not
very great, then the mean. fpecific gravity alone is
exprefled. In felefting the articles for the following
table, I have rejeted moft of thofe which occur
lefs frequently, or whofe {pecific: gravity is, too
fluénating; and for a fimilar reafon the exprefiions
of the (pecific gravities have Deen extended to a
greater number of decimals with certain fubftances
than with athers.

TABLE of the Specific Gravities of different
Subftances at the Temperature of 60° Fahr,
Therm. ; unlefs fome other Temperature be ex-

prefsly mentioned.

Spec. Grav.
[in grains, as it comes from the { 15,600

T el 17,200

|
| in grains, purified by boiling in § 17,5¢0
| mitrous acid < = = s

8,500
Flatinal ... X Eosie
'lpm'n;c_‘d and forged + . - - 20,336
lthe fame formed into a plate by
being comprefled through 'the
rollers of a flatting-mill - <« 22,069
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"';pcc Grav.
purc or of 24 carats fine,* fufed, but
not hammered - - = - - 19,258
the fame hammered - - - - 193’67
of the Englith ftandard, being 22
carats fine, fufed, but not ham-
mered - - - - - = -~ - 18,888
|of the Englith guinea - - - - 17,629
of the flandard of the French coin in
G.:,ldg the year 1780, being 2135 carats
fine; fufedonly - - - - - 17,402
the (ame coined - - - = = = 17,647
of the French ftandard for trinkets
in the year 1780 being 20 carats
fine, fimply fufed - - - = 15,709
the fame hammered -~ = = - 15,774
of the Spanifh coin in the year 1780 17,655
of the Portugal coin in.the year
1780 e e s e sy s 17,966

\

* The finenefs of gold, or the proportion of alloy (that
i8, of other metal) it contains, is reckoned by imaginary
Weights, called carats. The whole mafs is conccived to
be divided into 24 equal parts, viz. 24 carats, and the pu-
ity of the fpecimen iswexpreffed by the number of carats
of pure gold it contains. Thus gold of i8 carats fine,
Means a compound of 1: 8 ths of pure gold, and +5 ths of
fome other m\,:ﬂ,__-rold of 22 carats fine, contains
Z3ths of pure gold and thn of alloy; and pure gold is
called gold of 24 carats ﬁm

Mercury,
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Spec. G'mr.
at 32° of heat = = . = 33.61
Mercury, or 6o , 3019
oot qat 60 ofheat - - .. . 12,280
Quickfilver* . REE
at z12° of heat = = - 13,375
(ﬁne, fimply fufed - - - - 10,474
the fame hammered = - - - - 10,511

terling, or ftandard, containing

Silyer 11 0z. 2dwt. of fine filver in
the pound troy; fimply fufed 10,200
of the ftandard of the French coin
in the. year 1780, fimplyfufed 10,047
(the fame coined - - - - - 10,408
fimply fufed$ - - - - - =.-88
Copper ? s ; 4
the fame hammered - - - 8,858

Brafs, being a compound metal, varies 7,600
between =~ - - - - - . 8,300

* The fpecific gravity of mercury varies a little with
various fpecimens ; but the proportion at different degrees
of heat is nearly the fame; the bulk of mercury increafing
by the quantity o,0oc102. for every degree of heat; its
bulk at 32° being called one or unity.

+ Such is the ufual fpecific gravity of copper, reckoned
pure; butitis frequently found of fuperior gravity. Berg-
man found the fpecific gravity of Swedifh copper to be
9,3243; but this may poflibly be 2 miftake ; for he likewile
fets the! fpecific gravity of iron at 8,3678, which is con-
fiderably higher than the belt ftatements,

Iron
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rful‘::d, but not hammered - -

forged, in the form of bars - -

[ el folt = =
fteel hammered -

Tron |

i 1n the {tate of<
\ :

then hardened
water - =

[ the pureft from Cornwall, ﬁmply{ 7,170

fufed4 - - - - =
Tip { the fame hammered - - - -
of Malacca, fimply fufed

the fame hammered - -

1

-

Lead, whether hammered or-not

Zine, fimply fufed - - - . - -

———

Spec. Gray,
7,2C0
7,600

= 7:783

7,833
. 73840

fteel hardened inwater* 7,816
fteel hammered, and

in
- 7,818
75291
T 75299
- 7,296
~ 7,306
{ 11,443
11,352
- 71g0

_ ® The expanfion of fteel in hardening, befides its being
ndicated by the decreafe of fpecific gravity, is alfo de-
Cifively fhewn by the following experiment of Mr. Robere

€hnington.— A piece of fteel which when foft mea-
fured in length 2,769 inches, after being -hardened by
Plunging it red-hot in cold water, was found to meafure
%7785; and after having been let down to a blue temper,

It meafureq 2,768 inches,

T Gellert afferts that the fpecific gravity of the tin of

Gallicia in 3 pain is 7,063.

Antimony,




8 OF the Specific Gravities of Bodies.
Spec. Grav,

: i : 6,6
Antimony, in a metallic ftate, fimply fufed { 6 8240.

Bi{muth, in a metallic ftate, fimply fufed { 9 ggg

Cobalt, in a metallic ftate, fimply fufed { 7:045

7,811
Smalt, or blue glafs of cobalt - - - --2.440
: eft i A 7,C00
Nickel, of the pureft {ort o
Sulphurated nickel, or the mineral called
kupfer nickel by the Germans - - - 6,620
Manganefe, in a metallic ftate - - - - 6,990
Arfenic, fufed® - - - - = < - - 8310
Uranite in a metallic ftate - - - - - 6,440
o St MCAREERLS SRR 5,800
. of a grey colour { 8025
Jungften 3 o ;2 brown colour - < '~ 5,570
in a metallic ftate § © - - - 17,600
Molybdena in a metallic ftate, when {htu-}
; 7,800
rated with water adToy e e 725

Sylvanite, or Tellurite, ina metallic {’catc,}
twice fufed - - - - =~ - - - 2343
Titanite - = - = = = - « - - 4,180

* This fp. gr- has been ftated on the authority of Mul-
chenbroek and Bergman; but Briffon ftates it at 5,7633.

+ This fpecific gravity refts upon the authority of
Elbuyart. 1t may poffibly be 2 miftake, See Kirwan’s
Mineralogy, fecond edit, vol. 2, p. 308. -

& Manachanite
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1 e et 2
Manachapiee . . . =ABLE 4,427

- = 2,6z0
R ) colourlefs -« - - - ,65
ock cryftal4 . o

rofe coloure

)
1
i
1
(]
2
-
(=)
J
Q

2,640
b SRS o ‘.{

Amcihy& -

= arese wE0dslle TRSSEISRe
E"ﬂti‘al-:l

2.6
B‘-r---v1| F Brepe Miarine - - 2 L o - )
b iy OF _llEH\.—;!ﬁlutlll\. 9

Pragy 0l

O ~.:--,;--. — - - - — = o 2 4:
P\ub‘f Sl”ILIAA.‘.I v
g Bezilian .« ~ LT @

Toriental - _

Topaz Br

Eilagme = = e e

e S

£ S S a r'f-_z

Siriceli hui b e 3,564

T 0107741 L R N Ny 3,991
apphire J i

Pl {Brazilian = - = .o /3180

1 9 68~

Hyacinth N i R s S ¢

Jf“‘gt)n ot Zircon =

R R -

1 4,000
oriental, .carbuncle: - - .

G:’vrnet - - A D0
EORMON, - o s o e -

Yolcanic- - =« .o L o 2,468

Ch Iy {ol

lite

lcdand'ic azate

Bt} ol 2 g
R“bcllite or red thorl of Siberia - - - a.t00

horl




Lapis lazuli - - -
Chryfoprafium- - -
Gpal = - ~ -

Hyalite or Lava Glafs

Calcedony -~ ~ - -

Cornehan - -

Cat’s Eye ~ .- -~ =
Flint - - - - -
f’]rurnftqne - . ==
Jalper -~ = = = .=

Hgyptian pebble - -
Sinople - - - =~ -

Helotropium - - -

Zdelite, or Siliceous Zeolite
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Spec. Grav,

Shorl —{
Ehadite < = =~ == heinalssaigele’
et S5 b A TSR N SRR Sy {

Woodftene

2,920
3,212

3:53°

3,050
3155

2,515
2,760
2,945

2,489

1,700
2,118

2,110
2,600
2,665

2,597
2,630

2,560
2,660

2,580
2,6 30
2,530
2,653

2,500
2,820

2,564
2,691

2,620

nOO
?_”C)L.
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Spec. Grav.

Woodlte i . S et { 23945
ne S67:

el o & i e o T NG 2A3Y
0 2,600
DO Hofe * « s = =it { 2,670
2,692

i ' 2,680
Agates - ' - - = - - & o - = { Q,g55
Strontianearth + = = = - = = .{ 3:+4C0
3:644

Corundum ftone, or'adamantine fpar - 3,876
' | 4,166

BT o~ x bl b { 2,538
2,956

Chalk - - = "2 o [ e S T SE T 2,315
{ 2,657

Arenaceous limeftone ~ ~ -~ - « - < 2,742
{5 I : e i R o S 1,386
ompaét limeftone ] _a7%
Foliated limeflone =~ - - - - - { 2’75"3
2,8J7

Commonfpar = = = = « « # = { 2,693
2 : 2,778

Mafbles' ~- o' “.w's & T < .2 2500
BEVEIIE | ooy s s i, & Ty v { 2,167
z 2,311
ferated barytes . - =~ - - - -° - { 4,300
’ 4,338

VOL. II. G Barofelenite
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Spec. Grav.

! 4 X i Y iy e T P 4,400
Barofelenite { 865
Lapis hepaticus -« - - = = - 2,666
b . - A 2,700
Talk, common, or Venetian { 2.860

“before it has abforbed
any water - - 2,58
Indurated - fteatites - ? T »533
after having imbibed

water - - - 2,632
Bafalt from the Giant’s Caufeway - 2,864
Pumice-flone = = -~ ~ - -~ -~ 0,914
Oriental pearls - - - = - - 2,683
oriental colourlefs - = 8591

oriental rofe-coloured - 3531

AR oriental orange-coloured - - - 3,550
Dlamond\oriental grecn-coloured - - 3:523
toriental blue-coloured - 3,525
@mziiian = = = - - 3444

( 1,450
: \cohefive- - - - { zigo
Alphaltum 1,070
compa&t - -~ - 1,165
Mineral tallow - iSO - 0,770
Native mineral carbon, or pit-coal - - { I"’fg
X385

1,98
Phapbapo « =« o 3ie-dia SL 9,28;
tive = = = = = - 2,033

ul hur{m1

iy 1 R M - 1,999

Ambet
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Spec. Grav.
e L] TS R e { 1,078
1,080
white flint - - - « _ about 3,300
crown - =-.=- = = - - about 2,520
Glafg/ common plate = - - - about 2,760
yellow plate - - - - - - . »aea0
white, or cryftal, of France' -« - = 2,892
St. Gobin’s - <« - - <« - = 2,488
China- -« - -~ = = <« < 2,384
Porcelain <Seves « = < - - - < - 2,144
from Saxony - - - - - 2,493
Copal { tranfparent - - o e tes S el
of Madagafcar and China - - 1,061
Ll R S { 0,780
0,926
CoMmotiiohn - = = "5 & e md o 1,072
Safdarac - - - - - - - - - & pogo
Mﬂﬁ:ic - = wieie acw =S goWa
‘Sforax - m e e e e e e e 1,100
B = L il Vg Y 1,018
L‘deauum - = = o= s e - m e 1,786
Refin or gum of gualac - - - - - . 1,228
R_Eﬁn of jalap - - - <" = - < - 71,218
Tagon’s blood - - - = - = - - 1,204
Gum T e R e e R e 1,139
Elaftic gum, or Caoutchone, commonly
called India rubber ~ -~ - - = = } 2933
Cﬂmphor - & = = = = - = = = 0,088
Gum AMmoniac = =~ = = = = = = 1,007
S Ve e R L e 1,360

G 2 Gamboge
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Gamboge - - - ~ - -
Scammony - - =~ =
Aflafeetida
Sarcocella -

Gum arabic

Gum tragacanth - - - -
Infpiffated juice of llquonce -
Opidit” = = ¢ T ¢ o
Jadigo- = - = o
PRRIOEO. = . =
Yellow, or bees, wax - , - =

White wax - = = = =

Diy ivory = - - - - -
Spermaceti - - - - =
Honey - ~ = - = = =

Tat of beef, veal, mutton, &ec.

Heart of oak, 6o years old -
Cotk = = ~ = = = =
Tronk ofelm = - - «
Trunkofath - = - = =
Beechwood - ~ - = =
Alder wood = = = = -
Maplewood = ~ - = -
Walnut wood - = - = =
Willowy = = « = = =

Firwood = = = & = =

Poplar wood - ~ - = -
White Spanifh poplar wood

Spec. Grav,

about

1,22%
1,235
1,327

0 d
,1.)()

- s

st
(]

3

-

-
Co . ~1 b
(=3

2

(]
]

I,
I

T
(=2

0,76
0,595
©,965
0,968
1,825
0,943
1,450
0,923
0.9.*8
1,170
0,240
0,671
0,845
0,852
0,800
0,755
0,671
0,585
0,498
0,559
0,383
0,529
Applu
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Spec. Grav,
B brea D 10 ol o YT 8 0,661
O o O T B EPST ) N 0,793
I\‘IC‘.\”ZLL‘ e = = & & eie. = o = 2,944
1’-’Jumb tree - =2 = =3t YL gpog
Olive tree - e |21l ETG L T e

Cherry tree = = - = = . - - - o718
F“bﬂl‘t free. 4 |2 = o o o - o =« o600
French box wood == s & L~ 0,012
Dutch boxdod = 5« 4 < = sTE= 1,328

Dutch, YEW Lfee U4 .o 4o@moa aTe 0,788
Spani(}] VoW Aree = is ul o RIS LS 0,807
Spanifh cyprefswood- <" = - - . . 0,644
Al‘nm'ican SRR [IeE = o =S a w e X 0,560
POmegmnate BEE =t o & ot o holeu 1,354
Spanifh mulberry tree - - - - . . ©,897
LT = | = <  a:a A G e s 1,333
Or;mge EIREE ] §F & N oh ) e T 0,705
Red Brazil wood = M E R e L0
T BEERE el St 0,913
Saffafras - . . . . . - = = = 0,482
Pﬁl“uvian 5T o R N R e S R 0,734

& 3 Diftilled
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Diftilled Water, or Rain Water, at the following

. Degrees of Temperature, Fahren. Therm.

Heat.
30
31
32
33
34
T
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50
51
52
53
54
55
56
57

Spece Grav.
1,00074
1,00078
1,00082
1,0008§
1,00068
1,00093
1,00092
1,00093
1,00044
1,C0004
1,00094
1,00093
1,60092
1,00090
1,00088
1,00086
1,00083
1,00080
1,00076
1,00072
1,00068
1,00063
1,00057
1,00051
1,00045
1,00038
1,0003 ¢
1,00024

|
|
|

Heat.
58
59
60
61
62
63
64
65
66
67
63
69
709
21
72
73
74
75
76
77
78
79
8o
85
go
95

100

|

Spec. Grav.

1,00016

1,00008

1,00000

0,99991

0,99981

0,99971

0,99961

0,9995C
©,999238
0,99928
9,99917
0,999°6
©,69894
0,96882
0,95869
0,958 56
0,99843
©,99830
0,99816
0,99802
0,99788
0,99774
0,99759
0,99681
0,99598
0,99502
0,99402

# Phil. Tranf, vol. for 17923 Table 1L p, 428; and
vol. for 1794, p. 352.

Sca
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Spec, Grav.
T R G I e L S 1,026
Water of the Dead Sea =+ - - =~ - 1,240
ORI S T e T ey e B 0,847
Petrol - = = = = = & - - 0,878
Sulphuric, or vitriclic, acid - - = - 1,841
Pt e e AU L 1,272
Muriatic acid - - « - - = = = 1,194
Red acetousacid = ~ -~ - = = - - 1,025 -
White acetous acid = - - - - - 1,014
Diftilled acetous acid = - - - = .- 1,010
Aceticacid - - =~ = - - < - = 1,063
Solution of cauftic ammoniac, or {luid vola-

Ble il oo, - F1 70T AT SN e
Spirit, or yolatile oil, of turpentine - - 0,870
Liquid turpentine - - - - - BRagS ietele o
Volatile oil of lavender - - - - - 0,894
Volatile oil of cloves - =~ = = =« - 1,036
Volatile oil of cinnamon = ‘= "= = - 1,042
D B e e G L s e s 0,915
Oil of fweetalmonds - - - - - - 0,917
RV e e e e 0,940
Oil of poppy-feed - - - - =~ - - 0,929
NGl v s ies ok o b 0,923
Woman's milk - = = = - = ‘2 - 3020
Maresmilk = = = == o < Sin03s
ARSI CIL el g ol 1,036
SR

* Is faid to be heavier in the torrid zone, and far from
the land,

G 4 Goat’s

[
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Spec. Grad.

Goatsmilk - - - =~ - - « < - 1,034
Ewesmik = - = = - « - . . 104"
Cowsmik - - = = - = = <« - 1,083
Cow’swhey = - - = = - - =~ - ‘1019
Humanurine - = = = = = = { 13315
1,026

Human blood - - - = - - - - 1,064
Craflamentum of human blood - - - 1,126
Alcobol, or pure {pirituous liquor®* - - 0,798
Spirit

# The reftification of fpirits (whether from wine, or
rum, or malt-liquor, for it feems to be all the fame thing)
has been carried to a very great degree of perfeflion, by
means of repeated flow diftillations, together with the ad-
dition of alkaline falts, which have a very great power of
abforbing the aqueous part of the liquor.. The lighteft fpirit,
which 1 find recorded, was ufed in France, by Chauffier, the
fpecific gravity of which is ftated at 0,78, See I"Ency-
clopédie Méthodique, art. Alcobel, In England it has been
obtained, not without extraordinary care and attention, of
the {pecific gravity o0,813. Phil. Tranf vol. for 1790,
p. 324. But with moderate attention it may be conftantly
obtained of the fp. gr. 0,82514,.20d of this quality was'the
fpirit which was ufed by Mr. Gilpin in his experiments for
the conftru&tion of his very accurate Tables, wherein, for
conveniency’s fake, the trifling frattion 0,00014 was omit-
ted (fee the Phil. Tranf. for the year:17g9, article XVIII;
for the year 1792, art. XXII; and for the year 1794, art.
XX.); from which the above fpecific gravitics of water, of
fpirit, and of the mixtures of water and fpirit; have been ex-

gracted.
The
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Space Grave

Spirit ufed for the Tables which are in=1
ferted in the Phil, Tranf. for 1794 - J
Proof—i"pirit, according to the Englifh Ex-
SEHE Tawa¥ “_ oA oS LY o 0,916

0,825

Specific Gravities, at different Temperatures, of
Spirit, whofe Specific Gravity at 60° 15 0,825.

Hezap, S, ec. Grav,

30° = - - - - - - - = = 083890
n =0 0‘ i B
ek w7~ v MEQ TR E ST e [ e *‘J.JGI"'
A0 B - STRTSTER R S = 00y

Eo L

B e et e o 5

"The laft-mentioned gentleman having procured a fpeci-
men of fpirit of fuperior levity, its fpecific gravity being
9,814196 at 60° of temperature, endeavoured to afcertain
What addition of water it might require in order to equal bis
ftandard fpirit; and upon trial found that when 1000 grains
of it were mixed with 45 grains of water, the fpecific gra-
Vity of the compound was 0,82515 3, which may be conlider-
ed ag exallly equal to that of his flandard fpirit. Phil.
Tranf, for I79% p. 340.

* From the beft interpratation of the exifting Adls
of Parliament, it {eems that the fpecific gravity of what is
Called preof-fpirity is 0,916 ; and that it confifts of 1co
Patts of reftified {pirit of the fpecific gravity 0,825, and 62
Parts of water by
60° of h ;

P- 339.)

meafure, or 75 by weight; the whole at

eat, (Dr, Blagdsn’s Report, Phil. Tranf. for 3702
(=] I ¢ i3 e |

Heat,
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N Heat, Spe¢. Grava
B> st = e e e e s 0,80206
1! 65 «» =~ -~ = = =i 4 o p82960
G T e AR S0 830
:! LS I R e T
'5 80° - - - - - "= - .- - - 068i530
B 60 ot mey e T b R S e e 0,81283
go® = = = =72 = .- - - < o8i039
e S SR T I -
iy S R SRR e

Real Specific Gravities of Mixtures of Spirit (of
the above-mentioned Quality) and  Diftilled
Water, at different Temperatures.®

100 griains of 100 grains of 106 grains of
Tieats rpixi fus{ firitte (o grains| fpiric to 1 3 grains|fpirit to

of water. of water.
! 30%. 0,85957 , | - 0,86825
35 085229, 1 C:B65By
i 10 0.84539 015}_;_;::7 0,86361
i 45 | Orj*i—Sf? 0,05277 c,2\36131
i 50 O,t;(}?;() o.bggc-z
| g5 | ©,83834 0,85064
‘ 65 | ©:%3599 085430
) 65 | r0.83302 0,84334 0, u1193
i 70 | ©.83124 0,84092 0,84051
75 | ©.82378 0,83651 084710
fo | 0,92631 0,83603 0,84467
85 | o,82380 ©,83355 0,84221
go | G,52142 c,831 11 ©,83977

05 081845 o,82500 0,83724 C,84511

100 ‘ 0,81543 082618 | 0,83478 0,84262

avities found by ac-

grayitise » are meant the {pecifi

) t have been
do not n
bulk which takes place.  Sce prge 51.

ration or lois of
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Ot
B, O
B, foo grains of § 1oo graips of { 106 grainc of 100 graina or
cat. Ipiritto 2§ grainsfipirit to 50 grains [ipirit to 4§ grains] (picic to 40 grains
of water. of water. of wager, of water.
30% 06,8828z 0,88p21 ©,89511 0,00054
35 | o0,88050 § o,8%701 0.89294 0,89839
401 0,87838 0,88481 0,85073 c,89617
45 | ©,87613 0,88255 088849 0,89306
5o 0,87384 0,88030 0,88624 0,89174
55 0,87150 ©,87706 0,88393 0,88945
6o 0,86918 ©.87568 0.88169 0,88720
65 0,86686 0,87337 0,87¢38 0,83490
70 | 0,86451 0.87105 0,87705 0,83254
75 0,86212 - 0,36804 0,87466 0,88018
8o 0,35066 0,86627 ©,87228 0,87776
85 0,85723 0,8618a 0,86934 0,87541
9o o,35483 86139 0,86743 0,87302
95 0,85232 0,85806 ©,86499 ©.87060
10 0,84584 ©,856046 i 0:86254 0,86813
100 grains of 10 grains of [ roo grains of 1co grainsof
Heat. |[pirit to 45 grains| (pirit to 5o zraing|lpirit to 55 grains| fpirit to Ho zrains
of water. of water, of water. of water,
30°% 0,00558 0,91023 0,91449 ©,01847
35 0,00345 c,90811 0,01241 0,91640
40 0,90127 0;90596 0,91026 0,91428
45 0,89909 0,90380 c;9cB12 091211
50 ©,89684 0,90100 0,39596 00467
55 | ©,89438 0.89933. | 0,90307 ©,90768
6o 0,89232 0,89707 | ‘o0,g90144 0,0054G
65 0,8¢006 0,80479 89920 0,95328
70 0,88773 0,89252 0,896 35 e,gerag
75 0,88538 0,89018 0,89464 0,89872
8o 0,88301 0,88781 0.8922; 0.80f39
85 0,88067 0,88551 ©0,88998 0,89459)
90 0,878z7 0,88312 ©,868758 0,89173
95 ©,87686 0,880609 0,88521 0,88937
100 0,87340 0,87824 0,88271 0,88691
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100 grains of

100 grains of

Heat. |(piricto 65 grain: | [piritto g0 grains fpirit to 75 grains
of water. of water, of water,
g0t 092217 0:02563 €,52889
35 0,92009 0,92355 0,02680
40 0,01799 0,02151 0,02476
43 0.91584 0,91937 10,2204
5o 0,91370 cgljag ©,920350
55 0.91 144 O,I}ISCZ 099153?
6o 0,05927 0,91287 c,9ibzz
65 Q.50707 0,01066 2,01400
70 0:9c484 0,90847 091181
=5 0,50252 90617 ;60052
%o 0:gC0z 1 0,60583 Q.go7 23
85 :85793 0,90157 0,50446
Go 0,895358 0,80g25 0,60270
95 0.8g322 0,89088 ©:900:37
100 | 0,89082 ,80453 089798
160 grains of 1co grains of 100 {rains.of
Heat. | ipirit to 85 grains| {pirit to go grains [(pirit to g § grai
of water. of water, of water.
30° 093474 ©.93741 ©,93691
35 0,91274 9,9379°
40 ©,03072 D359
45 ©.92859 0,03382
EO 092647 g 0,93177
5 0,92436 0,92 0,029603
6o 0,92225 0,0z 0,92558
6; 0,92010 0,gzz2 0.9:’.546
70 0.91793 0,92 0,92333
75 001569 091 0,92111
8o 0,Q1340 0,51 o,51801
o 0.,gr11g ©,91 0,91670
9o ¢.g3fg1 0,91 0,91446
95 0,906062 0,00 o.0I1221
oo | . 0,90428 ©.507 0,60452

of water.

0,93191
0,92986
0,q2783
©:62570
0,02358
0,92145
91933
0,91715
0,51493
0,01270
0.4y1042
o,god18
0,g05g0
c,g0358
0,90123

100 grains of
fpirit to 1co
grains of watets

5
O
o
==}
E
~

©,03621
©,93419
0,93208
0,93002
;92794
0,7:580
0,92304
0,92142
©,01923
0,9170%
©,9148¢
0,125z
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[
Tear 95 grains of fpirit | go grains of fpirit 8 5 grains of fpirit] 8o grains of picit :
| W 100 graing to 100 praing t0 100 grains 10 100 graing
O& water. of water. ol water. ol water,
31 ©94447 | 0,94675 | ©.08920, | o,95172
35 | 0.,04249 0,04484 0.94734 0,04988
40 | 094058 | ©0.94295 | 091547 | o,94302
45 | ©0,93860 - | 0,94006 | 004348 ©,04005
591 o.93653 | 0,93897 C:04149 0,044 14
35 | 063452 | 0,93696 0,93943 0,94213
00 | 0.93247 ©,93493 003749 0,94018
65 | 09340 ©,93283 ©:93546 0,93822
791 0,92828 | 0,93076 | ©93337 0,93016
75 | o,92613 0,92863 0,93132 0,93413
80 042393 Q,52646 9,92917 0.g3jz01
g5 0.92179 ©,02432 0,§2700 0,92989
90 | 'g,g1562 ©,92220 0,92491 0,92779
95 0;91740 0,91098 0,92272 0,92562:
foo 091513 | ©,91769 0,92047 0,92346
75 grains of (pirit| 7o grains of firit| 65 graing of (piric |65 grains of [pirit
Heat. | 10 300 grains 1o 100 grains to roo graing @ 100 grains
of water, of water, of water. of water.
30?| ©.05429 0,95681 0,05044 0,95z09
33 0,05246 0,95502 0,05772 2,95 .48
40 0,95000 0,95328 o 93602 0,95879
45 | 004871 ' 0,95143 ©,95423 ©,95705
591 0,94683 0,94958 0.95243 ©,05534
55 | 9,94486 ©:94767 0.95057 ©,05357
6o | o0,94206 0,94579 053876 0,95181
G5 | o0,04049 0,91358 0,94689 0,95000
70 0,93898 064193 0,945n0 0,54813
75| ©.93°95 93989 0.94391 - | '0,94623
901 003485 | 093785 | o410z | 0,04431
B5 1 093282 | 0,93582 093992 | ©,94236
90| e,53075 0,93381 ©,93703 ©,04042
95| 0,02858 0,93170 ©.93497 ©,93839
190 1 0,92046 ©,92957 ©:93293 ©,93638
r———

Heite
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tssgrainsn”pir':‘:

Heat.

30°
35
40
45
SO
55
6o
65
70
75
30
85
90
95
1CO

to 100 grains
of water.
0,90470
0,96315
595159
0,95993
0,95831
0,95662
0,05493
0,9537
©,95139
094957
;94708
0.94579
0.94389
0,94190
©.93999

|

{sograinsaf fji

0,0671y
056579
096434
0,06280
o,06126
0,95966
0.95804
,y5635
0,95469
0,95292
0;95111
0,94932
94748
0:94563
©,94368

Heat.

30°
35

40
45
o
g5
6o
63
70
75
o]
85
90
a5

15 grains of fpitit
to 100 grains
af water.

©,97418
007319
0,7220
0,97110
© 95995
©,00877
o,0752
0,96020
0,96484
0,96344
0,56192
g,(;.(i-‘)q.ﬁ
0,95989
0,9§727
095556

qograinsof {pirit
to 16O gralns
of water.

0.97635
;97556
0;97472
©,97384
0,07284
©,G7181
0,97974
©,96959
@,96836
©,006708
0,96568
©;96437
0,96293
©,96139
©,95483

riti4 5 grains of fpirit|go grainsof fpirit
to 100 gralns | 1o IS0 grains
of water. of water.
0,96067 0,97200
0;96840 c,07086
0,967c6 0.66067
0,56563 0,56840
0506420 0,06708
096272 0.96575
0,06122 0,96437
0,95962 0,96288
0.95802 0,96143
0,95638 | 095987
0,95467 | ©:95826
0,95297 | ©.95667
0,55123 0,95502
©,94944 ;95328
0,94759 9;,95152
2.5grains of fpirit j20 grains of fpirit
o roo grains t9 100 grains
of water. of warer.
©,97860 . 0.98108
c.g7801 98076
097737 0,98023
0,97666 0:97980
©;97589 0,97920
0:97500 97847
0;97409 0,977 71
0.97309 0,97688
©,97203 ©.97596
0,97086 097495
©,06963 0,57385
0,06843 097271
0.96711 0,57153
0.6568 0.9702§
0,56424 096395
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'- |
{ |

IIS,:;?’ains of fpirit |to grains of fpirit {5 grains of fpirit
Heat. | to 100grains 0 100 grains 10 100 grains
of water. of water, of water.
30°| ©,98412 0.9%804 0,99334
35 | ©.98397 0,98804 C 99344
40 0,98373 0;92795 ©:G4345

45 | ©,98338 0,98774 | ©.99338
§o | ©0,98293 0,98745 0.99316
55 c,982309 0,98702 0,99284.
6o | 0,98176 0,08654 0,99244
65 0,08100 0,58504 0,95194.
%0 c,g8028 0,98527 0.99134
75 | ©.97943 0.95454 0,99260
80 | 0.97845 0.98367 0,98991
8¢ 0,97744 c,98281 093912
90 | 097637 0,98185 0.98824
95 067623 0,98082 0,68729
100 0,97401 0,97969 0,98025

Sulphuric, or vitriolic, ether - - 0,7396

Nitric ether - - - - - - 0,088
Muriatic ether - = - = - oy296
Acetic ether - - -~ - - - 08664

Common, or atmofphe-
rical, air,* the mercu-
y in the barometer | at 6c° of heat o,001220
being 20,75 % high,l

{at o° of Heat o,c01393

at 32° of heat o,c01299

at 212° of heat 0,000038

Azotic

* The fpecific gravity of common air is not conftantly
the fame, It increafes when the mercury rifes in the ba-
rometer, and wice verfa.  Air is alfo expanded by heat; and

is
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Azotic gas* - barometerat 29,75 " 0,001145
| Oxygen gas® - barometer at 29,75 ™. 0,00150%
Hydrogengas® - batometerat 29,75 " 0,000091
e Carbonicacid gas* batometerat 29,75, 0,001682
i Nitrous gas* - barometer'at 29,75 . o,001411
Ammoniacalgas* barometer at 29,75 . 0,000706

| Befides fhewing the comparative gravities of bo-
| dies, which are to be feen by bare in{pection, the
‘ great ufe of a table of {pecific gravities is for afcer-
- taining the real weights of bodies, and that with-
out actually weighing them, when their dimenfions
are known, according to what has been already
al explained in page 43. But for this purpofe it is
neceflary to know the real weight of a determi-

is contra@ed by cold, -though not regularly ; the greateft
expanfion taking place between the degrees 52° and 72° of
Fahrenheit’s thermometer, and the leaft at ahout 212°,
I But the expanfion for the fame degrees of heat alfo varies
according to the quantity of moifture in the airy and to the
il alditude of the mercury in the barometer., “When this al-
titude is 29,75 and the air’isin a mean ftate of moifture,
I it then receives an addition of 0,484 to its bulk by the heat
‘ of 212°; Viz. a given meafure of airat o° becomes 1,484
mez{ure at 212°% in which cafe the mean rate of expanfion

. ,48
i for each degree is ( ?-2-‘-;*-5-1”:) 0,002287,

% Thofe gafles, or artificial airs, are, befides the influence
. of preffure and heat, more fluétuating in their fpecific gra-
i vities. “T'heabove {tatements muft be underftood of their
purelt flates,
nate
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fite bulk of one of the fubftances that are meén-
tioned in the table,  Now fince water has been af-
Umed g the ftandard of comparifon for the {pect-
fic 8avities of all other bodies, it will be more
“ONvenient to know the real weight of a certain
Mantity of water; viz. a cubic inch, or a cubi¢
foot of it, than of any otber body.

Though at firl fight it may appéar eafy to de-
termine the real weight of a certain bulk of water,
YEt the reader may reft affured, that this deter-
Mination ;s attended with very great difficulties,
Which arife from the imperfections of the balance,
of the weights, of the meafures which are employ-
ed for meafuring the bulk, &c.— From the moft
dCcurate experiments, performed with the beft in«
ftruments, and with all the precautions which the
Prefent ftate of philofophical knowledge can fug-
8k, it has been afcertained that a cubic inch' of
diftilled water at the temperature of 60° weighs
252,576 grains troy; 5760 of which grains are
“qual to one pound troy.* ‘

The
e

* This weight has been calculated: for the temperatare’
°f60°, from the ftatement of Sir George Shuckburg Eve-
lyn’s elaborate paper in the Phil. Trans. for the year 1798 5
Where, after the recital of his numerous experiments, this
authoy cxprefles himfelf thus — « In conclufion it appears
« then thy, the difference of the lengths of two pendulums,
* fuch as M, Whitehurtt ufed, vibrating 42 and 84 times

& - ) = 1
* 1na minute of riean time, in the latitude of London, at
voL, 1p, 5 “ 133
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The general rtule for determining the real
weight of any fubftance which is mentioned in the
prcccding table, when its bulk is known, and is
expreffed in cubical inches, or by any other di-
menfion which may be reduced into inches, is as
follows. - Multiply the weight of a cubic inch of
water by the number of cubic inches which ex-
prefles the bulk of the body in queftion, and mul-
tiply the product by the {pecific gravity of the
body in queftion. The laft product exprefles the
real weight of the body.

Thus if it be propefed to determine the weight
of ‘10 cubic inches of carbonic acid gas, which is
the laft fubftance but two in the table, and whole
fpecific gravity is 0,001682 ; multiply the weight
of :a.cubic inch of water by ten, and the product
will be 2525,76 ; then multiply this produét by
0,001682, and the produét 4,2483283, will exprefs
the weight in grains of ten cubic inches of carbo-
nic acid ga.s,.viz. 4% grains nearly, at the tem-
perature of 60’ and when the baromerter ftands at
29,7'5 inches.

¢ y13 feetabove the level of the fea, in the temperature of
« 6o°, and the barometer at 30 inches, is = 549,89358 in-
« ches of the parliamentary ftandard ; from whence all the
€

-

meafures.of fuperficies and capacity are deducible.”

s¢ That agrecably to the fame feale of inches, a cubic
. inch of pure diftilled water, when the barometer is at
¢ 20,74 inches, and thermometer at 66°, weighs 252,422
¢ parliamentary grains ; from whence all the other weights

=

# may be derived.”
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CHAPTER IV.

OF THE ACTIONS OF NONELASTIC FLUIDS IN
MOTION,

I ITHERTO we have explained the equi-

librium of fluids, or the properties of fluids
in g quielcent ftate. It is now neceflary to ex-
AMine the laws which relate to the {fame when in
Motigp,

Fluids, like folids, are pofiefled of “the general
Properties of matter, fuch as have been flated and
Uuftrated in the frft part of this work; and
3Mmongft thofe general properties the mertia, and
the force of gravity have been fhewn to form the
foundation of the dottrine of motion. It has
been obferved that in practical cafes the theoreti-
Cal laws of motion cannot be verified to a. great
degree of exactnels, on account of the fluctuating
Teliftance of the air, and of the friflion between
the various moving parts of contiguous bodies,
But befides thefe, fluids are, obftruéted in their mo.
tions by the attrattion, adhefion, or vifcidity,
. *moneft their own particles; by their adhefion or
Attradtion to other bodies, and likewile ‘by fome
Other circumftances which have not yet been {uf-
ﬁciently im‘cf’tigated.

’Ith‘-‘ cxtenfive application of the fubject, and
"‘Ih{" imperfedt fate of kn'owlcdgé relatively to it,

H 2 : fug-
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fuggeft to perfons of fcience the neceflity of in-
fituting a long and ferious experimental invefti-
gation, which, in addition to the difcoveries and
experiments that have been already made by many
able perfons, would much contribute to the ad-
yancement of the theory, and would prove very
beneficial to mankind in various refpects, as in
ihe conftrudtion of hydraulic machines, conftruc-
tion of fhips, navigation, &c.

The only plan which we can at prefent adopt,
is, to ftate in a compendious manner the principal
propofitions which relate to the motion of fluids ;
then to point out fome of the deviations from the
theoretical rules which experience has clearly thewn ;
and, laftly, to refer the inquifitive reader to the
works of the beft authors who have written pro-
fefledly on the fubject. _

Propofition. L. The forces of a fiuid medium on
a plane cutting the direltion of its motion with different
inclinations fucceffively, are as the fquares of the fines
of thofe inclinations.

Let IKCH, fig. 13. Plate X. reprefent a fluid,
for inftance, the waterof a river moving from 1K
towards CH ; and let GB reprefent the edge or
fe@tion of a plain furface, fituated n the water,
perpend_icular to the furface of the water, but in-
clined to the diretion of its motion, fo as to make
an angle DBG with it, which is called /e angle of

fneidence, or of inclination,
Draw
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Draw  the quadrantal arch ABF, make AG
Perpendicular to the direftion of the fluid, and
from B drop BD perpendicular to AG. Then
AG, or its equal GB is the radius, and GD is the
fine of the angle of inclination DBG. Now we
have ¢, prove that the force of the moving fluid
UPon the plane is as the [quare of the fine DG
Viz. that if, in the fituation which is reprefented
by the figure, the fine or line GD meafure four
feet, and the preflure of the water upon the plane
be Squivalent to 21£ pounds; then, when the plane
S fitnated at another inclination GT, whete the
fine gg meafures 3 feet, the preflfure of the water
Upon the plane will be equivalent to 12 pounds;
for the {quare of 4 is 16, the fquare of 3 is 9, and
16 isto g as 214 isto 12.  Alfo when the plane
lies in the fituation GF, which is in the direGtion
fthe motion of the fluid, then the preffure upon
! vanithes, or becomes equal to nothing.

In order to prove this propofition it muft be re-
Colledted, that, according to the laws of oblique
Mpulfes, the force is to the effe@ as radius is to
the fine of inclination, (fee chap. VIIL, of Part I.).

Berefore in the prefent cafe, if the fame quantity
of water fell upon’ the plane in the fituation AG,
810 the fituation GB, the preflures upon the plane
A thofe two fituations would be as AG to GD.

i 1t- is evident that in the fituation AG a greater
q'ua‘m“t}’ of the fluid falls upon the plane, than in the

fation GB; for in the latter fituation the part
H 3 ADBG.




102 Of the Afions of
ADBC of  the ftream does not meet the plane:
hence it is farther evident that the quanties of wa-
ter which fall uponr the p!z;nc in thole two fitua-
tions, are as AG to GD, and thofe different quan-
tities of fluid muft prefs forward with forces pro- -
portionate to their quantities; viz. as AG to GD :
but the preﬁ'ures on the plane are, on account of
the inclinations only, as AG to GD: therefore, in
confequence of both thefe caufes combined to-
gether, the preffures on the plane in the two fitua-
tions are as AG multiplied by AG, to GD multi-
plicd by GD; viz. as the {quare of AG (which 15
the radius, or fine of the perpendicular direction)
to the fquare of the fine GD. And the fame
reafoning is evidently applicable to any other in-
clination of the plane. '

It is/a]fo'evident that the effeét or preflure on
the plane is the fame, whether the plane ftands ftill
and the fluid moves, ar the fluid is at reft and the
plane is moved towards IK in a direftion parallel
to its original fituation; viz. with the fame in=
clination,

Now in this explanation we have omitted feveral
interfering circumftances; we have not taken notice
of the particles of water after they have touched
the planes; for thofe particles, after that meeting,
mufl go fomewhere. They cannot return towards

IK, for that would be prevented by the current
of the fluid; yet they form fome oppofition oOF
impediment to the current, and that oppofition

varies
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Varies according to the velocity of the current, and
the inclination of the plane. The water therefore
which falls upon the plane muft flow over the edge
of the plane at B, and in a dire@tion which crofles
the originah direGion of the ftream, as is indicated
by the figure; and it thus forms another impedi=
Ment to the motion of the ftream, which contris
butes to alter the law which is exprefled in the
Propofition, The effet of this laft fort of ob-
ftruction is fubje@ to very great variations, which
depend upon the diftance of the bottom and fides
of the vellel, or banks of the river, from the plane 3
Upon the quality of the fluid; but, principally, upon
the velocity of the ftream; for when the ftream
Moves with very great velocity, the water, which,
after having ftruck the plane, flows over the edges
of it, has no time to go quite behind the plane,
but is prefled forward by the water that follows,
and, inftead of going behind the plane, it tends to
Carry away, by the adhefion or vifcidity of its
Parts, the water which it already finds behind the
Plane, (fee fig. 16, Plate X.): hence the preflure
o1 the plane is increafed confiderably ; becaufe in
that cafe, the plane, befides its being prefled on one
fide, is alfo fupported lefs on the other fide.

‘We have alfo omitted to take into the account
the effeqt of fri¢tion, which arifes from the adhe=
fion of the water to the plain furface, and from
the attragtion amongft the particles of the water :

H 4 : but
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but thofe caufes of obftruftion cannot be eafily
fubjedted to calculation, fince they depend upon
ather fluctuating ‘canfes; {uch as the nature,
purity, and temperature of the fluid, the nature
of the plane, and the velocity of the motion.—
It is in confequence of this adhefion or friGion,
that the plane fuffers fome degree of preflure, even
when it {tands ia the direétion GF, viz. in the di-
rection of the ftream,

It therefore evidently appears, that the theory
of the motion of fluids depends on fome certain,
and upon other fluGuating caufes, which render
the inveftigation of it extremely difficult and per-
plexing.

Thefe remarks on the various caufes which ren-
der the refult of experiments different from the
deductions of the theoretical propofitions, are alfo
applicable in a greater or lefs degree to the follow-
ing profitions.

Propofition II. If we inclination of the plane, in
the confiruélion of the preceding propofition, remain the
fame, and the welocity of the fluid waries, then the
preffure on the plane varies as the fyuare of the ve-
docily.

Thus, if, when the water moves at the rate of 2
feet per fecond, the preflure on a certain fixed
planc 1s equivalent to 1o pounds; then, when the
water moves at the rate of ¢ feet per {econd, the
preflure will be equivalent to 621 pounds; for the

wn {quare
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lquare of 2 is 4, the fquare of 5 is 23, and 4 is
© 25, as 10 pounds are to 622 pounds. :

If in equal times the fame quantity of water
firuck the plane with different velocities, the pref-
fures would be as the velocities 3 viz. a double ve-
locity would produce a double effeé, a treble ve-
locity a treble effect; becaule the momentum is
®qual to the produét of the quantity of matter by
the velocity ; and,according to this fuppofition, the
Quantity of water is the fame. Buat it is evident
that when the velocity 1s double, a double quan-
tity of water will firike againft the plane in an
€qual portion of time; hence the preflure is
doubled on account of the velocity, and again
doubled cn account of the double quantity of wa-
“ter; fo that upon the whole the preflure becomes
as 2 multiplied by 2, or as the fquare of 2.— For
the fame reafon, when the velocity of the water is
trebled, the preffure is as three times gy or as the
[quare of 3; when the velocity is quadrupled, the
Preflure is as the fquare of four ;' and, in fhort, the
“Prefiure on the plane will be as the {quare of the
velocity,

However, on account of the above-mentioned
Caufes of obftruction, this increale of preffure, in
Proportion to the {quare of the velocity, is by no
Means very regular, nor will it proceed beyond a
Certain limit.

The refult of this propofition is evidently the
fame, whether the plane be {uppofed to remair

fixed
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ﬁxed.and the fluid to move, orthe fluid be {fup-
pofed to be at reft and the plane to be carried
through it with the fame invariable inclination.
~— The fame thing muft likewife be underftood of
heavy bodies defcending in fluids.

Propofition L. If planes of different dimenfi-
ons move with like inclinations, but with different ve-
locitics, and in different fluids ; the preflure zpon eack
plane will be as the produél whick arifes by muitiply-
ing the fquare of the welocity by the area of the plane,
and by the denfity of the fluid belonging to that plane.

For it 1s evident from the preceding Propofition

that when the areas of the planes and the fluids
are alike, the preffures are as the {quares of the
velocities ; and it is alfo evident, that, if the furface
of the plane be doubled, (which makes it equal to
twice the original plane,) or trebled, (which makes
it equal to thrice the original plane,) &c. the pref-
fure, or its equal, the fquare of the velocif}r will
likewile be doubled or trebled, &c. Al th is
doubled or trebled fquare of the velocity muft be
again multiplicd by the denﬁty of the fluid ; for a
fluid which weighs twice, or three times, or any
other number of times, as much as another flud,
muft produce a double, or treble, or other propor-
tionate, effect. :
. In practical cafes of this fort the refult of ex-
periments has been found to differ confiderably
from the theoretical calculations, which difference
is produced by the above-mentioned Au@uating-
caufes.

Thus
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Thus far we have confidered the quantity of
Prefiure which fluids in motion exert upon planes,
Or planes in motion receive from fluids at reft.
The particulars relative to the effeés which are
Produced by that preflure, may be eafily fuggefted
by the recoile@tion of what has been already f{tated
and explained in the firlt part, refpe@ing the ef-
fecs of direct and oblique impulfes ; yet it will be
of ufe to affift that recolletion, by briefly obferv-
ng, thata body which receives an impreffion from
a fluid, will be driven (or, which is the fame thing,
the body muft be fupported) in a direftion which
18 either direltly oppofite, or differently inclined,
according as the diretion of the preflur: is dired
or inclined in a greater or kefs degree.

Thus let ABHI, fig. 1. Plate X1, reprelent a cur-
rent of water from H to A ; let D reprefent the up-
per edge of a body with a flat {urface, lying per-
Pendicularly into the water, and held by means of,
fopesat E. Now in this fituation, the current will
exert its full and direét force againfl the plane far-
face of the body ; and if the ropes be let go at E,
the body will be driven down by the current,
Without deviating one way or the other. But if
the faid body be fituated in a direétion oblique to
the fiream, as at I, and be held by means of ropes
at G; the force of the current will drive it againft
the fide of the river as at K, and a leffer power
will be required at G to prevent the body being
driven away with the ftream. In this cafe the

force
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force of the ftream upon the body muft be fe-
folved into two forces, viz. LM and MF, the
former of which is countera@ted by the power at
G, whilft the latter. drives the body towards the
bank of the river, (fee chap. VIIL of Part .). But
if, when the body is at F, the ropes be let go at G,
then the body will be driven down by the current,
nor will it run towards the bank; for in this cafe
the body, by moving with the water, will be at reft
relatively to it, and of courfe it will not receive
any impreffion from it.

It is in confequence of the fame principle that
the thip AB, fig. 2. Plate XI. is impelled in the di-
rection from A towards C, by the wind which blows
from W towards H, upon the oblique fails FG,
DE. Butin this cafe of a thip, it muft be remark-
ed, that befides the {ails, the wind blows alfo upon
the body of the thip, upon the ropes, mafts, &¢.
which are not oblique te the direction of the wind
in confequence of which the vefie] is partly impel-
led towards H ; and, in fac, this will be found te
move in the line DK, though the direion of the
body of the veffel be always parallel to AB. The
diftance CK, viz. of the place in which the fhip
15 actually found after a certain time, from that in
which it ought to have been according to its ori-
ginal direction AB, is called the Jee-zay ; and this

lee-way is proportionately greater, the more the
wind is inclined to the fails,

The
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The fame principle likewife explains the action
of the rudder in turning the fhip; for when the
fhip AC, fig. 3. Plate XI. is in motion from A
towards C, if the rudder be fituated in the direStion
AB, oblique to the keel, the water falling oblique-
ly Upon it, impels it towards E, and of courfe the
head C of the fhip will be turned towards D. But
When the fhip is becalmed, the fetting of the rud-
der aflant to the keel will have no power to turn
the thip, becaufe the fhip being at reft with refpect
to the water, no impulfe can take place. (1.)

e

(1.) The method of eftimating the force of the wind
Upon the fails of a fhip, or of a windmill ; alfo the force of
the water upon the rudder of a thip in motion, or upon the
gates of a lock, or fluice in a river, &c. is derived from
Propofition II. of this chapter, But this force or preflure
of the wind upon the fails of a windmill, muft not be mif-
taken for that force which turns the axis of the mill ; ner
muft the force of the water upon the rudder of a fhip be
miftaken for the force which actually cempels the fhip to
furn; for the latter is only a part of the former, as will be
thewn by what follows,

The force of wind, which Sirikes upon the fail, to turn the
axis of @ windmilly or the force of the water which firikes
againfl the ruddery to turn the fbip, is as the produt of the
£6fine multiplied by the fquare of the fine of the inclination of
the fail to the wind, or of the rudder to the diredtion of the
Water,

Let AB, fig. 4. Plate XI. reprefent the axis of 2 wind-
mill; and DC one ofits fails, fituated in the direcion EC, in-

clined
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It is in confequence of the effeds which arife
from the different obliquity of impulfes, that bo-
dies of the fame weight and bulk, but of different
fhapes, will move through a fluid with more or
lefs

clined to the direétion GC of the wind, which is parallel
to the axis AB. i

Through any point G in the line GC, draw a line GE
perpendicular to CE, and through the point E, where GE
meets CE, draw EF perpendicular to GC,  Then GC s
the radius, GE is the fine, and EC is the cofine of the an-
gle GCE, viz. of the inclination of the fail to the wind.
Therefore, by Propofition II. of this chapter, the force of
the wind upon the fail, when thisis placed directly oppofite
to it, is to the force of the wind upon the fail, when this is
placed in the oblique dire@ion EC to it, as GUJ*is to GE™
But the force in the direCtion GE is refolved into two
forces, viz. EF and GF, the latter of which being parallel
to the axis, cannot contribute to turn it round; but the
force FE, being perpendicular thereto, is employed en-
tirely in turning the axis or the fail round. Now the force
GE: force EF :: GC:CE; therefore EF:GLWX-—E-:-

GC

GExCE -~ GE*xCE
s €. i T SR
+: (making the radius GC equal one, or anity) GEJ:
G L]* x EC=the cofine multiplied into the fquarc of the
fine of the angle of inclination GCE; which produ&,
therefore, exprefies that part of the force of the wind upon
each fail of the windmill, which contributes to turn the
axis-of the mill round.

Hence GE:EF :: GE :

Since
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kefs freedom,

. Thus it hds béen calculated, that
lf a2 C}F;

inder going in the direfion of its axis, and
2 fphere of the fame diameter, move in the {ame '
fluig With the fame velocity, the refiftance to the
Motion of the the cylinder will be double to that
of

“’—\__ : —

Since; when thé fine of an angle increafes, the cofine de-
Sreafes, and vice verfa; therefore there is a limit, at which
the Product of the cofine by the fquare of the fine is the
greateft, or maximum. This limit, or this maximum, is
?aﬁly afcertained by the method of fluxions, and is done
11 the following manner.

Making the radius= I, and putting x for the cofine EC,
We have, (Eucl. p. 47. B.1.) £G]'= 1— x+; which mul-
tiplied by the cofine x, becomes x—x* = to the force of the
Wind upon each fail, to turn the axis of the mill. Since
the Auxion of a maximum is =0 therefore, when xez? is
3 Maximum, its fluxion 5—3+*4=0; or #=13%"%, which
divideg by %, becomes 1=3%"t bence ¥*=1; and x:‘/;—"
Therefmc, working by logarithms, x:o____ol.zﬂ?_l.a.zé:
923856062 = 9,76143938, which is the logarithmic
Cofine of 54°- 44". 8". Therefore the moft advantage. -
OUS fituation of the fail with relpe® to the direftion
of the wind, or the fituation in which the wind has the
Ereatelt power to turn the fail and the axis of the mill round,
1S when the direétion of the fail makes an angle GCE of
Of 540, 44". 8, with the direction GC of the wind.

The fame fort of demonfiration is applicable to the
Power which the impreflion of the water on the rudder of a
Aipin motion, has to turn the thip. ‘

Infig. 5. Plate XI, AD reprefents part of the fhip, B

its
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: ! of the globe ; which principally arifes fromy the for-
' mer prefenting its flat bafe to the fAuid; whercas
1 the latter prefents a curve furface which receives
b the fluid obliquely. Bodies of the {ame bulk, but
p of other dmclent fhapes, have been likewife fub-
| jected

its rudder fituated in the oblique polition EC, The direc-
tiont of the water is from G towards C, fince the veffel
moves in the contrary direCtion, Therefore the water
ftrikes againft the rudder at an angle of inclination GCE,
which, fince the keel of the thip is parallel to CG, is equal
. to the angle SEC, which the rudder makes with the keel.

i From any point G, in the line CG, drop GE perpendicu-
' lar to CE, and from E drop EF perpendicular to CG.
Then CG is the radius, GE is the fine, and CE the cofine,
of the inclination of the rudder to the keel, or to the direc-
tion of the water. Now the direét force of the water, is to
its oblique force upon the rudder, as CGY® is to GE’; the
latter of whichbeing refolved into the two forces EF and GF,
itis evident that EF is the only force which can contribute
to turn the thip; for GF, being paralle] to the keel, can
i - bave no power upon it. 'I'hcu GE;: EF - GC :CE;

( L% CE
therefore EF = 2 — L 3 henee GE :EF ::GE:
GExCE A (:7 xC
_T__;.C =t Gl i . 21 (the radius being=1.)

} GEepP . GE|*x CE ; which |s exaltly the fame refult as
was obtainzd above for the fail of the windmill; and of

ourfe it admits of the fame maximum, viz, the aétion of
thc water againfk the rudder has the greateft power of turn-
ing the fliip, when the direflion EC of the rudder makes the
angle CES with the kedl ; or, which is the fame thing, when it
makes
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jeted to calculaiion with refpe& to the refiltance
Which they receive from moving fluids. The fhape
of a body which will move through a fluid with the
greateft freedom poflible, has alfo been calculated ;
but the refults of alual experiments have been
found to giffer confiderably from the theoretical de-
*I'minations ; nor can we at prefent form any rules
fufficient 1o afeertain thofe differences, fince they de-
Pend upon a variety of fuftuating, and not, as yet,
fully afcertained caufes. If the reader be defirous
of Cxamining the fubjet fill farther, he may con-
fult the works that are mentioned in the note *,

T

Makes the angle EC G with the direQion of the water, of
84°. 44’ 8.

For the fame reafons fuch muft likewife be the angles
BED, ACD, fig, 6, Plate XI. which the gates of the
lock CD E make with the fides of the canal ACB E, in
order that they may fuftain the greateft preflure they arc ca-
Pable of, from the water on the fide A CDE B.

* Archimedes de infidentibys hunudo. Nariotte on the
Motion of water and other fluids. Lamy de Peguilibre des
ligueny, Newton’s principia. Gulielmini’s menfura agua-
:kmﬁusﬁtimﬂ. Gravefand’s phil.  Mufichenbrock’s phil,
D Witzerg hydrofts. Varignon’s diflert. in the Mem. Acad.
Scicn. The works on fluids of Belidor, Defoguliers, Clare,
Emerﬁm, . Boflu, I3’Alambert, Buat, &c. De Prony’s
Arebies, Hydrauligue. ‘The report of the committee of
the Snciety for the Improvement of Naval ArchiteCture,

ondon 1764, Venturi’s experimental enquiries on the
"Ateral communication of motion in fluids, Phil. Tr, &c,

¥QL. 11, , I I fhall
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I fhall conclude this chapter by an oblervation
relative to the fituation of the fAoating bodies them-
felves. _

It is of great confequence in naval architecture, in
navigation, &c. to determine not only the quantity
of a given floating body, which will remain im-
merfed, and that which will remain out of the fuid ;
but likewife the pofition in which that body will
place itfelf.  The full examinazion of this fubject
would require a great many more pages than we can
conveniently allot to it; we fhall thevefore briefly
mention the two general principles only, upon which-
the fubject depends *.

ift. A floating body will remain at reft upon a fluid,
with that part of its furface downwards which lies
neareft to its centre of gravity; hence an homogene-
ous {phere will remain with that part of its furface
downwards, with which it happens to be firft fituated
in the fluid; for the centre of gravity of 2 fphere is
equally diftant from every point of the furface. And
a cylinder will reft with its axis paralle] to the furface
of the fluid, &c. ;

2d. When a dody flaats upon a fluid, and resains at
reft thereon, then the centre of gravity of the part
immerfed will lie perpendicularly under the centre of
gravity of the part which remains out of the Snid.—
For if you imagine that the body.is divided into

* See Archimedes’ mafterly work, De Infidentibus Hu-
"?j;“,:']’;?.

twWo
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tWo parts, even with the furface of the fluid ; it is
Evident thae 1f the upper part be removed, the lower
Part will afcend a little ; and on the other hand, if the
lower Part be removed, the upper will defeend a
hitt]e Into the fluid ; therefore thoft: two endeavours
Countera® each other. And that they counteract
€ach other in the fame perpendicular line paffing
‘?hroﬂgh their centres of gravity, is alfo evident; for

Otherwife the upper part would defcend on one fide,
and Eh

the body would not remain t reft, which is contrary
o the fuppofition *,

¢ lower would afcend on the orheré that is,

* Upon this confideration it may be eafily conceived that
8y body, regular or irregular, might remain with that part
of its furface which is neareft to its centre of gravity, out of
the fluid (contrary to the firft principle) provided that centre
and the centres of gravity of the two parts; viz. of that
Within, and of that without the fluid, ftood in the fame
Perpendicular line. But the difficulty of placing and of
Preferving them in that line is fo very great, that this cafg
2y well be reckoned impradicable.
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CHAPTERDV

aF THE ATTRACTION OF COHESION, OR CAPILLARY
ATTRACTION ; AND OF THE ATTRACTION OF

AGGREGATION.

EFORE we proceed any farther in the enu-

meration of the phenomena which relate to
the motion of fluids, it will be neceffary to lay down
the refults of the principal experiments which have
been made concerning the attraction of cohefion, as
alfo of aggregation, and to explain them in the beft
manner we are able; for by this means the reader
will in fome meafure be enabled to comprehend how
far thefe attraltions are concerned in the movements
of fuids, and how it happens that the aftual mo-
tions of fluids through pipes, channels, holes, &c.
are confiderably different from thofe which might
be derived from the general theory of motion.

The attraction of aggregation, is that which takes
place amongft the homogenecus particles of the
fame fort of fubftance ; and the attradtion of cohefion,
is that which takes place between the particles of
heterogencous bodies. See the latter past of chap. I.
and the beginning of chap, 1L of the prefent part,
—The principa] fa&ts which have been obferved re-
latively to thofe atrractions, are as follows.

1. The partices of water attralt each other.

he globular form of the drops of rain ; the run-
ing of two drops of water into each other, when they
are
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are laid fo near as to touch, and a variety of other
Phtnomena, render this attraltion very manifeft.

I, There is an attragion between water and glafs,
Which ;; ticreafed by cold, and diminifhed by beat 5 but
Wy Catoris paribus, proportionate to the quantity of the
Jurface o contalt.

If the breath from the mouth be thiown upon a
glafs plate, it will be found to adhere to it longer in
Cold, than in het, weather.

Ifa drop of water be laid upon glafs, it will pre-
ferve a3 convex furface on the fide fartheft from the
&lafs, but on the neareft fide ir will adapt itfelf to
the furface of the glafs, and will adhere to it with a
Certain degree of force; but if the fame drop be
fp:‘cad over the furface of the glafs, it will then lofe
Its convex furface, and will adhere to the glafs with
Much greater force, as may be proved by endea-
Youring to (hake it off in both cafes. By the dif~
Perfion, the particles of water are placed much far-
ther from each other, hence their mutual attra@ion
is diminifhed ; and on the other hand the attraction
between the water and the glafs is increafed by
hi‘d’ing augmented the furface of contact,

In cither of thofe cafes the water is attracted by
the glafs on one fide only. But if another picce of
Blafs be placed facing the former, and in contad
With the film of water, then the water will be ar
Uadted and retained with greater force ; and if the
¥ ater be encompaffed on every fide by glafs, as if it
be enclofed in a narrow glafs tube, then the attrac-

I3 tioi
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tiont will be ftronger flill, becaufe the quantity of
contatt in propottion to the quantity of water, is
thereby confiderably increafed. By this means the
4reraltion is rendered fo very manifeft, that the de-
homination of capillary aitrattion has been fuggefted
by this more ufual mode of trying fuch experi-
ments : which is by means of tubes, whofe bore is
abotit as finé as 2 Aair, which in Latin is called
capillus.”

Put {ome water in a glafs veffel, as in fig. 7.
Plate X1 and near the furfacé of the glafs the water
will be found to rife a little way,' forming a curve;
as at & and B.—The like effeét will take place if
you dip part 6f a piece of glafs in water, as at C
and D.—This effe€t may be explained m the fol-
lowing manner;

Let AB, fig. 8. Plate XI. reprefent a fetion of the
furface of a piece of glafs, having its lower part im-
imerfed in the water BC. Imagine this furface to be
divided into a number of indefinitely {fmall parts a, 4,
¢,d, &c. 'Then the patt 2, next to the furface of the
water B €, will raile a quantity of water propor-
tionate to its attractive force ; but this quantity of
iwater is thereby brought nearer to the part 4 of the
glafs; and is therefore attrafted by i, whilft anothei
qudntity of water takes its place next to 2. Again,
the frft quantity of water being raifed to &, is
brotght nearer to the part ¢ of the glafs, hence itis
attracted by it, and is raifed to the place ¢, whilft
the quantity of watet at 4 takes its place; and an=
7 other
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Other quantity of water comes to the place 4, and
fo foreh,

In confequence of this attraction, the water ought
to form a film equally thick, or the quadnhttral
figure Zhas, on the furface of the glafs, But it muft
be Confidered, that befides theattraction towards glafs,
the water s poflefled of the attraction of ageregation
Viz.ofthe attradtion ofits particlestowards cach other;
in confequence of which, when the firft quantity of
Water has been raifed to the place a, another quan-
tity of warer s 1s kept fufpended, in confequence of
the atyy action of water to water, between the water
3t g, and the water BC. When the glafs has at-
tracted the water to &, the part s will be enlarged
into t =, becaufe the two quantities of water, 2 and
b, can keep 1uipendcd a greater portion of water,
than the quantity ¢ by itfelf. Thus the water will
afcend along the furface of the glafs, and will re-
Main aghering thereto, in fuch quantity as to form
4 Counterpoife to the attra@ion of the glafs 5 viz.
the preffure of the water thus raifed, and the attrac-
tion between it and the water B C, are all together a
Counterpoife to the attraction of the glafs.

The real afeent of the water, which in fig. 8. hag
been enlarged for the fake of illuftr ation, when the
8lafs is either flat, or not much bens, feldom exceeds
One tenth of an inch., But this altitude is increafed
Or diminifhed by a variety of circumitances ; viz. by
the temperature and purity of the water, by the qua-
lity of the glafs, and molftly by the' polith and clean-
Hnefs of its furface,

Ia Place
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Place a glals bubble A (that is, an empty glafs

ball) fig: 16. Plate XIL. in a glafs veffel not quite

full of water. This bubble will float on the furface
of the water, and it will be found to run fpontancoufly
fowards the fide of the veflel, as at B, to which it
will adhere with a certain force ; provided, how-
ever, the bubble, on being laid upon the water;
be not fituated too far from the fides of the
veffel.

This effeét is owing to the attraction of the ele-
vated water on the fide of the veflel, and that on the
furface of the bubble. Thus the water at i is at-
tracted both by the water at ¢ and by the water at 4,
which tends to bring thofe three parcels of water
together; and of courfe the glafs bubble alfo, which
gdheres to the water 4. And this attraétion grows
ftronger and flronger in proportion as thofe points
come nearer to enc another.

It is for the fame reafon that if two glafs bubbles
be placed upon water, at no great diftance from
each other, they will run towards each other; and
will adhere with a certain degree of force.

If the glafs vefiel be filled, fo that the water may
project above the edge of the veffel; and a glafs
bubble be then laid upon it, as in fig. 17. Plate XI.
the bubble will be found to recede from the fides of
the veffel, In this cafe the elevated water a2, which
is conriguous to the fide A, is attrated lefs power-
fully than the elevated water &, by the water of the
vellel; for on account of the convexity ar A, the
water
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water between A and 4, is not fo near to the eleva-
tion &, as an equal. furface 4B of water on the other
fide of the by bble, is to the elevation &

111, u:ejfr[e:mf ar rife tf water in glafs tules is
Z?zusr;w; as the diameter,—1t glafs tubes opened at
hDLI ends, be immerled with their lower apertures
in Water, as in fiz. 9. Plate XI1. the water will in-
f‘am]v rife ﬁ;omankour* into their cavities, and it
]’35 been found that it will rife kigher in narrower
thai‘ in larger tubes, by as much as the diameter of
the larger tube exceeds that of the fmailér; the al-
titude in a tube of one hundredih part of an inch
(viz. o 0;01) in diameter, being about §,3 inches.
Thueﬁ)re in'a tube of 0;02 in diameter; the ale-
tude of the water will be the half of 5,3, viz 2,63
nches in diameter. Alfoin a tube, whofe diameter
15 0,1 of an inch (or ten times 0,01) the altitude of
the water will be the tenth part of §,3 5 viz. 0,53 of
an inch ; and fo forth *.

Diveis

* Since the diameters of the tubes are inverfely as the al-
titudes of the water within their cavities, if you call the dia-
Meters I, 4, and the altitudes of the water A, 4y it will be
Dig.. a: A whenge AD = ad; thar is, the produdt
of the diameter by the altitude of the water is always the
fame, or the conftant quantity 0,053 of an inch; for when
the diamerer is 0,08 of an inch, the water has been found to
Tife in it to the aliitude of 5,3 inches; and 5,3%0,01 is
Cqual o 0,053

T herefores
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Divers ingenious perfons who have examined
thofe phenomena of capillary actra@ion, finding
tha: the bulks of the {ufpended pillars of water are
net proportional to the {urfaces of glafs wich which
they ate in contact, have been induced 1o offer
ftrange hypothefes, which were neither warranted
by analogy, not could they aceount for the pheno-
mena,  Dr. Jurin (Phil. Tranf. N. 355 and 363)
fuppofed that the real caufe of the fufpenfion of
water in tubes is the attraftion of the {mall annular
portion of the infide of the tube, to which the
upper {urface of the water is contiguous and co-
heres.  Dr. Hamilion (in his Effays) fuppofes that
the pillar of water is fupported by the attradion
of the annulus contiguous to the bottom of the
tube.

In my opinion, the attraion in this experiment

Therefore, when you with to know how high will the
‘ ter, you need only di-
vide 0,053 by the diamster, and the quotient exprefles the

aititude in inches, very nearly; for this

water rife ina tube of a given diame

alritude is alfo in-
fluenced by the various temperature, by the nature and clean-
linefs of the glafs, &e.

‘The furfaceof a ¢

wer is as the product of the diametep
multiplied by the axis (or by the altitude 3) but it has been
fhewn above; that in the part of the tube which is occupied
by the water, the produtt of cthe diameter by the altitude is a
conftant quantity ; therefore the furface of the glafs which
is in contact with fuch a pdlar of water, is likewifo .2 con-
Hlaat quantity.
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S proportionate to the whole furface of the glafs;
Which is in contaét with the column of water ; (for
eVery point or mrtiflc of thit furface is endowed
With ap equal ateraftive power) and the prefiure of
the fufpended water is equivalent to it; or it is 2
Counterpoife té ir.  Without dttempting to deter-
Mine the diftance from the furface of the glafs to
Which the attradtive power may reach, it is cleat
that 3 flm of water of a certain thicknefs muft be
Within that attrattive power all round the infide fur-
face of the tube, as high as the top of the pil‘ar;
but the reft of t!"’ water which fills up the caviry of
the tube, is attached to that film; and is kept {ul-
Dended by ir, in cm‘.i‘cqucnce of the atrraftion of
Water to water ; yet the whole column of water 18
I‘tepg up by the attraction of the glafs, and isa coun-
terpoile to that force.

I ~

Thus if 4 piece of iron be fofpended to 3 mag-
net, in virtué of their mutuval ator: .f‘t' on; and a piece
of lead is faltened fo the iron; it is evident that
H"‘Ju"’rh the magnet has no attraction whatever to-
Wards the lead ; yet the piece of lead ahd iron toge-
ther are kept up by the attrattive force of the
Mapgner, and form a counterpoife to it; hence, if
the weight of the lead be incrcai?d beyond a
Certain degree, the whole will drop off from the
Magnet,

In the like manner the preflure of the column of
Water in the tube is equivalent, or it 1s @ counter-
Poife, to the attraltive force of the f{urface of ihe

glafsy
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glafs, which is in contact wi‘h it; and of courfe it
is proportionate to that furface. But in cftimating
the quantity of that counterpoife, or of the preflure
of the column of water, we mult tzke, befides the
quantity, the altitude alfo, into the account ; be-
caufe, ceteris paribus, fluids prefs in proportion to
their perpendicular altitudes ; and when the bafe
varies, or in different cylindrical pillars, the prefiures
are as the produéts of the quantity of matter by the
altirude of each pillar refpe@tively. Therefore the
preflure of the pillar of warer in a glafs tube, which
is a coun‘erpoile to the arrra@ion of the glafs, 1s
the product of the quantity of water by the altitude ;
and in cylindrical tubes, this produét is always pro-
portional fo the furface of glafs in contaét with
the water *.  This may be rendered more intelligi-
ble by means ef an example.

Let the infide diameter of a tube BC, fig. 12.
Plaie X1. bé double that of the tube D F ; then the
pillar of water FE will be two inches high when
the pillar AC is one inch high. Since the contents
of eylinders of the fame altitude are as the fquares
of their refpetive diameters, znd their furfaces are

# It has been fhewn inthe preceding note, that the furface
of the glafs tube which is in conta& with the pillar of water,
is a conftant quantity; therefore the product of the quantity
of water by the a'tituds of the pillar, muft likewife be a

{tant quantity ; fince it is as the above-mentioned fur-

i'ac EL

fimply
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?‘“PIY as their diameters, it is eafily calculated that
if the quantity of water in the pillar EI weighs
2_ grains, that of AC muft weigh 4 grains, and
likewife that the furface of glafs in conract with the
Pillar of water EF, is equal to the furface of glafs
which is in contad with the' pillar of warter AC;
Whence at irft fight it thouid feem that thofe equal
furfaces ought to keep fufpended equal quantities of
Water, whereas the quantity of water EF is the half
of the quantity of water A C ; but the pillar of water
EFis as high again as the pillar AC; hence its
Preflure which is equal to the produét of the quan-
ity of water by the altitude (viz. 2 grains by
2 inches) is equal to the prefiure of the column
AC viz. to the produt of 4 grains by one
inch,

The above-mentioned phenomena of the.attraltion
of cohefion fhew, that what has been mentioned in
the preceding chapter concerning the rife of water
'O the fame level in different pipes, which commu-
Dicate together, is not ftrictly true. Indeed, when
the Pipes are larger than an inch in diameter, the
Qiffcrence of the altitudes becomes infenfible.  But
With parrower pipes of different diameters, the water
May be plainly perceived to ftand higher in the
fmaller than in the lar ger pipes.

YV, Ir a tube confift of tevo cylinders,viz. of the narrow
PartEF, fig 1. PL X1, whofediameter is equal to that of
the tupe A B, wwherein the water would rife to the beight
AB; and of the larger part C D, whofe diameter is

{’ZFHJ;'.’
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equal 1o that of the tube GIT, wherein the water« would
Tife 1o the beight GH ; and if this compound tube be
placed with the narrow aperture in water, as at F
the water will ot vife in it bigher than the altitude
G H, wiz. fto the fame altitude to which it would ?’jf
if the tule were on uniform cylinder of the diameter of
the iarge pari.

Here it might be expefled that the water weuld
rife higher than DG but it muft be confidered thut
though the product of the pillars of water EF by
its-altitude, is lefs than a juft counterpoife to the at-
traction of the furface EF of the glafs; yet the
overplus of attration of that furface, inftead of
aliifting to fupport the water in CE, will operate in
a contrary way; that s, if we reckon the attraction
of the furface EF equal to 10, and if the preflure
of the pillar of water in it, be equal to 8; then
the two remaining parts of attraltive power will
tend to draw the water from the bafon, as much 2
from the cavity D E, towards the furface EF ; fo
that by the additjon of the narrow tube EF, the at-
traction of the larger part DI is diminithed; at the
fame time that the water in it is partially ihpported
by what may be called its perforated bafe I E.

!. If a compound tube, confifting of a la arger port
LN, fg. 14. Plate X1. wherein the water coould
rife [peitaneoi I_y 1o tke altitude M. and of a parrower
part OK, equal in diameter to the tuke AB, whereti
got AB; be filled with

ZL P"f‘fﬁ’t’f p\.uf.? !wu ;""; 'T‘

the water would rife to the bei

quater ag bigh as K, and then

aperiiré
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Sperture in water as af N, the whole guantity of water
Wil] yemain jsyic-:fif:rfed, Silling the whole of the large tule
and part of the narrow one. The fame thing will alfo
lake place with & vsffel of any fhape, as P QS, pro-
Vided its upper part be drawn into a parrow cylinder,,
equal in diameter to the tube AB.

In thofe veflels the water is fupported partly by
the attraction of cohefion, and partly by the prefTure
of the atmofphere. But not having as yer treated
of the preflure and other properties of the at-

‘ 1T1‘(Jﬁ)here, it will not be poflible for the novice to
Underftand at prefent the action of that preflure ; T
thall therefore fubjoin the explanation of the above-.
mentioned phenomenon in the note, for the imme-
diate perufal of thofe readers who are otherwife
acquainted with the properties of the atmofphere,
or of the novice, on a fecond perufal of this
Work *, :

VI. Water

]

¥ That this phenomenon is occafioned in great meafure

b}’ the preflure of the atmaofphere, is*evident from the foilow-
Mg obfervations 3 firlt, becaufe the water will not rife fpon-
“‘ﬂtouﬂv into the veflels ON, P8, to the height K and

P; and fecondly, becaufe if thofe veflels, fuli of water as
tgh as P, K, together with the balon, be placed under the
Teceiver of an air-pump, on exhaulting the receiver of zir
{¥iz. on remov ing the preflure of the atmofphere); the water
Will defcend in them, and will remain in them only as high

# it would afcend fpontancoufly ; wheress all the mc"eumg
Phenomena of capillary attrattion, er of aitrac
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V1. Water vifes between contiguous glafy plates,
and follows the fome law as it does with tubes ;

wamelyy

hefion, and likewife all the others which are related in this

chapter, will anfwer as well in vacuo as in air; unlefs the
centrary be mentioned.

How the water comes to be fupported in thofe vellels,
partly by the attraction and partly by the atmofphere, will
be fhewn by the following example and caloulation:

A column of water of about 32 feet perpendicular alti-
tude, is a counterpoife to a column of air of the altitude of

the whole atmofphere. Therefore, if the perpendicular

ht of the water in the vellel PQS, be one footy its preflure
will be equal to” the 32¢ part of the preflure of the at-

re; hence the atmofphere preffes on the aperture of
the tube P, with one 32¢ partof its power; (fince the pref-
fure of the atmofphere at the aperture Q 8, which otherwife
would exaftly counteract the preflure at P, is diminithed by
she preflure of the water in the veflel P Q 83) and unlefs the
air comes in at the aperiure P, the water will not defeend
in the veflel.  Now let us fuppofe that the diameter of the
aperture P be 0,004 of an ing h; for it muft be of about
that fize when the perpendicular altitude PQ of the water
is one foot.  'T'he preflure of the atmofphere upon a fquare
inch has been found to be about equal to the weight of 14
pounds, or 224 ounces, or 98056 grains; but the area
or aperture P, whofe diameter is o004, of an inch,
is o,0c008256 of an inch; therefore, by the rule of pro-
portion, we fayyas one fquare inch is to the area 0,000012565
fo is the preflure of the atmofphere upon'a fquare nch (viz.
48056 grains) to the preflure of Uiz atmofphere on the
area 0,09201256. And multplying 98056 by o,0cc012 568,

we
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“ainely, the altitudes are wnverfely as the diffances of
the plates,

If the glafs plates be parallel to each other, and
be placed with their lower edges.in water, the water
Wil; rife between them, and will remain {ufpended
ta certain height. This height is not fo great as
that of the water in a glafs tube, whofe diameter is
“qual to the diftance between the two plates; and
that for an obvious reafon ; namely, becaufe in the

=

We obtain the product 1,23158336, viz. little more than
e grain, which is the, entire preflure of the atmofphere on
te furface of the water in the tube at P. But ithas been
lhewn above, that the atmofphere prefles upon that furface
With only the 32¢ part of its entire force ; therefore we muft
divide 1,23158336 by 32, and the quoticnt 0,038486g8, or
T of a grain nearly, is the real and a&ual preffure of the
Amofphere on the furface of the water at P; and this trifling
Preffure will be eafilyallowed not to be fufficient to overcome
the attra@ion between the water and the furface of the tube
P: hence the water remains fufpended in the veflels PQS,
9rON.

This cxplanation is corroborated by the following experi-
Ment.—Fill the veflel ON, or PQ 8, not entirely, but only
4P to the height T'; which is done by lowering them in the
Water of the bafon; and in that fituation touch the aper-
tre O, or P, with a wet finger, fo as to introduce 2 little
Water into it. ‘Then if the veflel be drawn up, leaving its
lower aperture only in the water of the bafon ; the column
of water T N, or T Q_, will remain fufpended in it, though
there is ho communication whatever between the water at T,
and the water in the capillary aperture, ‘

Vor. 11, K tube
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tube the water is furrounded by glafs on every fide:
yet the proportion is the fame, that is, in two or
more pairs of glafs plates, the altitudes of the water
are inverfely as the diftances of the plates ; and that
for the fame reafon as in glafs tubes. ACDF, and
BCDE, fig. 11.Plate XI. reprefent two flat glafs
plates, placed fo as to form. a fmall angle A C B,
and immerfed with their lower edges in water. The
water will be found to rife between them, and to
remain fufpended in the fpace EF CDE, the outer
edge of which, EFC, being a curve called an by-
perdole.  One extremity of this eurve rifes as high
as the upper part of the glafs plates at C, and the
other extremity reaches as far as the edges of the
glaffes contiguous to the water of the bafonat F
and E. :
The water between thofe plates rifes higher near
the fide C D, and lower at a diftance from ir. In
thort, at any diftance from CD, asat a4, ¢d, ¢f;
the water rifes as h?uh as it would 1ife between
parallel p..lh-_, whole diftance from each other
equalled the diltance bctwecn the plates of fig. 171.
at any of thofe particular places.  Therefore the
altitudes of the water at different diftances from CD,
are inverfely as the diftances between the two plates
at thofe places (1.)
ABCE,

{1.) In fig. 13, Plate XL (which reprefents the fame eleva-
tion of water which is reprefented in fig, 11.) any two of

more
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ABCE, fig. 10. Plte XI. are two flat glafd
Plates, forming a {mall angle with each other, like
thofe of the preceding figure ; the lowermoft of
Which is piaced fo as to form 2 {mall angle with the
h‘?"'l'zon, having the edge AB a little elevated.
Thofe plates may be kept feparate at EC, by the
i”U:i'poﬁtion of a bit of wax, or other fmall
body. _

If a drop of water be introduced between thofe
Plates at EC, fo as to touch both plates, this drop
#ill be feen to move fpontancoufly towards the
Upper part of the glafs plates, as far as the edge
AB.—Tt will enfure the fuccefs of the experiment,
if the ‘inner furfaces of the ghiles be previoufly
damped with water.

—

Wore alitudes of water, as a b, and ¢ d, are inverfely as the

ditances 4 ¢, di, between the two plates at thofe places; .
Viz, gbicd::dizht:: (by the fimilarity of the triangles

Dy, Ddi,) Dd:Db; and this is the property of the

Common hyperbola, whofe afymptotes are the edge CD of

the olafles, and the line DS, where the glafs plate cuts the

furface of the water in the veflel G.

Itis evident that the water muft rife as high as the apex C
Whatever be the altitude of the plates, fince near the edge
€D the glafs plates come infinitely near to each other.

If the glafs plates, inftead of being flat, be bent more or
lefs, then the cdge of the water which rifes between them
Will not be an hyperbola, but it will vary according to the
“urvature of the plates. See Ditton’s Difcourfe on the
new law of fluids, ‘

K 2 The
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The drop of water will move towards the edge
AB, even againft the direGion of its gravity, be-
caufe the attrattion of the glafles towards the drop
is ftronger where the plates are clofer to each other,
as at 4, than where they are farther afunder, as at ¢;
fo that the drop at ¢ is attracted more powerfully to-
wards 4, than towards e.

If the fide AB be gradually raifed higher and
higher above the horizon, whilft the drop is mov-
ing ; the latter will be feen to move flower and
flower towards A B, until at Jaft the gravity of the
drop balances the attraltion of the glafies, and the
water remains at reft. After which, if the edee AB
be raifed ftill higher, the weight of the drop being
greater than the attraction of the glafs, will force it
to defcend towards C L.

The preceding phenomena of atcra@tion take place
not only between glafs and water, but likewife be-
tween almoft every fluid and every folid; even be-
tween fuids and fluids, or folids and folids. A con-
fiderable difference i1s however occafioned by the
different degrees of force with which the particles of
each body attract either one another, or thofe of an-
other body.

Thus the attraction of water to glafs is greater
than the mutual attraction of its own particles ; it is
allo greater than that of any other fluid towards
glafs, not excepting even the fpirituous liquors,
which are {pecifically lighter than water; hence water

rifes
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Tifes higher in capillary glafs tubes, than any other
Il-i]u b o

Mercury on the contrary is poflfefied of a much

8reater degree of artra@ion amongft its own parti-
Cles, than towards glafs ; and it is owing to this that,

N certain cafes, there feems to be 2 repulfion be.
Ween thofe two {ubftances.
Itis owing to this attraction of colefion or capil-

|

Vellels of wood, and afcends to the tops of the higheft

Uy attraction, that water rifes through the fine

tees ;—that it infinuates itfelf through the pores
OF certain ftones, through fand, fugar, falt, &c,—
nd that in damp weather, (when the air depofites a
8rear deal of water) wood, olue, ropes, linen, paper,
Parchment, falts, &e. imbibe the water, and are

1 = 5 i ~ ~
tereby fwelled, moiftened, foftened, and fome of
tl

I€m actually difit
It is in confequence of this attraftion that metals
in o fluid ftate rife and fpread themfelves between
the contiguous furfaces of other metals that are in
a{olid ftate. And this indeed is the foundation of
the are of foldering metals. Hence alfo mercury
"adily infinuates itfelf through the pores of cold
80d tin ; for the particles of mercury attract one
®hother much lefs than they do thofe of gold or
tin, :

In thort almoft all the innumerable phenomena
that gre obferved in the common procefles of na-
ture, in the arts and in' chemiitry, depend upon

“ofe two forts of ction, and their various

K 3 d(‘g!‘e(’ﬁ
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degrees in different bodies, When a metal for in-
ftance is diffolved in agua fortis, that effed is
owing to the particles of the metal having a greater
artraétion for thofe of the agqua fortis, than for each
other.

For the fake, however, of diftin&ion and peripi-
cuity, when the attraftion between two bodies is
not fo powerful as to occafion a manifelt change of
nature in either of the bodies, it is called attradtion
of cobsfion, and when it preduces a change, it is
then called attraition of affinity, or' jecific at-
fraidion,

We f(hall, therefore, treat of the attraltion of
affinity in othér chapters of this work, and fhall con-
fine the prefent merely to the attractions of cohefion
and aggregation.

. The explanations of the phenomena, which have
been already defcribed concerning glafs and water,
are {ufficient to illuftrate, and to account for, thofe
which may be obferved between other fluids and
glals, or between other fluids and other folids;
allowing for the difference which arifes from their
different attractive forces: yet, as quickfilver has a
much ftronger attraction of aggregation than of co-
hefion to glafs, it will be proper briefly to delcribe
the principal experiments that have been made with
thofe two fubltances ; left the novice, furprifed by
the peculiarity of the phenomena, thould be induced
to fuppofe that a repulfion exifts between thofe two
fubftances,

If
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If a fmall globule of quickfilver be laid upon
Clean paper, and a piece of glafs be brought into
Contact with it; the mercusy will adhere to it, and
Will be drawn away from the paper. 1If, whilit the
fmaly globule of quickfilver is thus adhering to the

glafy, a Jaroer quantity of quickfilver be brought in
Contact with the fmall globule, the latter will imme-
di““‘ly forfuke the glafs, and will incorporate with'the
Other quickfilvers which thews the greater degree of
Wraction between the particles of mercury than
_b{'t"f’ﬁcn them add glafs: hence it will be found
IMpracticable to fpread the quickfilver, like water,
Over the .furface of glafs. The fmall globule of
Quickfilver adheres to the glafs with a little flac
Turface, which renders the fhape of the mercury not
Perfetly globular: bur this little derangement of
thape muit not be confidered as incompatible with
the firong attraftion between the particles of the
Mercury ; for though this attraction be greater than
the ateradtion towards the glafs, yet the latter ‘muft
Produce a proportionate effect; hence a {mall change
of thape ; whereas if water were ufed in licu of
Quickfilver, the furface of contaét would be much
Sreater,

Place a pretty large drop of quickfilver upon
tlean paper, and let two pieces of glals touch it on
Oppofite fides. On drawing the glafles gently from
€ach other, the mercury wili, in confequence of its
Adherence to the glaffes, be drawn from a circulag

oo an oblong, or oval, {hape,

X 4 1If
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If quickfilver be put ina glafs, or wooden, or
earthen veflel of upwards of an inch in width, the
furface of the quickfilver will be horizontal towards
the middle, but convex towards the fides. This
alfo is the cafe when a pretty large quantity of
quickﬁlvci' is laid apon a wable, or on a piece of
paper, or other flat furface; the gravity of it then
exceeding the attraétion of cohefion.

If an iren ball (which will float upon  quick-
filver) be laid upon it, a depreflion of the quickfilver
will be obferved all round the ball, as in fig. 18.
Plate XI. and the ball will run towards the fide
of the veflel, provided it be not fituared too far
from it.  Alfo, if two fuch balls b placed upon
quickfilver, but not very far afunder, they wil}
run towards each other. The realon of which is,
that where the cavitics or depreflions of the quick-
filver are joined; that is, either between the ball
and the fide of the veflel, or between the rwo balls,
there the preflure of the quickfilver vpon the Ball,
or balls, is diminifhed by the attradtion of the
quickfilver below ; and of courfe the balls are im-
pelled that way by the {uperior preflire on the op-
pofite fides.

If a fmall tube AB, fiz. 19. Plate XI. open at
both ends, be partly immeifed ih mercury, the
meroury will be found to ftend lower within the
tube than in the veflel ; and this depreffion has been
found to be inverfely as the diameters of the tubes.

Thus;
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Thus, if two tubes are immerfed in quickfilver, and
the diameter of one is double the diameter of the
Other; then the difference of perpendicular altitudes
between the furface of the quickfilver in the latter
Whe and in the bafon, will be double to the like
di[ﬁ'#t‘ncc with the former tube.

Quickilver being an opaque body, it will be ne-
Ceﬁ}._,.}_. to hold the tube A B near the -fide of the
Vellel, which is fuppofed to be of glafs, iftorder
that g depreflion of the quickfilver within the tube
4y be perceived. .

The fame thing takes place between parallel glafs
1
Blateg ;

viz. if they be immerfed in quickfilver, thag
fuj ;

d metal will ftand lower between them than in
the reft of the veffel; and the depreffion is likewile
i‘"Wt'rl“c]y as the diftances between the plates. If the
Plates be fitvated o as to form a fmall angle ;
then the quickfilver, rifing lefs near the angular edge
than g¢ a diftance from it, will form a curve®.

Ifa glafs plate be laid in an horizontal ﬁtu:ttion,
With 5 largith drop ofquicl; lilver near one edge of ir,
A in fig. 20. Plate X1. which reprefents a fedtion
of it, and another glafs plate, A B, be laid fo as'to
farm 4 {mall angle with it, and at the fame time to
(fompf‘cfs the drop of quickfilver; the latter will be
%und to move fpontanecuily towards O, viz. towards
——

Phis curve is an hyperbola, whefe alymptotss are the
Pernengic
XY LA

)
the m

]

ercury in the bafon,

the

ular edae or joining of the glaffes, and the level of




138 Of .the Attraction of Cobefion, G
the aperture of the angle, in order to recover its
nearly globular figure.

{f a tube open at both ends, but having its lower
end drawn out into a fine capillary aperture; be filled
with quickf{ilver to the altitude of about an inch or
two, no mercury will be found to run out of the
lower aperture ; but if this lower end be 'i"uﬁ"crcd o
touch other mercury, or ify by breaking off - part of
the finall end, the aperture be enlarged, then the
quickfilver will readily run our,

Thofe phenomena with quickflyer are fo evi-
dcnr’;y dependent on its hzl‘.'l,"]” a much greater at-

raction of aggregation than of cohefion to glafs ;
‘,nd they are fo evidently fimilar, though in a con-
trary way, to thofe which take place between water
and gla afs, that after the particular ex cplanations which
h.wg been given of thofe with water, it is needlefs to
dwell any longer upon thefe with quickfilver.

Thefe artraclions of cohefion and aggresation
form a confiderable impediment to the thorough
inveftigation of the laws of motion wich refpet to
fluids, as their influence is far from having been en-
girely afcertained. Even the laws of equilibrium are
pf}"gticd by them. Thus it frequmtiv happens, that if
rwo fuids of different fpecific gravities, like water
and i}a:rit of wine, be mixed together, they will after-
wards remain mixed; whereas the lighter fluid
ought to alcend and to float upon the heavier.
fmall ficel needle, clean and dry,

Thus alfo, if a
be gently laid upon water, tH’: needle, though fpeci-
ficaily heavier than water; will be found to float upen’

£ 1l
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. This efeét is owing to the attradtion of the
Particles of water to each other, which the {malt

Welght of the needle is not fuSicient to overcome.

The weight of the needle depreffes the particles
of war

er which are direly uader it,’and thefe, by
thr‘i«

adhefion to the contiguous particles, draw them
I below the ufual level; and thus a. cavity of
C0afiderable breadth is formed all round the needle,
}"’rlic'} cavity may be eafily perceived in a proper
light.
This effe@ has been commonly attributed to a

{U”pfh'u. repulfion between water and fteel, which
i

8 not true ; for though the particles of water at-
Yatt one another with greater force than they do
thofe of ficel ; yer there is a degree of attraftion
between them and fteel, which is fhewn by the
adhefion of the drops of water to iron and to
ﬁt‘t].

If any water happen to get over the floating necdle
In the abovementioned experiment, then thu lacter

falls immediately to the bottom.

The different degrees of the attraflion both of
“g’*rewatwn and of cohefion between the particles

[ the fame fubfance, or of different fubftances,
feem to form all the immenfe gradaiion from the
Mol Auid to the moft {olid body, whether fimple or
Compound. he ftates intermediate between thofe
Cxtremes, are exprefled by the various names of
fluid, clammy, foft, glutinous, . tesacious, hard,
blw‘c, rgd, &c. But as thole names are inca-

pable
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pable of any precife definitions, their meanings are
commonly ufed, and underflond with confiderable
latitude. The flate of a given body in this refpect
is afcertained, either by obferving the weight of
force which is required to difunite its parts ; or by
comparing it with other bodies ; as when it is faid,
that a ruby is fofter than a diamond, but harder
than the hardelt fleel, becaule with it you may
ferateh the fteel but not the diamond *,

Various experiments have been inflicuted for

the purpofe of dcrrsrmlnmq the force requifite to

* In the formation of feveral ftony concretions; in the
cryftallization of falts, after having been diffolved in water;
in the cooling of certain metals after fufion, &c. a regular
arrangement of parts is generally oblerved ; the p:u'ti‘;_'ies of
bodies thewing a tendency to join in a particular way. Tt
has likewile been obferved, that in the formation of ftony
co.mnhons, and in fome other plOC-.il.n, the flower the ope-
ration is performed, the harder the bodies are, which refule
therefrom. Now all this has fupgeited the fuppofition that
the particles of the fame fort of matter have ay atcradtion to-
wards each other with certain ends, and 2 a-repulfion with the
oppofite parts. Hence, when theyare placed in ficha fitua-
tion as may allow them to follow that natyura] inclination,
viz. when they are rendered fluid by heat, or by y folution in
water, &c. then they adhere to each other with their fi iendly
parts. Allo when the operation proceeds flowly, then the
particles have more time to arrange themfelyes properly,
and confequenty form a barder. body, than when the
operation proceeds more expeditioufly.  See Higgins on
ll‘:]t.
difunite
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difunite fylids

from contiguous fluids, to difunite
{olids from cor

rtiguous folids, and to break or to
difunite the continuity of a given folid. - But the
CirCUmﬁances of temperature, purity of the bodies,
“Quality of fize, furface, &c. render fuch experi-
Ments fubject to a confiderable uncertainty ; I fhall,
nOtWith[‘m-nding, {ubjoin fome of the lefs equivocal
Yefults of fuch experiments.  The properties of

Olids do not belong to this part of my work ; but
Nofe Particulars, which relate to their hardnefs and
“hacity, could not with propriety be inferted in any
Other part of thefe elements.

If from each of two leaden bullets a piece be cut
OF with 2 fharp knife, and if then the two bullets be
Prefied with their flat bright furfaces againft each
Other, (giving them a little twill), they ill be found
' adhere fo firmly to each other, that fometimes
the weight of 100 pounds will hardly be fufficient
0 feparate them. When [eparated, a confiderable
Uegree of roughnefs will be found on their furfaces * .
The peg way of performing this experiment is re-
Prefented in fig. 21. Plate XI. which fhews two

Bor S

* The adhefion of the two bullets is certainly not owing

9 the preflure of the ﬂu'roumling air 3 for in the firft place
the atmo(pherical preflure is by ne means {o great as to
Produce thae degree of adhefion between fiuch {mall furfaces .
0, in the fecond place, the two bullets thus prepared are

“0d to adhere about as firmly in vacuo as they do in air.

prepared
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prcpared bullets achering to each other, and cach
having a ring or bit of {lring paffing through 2
hole, fo that one of the rings may be faftened to a
nail, or other fteady fupport, whilft the neceffary
weight may be fufpended to the other ring. The
flat and fmooth furfaces of other mertals, of glafs,
&c. do allo cohere to each other with confiderable
force; but with fuch bodies as are not o pliable as
lead, a certain artifice is required for the purpoles
namely, the interposfition of fome fluid as waters
oil, &c. or of fome fubfiance which may be ap-
plied in a fluid fate, though it may afterwards co-
agulate and grow folid, as tallow, wax, or fluid
metals.

Two brafs polithed flat {urfaces, 2 inches in dia-

meter, fmeared over with greafe, and put together
in a pretty hot flace, will, when cold, adhere to
each other fo firmly as t6 require nearly 600 pounds
weight to feparate them.

Every body knows how firmly two pieces of me-
tal adhere to each other, when they are foldered to-
gether 5 that is, joined by the il.ti‘.}::t‘ ition of an-
other metal in a fuid {tate.

1t muft be obferved, however, that in thefe laft
experiments, where fomething is interpofed between
the two furfaces, the adhefion feems to take place,
not berween the furfaces of the two {olids, fo much
as berween each of thofe furfaces and the interpofed
fubftance j for, in the firft place, it feems ftrange that
two furfaces thould have a greater attradtion to each
other -
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other whep, fomething is interpofed, than other-
Wife ; angd il‘comily, it has been found that the de-
8fee of adhefion differs according as different fub-
ﬁﬂnces, viz. o1l, or water, or wax, grealc, turpentine,
&e. are i nterpofed between the furfaces of the very
fame fyligs,

The adhefion in thefe experiments is partly attri-
‘Uted to the preflure of the atmofphere, becaufe
i“mv‘:times the adhering plates are feparated in an
ﬁ‘}(haliﬂ'fed receiver. But, on the other hand, it feems
hl{el)’ that the feparation of fome of them in the ex-
_auﬂed receiver is occafioned rather by the extrica-
MOn of air from the {ubftance which is interpofed,
than by the removal of the atmofpherical preflure.

The tenacity or ftrength of different {ubftances is
Meafured bythe force which is required to break them,
In 4 temperate degree of heat, it has been found
that wires of the foliowing metals, drawn through
the fame hole, one tenth of an inch in diameter, and
Fﬁﬁt‘ned with one end to a nail, whilt weights were
fufpended to the other; could not be broken by any
otce lefs than the annexed weights *,

Lead —_ — 29§
Tin — —-— 491
Copper  — 251
rafs — — 360 Pounds.
Silver — — 370
Iron — - 450
_ Gold — — 500
Tl s
* If the metals, inftead of being formed into wire by be-

t[“g Paffed through a hole, be fimply caft inthe fame mould
“CCE{B vely, and be then broken by means of weights, their
hacity will be found fomewhat different from the fatements
Uthe above table,

A oon
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A confiderable difference in the tenacity of me-
tallic fubftances is occafioned by their purity, tem-
perature, manner of forming them, &c. But with

other fubftances, the Au@uation of their tenacity 1s
much greater than with merals, as will appear from
the following obfervations of Mr. Emerfon.
A piece of good oak, an inch fquare, and a
« yard long, fupported at both ends, will bear in
< the middle, for a very little time, about 330
« pourids avoirdupoife ; it will break with more
e than that, weight.

(44

This is at a mediom ; for
there are {fome pieces that will carry fomething
“ more, and others not fo much. But fuch a
« piece of wood fhould not, in pradtice, be trufted
¢« forany length of time with above a third or fourth
« part of that weight, For fince this is the extreme
« weight which the belt wood will bear, that of a
« worfe fort muft break with it. T have found by
« experience, that tTWl‘C‘ s 2 great deal of difference
¢ in firength, in different pieces of the very fan

<« gree; fome picces | have found would not bcar
« half the weight that others would do. T he wood
<« of the boughs and branches is fir weaker than
« that of the budy ; the wond of the great limbs is
« {lronger than that of the finall ones; and the wocd
« ip the heart of a found tree is ftrongeft of all. 1
« have alfo found by experience, that a piece of
« timber, which has borne a great weight for a fmall
« time, has broke with a far lefs weight, when left
« upon it, for a far longer time. Wood is likewife

« weakef
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Weaker when it is green, and (trongeft when tho-
roughly dryed, and thould be two of three years
old atleatt. If wood happens to be fappy, it
Will be wealcer upon that account, and will like-
Wife decay fooner, Knots in wood weaken it
Very much, and this often caufts it to break
Where a knot is. Alfo when. wood is crofs
8rained, as it ofien happens, in fawing, this will
Wealken it more or lefs, according as it runs more
Of lefs acrofs the grain. - And I have found by
Cxperience, that tough wood crofs the grain, fuch
a5 elm or alh, is feven, eight, or ten times weaker
than ftraight ; and wood that eafily {plits, fuch as
fir, s 16, 18, ar 20 times weaker, And for com-
mon ufe it is hardly pofiible to find woud, but it
muft be fubjeét to fume of thefe things. Befides,
when timber lies long in a building, it is apt to
decay, or be worm-eaten, which muft needs very
much impair its ftrength. From all which it
Appears, that a large allowance ought to be made
for the ftrength of wood, when applied to any
ufe, efpecially where it is defigned to continue
for a long rime.”

“ The proportion of the ftrength of feveril forts
of wood, and other bodies that I have tried, will

appear in the following table :

Box, yew, plum-tree, oak =~ == = —= IT

I

Elm, alh — 25, Fas L gli
Walnut, thorn — — _—

Bt

o |

Vor. II. L Red
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Red fir, hollin, elder, plane, crab-tree, apple-

trce —_— —_— — — 7
Beech, cherry-tree, hazle — — 63
Alder, afp, birch, white fir, willow or

faugh — — —_ — 6
Iron == == — — - 107
Brafs e —_ —_ —_ 50
Bone — — o 2 22
Lead —_ — — — 6%
Fine free-ftone — i —t 1

“ A cylindric rod of good clean fir, of an inch
circumference, drawn in length, will bear at the
extremity 400 pounds, and a fpear of fir 2 inches
diameter, will bear about feven tons; but not
more,”

“ A rod of good iron of an inch in circumference,
will bear near 3 tons weight.”

« A good hempen rope of an inch in circum-
ference,, will bear 1000 pounds at the extre-
mity.” .

« All this fuppofes thefe bodies to be found and
good throughout; but none of thefe fhould be
put to bear more than a third or a fourth part
of that weight, efpecially for any length of
time.” *

* Emerfon’s Princip. of Mechant. fe&. Vil[.—Sse alfo

b Muflchenbroek’s Inirod, ad Philsf. Nat, Caput XX1. De
i Coherentia, et Firmitate, wherein a great many experiments
are mentioned relative to the adhefion, firength, tenacity, &c.
of various fubftances.

The
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The word Srength has often been indifcriminately
ufed for exprefiing the tepacity, the brittlenefs, or
the rigidity of bodies; but thofe qualities muft be
duly dif’finguiﬂ]ed from each other, whenever any of
them is to be ufed in mechanics, or in other circume
ﬂ.mccs. Thus glafs may be brol-:f_'.r_} im.‘{)m__ii:arably
“afier than iron, and a glals rod can fupporta much
fmaljer weight than what can be fupported by an
“Qual iron rod : yer iron may bz feratched with glafs,

Ut the Jatter cannot be feratched with the former.
- With refpe to hardnefs, the metals may be placed
1 the following order, beginning with the hardeft,
od ending with the fofteft : iron, platina, copper,
‘{‘;;V("l‘, gold, tin, and lead.

The fame of the femi-metals, as far as it is known.
Mangantfe, nickel, biimuth, tungften, zinc, anti-
Mony, and arfenic.

With refpe to the difference of elafticity, the
Metals feem to follow the fame order as they do
With refpet to hardnofs ; except that perhaps
€Opper might ba placed b:fore platina.

The rigidity and the elafticity of metallic fub-
iqc‘“1Ccs, are increafed by a variety of means, the
Principal of which are hammering, prefling, cooling
!uddenly, and mixing fome of them together in due
Proportions. And on the other hand, their rigidity
and elatticity are diminifhed (except when they arife
from mixture) principally by heating and cooling
gradually,

Stee] may be rendered harder than any other me-
tallic fubflance. Thus if a piece of fteel be heated

L2 red
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red hot, and in that ftate be plunged in ecil, it will
thereby become {o hard, that a file will hardly
feratch 1t ; and it will be rencered full harder, if in-
ftead of oil, the red hot fteel be plunged in water;
but if cold mercury be vfed inftead of either of
thofe liquors, then the fieel will be rendered fo
hard as to fcratch glafs nearly as well as a dia~
mond.

The hardnefs of other natural folids, belides the
metals, differs confiderably, aceording to the ftate of

ers Co
f wvarious mhtr circumbances. How-

purity and o
ever, a uleful gradation of the principal natural
folids, with refpeét to hardnels, is exhibited in the
following hift, which begins with the hardeft and
ends with the fofteft.

Diamond, from Ormos. | Sardonyx

Pink, bluith, or yel-| Amethylt
lowilh, di """nnd i Mineral, or rock cryltal.
Cubie diamond. ! Cornelian.
Pale blue fapplire. | Green jafper,
Y.aby. Shoerl.

Tourmaline.

i
eep fapphive. 7 | lceland agate.

Topaz L Quarz,
W Litith tog | Opal.
Spiael | Chryfolyte.

Spathum adamantinum, = Reddith yellow jafper.
or'the Corundum ftone. | Zeolyte,

Garnet. . Fluor.

1
Emerald, | Calcareous fpar.
Agate: l Gypfum, and
QOnyx. | Challs

The
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The reader may naturally inquire whether the at-
traétion of cohefion, and the attraftion of aggrega-
t‘“”: follow any known law of increafe or decreaie,
in Proportion to the diftance ; but his inquiry will
Ot meet with any fatisfaGory infarmation.

The force of gravity has been fhewn to decreale
lI]VEI'IC,V as the fyuares of the diftances. But the
Attraction of cohefion, and that of aggregation, de-
Creafe ynuch fafter: for inftance, if a force of a
thoufynd pounds weight be required to break a cer-
tain folid, and if then the broken parts be placed
Conticuous to each other, and fo clofely that the
€¥e cannot difcern the fraGure; it will be found
that they may be feparated with the utmoft fa-
’t‘Elity.

It has been fuppofed, that thofe attradions de-
Crezfe inverfely as the cubes of the diftances ; but
Ro fatisfactory experiments have as yet eftablifhed
this fuppofed law,

L3
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CHAPTER. YL

OF THE MOTION OF THE WAVES.

FEHE eflfential fa&s relative to the attractions

of cohefion and of agaregation having been
ftated in the preceding chapter, we muft now ex-
plain the theory of the movements of fluids, to
which we fhall add feveral experimental obferva-
tions, and fhall endeavour to point out the devia-
tions of the refults of the lateer from the determina-
tions of the former.—The fubjett is extenfive, and '
but imperfeétly known, We (hall therefore adopt
concifenefs as far as it may be compatible with per-
{picuity.

AFGB, fig. 1. Plate XII. is a bent cylindrical
tube, whofe parts AF, BG, are perpendicular to
the hortzon, and whofe diameter is too large to be
confiderably affeCted by capillary attraction. Let
fome fAuid, for inftance water, be put in it; and if
this fluid be put in motion, by fhaking the tube once
or twice, and then ftopping it, the Auid will be found
to continue to move fome time longer ; viz. it will
be found to afcend in one leg, and to defcend
in the other leg alternately. Thofe vibrations, or
(as, they are otherwife called) F4brations, become
gradually fhorter and fhorter, on account of the
friction between the flyid and the tube, until at laft
the
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the fuid remains perfectly at reft. But thofe vibra-
tions, whether longer or fhorter, have been found
¥ be performed in equal 'portions of time ; and
thefe are equal to the times in which a2 common
Pendulum, the length of which is equal to half the
l‘ngth of the fluid ENFGH, performs its fmalleft
Vibrations (1.)

The

——

(1.) That is, equal to the times in which a cycloidal pen-
dulum, whofe length is equal to half the length of the fluid
E-NP'GH, performs its vibrations.

When the fluid in one leg fands higher than in the other
(Which is the fituation actually reprefented in the figure) di-
Vide the difference of altitude, EN, into two equal parts at
M.—The fuid aQuated by its gravity defcends in the leg
AF, whilt it afcends in the oppofite leg B G ; and when it
feaches the fame height in both legs, which is at the level of
M; it would remain there at reft; but having acquired a
“ertain velocity, by the defcent, it is thereby enabled to con-
Finu& its motion, until it rifes as high as the level of E,
' the other leg B G, excepting a fmall deduction
%hat muft be made on account of the friction. When
the luid has thus afcended in the leg BG, it will again de-
cend ip ¢hat leg, and will rife anew in the other, and fo on;

ut Performing every one of its vibratious alittle fhorter than
the Preceding one, until its motion is entirely deftroyed by
the friliﬁon, adhefion, &c.

The quantity of matter which is moved in this experi-
Ment, s all the fluid in the tube. The moving force s the
eight of the fluid E N ; viz. the double of EM. Now
this quantity of fluid, or moving force E N, does evidently

‘L2 increafe
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The principal ufe we fhall make of the above de-
fcribed vibrations of a fluid in the bent tube, is for

explaining

increafe and decreafe, as the fpace which is to be run through
by the fluid inorder to reachthe point of reft, or level of M ;
fince its length is always the double of that fpace, For in-
ftance, when the upper pait of the fluid is at Z in the leg
AF, it muft fand at O in the other leg; then the difference
of altitude, or the moving force, is reprefented by Z K,
which is the double of Z M ; and the fame thing may be
faid of any other fituation of the fluid. But it has been
proved (in Prop. X. and XV. of the note N. 1. to chap. X.
Part 1.) that the vibrations, whether long or fhort, of a cy-
cloidal pendulum are performed in equal portions of time,
for the very fame reafon, namely, becaufe the moving force
is always proportionate to the arch which ftands between
the point from which the pendulum begins to defcend in
every vibration, and the loweft point of the arch of vi-
bradon. Therefore the fame reafoning which demon-
ftrates this property of the cycloidal pendulum, proves
the like property of the fluid moving in the tube
AFGB.

Since the moving force is equal to the difference of ele-
vation between the furface of the fluid in one leg, and that
of the fluid in the other ; therefore, when the fluid is all in
one leg, the moving force is equal to its entire weight or
gravity, which force will enable it to defcend perpendicularly
through a {pace equal to its whole length in a certain time 3
and fince this defcent is only a long vibration, and all the vi-
brations have been demonftrated to be performed in e(lunl
wmes; therefore that alfo is the time in which the fuid will
perform each of its vibrations in the tube, - But the time in
which
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Eﬁ:plain'mg the motion of the waves, to which they
bear a great degree of analogy.

When the furface of water is finooth and ac reft,
if 2 any force (be it the aftion of the wind, as at fea,
or the fall of a heavy body, &c.) deprefs the fur-
face of it in any particular place; as at A, fig. 2 and
3, Plate X11. (the former of thofe figures exhibiting
a4 fe@ion, and the latter a perpendicular view of the
fame objeét) the contiguous water will neceflarily
tife all round that place, asat BBB; for if a cer-
tin quantity of water be deprefied below the ufual
k vel, an equal quantity mult rife in {fome other
Place above that level, and the water which ftands
Clofeft to the place of the original impreflion, will
of courfe be moved.

The water which has thus been elevated, defcends
fson after in confequence of its gravity ; and by the
timne it has reached the original level, 1t will have

—

mai(n a cycloidal pendulum performs each of its vibrations

is qual to the time that a budy would employ in defcending
Petpendicyl larly by the force-of gravity through twice the
lt”&fh of the pendulum (fee the note N. ¥, to chap. X. of
P 4tL); therefore the fluid in the twbe AF G H, and a
C.-‘_Cloldai pendulum of half thelength of the fluid ENFGH,
Wil Perform their vibrations in equal times,
If the reader be defirous of dete ermining the time of vi-
"ation of a fluid in a tube which is not of equal diameter,
°r whofe Jegs are not perpendicular to the horizon, he may
confult Newton’s Principia, B. IL Pro,J 44y 45, 46;

Emerfor’s Fluxions, Seét, 1[I, Prob. . &e.
acquired
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acquired a degree of velocity fufficient to carry it
Jower than that level; therefore it now ats as an-
other original moving force, in confequence of
which the water will be raifed on both fides of it,
viz. at A, and at CCC, fig. 3 and 4, Plate XIIL
And for the {ame reafon, the defcent of thofe elevat-
ed parts will produce other elevations contiguous to
them, as at BB, DDy fig. 2 and 3, and {o forth.
T hus the alternate rifing and falling of the water in
ridges will expand all round the original place of
motion ; butas they recede from that place, fo the
ridges as well as the adjoining hollows, grow {maller
and fmaller, until they vanifth. This diminution
of fize is produced by three caufes; viz. by the
want of perfect freedom of motion amongft the
particles of water, by the refiftance of the air, and by
the farther ridges being larger in diameter than thofe
which are nearer.

Tt is Iikewife on account of the friCtion, or ad-
hefion, amongf the particles of water, and of the
refiftance of the air, that in the fame place the al-
ternate elevations and depreffions diminifh gradu<
ally, until the water reaffumes its original tranquil -
lity ; unlefs the external impreflion be renewed of
continued.

One of the abovementioned ridges, or elevationss
together with one adjoining cavity, is called 2
Rave.

The Zreadth of the wave is the part of the hori=

sontal line, which is occupied by a wave ; and this
18
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is evidently equal to the diftance between the tops of
two contiguous ridges, or between the lowelt poins
of two contiguous hollows,

A wave 15 {aid 70 bave run its breazth, when its
tlevated part is arrived at the place where the ele-
vated part of the next wave ftood before, or when
the elevated part B hias moved as far as D or(the
fituations of two contiguous waves being given)
when one of them is arrived at the place of the
other; and the time which is employed in this
tranfition is called the time of ¢ wave's motion.

It muft not however be imagined thar the water
is by this means carried progreflfively from A to-
Wards B, D, &c. it being only the fucceflive rifing
and falling, which is communicated from the ori-
Binal centre of motion to the next parts pro-
steffively. “This may be clearly perccived by
laying fmall floating bodies upon the fuifice of
the water, for they will be moved up and down, but
¥ill not recede from their original places.

_ Now the alternate rifing of the water in two ad-
Joining places, as at B and C, has been Jultly confi-
dered as analogous to the vibratory moticn of the
Water in the bent tube, fig. 1. fo that the diflance
“tween the upper point of the ridge of 2 wave and
the loweft part of its hollow, is like the length of
the fluid in the tube, fig. 1. the difference art leaft is
N0t very great, Therefore the wave will perform
N vibration, that is, the ridge of it will become
the hollow part, and the latter will be elevated, in
the
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the fume time that a pendulum of balf the length of
the wave, (viz. half the length of the furface of
the water between the upper p"ntot' the ridge and
the loweft part of the hollow) w Il perform one of
its Jeaft ofeillations. Hence the m otion of waves 15
regular, or the rifings and fallings of the water in the
fame place are per ormed in equal portions of time,
as is the cale with the fluid in the tube, fig. 1.

But this time of vibration is half the time in which
5 wave will run its breadch 3 for in order to run that
breadth, the ridge muft come, not to the place where
the next bollow {tood, but to the place where the
next ridge fteod. Therefore a wave will, run ics
breadth in the fame time that 2 pendulum of half its
lengch will perform two of its leall vibrations; or to
the time in which a pendulum equal to four times
that length, (viz. equal to the length of the furface
BCD) will perform one vibratien ; fince the
times, in which pendulums of different lengths
perform their vibrations, are as the {quares of their
1{*1*1.13.

When the waves are broad and do not rife high;
then the abovementioned length, BCD, will not
difFer much from the breadih of the wave ; and b
that cafe the wave will run its breadth in the fame
time that a per uh,lum, whofe length is equal to that
breadth, p ‘ms one of its vibrations. Hence, if

the breaddh (,f wave be 39,1196 inches™; then

#* Such being the length of the pendulum which vibrate®

{econds,  See page 166, vol. L
that
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that wave will move on at the rate of 3g,11g6 inches
per fecond of time; that is, at the rate of 195 feet
Per minute, nearly.

It will eafily be conccived that the waves rife
higher or lower, according to the power of the ori-
ginal moving force ; for the more water is difplaced
by that force, the greater quantity of it muft be ele-
Vated above theufual level; and of courfe thebreadih
of the waves is likewife greater.

It {eems to be pretty well determined from a va-
ricty of experiments and obfervations, that the ut-
moft force of the wind cannot penetrate a great way
into the water; and that in great ftorms the water of
the fea is flightly agitated at the depth of 20 feet
below the ufual level, and probably not moved at all
at the depth of 3o feet or five fathoms®, Therefore
the attual difplacing of the water by the wind can-
ot be fuppofed to reach nearly fo low; hence it
thould feem that the greateft waves could not be fo
Very high as they are often reprefented by accurate
and creditable navigators.. But it muft be obferved
that in ftorms, waves increafl: to an enormous fize
from the accumulation of waves upon waves ; for
3 the wind is continually blowing, its ation will

e 2 wave SO her wave, and a third wavg
ui’bn a fecond, in the fame manner-as it raifes a

* Boyle's works, folio edition, vol. [TI. Relations dbout
the bottom of the Sea. -8zt 111

wave
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wave upon the flat furface of the water. In fa&, at
fea, a variety of waves of different fizes are fie-
quently feen one upon the other, efpecially whilft
the wind is attually blowing, ~And when it blows
frefh, the waves, not moving {ufficiently quick,
their tops, which are thinner and lighter, are im-
pelled forward, are broken, and turned into a white
foam, particles of which, called the /prey, are carried
a valt way.

Waves are circu.lar, or ftraight, or otherwife
bent, according as the original impreflion is made
in a narrow fpace nearly circular, or in a {traight
line, or in other configurations. In open feas the
waves generally are in the fhape of ftraight furrows,
becaufe the wind blows upon the water in a parallel
manner, at lealt for a long apparent tract.

When the water receives feveral impulies at the
fame time, but in different places, then the waves
which proceed from thofe places muft neceffarily
crofs each other.—By this crofling the waves do not
difturh each other; but they follow their proper di-
re&tions, by paffing one upon the other. Thus if
two ftones be thrown upon the furface of ftagnant
water nearly at the fame time, but at a little ditance
from each other; the circular waves which proceed
from thofe places will be clearly perceived to crofs
each other, and to follow their peculiar courfes.
The reafon of which is, that the fame canfe which
produces the alternate rifing and falling of the water
upon the furface of otherwife flagnant water, muft
: operaté
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Operate in the fame manner, and muft produce
the like effe@ on the furfice of another wave,

When 2 wave meets with an obftacle which is
firaight and perpendicular, fuch as a wall, a fteep
bank, as RS, fig. 3. then the wave is refle@ed by
¥, and the fhape of the refleGed or retrograde
Wave, is the reverfe of what it would have been on
the other fide of the obftacle, had the obftacle not
®xifted. Thus in fig. 3. the reflefted wave Vi
has the fame curvature as ic would have had at xyz,
if the obftacle had not refleCred it; for the middle
Part of the curvature muft naturally meet the obfia.
Cle, and muft be refleGed by it firlt; fo that this
Part will be found at #, when the adjoining parts
Which are reflected after it are at v, &c.—And fnce
Waves will crofs without obftru&ing each other, the
"flected waves will proceed from the obftacle, and
wil] expand all round, &c.

When the bank or obftacle is inclined to the ho-
Tizon, as is frequently the cafe on the fhores of the
fa; then the refletion of the waves is difturbed,
0d it is often abfolutely deftroyed by the friction of
the wager upon the ground.

Ifthe obftacle be fuch as to reflect a part only of
the Wave, fuch as a ftone or a poft, which is fur-
Toundeqd by the water ; then the wave will be partly
refledeq in fhapes and dire&ions which differ ac-
‘ cording to the form and fize of the obftacle, whilft
the ref of the wave will proceed in its original di-
Tection,

When
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When a hole in an obftacle permits part only of
a wave to go through, asat Z, fig. 3. then circular
waves will be formed on the other fide of the obfta-
cle, whofe centre is the hole ; for in fact thofe waves
owe their origin to the motion of the water in that
place only.

The fame caufes which raife watsr into waves,
muft evidently produce the like effe& on other
fluids, but in different degrees, according as the
fluid is more or lefs heavy, as its particles adhere
more or lefs forcibly to each other, and probably
likewife according as there is a greater or lefs de-
aree of attraGtion between the fluid and the other
body, which gives it the impulfe.

When a ftone or other heavy body is dropped on
the furface of oil, the waves are not nearly fo high,
nor fo guick, neither do they fpread fo far as the
waves of water. This effeét is evidently owing to
the clamminefs, or great degree of adhefion berween
the particles of the oil.

If the waves upon oil be attempted to be raifed
by the force of wind, it will be found very difficult
to {ucceed even in a moderate degree. ‘This diffi-
culty is in a great meafure owing to the attraction
between the. particles of oil 5 but belides this, thei€
may be lefs attraftion between oil and air, than bes
tween the latter and water ; for water always con”
tains 2 certaln quantity of air; and if it be dcprwt’d

of that air by means of boiling or otherwife, a fhort
2 expofur®
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expifure to the atmofphere will enable the water to
reimbibe it,

it is likewife probable, that the furface of water,
€ven when flagnant; may not be fo fmooth as the
furface of eil; fo that the wind may more eally
€atch into the inequalities of the former than of the
lagter,

It is remarkable chat the effed of the wind upon
Water may in a great meafure be prevented or mo-
deraged, by {preading a thin film of vil on the furface
of the water.

No great quantity of oil is required for this pur-
Pofe; for, though oil be very clammy and adhe-
five to almoft all ather bodies 5 yet when dropped
Upon water, it will inft ntly {pread and extend itfelf
Over a valt furface of warer; and it will even drive
finall floating bodies out of its vay, acquiring, as it
leems, a repulfive property amongft its own par-

tigles,

This repulfion may be thewn in the following
“Muling manner: Cut a light thaving of wood, or
Of paper, in the form of a comma, or of the fize and
fhape of fig. 5. Plate XII. fmear it with oil, then
Place it upon the furface of a pretty large - piece of
fmooth water; and the bit of wood or paper will be
feen to turn round in a direction contrary to that of
the point A, which is occafioned by the ftream of
Olly particles luing from the point and fpreading
themfelves over the furface of the water.—This ex-
Periment will not fucceed in a bafon or other frall

¥OL. 1t M vefle]
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vellel full of water, wherein the particles of oil have
not room enough to expand themfelves.

If'a heavy body bedropped on the furface of wa-
ter which is thus covered with a film of oil, the
waves will take place in the fame manner as if there
were no oils But the blowing of the wind will have
listle or no effect upon it. In this cafe the oil feems
to act between water and air, in the fame manner
as it alts between the moving parts of mechanical
engines ; viz. it-lubricates the parts, and renders
the motion free and cafy.

But whether this be the real explanation or not,
the & is not lefs true than furprifing ; and a very
uleful confequence has been derived from it, name-
ly, a method of ftilling the waves of the fea in cer-
tain cafes.

fp is exprefsly, mentioned by Platarch®* and Pli-
ny, that thie feamen of their times ufed to {lill the
waves in a ftorm, by pouring oil into the {ca. -But
fince the revival of learning, though feveral obferva-
fions relative to it are to be found in accounts of
voyages, &c. yet 1 'do not know that any notice
has been taken of this account by any p‘nilofophicﬂl
writer, previous to the late celebrated Dr. Franklin,
who colle@ed feveral accounts relative to the fub-

L Qla:ﬁ. Nat,

+ Hift, Nat, lib, i, c. 103
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Je&; and ade 2 variety of experiments upon it; the
fum of which is as follows *,

A fmall quantity of oil, for inftance, 2 quarter of
20 ounce, will fpread itfelf quickly and forcibly upon
the waterof a pond or lake, to the extent of more
thap an acre ; and if poured on the windward fide,
the water will thereby be rendered quite fmooth as
far a5 the film of oil extends, whilft the reft of the
Pond may be quite rough, from the acion of the
Wind,

If the oil be poured on the leeward fide, then the
force of the wind will in a great meafure drive it to-
Watds the bank. Befides v.hhn, the experiment is
fruftrated by the waves coming to that fide already
fLHfrnf:dl, for the principal operation of the oil upon
Water s, as it feems, 1{t. to prevent the raifing of
hew waves by the wind ; and 2dly. to prevent its
driVIng thofe which are already raifed with fo
Much force, as it would if their furface were not
0ﬂed’

Such experiments at fea are evidently attended
With 5 great many difficulties ; but in particular
Cafes effential advantages may be derived from the
Ufe of oil, and feveral inftances of its having been

“\;_‘_

* See his paper on the ftilling of waves by means of oil,

in the Phil. Tranfa&ions, vol. LXIV. or in his mifcella-
HEOUS papel-s‘

M 2 of
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of very great {ervice, arerecorded *. * We might,”
fays Dr. Franklin, < totally fupprefs the waves in
« any required place, if we could come at the
. windward place, where they take their rife.
¢ This in'the ocean can feldom if ever be done.
¢ But perhaps fomething may be done on particu-

# Mr. Tengnagel; in a letter to Count Bentinck, dated
Batavia, January the §thy 1770, fays, « Near the Iflands
Paul and Amfterdam, we met with a ftorm which had nothing
particular in it worthy of being communicated to you, except
that the Captain found himfelf obliged, for greater fafety in
wearing the fhip, to pour oil into the fea, to prevent the
waves breaking over her, which had an excellent effedt,
and fucceeded in preferving us.”  Phil. Tranfactions,

-vol. LXIV. page 456.

It has been rematked in Rhode Ifland, that the harbour of
Newport is ever fmooth whilft any whaling veflels are in it;

‘which is, in all probability, owing to the fifh-oil that may

come out of them,

It is faid to be a praflice with the fithermen of Lifbon
when about to return into the river (if they fee before
them too great a furf u'pon the bar, which they npprcheﬂ'-!
might fill their boats in paffing) to empty a bottle or two of
oil into the fea, which will fupprefs the breakers, and allow
them to pafs fafely.

In various parts of the coaft of the Mediterranean, and
elfewhere, it is a pradlice of the fithermen, to fprinkle #
little oil upon the water, which fmooths the furface of the
water that is ruffled by the wind, and thus enables them @

fee and to firike the fith.
« Jar
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“lar occafions, to moderate the violence of the
* waves, when we are in the midit of them, and
“ prevent their breaking, where that would be in-
* convenient.

* For when the wind blows freth, there are con-
- tinually rifing on the back of EVEry great wave,
“ a number of {mall ones, which roughen its fur-
3 face, and give the wind hold, as it were, to puih
“ it with greater force. This hold is diminithed
5 by preventing the generation of thofe fmall ones.
“ And poffibly too, when a wave’s furface is oiled,
“ the wind, in pafling over it, may rather in fome
e degree prefs it down, and contribute to prevent
it rifing again, inftead of promoting it,”

Light, volatile, or etherial oils, like ether, fpirit
of turpentine, &c. do not poffefs the fame proper-
' as fat oils, fuch as olive oil, lin-feed, rape-feed

O, train-ol, &e,

M3




CHAPTER VIl

6F THE MOTION OF FLUIDS THROUGH HOLES,
PIPES, <CANALS, &C.

HE infufficiency of the common theory to
account for the phenomena which have been
obferved relatively to fluids in motion, fuggefts the
expedient of {tating the refults of the principal and
moft authentic experiments which have . hitherto
been made in this branch of natural philofophy ; it
being from a colleétion of well eftablifhed facts, that
a uliful fet of theoretical propofitions, or natural
Jaws, may hereafter be deduced. We fhall never-
thelels briefly prefix the leading propofitions of the
common theory, in order that che deviations of 18
refults from thofe of aftual experiments, 1{1;.1): be
rendered more evident to the reader. And in this
place it fecms proper to obferve, that the imper
feftions of this theory, which in truth is partly
eftablithed upon falls, muft be atributed not 2
any deficiency in the mode of reafoning, but to the
“want of adequate principles to eftablifh that reafon”
ing upon.—The demonftration of any propofitio?
whether in mathematics or in any other ﬁlbica’
does only thew the natural, neceffary, and uncen”
trovertable dt‘pt‘ndcnce of one idea upon the nex®

throughout the whole chain of ideas, which inte™”
yene
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Vene between the affertion of the propofiticn, and
Certaip principles or axioms. Therefare the de-
Monftration may be frictly juft and proper, yet
the Propofition may be either true or falfe, accord-
iﬂg as the principles upon which it is eftablithed are
e or falfe ; and according as all the principles
Upon which that propofition depends, or fome of
them only; have been taken into the account.

Now with refpect to the theory of fluids in
Motion, the defe arifes from the imperfeét know-
l‘i‘tige of the principles, or the circumftances upon
Which the phenomena depend.

According to the commonn theory. I. When a
fluid s conveyed through a pipe of an uniform
bor{'., or a channel of an uniform fhape and capa-
City, as in fig. 6. Plate XII. the velocity of the
fluid is the fame in every {eftion of it; viz. in the
lame time an equal quantity of fluid will pafs
through A B, or through DC, or through EF, &c.
But if the faid channel or pipe be narrower at fome
Places than at others, then the velocities of the Auid
Which paffes through it will be different; viz, ac
Cifferent fetions the velocities will be inverfely as
the areas of the fections. Thus, fuppofe that in the
Channel, fig. 7. Plate XII. the aperture, or the
Ar€a of the fection A B, is equal to half the area of
the fection CD; then the velacity of the fluid at
AB will be double the velocity of the fluid at CD;
for. fince the channel, or pipe, remains always full,
it is evident that in the fame time an equal quantity

) M 4 _ of
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of Auid muft pafs through CD, - as through AB.

Put at AB the capacity of the pipe is half that at

C'D; therefore the Auid muft move through AB as

quick again as it does through CD; fince, if it

moved with the fame velocity through bath places,

the quantity of fuid which paffed through AB ina

certain time, would be the half of what paffed

through C D ; in which cafe the channel would not

remain equally full, ‘

11. If a fmall aperture be made in the bo*tom,
cr in the fide of a veffel full of water and open at
top ; equal quantities of water will How out of it in
equal portions of time, provided the veflel be kept
continually full, by means of a proper fupply of
water.  Bue if the veflel be not fupplied with water
(in which cafe the quantity of water in it will be
gradually diminithed, until its furface arrives at the
aperture); then the water will flow out of the aper-
ture with a velocity which 18 continually retarded s
and which has been found to be nearly equal to the
velocity which a body would acquire in falling
through a fpace equal to half the perpendicular al-
tirade of the Auid above the aperture; hence the
yelocity is as the fquare root of that altitude. (See
what has been faid concerning the defcent of bodies
in Chap.. V. Part I.)

111 1f in the bottoms or in the fides of equal
vellels containing water, equal apertures be made; but
at different diftances from the furfage of the watefs
then the quantidcs of water which will fiow in &

'g:,'v'cﬂ
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given time, will be as the fquare roots of the alti-
tudes of the water above the apertures refpectively;
fince, by the preceding paragraph, the velocites.are
In that proportion.

IV. In equal veflels full of water, if unequal
apertures be made at equal diftances below the fur-
face of the water, then the quantities of water which
flow in a given time, are nearly as the areas of the
apertures.  Hence, if cylindric veffels, full of water,
be equal in every refpeét, except their having un-
equal apertures, the times in which they are emptied
will be inverfely as the areas of their apertires; and
if they are equal in every other refpect, except in
their diameter, then the times of emptying them-
felves will be as their contents refpectively.

V. Let a veflel of a cylindric or prifmatic form
be fet up perpendicularly to the horizon, and an
aperture be made in its bottom ; then if the vefiel
be kept conftantly full by a fupply of water, twice
the quantity of water will flow out of the aperture
in the fame time in which the veffl would empty
Itfelf if ic were not {upplied with water.

The demonttration of thofe propofitions might
be calily derived from the doétrine of motion al-
Tady explained * : but the determinations of thofe
Propofitions deviate more or lefs from the refults
of a%ual experiments ; and this deviation is owing

o,

SE LT

‘% See D. Bernoulli’s 2nd D' Alembert’s Theories. Alfo
VIHCC'S Hydroﬂ-.
to
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to the following caufes or concurring circum-
ftances, which, on account of their uncertain or
fluctuating nature, have not yet been fufficiently
invelligated.

Thefe are the peculiar natures of fluids, which
vary.according to the temperature; purity, &c.—
the atrraction of aggregation, or (as it is otherwife
called) the corpufeular attraiZion ;—the attraltion of
cohefion; the friction againit the fides of the veflels;
the refiftance of the air; the fize of the weffel in
proportion to the aperture ; the fhape of the aper-
tore; thediffrent direétions in which the various
parts, or (as they are otherwife called) the various
Jilaments of the fluid of the fame veflel run towards

he apertuse ; and the vortices or irregular motions

which are communicated to the fluid by a variety of
caules ; even by an obftacle to the ftream at fome
diftance from the aperture,

Actual experiments accurately performed, and
obfervations attentively made on the motion of
fluids, have fhewn the following fa&s, which for
the fake of peripicuity we fhall arrange under three
heads ; wviz. ficlt, thofe which relate to Auids run-~
ning through open channels; fecondly, thofe which
relate to the running of fluids out of apertures ; and
thirdly, thofe which relate to the jet itfelf out of the
apertuze. .

I, When water runs through a channel of an
wniform fhape, and open at top, as in fig. 6-
Plate X11. the water does not move with the {am€

2 velocity
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velocity throughout the whole capacity or width
of the channel; but its motion is {wifter through
the middle of the upper furface, than nearer the
fides or the bottom, where its velocity is partly
checked by the friction, adhefion, &c,

Wien the channel is not of an uniform  thape, 3
or when it is interrupted by obftacles, the velocities
of the water at different tranfverfe {éions are not
Inverfely as the areas of thofe fefions; but they
differ more or lefs from that ratio, according to the
force of the ftream, and the peculiar configurations
of the channel, and the obftacles which foree differ-
ent parts or filaments of the ftream to run with
different velocities in different dire&tions, which
frequently crofs'and check each other.' 'Thus in the
ftreamy, fig. 8. Plate XII. the water in pafling
through the narrow part AB, will move with in-
creafed velocity, and after having pafled that part,
its momentum will enable it to move on in the
ftraight divection ¢4; but in confequence of the
attraction of water to water, it will drag part of the
Wiater at ¢ towards &, which occafions a deprefiion of
the water about ¢; hence the water from the ad-
Jacent parts f, g, runs to fupply thar defe®, and
thus a curvilinear or whirling ‘motion dfgé, is pro-
duced. —Thefe whirling motions are called eddies.
~~By this means the velocity of the ftream, in the
direction ed, is graduaily checked, and its motion
is ‘communicated to the contiguous water in the
larger part ZR.—Farther on, the greateft part of

the .
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the ftream ftrikes againft the obftacle OS, which
being aflant to its diretion, deftroys part of its
force. ~ With the other part of that force, (agreea-
bly to the law of the compofition and refolution of
forces) the water runs in the direCtion OT, and
flrikes againft the bank at T, about which place it
meets the other part of the ftream, which runs in
the direction 4T, and thus by croffing, they check
each other, &c.

The fame obfervations may be applied to the in-
equalities of the bottom. Thus, for inftance, let
ABC, fig. g. Plate XII reprefent the bottom
of a channel which is hollowed at DB. EF re-
prefents the furface of the water. Now the lower
part of the ftream, after having paffed along the
hollow from D to B, will, agreeably to the laws of
motion, tend to continue its motion in the laft di-
rection, viz. in the dire&tion from B towards F;
and in fact at F, the furface of the water will be
feen a little elevated above the reft. In this cafe
two portions of the fame body of water run in dif-
ferent directions, viz. one part from B towards
F, and another part from AE towards CF ; hence
they muft partly obftruct each other.

Such eddies and different diretions may be
clearly obferved in almoft any river or natural
ftream of water, elpecially when the water contains
floating particles of earth and other folids. By
pouring a {mall quantity of red wine, or of milk,
into a bafon full of water, a clear view of thofe
eddies,
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eddies, &c. may be' exhibited in an eafy and fami-
liar way. And the experiment may be varied by
Pouring the milk either in the diretion of the fide,
or towards the centre of the bafon; asalfo againft
a {poon, which may be made to reprefent an obfia-
cle either againft the fide or at the bottom of the
veflel.

The wvarious changes and other phenomena
Which take place in rivers, are almoft all depending
Upon the directions and the momenta of different
Parts of the ftream; fo that by a thorough examina-
tion of the local caufes which produce them, the
Mmethods of ufing them advantageoully, or of re-
Medying the inconveniencies that arife therefrom,
May be frequently difcovered.—This is one of the
elfential advantages which mankind derives from the
knowledge of hydroftatics.

The water which runs in confequence of its gra~
vity from a higher to a lower part of the furface
of the earth, in a channel generally open at top, is
Called a river.

A river which Aows umform]y and preferves the
fame height in the fame place, is faid to be i «
P"ff-mfmtﬁ‘ah. But fuch rivers are feldom if ever
t0 be found.

From what has been faid above it is evident that
the water of a river does not flow with the fame ve-
IGCIty through the whole width of the river. The
ine in which the water moves with the greateft ve-
IOCIEY: 1s called the Thread of the river, and this

thread
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thread feldom lies in the middle of the river, but it
generally comes nearer to one fide than to the other,
according to the nature of the impediments, and of
the configuration of the banks.

Rivers owe their origin to the natural fprings, or
mountains, or other elevated parts of the furface of
the“earth, whence the water defcends through fuch
openings as nature, and fornetimes art, offers to it.
T'he waters of various fprings, by thus running to=
wards the fame valley, frequently meet and form one
ftream, which, by paffing continually over the {fame

lace, hollows the ground and forms itfelf & channel,
3 o

which, according to the nature and difnofition of the

h

ground, goes into various dirc@tions, and alters its
velacity, but always defeending from a higher to a
lower place, until at laft it runs either inte another
river or into the fea, after having fometimes paffed
over a tract of fome thoulunds of miles >,

The

* The propnrtiui'l.al lengths of courfe of fome of the

moft noted rivers in the world are fhewn nearly by the fol-

lowing numbers,
Mr. Rennell’s paper, Phil. Tranf. vol, 7ifty p.go,

European Rivers:

Thames a1t o= 45 (
Rhine = — bt 5%
Danube -— s — 7
Wlga —_— - - 9%

Afiatic
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The velocity of the water'of a river ought to in=
Creale in proportion as it recedes from its {ource ;
but the numerous caufes of retardation, whichoccur
in rivers, are productive of very great irregulari-
bes ; and it is impofiible to:form any general rules
for determining {uch irregularities.

The unequal quantities of water (arifing from
Tains, from the: melting of fnow, 8c.) which are
Sonveyed by rivers at different feafons, enlarge or
Contra@ their widths,  render them more or lefs
fapid, and change more or lefs the form of their
beds, But independent of this, the fize and form
of a river is liable to be continually altered by the
L L

Afiatic  Rivers :

Indus —_ — e X
\ Euphrates - —_— —_— i
Ganges e 3 4L gk
Burrampooter e —_ gZ
Nou Kiap, or Ava River —_— 9%
Jennilea — —_ e 10
Oby — — - 10 £
Amoor — — — Il
Lena —_— —_— — 11 é
Hoanho (of China) — = 133
Ad: Kian Keu (of ditto) — — — 15%
Irlca_n Rivm_:
Nile =5 p— s ¢ 4
Merican Rivers :
Mifiifipi — — — 8
Amazons — _— - 15 2

uiual
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ufual flowing of its waters, and by local peculiarizies-
The water conftantly corrodes its bed wherever it
runs with confiderable velocity, and rubs off the fand,
or other not very coherent parts. - The corrofion 15
more remarkable inthat part of the botton, which is
wnder the zhread of the river, or where the water de-
feends: {fuddenly from an eminence, as ina caftade ot
water-fall. 'The fand thus raifed is depofited in places
where the water flacks its velocity, and there by
degrces an obftacle, a bank, and even an ifland, is
formed, which in its turn produces other changes.
Thus a river fometimes forms itfelf a new bed, or it
overflows the adjacent grounds.

Ia fome places we find that an obltacle, orabent
on one fide will occalion a corrofion on the oppofite
bank, by dire@ing the impetus of the ftream to-
wards that bank. Thus, from divers caufes, whole
concurrence in different proportions, and at different
times, formsan infinite variety, the velocity of rivers
is never fteady or uniform.

«« One of the principal and moft frequent caufes,”
Jays the very able Profeffor Venturi, * of retardation

« in a river, is alfo produced by the eddies which
« areinceffantly formed in the dilatations of the beds
« the cavities of the bottom, the inéqualities of the
-« hanks, the flexures or windings of its courfe, the
« carrents which crofs each other, and the ftream?
« which {trike each other with different velocicies. A
¢ confiderable part of theforce of the current is th¥?

« employ¢
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" employed to reftore an equilibrium of motion,
“ which that current itfelf does continually de-
) Tange ¥,

The ufe of rivers is immenfe.—THhey fertilize
the ground ;—they fupply mankind and other ani-
Mals with water, an article abfolutely neceffary to
life i—they ferve as tools for a variety of purpofes,
fuch s for giving motion to mills, pumps, and other
Chgines ; they ferve for conveying. the articles of
Commerce, and for facilitating the intercourfe be-
YWeen inland countries. But I need not enlarge on
2 fubject, which is too obvious to need illuftration,
d which in the hands of many able writers, has
Often been adduced as a proper inftance of the infi-
Dite wildom of Providence :

1I. The running of watzr, or other fluid, out of
a veffel, or refervoir, through any aperture, is like-
Wife influenced by fome of the above-mentioned
“2ufes of retardation, as alfo by other peculiar cir=
“Umftances,

The ftream of water which iflues out of a hole,
*ends to carry away ia its direction any other fluid,
OF any fufficiently light folids, which may happen to
\\‘%_._

K Exp. Enquiries on the lateral communication of
Motion to Fluids. :
fanz F Or farther information refpecting rivers, fee s’Grave-
©s Nat. Phil, B. III. chap.x. Rennell’s Account of the
anges, &c. in the Phil. Tranf. vol. 714 Guiliclmini,
a Natura de Flumi, &,
YoL, 1, N " . be

[
=
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]
be near it. This is what Profeflor Venturi calls
i she lateral communication of motion in fluids. But by
i this lateral communication of metion to contigu=
ous bodies, the celerity of the fuid itfelf is
checked more or lefs, and its courfe is partly
diverted from the courfe which it would otherwife
i follow.

Thus in fig. 10. Plate XII. which reprefents
it the upper furface of two veflels contiguous to each

' ather, and full of water, as high as the hole or aper-
Al ture A.—If by pouring more water into the vellel
i B, a ftream of water be caufed to flow through £,
into the vefiel C; this fkream will carry away the
i water from the parts ¢ ¢, towards C. Bur the de-
preflion, or deficiency, of water at e e, is replaced
by the water from the adjacent parts 4 d, which ar¢
replenifhed from the next, and fo on. This pro-
duces eddies at ¢d, ed. This phenomenon may
Al be rendered more apparent if a little milk be at
| times thrown into the veflel ‘B, or if light and
1 finall bodies float on the furface of the water.

& When a fiream comes out of a hole, as at As
‘ h fig. 11. Plate XII ifa thread, a feather, or othel
i light bady be placed very near it the tendency of
| the flream to carry it awzy towards B, may be
! clearly perceived.—The following experiment will
ik {hew this property in a manner {tll more con”
vingcing.

Let a vefiel be made in the form of t

view ADB, fig. 12. Plae XIL viz. opeB @

(=]
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tp, and having one flant fide. Let a cylindrical
Pipe of about half an inch in diameter, and upwards
of a foot long, proceeding from a veffel C, come
ftraight down into the vefiel AD B, and there let
Its termination F S, be bent in the direftion of the
{lant fide BD. This done, fill the veflel ADB
With water, then pour water into the vefiel C; fo
that the water running down the pipe EFS, may
form the jet SK. It will be found chat the water
of the veffel ADB, is carried away by the ftream,

nd this veffel is thereby almoft entirely emptied.

. The fame communicatioh of motion may be per-
Ceived within a tube; as is fhewn by the following
€xperiment of Profeffor Venturi.

To an aperture on the fide of the veffel A B,
fig. 13. Plate XIL a pipe CD, 1,6 inches in
diameter, and little more than g inches long, was
adapted in an horizontal direftion, At E, diftant
9,71 inches from the fide of the veflel, a bent glafs
tube EFG, was joined, whofe cavity was opened
1o that of the pipe, whilft its other extremity was
Immerfed in- coloured water, which was contained
Ina finall veffel G, When Dy pouring water into
the veffel A B, a ftream was made to flow out at D,
the coloured water was feen to rife confiderably in
the lower e o of the glafs tube.

This experiment being repeated, When the de-
Ceading leg FG of the glafs tube was only 6,4 inches
EQ“FCI‘ than the afcending leg EF. The coloured

Water of the veffel G, rofe through the glafs tube,

N 2 and
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and ‘mixing with the other water, flowed, with it
out of the pipe at D ; and in & fhort time the veflel
G was emptied. _
This fort of fuétion or communication of mo-
tion takes place, whether the difcharging pipe C D,
be direted horizontally, or downwards, or up-
wards™,

‘When

#* In a defcending ftream this power of communicating
motion to the adjacent bodies, is rendered more altive by, or
rather it may be better explained, on account of, the ten-
dency that a defcending ftream has to divide itfelf into fe-
parate portions, and of the preflure of the atmofphere. This
tendency is owing to the acceleration of falling bodies.
Suppofe, for ihftance, that there comes out of a hole at the
bottom of a veflel, an ounce of water per fecond of time;
then, when the firfl ounce has been falling during two fe-
conds, it muft have percurred a fpace equal to 4 times 16
feet nearly ; whereas the fecond ounce of water having come
out one fecend later, has been falling during one fecond
only, and of courfe it muft have run through 16 feet only;
therefore the diftance of the firft ounce of water from the
next is equal to 3 times 16 feet,

At the end of three feconds, the firft ounce of water muft
have pafled along g times 16 feet;, whilft the fecond ounce
of water has pafled along 4 times 16 feet; fo that the
diftance between the firlt ounce of water and the feconds
now is 5 times 16 feet; which one fecond before was only
3 #hmes 16, Therefore the two ounces of water, or any
contiguous ‘parts of the defcending fiream (for the fame
reafoning may be evidently applied to any portions, or t©
the




Of the Mation of Flnids, €55. 181

When water runs out of an aperturc on the thin
fide of bottom of a veflel, as at A, fig. 11. Plate

X1,

the fize of the aperture being very fiall in

the Umple particles, of a fluid, and to any portions of time)

haye 5 conftant tendency to feparate, and they do aGually
“Parate into irregular mafles, when the fiream dcfcends
j[]mllgh a fufficient fpace ; and at the fame time the air forces
‘111 40y contiguous bodies that are fufliciently moveable, or
"Nroduces jtfelf between the inter(tices, and is driven down-
Wards by the fucceeding parcels of water.

This is the reafon which, when a fluid, (fuch as beer,
“¢) is poured out of one veffel into another in long:
Trc:lm’ mixes a confiderable quantity of air with the liquor,
1d produces the froth. Upon this principle the machine
_fm !Jlowing the fire of a furnace, by means of a fall of water,
" conftructed, as will be deferibed in the fequel.

The refiftance of the air, the adhefion of water to water,
fl“d the various fhape of the ftream, render the feparation of

i _ R
8 Parcels not very regular, and generally fpread or divide

"0 longitudinal filaments.

The rain-water which in fome places flows from the tops
(_jF hmfcs through fpouts, and falls in the ftreets, in its fll
“Patates jno parcels, and ftrikes the ground with diftinét
“OWSs and ample furface.

gy went,” fays Profeffor Venturi, to' the foot of the cafcades
Which £211 from the glaciere of la Roche-Melon, on the
Naked rock gt Ja Novalefe, towards Mount Cenis, and

€
4 foung the force of the wind to be fuch as could fearcely
«  Withftood. If the cafcade falls into a bafin, the air is

: artted to the bottom, whence it rifes with violence, and
~ Uilperfes the water all round in the form of a mift.”

N 3 proportion
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proportion to the fide or bottom of the veflel; the
ftream A B, is not throughout of the fhape of the
aperture, nor is it of an uniform fize. When the

‘aperture s circular, the diftance of the narroweft

part of the ftream, from the infide furface of the
veffel, is about equal to the diameter of the aper-
ture. ‘This narroweft part of a ftream has been
called #be contrasted vein (vena contrafia by New-
ton) from which place forwards the ftream grows
larger, and fometimes divides itfelf into different
parcels.

The diameter of the contracted vein; that is,
of the narroweft part of the ftream, is fubject to a
little variation ; but from a mean of various mea-
furements, it appears equal to 81 hundredths of the
aperture ; fo that if the diameter of the aperture be
one inch, the diameter of the wena contracta will
be 0,81 of an inch *.

This contrattion of the ftream is undoubtedly
owing to the various directions in which the fluid
comes along the fides, and from every part of the
veflel, towards the aperture, as is indicated by figr
14. Plate XII. and in fa&, when the aperture 15
very large in proportion to the fize of the vefleh
the contration of the ftréam is not fo apparent
Alfo, if the aperture be not in a plate {ufficiently

__-—f-"-‘_.’

he-

* From the meafurements of Newton, Poleni, Mic

lotti, Boflut, and Venturi,
(hiﬁ;




Oj';i::b Motion of Fluids, &c. 183

thin, the veng contrata will not be perceived ; for
ﬁnce th

1e dlﬂ ance of let contraction from the inner
forface of of the vefle! is about egual to the diameter
of the , aperture, if the thicknefs or rather the length
Ufﬂ]@ aperture, exceed its diamerer, as when a pipe

' added ¢ the a pcr ture ; then the contraétion, or

the tendency to form the contrattion, takes place’
Within  that thicknefs, ‘or within that length of
Pipe,

. The various' filaments of the .fluid, which run
O every part of the veffel in oblique direltions
OWards the aperture, partly crofs each other at the
Yelia contrada; and this croffing, or tendency to
“rofs, is one of the caufes which enlarge the ftream

C¥ond that place.

The velocity of the water is not the fame in
very part of the ftream; for fince the fame
QUantity of water muft pafs through every tranf-
Verfe fe@ion of it in a oiven time, the velocity
m“lt be inverfely as the area of each tranfverfe

C~J”Ull Therefore at the vena contraéfa the ve-
Ocity jg greater than at the aperture. Now it has

bea P
“en found from experiments, that the velocity of
tm_ L

uid at the aperture, fuppolirg this to be cir-
Culay

> and'to be made in a very thin plate, is very
f€arly fuch as a body weuld acquire by falling
p”})en"hcu]qu\ from an altitude equal to half the
IUPCDdlcuhx height of the fluid in the vefit],
Wove the centre of the aperture ; and that the ve-
iomt} at the wena contrafla is fuch as a body would

N 4 acquire
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acquire by failing perpendicularly from that whole
height (2.)

If to the circular aperture on the fide of a vefiel,
there be applied a cylindrical pipe of the fame
diameter, and whofe length is equal to from two to

(2.) The velacity of the fluid at the aperture may be
deduced from the quantity of fluid which is found upon
trial to be difcharged in a given time ; and this is to be done
in the following manner.

Call the area of the aperture a; let ¢ reprefent the quan-
tity of fluid which has been difcharged in the time 2, which
means the number of feconds of time ; and let » exprefs the
velocity 3 that is, the fpace deferibed in one fecond of time.
Then imagining that all the fluid ¢ is formed into a cylinder,
whofe bafe is a, and height =4, we fhall have ¢ =2h;

whence h = -(—;7—', fo that the fluid with the firft velocity

#, would have run through the height of the cylinder, viz.
through the { _;i'_ in the time r. - Therefore, ¢ : 1” : ¢

T4 — the fpace defcribed in one fecond, or , the

a at
velocity fought.

The proportion between the velocity at the wena con-
trafla, and at the aperture, is found by faying, as the area of
the former isto thearea of the latter, fo is the velocity at the
aperture to the velocityat the wena contraéla; viz. (fince thofe
areas are nearly fimilar, and fimilar areas are to cach other 25
the fquares of their homologous fides, or of their diameters)
0,81k : 112::0,6861: 1:: 1 : 1,52, which, the reader
is requefted to obferve, is nearly the ratio of 1 ;:/"2—? the

fquare root of 2 being 1,414, &c.
four
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" four times that diameter, as A B, fig. 15. Plate
XII. then a greater quantity of water will be
dirc‘ﬂargcd through it than through the fimple aper-
ture in an equal portion of time, every other cir-
‘Umftance remaining  the fame ; the quantities of
fluig difcharged in thofe two cafes being as 133 to
100 nearly.—The pipe A B, or any other prolon-
8ation of whatever fhape it may be, which is adapt-
€ tq the aperture of a veffel, 8&c. has been called
fbf adjutage, probably from its property of promot-
g the difcharge of fluid.
It has been alfo obferved, that the difcharge in a

§iven time is the fame, whether the aperture be
furnithed with the above-mentioned cylindric pipe,
O with the pipe reprefented in fig. 16. Plate X]I,
Which differs from the former only by its having,
Clofe to the fide of the veflel, a contraction nearly
“f the fhape of the contradted vein.

If the laft mentioned pipe be cut off at the con-
Yation, and the firft conical part only be left afixed
to the aperture, asin fig. 17. Plate X1, then the
diﬁ.‘hargc of water 15 rather lefs than from a fimple
Perture ; but it is probable that it would be quite
the fame, were it poffible to make the conical adju-

L

tage exactly of the fhape of the natural contradied
Vein, excepting however the effe& of fiiction.

If to this conical part a cylindrical tube of the
dlameter of the fiall part of the conical pipe, be
“Pplied, a5 in fig. 18. Plare XII the difcharge
of fluid wiil thereby be diminithed, and more fo

according
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according as the length of the cylindrical part is in-
creafed,

If to the fimail conical part of the adjutage,
fig. 17. a diverging pipe, viz. another conical
tube be applied, as in fig. 19. Plate XIL the
difcharge of water will thereby be increafed within
a certain limit ®*.  And if between thofe two coni-
cal parts a cylindric tube be interpofed, as in
fig. 2o. then the dilcharge is diminifhed again;
but net nearly {o much as if the outer cenical part
were removed §.

A re-

#x J\‘ 1y

tion

eriznce fhews that the divergency of this termina-

not bz increafed beyond a certain degree, for
that cafe it will prove rather difadvantageous than ufeful, It
appears that when the divergency is greater than an angle
of 16 degrees, the effect ceafes entirely; and that the greateft
effett takes place; that is, the r‘r-:nrrfﬁ quantity of Fluzd is
difcharged, when the divergency is equal to an angle of about
three degrecs.

1+ The eficCts produced by the above-mentioned ad-
jutages, and the exact quantity of water which is dif>

charged tirough certain apertures, may be derived from

-

, which are

the refults of Profefior Venturi’s Experiments

ih, except the

concilely {ubjoined.

T'he mealures ‘are Englidl

(viz. 4 French cubic feet
{'l,}l‘\i‘:i {0 .-_‘{-, J 1 ‘]I B Ck |\| {‘L‘{,‘l} flowed out of the fame

veliel, or refervoir, which was kept C!‘x:lll.’.l'zi‘]",.' full, through
the foll <...E ‘.:c ;u'i:n.';l_;_ 5,10 the annexed times, which are e%-

s ‘Ihe zlitiude of the witer in the vERa
conys, be aliitude of the water i 1 g ve

above
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A remarkable advantac ge 18 derived from the
Lilcwlcdne of this fact, which is, that when water is
Conveyed, through a ftraight cylindrical pipe of
Whateyer length it may be, the dif: charge of water

My be increafed by only altering the thape of the
terminations of that pipe, viz. by making the end of

the

above the level of the centre of the outer aperture of the ad-
Ntive was always equal to 32,5 French inches, or 34,642
Ln"‘llﬂl inches.
Through a fimple circular aperture, in a thin
5 I k]
plate, the diameter of the aperture being

equal to 1,6 inches, in -— — 41"
Thmugh a cylindrical tube of the fime diameter

as above, and 4,8 inches long.

Through the tube, fiz, 16. which differs from
the preceding, by having the contrafiion in
the fhape of the natural contracted vein, in - 317

Throuch -the fhort conical adjutage, fig. 17.
o 3 =] /

which is only the firlt conical part of the pred

ceding, in —_ — — 42"
Through the pipe, fiz. 18. which confifls of 2

cylindrical tube, adapted to the finall conical

end of fig, 17. and of that diameter, A D

being 3,2 inches long, ia —— — 427,5.
lluml_m the Like adjutage, but lenger, AD

being 12,8 inches, in — == |45
Tilrou-.__rh the like, fhill longer, AD being 25,6

inches, in —_ — — 48",

Through the adjutage, fiz. 22. which confills
of the fimple tube of fig. 15. placed over the
Conical part of fig. 17. in — — 32%5.

Through
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the pipe, which is clofe to the refervoir, or the en-
trance to it, of the fhape of the contracted vein,
(as at A, fig. 21.) the dimenfions of .which have
been ftated in p. 182; and by making the other
extremity BC of the pipe, in the fhape of a trun-
cated cone, whofe length BC may be equal to nine
times the diameter of the cavity at B; and whofe
aperture at C may be larger than the diameter at B,
in the ratio of 18 to 10.—By this means the quan~
tity of water which is difcharged in a given time,
will be more than doubled; viz. the quantity of
water difcharged by the fimple cylindric pipe, is to
the quantity of water which is difcharged by the
fame pipe with the above-mentioned conical termi-
nations, as 10 is to 24 nearly.

The effeft of the above-mentioned adjutages is
the fame, whether they be adapted to the fide or to
the bottom of the veffel, or in any other di-
rection, provir_{fd every other circumfitance be the
fuch as the capacity and form of the

L

fame s

Through the doublé cone, fig. 1. the dimen-
fions of which are, AB=EF =1,6 inches,
A C = 0,977 inches, CD = 1,376 inches,

and the length of the outer cone = 4,351
inches, in i s 2735
Through the adjutage, fig, 20. confifting of a
cylindrical tube 3,2 inches long, and 1,376
inches in diameter, interpofed between the

two conical parts of the preceding, in = o 28,5

refervoits
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Telervoir, the altitude of the water above the level
of the centre of the outer opering of the adju-
tage, &c.

All flexures, and all forts of internal contra@ions;
d()l'lgﬂtir);]g, enlargements, and projections, of the
Cundu&ing pipe, diminith the quantity of difcharge
‘:Uo;-e or lefs, according to the number and form of
luch irregularities, fharp angular bendings hin-
dmng the motion of the fluid, more than thofe
(’;‘cﬂ regular curvatare.  The caufe of this retarda-
tion s undoubtedly owing to the eddies, and to the
Cl'Oﬁings of the various filaments of the fluid, which,
ElCCDrding to what has been {zid above, muft ne-
Ccflarily take place at thofe irregularities. This may

© rendered fufficiently evident, if an irregular glafs
Pipe be applied to a pretty large veflzl full of water,
and with the water there be mixed fome particles of
Pounded amber, or other fubflance, whofe {pecific
8tavity differs but little from that of water,—All ed-
dies and crofs directions muft unavoidably deftroy
Part of the moving force.

Whenever an wregularity of the fhape of the
ap@rl:ureJ or fome particular conformation of the
‘itﬂ”ﬁ]) compel the particles of the fluid to run ob-
'‘Quely towards an aperture, a circular motion is
990 communicated to the fluid, and an hollow
Whir] is formed above the aperture. By the circu-
a? Motion the particles of the fluid acquire a cen-
trlﬁlgal force, in confequence of which they tend-to
 Te¢ede from the centre or from the axis of motion,
where
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whete of courfe a hollow is formed, which is larger
or fimaller, according as the rotation of the fluid i8
more or lefs rapid. When this whirling motion 15
pretty confiderable, if any light bodies float upon its
thofe bodies will be readily drawn downwards to-
wards the: aperture; for, {ince the {pecific gravity
of the fluid is greater than that of the baodies, the
fluid will acquirera greater degree of centrifugal
force, and will recede farther than thole bodies
fiom the axis of the whirl. ~ See chap. IX. of
Part 1. A

I11. The laws of projeétiles; which have been
explained at the end of the firft part of thefe ele-
ments, are applicable to fluids ay well as to folidss
emfpunw fome p\-“':‘l*uncs which are eafily fug-
gefted by the nature of fluids. - Therefore the pris-
c;pal phenomena relative to the direftion, and the
length of a ftream of fluid which iffues out of ant
aperture, may be determined by the laws of pro-
jectiles.

When fluids, like {olids, are projeéted in an ob-

ligue direction, they defcribe parabolic paths; for

they are at the fame time acted p on by the pro-
ectile force, and M, the fo f gravity, except
ing the deviation from that ;,umbohc curve which
is occafioned by the refiftance of the air. But whe?
of

they. are projedted perpendicularly upwards
downwards, then they move in ftraizht lines 5 &

D

P by 5 » oL e . myird”
vet thofe firaight lines might be confidered as pa*®

bolas grown inrinitul;‘ nartow

W be?
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When 2 fluid comes out of a hole in the thin fide

of 4 vellel, the ‘;.;]oc]tv of prolaﬂ.on muft be
’uClarde \Ci”'tl to that of the vena contrafia which

Is Very near the aperture, and not to t’l::t of the fluid
AT the aperture itfelf.  Therefore this velocity of
Projection is as the fquare root of the perpendicular
Wtitude of the water above the centre of the orifi ee,

(fee P. 183.); whereas the velocity of the aper-
tre jrfelf is as the 1 fquare root of half that alcitude :
nd this feems to be fufficiently warranted by the re-
fult of experiments,

3 . . 1
But when 2 pipe is adapted to the aperture, then
'€ veloeity of projection is not fo grear; for in

th

this cafe there is no contraction of the fream.
Independent of this circumflance, the velocity of
Projection, and the diftance to which the jet ean
Tmm, are influenced by other circumftances; viz.
1. By the Irzcmon againft the ﬁdrs of the pipe or
Aperture., . By the refiftance of the air, in con-
Tequence of v\lllm the jet is obltruéted throughout,
nd is divided at fome unafcerrainable diftance

.Om the aperture. 3. By the weight of the fluid
ltlLlE

for when the higheft parricies of a perpendi-
Cular Jet ceafe to have mut'un,za alfo intheir defcént,
they prefs upon the afeending column.

From the friction again't the fides of the pipe,
d even of the edge of the aperture in a ‘thin'

%

‘ate, varigus parts of the fame |LE L(‘quuc different
tll)utlu

but in virtue of the ‘atcraétion of water
o Water

> and of the lateral communication of mo-
tion
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tion which arifes therefrom, the whole jet prefently
acquires, and, for a certain length at leaft, pro-
ceeds with the fame velocity in every part of 2
tranfverfe fe&tion. But this velocity is a mean of
the different velocities with which the various
parts of the jet come out of the aperture ; for whilft
the filamenes of greater celerity affilt the motion of
thofe which have a lefler celerity, the latter tend to
retard the former : therefore it fhould feem that ,
with a larger aperture, every thing elfe remaining
the fame, the velocity of projection muft be greater
than with a fmaller aperture; and this is true to 3
certain degree. But then another circumftance in-
terferes, which is the refiftance of the air; for a
larger jet, by prefenting an ampler furface to the
air, is liable to be divided by it, and by this divifion
the furface is increafed] confiderably, which renders
the refiftance of the air much greater ; that refi(t-
ance being, caleris paribus, proportionate to the

3

furface,

Now all thofe circumftances, namely, the friction
againft the fides of the aperture ; the divifion of the
ftream, which increafes not only according to the
fize of the jet, but likewife according to its initial
velocity ; and the refiftance of the air, are fo very
fluftuating, that it is impoffible to fubjet them 0
calculation.

Experience only can inform us of the effetts
which may be expected in certain circumftances’
yer as the experiments can hardly ever be rf:pt':ﬂm“l

g under
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¥nder the fame . circumftances precifely, the laws
Which are deduced from their general refults, muft
a]“'ays be admitted with fome latitude.

I a veflel or refervoir of water be conftructed
Fomewhat like the reprefentation of fig. 22. P1. X1I.
and a hele be made in the thin ide at A, the water .
Which iffues out of it will afcend in a perpendicular
JE enlarging and dividing itfelf towards the top;
UE it will not rife fo high as the level of the-furface
of the water in the veffel; and it will rife fill
_lfrs high, if a pipe be adapted to the aperture, as
"M fig. 2 3. or if a bent pipe proceed from a veflél, as
0 fig. 04, which is owing to the above-raentioned
“@ufes of obftrudtion; and in fad by removing thofe
“aufes, at leafl in part, the Leight of the jet may be
Nereafed ; obferving however that it can never be
Made to equal the height of the water in the re-
fervoiy,

\ Thus, if the fpout or aperture be inclined a
litle,
CUlar, the water will afcend higher, becaufe in this
Cafe the d

viz. fo as not to make the jet quite perpendi-

efcending water will pot prefs upon the

aﬂ:ending column.—1If a pipe proceed from the
Veffel, ag in fig. 24. then the pipe fhould be made
rge in proportion to the aperture, becaufe in that
;a{f the water will move very flowly through the
“Pt'

> In proportion to what it does our of the aper-
= and of courfe the friction will be much lef
than if ehe pipe and the aperture were both of the
am? diameter, It is alfo for the fame reafon that

tUre

# - . i 3 5 .
J€t will afrend higher - when the cenduir pipe is
VOL. 11, o fhort
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fhort than when it is long; and that the common
figure of the pipes, from which the water fpouts
which is that of a truncated cone of confiderable
length, will not let the jet afcend fo high, nor be {o
uniform and tranfparent, as if a large tube were co-
vered with a flat plate, and a {mooth hole for the
exit of the water were made in the middle of that
plate.

By enlarging the aperture, the friftion againft
the fides is diminifhed ; but the friction or oppoli-
tion of the air is increafed. Therefore as long as
the former is diminithed falter than the latter is in-
creafed, the jet may be made to afcend higher and
higher by enlarging the aperture ; but beyond that
limit the enlargement of the aperture will not in-
creafe the height of the jet. Now it has been found
from a variety of experiments, that this limit, of
maximum of effedt, takes place when the diametef
of the circular aperture is fomewhat lefs than an
inch and 2 quarter; fo that, ceteris paribus, the
height of the jet will be lefs, when the aperture i3
either larger or narrower.

With a higher refervoir full of water, the perpen~
dicular, or the nearly perpendicular, height of th
jet is greater than with a lower referveir; but this
alfo has a limit; and it appears from a variety of
experiments, that'a jet cannot rife higher tha
about 100 feet, be the height of the water in €€
refervoir ever fo great.  For the higher the wate?
is in the refervoir, the greater is the velocity at the

aperture
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aperture; and when that velocity has attained a
Sertain deoree, the great refiftance of the air breaks
Ehe ftream into fimall drops, which prefent a vaft
lurface to the air, and are of courfe foon checked in
Meir motion o
Ifa femicircle, as ADMB, fig. 25. Plate XII.
“Sdrawn upon the perpsndicular fide AB (as a
AMeter) of a vellel A K I B, which 15 kept con-
Aty full of water 5 and if a hole be made in
te thip fide of the vefltl, as at C; alfo a line,
D be drawn parallel to the horizon from the hole
10 the femicircle ; then the fluid which iffues from
the hole C, will form a jet in the parabolic curve
E, ang will fall upon the horizontal line B Fy ata

‘\\h;

e

=

I'l
K _‘
!
5
|
I

& A . . v e
Table of the Heights to which jets of little more than
M inch in diameter have been found to rife in a dire&ion

“Carly perpendicular, when the altitudes of the water in

the tefervoirs are from five t& 100 feet.

Res, Jet. | Res. Jet. | Res. Jet.

5 es. Jet. |Res. Jet.
6 9T | 22 20,58 44 38,03 >
7
8

bh 55,60 88 71,14
68 57,12| go 72,48

5:88 | 24 22,33 46 £0,53
6,84 26 24,00 | 48 42,
O 4305 72760,00| 94 75,16

42,09 70 58,56/ 92-73,85
780 | 28 25,78 | 50 4

2
9 8 o 0 j - H o J
1o 741 30 27481 52 4510, 74 61,42 06 7byy
1n P90 32 20,16 54 46,72 70 62,84 | 98 77,8z
Xy 11,55 34 30,83 | 56 48,24| 78 64,24 |160 7912
15 1340 36 32,47 58 40,74 80 65,64
g 1522 38 34,11 60 51,24/ 82 67,02

Bs 63,40/
86 69,70

17,02 | 40 35,74 | 62 52,73
2 4 aMn/ WS
° 18831 42 3735 | 64 34020

o2 diftance
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diftance BE from the veflel, which is equal t@
twice the length of the line CD.—The diftance Biy
is called, as in folid projeétiles, the anplitude of
the jet:
This however muit be undetftood for refervoirs
or veflels of fmall heights, where the effect of the re-
fiftance of che air is inconfiderable ; otherwife the
deviation from the above-mentioned law is great ar nd
uncertain (3.)
It evidently follows, that when the hole is made
at H, viz. in the middle of the altitude, then the
amplitude BF, or the diftance from the botcom B

(3.) In Prop. 1. of the note to the laft Chapter of
Part L. it has been demonitrated, that the velocity of a pro-
jectile in any point of the parabolic path, is the fame as it
would be acquired by falling perpe ndicularly aleng on®
quarter of the parameter belenging to that point .1» a ver-
cex. It has alfo been fhown, that the fluid which comes ot
of the hole C, deferibes the parabola CE, and that its veio-
city at the wena contraiia, which is véry near the apertur®
is the idmv as it would acquire by falling perpendicularly from
A to C; therefore A C is the fourth part of the paramet®
which belongs to the vertex € of the parabold C E, Now
one of the properties of the parabola is, that the fquare ¢ f i
ordinate is equal to the produélof the correlponding abicif
multiplied by the parameter ; tlici'ciht‘"-ﬁ_l.']:‘— 4 A (.\ x LH ?
hence BE =2 vACxCB; and I BE = ‘\/uﬂuxf b
But ‘w the property of the citcla (];nci. P+ 35 Book 340

VAC < CB=CD. Therefors £ BE = CD.—Th
Jdd

i

reafoning is evidently applicable to any poiat in the

A B,

of




Of the Motion of Fiuids, &, 197
of the veffel, where the jet'will ftrike the horizontal
Plane, is the greateft poffible. Alfo that when 2
hole s made at an equal diftance from the bafe, as
% L, that another hole is from the top of the refer-
?"Oi", as at C; the amplitudes will be equal, viz. the
JEES will ftrike the horizontal plane in the fame point

%3 becaufe in that cafe the line CD is equal to the
line g,

When the initial direGtion of the jet is neither
P_e"ptndicular nor parallel, but oblique, to the ho-
Nzon, then its parabolic path differs in altitede, &,
a.ccﬂl‘ding to the angle of inclination. But the va-
Houg particulars which belong to it may be deter-
Mined from the theory of projectiles, which has

“€n delivered in the laft chapter of the firlt part
of thefe elements ; 6bﬁ:n~‘ing however that thofe
Yheoretical refults are nearly true for thort diftances
Paly ; bur that when the diftances, fize of the jet,

€ are more confiderable, then nothing but actual
SPetiments can determine the refult *.
L“"'\v-.._

* For farther parriculars relative to the fubjeét of this
?‘aptsr, fee s’Gravefande’s Nat. Phil.; Boflut’s Hydro-
:{:E-I.i De Prony’s-Ar-chitm?f. l-lj,r.drzlu.lique'; Vf:mu_ri on

ateral communication of motion in fluids; Vince’s
yd"ﬁﬂ'dtics, &ec. as alfo moft of the other works which

ar e ’ :
Cmentiviied in the vote, p. 113. 2t the end of chap. [V,

@3
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CHAPTER VIIL

OF PNEUMATICS, OR PERMANENTLY rLasTIC
FLUIDS 3 OF THE ATMOSPHERICAL AlIR ;3 ANE

OF THE BAROMETER.

it 1IE whole globe of the earth is furrounded

by, or is involved in, a fluid, called aifa
which though not perceived by our eyes, is, how
ever, manifefted in various ways, This fluid fills
up the fpace from the furface of the earth to the
height of feveral miles above it, and the whole mals
of it is called the armog/phere.

As filhes are furrounded by water, and live and
move in water, fo are we buman beings, and all
other animals, furrounded by air, and live and move
in air.

A fifh which is taken out of the water, will die
in a fhort time, and a human being, or any animd)
raken out of the aérial fluid, will in general die
much fooner.

Water gravitates towards the centre of the earths
and fo does the aif*. Hence, as a fith or other body
in water is preffed on every fide by that fluid, fo aré
other animals, &c. prefled on every fide by the fur=,

P

# The preffure of the air was firlt afferted by the Gredt
Galileus, and was foon after illuftrated by his fcholar Ter-

sicellius,

fcundii1g




Of Pucumaticsy &e. 199
rounding air, and this preflure (as will bé fhewn in
the fequel) is very confiderable.

As the progreflive motion of water from one
Place towards another, is called a current of water;
{0 the progreflive motion of the atmofpherical air 1s
Called in general wind, which according to the dif-
ferent velocities of that fluid is more particularly
ipecified by the appellations of drecze, gentle wind,
&ale, ¢,

But the particulars in which air principally differs
from water, are 1ft, that air weighs a valt deal lefs
than water ; and adly, that water is not compreffi-
ble, whereas a quantity of air may be forced into a
fmaller fpace, by means of preffure, or it may be
€xpanded by removing the preffure; and that ex-
Panfibility, as far as we know, may be extended to
any degree ; nor is it diminifhed by long continued
Preffure,

Air is abfolutely neceffary to animal life, as alfo
0 combuftion, to vegetation, and to other natural
Proceffes, In all thofe procefles the air either com-
Municates fomething to the fubftances concerned,
Orit receives fomething from them. But this pro-
Perty of receiving or giving is limited; for inftance,
% Certain quantity of air is neceflary for the life of

A0 anima] during a given time ; now when the animal
haslived ia it that length of time, the fame quantity
S air will be unfic for the fupport of the lije of that
Or of any other animal. And the fame thing muft

o4 be
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be underftood with refpet to combuftion and fe-
veral other procef(les.

Thofe latter properties of the air are called its
chamical properties, which will be explained when we
come to treat of chemiftry ; whereas its other pro-
perties, {uch as its gravity, comprefiibility, &c. are
called its mechanical properties, and thefe will be ex-
amined in the prefent chapter.

1 thall juft mention for the prefent, that befides
the atmofpherical air, wiich furrounds the earth,
there are other permanently elaftic fuids, the che-
mical properties of which are efitntially diffcrent
from thofe of air; though their mechanical proper-
ties are fimilar to thefe of that armofpherical duid ;
on which account they are all comprehended under
the general appellation of ¢éréal fluids, or of perma-
nently elaftic fluids ; which expreflion means, thar, as
far as we know, they are not convertble into a vifi-
ble fluid by means either of preffure or of cold ; and
thence they are diftinguithed from wvapours, as from
the vapour or ffeam of water, which is likewife an
elaftic fluid, but not permanently fo; for either by
cooling, or by means of preffure, that vapour is con-
verted into water,

The principal mechanical propertiss of air are it8
weight and elafticity ; bus let us begin by manifeft-
ing its exiftence.

When a perfon blows upon a thread, or dult, of
other light bedies that are placed at a fhort diftance
from
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from his mouth, the light bodies are driven away
from their places, Now it is the current of air,
that being expelled from the lungs through the
Mouth, drives the light bodies in its way.

Take a glafs vellel, fuch as a common wine
G, turn it upfide down, and holding it in that
Perpendicular pofition, immerfe it in water, asat A,
fig. 1. Plate XIIL. it will be found that the water
does not enter the glafs.—That fubftance which
thus prevents the entrance of the water into the ca-
Vit of the glafs, is a quantity of air.  If you incline
the glafs a littie, a bubble, viz. a cersain quantity
%f air goes out, and an equal bulk of water'takes its
Place. If the glafs be inclined ftill more, all the air
wil] efcape from it, and the glafs will be entirely
filled with water.—The varions parts of this expe-
Hment may be explained in a more particular man.
N6r; thus, when the glafs is in the fituation A, the
U in it, being the lighter Auid, is confned by the

Water which occupies the aperture of the glals; but
the ajp being compreffible, the preffure of the fu-
Perincumbent water A B, (p. 31.) forces the air

N0 2 narrower fpace ; hence the water will be

“N ta alcend a little.way within the glafs at B, and
the lower you immerfe the glafs, the higher will

& water alcend within 1it.  When the olafs 1s in-

Cline: fis 2 W :
tned, as ar D, the [urface of the water-in it, which
$Mains ajways horizontal, is de, (p.28.) and the
B occupies ¢}
e e o - 1
0 with the edge 4 of the glafs, 1.]( the glafs be

e fpace ¢, the lower pare of which is

R
Inchned
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imclined a little more, part of the air is forced out,
as is thown at M.

The quantity of air which thus ¢fcapes from the
cavity of the glafs, being prefled on every fide by
the water, 13 forced to afiumie a globular form, in
which fhape it is called a bubble, which being lighter
than an equal bulk of water, afcends to the furface
of the latter, where it mixes with the common mafs
of armofpherical air.

But frequently, when the Lubble is fmall, it re-
mains for a certain time on the furface of the water,
enclofed in a film or fhell of water; which is owing
to the vifcidity of the water, or to the attraftion mu-
tual between the particles of water. In fact, what-
ever increafes that vifuidity, fuch as a folution of
{oap, which is frequently practifed by children, or
of any other glutinous matter, will increafe the du-
rability of the bubbles, and in that cafe, by blowing
into the folution, the bubbles may be made very
large *.

Hence it appears that a bubble of .air is not, ac=
cording to the vulgar 1dea, an empty {pace, a mer€
nothing ; but that it confifls of a fluid, whichs

have occafion to tr¥

# Diftillers and other perfons the
foecimens of {pirituous liquors, can form a toierably accuraté
idea of the firength of thofe liquors, by fhaking the bettles
and then eblerving how foon the l tibbles break on the fur-
face of the liquer ; for the thinner and purer the f*mlns,lhc

fooner will the bubbles break.
Lhcuf‘h
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though invifible, has however weight and other
Qualities ; and is, in fhort, a {ubftance as much
as‘any ocher fubftance which we feel or tafte *.
When byinclining the above-mentioned glafs fuffi-
cient‘.y in water, all the air is fuffered to efcape from
It; then if this glafs be again turned with its aper-
ture dowawards, and in that pofition be drawn up-
Wards, until its aperture remains a little below the

* The invifibility of air is what fuggefts the vulgar idea
of its being nothing. But it muft be coniidered, that tran-
fparent bodies, viz. fuch as let the rays of light pafs freely
lhrough them, cannot be feen,, Thus water, glafs, air, &e,
tamnot be perceived by an eye which is entirely furrounded
by any one of them. - And even when that is not the cafe,
We can only perceive thofe fubftances by the heterogeneous
bodies which they may happen to contain, or by the infletion,
tefraltion, &c. of the rays of light at their furfaces ; hence,
When fuch bodies are pure, and their furfaces are removed
from our ficht, {o that we cannot oblerve the bending of the
Yays of light at thole furfaces, then it is imgoffible ta
difcern thc-b;ui]cs themfelves. —If a glafs bbttle entirely filled
With pure water, be fitvated againft a dark place, {o that no
chjedts may be feen through it. a perfon who lovks dire@ly
8t it will not be able to fay whether the bottle be full of
Water or not. _

A fifh or 2 man in water, will feel the water, but he can-
ot {Ge g,

The particlzs which are feen moving about when light
pafles through a hole in a roon otherwile dark, are not the
Pﬁl’ticl.:s of air, but they are particles of dull, £:c. which float
I the ajr,

' furface
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furface of the water in the bafon, as at N, the glafs
will remain entirely full of water; the prefiure of
the atmofphere on the furface of the water of the
bafon forcing or keeping up the water which fills
the glafs.  Nor, in this cafe, can any air enter the
cavity of the glafs, becaufe air being fpecifically
lighter than water, cannot poflibly deftend from 4
to ¢, in order to encer that cavity. But if che glafs
be raifed higher ftill, fo thut its aperture be elevated
above the furface of the water in the bafon, then
the air will immediately enter on one fide of the
aperture, whilft che water goes out at the oppofite
fide.

When the vefiel is fhort, 2nd its aperture lefs
than a quarter of an inch in diameter, the water or
other fluid will not eafily run out of it, though the
veffel be firvated with the aperture’ downwards,
This is owing te the acraction of aggrepation be-
tween the particles of water, which will not fuffer
the {mall quanticy of liquor in the neck of the vefiel
to be divided foas to give room for the entrance of
the air: hence it appears why phials with fmall necks
are difficuldly filled with any liquor, and difficultly
emptied.

A well known experiment, which is frequently
{rewn in a familiar way, depends upon the above-
fedntioned Fl-}ncipic.—_’\ wine glafs is c‘n:irc]y flled
with water or wine; then a flat piecce of paper is
placed over it, and the palm of the hand is put over
the paper, Things being thus prepared, the glafs
with
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With the hand, &c. is turned uplide down, then the
hand being gently removed, the glafs will be found
0 remain full of water, with the paper adhering
to ir. :

The following experiment is intended to Thew the
fame property ; namely, the prefiure of the at-
Mofphere in a different 'md perhaps more fatisfac-
tory way.

Take a glafs tube of a presty uniform bore, and
Open at baoth ends; as A B, fig. 2. Plate XI1I1. fic
Acork 4B to it, and letr a flick or wire E4, be
firmly cemented into the cork. In thort, form a
Pifton, like that of a fyringe, to the glafs tube, Now
Place this pifton even with the lower end of the tube,
S reprefented at B, in the figure, and in that fituation
Place the fame end of the tube in water, as in fig.
3- and holding the tube fteadily, pull up the pifton
Sraduaily. It will be found that the water follows
the cork, and fills up all that part of the tube which
s below the pifton, as isthewn in fig. 3. By this
Means the preflure of the atmofphere is removed
from over that part of the water which is immedi-
Ately under the tube ; therefore the prefiure of the
‘1t1‘mrphere on the reft of the furface of the water in
the bafon, forces that water into the tube, filling up
its Cavity'as far as the pilton.

But this prefiure is limiced ; for if the tube be
longer than 33 or 34 feet, and the pifton be pulled
P 1o the higheft part of it, the water will not rife
higher than about 33 feet, and the reft of the tubs

as
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as far as the pifton, will rémain without either water
orair: therefore the preflure of the atmofphere is
equal to the preflure of a perpendicular column of
water of the fame bafe, and about 33 fect in
height.

If the fame experiment be tried with mercury
inftead of water ; that is, if the end B of the tube
be immerfed in quickfilver, and the pifton be pulled
upwards, the quickfilver will be found to rife not
highe‘r than about 29# inches ; which perpendicular
altitude of quickfilver is €quivalent to the above-
mentioned perpendicular aldtude of water; for
quickfilver is abour 13,6 tirmes heavier than an
equal bulk of water; therefore the column of
water muit be 13,6 times as long 2s the column of
quickfilver in order to balance i, or to balance the
prefiure of the atmofphere which is equivalent toit;
and in fad, if we multiply 29, or 39,75 inches,
by 13,6, the product will be 404,6 inches, or litdle
more than 33 feet.

The remainder of the tube between the furface
of the quickfilver in it and the pifton, when this’is
pulled higher than the quickfilver will rife, or the
fpace which remains above the water when ths ex-
periment is tried with water, is called a vacuuz, or
empty fpace ; meaning a fpace void of air, or othet
ponderous fluid, as far as we know.

The lealt reflection on the preceding experiments

of this chapter, will evidently thew, that whether 2

tube upwards of 30 or 31 inches long, clofed at on®
i
8 ¢l
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tnd, be filled with quickfilver, and then be im-
Merfed with its aperture in a bafon of qnickfilver®;
9T a tube opened at-both ends be furnithed with a
Pilton, and the quickfilver be drawn into it by the
P'\Jl]ing up of the pifton s or, laftly, ‘a tube ‘epened
At both ends, have one of its extremity immerfed
M quickfilver, and the air be fucked out of it by
Means of an engine adapted to its other end ; theef-
fect, and the caufe of that effect, arealways the fams,
"_EZ- the quickfilver will rife to the perpeadicular al-
Utude of about 29,75 inches, and will be keptup
by the preffure of the atmofphere on the furface of
ic quickfilver in the bafon ; but in practice the frft
Sby far the eafieft and moft effcftual way of per-
1Wming the experiment. '
If a glafs tube, upwards of 31 inches long, be
thus Glled with quickfilver, and be left undifturbed

With jes aperture immerfed in a {mall bafon of

Quickfilver, the altitude of the mercury in it will
be found to be various, both at different times and
A different places. In London its moft ufual alti
tude is between 28 and 31 inches ; though it is fel-
fiom to be feen below 28,5, orabove 30,5 inches.

his evidently fhews that the weight or gravity of
the Amolphere is of a variable nature; and hence
the above.-mentioned tube filled with quickfilver; &rc.

e

= ' iy \ % - E
P A finger muft be applied to the aperture in turfing the
Ui . 1 3 .
.9 Which mult not be removed before that aperture be
IMmefad ; .

Merled into the bafon of mercury.

has
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has been called a barometer or barofeote, viz. fromt
its property of (hewing the atual weight of the ae
mofphere at any particular place and time *.

No period or regularity has been as yet difcovered
with refpect to this change of gravity, or to the rile
and fall of the mercury in the barometer, which is
equivalent to that preffure; fo that it is impoliible to
foretel the alcicude of the quickfilver in the barome-
ter for any particu]dr time. But it has been ob-
ferved, that the alticudes of the mercury in the ba-
rometer are frequently accompanied with certain
ftates of the weather, {uch as wind, rain, calms,
ftorms, &c. and frequently alfo a certain altitude of
the barometer precedes that particular ftate of the
weather which 1s ufually conneéted with ir, on
which account barometers are cften called weazber
glaffes, and are commonly kept in houfes, on board
of fhips, &c. as indicators of the weather.

The principle upon which thofe barometers are:
conftructed, has already been explained ; the other
parts which are annexed to the common con-
{truction, are either ornamental, or they are intended
for the fecurity of the tube; of the quickfilver i

—

# This {ufpention of the quickfilver in the barometer, OF
inverted glafs tube, not beyond a certain altitude, and the va-
riations of that altitude, were firft obierved by the celebrated
Italian philofni,hcr Torriceflt 3 hence the barometer is often
called the torriceliian tube; and the vacuum in the uppe®
part of it, is called the krricellian wauum. ;

, che

)
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the bafon, &c. they will be particularly defcribed
hercafier. The words which are engraven on the
{cale of inches and tenths, which is annexed to the
Variable part of the altitude, are expreflive of the
Weather, which has been obferved frequently to
dccompany thofe particular alticudes of the mercury.
They are as follows:

Tuches. Words annexed.
ST Very dry. Hard froft.
3955, Settled fair. Settled froft.
0. Fair. Froft.

20,8, Changeable.

29. Rain. Snow.

28,5. Much rain. Much fnow.
28. Stormy weather.

The rifing and falling of the mercury in the ba-
rometer muit not be confidered as fure indications
of the weather which is to follow ; yet in general
they will enable the obferver to form a pretty good
uels of the change of weather which may be ex-
Pefted. Numerous obfervations relative to this
fubjett have been made in various parts of the
World, and, from a collection of thofe obfervations,
the learned Dr. Halley deduced a fet of rules,
Which . were publifhed in an early volume of the
' Philofophical “Tranfadions, and to which not much
addition has been made by fubfequent obfervers.

VOL, 11, p : 1 {hall
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1 thall now fubjoin thofe rules, or natural laws
together with the conjectures relative to the caufes
upon which they depend, in Dr. Halley’s own
words.

“ To account for the different heights of the
mercury at. feveral times, it will not be unnecef-
fary to cnumerate fome of ‘the principal obferva-
tions made upon the barometer.

« y. The firft 1s, that in calm weather, when
the air is inclined to rain, the mercury is com-
monly low.

“ 2. That in ferene, good, fettled weather, the
mercury is generally high.

« 2. That upon very great winds, though they

be not accompanied- with rain, the mercury finks

loweft of all, with relation to the point of the com*

pafs the wind blows upon.

“ 4. That, ceteris paribus, the greateft heights of
the mercury are found npon eafterly and north=
eafterly winds.

“ ¢ That in calm frofty weather, the mercuty
generally ftands high.

¢ 6. That after very great ftorms of wind, wheP
the quickfilver has been low, it generally rifes agail
very faft.

« 7. That the more northerly places have
greater alterations Gf the barofcope than the mor®
foutherly.

¢« 8, That within the tropics, and near them

thofe accounts we have had from others, and ™Y
owh
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own obferyations at St. Helena. make very little or
N0 variation of the height of the mercury in all
Weathers,

“ Hence 1 conceive that the principal caufe of
the rife and fall of the merc ury, is from the variable
Winds which are found in the temperate zones, and
Whofe great inconftancy here in England is moft
fotorious. '

““ A fecond caufe is the uncertain exhalation and
Precipitation of the vapours lodging in the air,
Whereby it comes to be at one time much more
Crouded than at another, and confequently heavier ;
but this latter in a great meafure depends upon the
former. Now from thefe principles I thall endea-
vour to explicate the feveral phzenomena of the ba-
Tometer, taking them in the fame order I laid them
d()wn.

“ 1, The mercury’s being low, inclines it to
fain, becaufe the air being light, the vapours are no
longer {upported thereby, being become fpecifically
heﬁ\"ﬁer than the medium wherein they floated ; fo
that tlir:"y defcend towards the earth ; and, in their
Qll, meeting with other aqueous particles, they in-
SOrporate together, and form little drops of rain,

Ut the mercury’s being at one time lower than at
Mother, is the effet of two contrary winds blowing
from the place where the barometer ftands, whereby
H¢ air of that place is carried both ways from it,
af’d confequently the incumbent cylinder of air is
d‘minifhed, and accordingly the mercury finks. As

P2 for
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for inftance, if in the German ocean it fhould blow,
a gale of wefterly wind, and at the fame time an
eafterly wind in the Irifh fea, or if in France it
thould blow a northerly wind, and in Scotland 2
foutherly, it muft be granted me that that part of
the atmofphere impe dent over England would
thereby be exhaufted and attenuated, and the mer-
cury would fubfide, and the vapours, which before
floated in thofe. parts of the air of equal gravicy
with themfelves, would fink to the earth.

<« n, The greater height of the barometer is oc
cafioned by two contrary winds blowing towards thé
place of obfervation, whereby, the air of other places
is brought thither and accumulated ; {o that the
incumbent cylinder of air being increafed both in
height ‘and weight, the mercury prefled thereby
muft needsrife and fland high, as long as the wind®
continue {o to blow ; and then the air being f-pc(.‘iﬁ"

ally heavier, the vapours are better kept i'ul"pend‘
ed, {o that they have no inclination to prccipirafﬁ
and fall down in drops ; which is the reafon of the
ferene good weather which aitends the greates
heights of the mercury.

¢ 3. The mercury finks the loweft of all by thc_
very rapid motion of the air in florms of wind : {?r
the traét or region of the earth’s {uiface, wherel®
c gle?
ikcwﬁc
fup-
ply the evacuation made by fo fwift a current 11:[

thefe winds rage, not extending all round th
that flagnant air which is left behind, as |
that on the fides, cannot come in fo faft as to©
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that the air muft neceflarily be attepuated when
and. where the faid wind: continue to blow, and that
More or lefs, according to their violence ; add’ to
Which, that the horizontal motion of the air 1);-|ng
1o quick ‘as it is, may in all probability take off
fome part of the perpendicular preflure ihi:l'c(-f'; and
the great agitation of its particles is the reafon why
the vapours are diflipated, and do not condenfe into
d'wps {o as to form rain ; otherwife the nawral con-
feqw-.—ch- of the ai’s rarcfaction.

4. The mercury ftands the higheft upon an
Ea&Cr]y or north-eaflterly wind, becaule in the great
Atlantic ocean, on this fide th- 35™ degree of north
Yatityc le, the wefterly and fouth- wefterly wind: blow
almoft always trade ; fo that whenever here the wind
Comes up at eaft and north-eaft, it is {ure to be
Qnﬁcmd by a contrary gale as {oon as it reaches the
Stean ; ‘wherefore, according to what is made out
I our fecond remark, the air muft needs be heap-
€d oyer this tfland, and confequently the mercury
muft fiand high, as oft'n as thefe winds blow,
This holds true in this couatry, but is not a gene-
fal ryle for others, where the winds are under dif-
ferent circumftances ; and I have fometimes feen
tl].‘: mr:rcury as low as 29 inches upon an L‘;Ii't‘rly
Wind, but then it blew exceeding hard, and fo comes
' be accounted for by what was obferved upon the
third remark.

5. In calm frofty weather, the mercury gene-
tally ftands high, becaufe (as I conceive) 1t feldom

P 3 freezes
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freezes but when the winds come out of the northern
and north-eaftern quarters ; or at leaft vnlefs chofe
winds blow at no great diftance off; for the northern
parts of Germany, Denmark, Sweden, Norway,
and all that tract from whence north eaftern winds
come, are fubjet to almoft continual froft all the
winter; and thereby the lower air is very much
condenfed, and in that ftate is brought hitherwards
by chofe winds; and being accumulated by the oppo-
fition of the wefterly wind blowing in the ocean, the
mercury muft needs be preft to a more than ordiz
pary height; and as a concurring caufe, the fhrink-
ing of the lower parts of the air into leffer room by
cold, muft needs canfe a defcent of the upper parts
of the atmofphere, to reduce the cavity made by
this contraction to an wquilibrium.

« 6, After great ftorms of wind, when the mer=
cury has been very low, it generally rifes again very
falt. 1 once obferved it to rife 11 inch in lefs than
fix hours, after a long continued ftorm of foutf
weft wind, The reafon is, becaufe the air being
very much rarefied by the great evacuarions which
{uch continued ftorms make thereof, the neighbout™
ing air runs in the more fwiftly to bring it to 48
wquilibrium ; as we fee water runs the fafter for hav=
ing a great declivity, :

« =, The variations are greater in the mor®
nottherly places, as at Srockholm greater than at

Paris (compared by Mr. Pafeall *); becaufe the

¥ Equilibre des Ligueurs, P
mote
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more northerly parts have ufually greater {torms
of wind than thc. more foutherly, whereby the mer-
Cury thould fink lower in that extream ; and then
the northerly winds bringing the condenfed and pon-
deroys air from the neighbourhood of the pole, and
tha again being checked by a fout hcl]y wind at no
8feat diftance, and fo heaped, muft of neceffity
Make the mercury in f'uch cafe ﬁma higher in the
Other extream.

“ 8. Laftly, this remark, that there is little or
N8 variation near the equinochial, as at Barbadoes
and S¢, Helena, does above all others confirm the
hYPOJ:hL[is of the variable winds being the caufe of
thefe variations of the height of the mercury ; for
N the places above-named, there is always an eafy
8ale of wind blowing nearly upon the fame point,
Viz, E. N. E. at Barbadoes, and E.S. E. at 5t.
Helena, fothat there being no contrary currents of
the air to cxhauft or accumulate it, the atmofphere
Continues much in the fame ftate: however, upon .
Burricanes (the moit violent ftorms) the mercury
hag been obferved very low, but this s but once in
'Wo or three years, and 1t {oon recovers its feteled
ftate of sbout 29 . inches.

“ The principal objeftion-againft this dottrine
5, that | fuppofe the air fumetimes to move from
thoft parts where it s already evacuated below the
“quilibrium, and fometimes agiin towards  thele
Parts where it is condenied and crouded above the

Mean ftate, which may be thought contraditory to
? 4 the
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o7

the law of ftatics, and the rules of the equilibriuis of
flnids.  But thofe that fhall confider how, whefl
once an impetus is given to a fluid body, it is ca-
pable of mounting above its level, and checking
others that have a contrary tendency to defcend
by their own gravity, will no longer regard this asa
material abftacle ; but will rather conclude, that the
great analogy there is between the rifing and falling
of thie water upon the flux and reflux of the fea, and
this of accumulating and extenuating the air, is 2
great argument for the truth of this hypothefis.
For as the fea over againt the coaft of Effex rifes
and fwells by the meeting of the two contrary tides
of flood, whereof the one comes from the S. W
along the channel of England, and the other from
the north,-and on the contrary finks below its level
upori the retreat of the water both ways, in the tide
of ebb ; fo it is very probable, that the air may ebD
and flow after the fame manner ; but by reafon of
the diverfity of czufes, whereby the air may be fet
in moving, the times of thefe fluxes and refuxes
thereof are purely cafual, and not reducible to any
fule, as are the motions of the fea, depending
wholly upon the regular courfe of the moon.” S0
far are Dr. Halley’s obfervations.

« [t is,” fays Col. Ray, * a well known and
eftablilied fa&, that in the middle lattudes, #
north or north-eaft wind conftantly raifes the baro-

ce 15
longer,  The contrary happens when a fouth 0%
fouth~

of : ;
meter, and generally higher as its continuan
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fourh-weft wind blows; for I believe it is commonly
loweft when the duration and ftrength of the wind
from that quarter have been the greatet. Thus

the north-eaft wind, by blowing for any length of

time, brings into the middle latitudes a- mafs of air
heavier than that which naturally -appertains to the
Tesion, and raifes the barometer above its mean
h'\‘fight. The continuance of a fouth-weftern carries
Off the heavy air, depofits a much ligiter body in
its ftead, and never fails to fink the barometer be-
low its mean height.”

The oreateft alterations of the barometer gene-
rally take place during clear weather, witha norther-
v wind; the fmall changes generally take place
dUring cloudy, rainy, or windy weather, with a
foutherly wind.  The changes of the barometrical
altitude are greater in winter than in fdmmer ; but
the' mean elevation is greater in fummer than in

. Winter, and greateft at the equinox.

The barometer is generally lower at noon and
at migdnight, than at any other period of the 24
hf)l.lrs.

To thofe we may add De Luc’s obfervation, viz.
that o rapid movement of the mercury in the ba-
Tometer, even when rifing, is an incication of bad
Weather, but not of long duration.

Such are the indicaticns which may be derived
from the movements of the barometer alone; but
_th': obfervers of later times, having made a rational
Wveftigation of the pofiible influence of the moon

upon
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upon the atmofphere, and upon the weather, have
thewn that we may form much more probable con=
je€tures relative to the weather, by combining the
obfervations of the barometrical movements with
the fituations of the moon *. But of this more in
the next chapter.

The movement of the mercury in the barometer
ahout our latirude, has been already faid to amount
to about 3 inches.  But it will be of ufe to know
its more ordinary altitude, or its mean altitude.

It appears from the meteorological journais of
the Royal Societv, which are pubiifhed annually in
the Philefophical Tran(aétions, that the meanaltitude
of the baroimeter 1s 29,89 inches, and the mean al-
titude of the barometer for each fingle year, hardly
ever differs from the above, by more than haf a
tenth of an inch; as appears from the following
ftatement of the mean barometrical altitude of each
year, commencing with the year 1787, from which
time. the barometrical obfervations at the apartmeénts
of the Roval Suciety, have been made with great-at=
tention and regularity 1.

1787. 2 .80.]13792. 29,87 | 1797 29,92

1788, 29,96 | 1793. 20,93 | 1798. 29,92

1789, 26,79 | 1,94 29,51 | 1799, 29,34

1760. 29,98 | 1794. 296,90 | 1800, 29,90

1791. 29,87 | 1796. 29,89 |

#* See Toaldo’s §
change of weather, &c. in the Faurnal des Sciences Utiff-‘f“
pe

yltem re(peéting the probability of 2

t The mercury in the bafon of the barometer of ¢

ngﬂ‘-
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The French reckon the mean altitude of the
mercury in the barometer placed on the level of
the {ea, equal to 28 F French inches, which are equi-
Valent to 29,841 inches Englith*, i
It appears very clearly, from what has been al-
Yeady faid in this chupm, tl'mt the air is a ponderous
{fubftance ; but the partir_‘.u‘,ar.‘.veight of a given
Quantity of air, or its {pecific graviy, is afcertained
bY aGtually weighing it with a balance. For this
Purpofe a glafs veflel is weighed firft full of air,
then exhaufted of air, and laftly, full of water,
by which means we obtain the weights of equal
bulks of air and of water; and dividing the
formet by the latter, the quotient will exprefs
the fpecific gravity of theair 4. But it muft be ob-
ferved, that air, being very claftic, its bulk, and
Confequently its fpecific gravity, is eafily increaled
or diminifhed by heat and cold, as alfo by an al-
teration of the preffure ; therefore, whenever the
fpecific gravity of an acrial fluid 1s to be ftated, it is
always proper to fet down the altitude of the mer-

Cury in the bdromem, and the degree of heat, at

SIS e g =

RQ\dl Society at So'm'l o TI.-.‘IL, is ﬁmuttd 81 feet abore

the river T° hames, viz, the level of low water fpring tides.

The obfervations are tuken twice a day, viz. at g or 8 in
the morning, and at 2 in the afternoon.  The mean for the
Whole year is obtuined by adding all the obfervations toge-
ther, and dividing the fum by the number of obfervations.

* De Prony’s ArchiteGure Hydraulique, p- 298.

t The conftruftion of the veflel fit for this purpofe,
25 alfo the manner of cxhaufling it, will be deferibed
Rereafter,

. the
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the time of weighing the air. And this precaution
has been obferved in the table of fpecific gravicies.
See p. 95. '

"U'he knowledge of the prefiure of the atmofphere,
and of the perpendicular pillar of quickfilver, which
1s equivalent to it, enables us to calculate the actual
preflure of the atmofphere upon the whole globe of
the earth, upon the human body, or upon any other
budy; and it appears that this preffure s prodigi-
oully great, yet we do not find it incommodious or
oppreflive, becaufe we are preficd on every fide
by it, and the prefiure on the furface of vur bodies
is counteracted by the fluids and folids of our bodies,
which are almoft entirely non elaitic.  If chat prefs
fure he removed from one fide, then it wiil be found
to alt with prodigious torce on the other fide.

‘As the preflure of the atmofphere fupports a per-
pendicular pillar of quickfilver between 28 and 31
inches high, the weiglhit of {uch a pillar, let its bafe
be what it may, fhews the prefiure of the atmo-
fphere upon a furface equal to that bafe. Now a
pillar of quick Glver, w hofe bale is an inch {quare, and
whofk altitude is 28 or 31 inches long, weighs 13,75»
of 15,23 pounds avoirdupoife, the mean of which
is 14,49 pounds; therefore at a mean the pre{lure
of the atmofphere upoa every {quare inch, at the
fucface of the carth, is about 14 ¢ pounds avoirdu-
poife ;. then by the rule of proportion, or fimply by
multiplication, we may eafily find out the prefiure
upon any given furface, Thus the preflure of the

3" atmofpher
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atmolphere on a fquare foot, (which contains 144
fquare inches) is equal to 144 times 14 £ pounds,
Viz. to 2088 pounds. The preflure” of the atmo-
{phere an the body of a middle fized human being
(reckoning its furface equal to 12 fquare feet) is
12 times 2088 ; that is 25056 pounds, or upwards

f eleven tons. The preffure on the fuiface of the
Whole earth (which, in round numbers, is equal
10 :v5680000000000 fquare feet,) is equal to
about 11642019840000000000 pounds.

It is now neceffary to examine the elaftic proper-
ty of air.

If from a vefitl full of water, part of the water
be removed, then the cavity of that vellel 'will not
be entirely occupied. by water. Now the fime
thing cannot be done with air ; for if from a veflel
full of air, half the air be removed by means of a
proper engine, and the entrance of other air be
prevented, the veflel will {till remain entirely full
of air, only the air in it will be half as denfe as it
was hefore. If, inftead of the half, you remove a
much greater portion of the air from the above-
mentioned veflel, the veflel will ftill remain entirely
full of air ; only the air in it will be proportionately
lefs denfe. In fhorr, by removing the preflure, a
Quantity of air may always be expanded ; nor is it
known to what degree this expanfion will reach;
confequently it is not in our power to determine
the extent of the atmofphere,

On the other hand, by increafing the prefiure pro-

portionately,
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portionately, a quantity of air may be condenfed
into any given fpace, however fmall ; the denficy of
the comprefled air increaling according as the bulk
is diminithed. Nor has this condenfation any
known limits, though it feems rational to fuppoi‘ff
that a lieit it muft undoubtedly bave.

If a glafs vefel full of air be immerfed in water
with its aperture downwards, the water immediately
under it, which at firft lies even wirh its aperure,
will gradually rife in the veflel in proportion as the
veflel is conveyed def‘pﬁr and deeper into the water ;
the air in it being comprefled and condenfed by the
perpendicular altitude of the fuperincumbent water-
On dra'\_ving the veffel upwards, the air init w ill ex-
pand again. 7

This experiment fhews that air is corhpreflible ;
but the following experiment will fhew that the bulk
of a given quantity of air is inverfely (and of courfe
its denfity is direétly) as the comprefling force ; fof
inftance, if a certain weight comprefles a quantity
of air into the half of its. original bulk, twice that
weight will comprels it into a quarter of is original
bulk ; ten times that weight will force it into the
20 part of its original bulk ; and fo on.

Take a cylindrical glafs tube bent in the form
of ABCD, fig. 4. Plate XIlI, open at A, and
clofed at D, and place it wich the bent part down-
wards ; pour as much quickfilver into the aperturé
A, as will barely fill the horizontal part BC, which
will confine the air in DC. This air, like the aif
which
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which is about the apparatus, &c. i comprefled by
the ufual preffure of the atmoiphere, and this pref=
fure is reprefented by (fince it is equivalent to)
the adrual altitude of the mercury in the barometer,
Now, if you pour more quickfilver into the aper-
ture A, the air in CD will thereby be comprefled
into a narrower fpace ; as is indicated by the mer-
cury rifing into the part CD, and it will be found,
that the fpace De, in which the air has been con-
tracted by the prefiute of the perpendicular pillar of
mercury g, (the altitude of which mult always be
reckoned from the level of the furface eg of the
mercury in the part CD) in addition to the ufual
preffure of the armoiphere, is to its original bulk
CD, as the ufual preffure of the atmofphere (or as
the a&tual altitude of the barometer) is to the fum
of ‘that aftual altitude, and the altitude gf.  Thus
When g is equal to the actual alticude of the mer-
Cury in the barometer, then the preffure on the
Confined air is twice as great as if it were prefled by
the atmofphere only; theréfore that air will be con-
fined into the half of its original bulk, viz. De will
be the half of D C. - When the altitude g £ is made
tqual to twice the altitude of the mercury in the
baTOmccf:r, then the preflure on the confined air
Will be three times as great as if it were preffed by
the atmofphere only; hence De will be found equal
t0 a third part of D C; and fo on.

: The expanfion of air in proportion to the diminu-
ton of the preffure, may be thewn by a variety, of
exXperiments.
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experiments., We fhall for the prefent, however, de-
feribe only one which may be eafily performed.
Take a cylindrical glafs tube,. clofed at ane end
‘and open at the u:htr, fill ic with quickfilver ro@
certain height, and leave the reft full of air (or, 25
it would commonly be exprefléd, leave it empry) s
put a finger upon the aperture of the tube ; turn the
tube with the aperture downwards ; immerge that

aperture together with the finger, in a bafon of

quickfilver, then remove the finger 5 and it will be
found that the air which was lefe into the tube, and
which ‘now occupies the upper, that is the clufeds
part of the tube, has enlarged its dimenfions. Sup-
pofe, for inftance, that the tube be 30 inches long
that ic be filled with mercury, cvcepfmﬂr & inchese
W hen'the tube is inverted, as in fig. 5. Plate X111
the air will 6ccupy the upper part A B, and the
mercury the lower part B C; but the part A B
which is occupied by the air, will be found to b€
longer than 8 inches; the reafon of which is, that
the original quaml:;, viz. 8 inches of air, which
before the tube was inverted, was prefled by the
atmofphere, now fultains a lower degree. of prt’-i-‘
fure ; that is) the preflure of the atmefphere 13
partly counteratted by the pillar of mercury BC-
Thercfore, fince the bukks of the fame quanticy o
air are inverfely as the p‘f‘cﬂul\.u, it will always be

found that the difference of the a&tual altirude “E

the mercury in the barometer, and the alticude B

. . - )
of the mercury in the above-mentioned tube, 18 ©
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the aétual altitude of the mercury in the barometer,

38 8 inches (viz. the original bulk of the confined
ar) is to its prcﬁznt bulk AB; fo that if che aétual
altitude of the mercury in the barometer be 28
iﬂChes, CB will be found equal to 14 inches, and
AB equal to 16 inches; for in that cafe 28—14
(viz.14) : 28:: 8:16.

Air has been left for féeveral years very much
Comprefled in proper veffels, wherein there was no-
thing that could have a chemical action upon it;
and afterwards on removing the unufual preffure,
and replacing it in the fame temperature, the air
has been found to recover its original bulk, which
fhews that the continuance of the preffure had not
diminithed the elafticity of it in the leafl percepti-
ble degree.

VOL. [ 1 Q'




CHAPTER X

OF THE DENSITY AND ALTITUDE OF THE AT+
MOSPHERE, TOGRTHER WITH THE METHOD OF
MEASURING ALTITUDES BY MEANS ©OF BARO-
METRICAL OBSERVATIONS.

XPERIENCE fhews that the atmofphere,

or the air, which furrounds the earth, is of
different denfities at different diftances from the
centre thereof.  Qur dire& experiments, however,
donot reach to any great heights into the regions of
the atmofphere, But the numerous experiments,
which have been made on the compreffion of  air;
the ‘moft convincing. of which have already been
mentioned, prove that air is condenfed in propor-
tion to the force which comprefles it, or that it ex-
pands in the inverfe ratio of that force, and that it
does not, lofe any portion of its elafticity by remain-
ing long confined. We are, therefore, authorifed
to fuppofe that the air, at all diftances from the
earth, is more or lefs denfe, according as it 1s fitu=
ated nearer to, or farther from, it; or according a$
it is prefled by a greater or lefler weight of fuperin~
cumbent air. We may alfo conclude, that, not
knowing how far air may be expanded, we cannot
determine to what height the atmofphere s eX-

tended.

Put
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But the compreffion arifing from the weight of
the fuperincumbent air, though by far the princi-
Pal, is not the only caufe upon which the various
denfity of the atmofphere depends. In fhort, all
the caufes, which feem.to concur towards the pro-
du@ion of thar effed, are, 1. The varidus quan-
tity of fuperincumbent air at different altitudes ;
2. The decreafing attraltion of the earth, or the
decreafing weight of bodies, in proportion to the
fquares of the diftances from the centre of the
farth ; 3. The influence of heat and cold; 4. The
%dmixture of vapours and other fluids; and, 5.
The agtraction of the moon and other celeftial
bodies,

‘For the fake of perfpicuity, we fhall examine
tach of thofe caufes fucceffively, and in the firft
Place we fhall endeavour to explain the effects of
Preffure,

Imagine that ABCD fig: 6, Plate XIII. 'is
aPlilar, or veflel, full of air, reaching from the
furface A B of the earth, to the fartheft part

D of the armofphere; for whatever is proved
With refpet to the denfity of the air in this
Pillar, or portion of the atmofphere, will evidently
ftang good with refpeft to any other contiguous
Pillar o portion of it, and, of' courfe, with refpsct
' the whole atmofphere.

Imagme likewife, that this pillar is divided by
Partitions parallel to the horizon, into a vaft
Mumber of equal fpaces, ABef, efgh, ghik
”‘mn, &e.

Q3 Now
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Now as the denfity of the air is continually de-
cieafling from the edrth upwards ; therefore, ftriély
fpeaking, that denfity muft be various, even in dif=
ferent parts of every one of thofe fpaces: yet a8
thofe fpaces may be conceived to be infinitely fmalls
we may, without any fenfible error, fuppofe that
the denfity of the air is uniform throughout the va-
rious parts of any one of them.

Since the denfity of the air is always as the foree
which compreffes it ; and fince the air in every patt
of the atmolphere is preffed by the weight of the
fuperincumbent air ; it follows that the denfity of
theair in ABef; is to the denfity of the air inefghs
as efCD is to ghCD. So that the difference be=
tween the preflures on ¢f and on gh-(or between
the quantities of air AB¢f;, and efgh,) is equal 10
the quantity of air efgh. For the fame reafon, the
difference between- the preffures on ¢h and on #
(or between the quantities of air in efzh and ghik)
is equal to the quantity of air ghik. Alfo the dif-
ference between the preffures on ik and on m# (of
between the quantities of air ghik and ikmn) 1
equal to the quantity of air ikms; and fo ons
Therefore the quantities of air, or the denfitics of
air, in thofe fpaces, are proportional to the quan-
tities of which they themfelves are the differ=
ences. But when there is a feries of quantitiess
whofe terms are proportional to their own diff
ferences, then both thofe quantities and theif
differences
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diﬂ’erences, are in geometrical progreffion * ; there-
fore the denfities, or quantities, of air in the equal
Tpaces AB efs efgh, ghik, ikmn, &c. are in geo-
Metrical progreffion.

It muft likewife be obferved, that the heights of
thofe equal fpaces above the furface AB of the
farth, are in arithmetical progreffion ; viz. if the
fecong fpace be one inch above the furface, the
fexr will be two inches above that furface, the next
_'50 that will be three inches, and fo on ; or inftead of
ches their altitudes may be of any other dimenfion,
4 the onc-hundredth, or the “one-thoufindth part
Of an inch. From all which we derive a VEry re-
Markable conclufion ; namely, that if the altitudes
bhove the Jurface of the earth be taken in arithmetical
Progreffion, the denfities of the air at thofe altitudes will
b in geometrical progreffion decreafing.

Thus, for inftance, if at a certain altitude the air
be half as denfe as it is immediately on the furface
Of the earth ; then at twice that altitude, the air will
be four times lefs denfe than upon the furface of the
arth ; at three times that altitude, it will be eight
times Jefs denfe; and fo forth.

Experience, aflifted by calculation, fhews that
A the diftance of feven miles from the furface of che

€arth, the air is about four times lefs denfe than it is

\\‘
* Let A, B,C, D, &c. be a feries of quantities, and if
fofe quantities be proportional to their own differences, we
h“e A:A—B:: B:B—C:: C: C—D, &
enee converfely (Eucl. Cor. to Prop. 19. B.v.) A: B::
BiC::C:D,&c.

Q3 clofe
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clofe to that furface *.- Now the knowledge of this
faét will enable us to conftruct a table of denfities
(or of preflures) of the atmofphere ac all altitudes
from the furface of the earth ; which may be don¢
in the following manner :

Take the alttudes in arithmetical progreffions
viz. 7 miles, 14, 21, 28, 35, &c. Then for the
denfities, fay, by the rule of three, as 1 is to 2, {0
is 2 to a fourth proportional, which is %, and
fhews, that at the height of 14 miles the denfity of
the atmofphere is the 16th part of what it is clofe £0
the furface of the earth. Again, fay; as § is to v
fois % to a fourth proportional, which is o5, and
thews, that at the diftance of 21 miles the denfity
of the atmofphere is the 64th part of what it is clofe
to the furface, &c. Thus you have the denfities (oF
the preflures which are as the denfities) of the at-
mofphere at the undermentioned diftances,

Altitudes Correfpondent
in-miles, denfities.
Q — —_— 1
7 s S— 41
" AR CNRNE e 7
21 e T e %
1
28 = e ey TIE
3 5 o — T't,lf‘q-'
4% i = ares
r—— e z
49 TETER
56 b= T EETTE
e, &c.

* Cotes’s Hyd, Leétures, Leét. [X, s
n€Hs
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Then, in order to find the denfities correfpondent
{0 the intermediate altitudes, take an arithmetical
Mean proportional between 7 miles and 14 miles,
Which is 0% miles *; alfo, take a geometrical
Wean proportional between the denfities of the air
f’-t 7> and at 14 miles, viz. between £ and %, which
‘? + T and this is the denfity of the air at the al-
Utude of 10X miles. Again, take an arithmetical
Mean proportional between 14 and 21 miles, which
‘? 171 miles ; alfo, take a geometrical mean propor-
Honal between the denfities of the air at the above-
Mentioned two- altitudes, viz. between % and 25
Which is ., and it expreffes the denfity of the air
4t the heighc of 17 % miles. After the fame manner
You may take an arithmetical mean proportional

tween 17 7 and 21 miles, and a geometrical
Mean proportional between the denfities at thofe al-
titudes. In thort, the like operation may be per-
formed with any two alticudes, and their ‘correfpond-
€0t denfities ; by which means a table of denlfities,

¢

: * An arithmetical mean proportional between two num-
1S is found by taking the half of the fum of the two

MWmbers, Thus the fom of 7 and 14 is 21, the half of
Which is 10 3

T A geometrical mean proportional between two num-
bers, s found by extralling the fquare.root of the
Pf’odu& of the two numbers, Thus £ multiplied by .z,
Blves & the fquare root of which is 43 and % is the geo-

“?et-’ ical mean between 2 and %

G

Q4 anfwering
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anfwering to certain altitudes, may be conftruéted.
This laborious operation, however, may be avoid~
ed; for the fame thing may be obtained by ufing 2
table of logarithms, which logarithms in fact are 2
fet of numbers in arithmetical progrefiion, annexed
to another fet of numbers, which are in geometrical
progreflion ; fo that the former may reprefent the
altitudes, whilft the latter reprefent the denfities
of the atmofphere correfpondent with thofe alti-
tudes.

The principal ufe of fuch a table is for meafur-
ing perpendicular altitudes above the furface of the
earth, by means of barometrical obfervations, the
principle of which operation we fhall endeavour t0
explain.

The barometer, as has been fhewn in the pre-
ceding chapter, fhews the actual preflure of the at-
mofphere, or the denfity of the air at the place
where it is fitvated; therefore the altitude of the
mercury in a baremeter, placed at the top of 2
mountain, will not be fo great as the altitude of the

mercury in a barometer placed on the fea fhore-

Now thofe altitudes of the mercury being as the
denfities, and the denfity at the furface of the earth,
or on the fea fhore, being called one in the table, W€
fay, as the barometrical altitude at the furface is @
the barometrical altitude on the mountain, fo is on€
to the denfity of the air at the top of the mountain ;
and finding the denfity thus obtained in the tables

we have againft it the correfpondent altitude, OF
the
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the perpendicular diftance between the fituations of
the two barometers.

So far the operation would be eafy and ufeful,
provided its refults were attended with fufficient
accuracy ; but the other above-mentioned caufes,
Which affect the denfity of the atmofphere, render
a variety of corrections neceffary for the attainment
of a ufeful degree of accuracy in fuch mealure-
Wents. The difficulty of inveftigating the peculiar
efects of thofe caufes, as alfo of compenfating for
their effets, involve the operation in a good deal
of difficulty, on which account we [hall give a full
examination of this fubject in the note (1.); and

thall

Pr—

(r.) The mechanical properties of the atmofphere are
analogous to the properties of a particular fpecies of curve
lings, called Jogarithmic curves ; hence the knowledge of the
Properties of the latter is of confiderable affiltance in eluci-
dating the properties of the former. But the nature of
lﬁgaritl\mic curves is probably not fufficiently underftood
by the greateft number of my readers : I fhall, therefore,
bl"neﬁy I’ijoin fuch of their properties as may fuffice to illuf-
trate the doétrine of the atmofphere.

Of the Legarithmic Curves.

Definitions, Upon an indefinite right-line AE, fig. 7, Plate
XII. make the intervals AB, BC, CD, &c. equal to one
another; or (which is the fame thing) make the diftances
AB, AC, AD, &c. in arithmetical progreflion. From the
Points A, B, C, D, E, &c. draw the lines AF, BG, CH, DI,

&,
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fhall here proceed to give a fhort idea of the influ-
ence of the above-mentioned caufes on the denfi-
ties of the atmofphere, at different altitudes and
different times.

In

&c. parallel to each other, and in geometrical progreflion ;
viz. making AF to BG, as BG to CH, as CH to DI;
and fo on.. Thena curve line FGHIK, drawn through
the extremitics of thofe paralle] lines, is called a logarithmi
curve. 'The indefinite right-line A E is its axis, which
will be fhewn to be an afymptote to the curve, viz. it will
never mect the curve ; and the lines AF, BG, CH, DI, &c.
ate the srdinates.

Since the ordinates may be taken in any geometrical pro-
portion, it is evident that there is an infinite variety of lo-
garithmic curves.

Propofition 1. The axis AE is an afymptote ta the
Lgarithmic curve. ‘

Since the ordinates are in geometrical progreffion, HC i3
fuch a part of DI, as BG is of HC, as AF isof B, as
the next ordinatz is of AF, and fo on without end; there-
fore no ordinate can ever be equal to 03 for that © would be
no part of the preceding ordinate; hence the axis and the

curve can never mect;- though when produced towards

the fhorter ordinates, they come continually nearer to each
other.

Prop. Il. Ifa tangent and an ordinate be drawn from-any
peint in a logarithmic curve ; the Jubtangent, or part of tht
axisy aukich {5 contained between the interfactions of the ordi-
nase.and the tangenty is a conflant or invariable guantity.

Take E and F, any two points in the curve, fig. 8

1 Plate
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In the preceding inveftigation of the decreafing
denfity of the atmofphere, the force of gravity has
been fuppofed to act uniformly ; whereas, in truth,
that force decreafes according as the fquares of

the
‘-—-______

Plate X111, indefinitely near to each other, and through each
of them draw a tangent and an ordinare to the curve; TE,
VF, being the tangents, and BE, CF, the ordinates, Draw
another ordinate-D G, as diftant from CF as CF is from
BE, and through E and ¥ draw E #, Fr, both parallel to
the axis,

Since the diftances B C, C D, are equal, we have, from
the definition of the curve, DG: FC:: FC:BE; by
divifion, DG—FC:FC::FC—BE:BE::Gr:
FC..Fx:BE.

It is evident from the parallelifm of the lines Fry E #,
TD; as alfo of thelines DG, CF, B E, that the trian-
gles F Gr, FVC, are fimilar, and {o likewife are the trian-
gles FEn ETB; hence Gr:FC::Fr:VC; dbo
Fu.ER::En:BT::Gr:FC::Fr:VC., But
Enis equal to F r; therefore the fubtangent B T muft be
®qual to the fubtangent C V.

3 By the fame mode of reafoning it may be proved that BT
'S equal to any other fubtangent of the {ame curve ; or that
the fubtangent is an invariable quantity.

Gor, Logarithmic curves, that have equal fubtangents,
Ale equal,

_ Prop. 111, If four ordinates to a logarithmic curve be in
the fume ratio, viz. the firft be to the fecond as the third to
the fourth ; and if through the extremities of the firft and third
@ Jecant be drawny and ansther Jecant ke drawn through the
Extremities of the fecond and fourtlrs thenm the part of the axis

which
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the diftances from the centre of the earth increafl®
(p. 61. Part I.); fo that the particles of air which are
at a diftance from the earth gravitate lefs than thofe
which are nearer to it; hence, on this account, the

denfity

which is contained betwren the interfefions of the firft [ecant
and the firft ardinate, will be equal to that part of the fame
axis which is comtained beiwween the interfections of the fecond
[fecant and the fecond ordinate.

Thus, in fig. 9, Plate XIIL. if AF : DI1:: BG : EK,
in which cafe, from the nature of the curve, AD=BE, and
AB=DE; and if the fecants G FT, KIV, be drawn;
then TA will be equal to V D.

Through F and I draw FS, and 1L, parallel to the axis.
Then fince AF : DI:: BG : EK, we have by alterna=
tion AF:BG::DI:EK; inverfely, BG : AF ::
EK : DI; and, by divifion, BG—AF {(=GS): AF
it EK—DI (=LK) : DI; inverfely, AF : GS§
::DI:LEK. Butthe triangles DIV, LK1, are fimilar,
and fo likewife are the triangles AF T, FG §

5 therefore

. TA:FS8::AF:GS:: (from the above analogy) D 1

tLK::VD:IL, Then fincein the analogy TA : F 8
:: VD:1L, the fecond and fourth terms are equal, viz.
FS=IL, or AB=DE; the other two terms muft likewife
be equal, viz. TA=V D, '

Prop. IV. The fpacey which is civcumferibed by any twa
ordinates, and fuch parts of the curve and of the axis as lic
betgveen rlnq_/é’ grdinates, is equal to the reclangle of the Sfubtan=
gent and the diffirence of the ordinates.,

Thus, fig. 10, Plate XIII, the fpace GBEL is equal
to TE % SL ; TL being the tangent at the point L,

Imagine
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denfity of the atmofphere at a given altitude muft
be lefs than if the force of gravity adted uniformly.
Yet, fince the altitudes of the higheft mountains
Make a trifling addition to the radius of the earth,

the

S ——

Imagine DI to be drawn infinitely near and parallel to
EL; and Ir to be drawn through the interfection I, pa-
Tallel to the axis.

From the fimilarity of the triangles LI+, L T E, we
Mave EL:ET :: L#:1lrs hence ETxL#»=ELx
lr ~ thearea DELr = (fince, when I D is infinitely near
WEL, the triangle L1+ vanithes) DEL L. And the
fame thing may be faid of any other point very near I, and
of another next to that, &c. Thercfore (the {fubtangent
E T being an invariable quantity) the fum of all the fmall
quc{js, fuch as DE L1, between L E and B G; or the
fpace BEL G, is equal to E T LS (L S being the fum
Ofall the differences L 7).

Corollary 1. 'The whole area, which is contained be-
tween any orlinate L E, the curve, the axis, and infinitely
®xtended towards F A, is equal to the reCtangle of that ore
dinate and the fubtangent, viz. to LE X TE; fince when
the area is infinitely extended towards A F, the laft ordinate
Vanifhes, viz. EL becomes equal to the difference of EL
and the Jaft ordinate.

Cor. 2. The fpaces, which begin at different ordinates,
and are thus infinttely extended, are as the ordinates from
Which they begin to be reckoned.

_ Cor. 3. The fpace which lies between any two ordinates,
¥ to the fpace which lies between any other two ordinates,
8 the difference of the firft two ordinates is to the difference
of the two others,

Prep
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the diminution of the gravitating force will have no
fenfible influence in our meafurements of altitudes
by means of the barometer. Thofe perfons, how-
ever, who wifh not to neglet that circumitances

either

Prop. V. The dijlances, or paris of the axisy which li¢
Between two equal ordinates in fwo, or morey differcnt doga-
rithmic curves, are as the fubtangents of thefe curves re-
fpectively.

Fhus, if in the two logarithmic curves; FIG, QK Sy
F A beequal to P QJ and BG be ch;al to HS8; then it
will be AB: TB::PH:VH; TG and VS being
the tangents.

Draw two ordinates indefinitely near to G B and H S,
and draw I, K r, parallel to the axes; then fince AF, Ll
B G, are refpectively equal to PQ, N K, HS, it will be
{from the definition of the curve) AB: LB (orIa) 2
PH:NH (or K#); and alternately AB: PH :: I'n:
Kr.

From the fimilarity of the triangles B G Ty G In, and
HSV, SKr, wehave BT :1n:: BG:2G:: HS?
7S::HV :rK; whence alternately BT : HV :: 1 #:
Kr::AB:PH; and inverfely, AB: BT :: PH=
HV.

Scholium. A table of logarithms is nothing more than 2

feries of numbers in arithmetical progreflion, annexed t0

another feries of numbers that are in geometrical pro<
greffion,  Therefore; if the lengths of the ablfciflas ABs
A C, AD, &c, of a logarithmic curve, fig. 7, Plate X1l
and the lengths of the correfponding ordinates A F, B Gy
C H, &c. be exprefled in numbers ; the former will be the
logarithms of the latter.

Since
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tither in fuch meafurements, or in the inveftigation
of other properties of the atmofphere, will find the
feceflary explanations in the note below.
Heat increafes, and, on the contrary, cold, or a
diminution
\\_;

Since the ratio of the ordinates as well as the lengths of
the ablciffas may be various; it follows that different
“Bartithmic curves will reprefent different fyftems of lo-
T
’ In the curve which expreffes the common table of loga-
r‘thihs, called Briggs’s lygarithms, the lengths of the ordia

15 are, 1 :10: 100 : 1000, &c. or their ratio is ro,
Whilt the abfciflas, or the logarithms, are 1, 2, 3, 4, &c. 3
d the fubtangent (otherwile called the maodule of that fyflem
?f‘fagaritbm:) is equal to 0,43429448. :

It is evident that every ordinate is a geometrical mean
Poportional between any two other ordinates equidiftant
O it 5 whilft its correfpondent abfeiffa is an arithmetical
Mean proportional between the ablciflas to the other two
*inates, Thas C H, in fig. 7, is a geometrical mean
ftween B G, and D I; and A C is an arithmetical mean
®tween A B and A D. Hence, for inftance, if we divide

in two equal parts in 5, and find a mean geometrically
meDrtiom] between A F and B G, that mean will be the
Egth of the ordinate 563 and As is its logarithm.—Thus
‘:e May find as many ordinates and their logarithms as we
Pleafs,

It follows from Prop. V. that in different {yftems of lo-
S¥rithms, the diftances between equal ordinates, or the
]"ga.rithrns of equal numbers, are proportional to the fub-
tangmm, or modules, of their refpective fvftems, Thus,

if
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diminution of heat, contracts, the bulk of air. But
this expanfion and contration are not regular, viz-
they are not exactly proportional to the degrees of
heat. Befides this, the rate of expanfion, by the
fame degrees of heat, differs accordipg as the air 15

more or lefs denfe; alfo according as it is more of
lefs

if in one fyftemn the module be M, and the logarithm of 2
given number be L; whilft in another fyftem the module
be 7, and the logarithm of the fame number be !; then it
willbe M: L :: m:/; hence MI= L m; viz. the nro-
duét of the logarithm of a given number in one {yftemy
multiplied by the module of another fyftem, is equal to the
product of the logarithm of the fame number in that othe!
fyftem, multiplied by the module of the firft {yftem.

If the module of one fyftem be reprefented by unity : thed
¥:L:im:l; in whichecale Limm=Z

Of the ATMOSPHERE,

Thus much will fuffice with refpeét to the properties of
the logarithmic curves; we muft now proceed to explaif
by means of thofe properties, the conflitution of the at-
mofphere, and the method of determining altitudes from
barometrical obfervations, -

It has been already fhewn, that the denfitics of the air a6
different diftances from the earth are in geometrical pro”
greflion decreafing, whilft the altitudes are in an increafing
arithmetical progreffion; it is thercfore evident, that if O%
a ftraight line A M, fig. 12, Plate XIII. the diftances A B
AC, AD, &c. reprefent the altitudes, and the ftraight 1i0%®
AQ, BF, CH, DI, &c. drawn perpendicular to A My
rcprcf‘*'nt
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lefs charged with moifture. — The lite General
%, F.R.S. made a great' variety of accurate ex.
Petiments relative to this expanfion of air ; but the
Tefults of his experiments will be ftated in another
PAIt of thefe elements.
The
t\"‘-—_*

l.epf'ﬂfem', or be made proportional to, the denfities of the
Mofbhere at thofe altitudes ; then a curve line QIN,
'4Wn along the ends O, H, 1, &e. of thofe lines, will be a
*8aithmic curve, and may be called the atmofpherical loga-
"ithmic ;' A M being its axis, and A O, B, C H, &e. its
®dinates, The area which lics between the firft ordinate
O, the curve,and the axis, and is infinitely extended towards
N, may be confidered as being equal to an infinite num-~
ber Of ordinates, fituated extremely near to each other; but
t!]"re ordinates reprefent the quantities of air at their refpec-
tive fituations ; therefore the abovementicned area will re-
Prefent the whole quantity of air in the atmofphere. Alfo
We area, or part of the abovementioned area, from any one
n.r thofe ordinates upwards, will reprefent the whole quan-
"y of atmofpheric air, which exifts beyond that altitude.
This however would be the cafe if the force of gravity
3teq uniformly at all diftances from the earth, which is not
UL Py refons we itk fow exiathing the el diminution
- de“ﬁty in the atmofphere on the true hypothefs, viz. of
- 8ravity’s decreafing according as the fquares of the dif-
NCes increafe ; in confequence of which the denfity of the
YT at any givén alticude muft be greater than it would be if
e force of gravity ated uniformly, in order that a given

“8ree of preflure may be produced upon the furface of the
Sarth,

VoL, 1g, R Let
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The influence of the fun, and principally of the
moon, upon the Wwaters of the ocean, is too evident
to need any particular examination ~ And it is evi-
dent from the laws of univerfal attraGion, that thofe

" celeftial

™

Let PAZ, fig. 13. Plate XIII. reprefent the circumferenc®
of the earth, S its centre, m SM an indefinite right line pafiing
through the centre 5, and interfecling the circumference at A
Let the altitudes §A, $B, SC, SD, differ indefinitely littl¢
from each other 3 but Jet them be in harmonical pro*
greffon.  Alfo let the ordinates A O, BF, CG, DH, b¢
proportional to the denfities of the atmofphere at A, the
furface of the earth and at the altitudes B, C, D 5 but upot
the fuppofition that the force of gravity afls uniformly’
Then the curve OF GHN, drawn along the extremitics
of thofe ordinates, &c¢. is {from what has been faid above) #
logarithmic curve. ' ‘

Now take S &, a third proportional to S B and S A take
S ¢ a third proportional to S C and § A ; alfo take S d a third
proportional to 51 and S A 5 viz. let it be

SB:SA::SA:S#
SC:SA::S8A:5¢
SD:SA::SA:84

Then 8 A, S5 S ¢; S4, being the reciprocals of S Ay
$ By 8§ Cy §D; (for they decreafe according as S A, S B
SC, $D, increale) muft be in arithmetical progreflion’
it being well known that the reciprocals of quantities that a1®
barmonically proportional, are in arithmetical progreflio™*
See Maleolm’s Arfthmetic, B, IV, chap, 6.

Through the points Ay bs oy c_i, draw AO, b f; ¢ 3 dbs

perpendicular to the axis A m, and make them proportion™
10
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Celeftial bodies muft act upon the atmofphere in a
ﬁmil-ar manner 3 that is, they muft accafion a flux
nd reflux of the atmofphere, as well as of the
OCean, But ‘the atmofpherical air being a fluid

much
R

10 the real denfities of the air at A, B, C, D, refpectively.
Through the points O, f; g, /J,l &c. draw the curve
Ofe b, &c. which will prefently be thewn to be a logarith-
Mie Curve.

From the abovementioned analogies, we have SD X Sd=
m": SC % Se¢; hence S¢: S4:: 8D :SC,. Con-
Verfely S¢ : S¢—S8d (==cd) ::SD:8D—8C (=
‘QD;) viz. ¢d:CD ::8¢:8D. Or, becanfe CD
8 indefinitely fmall, § C will be ultimately equal to $ D :
heﬂte, by {ubftitution, the laft mentioned analogy becomes
Pl D) - .S s SIE 1 350 x 5IC 8 C S T S AP

2

"5C)%, Therefore cd=DC x ﬁ‘;” and by equal

Multiplication, it will be ¢d x ¢g = CD x ¢g %
Bt
ISR

Now CD exprelfes the bulk of the ftratum CD G H
(For a5 CD is very fmall, the air may, without any fenfible
Strar, be fuppofed to be uniformly denfe throughout the
ﬂratum CDGH )3 eg, by conftruction, exprefles the
feal de d @ iprefles

nfity of the fame ftratum, an So P
the Bravitation of each particle; * for fince the force of gra-
Vity i inverfely as the fquares of the diftances, if the gravity

3t the furfuce A be called unity, we have SCI:SAl::1:
S0): = the gravity at C.
ST gravity a St |
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much more variable than water, the aétion of the
fun and moon upon it becomes much lefs apparen®
to us, fince they muft frequently concur with, of
be counteracted by, the much more powerful cﬁl‘&:

0

But the weight; or preffure, of any ftratum is as its bulky
as its denfity, and as its gravity conjointly ; therefore CD 4

BAF ; f
X =5 or its equal cdxcg, exprefles the preflure ©
the ftratum CD G H, And the fame reafoning may be
adapted to any other fucceeding ftratum, But the fum of 4l
fuch ftrata as edbg (or edXcg) from cg downward®
forms the area ¢ mn g below ¢ g3 therefore the whole prﬂ(‘
fure upon C, arifing from the gravitation, or preflure, of al
the air above it, is as the area cmng. But the denfity £5
of the air is as the preflure 5 therefore any area as ¢ ng
below any ordinate, as ¢ g, is proportional to that ordinaté’
Neow this is a characteriftic property of the Iogari:hﬂ"i@
curves; therefore it fhews that the curve Ofghnisa o
garithmic curve. See Cor, 2. to Prop. IV, in page 227°

Farther it appears, that this curve is exaétly equal to the
curve OF (G HN ; for if B come continually near to Ar
and ultimately coincide with it, the ultimate ratio of AB
A by and of BF to bf; muft be that of equality. Ther
the tangents OFK, Qf#, form equal angles with the 23
dinate A O3 confequently the fubtangents AK, Ak arlc
equal, and the curves OFGHN, O fg b, are allo egua”
See Cor. to Prop. Il in page 235.

The diftances Sb, S& 84, are in arithmetical Pr?’
greflion, and fo are the diftances Ab, Ac, A d, pecaufe
latter are refpectively equal-to SA =5 &; SA — 56 5}; &
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of heat and cold; of drynef§ and moifture, of winds,
&e. (See the Abbé Mann’s Differt. on the Flux
and Reflux of the Atmofphere, in the fourth vol. of
% Tranf of the Ac. of Sec. at Bruflels, or in the

Phil.

T,

84, Then fince Of g ha is alogatithmic curve, and the
i Aby A, Ad, are in arithmetical progreffion ; the
Odinates bfy cgy d b, muft be' in geometrical progreffion.

Ut thefe ordinates reprefent the real denfities of the air at
% C, Dy therefore the denditics of the air at B, C, D, are
" geometrical progreffion; on the true hypothefis of the de-
Creafe of gravity in proportion to the fquares of the diftances
om the centre of the earth. ]

Upon the whole then it appears that the difference be-
Wween the two hypothefes, viz. of an uniform; and of a de-
creaﬁng gravity, is, that the ordinates & f; ¢ g, d by &ec. which
"Prefent the denfitids of the air at the places B, C, D, re-
Betively; ‘are a little longer than ‘the correfponding ordi-
Mtes BFy € G, DH.  And they are longer, becaufe the
Bieigus A by A ¢y Aud, are thorter than the correfponding
Wi ABy AC,A Dy recolleting that the curves

Fa Ny and ‘O fgny, have been demonftrated ‘to be
“qual, © Sy fhat iF ke denfity of the air, or the preflure of
lthe :itmofphcre, at a certain point, for inftance, D, is tolbe
letlated.on the fuppofitian of an uniform gravity, we mult
“®rimine the value of the ordinate DH ; but upon the true
theoryof 5 décreafing gravity, we muft determine the value
F the orditiate d h.—The method of calculating thofe ordi-
Dates is a5 follows, i
The logatithmic area A Q N'M is equal to the refangle
AD x AK (Prop, LV, in page 236, and its Corollaries ) the
' R 3 area




246 Of the Denfity and Altitude

Phil. Magazine, vol. V.) - Hence the action of the
fun, and principally of the moon, upon. the at
mofphere, has been long furmifed; but it is only
of late years that it has been in fome meafur®

obferveds

S

area BF N M is equal to BF x AK ; the area CGN M
is equal to C G x A K, &c. Therefore the preflure at the
furface, which is proportionate to the area AONM, is equﬂl-
10 AOx AK. Butif the air were of a uniferm denfity, equal-
to its denfity at the {urface A, and did not reach higher that
K, its'whole quantity would be exprefled by AOx A K3
therefore the whole quantity of air A O N.M, gradually de=
ereafing in denfity, isequal to an homogeneous atmofpheré
of the denfity A O, and altitude A K.

Farther, the quantity of air BF N M is to the quantity
AONM, (orto AOx AK)as BF isto AO. " Allo the
quantity of air. CGN M, is to the quantity AON M,
(or to AOxAK)as CG isto AO; and fo forth.

Now let fig. 14. Plate XIIL reprefent the log:'irithmic
cutve of the common table of logarithms, where the fubtan=
gent; or module A E, is equal to 6,43429; let AT be equal
to AQ, (fee both figures) and DH to RY ; then we havé
(by Prop. V. in page 238.) AE:AK::AR:ADs
Alfoy if VQ beequal to BF, wehave AE ; AK VR
BD. :

Thofc, two. analagies are of great pratical ufe, vizs fof
finding out the preflures or the denfities of the atmolpher®
when the altitudes are given ; and, on the other hand, for
finding the altituces, or the diffgrence between two altitudoss
when the denfities at thofe altitudes are known. :

The preflures of the atmofphere at different. heightS of

the values of the ordigates-AO, BF, €G, DH, &
‘ ard
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Obferved, and rendered fenfible by means of very

ccurate and long continved barometrical obferva-

tions; for it may bz percetved only by taking a mean
of the obfervations of many years.

- Toalde

——

e fhewn by the altitudes of the mercury ia the barometer,
(Which are 'the counterpoifes to thefe prefiires) placed at
the correfpending fituations ‘A, ByC, D, &c.' The parts
4, AR, UR, are to be found in'the common able of
garithms ; <A E'is equal'to 0.434293 and A K has been
Uesrtained, by the following means, to beequal to 26365
Feet; or five miles acarly. ‘ :
When the thermometer ftands at 32° and the barometer
ANds at 36 iriches, the fpecific pravity of air may be reck-
Oned equal to ©,0013066208, and the {pecific gravity of
Quicfilver equal' to 13,619, Taerefore 0,0013056208 :
13,619 : 212 10423507 = the fpecific gravity of quick-
ﬁh’er, when that of air:is called one, viz. intheabove-
"‘mntiuncd circumdtances - quicklilver -~ weighs © 10423,07
Umes as much asair: wheice it follows that a perpendicular
Billar of quickfilver of 3o inches in the barometer, is'a
Counterpoife to @ perpendicular pillar of the atmofphere of
te fame diameter, reaching from the furface of the earth to
the ttomoft limit M of the atmofphere; or to a perpendicular
Pillar of 4iy of am uniform denfity (viz. of the denfityat the
fucface A, fuch as is indicated by the ordinate AQ)), but of
30 times 1042 3,07 inches, viz. 0f312692,1 inches. There-
fore AK, which is the (ubtangent, or the module of the ag-
m"fPhericaLlogaridunic, is equal to 31269%;1 inche., or
25057,675 feet, or 8685,851 yards, or 4342,94 fathoms,
8% 5 miles, minus 343,325 fest.
R4 ¢ The
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Toaldo the learned aftronomer of Padua, after 2
variety of obfervations made in the courfe of feveral
years, found reafon to affert, that cateris paribus, at

the time of the moon’s apogeum, the mercury i
the

I

The practical application of the abovementioned anale~
gies, to the method of meafuring altitudes by means of
barometrical obfervations, will be illuftrated by one or tw@
examples.

Example 1. Suppofe that the mercury in the barometer at
A, fig. 13, viz., on the furface of the earth, flands at 30 inchess
at the fame time that the mercury of a fimilar barometer
fituated on the top of a mountain at I, ftands-at 29,34
inches. It is required to deduce the altitude A D from thole
obfervations. .

In the firft place it muft be recolleted, that the fame pref-
fure of the atmofphere, which caufes a certain denlity of the
air at any place A, or D keeps up the mercury in the tubg
of the baromer 3 therefore the altitudes of themercury in the
barometers licuated at different altitudes above the furface of
the earth, are proportional to the.denfities of the air, or to the
ordinates of the atmofpherical logarithmie at thofe refpective
altitudes,  So that in the prefentinftance, 30 inches perpef-
dicular aititude of mercury reprefents the ordinate AQ, and
20,34 inches perpendicular altitude of mercury reprefents
the ordinate D H.

Now in the logarithmic curve of the common tabular 10

garithms, fig. 14, Plate XIIL. AT and RY are 1€

pectively equal to AO and DH of the atmofpherial
loganthmic, fig. 13, Plate XIIL. ; therefore, taking from
the common logarithmic tables, the logarithrn‘ of 30y which
. 's

3 i
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the barometer rifes the 0,015 of an inch higher
than at the perigetitn ;' 'that at the time ‘of the qua-
dratures, the mercury tands 0,008 of an inch higher
than at the time of the fyziges; and thac it ftands

0,022

S—

is I,47712135 alfo the logarithm of 29,34, which is
1,4674651 5 and fubtralting:-the latter from the former, we
Obtaip the remainder 0,0096612, which is equal to the por~
tion A R of the axis, ,

This being obtained; we then fay AE: AK:: AR:
AD; viz, 0,4342048 : 26057,675 ¢ 0,0006612 : to a
fourey proportional, ‘which gives the altitude A D equal o
379,672 fect. . .

In &nding this fourth proportionaly according to the com-
Mon ryle of three, we may cither multiply the third term by
the fecond; and then divide the produét by the firft 5 or we
May firft of all divide the fecond term by the firft, and then
mllltip]y the quotient by the third term; the refult, as is
- Well known, turning out always the fame. But in this
Operation the fecond method is attended with a practical ad-
Vantage, which will be pointed out prefently.

_ Buamply 11 Suppofe'the perpendicular pillar of mercury
' the baremeter at'B, to be 28,65 inches, and that of the
Mereury inia fimilar barometer -at D, to be'26,97 inches.
' is" required to determine thereby the jperpendicular
diﬂance BD; between the two ftations, or places of obfér-
Vatiop,

Suppofing 'the ordinates UQ 5 R Y to berefpeively
*qual to the above-mentioned mercurial altitudes; we take
e logarithm of 28,65, which is 1;45712465/and the lo-
#3ithin of 26,97, which is 1 14308809 ; then fubtracting the

latter
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0,022 of an -inch higher when the moon. inieach
lunation comes neareft to our zenith, (meaning the
2enith of Padua, where the obfervations were made)
than' when it goes farthelt from it. . Fournal dés
Sciences Utiles.

In

S

latter from the former, the remainder ©,0262437 is equal
to UR.

This being obtzined, we then fay, as mentioned aboves
page 246;; AE: AK1: VR :BD; viz. 05342045 ¢
260575675 + : 050262437 ; toa fourth proportional, to find
wlhigh; we divide the {econd term byshe firll, and ebtain the
quotient 60000 ; then multiply the third term by dus quo*
tient, and: the produl, viz. 1574622 feet, is the dif-
tance B, .

Here it is to be obferved, that the, firt and. f~eond term$
of the abovementioned analogy, are gonflantly the fame; viz:

10,4342945, and 26057,675 ; and of courfe their quotient 4

likewife conftantly the fame,| namely, the very.conveniett
number 60000 ; therefore the pperation of determining the
altitudes, &c. may be rendered very {hort ;- for the. wholi':
confifts in multiplying the differénce. of the logarithimis of
the mercurial altitudes, by60000, and the produét gives the
altitude foughtyiin feet:  Andnif we want the anfwer in &~
thoms, the operation will be rengered.(horter, &ill ;. for. finc®
Six fect arecequal to one fathom, -6ooao. feet muft be .=:qu'=11
to 10000 fathoms. Therefore, in that cafe, we need only
multiply the difference of thetlogarithms by 100005 which
is cafily done by removing, the comma, which fepavates th°
decimal part of the logarithmic remainder, four. plages of

figures tothe right, - Thus, in the Jaft example, ‘}“‘,10;’
b : garithml‘-?'
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In the #th vol. of the Philofophical -Magazine,
there is 2 paper of L. Howard, E{q.; which ‘con~
fains {eyeral curious obfervations relative to this-
fubjest, . This gentleman found both from his own
obfervations,

—

gatithmic. remainder is 0,0262437, which, by removing the
Comma four places to the right, becomes 262,437, and ex-
Prefles the diftance BD in fathoms; the fame as before,
262,437 fathoms being equal 1574,622 feet.

It is now neceflary to recollect that this rule has been
®ftablifhed upon the fuppofitions that the fpecific gravity
°f mercury is 13,6193 that the fpecific gravity of air is

0,001 3066208 ; that the temperature of the air, as well as
Ofthe mercury, is 32°% and that the mercurial altitude in the
bay ometer, fituated on the furface of ‘the carth, is equal tq
39 inches. But if any one of thofe circumftances happens
10.be gltered, then the refult of the operation, according to
the above-mentioned rule, will deviate more or lefs from the
fruth, For inftance, if the temperature happens to be higher
than 32°, then the fpecific gravities of ‘the air, and of the
Mercury, will differ from the above-mentioned ftatements,
And of courfe the module of the atmofpherical logarithmic, -
Which is the {écond term of the analogy. &c. mufk be altered
cordingly.—The fame thing may be faid with refpect to
the ather particulars,

Notwith@tanding the mtrlcacy of folution thh arifes
from the concurrenge and fluGtuation of the above-
Meationed circumitances, the particular effects of each
SAufe have heen examined, with immenfe trouble and affi-
‘-‘]‘+i:ty, by various ingenious _pi-lilo[bphersi and rules have

$en formed for corx'c&ixlg in 2 great mealure the errors
‘ which




25 Of the Denfity and Altitude

obfervations, ‘and from an gxamination of the Me-
teorological Journal of the Royal Society, which is
publifhed annually in the Phil. Tranfaltions, that
the moon had a ‘manife®t" attion dpon the baro-

metets

which arife therefrom,  We fhall now proceed to exa-
mine ‘thofe rules, and the facls upon which they are
eftabljthed.

Since the bulks of bodies are increafed by the acceffiont
of heat, and of courfe their fpecific gravities are thereby
diminifhed; and fince different bodies arc expanded differently
by equal increments of heat ; it follows that, under the fame
atmoipherical preflure, the mercury in the barometer muft
ftand higher or lower, according as it is hotter or colder.
Alfo the ratie of the gravity of rizdfcury to that of air, will,
exteris paribus, vary with the increale or decreafe of tempera-
ture ; but this variation has beén found to be not exaétly
proportional to the digrees of héat. = Hence in meafuring
aléitudes by the barometer, either the fubtangent of the at-
mofpherical logarithmic muft be ‘derived from the ‘aétual
temperature of the mercury and ‘of the air at ‘the'time of
miaking the obfervations ; or’ both the actuzl denfity of the
air, and the obferved altituds"of tfle mercury in the barone-
ter, muft be reduced to 'what they would be if the degree
of temperature were 32°—-T‘1e latter micthod is'the muﬂ
CX"]edlthUS. gy '

Merc‘ury has been found 6" expand ne'!.riy in the cxa‘?‘
proportion of the decreus of Heat; its expanfion for evﬂrY
degree of heat, from' 3?-" ugivards, or the contraction
ot every degree of hedt fromt’ 32°, downwards: is equal

t0 0,000102 of the whele bulk, which at 32°, is “alled on®s
] Or
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meter, « It appears, be fays, to me evident, that
“ the atmofphere is fubject to a periodical change
* of gravity, whereby the barometer, on a mean of
“ ten years, is depreffed at leaft ‘one-tenth of an

¢ inch

-

OF unity : fo that if a quantity of quickfilver, which at the

temperature of 32°% meafures one cubic inch, at the tem=
perature of 33°. meafure 1,000102 inches 3 it will, at
the temperature of 34°. meafure 1,000204 inches, &c.
But though quickfilver in itfelf be expanded regularly by the
acceffion of heat; yet in the tube of the barometer, the per-
pendicular pillar of it isnot expanded with the fame regu-
larity ; and this deviation from that regularity is owing to
two caufes, viz. to the expanfion of the glafs tube, and to the
Probable gener:uiori of fome elaftic fluid, which being ex-
tricated from the mercury by the heat, occupies the empty
part of the barometrical tube above the quickfilver,

The actnal increafe of altitude in 2 barometrical pillar of
mercury, arifing from an increafe of temperature, was de-
termined from actual experiments on te barometer itfelf, by
the late very ingenious General Roy. When the barome-
ter ftood at 30 inches, this gentleman expoled a barometer
to different degrees of heat in a very proper apparatus,
Wherein the whole column could be rendered of the fame
Uniform temperature and meafured the increafe or decreafe
of altityde, which was occafioned by the various degrees of
heat, (Sce his valuable paper in the e7th vol. of the
Philofophical Tranfactions.) The refult of his experiments
1s contained in the annexed table, where the firft column ex-
prefics the degrees of heat, to which the barometer was ex-
pofed 5 the fecond column fhews the altitudes of the mercu-

rial
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% ¢ inch while the moon is pafling from the quar-
! « ters to the full and new; and elevated, in the
! “ fame proportion, during the return to the quar-
I “ ter.” A great fall of the barometer generally

takes

expanfions.

212°%
202,
192,
i 182,
! 172,
: 162.
152,
142.
132,
122,
112,
X002,
92,
- 8z,
[' 72+
i f 62.
52,
42.

32
2.2'
1 . 52,
W 2.
o,

-y

395117 .
20,4888 Vil v 056220
30,46752 3575 nier0,0330
0 e e 0,0243
ougtag ook 0,0250
e s
36,3638 V9 050264
30,3367 © s 0,027
30,3000 Tt 0,02?7
302807 ¢ A . 0,0283
30,2518 v+ + 030289
ATTY Bt ©50295
30102y < e 0,0301
20,1615 ol 50,0307
36ria0n > L0 ©,0313
30,0984, ; =i 030318
SosoeGy o inin e 0,0323
ot i 0,0328
30,0000 neiR03d3
G665 s Lwiisie e 030338
«rewe 0,0343
29,9319
268571 wla bosle 00348
v« 0 0070

29,801 "

e

rial column, correfpondent with the different degrees of
heat; and the third eolumn exprefles the differences of thofe

& From
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takes place before high tides, cfpema]]y at the time

of new or full moon.
In the year 1794, a regular rife and fall of the
Mmercury in the barometer was obferved at Calcutta
by

————

“ From the experiments,” Col. Roy fays,  it-appears,
that a column of quickfilver, of the temperature of 32%
{uftained; by the weight of the atmofphere, to the height
of 30 inches in the barometer, when gradually affected by
different deprees of heat, fuffers a progreflive expanfion 3

£«

o

<«

< . El e . .
“and that having acquired the heat of boiling water, it s

lengthened 55er parts of an inch: alfo, that the fame
column, fuffering a condenfation by 32°. of cold, extend-
ing to the zero of Fahirenheit, is fhorfened 257 parts,
the weight of the atmofphere remaining in both cafes un-
altered ; but that in the application of the barometer to

«
«

&

€«
“ the méafurement of altitudes, fince the preflurc and
1 length of the column change with every alteration of
Vertical height, the corretion, depending on the differ-
ence of temperature of the quickfilver, will neceflarily
augment or diminifh by a proportionable part of the
Whole,  Thus, if the weight of the atmofphere fhould at
any time be fo great asto fuftain 31 inchesof quickfilver,

the correttion for the difference of temperature will be juft

&«

@

L1

14 . » *
iath part more than that for 30 inches 3 at 25 inches it

Will be sths; at 20 inches 2ds; at 15 inches £; and at
10 inches only %d of that deduced from experiment.”

This reafoning, however,is not quite correct ; for when
€ original column of quickfilver is lefs than 30 inches, a
Sfeater vacuum will remain in the upper part of the tube,
3nd 2 fmaller quantity of quickfilver remains in the lower
part

w

(13




- find 30,1302 againi’t 72°. in the table; therefare fay,
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by F. Balfour, Eq.. During the month of Aprily
beginning from fix o’clock in the morning, the ba-
tometer rofe a little during four hours; then fell
during eight hours 5 after which it rofe again dur-

ng

part of it, in which cafe the {uppofed vapour, which is ex~ -
¢ricated from the mercury by the heat, is lefs in quantity,
and finds a greater ipace to expand itfelf in; therefore the
irregularity of apparent expanficn, which is occafioned by
this vapour, is not{o great as when the column of quick=
filver in the barometer is 30 inches; fothat if the experiments
were performed with a column of 15 inches, the expanfions
would not come out exaétly the halves of thof: which are
ftated in the table, which are the refults of experiments per=
formed with a colum of twice 15, viz. 30 inches; the dif-
Sference however, would not be ‘very confiderable.: =
In order to apply the corretion for the expanfion, we
muft find, by meaus of the preceding table, what the column
of mercury would be. if the quick{ilver of the barometer
had been at the temperature of 32 inftead of its actual
temperature, . For this purpofz the actual temperature of
the mercury, which is afcertained by means of the thermo=
meter, muft be found out in the firlt column of the tables
and oppofite to it is the expanfion for a column of 39
inches, or its bulk at that temperature. - Then fay, as this
Bulk is to 30 inches, fo is the obferved altitude of the mer~
cury in the barometer, to a fourth proportional, which is the
corre@ed zltitude. Thus, if the obferved altitude be 28
inches, and the temperature of the mercury be 72°. you will
s
g0,1302:30 11 28 :t0 2 fourth proportional, which is
‘ 27,879
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ing four hours, and then fell during the laft 8 hours
of the 24. A nd this took place every day regularly,
With very few exceptions.

But it feems, that thofe regular fluStuations of the
Pai‘omcter at Calcutta could not be owing to the
'Mmediate action of the moon, fince the moon
€ould not crofs the meridian every day at the fame
Ume, So that upon the whole it appeats that we
have very little, if any, proof of the exiftence of a
Qiurna] flux and reflux of the atmofphere, fimilar
© the tides of the fea ; yet the caufes which render
the diurnal tide of the atmofphere infenfible to us,
May be the elafticity of the air, and the interference
Of the much thore powerful effeéts of heat, cold,
T"51130urs, &ee.

Having thus given a fufficient idea of the nature
20d extent of the atmofphere, and of the ufe of the ba~
Tometer, I thall conclude this chapter with a lift of the
Atitudes of feveral remarkable mountains, hills,and
f)ther places, which have beenafcertained by various
"Mgenious perfons, eicher geometrically or by means

of
el 1

_171879 inches ; fo that had the temperature of the mercury
'R the barometer been 32% the obferved barometrical alti-
tude you1g have been not 28, buf 27,87g inches.—If the

CBree of temperature be not mentioned in the table, then
Ye muft take a proportional part of the difference of the
Contiguoys expanfions in the third column of the table, and

m X y 2 :
ut add it to the expanfion next below; for the fum will
YoL. 1y, s bz

e SE s S

e, e e
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of barometrical oblervations. I have, howevels
preferred the refult of the geometrical meafure
ment to that of the barometrical, for all thol€
places w hich have been meafured by both means-

Tasee of Helourts, expreffed in Englifh Feet, as dé?
termined by M. De Luc, Sir George Shuckburgh
Col. Roy, My . Bouguer, and other feientific Perfons.

[N. B. The letter G, which follows fome of the namess

means that fuchaltitude was meafured geometrically.

In AMERICA. Above the

Qceéan.
Chimboracon —_— = Al 149890
Cayambourow — — = 19391
Antifina  — —_ — — 19292
Pichinha  — — —_ — 15670

Ciiy of Q\Uim —_— — — 93717
In AfRicA.

Table Mountain at the Cape of Good

Hope = — v— - 3454

Gondar City, in Abyflinia = — == 8440

Pic of Teneriffe (by De Borda,

11022 feer high) oo NED | 54006
Pic Ruivo in Madeira — — 5141 |

I

be the atual Bulk of o column, which at 327, would be 3° ‘

iches high.
Thus if the obferved altitude be 28 inches, and the tem |
. i - . but
perature 47°. then 47°. is not to be found in the tible; L
in the \

able

47°. 15 equally diftant from 42% and §2°, which are

¥
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Ir Evnore. it

The fummit of Mont Blane, = the
highet of the Alps, and, as Sir
George Shuckburgh fuppofes, the
molt elevated point in Europe, Afia, .
and Africa. G, — o = eb6a
Te ftands 14432 feet above the Lake

of Geneva., G,
Monte Rofa, being the fecond moun-
tain of the Alps: G,  — ~| 7 15684
Chamoun_v,ground-ﬂooroftheinnneur
the foot of Mont Blanc = == o 3367
The lake of Geneva e - 1230
The deepeft part of the lake of Geneva 837
The greateft depth of the lake being
393 feet.

Aiguille d’Argentiére. G, —  — 13402
The fummit of the Glaciere de Buet. G. 10124
The Dole, higheft point of Mont
Jura. G. — —— — 5523
Pitton, higheft pointof Mont Saleve. G. 4514

Summie

—

table ; therefore we take the half of the difference of the
€xpanfions for thofe degrecs, viz, the half of 0,0328,
Which is 0,01645-and add it to 39,0333 ; the fum 30,0497
18 the bulk anfwering to 47°. Then we proceed as before,
viz, fay as 390497 : 30 :: 28: to a fourth propor-
tional, &:c,
Notwithftanding the great accuracy of Col. Roy’s expe-
Timents, it is believed that his fratements of the expanfions ‘
§2 are
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Above the Mea
diterraneans

Sumnit of the Mole — — 6113
St. Joire, in a field at the foot of the _
Mole. G. - — -_— 1901
The fource of the river Arviron, at the
bottom of the Vallée de Glace —— | = 3656
The ball on the higheft; or feuth-weft,
tower of St. Peter’s church in Ge-
neva (249 feet above the lake) G. 1479
Frangy, at the inn, firft-floor, below
the lake of Geneva — 166
Aix; 4 la ville de Genéve, firlt-
floor, below the lake of Geneva 378
Chambery,. au St. Jean Baptifte,
firit-foor, below the lake of G. 352
Aiguebelle, at the 1nn, firft-foor,
below the lake of Geneva —~— 190
La Chambre, atthe ian, firft-floor,
above the lake of Geneva — 337
St. Michael, at the inn, firft-floor,

above the lake of Geneva— 1113 2543
Modane, at the ion, firft-floor,
above the lake of Geneva — 2220 3450
Mont€

are rather too great, and that the mean expaniion of an inch
of mercury for each degree of Fahrenheit’s thermomete™
between 207, and 70%: (within which extremes moft bar?”
metrical obfervations are made) is '0,000102 of an jncie
But it is highly probable that different fpecimens of merculy

G - yilie s 4¥e
foliow different rates of expanfion. Admitting then the lalt

'ﬂ.cthcd

mentioned expanfion, we derive therelrom an ealier 1
of
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Ahove the Me-
diterranean.

Monte Vifo, G. — — — 9997
Lannebourg, the foot of Mont Cenis, '

at the inn, firt-floor —_ —- 4408
Mont Cenis, at the polt — —_ 6261
The fummit of Mont Cenis — — 92132
Novaleﬁ:, at the foot of Mont Cenis,

on the fide of Italy, at the inn,

firft-Aoor — — — 2741
Pic de Jos Reyes, one of the Pyrennées 7620
Pic du Medi, one of the Pyrennées - 930Q
Pic ¢°Offano, one of the Pyrennées - | 11700
Cantgou, one of the Pyrennées ~— - 8544
Turin, 3 ’Hotel d’Angleterre, fecond-

floor — _— = = 941
Piacenza, St. Marco, firft-floor — - 263
Parma, au Paon, firft-loor — — 307
B<Jlo.gna, au Pelerin, firt-loor — - 399
Loiano, a litte village on the Appe-

Dines, between Bologna and Florence 2591
The mountain Raticos ~ — — 2901

» The

ey

of Corre&ling the altitude, viz. a method which does not re-
QuUire 5 toble. : For this purpofe we multiply the inches of
Obleryeq barometrical altitude by 0,000102, and multiply
that produtt by the difference of degrees between 329 and
the actual temperature of the mercury; then we add the laft
Product to the obferved barometrical altitude, when the tem-
Perature of the mercury is above 32° or fubtract it from
E_hat altitude when the temperature is below 32°. and the
fum of remainder is the corrected altitude.

s 3 Thus,_
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The {ummit of Monte Velino, one of
the Appenines, covered with fhow

Above the Me«

diterranean:

in June; about 46 geographical
miles, N.W. of Rome, and which
is probably the higheft of the Ap-
penines. G. —_ — - 8397
Florence, nel Corfo dei Tintori, §o feet
above the Arno, which was 18 feet

below the wall of the quay — — 240
Pifa, aux Trois Demeifelles, fecond-floor 54%
Siena, aux Trois Rois, fecond-floor - 1066

Redicoffani, at the Poft; firft-floor = 2470
Redicoffani, the top of the tower of
the old fortification on the fummit

of the rock — —— — 3060
Viterbo, aux Trois Rois, firft-foor, on
the Ciminus of the Ancients — - 1259
Rome, nel Corfo, 61 feet above the :
Tyber — — — —_ 94
The river Tyber at Rome — — 33
Places

Thus, ufing the fuppofitions of the preceding examples
the temperature 72° exceeds 32° by 40°; therefore we
multiply 28 (which is the obferved barometrical altitude)
by o,0cc102, and multiply the product 0,002856 by 49
which produces 0,11424; then fubtra&t this laft prmlu(?ﬁ
from 28, and the remainder 27,88576 inches, is the cof”
re@ed barometrical altitude 3 which differs from the refult
of the other method by about one 5oodth pare of an inch.

The next confideration relates to the expanfion of aif by

. P i i o0
heat 3 and the inveftigation and application of this expanti0
e
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Abave the| - Above the Me-
Tyber. ditecianeiity

Places in Rome.
The top of the Janiculum, near
the Villa Spada =~ — — 269 293
* Aventine Hill; near the Priory of
Malta - — . — 117 | 150
In the Forum, near the Arch of
Severus, where the ground is
raifed 23 & fect — -~ 34 67
Palatine Hill, on the floor of the
Imperial Palace — — == ¥35-f 166
Celian Hill, near the Claudian
aquedu® — — — 125 | 158
Bottom of the canal of the Clau-
dian aqueduét — — 175 | 208
Efqui]ine Hill, on the foor of St. :
M. Major’s church ~ — — 154 [ 187
Capitol Hill, on the welt-end of
the Tarpeian rock —_ 118 | 151
The union of the Viminal and
Quirinal Hills, in the Carthu-
fian’s church ; Dioclel. Baths 141 174
Pincian [ill, in the garden of the
Villa Medici =  —

(=29
Ly

=
\O

==

Top

LT

A€ by far the moft intricate and perplexing particulars of the
fubjeél ; for the air dozs notonly expand irregularly through
% Progreflive increale of heat; but its expanfibility is dif-

ferent according both to its denfity and to its purity,
The beft contrived, the moit extenfive, and the moft
onclufive experiments relative to this expanfibility, were
s 4 madg
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Abovye the
Tyber.

Top of the erols of St. Peter’s ch. go2
The bafe of the obelifk; in the
centre of the Periftyle — 31
The fummit of the mountain So-
racte, lying about 201 geogra-
phical miles north of Rome.G.  —
Mount Vefuvius, in the kingdom of
Naples. Mouth of the crater from
whence the fire iffued in 17 76—
Mount Vefuvius, ac the bak of the
cone = = 88 =1

Top of the mountain Somma, adjoin-

ingtaVeélivius “e e ]

The fummit of mount A tna, in Sicily
Barberino di Valdenfa, between Bog-
geborni and Tavernelle — —
Modena, ¢ P Albergo naovg ——  —
™ 2 !
Montmelian, at 20 feet above the river
Pont Beauvoifin e —_——

Above the Me-
diterranean.

535

3938

2021%

3738
10954

974
214
811
795
La

made by the fame abovementioned gentleman, Ceol. Roys
afterwards General Roy. The manner of performing thote
experiments; and their refults, will be mentioned in a moré

proper part of this work.

For the prefent purpofe we fhall only obferve, that if the

firatum of air, which lies between the two ftations of €

barometer, were of an uniform temperature, and of an unifor™

degree of moifture; or even if it were of a certain prog

fively increafing or decreafing temperature 3 rules m

v

ref=
ight be
dewfﬂ’
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Above the fez,

La tour du Pin o — — 938
Verpillierc —_ —_ —_ 566

yons, at the Hotel Blanc, 50 fect

above the Soane — —_ 449
St, Jean la Vieux — — — 695
Cerdon, near the poft-houfe at the foot

of the rocks — — — 854
Nﬂntm, 1o feet above the lake — 1423
Chatillon, at the Logis Newf — = 162
CO]Onges - — — — 1626
St. Genis, apparently on a level with

the foot of Mont Jura — — 1501

dcon, at the Parc, 24 feet above

the Soane — —r —_ 514
Dijon, & la Cloche, the firft-floor — 710
ﬂuxerre, 50 feet above the river — 283
S‘efls, at the poft —— _ 163
Loﬂtainbleau, at the Grand Cerf, fe-

cond-floor — —_ — 242

ris, mean height of the Seine, viz.
Fuand les eaux e tronvent @ i3 pieds
9 pouces fur i’échelle du Pont Royal,

felon M. de Lalande S 36%
Mr,
M‘M

devifeq for corre@ing the effelts of aérial expanfion. How-
Cver, the practicability of aflcertaining the various but con-
®mporaneous temperature and moifture of a confiderable
fratum of air, feems, at leall for the prefent, to be utterly
out of gur power, |

In
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M. d= Lalande’s obfervatory, at Abore the Sr#
the College Royal, firft-floor,

G

above the Seine, at Paris — 101 137
Stone gallery of the church on
Mount Valerien, above the
Seine, Paris — —  — 473 509
Depth of the cave of the Royal
Oblervatory at Paris; below
the pavement — — 98
Height of the North Tower of
the church of Notre Dame at
Paris, above the floor. G. — 218
Chantilly —— —_ — 119

e

Bl

Clermont = —_ -_— 329
Amiens, Rife de Noyon, firft-floor 147
Abbéville, firft-floor — @ = — 79
Mean height of the river Thames
at London (viz.when the water
is 152 feet below the pave-
ment in the left-hand arcade at
Buckingham-ftairs) which is
above the mean height of the
river Seine at Paris 6,8 — 43

Iron
e __'—/

In the prefent ftate of knowledge, the only corre@ion we
can apply is founded upon the fuppofition that the tempera-
ture of the whole {tratum of air, which lies between tw@
ftations, is the mean of the temperatures of the air at the
two ftations; and that air of the more common degree of

woifture is expanded, at a mean 0,00245 of its bulk, whic};
: ¥
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Iron gallery over the Dome of Alove the Seas
St. Paul’s church, in London
above the church-yard, North

fide. G. - — 281
The top of the crofs on ithe
donie of the fame, above the

ground without — — 349
H?igh: of the Pagoda in Kew-

gardens. G. —_ —= 1157
\Varwick, mean level of the ri-

ver Avon — =3 o 155

¢ak of Snowdon in North Wales — 3555
Moel Filio, North Wales  — — 23?1
Whernfide — - = T ot 4950
Perdie-hill  — — — —| 34u

Cnnygant — e 52 3930
I”gleborough — D P 3997
Hﬂlve]lyn ——— — — 3324
S_kiddaw . — s T 279
Croffell - i,y Vit 3300
Sadd!cback - . o 3048

Ben-

Sl
15 ¢y

led 70, by each degrec of Fahrenheit’s thermometer,

“tWeen 20, and 70°. which is the range of temperature
Mough which moft barometrical obfervations are likely to
°¢ made,__ The rule then, which is eftablifhed upon thofe
fupp\'tﬁuc}n_q, is as follows :

Mu]tipiy the difference between 32° and the mean tem-
Perature of the air, (viz. the mean between the temperatures
b

C o .
! the airy oblerved at the two {ations)

) by o,c0245, and

multiply
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Above the 5¢d¢

Ben-Moir  — el <3, e 3723
Ben-Laurs — — S — 3858
Ben-Gloe — — — — 3472
Ben-Lomond — —— — 3180
Benevith - — — —_— — 4350
Shihallion .  — — — 3461
Tinto — — —— - 2342

head, Scotland. G, — — 344
Arthur’s feat, above Leith Pier-

head, Scotland. G. — — 803
Bafe of Hawk-hill Oblervatory,

above the bottom of the {mall

rock on Arthur’s feat, Scot-

land. G. — — — 684
Mount Hekla in Iceland — — 4887

The

multiply the product by the approximated perpendicular dif

tance, already found, between the two ftations, and the laft

product muft be added to, or fubtrafted from (according %

the mean temperature of the airis above or below 32°.) the

approximated altitude ; and the fum or difference is the.
correct altitude. .

For if what we bhave called the approximated elevatio?
gives-the real diftance between the two flations when e
mean temperature of the air is 229, it is evident that whe®
the air is ope degree hotter, its bulk is 0,00245 larger 3
hence in this cafe the fame weight, or the fame prefiure o%
the mercury of the barometer, is produced by a {tratum g

: L
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The Cafpian fea is faid (by Mr. Lacre) to be 306

feet below the ocean.
The

e

U thicker than the former by 0,00245 of the whole, viz. of
the whole number of feet, or fathoms; by which that thick-
Bels §s exprefled; hence the quantity ©,00245 muft be
Multiplied by the number of fect or fathoms, which would
EXprefs the real thicknefs of the firatum if its temperature
Were 20—t is alfo evident, that if one degree of heat in-
Cl’eafcs the ftratum e;00245 of the whole, two degrees niuft
'ncmdﬂ_ it of twice that quantity ; three degrees, of three
times that quantity, &c. Therefore the above-mentioned
Produd muft be alfo multiplied by the number of the degrees
f beat, &,

Havmfr thus fhewn the foundation of the method of ap«
p])"ng the barometer to the mealuremenc of altitudes, in fe-
Parate parts, for the fake of perfpicuity, 1 fhall now colle®
Al the neceffary rules under one point of view ; which may
be confidered as the ultimate refult of the inveltigation.

L For this purpofe two accurate barometers, as nearly
4 poffible of the fame conftruétion, muft be had; and each

ometer muft be furnifbed with a thermometer; which
Tﬂuﬂ- be attached to it in fuch a manner a3 to have its bulb
ncont‘tcl or nearly in contact, with the mercury. of the
Ciftern of the barometer. T'wo other {eparate thermometers
Mult Jikewife be provided.

One barometer and a detached thermometer muft be fi-
Hated at cach of the two places, between which the per-
Pendicular diftance is required to be meafured ; and the ob-
EIvations at both places muft be made by two obfervers, ag
e very fame time ; obferving the altitude of the mercury
in the barometer, the temperature of its mercurys which is
indicateq by the attached thermometer, and the temperature

of
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The heights of the Afiatic mountains have no%
as faras I know, been meafured with any tolerablé
degree of accuracy.
Not-

Bt et

of the ambient airy by means of the detached thermometefs
which for this purpofe mufl be fituated in fome ex; ofed
place, out of the influence of a fire, of the {un, &c.—Thok
tivo {cts of obfervations mult be written one under the
other, after the manner of the fubjoined example.

II. Each barometrical altitude muft be reduced to wht
it would be, if the temperature were 32° which may be
done two ways, viz. Find in the table of mercurial expan=
fions, in page 254, the bulk of mercury anfwering to the
obferved temperature of the mercury; then fay, ‘as that
bulk 1s to 30 inches, {o is the obferved barometrical altitude
to a fourth proportional, which is to be found by the com®
mon rule of three, and is the reduced barometrical altifudé
in queftion.  Otherwife, muldply the conflant quantity
©,0001€2, by theinches and decimals of oblerved barome”
trical altitude, and multiply the produét by that number of
degrees of heat by which the temperature of the mercury in
the barometer differs from 32°% ‘Then add this laft p;ﬂ,;dua
to the obferved barometrical altitude, 'if the temperature @
the mercury exceed 32°. ; or fubtra® it from that alritud®
if that temperature be lefs than 32°.; and the {um or differ”

ence is the reduced barometrical altitude.—Tt is evident th3
when the temperature of the mercury is 32°% no reductios
will be wanted.

IH. In 2 table of the logarithms of numbers, wherel?
the logarithms confift of feven places of figures, find the
logarithms anfwering to both reduced barometrical altitudes ?
fubtract the lefler from the greater; then the rermainder
beits
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Notwithftanding the ftupendous al:itude of fome
of the aboveméntioned mountains; it is fhewn by
an eafy calcularion, that the higheft mountain on
the 'fl_Jrﬁlce of the earth does not make fo great an
4Ppearance, with relpect to. the globe of the earth,
s a little mountain of a tenth of an inch in height
would

s

beiﬂg multiplied by 60000, will give the approximated ele-
Vation in feet; or,if multiplied by 10000, will give it in
fathoms, Both methods come to the fame thing ; but the
latter js more expeditious, becaule the multiplication of the
Sgarithmic remainder by 10000 is done by removing the

: A
nt.

COmma fyur figures to the tig

IV, Take the mean between the temperatures of the ait
2t both ftations, which are indicated by the detached'ther-

e

“tween this mean, and 32°; multiply this difference by

STy e e TSR ST o i
of their fum) 3 take the difference

Mometers (viz, the

900245, and multiply the product by the approximated
Clevation already found. Then add this laft produét to, or

ubtract it from, the approximated elevation,. according as

the meqp temperature of the air is above or below 32°%;
#d the fum or difference is the corredt perpendicular diftance
“tWeen the two ftations.
But this correction for the expanfion of the air may be
"eidered more exact by the ufe of the following table; viz.

13 1 o . .
ke the mean, of the correfted zal altitudes, and

t%le Mmean temperature -of the air; find out thole quanti-
lies, or the nearefl to them, in the ni‘»:p':r' and in the
.iand columns of the table, and in the place
IR under the

thL EIP

ich {tands
e S s AR e S N e [
one, and level with the other, vou will fin

of the above-

anfion which muft be wied infea
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would make upon a globe of two feet in diameters
This calculation is made by faying o, as the diameter
of the earth is to the altitude of the higheft
mountain, fo is a diameter of two feet to a fourth
proportional, which being found by the rule of
three, is the height of a fimilar mountain on a glob€
of two feet in diameter.

e — B

mentioned conftant qu'mmy 0;00245, Viz, it muft be mul*
tiplied by the difference of degrees between 32°. and tbe
mean temperature of the air, as alfo by the app"ommatcﬂ
elevation, &c. as mentioned in the preceding paragraph.
N.B, There are fome other ways of performing this
problemy and of applying the corretions ; but I have pre-
ferred the above as being the moft accurate ; and more evi=

dently deduced from the foregoing principles.
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a1, . )
“an Expanfisn of common air for each degree of , Fabrenbeit’s Ther-
Wissess : i
;””ﬂfff between 12° and §2°, and under different preffures, as indicated
Y the bfig[n‘ of the mercury in the barometer, from 19 ts 36 ¢ inighes,

"“IL__Z';O. 32% 420 520, G20, 2. 820 92°-
19‘

i
S0o133 | ayocr30 | o,00144 | oy0c1ag | 000155 | 000152 O,DO!.}.qlc,oO!M

—
20, d
%0016 | 0,00167 | 0,00174 | ey0038 | oyc0187 | 0i00123 | @.c01d | 600173
-_-_-_h
21, .
%0016 | 0,00167 | 000173 [ 0,0018 | 0,00187 | 0,00187 | esco1l | o,00173
D —
21 5
| %0016 | 9,00167 |e,c0175 | 09,0018 | 0,00187 | 0,00187 | o018 | oyco173
——
24
3
900388 0;001g4 | 0,00207 | oyo021 | C;0021d | 000214 | 050021 | 0500203
3
i
.
& 8.00188 | o,coigs | 0,00203 [ 0c021 | 0y00218 | 0,00214| oo0zr | 600203
3 T (S St e
L‘ls-
‘;«' Soc188 008195 | 000203 | vye02T wy,00218| 0,00214 | 00021 0400203
5 I :
—a -
i 26
5 %0017 | 000205 | 0,c0217 | 000221 | 000220, | D,C0225 | 0,00221 | 0,00213
< T - i —
&2
8 501 . - .
B 2] Sieozay o;c0200 | 000218 | 6,05226 | 6,00234 | 0,0023 | ©,00226 | o,c0218
?:'2 T— -_— z e
97
§ 9100206 | ¢00214 | 0500222 | 000251 ;00230 | ©)00235 [ ©,00231 | 0,00222
§ p 3 { ] ] 3 39
‘517 T — s s ——
s Sac2; o : ol B 5.0 " ik
3 ©,00219 | 0,00227 | 0,00216 | 0100245 | c,0024 | ©,00236 | 0,00227
=
S [T—
Bt}
&
pe G0 cla - ~ q c -. - -
3 298315 [ 000224 | @,c0232 | oyoozdl | ®0025 | 000245 | 0 00241 | oy00232
%s
) A ;
21 o,00228 | 000277 o,00246 | oy00255 | 000251 | 000246 |ojro2g
J “_‘—-__._-‘ =
vg‘
O,0
0224 10,0024 | 0,00242 | 0,00251 | 50026 | 2506256 ['o,c0a4y | 000242
B ——
9‘-'.
2l D500349
P28 | 05,0028 | 0,00247 | 0,00246 | 0500266 | 0,00261 | o,c025¢ o002
e
1o —— s o

290242 | 0,00252 | 0,00261 | 0,00271 | 2;00266 | 0,00261 [ o,c0252

3, T —— |

%20zg3

9200247 1 0,00257 | 000260 0,00276| 0,c0271 | 0.00266 | Dyd0rs-

VQL‘:T-—-..,_,_

T Example
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Example 1. 1t is required to determine the perpendicd=’
lar diftance between the fummit and the foot of a hili, fro®
the following obftrvations:

. 1
Altitude of the Temperature Tempt™
barometer. of mercury.  of aife

At the foot of the Hill — 29,561 inches — 63° — 56°
At the fummit of the hill 28,272 inches — 54° — 48°
~From the table in page 254, we find the bulk of mercury
for 63°. equal to 30,13 therefore 30,1:30.23 29,561 : 10
the reduced barometrical altitude, 29,462.

The bulk of mercury for 54° is, fromthe table, 30,97255
therefore 30,0726 : 30 : : 28,272 : to the reduced barome*
trical altitude, 28,204.

The logarithm of 29,462 is 1,4692622
The logarithm of 28,204 is 1,4503107

The difference of thofe log. is 0,0189515

Now if the comma be removed four places towards the
right hand, this remainder will exprefs the approximﬂted
elevation in fathoms ; viz. 189,515 fathoms, Or if it be
multiplied by 60000, it will exprefs the fame approximated
elevation in feet, viz. (0,0189515 x 6oooo =) 1137,°9
feet.

64480

The mean temperature of the air is (5——2-— _.) 527

which exceeds g2° by 20°; therefore (0,00245 X 20 *
1137;09 =) 5571741, which, fince the mean temperatuf®
of the air is above 32°, muft be added to the approximalﬁd
elevation, and their fum, vize (1137,09 + 5571747 =
1192,80741 feet, is the corret elevation, or the perped i«
cular altitude of the hill.

Forthe fake of greater accuracy, the expanfion of the 2
may be taken from the preceding table, according to the a
part of the rule; viz. the mean between the reduced bare”

metrical altitudes is- ( 29,462 : 25,204 :) 28,8333 and
&

if
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the mean temperature of the air is 52°% Thenin the table
We find facing 28,5, which is the nearett to 28,833; and
Under g2¢, or properly under the degrees ‘of heat between
52° and 629, the quantity 0,00255, which quantity thuft
be ufed inftead of 0,00245; therefore (0,00255 X20°X
1137,09 =) §7,99159, which being added to the approxi=
Wated elevation, gives (1137,09 + 57,99 &c. =) 1195,08
ff.fEt for the altitude of the hill, which is a nearer approxima-
tion to the truth.

Examply T It is required to determine the perpendi=
Cular altitude between two fituations, where the following
Obfervations were made.

L Bar, altit. - Att. Therm, Det. Ther.
Ower place - - 29,883 -~ - 28°% - - 24°
Pper place - - 29,032 - - 26°% - - 26%

From the table in page 254, we have the bulk of mer-
Sury for 28°. equal to 29,9865; thercfore fay, 29,0865 :
;. 26,883 : to the reduced barometrical altitude
29:897 .

Alfo the bulk of mercury for 26° is 29,08 ; therefore
fTYv 20,98 : 30 : : 29,032 : to the reduced barometrical al-
titude 29,051.

The logarithm of 29,897 is 1,4756276
The logarithm of 29,051 is 1,4631611

The difference of thofe log®. is 0,01 24665, which, by re-

moVing the comma four places to the right, exprefles the

APProximated elevation in fathoms, viz. 124,665 fathoms.
T if multiplied by 6oooo, will exprefs it in feer, viz,

(030124.665 x 60000) 747,99 feet.

24° 4 26°

:) 28%,

2 which

The mean temperature of the air is (
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which is lefs than 32° by 7°, therefore ( 0,00248 X 7°%
747,99 =) 12,828 muft be fubtradted from the approxi-
mated elevation, and the remainder 735,161 feet, is the
correét perpendicular altitude in queftion.

Otherwife, inftead of the quantity 0,0024 5, the expanfiofl
of the air may be taken from the table in page 273. Thus
the mean between the reduced barometrical altitudes i
(19,397 + 29,051

2

of the air is 25°% Then in the table we find, facing 29,5
which is the neareft to 29,474, and under 25° the quantity
0,00238. Thereforc (0,00238 x7°% 748 =) 12,46168
muft be fubtradted from the approximated elevarion; fine®
the mean temperature of the air is below 32°.  And thé
remainder, viz. (747,99 — 12,46168 = ) 735,53 is the
correct perpendicular altitude between the two fituations.

)29,474; and the mean temperatur®

Example 111, Let the barometrical obfervations made at
two places, be 28,65, and 29,9.  Alfo let the temperature
of the mercury and of the air at both places, be 32.

The perpendicular diftance between thofe two places, 15
thereby eafily determined, fince in this cafe no correction
needs be made for temperature. :

The logarithm of 29,9 is 1,4756712

The logarithm of 28,65 is, 1,4571246

The difference of thofe log®. is 0,0185466, which thews
that the perpendicular diftance in queftion is 185,466 fa-
thoms, or 1112,796 feet.

After all, it muft be acknowledged, that notwithftanding
the greatc{’c exertions of feveral ingenious perfons, the me~
thod of meafuring altitudes by means of barometrical and
thermometrical oblervations, has not yer attained a degre®

of perfection fufficient to fuperiede the geometrical, or ¥V
‘gonometrical, meafurements,

The
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The facility and expedition with which the former is
Performed, renders it ufeful whenever no very great degree
of ACcuracy is required; for in general the barometrical
n_lel'hod gives the perpendicular diftance within about one
*ighticth part of the truth 3 for inftance, if the altitude given

Y the baometer be 560 fect, the error or deviation from
the tryq altitude, may amount to'about 7 feet. '

Several altitudes, which had been purpofely and aceurately
Meafured by geometrical means, were afterwards repeatedly
Meafired by means of barometrical obfervations ; but the re-
fults o the latter were found to difagree more or lefs from
tofe of the former method.  The following is an example
O thig fort, which I have taken from Col. Roy’s paper in the
$7th vol, of the Philofophical Tranfations,

The perpendicular diftance between two places, having
N meafured geometrically, was found equal to 730,8
feer, The fame was afterwards meafured with all poffible
atcuracy, and at different times, by means of barometers,
“C- and the refult was, at one time 721,8 feet ; at a fecond
Umg ¢ was 734,6 feet; a third time it was 733,9 feet; and
* foury, time it was 748,4 feet; the mean of which refults
: 734,7 feet.—It is evident that the true or geometrical
n‘eﬂfurement differs from every ane of thofe refults, as well
 from their mean.

. This difagreement, updoubtedly, depends upon the vary-

1 ; = : .
ng Eravity, and the varying expanfibility, of air; whence
ifes the

{lf the &

difficulty of alcertaining the real mean expanfibility
ratum of air which lies between the two places of
0. CIvation, The air at different altitudes is loaded with
Werent quantities of moifture; hence its expanfibility is
n‘,)t. Xadtly the fame in any two placess Befides, both the
:?:lﬂjcure and the fpecific gravity of the air differ at di.ﬂ:erent
o3 10T do we know how to afcertain thofe quantitics at
“erent altitudes,

T 3 It
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It is alfo neceflary ‘to obferve, that in different latitudes
neither the gravity nor the expanfibility of air is the fames
Hence the ratio of the gravity of air to that of mercury is
by no means conftant; nor Is it cafily afcertained for any
particular place and time. In the province of Quito i
Peru, which ftands confiderably above. the level of the
ocean; the altitudes which are deduced from barometric)
obfervations, fall greatly fhort of the real -or geomctricﬂl
menfurations ; whereas at Spitzbergen, they greatly €%
ceed the truth. < It feems,” as Gol Roy juftly obferuid
« that the atmofphere furronnding our globe might poffiblf
« he compoled of particles, whofc fpecific gravities were
« really different ; that the lighteft were placed at th
& cquator, and that the denfity of the others gradually in=

¢ creafed from thence towards the poles, where the heavielt
4

~

of all had their pofition.”
This {uppofition is correborated by two obvious confi*
derations, namely, that on account of tlie cold the aif
about the poles of the earth is much dryer than in othef
places, and that on account of the polar diameter beind
fhortet than the cquatgriﬂ diameter, the air which lies 8¢
equal diftances from the furfoce of the earth, is actually
nearer to the ceatre of atuadiion about the poles thal
about the equator. We may therefore conclude, upoit
the whole, that in order to render -the barometrical mea”
furement capable of greater accuracy than it is at prefents
farther experiments and obfervations muft be made with all
poffible .'J[:cm'icn,. in different latitudes, and in differen®
{tates of the atmofphere. It is alfo probable that it will be
found uleful to accompany with the barometer and thermo”
meter, the ufe of other inftruments, fuch as the hygrometer
the elerometer, and the manometer.
Thofe petfons who wifh to examine this fubject in a mo*
% Pa_rticu-l“
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i‘farticular manner, may confult the following valuable pub-
l,lcati‘)m? M, de Luc’s Recherches fur les Mydifications de
f’dtm'ﬁ{fz’bf?’ﬂ- Dr. Horfley’s Paper in the Philofophical
[\T?lnl'a&ions, vol. 64th. Sir George Shuckburgh’s Paper,
M. de Luc’s Paper, and Col. Roy’s Paper, all three in the
83t vol. of the Philofophical Tranfactions.  Alfo the
Aticle Pueymatics in the Encyclopzdia Britannica, |

CHAPTER X,
OF AIR IN MOTION, OR OF THE WIND,

HE weight and preffure of the atmofpherical
air have been explained in the preceding
C_hﬁpttrs. It is now neceflary to examine the par-'
Yculars which relate to the motion of the fame
fluid, and thofe particulars may be arranged under
two Principal denominations, viz. of wind, and of
fﬁ'und_
~ Wind, or a current of air, is the progrefiive mo-
ton of air from one place to another. Sound, or
the fenfation which we perceive through our ears is
Produced by a vibratory motion of the founding
ody, and is conveyed to the ear by a vibratory
_motifm of the particles of air, or other body which
"Mervenes between the founding body and the ear.
T4 : The
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The particles of air in that cafe move a fhort way
backwards or forwards from their refpeétive firua-
tions, and at the end of every other vibration, ar€
to be found precifely at their original ficuations.—
What relates to found will be treated of in the next
chapters; but the progreflive movements of aif
will be examined in the prefent.

The theory of thofe movements may be com-
ptized into four principal propofitions; the firft of
which is to determine the velocity with which air
of the ufual denfity on the furface of the earth, or of
any denfity, will rufh into a vacuum through a given
aperture; the fecond is to determine the velocitf
with which air of a certain denfity will rufh into 2
veflel containing air of lefs denfity ; the third is t0
determine the velocities of the natural currents of
air, or of the winds; and the fourth is to deter-
mine the refiftance which the air in motion offers t0
folids of a given fize, or the refitance which the latter
meet with in moving through the air.

Both the theoretical propofitions, and the caufes
which render the refults of the experiments dif
ferent from thofe of the theoretical propofitions'in
the movements of water, and other non-elafti€
fluids, bear a great degree of analogy to what may
be faid with refpe® to the movements of air and
other permanenty elaftic fuids, excepting when
clafticity is concerned ; hence, having becn rather
particular in our explanation of the former, we may
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be allowed to be more concife in treating ‘of the
latter,

L If we confider air in its natural ftate, viz.
Piefied by che weight of the atmofphere, we may
Calculate the velocity with which it will rufh into a
Yacuum through any aperture, by confidering it as
2 non-elaftic f;li_'lid; but then we muft take for its
altitude, the altitude of an homogeneous at-
Molpliere, viz. fuch an altitude as is equivalent
' the natural decresfing altirude of the whole at-
Mofphere (fee the note in page 246). Thus, when
the iﬂ;»criﬁf gravity of air 1s ©,001 3, the “altitude of
A homogeneous atmolphere may be reckoned equal
to 260:8 feer. Then fince the velocities, which
are am@irc‘zl by falling bodies, are as the fquare
T00ts of the fpaces; therefore (agreeably to what
has been faid in page 160, and following, of this
Second Part) the velocity with which air of the
Ufing] denfity will ruth into a vacuum near the fur-
face of the earth, 1s that which a body would ac-
Quire by ﬂﬂﬁng'ﬁdﬁithc height of 13029 feet,
Which is the half of 26058 ; namely, the velocity
of 1290 feet per fecond. Bat this velocity is altered
by heat and cold, fince the altitude of an homoge-
f1%0us ‘atmofphere is thereby increafed or diminifh=
®d It is to be obferved, however, that the varia-
ton, which arifés nor from a change of tempera-
tre, but that which is indicated by the barometer
3lone, will bt alter the height of an homogeneous
?tnlofplucre, and of courfe neither will it alter the

above-
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above-mentioned velocity ; becaufe that variation
is attended with a proportionate denfity of the at-
mofphere.

I1. The velocity wicth which air of the ufual den-
fity will rufh into a veflel containing air lefs denfcs
may alfo be eafily calculated ; for in this cafe, W&
muft confider the air as prefied not by the whol€
atmofphere, but by the difference between the
whole atmofphere, and thar part of it which pro-
duces the denfity of the air in the veflel. Or, 10
other words, the altitude of an homogeneous at-
moiphere muft be reduced in the proportion of the
ufual denfity of the air at the furface of the earths
to the denfity of the air in the veflel ; the reft of
the calculation proceeds exactly as in the preceding
cafe. ‘The velocity, however, which is obtained
by this means, will be gradually checked and dimi-
nifhed, becaufe by the entrance of the external airy
the quantity, and, of courfe; the denfity of the air 18
the veffel, is gradually increafed.

The like calculations may be ealily and evidently
applied to the entrance of air, which is prefled by
any given preflure greater or lefs than that of the
whole. atmofphere; as alfo to the efflux through 2
given aperture, of air, which has been confined in @
given veflel by a given weight. But in practicés
both the influx and the efflux of air into, or out ofs
a given veflel through a given aperture, turn ouf
by much different from the determinations of thé
theoretical calculations ; which is owing to the
fame
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fame concurring and fluctuating caufes, as have in
chap, VIIL, of this Part, been fthown to affe@ the
Movements of non-elaftic Auids, viz. the attraction
of aggrecation, the attraltion of cohefion, the for-
Mation of the. wena contrasta, in certain cafes, the
Want, or the affiftance, of an ajutage or fhort pipe
' the aperture, the different direfions which dif
ferent parts or filaments of fluid acquire in their
Motion, the friction, &c. And in elaftic fAuids fuch
Variations muft evidently be greater than in water,
ad other non-elaftic fluids.

"The fame obfervations may be made with refpec
0 the paffage of air, and other elaftic fluids,
"thUgh long pipes, channels, &c. which retard its
Velocity in a very great degree, and the irregularity
5 {o great, that no known theory is fufficient to de-
termine the effect in moft cafes,

The quantity of air difcharged into the atmof-
Phere, through a given aperture in a veflel, wherein
the ajr i prefied by a given weight, as appears from
Dr, Young’s Experiments, feems to be nearly as
the fquare-root of the preffure; and that the ratio of
the expenditures by different apertures, with the
fame preffure, lay between the ratio of their diame-
ters, and that of their areas*.

HI. The velocity and the force of the wind, ot
ofa natural current of air, deferve to be examined
H——_‘

* Philofophical T'ranfactions for 18oa. P. L.

with
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with all poflible attention ; it being owing to that
current that we are enabled to navigate the ocean,
to make ufe of windmills, &c. But the obfiruc-
tion which the moton of air receives (rom the va-
rioys caufes that have been mentioned in fpeaking
of non-elaftic as well as of elaftic fluids, in the [Vl
and in the prefent Chapter of this Second Part of
thefe Elements, invalidates the application of every
theory, and renders the refults of actual experi-
ments the only guides which can dire& us in the
ufe and application of the winds.,

The velocity of air in natural currents of cer-
tain denominations, has been attempted to be mea-
fured by various means, - It has been attempred by
meafuring the velocities of the fhadows of clouds
upon the furface of the earth; but this method is
very fallacious : firft; becaufe it is not known whe-
ther the clouds do or do not move exaétly with the
air in which they float; and fecondly, becaufe the
velocity of the air at the region where ‘the clouds
are, is by no means the fame as that of the air
which is nearer to the furface of the earth, and
fometimes is quite contrary to it, which is indicated
by the motion of the clouds themielves.

The beft method of meafuring the velocity of the
wind is by obferving the velocity of the fmoke of #
low chimney, or to eftimate it by the effec it pro-
duces upon certain bedies.

IV. Whatever has been faid in Chap. IV, of the
prefent Second Part of thefe Elemeats, is fo evi-
: dCDEIY
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dently applicable to the impulfe which air in motion
&ives to folids, or to the obftruction which folids
fective in their movements through air; that it
Would be ne¢dlefs in this place to dwell any longer
Upen the theoretical part of the {ubject.

The beft method of eftimating the force as “well
3 the velocity of the wind, is from the effects
Which i produces upon certain bodies. The in-
fruments which have been found to an{wer thefe
Purpofes in the beft manner, will be defcribed
hfft‘aﬂcr ; but for the prefent we fhall obferve, that
from the concurrence of the experiments which
haye been made with various. inftruments and dif-
feren methods, the following eftimate has beea

edUCEd; namely, that in currents of air of Qe
denominations which are exprefled in the fourth
“lump of the following table, the air moves at the
e of {o many feet per fecond as are exprefled in
the fecond column, or of fo many miles per hour
A are expreficd in the firft column. The third
Colump exprefles in avoirdupoife pounds, the force
%f the wind on an area of one foot fquare, which is
Prefented in 2 direction perpendicular to it.
This table was firft publithed in the g1t volume
Of the Philofophical Tranfactions, by Mr. J. Smea-
o0, the celebrated engineer, who,.in his valuable
. "Peron the patural powers of water and wind,
“oduces it with the annexed paragraph.
Y “ The following table, which was communicated
k0 me by my friend Mr, Roufe, and which ap-

g pears
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pears to have been conftrutted with great caré
from‘a confiderable number of facts and experi-
ments, and which having relation to the fubject
of 'this article, I here infert it as he fent it ©
me ; but at the fame time muft obferve, that
the evidence for thofe numbers, where the velc-
city of the wind exceeds 50 miles an hour, d°
not feem of equal authority with thofe of 59
miles an hour and under. It is alfo to be ob*
ferved, that the numbers in the third column aré
calculated according to the fquare of the velocity
of the wind, which in moderate velocities
from what has been before obferved, will hold

very nearly*.”

# The propofition upon which the third column has bee?
calculated, feems to be, that the impulfe of a current of aif
ftriking perpendicularly upon a given furface, with a certaif
velocity, is equal to the weight of a column of air which b3
) that furface for its bafe, 2nd for its height the fpace t‘nmug]'1 '

which a body muft fall, in order to scquire that velocity ©
the air.
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TR S SRS Y
Velncity of Perpendi-
the Wind. cular
—_ | foreeon
| enc foot
_Miles | TFeet area, in
N one|  in one pounds
hﬂur.] fecond, avairdu-
poifes
e 2l

I | 1,47 0,005Hardly perceptible.
2 2,93 0,020 AT 9

2l 4 asl Gioaal }Juﬁ perceptible. :

4| 5.87| 0,079 ] Gentle pleafant wind, or
5 '7:.6?3I 0,123 breezes.

10| 14,07 0,492 >

1g| 22,00 1,137 } Pleafant brifk gale.
20 | 29,34 1,968 ] o
25 | 36,67 3,075 SVery brifk.
32| 44,01 4,429 e .

35| 61.34 6,027 }H:Dh winds.
40 | 58,68 7,873
45| 66,01| 9,963
§0 | 73,35/12,300/A ftorm, or tempeft.

6o | 88,02[17,715|A great ftorm.

8o 117,36{31,490/A. hurricane,
1001146,70|49,200|A hurricane that tears up trees,
carriesbuildings beforeit,&c.®

} Very high.

When the direction of the wind is not perpen-
d‘CUlar, but oblique to the {urface of the folid, then
the force of the former upon the latter will not be
fo 8reat as when the impulfe is direct, and that for

\_

* The velocity of the wind in very great ftorms is {o
yery Uncertain, that the eftimates given by different petfons
are very far from agreeing with each other.  Maristte
I"T?Iﬂczoned it at 34 feet per fecond ; Derbam at 66 feet per
*Cond 5 and de la Condamine at 9o ; feet per fecond.

reafons
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reafons which are eafily derived from the theory of
the refolution and compofition of forces, and from
the theory of direct and oblique impulfes which have
been delivered in the Firft Part of thefe Elementss
alfo from what has been faid in the IVth Chapter
of this Second Part. In fhort, the general pros
pofition for compound impulfes is, that — The
effective impuife is as the furface, as the [quort
of the air’s velocity, as the fquare of the fne of the
angle of incidence, and as the fine of the obliqguit!
of the folid’s motion to the direGion of the impulfts
jointly 5 for the alteration of every one of thofé
quantities will alter the effet in the fame propor~
ton. But thofe general rules, as we have already
more than once obferved, are fubjec to great varia-
tions; fo that their refults feldom coincide with
thofe of altual experiments., In the motion of
folids through air, a great retardation arifes (be-
fides other caufes) from the condenfation of the
ait before the folid, and from the rarefaction, ands
with fome velocities, the vacuum, which is fc}rmcd_
behind the folid ; hence nothing but afual experi-
ments can poflibly illuftrate this fubject®. Winds

% See Derham’s Paper on the Velotity of Sound-
Philofophical Tranfaétions Abridged, vol, IV. Robins's
Treatife on Gunnery, De Borda’s Experiments, in the
Memoirs of the Academy of Sciences for 1763, Smeaton’s
Paper in the Philofophical Tranfaltions, vol. gift. But?
great many more experiments muft be inftituted by {cien=

elu=

cidated,
areé
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are of great ufe to us; but in the application of the
Winds to navigation, to wind-mills, and to other
Machines, fome other circumftances moft likewife
be had

in view ; namely, the probable force, dura-
t‘aUﬂ)

and direction, of the wind which is likely to
blow in any given place. Thefe particulars muft
€ derived from the hitory of countries, or from
Weteorological journals, viz. from long and-accurate
Sxperience,
. It appears that almoft in all expoled fituations,
fuch a5 the open fea, extenfive plains, tops of hills,
&e. the wind almoft always prevails; and few in-
Ueed are che d:iys, or the hours, throughout the
?’eﬂl‘, in which a real, or what is called a dead, calm
10 be obferved.

In thofe places for more than three quarters of
the year (I do not mean without interruption) the
foree of the wind is fufficient to work a nicely
: ;‘I‘ade wind-mill, or at leaft to impel the fails of a

Mp,

ors.
5

he wind machines of farger fize and greater
POwer, which are applied to pumps for extracting
Water from deep pits, which are applied to the
gri“ding of hard materials, &c. require a highes
¥ind 1o put them in motion. Dr, Stedman was

1 o : .
Aformed by a gentleman of experience, who had

“refted a wind-machine to drain his coal-pit, that
€ never eould depend upon more than 53 or 54
*0urs of wind fufficient for moving that machine in
Wiweek, taking the year round. Dr. Stedman him-

VoL, 11, 1] felfy
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elf, from a careful infpe@ion of a column for the
» P 0

wind in a meteorological journal, endeavoured tO0
form a proportion between the duration of wind of
a certain degree, and that of another degree.

« From this computation,” be fays, ¢ we havé

« 3,592 dags in a week, or 19,307 weeks in #

~
N

year, in which wind machines of the heavief,
kind, and of confiderable friction, may be {up-
pofed to be kept in motion ; which, to the tim¢s

-
-~

-
~

¢ wherein they cannot go, is as 10 to 17.”

But the journal upon which he grounded his pro-
portion, was the journal of a fingle place ; the pe®
riod of years, as he jultly obferves, was too fhorts
the proportion for the difierent months of the fam®
name in different years, as alfo the proportion for -
the different years, as appears from the tables he has
given, are too fludtuating and irregular ; to whicht
we may add, that the metcorological journals in
general, wherein one or two obfervations are frated
for every 24 hours, do not afford materials {ufhicient
for an accurate eftumate®.

The direftion of the wind, which is various i?
moft countries, and varies in the fame country, a€°
quires irs different denominations from the fouf

principal quarters, or cardinal points of the world:

Thus it is cziled Norsh wind, when it blows from the
north tawards the fouth; it is called Eqff wints.
r the

# See Dr. Stedman’s' Paper in the 6;th volume of

Philofophical Tranfa&tions,
when




or of the Wind. 291

Vhen it blows from the eaft towards the weft ; itis
Called Sonrh wind, when it blows from the fouth to-
Wards the north, and #%f wind;, when it blows from '
the weft towards the eaft.

The winds which deviate a little from the cardi.
ol Points, are commionly called wortherly, eafterly,
Souther Yy, and wefferly, winds. But for the fake of
STeater diftinftion, the fpace or arch which lies be-
tWeen any two contiguous cardinal points, is fup-
Pofed, by the mariners, to be divided into eight equal
Parts, or Points, and each point into four equal parts,
Called quarter-points.  So that the horizon is firp-
Poled to be divided into 32 principal points, which
e calleq rbumbs, or winds, to each of which a
Farticular name. is affigned; and thofe names are
Yerived from the names of the adjacent. cardinal
poi“tss as is thewn by the following table, wherein
€ names of all the 32 points are arranged in order
'om the north, eaftward, &c. but thofe names
s generally exprefled fimply by their initials.

hus, N. ftands for north ; S. E. ftands for fouth-
*at, &,

North Eaft

North by Eagt Eaft by South
Norh North Eaft Eaft South Eait
North Bagt by North | South Eaft by Eaft
Norh Eaft South Eaft

North Eaft by Eatt | South Eaft by South
Eaft North Eaft South South Eaft -
Eaft by North South by Eaft

U2 South
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South Weft

South by Welt Weft by North
South South Weft Weft North Welt
South Welt by Scuth North Welt by weft
South Welt North Weft

South Weft by Welt | North Weft by North
CWeft South Weft North North Weit
Weft by South - North by Weft.

Almoft in every country, the wind is more O
lefs predominant in'a particular diretion; but be-
fore we begin to enumerate the obfervations which
have been made relatively to thofe directions, it
will be proper to mention the caufes, which, as far
as we know, produce the wind, in order that the
reader may be enabled in fome meafure to compr®”
hend the reafons of the particular directions, which
will be mentioned in’ the fequel.

Heat, which rarefies, and cold which condenfe®

the air, are by far the principal, and more genera]!

caufes which are produttive of a current of air ; 4°

-the greateft general heat or cold is derived from the

prefence or abfence of the fun.

The next caufe has been juftly attributed to 511‘6;
attraction of the fun and moon, whofe influenc® 15
fuppofed, with great probability, to 6ccafion 2 rides
or flix ard reflux, of the atmofpherical fluid, ﬁm“?:r

1 ™ atl’
to that of the fea, but greatér, becaule the gt

: : . .
lies nearer to thofe celeftial bodies, and becaul
air is incomparably more expanfible than water .
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5

It has been calculated by D’Alembert from the
feneral theory of gravitation, that the influence of
the {up and moon in their daily motions, is fuffi-
Cient to produce a continual eaft wind about the
“Quator. So that upon the whole we may reckon
three principal daily tides, viz. two anling from the
Uractions of the fun and moon, and the third from
the hege of the fun alone: all which fometimes
®mbine together, and form a prodigious tide,

In corroboration of the opinton of the influence
Ofthe fon, and principally of the moen, in the pro-

Uttion of wind, we muft likewife mention the obs
fervations of Bacon, Gaflendi, Dampicr, Halley,
‘%C- namely, that the periods of the 'year moft
hke]}' to have high winds, are the two equinoxes ;
that fiorms are more frequent at the time of new
Ad full moon, efpecially thofe new and full
Moons which happen about the equinoxess that,
At periods otherwife calm, a fmall breeze takes
Place at the time of high water ; and that a finall
Movement in the atmofphere is generally perceived
 fhort time after the noon and thé midnight of
Cach d&},.

Some aion in the produion of wind may alfo
b_e derived from volcanoes, fermentations, evapori-
Mons, angd elpecially from the condenfation of va-
POurs : for we find that, in rainy weather, a confi-
derable wind frequently precedes the approach of
'é‘\fery fingle cloud, and that the wind {ubfides as
loon as the cloud has pafled over our zenlth.
Whereyer any of the above-mentionzd caufes i3

3 conftantly
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conflantly more predominant, as the heat of the
fun within the tropics, there a certain direétion ©
the wind is more conftant; and where different
caufes interfere at different and irregular period®
as in thofe places which are confiderably diftant
from the torrid zone, there the winds are mor®
changeable and uncertain.

In fhort, whatever difturbs the equilibrium of the
atmofphere, viz. the equal denfity or quantity of alif
at equal diftances from the furface of the carths
whatever accumulates the air in one place, and
diminithes it in other places, muft occafion #
wind both in difturbing and in reftoring that equi-
librium *,

Thofe general obfervations feem to agree tolerd”
bly well with the following facts, which have bec?
afcertained by the concurring teftimony of fkilfol
feamen, and other obfervers.

1. Between the limits of 30° north and 30"
fouth latitude, there is a conftant, or almoft co??”
ftant, eafterly wind, blowing, but not viclently, 2
all times of the year, in the Atlantic and Pacific
oceans. Thisis called the #rade wind,

®* Mr, Briflon is of opinion that eledtricity is the Pfi“'

cipal and more general caule which produces Wi”qs:
s amerois micuxy” be fays, ¢ donner pour caufe pﬁ'*"”‘"}ﬁ
ot generale des vents, Péleiricitéy quion [ait qui regné cen
& finuellement dans Tatmofphere, et a la furface de no#7*
 globe  Principes de Phyfique, § 1035.—1 am by 0
means of the fame opinion. =
Towarda
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Towards the middle of the above-mentioned
track of about 65°. viz. about the equator, the wind
blows either exaltly from the eaft, cr very lirle
diftane from that point ; but on the borders of the
abova-mem ioned {pace, the wind deviates from
that Peint, viz. near the northern limit the trade-
Wind blows from between the north and the eaft,
ad near the fouthern limit, it blows from between
te foutly and the eaft.

The trade-wind feems to depend principally
Upon the rarefaction of the air, which is occafioned
by the heat of the fun progreflively from the eaft
YOwards the weft. The air which is rarefied, and, of
Courfe, elevated by the heat of the fun immediately
Over it, is condenfed and defcends, as foon as the
fun i gone over another place to the weft of the
fC"‘rner; then the air of the latter place is rarefied,
ad the condenfed air of the former ruthes towards
i, &c.. From the northern and fouthern parts of
the world, the air likewife runs to the place which is
.immsdiatc]y under the fun; but thofe diretions,
Combining with the eafterly wind, which blows
fearer to the equator, form the above-mentioned
florcu.eaf%erly and fouth-eafterly winds on the bor-
ders of the trade-wind. ;

2. In places that are farther from the equator,
the farefaction which atifes from the heat of the
fun, ang from the atra@ion of the fun and moon,
i lefs ative; and is befides influenced by a variety
of local and accidental circumfitances, fuch as ex-

v 4 tenflive

— e

—
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tenfive continents, mountains, rains, iflands, &€
which difturb, interrupt, or totally change the dix
redion of the wind. Henee, in thofe latitudes north
and fouth, which are beyond the limits of €i€
trade-wind, or near the coafts, the winds. are very
uncertain; nor has any good theory been as yetb
formed refpedting them : 1 fhall, however, pmcctd
to enumerate the falts which have been afcertain®
ed, and to'mention the moft plaufible elucidations
of the caufes upon which they mayv depend *.

3. In fome parts of the Indian ocean there ar€
winds which blow one way during one half of the
year, and then blow the coutrary way during the
other half of the year. Thofe winds are called
Monfoons, and are explained in the following
manner.

Tt is faid, that as the air which is cool and denf
will force the warm rarefied air in a continual ftream
vpwards, there it muft fpread itfelf to preferve the
equilibrium. Therefore the upper courfe or cur-
rent of air muft be contrary to the under currents
for the upper air muft move from thofe part®
where the greateft heat is; and fo, by a kind of
circulation, the N. E. trade-wind below will be a&
tended with a.S.W. above; and a S,E. beloWs
with 2 N.W. above.

* Thofe particulars have been colle€ted principally by

Mr. Roberifon. Sce his Elements of Navioation, B Vi
=) 2

Sedt. V1.
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4. In the Atlantic oeean, near the coafts of
AfuCa, at about 3o0 miles from the fhore, between
the norh latitndes of 10° and 23° feamen con- -
lhﬂtl}f meet with a frefh gale of N, E. wind.

5« Acrofs the Atlantic ocean, on the American
fide of the Caribbee iflands, it has been obferved,
that the above-mentioned N.E. wind becomes
e*‘ﬂfl‘l}', or feldom blows more than a point from
the eaft on either fide of it,

6. Thefe trade winds on the American Gde are
Gften extend

i

a3 fan a5

he 32¢ degree of N.

hich is about 4° farther than their ex-

tenfion on the Afiican fide. Alfo, on the fouth-fide
of the equator the trade. winds extend 3% o147

fary

ﬁdc, than they do near the Cape of Good Hope, or

L+ ~ 3
Aiﬂcan hae.

lat:tu;‘.c, W
ther towards the coaft of Brafil on the American

7. Between the latitudes of 4°% N. and 4% S.
the wind always blows between the fouth and eafl
On the African fide the winds are nearclt to the
1tmt.1; and on the Awerican fide, neareft to the
€aflt. 1In thefe feas Dr. Halley obferved, that when
the wind was eaftward, the weather was gloomy,
uarL, and rainy, with hard gales of wind ; but when
the wind turned to ' the fouthward, the weather
Btnerally became ferene, with gentle breezes ap-
pr Ou.chmg to a calm.. Thefe winds are fomewhat
Chuﬂgecl by the fealons of the year; for when the
fun 15 far northward, the Brafl S:E. wind gets
to the fouth, and the N.E. wind to the E.; and

when
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when the fun is far fouth, the S. E. wind gets to the
E. and the N.E. wind on this fide of the equato®
goes more towards the north.

8. Along the coaft of Guinea, from Sierra Leof
to the ifland of St. Thomas (under the Eqmwr}
which is above 1500 miles, the foutherly and fouth=
weft winds blow perpetually. ltis fuppofed that
the S.E. trade-wind, having paffed the equator, and
approaching the guinea coaft within 240 or 309
miles, inclines towards the fhore, and becomes B4y
then S.E.;; and gradually, as it comes near the lands
it inclines to fouth, $.5.W. and clofe to the land i*
is S.W. and fometimes' W.S. W.—This tract is
fubje@ to frequent calms, and to fudden gufts of
wind called to/nadoes, which blow from all points ©
the horizon.

The wefterly wind on the coaft of Guinea is pro”
bably owing to the nature and fituation of the lands
which being greatly heated by the fun, rarefies the
air exceedingly ; hence the cooler and heavier aif
from over the fea will keep ruthing in to reftore e
equilibrium,.

9. Between the latitudes of 4° and 10° norths
and between the longitudes of Cape Verd, and LMF
eaftermoft of the Cape Verd 1iles, there is a eract of
{ta, which feems to be condemned to ptrptrﬂ’-"l
éalms, attended with terrible thunder and lightning
and fuch frequent rains, that this part of tae {ea 15
called the Rains. Itisfaid that fhips have {ome”

i t1mes
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times been detained whole months in failing through ,“'
thefe fix degrees. j

‘Thc caufe of this feems to be, that the wefterly : !
Winds fetting in on this coaft, and meeting the !:;‘
general cafterly wind in this tract, balance each A
Other, and caufe the calms ; and the vapour catried :.
thither by the hottelt wind, meeting the cooleft, '}
8 condenfed, and occafions the very frequent ?
Fains, ok

10. Between the fouthern latitudes of 10°, and %

39° in the Indian ocean, -the general trade-wind !
about the S.E. by S. is found to blow all the year v?]
I

loﬂg in the fame manner as in-the like latitude in '
the Ethiopic ocean: and during the fix months "
from May to December, thefe winds reach to |'~i
Within two degrees of the equator ; but during the i

Other fix months, from November to June, a N.W. i
Wind blows in the tradt lying between the latitudes : i
of 3°. and 100, fouth, in the meridian of the north
€nd of Madagafcar; and between the latitudes of
2" and 12°. fouth, near the longitude of Sumatra |
and Java, l

11. In the tra@ between Sumatra and the I
African coaft, and from 3 of fouth latitude quite
Northward  to the Afialtic coafts, ‘including the i
Arabian fea and the gulf of Bengal, the Monfoons i
blow from September to April on the N.FE. and q‘
“from March 1o O&ober, on the S.W. In the !
former half-year the wind is more fteady and gentle, i
2nd the weather clearer than in the fatter half-year. “

Alfo
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Alfo the wind is ftronger and fteadier in the Arabiaft
fea than in the gulf of Bengal,

12: Between the ifland of Madagafcar and 1€
coaft of Africa, and thence northward as far as the
equator, there is 2 Lr-"-t?‘:, in which f'mm April 10
O:tober, there is a conflant frefh (‘1 W. wu‘\.-‘-

which to the nort changes int W
wind, blowing at the fime tme: in the Arabiat
fea.

To the eaftward of Sumatra and Malacc?
on the mnorth fide of the equater, and along the
goafts of Gambodia and China, quite through the
Philippines  as far - as- Japan, the Monfoons bloW
northerly and fouthc‘lijv; the norchern fecting in
about O&ober or MNovember, and the fouthern
about May. Thefe winds are not quite fo certai®
as'thofe in the Arabian fea, .

Between Sumatra and Java to the weft, and
New Guinea to the eaft, the fame northerly and
foutherly winds are obferved ; but the firft half-
year Monioon inclines to the N.W, and the latte?
to the S.E.—Thefe winds begin a month or B%
weeks after thofe in the Chinefe feas fet in, and ar¢
quite as variable,

15. Thele contrary winds do not fhift from onc
point to its oppofite all at once. In fome places the
time of the change is attended with calms s, in othels

* e e
with variable wind And it often happens on th
s end

fhores of Corom un“ and China, tuwmdb the it
of the Monfoons, that there are moft violent ftor s

4 \Su.ufl}
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reatly rci’-:mbiing the hurricanes in the Wefl Indies,
When the wind is fo vaftly firong, that hardly any
thing_ can tefift its force:

16. The irregularities of the wind in countries
Which are farther from the equator than thofe
Which have been mentioned above, or nearer to the
Poles of the earth, are fo great that no particular
Period has as yet been difcovered, excepting that in
Particular places . certain winds are more likely to
blow than others. - Thus at Liverpool the winds
are faid to be wefterly for near two thirds of the
¥ear; in the fouthern part of Iwaly a S. E. wiad
(called the Jekiroece) blows more frequently than
any other wind, &c.

17. The temperature of a country with refpeét
0 heat or cold, is increafed or diminithed by
Winds, according as they come from a hotter or
Colder part of the world, The north and north-
Cafterly winds, in this country and all the weltern
Parts of Europe, are reckoned cold and drying
Winds, They are cold becaufe they come from: the
frozen region ‘of the north pole, or over a great
tact of cold land.  Their drying quality ‘s derived
from their coming principally over land, and from
& well known property of the air; namely,, thag
Warm air can diffolve, and keep diflolved, a greate
QUantity of water-than colder air: hence the air
Which comes from colder regions being heated over
Warmer countries, becomes a better folvent of
Moifture, and dries up with greater energy: the

moift .
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moift bodies it comes in contaét with ; and, on the
other hand, warm air coming into a colder regio®
depofits a quantity of the water it kept in folutions
and occaflions mifts, fogs, clouds, rains, &c. I.“
“ thort,” fays Col Roy, * the winds {cem to be
¢ drier, denfer, and colder, in proportion to the
¢ extent of land they pdfs over from the poles to-
“ wards the equator; but they appear to be mor¢
“ moift, warm, and light, in proportion to the ex-
* tent of ocean they pafs over from the equator
¢ towards the poles. - Hence the humidity, warmthy
« and lightnefs, of the Atlantic winds to the inha~
“ bitants of Eurepe.  On the eaft coafts of North
« America the feverity of the N. W. wind is uni-
¢ verfally remarked ; and there can fcarcely be @
¢ doubt, that the inhabitants of California, and other
“¢ parts on the weft fide of that great continents
< will, like thofe on the weft of Furope, feel the
¢ ftrong-effeéis of 2 N.E. wind.”

18. In warm countries fometimes the windss
which blow over a great tract of highly heated
land, become fo very drying, {corching and fuffo-
cating, as to produce dreadful effects. Thele
winds under the name of Solanes, are often felt in
the deferts of Arabia, in the neighbourhood of the
Perfian gulph, in the interior of Africa, and in fomé
other places®, There are likewife in India, part

L

¥ See the Abbé Richard®s Nat. Hift, of the Air and Meteors:
of
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of China, part of Africa, and elfewhere, other
“Winds, which depofic fo much warm moifture as to
foﬁen, and a&ually to diffolve glue, falts, and almoft u
€Very article which is foluble in water. :
19. It is impoffible to give any adequate account |
of irregular winds, efpecially of thofe fudden and
| Violen oufls as come on at very irregular periods, : .|;,!
! and generally continue for a fhort time. They E
ometimes 1 pread over an extenfive tra&t of country,
4d at o(her times are confined within a. remarkably :
: Narrow fpace.  Their caufes are by no means
righf!y underftood, though they have been vaguely i
{ Atributed to peculiar rarefactions, to the combined | |
Wractions of the fun and moon, to earthquakes, to ‘
‘ ele@(riciry, &c. They are called in general burri-
| Sanes, or they are the principal phenomenon of a
| Urricane, that is, of a violent ftorm. e
Alnoft every one of thofe violent winds is at-
nded with particular phenomena, fuch as droughts,
0“" heavy rains, or hail, or fnow, or thunder and
| llghtning, or feveral of thofe phenomena at once,
| hey-frc-qucﬁtly fhift fuddenly from one quarter )
°the horizon to another, and then come again to ’

the former point.  In this cafe they are called
‘ 0 nadyes,

Several years ago fome general charalters or
Prognoftics of hurricanes were collefted by Capt.
angford, which feem not to have been materially
Contradicted by fubfequent cbfervations. See his
Aper in the Philofophical Tranfactions Abridged,
vol, i i

=

et
e
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vol. 1. p. 104, from which 1 have tranfcribed thé
following five paragraphs.

« All hurricanes come either on the day of the
« full, change, or quarter of the moon.”

« [f it will come on the full-moon, you being in
« the change, then obferve thofe figns.”

« That day you will fee the fkies very turb¥”
« Jent, the fun more red than at other times 4
« oreat calm, and the hills clear of clouds, of
« fogs; &0 ‘

« It is to be obferved, that all hurricanes begh®

£

¢ points that the eafterly wind doth moit violent!¥

«'from the north to the weltward, and on tht

s biow, doth the hurricane blow moft fiercelf
« againfl it; for from the N. N.E. to the E.S.B*
« the eafterly wind bloweth frefheft; fo doth the
« W.N.W. to the S.S.W. in the hurricane ble®
¢ molt viul;nt-, and when it comes back to th¢
« § E. which is-the common coutle of the traiit’_’
« wind, then it ceafeth of-its violence, and o
« breaks up.”

¢« In a tornado, the winds come on (cvf"fl}'
« points. But before it comes it calms the con”
<« ftant eafterly winds ; and when they are paﬁ, the
« eafterly wind gathers force again, and the weathe®
<. clears up fair.”

Thofe obfervations ‘were intended for plﬂfﬁs
within, or not far from the torrid zone, and me’
cipally for the Welt-India iflands, which ar€ fre*
quently vifited by hurricanes.

. 80, WhC“
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20. When the gufts of wind come from differ-
®0t quarters at the fame time, and meet in a certain
Place, there the air acquires a circular, or rotatory,
Or ferew-like motion, either afcending or defcend-
ing, as it were, round an axis, and this axis fome=

times g ftationary, and at other times moves on
w In g particular direction. This phénomenon, which
. IS called a whir wind, gives a whirling motion to
d”ﬁ, fand, water, part of a cloud, and fometimes
€ven to bodies of great weight and bulk 3 carrying
‘them ejgher upwards or downwards, and laftly fcat-

ters them about in different dire@ions. -
The water fpout has been attributed principally,
i not entirely, to the meeting of different winds.
In that cafe the air in its rotation acquires a centri~
' fugal morion (fee p. 138 of part L.); whence it en-
| Aeavours to recede from the axis of the whirl, in
conﬁ:quence of which a vacuum, or, at leait, a con-
ﬁdﬁl‘ﬂb]c—; rarefation of air, takes place about the
axig, and, when the whirl takes place at fea, or
Upon water, the water rifes into that rarefied place ;
' for the fame reafon which caufes it to afcend into
the exhaufted tube (fee page 205 of this part), and

Orms the water-fpout or pillar of water in the air :
’ Yt the various appearances of water {pouts do not

€em to be quite reconcilable to the above men-

Coned t':mory.-—-—Some ingenious perfons have con-

fidereq the water fpout as an electrical phenome-
| '

non

3 having obferved, that thunder clouds and
| YoL, 11, x lightnings
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lightnings have been frequently feen about ghie
places where water fpouts appear, and likewife that
by means of artificial ele&ricity, a water {pout may
in fome meafure be imitated. But it muft be ob-
ferved, that the lightning and other eletrical phes
nomena appear to be rather the neceflary confe-
quenée than the caufe, of the water {pout; it being
well known that ele&ricity is produced whenever
water is reduced into vapour, or vapour is coi”
denfed into water. We fhall, however, examing
this particular in another part of thefe ele
ments.

The following are the moft remarkable faéls re-
lative to water {pouts.

Two, or three, or more, water {pouts are fre-
quently feen within the fpace of a few miles, and
they are moftly {zen at fea.

Their fize is various, not exceeding, however, @
few feet in diameter; and the fame water fpoub
fometimes increafes and decreafes alternately ;, it
alfo appears, difappears, and reappears, in the fame¢
place. °

The water {pout fometimes proceeds a little way
from a cloud, or a little way from the [ea; and
often thofe two fhort and oppofite {pouts are not
only directed towards each other, but they are €%*
tended and meet each other.

When it proceeds from the fea, the water about

the place appears to be much agitated, and rifes 2
* thot¥
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thott way in the form of a jet or {pray, or fteam;
n the middle of which a thick, well defined, and
g¢nerally opaque, body of water rifes, and proceeds
FO 2 confiderable height into the atmofphere, where
It is diffipazed into a vapouf, or it feems to form a
cloud,

When it proceeds from a cloud;, the clouds
about the [pot frequently appear much agitat:d,
and an agitation of the water immediately under
the fpot is generally feen at the {ame time.

The water fpout is frequently feen to have a {pi~
fal or ferew-like motion, and {fometimes is attended
With confiderable noife.

Some of them ftand in a perpendicular direction,
Others are inclined, and fome water fpouts form a
Curve, or even an angle.

The water {pouts generally break about their
Middle, and the fulling waters occafion great
damagf, either to fhips that have the misfortune
of being under them, or to the adjoining land;
for fuch fpouts are fometimes formed on a lake,
OF river, or on the fea clofe to the land.

Sometimes the water fpouts are feen Where
there is no appearance of whirlwind, or where the
"Wind (at leaft to a fpeator at fome diftance) ap-
Pears to blow regularly one way.

The oblique fpouts almoft always point from
the wind; for inftancé; when the wind.is N.E. -
the fhour will point to ‘the S, W, fig. 20. of

X2 Plate
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Plate XIII. reprefents a water fpout of the moft
complete form¥*.

=N —

* Several particular accounts of water fpouts may be feeft
in various volumes of the Philofophical Tranfa&ions, efpe-
cially in the 4th volume of Jones’s Abridgment. Alfo if
Franklin’s Mifcellaneous Papers; in almoft all the account®
of voyages; and in moft works upon Electricity.
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CHAPTER XI.
OF SOUND, OR OF ACOUSTICS.

HE fenfation, which we perceive through

the organ of hearing, is called found; fuch
33 the found of a human voice, or of the voices of
Other animals 5 as the found of a bell, or of the ftroke
f 2 hammer, of the wind amongft trees, or of
f“uing water, of an organ, &c.
The fcience which treats of found in general is
“lled acoupics (from the Greek verb for hbearing)
OF phonics (from the Greek word which means a
Voice or found). And moft of the other terms
Which are ufed in treating of found, are derived
from the above-mentioned words ; fuch as diacou-
Fics, vig. of refracted found; catacouftics, viz. of
teflected found, or of the echs ; otacouftics, viz. of
the means of improving the fenfe of hearing, as by
Means of the hearing trumpet, &c. ;

The body which produces the found is called the
‘{am"@m body, or founding body 5 and whilft found-
g, the fonorous body is evidently, and unquefti-
Onably, in a ftate of vibration.

Air is the only fubftance which, in common,
“ems to exilt between fonorous bodies and our
45 5 and it has been obferved that, ceferis paribus,
the found of the very fame fonorous body, fuch

X3 as
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as a bell, a drum, &ec. is louder or more power”
ful, and may be heard farther, where the air is
denfer, as-in vallies, than where the air is Jefs
denfe, as on the tops of high mountains, There"
fore we are led to conclude that air is the vehicle
of found, viz. that the fonorous body communi~
cates a vibratory motion to the furrounding aifs
which motion s gradually communicated from the
air next to the founding body, to that which.is
more diftant from i, fomewhat like the waves
upon the furfice of water; until that vibratof¥
motion is communicated to the fenfible part of the
ear. But found is likewife conveyed by other b0~
dies, both folid and fluid ; as will be fhewn in the
fequel,

Infinite is the variety of founds; for a man'lfcﬁ'-
difference is to be perceived between the voices of
any two human beings, or between the voices of
other animals ; and perfons who have accuftomed
their ears to nice difcriminations, can diftinguifh #
difference between the founds of very fimilar Mt
fical inftruments, viz. fuch as are conftrudeds
tuned and ftruck, to all appearance, perfeéﬂ?
alike.

T he variety of founds arifes from three caufes pl'i“'
cipa]lv, viz, 1ft, from the greater or lefs ﬂ'cquﬁﬂf}’
of the vibrations of the fonorous bodies ; odlys
from the quantity, force, or momentum of the ,
vibrating particles which firike the ear; and 341y

from the greater or lefs fimplicity of the founds:
' Hence
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Hence are derived the beight, the firength, and
the gualiry of 4 found.

1. If you ftrike the ftring of a mufical inftru-
Ment, then ftop that ftring in the middle, and
ﬂ“lxe one half of it only, or ftop any part of it,
and ftrike the other part, the fhort part will per-
form quicker vibrations, or what is called a higher
tone, than the whole ftring ; fo that the frequency
of the vibrations produces high or Jow, acute or
&rave, fharp or flat, founds ; for the more frequent
the vibrations are, the higher, or more acute, or
fhﬂl‘per, is the found faid to be, and vice verfa.

2. The ftrength of found arifes from the {pace
thltlucrh which the vibrating parts moya, or from
the length of the vibrations; it is alfo owing to
rﬁ'ﬂeﬁmn. The vibratory motion of a founding
body is communicated fpherically all round the
bﬂdy, and of courfe, like other emanations from a
Centre, is gradually diminifthed in intenfity, ac=
fording to the diftance (fee page 62. Part 1.)*%,

* The decay of found, or the diminution of its intenfity,
has been iy ppo‘{‘cd by D. Bernoulli, De la Grange, and others,
'0 be ne arly in the diret ratio of the diffances. But other
Ing Tenioug perfons have ﬂ;ppoftd it to be I]Cdrly as the {quares
oF theiditances. Thielr reafonings and calculations are
eftablitheq on different principles; but all the p.lrtlculars
Which fhould be taken notice of in this calculation, are by
110 means knowns nor do we know of any practical method
of mealuring the mtenﬁty of {ound.

X 4 But




312 Of Sound, or of Acouftics,

But if that communication be prevented on certain
fides, and be permitted to take place on a particu-
lar fide only ; or if the vibrations which are com-
municated by the fame fonorous body to different
bodies, be refleéted from the latter to a particular
place; the found will be heard in that place
much louder than otherwife, Hence arifes the effect
of the fpeaking trumpet, or [flentorophomic tube® s

hence

e

* In a fpeaking trumpet the found in one direlion is fup=
pofed to be increafed, not fo much by its being prevented
to {pread all round, as by the refle€tion frem the fides of the
trumpet.  But as the real action of the inftrument, or the
true motion bf the air through it, is not clearly underftood
different perfons, according to their particular conceptions
of the cafe, have recommended peculiar fhapes for the con-
ftrution of fuch trumpets; fome having recommended 2
conical thape, others that which is formed by the rotation of
certain curves round their axes; others again have recom-
mended an eulargement or two of the cavity in the length
of the trumpet, &c. That which has been more commonly
recommended as the beft figure for fuch trumpets, is ge
nerated by the rotation of a parabolaabout a line parallel t9
the axis.

A fpeaking trumpet of the fhape moftly ufed by navigd-
tors, is reprefented at fig. 15. Plate XIIL. Itis an halloW
inftrument of copper or of tinned iron-plates. It is open 4t
both ends; and the narrow end, A, is thaped fo as to g2
round the fpeaker’s mouth, and to leave the lips at liberty
within it. The edge of this narrow end is generally €O~
vered with leather or cloth, in order that it may more ef-
g ' : feGtually
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hence the effect of what are called whifpering
Zalleries, or whifpering domes ; hence the found of
abell, or the report of a piftol in a room, produces
4 much ftronger effect upon our ears than in the
Open air, &c.

3- A founding body vibrates in more directions
than one ; for inftance, if a body of irregular fhape
O fize be ftruck, the thin parts of it will perform
their yibrations in different times from thofe in

e

re&ually prevent the paflage of any air between the trumpet
ad the face of the fpeaker. When a perfon applies his
Mouth to the narrow end, and, dire&ing the tube to a par-
teular place, fpeaks in it the words may be heard much
ther and much louder in the direction of the trumpet, by
Perfons who are before it, than they would without the
“Umpet. A perfon who is not in the direftion of the
fumper will hear the found of it both weaker and lefs dif-
tiny, in proportion as he is more or lefs diftant from the di-
*eQion of the found ; which is the direGtion ftraight before
the trumpet.

The words which are {poken through a fpeaking trumpet
™3y be heard much farther and louder, but not fo diftinctly,
 without the trumpet.

A fpeaking trumpet has alfo been applied to the mouth of
4 gun o piftol, by which means the explofion has been ren-

dered aygiple at a vaft diftance.—Such contrivances may be
uled g fignals in certain cafes.

See the defeription of fome particular thapes of fpeaking
fumpets in the Philofophical Tranfaétions, N°® 141, or

OWthorp’s Abridgment, vol. I. page 505.

which
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which the thicker paits perform their vibrationss
hence arife different founds fram the fame body at the
fame time ; and thofc different founds are greater in
number and quality, according to the trregularities of
the founding body.. The more uniform the founding
body is in fhape and quality, the fimpler, moi®
uniform, and more pleafing its found 1+ ; buc pro-
bably there is no founding body in nature, whxfﬂ
emits a fingle found. However, when the found=
ing body emits one predominant found, and the’
concomitant founds are barely diftinguifhied, thep
that predomipant found may be confidered as &
fimple found, :

From the combination of the above-mentioned
three cavfes, the various founds derive their deno”
minations of hiph, low, weak, barfh, clear, raag’“r
fimooth, pleafant, ‘h’;':“p[f{y’-fl}?.f, confufed, &ec.

The human voice is capable of exprefling the
greateft variety of founds.

The vibratory motion of a founding body will
coniinue for a longer or fhorter time after the
firoke which caufes it to vibrate, according as that
body is more or lefs elaftic; as it is thicker of
thinner, &c. -

This vibratory motion, efpecially when the
founding badies are large and powerful, as a 1ar8°
bell, a largé ftiing of a mufical inftrument, 3"
fuch like, is generally apparent to the naked €Y¢?
but it may be rendered ftill more manifeft PY
bunﬂ'lnfr aﬁnﬂt.r, or oter fohd very near th‘“r

furfaces,
S Wheft
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When a ftring of uniform fhape and quality Is
fietched between, and 1s fixed to, two fleady pins,
B A, B, fig. 16, of Plate X1IL. if it be drawn out
of itg natural, or quiefcent, pofition AB, into the
fitnation ACB, and if then it be let go, it will, in
Confequence of its elafticity, not only come back to
IS pofition AB ; but it will go beyond it to the
ftvation ADR, which is nearly as far from AB, as
ACB was on the other fide, and all this motion
One: way is called one vibration; after this, the

fing will go again nearly as far as C, making 2
fecond vibration ; then nearly as far as D. making
2 third vibration, and {o on; diminifhing the extent
of its vibrations gradually, until 1t fettles 1n its ori-
8inal pofition AB.

It feems natural that the air, which is contiguous
' the founding body, muft receive the like vibra-
Wry motion,. viz. it muft be caufed <o perform vi-
'brations of equal duration with thofe of the found-
jng body ; and thofe wvibrations, being {pread fuc-
Ccflively through the air, in their courfe, reach our
fars, and communicate to them the like vibrations,
Which excite' in us the fenfation of a particular
IElund_ 7 :

The air communicates the above-mentioned vi-
brations not only to the organs of hearing ; but like-
Wife 1o other folids in certain circumftances, viz. to
!‘“Ch folids as, if ftruck, would emit a found which
I8 €ither exacly like, or bears fome analogy to, that
of the original founding body. Thus 1ét the ftring

_of




Of Sound, or of Aeonflics.

of a violin be tuned exa@ly like a fimilar ftring of

316

" another violin; 1o that if either of them be ftrucks

the fame fonnd may be heard. Place a little bif
of paper upon the ftring of one of the violins, about
the middle of it, and place that inftrument upon 2
table ; let the other violin be held near it, for i~
ftance, within a foot or two, and in that fituatiod
ftrike the above-mentioned ftring of the Iatter
violin. It will be found that whilft this is found-

. the correfponding ftring of the other violit
upon the table, will evidently vibrate, as is mani*
fefted by the bit of paper upon it.

In fhort, it has been generally obferved, that i
of two ftrings, or of two ather fonorous bodiess
which are capable of performing their vibrarions
in equal times, one only be cauled to found, the
other flring or other fonorous body will alfo be
found to vibrate, provided it be not too far from
the firlt mentioped fonorous body,

The fame thing, though not in an equal degre¢s
will take place if one of the fonorous bodies be €3
pable of performing two, or three, or four complete
vibrations, whilft the other is capable of performing
one vibration only, and either of them is caufed £
found.

If one of the ftrings which is put in motion, pef”
forms three vibrations, whilft anather ftring, which
is to be fer a vibrating by the found of the firft, €37
perform only one vibration with- its whale Jength s

then this latt ftring will divide icfelf into three vi
brating
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brating parts, and there will be two points at relt, as
May be feen by placing bits of paper or other light
bodies upon different parts of the latter ftring.

This fhews that the vibrations of the founding
body are communicated to the air, and by the air
o the other fonorous body. It fhews likewife, that
the vibrations of the air muft be performed in the
fame time as thofe of the founding body *.

The

\\_“_

S ftring, or a body capable of being put in a ftate of
Vibration, as a pendulum at reft, may be caufed to vibrate by
fhe repeated application of the leaft impulfe, provided thofe
'Mpulfes be repeated at the expiration of fuch portions of
Ume 25 the pendulum, or other body, would perform every
Wo of its vibrations ; for inftance, if a pendulum, when
Put in motion, would perform each vibration in one fe-
“ond, and of courfe it would come to the fame fide every
Other facond 3 then if, when fuch'a pendulum is at reft, you
Bive it an impulfe ever fo little (even a puff of air from
Your mouth) at the end of every two feconds ; the pendu-
90 will foon be feen to vibrate. The reafon of which is,
Wat from the law of collifion, (fee page 42 of Plate 1.)
‘ce every impulfe muft produce a proportionate effect, the
firfy impulfe muft caufe the pendulum to move a little out of

*¢ Perpendicular, or to perform a fhort, and perhaps an in-
vify

ble, vibration ; and if no other impulie were given, the
Peadilum would by itfelf (fee page 174 of P, 1.} perform
“hother vibration fhorter than the firft, then another fill

orter, and fo on; but by giving it the fecond impulfe at

; _t‘Acnd of the proper time, the effeét of that impulfe, con-
Plting wigl

h the natural motion of the pendulum, will enable
it




318 Of Sound, or of Aconfiicss

The furface of water is agjtated a little by the

found of a large beil, or the report of canofe
Windows, wainfeots, &c. are frequently caufed @
vibrate by the found of organs, and other large
inftrumeritss

The communication of the vibrations to th
is ufbally explained in the following manner.—L€*
the fonorous body be a firing faftened to, and
fretched between, two fixed pins ; (for whatevet
is faid with refpect to the vibrations of the ftrings

I

e alf

it to perform a longer vibration than it could perform with*
outit. By the fame way of reafoning it will appear that
the third impulfe will increafe the length of the vibration®
ftill more, and fo en.

If the impulfe be repeated at the end of every 4, or every
6, &c. vibrations; the vibration of the pendulusri will al®
be increafed, and will at laft become vifible, but not fo ¢
feGtually as by the repetition of the impulfe at every ohief
vibration ; which is fo evideat as not to require any farther
illuftration.

If the impulfes be repeated not at the proper interval®
of time, then their action, inftead of conlpiring with ¢
motion of the pendulum; will check the little motio®
which was communicated to it by the firft impulfe, and o
cdurfe the vibration of the pendulum cannot be rendere
vifible. Y
Therefore; whenever we find that a certain body #
eaufed to vibrate by the reiteration of a certain weak %7
pulfe, we may conclude that fuch impulfe hus been rfPL’;‘_w
at fuch intervals of time as the body is capable of pc:luf““"g
two, or four; &c. of its vibrations,

: may
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Day be applied to the vibration of other founding
b_{\'dlCS) and a, &, ¢, d, &c. be a row of aérial pat-
Hieles on one fide, and inithe direction of the vibra-
Uops of the {tring. When this firing is caufed to
vib"'ﬂ&‘, the firft vibration will drive the particle @,
Wards 4, and of courfe 4 muft impel ¢ towards
4, &¢. but whilft thz morion is thus communicated
Om one particle to the next, the fring goes back
F"Wa:'ds the axis, or performs its {econd vibratien.
his removes the preflure from 4, 4, &c. and befides
the ftring, by its quick motion, occafions a rarefation
% 'he place where a litdle before it had caufed a
“Ondenfarion, in confequence of which the particles
“and p il recede a hittle way from each other, and
s €xpanfion will gradually proceed through the
a_djﬁining particles ; then again another condenfa-
on o thar fide takes place, &c, Thus the fuc-
“Tive waves or fhells of condenfed and rarefied air
'&}HUW each orher,
The beft way of explaining the croffing of vari-
Ous [otinds, or of the vibrations which arife from
Veral founds at the fame time; may perhaps be by
“Dpoﬂng, that the air partakes of all the various vi-
“Ations ; fomewhat like the crofling of the waves
' Water {fee p. 148 ); viz. that each fhell of con-
Snfeq and rarefied air, which is the confequence of
e found, is ifeif alternately condenfed and rare-

f‘d 10 another direcion, in confequence of a fecand
0
nnd: &C.

The vit ration of the air cannet be ocularly per-

ceived;
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ceived, except in an imperfeft manner by the very
fmall motion of the particles of duft, fmoke, &¢-
which are feen to float in the air in certain light®
and which are made to vibrate in a fmall degree bY
the powerful found of 2 large fonorous body.

But the explanation of the vibration of a ftretch”
ed firing, which we have given above in a fimpl¢
manner for the fake of perfpicuity, is far fro™
being accurate and complete. 1In the firft place it
is eafy to perceive that the firing, AB, fig. 16.
Plate XIII. muft be longer when it ftands in
fituation ACB, or ADB, than when it frands
ftraight between A and B therefore it appea!
that befides the lateral, there is alfo a longitudiﬂal’
vibration, which is capable of producing anoth€’
found, though not fo powerful as that of the later
vibration.

Secondly, the ftrings of mufical inftruments i
their vibrations, efpecially at firft, form curv®
{omewhat different from each other, according ¥
the different methods by which they are caufed @
vibrate, viz. whether they be ftruck in the middlés
or clofe to one end ; whether by the application ©
a finger, or a quil, or a bow, &c.*

Thirdlf>
L e

* The fhapes which the fame ftring affumes in its yibrd
tions, after having been firuck by different methods, mafs
in great meafure, be perceived. ¢ Take,” fays Drs Yours?
% one of the loweft firings of a fquare piano forte, ";sz
& Wik
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Thirdly, the firing fometimes feems to divide
itfelf into parts, viz. fome parts of the ftring
Perform vibrations peculiar to their lengths at the
fame time that they partake of the general vibra-
Qons,

And, fourthly, a firing feldom continues long
to vibrate in one and the fame plane; but the
Plane of its vibrations moves in different direttions,
which are far from being regular. This deviation
of the plane of vibration from its original fituation,
may probably be owing to the obliquity of the im=
Pulfe, or to the inequalities in the figure of the
'ﬁl‘ing, or to the refiftance of the air, &c. This
Movement of the plane of vibration may be dif~:
terned by viewing a founding ftring in the direction
of its length. '

If the movements of a ftretched ftring be fo
complicated and uncertain, one may cafily conceive
the difficulty of comprehending;, or of inveftigating,

o T

which a fine filvered wire is wound in a fpiral form; con=-
tra& the light of 2 window; fo that, when the cye is
placed in a proper pofition, the image of the light may
. nF!pea.r fmall, bright, and well defined on each of the con«
£ V?]utlons of the wire. Let the chord be now made to
Vibrate, and th¢ luminous point will delineate its pathy
like q burning coal whirled round, and will prefent to the
€y a line of light, which, by the affiftance of 2 micrafcope,
may b very accurately obferved.” Phil, Tranf. for 1800.
Page 135,
YOoL, 11, Ky the
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the movements of other founding bodies, the greate t
part of which are vaftly more irregular in thape and
quality than the ftretched ftring,

The vibrations of the air, which are pmduct’d
by the above-mentioned movements of the fame
founding body, muft evidently be very complic-ted
and uncertain,  Befides, even in the fimpleft mode
of vibration, as that of the flring; it is evident
that the collapfing of the air behind it muft occafion
another fort of vibration, befides that: which 1
produced on the fore part of the ftring.  in fhort
it muft be confefied, that the real- motion: of ihe
air, or ity various moveimnénts, in iLs conveyance of
found, are far from being rightly under{ ood.

Mol fonorous bodies not only perform differcnt
vibrations at the fime. time, but they may be
caufed to perform certain vibrations and not others,

‘or they may be caufed to vibrate at pleafure in

certain diretions. more powerfully than in othef
diréétions; and that by the different manner of
holding or ftriking them. T hus, if a glafs, partin]l}"
filled with water, be firuck on the fide, it will emit
one found, and if, inftead of that, you rub your
wer finger over the edge of it, you will perceive &
different found.

Moft oblong and elaftic bodies may be caufed t@

vibrate longitudinally by means.of proper frictiof

in the direétion of their length, They may b€
rubbed with the finger, or- with any foft fubftance
s US:L‘I.
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Over which. fome pounded rofin is fpread: The
beft way of rubbing glafs rods, is by means of 2
Wet rag beftrewed. with fine fand*.
The founds which arife from the longitudinal
Vibrations - of fonerous. bodies, -are confiderably
higher than thofe which are produced by, the la--
%ral yibrations of the fame bodies. The former
%ree with the latter. in this, viz. that they are
igher or lower inverfely as the lengths of the fo-
Noroys body; but otherwife a very ftriking dif~
ference is to be remarked between the production
o the former and that of the latter ; namely, that
the production of the latter dcpen(s upon the
fgth, weight, and tenfion of the ftring or other
ONorgys body : whereas the former depend more
Upon the qm]ity or nature of the fonorous body,
*han upon its thicknefs and weight. “ I have ex-
5 . AMined,”: fays Dr. Chladni, * every {ubftance
Wmch I could obtain in a fufficiently long rod-
hke form, in regard to longitudinal vibration ;
" for exam; ple, many kinds of wood and metal,
"l ﬁluis, whalcbone, &c. The fpecific gravity

\x—‘

a
_ Dr. Chladni of Wittemberg, who has made a very great
i)

o¢r of experiments on lhc longitudinal vibrations ef
aftic bodies, lately contrived a mufical inftrument, which

'LC’H‘? the emphon, and which confifts of glafs rods difpofed

rdb:]; Proper frame, which exprefs their luulfks- by being

& €d long; gitudipally. A fhort account of this inftrument
7 be feen in the Phils Mag. vol. IL. p. 391L

Y 2 « ‘males
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« makes no difference; for fir-wood, glafs, and
« iron, give almoft the fame rone, as alfo braf,
« oak, and the fhanks of tobacco-pipes made ©
€ C]ﬂ.\/‘*."
Different bodies are more or lefs fonorous; bat
that property does not feem to be entirely depcn'
dent, cither upon their fpecific gravity, or theil we
nacity, or even their elafticity. Copper feems to 2
the moft fonorous of the fimple metals, then come®
filver, then iron, tin, platina, gold, and, Jaftly?
lead, which feems to be the leaft {fonorous metall®
fubftance.
PR

* Dr. Chladni has rendered, in great meafure, apparent thi-
different forts of vibration, or rather the different pﬂf‘slG
flat fonorous bodies, which are caufed to vibrate by pec '
managements.— His method is briefly as follows :

Tf you'take a pane of glafs, ora thin metallic plate, Ort
piece of board, &e. and ftrew very light bodies, fuch a5
fand, over it. Then, holding it horizontally between yo¥
finger and thumb, you rub a violin bow acrofs the edg® 3
the plate; you will find that part of the plate is thc"cbz
caufed to vibrate, as will be fhewn by the motion of d,‘
fand ; and by continuing the fri€tion of the bow, you wlc
perceive that the fand will be gradually removed fro™ )
vibrating parts, to thofe parts which do not vibrate. = . .

By holding the plate in different places, and by appl}':“';
two or more fingers to it, and then rubbing the boW act 5
one part or another of the edge, the fand may be cau’®™
aume different forms (called vibration figures) S% %
circle, an ellipfis, a quadrangle, &c, Sce the Phil- Mas

vol. 111, p. 389. The
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_ .The communication of the vibrations from the
v‘bfﬂting part of a ftretched firing to {fome other
Part of it, which, at firlt fight, might be fuppofed
0 be at relt, is likewife attended with remarkable
Phengineng *,
> If you divide a ftring, as AD, fig. ¥7. Plate XIII.
N0 three equal parts AB, BC, CD, by placing
'S at C and B; place a bridge, like a viclin
_“dgc at B, alfo place light bodies, fuch as fmall
IS of paper, at C, and at other places of the part
BD; then draw a violin bow over the part AB;
Jou will find that all the bits of paper will be threwn
off from the part BD, excepting the one at Cj;
L*“"il'lg that the point C remains at reft, whillt the
’@maindcr of the ftring is vibrating.—This point,
and al] gther points whereon, in fuch experiments,
te bt of paper remain at reft, as alfo the
Point B, where the bridge is fituated, are called
Yibration nods.
Divide the ftring AB (fg. 18. Plate XIIL.) by
e points C, D, E, F, into five equal parts ; inter-
Cepr, by means of two bridges, the part DE; place
Mall bits of paper upon C and F, as alio upon
Other parts of the ftring ; then rub the violin bow
ﬂ?rofs the part DE, and you will find that all the
' of paper will be fhaken, except thofe at C
ind |, : -
\"\‘ﬁﬁ-—__

* . . . . oy 1l
See Voigt’s Experiments, in Gren's Fournal de Phys.

L IL, Part 111,

iy, Thus,
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Thus, by a proper divifion of the ftring, and by
intercepting one or more aliquot pafts of it, &
any moderate number -of vibration nodes may b¢
exhibited®. But it muft be obferved,: that 18
thofe experiments, the communication of morio?
from the founding part of the firing, to the othel
miay be effected not fo 'much through the fubftanc®
of the ftring, as through the air. See p. 315.

In an organ pipe, and other wind inftruments, it
is not the inftrument itfelf that principally vibratess
or rather the found is produced by the vibration ©
the column of air within the pipe.  Tn a large org#®
pipe this vibration of the column of” air, which i
fomewhat' longer than the pipe, may be felt bf
applying the open hand to the aperture of th®
pipe. 'But the ‘particular manner in which this

vibration is performed, is by no means' rightlf

* The gcn-:ral rule for finding out the mumber of vibi3~
tion nodes, according to'any divifion of ‘thg ftring, i5#°
follows :

and

that the portion, which is intercepted by the bridze or bridges

Suppofe the ftring to be divided into # number of parts,

confilts of m number of fuch parts; exprefs the ratio of #
to m in the loweft terms; fubtraét the latter from the
former, and the remainder thews the number of vibr;u.io'”
nodes. Thus, inthe firft example, # is equal to 3 """l ¥
equal to 1, and 1 being fubtracted from 3, there remd®
23 fo that the vibration nodes are 2, viz, one at , and
other at D,

ns

)
tile

d,
underftoots



Of Sound, or .of Acouflics. 327

_Underﬁood.-Thr: found of the fame pipe may be

Incre fed or diminifhed in quantity, or in acutenefs,

b_y fupplying the pipe with different quantities of

4y and by particular modes of blowing*.

Upon the whole it appears, that, by certain ma-

Bagements, the height of a found may be increafed
' OF diminifhed ; and, by other managements, the

ﬂreﬂgrh and quality of the found may be altered.
| Thys expert violin players pals the bow over the
fy ings fometimes very clofe to the bridges of their
1|"i()lins; and, at other times, at agreater diltance,
O nearer to the middle of the frings: by which ,
Weans, ceteris paribus, they attually produce dif-
ferent effedts.

It alf appears that every found, even thofe of
the fimpleft mufical inftruments, is accompanied
With orher inferior, fecondary, or lefs audible,
foungs ; and thofe {econdary {ounds are heard more
Eﬁﬁin&ly when the founding bodies are large or
Powerful, and when the principal found is grave
*nd continuate, than otherwife, —— Hereafter,. in
’ fpeﬂking of the founds, or of thé wibramoens, of

OUnding bodies, we mean only the vibrations
Which produce the principal or predominant {ound,
Unlefy the contrary be mentioned.

We fhall now ftate the moft ufeful fa&s and che
“I¥ations which have been eftablithed and made

* See Dr, Young’s Experiments, Phil. Trank for 1800,
Peo12y,

by

X4
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by various ingenious perfons, concerning the velocit}s
intenfity, communication, reflection, and other pro-
perties of founds in general. '

Sound is propagated fucceffively from the found-
ing body, to the places which are nearer to it, the?
to thefe that are farther from it, &c.

A great many long and laborious ealculation®
have been made by divers able philofuphers and
mathematicians, for the purpofe of deducing th®
velocity of found through the air, from the know?
weight, elafticity, and other properties of air ; but
the refults of fuch calculations differ confiderably
from each other, as alfo from the refvlts of aétusl
experiments, which fhews either thar the calculd”
tions have been eftablithed upon defeétive princl”
ples, or that not all the concurring circumftances
have been taken into the account, Therefor®
without mentioning any thing farther wich - ¢
fpect to thofe calculations, I fhall immediately
flate the refult of authentic and wuleful exper®
ments.

Alnoft every body knows,. that when a gun

red at a confiderable ditance from him, he per”
ceives the flafh a certain time before he heat®
the report; and the fame thing is true with 1€
fpeét to the ftroke of an hammer, of an hatcheb

“with the fall of a Rone, or, in fhort, with any

vifible aftion which produces a found or founds:

This time which found employs in i mauo®
e 1;1;11‘01’3h,
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‘hrough the common air, has been meafured by
¥arious ingenious perfons. The principal and more
general method has been to meafure (by means
of 2 ftop watch or a pendulum) the time which
tlapfes between the appearance of the fafh, and
the hearing of the report of a gun fired at a certain
Meafured diftance from the obferver; for light
travels {o faft through the diftance of 1000, or
2020 miles, that we cannot poffibly perceive the
time'; therefore we may conclude that the explo-
ﬁf’n of a gun takes ‘place at the very fame moment
I which we perceive the Bath.

In the firft place it has been unanimoufly ob-
ﬁ:rwd, that found travels at a uniform rate, viz.
that it will go as far again in two feconds, as it
Will in one fecond; that it will go three times as
far in three feconds, or four times as fur in four fe-
éoﬂds, as it will in one, and fo on. Therefore, in
the above-mentioned manner of performing the
CxXperiment, if the diftance (in feet) between the
®annon, and the obferver, be divided by the num-

®r of fcconds elapfed between the perceptions

+ Of the flath and of the report, the quotient will fhew

the rate of travelling, or how many feet per fecond
foung ryps through.

This rate has been eftimated differently by
diﬁ“d'cnt perfons, whofe experiments have been
Performed ar different times, in different places,

0d with inftruments more or lefs accurate, viz.

By
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(@) By Sir Ifaac Newton, at the rate of g68

L (4) By the Hon. Mr. Robarts, at - 1300
I (¢) By the Hon. Mr. Boyle, at - = - 1200
i | (d) By Mr. Walker, at = = - - 1338
T:'!.r (¢) By Merfennus, at iy by oy i R

(f) By the Florentine Academicians - 1148
L[ g) By the French Academicians - = 1172
L (b) De. Thury, Maraldi, and de la

L Y e M R P T S

‘f (i) By Flamftead, Halley, and Der-
ham, at - = = - = ‘= = 1¥1I4%

Dr. Derham, as it appears from the account in
Wi the Philofophical Tranfactions, feems to have mad®
il the greateft number of accurate ‘wd more diverfis
fied experiments ; therefore we m“.y take his coft?
clufion, which coincides with thofe of F Laa—ni’tfﬁd
and Halley, as the neareft to the truth, viz, thats

\
i
1§
i T e
| L :

(@) Principia. B. IL. Prop, 50

() Phil, Tranl. n.z20q

5 {c) Eflay on Motion.

y (4) Phil. Tranf. n.247.

i iR .

i (¢ ) Baliftic. Prop. 29.

kL - (f) Exph. of the Acad. del Cimento, p. 141,
{g) Du Hamel Hift. Acad. Reg.

}‘b_,\ They reckoned it equal to 173 toifes, which 8
nemrly = 1107 feet Englith. Sce Mem. de P Acad:
for 1738, p. 128, &c.

(7} Phil. Tranf. Jones’s Abrid, vol, IV, p. 396- 8
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in general, found travels uniformly through the
atmofpherical air at the rate of 1142 feet per fe-
tond, or one mile in little lefs than g feconds; at
Yeaft, ‘this refult cannot differ from the truth by
More than 1§ or 20 feet®. But it will appear from
the following paragraphs, and from the difficuley of
meaﬁn-ing time to a fraion of a fecond, that no
Very great degree of accuracy ‘can be expeéted in
Meafurements of this fort. |
Derham oblerved, that the report of'a cannon
fited at the diftance of 13 miles from him, did not
frike his ear with a fingle found, but that i was
Tepeated five or fix times clofe to each other.
“ The two firlt cracks,” be fuys, « were louder
= than the third, but the laft cracks were louder
than any of the reft. - - = - - And befides, in
' 1e multiplied

fc

@

fome of my [tatigns, befides t
€ ¥ . -
found, 1 plainly heard a faint echo, which was

refleted by my church, and the houfes adje-
114

cGﬂt.”

G

This repetiticn of the found probably originated
fiom the reflection of a fingle found from hills,
"Oufes, or other objetts, not much diftant from
ﬂ:le cannon. ~But it appears from general obferva-
Hon, and where no echo can be fufpeéted, that
thlﬁ {found of a cannon, at the dittance of 10 or 20
Miles, is different from the found when near. In

—

* : = ; o ;
: ACCovdmg to Mr. Hales, the undulation of water 1s to
. Motion of found as 1 to £63.

the
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the latter cafe the crack is loud and inftantancous;
of which we cannot appreciate the height. Whereas
in the former cafe, viz. at a diftance, it is a gravé
found, which may be compared to a determinat®
mufical found ; and, inftead ‘of being inftantaneotss
it begins foftly, {wells to its greateft loudnefs, and
then dies away growling.— Nearly the fame thing
may be obferved with refpect to a clap of thunder-
Qther founds are likewife altered in quality by the
diftance.

Upon the whole, it appears that the velocity of
found is exactly the fame, whether the found be
bigh or low, ftrong or feeble, whether it be the
found of a human voice, or the report of a canno®
But its velocity s fenfibly altered by winds. 4
the wind confpires with the found, viz. if it blow®
in the direCtion from the [ounding body to the
hearer, the found will be heard fooner; and if the
wind blows the contrary way, the found will b€
heard later, than according to the rate of rr42 fect
per fecond. In fhert, the velocity of the wind, in
the former cale, muft be added to, and in the Jatte¥

it muft be fubtratted from, that of the found*. But
the

R

* The knowledge of this fa& will enable us to meafur®s
pretty nearly, the velocity of the wind in certain cafes; for
if a cannon be fired at a known diflance from us, the rt‘P‘Jrt
muft reach us fooner when the wind blows from that plac®

to us, and later when it blows the contrary way, than it wil
e

7
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the velocity of the air in the ftrongeft wind is,
berhaps, not equal to the twenmeth part of the
Velocity of found.

Fleat and cold feem to make a very fiall al-
terution in the velocity of found; for found ap-
Pears to travel a little fafter in fummer then in
Winter.

Different altitudes of the barometer, as alfo
different quantities of moifture in the air, feem to
tccafion a fmall alteration in the velocity of found.
But it is not in our power to determine what thare
of the effect is due to each of thofe caufes.

Upon the whole it appears, that whatever in-
Creafes the elafticity of theair, accelerates the rhotion,
as alfo the infenﬁty of found, through it, and wice
Terfz.  Or in fluids of a determinate elafticity,
Whatever increales the denfity, diminithes the ve-
locity of found through them. Probably the velo-
Cities of found through fuch fluids, are as the
fquare roots of the denfities.—Experience feems to
Prove, that at different times of the year (the influ-
ence of winds being excluded) the velocity of found
May be fafter or flower, not exceeding 3o feet, than

at the above-mentioned mean rate of 1142 feet per-
fecond,

e

0 calm weather ; therefore, knowing in what time it ought
%o reach us in calm weather, the difference between that:
time and the time obferved in the above-mentioned cales of
Windy weather, is the time which the wind employs in pafling
through that d flance,

v

The
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The knowledee of the velocity of found through
the air, may be applied to a very ufeful purpofe’
viz. to the meafurement of diftances, t‘:fpeciauy
when no better method can be ufed with conveni*
ency. Thus we may meafure the diftance ~ of &
thunder cloud by meafuring the time which elaples
between the appearance of the flafh of lightning
and the report of the explofion or thunder; for 1
by looking upon a clock or a watch with a fecond’
hand, we find that the time elapfed is one feconds
we may conclude that the explofion took place a-
the diftaince of 1142 feet from us; if the clnp-‘fcd
time be two, or three, or any other number of
feconds, we may conclude that the diftance is th
product of 1142 multiplied by two, or by three, 0F
by the other number of feconds. After the fam€
manner by obferving the flath and the report of 4
gun, or the motion of the hand which moves an ham~
mef, and the perception of the found, &c, we maf
determine, pretty nearly, the diftance of a {hip; or
of an ifland, or of a workman, &ec.

Air is always around us, and therefore is the
moit common medium-through. which founds ar¢
tranfmitted = but founds may alfo be conveyed by
other bodies, both folid and fluid, viz. by waters by
metals, by wood, by ftones, by ropes, &c. and 10

moft cafes more readily and perfetly than by th¢

air. Probably there is no {ubftance which is not in
{ome meafure a conduétor of found; but found 18
much enfeebled by pafiing from one medium to

anether. 4
IE
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Ifa man ftops one -of his ears with his finger,
Ops the other ear by prefiing it againft the end of

~

2 long ftick, and a watch be applied to the oppofite
€0d of the ftick, or of a piece of timber, beit ever
fo lo:lg, the man will hear the beating of the watch
Very diftin@ly ; whereas in the ufual way through
e 4ir, be can hardly hear it from a greater diftance
than abour 14 feet.

The fame effefe will take place if he fops both
s egr with his hands, and refts his teeth, his
Fﬁ’“P]t, or the cartilaginous part of one of his cars
Winft the end of the fick.—Inftead of a Rick he
n,'a}' ule a rod of iron or other metal, a block or
Pillag of marble, &c.

Inflead of applying the watch, a very gentle
Cratch may be made ar one end of a pole, or rod,
ang the pe:-fnn who keeps the-ear in clofe contact
‘?lth the other end of the pole, after the above-men-
“ed manner, will hear it with great accuracy.

Thys perfons who are not quick of bearing, by
aPplying their teeth to fome part of an harpli-
Chord: or other founding body, will, by that means,
© enabled to hear the found much better than
theryif.

Ifa man {tops his ears with his hands, then palles
€ loop of 4 ftring (which has a picce of metal, as
padd

POOn, &, tied to its extremity) cvar his head
ang
tjlc . 5 > o

ad of the firing, with the fpoon or piece of

)
e e feiliino the ooy
@, pendant before him; on firiking the jpoun

th

hands, and by ftooping himfelf a lictle, keeps
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againft any thing, he will hear a found. not muc.h.

different from that of a large bell.—Such exper’’
ments are capable of great variety *. p

Tt has been faid, that the report of carnons fir€
at Toulon may be heard at Monoco, viz. 4t he
diftance of 2bout 76 miles, by a perfon lying f’n
the ground ; but not otherwife. But the prﬂ&”:c
of placing one’s ear clofe to the ground, in OF A
to perceive the approach of horfes or men; ofy !
fhort, for the purpofe of hearing diftant found®
has been obferved even amangft uncivilized ™
tions. "
Articulate founds mayalfo be tran{mitted [hroﬂ_é‘%
folids ; but I muft own, they are not pﬂl’c‘*"v
ed very diftin@tly by my ear. However 4
Chladni, who has made a vaft number of ex
ments relative to this fubjeét, exprefles hitnfel
the following manner :

« Arficulated tones alfo are conduéted e¥
« ceedingly well through hard bodies, as I fou’
% by experiments which I made with fome °

« my friends. Two perfons who had ROPﬁ:
r Wi

per”
f it

¢ their cars, -could converfe with each othe
« they held a long ftick, or a feries of flickss _be
¢« tween their teeth, or refted their teeth ﬂgnlr.lﬁ

« them, It is all the fame whether the P )
-« who fpeaks refts the ftick againft his throdt

/

g1
* See the Mem. of the Ac. of Turin, for 1790 and ”91 5
b 1

-
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“ his breaft, or when one refts the ftick which he

£
(14
144
(13
(14
L1
113
‘€
¢
it
A1
111
fe
tt
fc
114
L5
114
111
3
€<
fc
3

<«

holds in his teeth againft fome veflel into which
the other fpeaks.  The effect will be greater
the more the veffel is capable of a tremulous
Mmovement, It appeared to be ftrongeft with
glafs and porcelain veflels ; with copper kettles,
Woaden boxes, and earthen pots, it was weaker,
Sticks of glafs, and next fir-wood, conducted the
found bet. The found could alfo be heard
When a thread was: held between the teeth by
both, fo as to be fomewhat ftretched. Through
each fubftance, the found was modified in a
Manner a little different. By refting 2 flick or
other body againft the temples, the forehead, and
the external cartilaginous part of the ear, found
is conveyed to the interior organs of hearing, as
will . readily appear if you hold your watch to
thafe parts of anather perfon who has ftopped up
his ears. From this it appears, as well as from
the experiments relative to the hearing under
Water, that hearing is nothing elfe than, by
Means of the organs .of hearing, to be {enfibie
of the tremulous movement of an elaftic body,

‘Whether this tremulous movement be conveyed

through the air, or any other fluid or hard body,
t0 the auricular nerves. It is allo effentially the

* fame whether, as is ufually the cafe, the found

“

be conveyed through the internal part of the
‘ ear, or whether it be communicated through
any other part of the body. It certainly would
VoL, 11, % . #be
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<« be worth the trouble to make experiments ©
¢ try whether it might not be poffible that deaf. and
*¢ qumb people, when the deficiency lies only in
« the external organs of the ear, the auricula®
“ nerve being perfed, could not, by the aboV®
« method of conduding found, be made to hea™
« diftin@ly, words articulated, as well as oficf
% founds™.”

The velocity with which found moves throt
folids, is by no means known, nor does it feem
likely to be determined experimentally; for fuch

1
¢l

experiments can only be performed with fevef
hundred feet length of each particular fubftanc™
The only thing which has been tried relative ¥
this fubjeét, is to trapfmit a found through a feries
of picces of wood placed in clofe contact the fif k
with the fecond, the fecond with the third, and fo
on. It was found that found is tranfmitted chroug®
wood fafter than through air ; but it could not P¢
“determined how much fafter 1.

: W hether

4_1-“/.

* TThis has been taken, from the Phil. Mags for Jul¥
1799, which contains the tranflation of fome paflages e
traéted from Dr. Chladni’s eriginal work on the ]a:)ngizudiﬂal
yibrations of ftrings, &c. :

+ By reafoning and calculation it has been deduced, that

a column of air in a pipe of a certain length, open at bot

A el 552w d iy e
ends, makes one longitudinal vibration in the fame uir

that found would employ to percur the fame length °
all 2
9
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Whether found be tranfmitted at all through
Vacuum, or not, is by no means determined. A
bell inclofed in a glafs receiver, and caufed to found,
“n be heard lefs and lefs, according as the glafs is
More and more exhaufted of air; but though I
have ufed one of the beft air-pumps that was ever
Conftructed, and the apparatus which fupported the

Il was laid upon fuch foft fubftances as feemed
leagt likely to tranfmit the found through them ; yet

€ould never render the found of the bell quite un-
fudible. Befides, it may be fufpeted, that when
the olafs receiver is exhaufted of air, the prefiure of
the atmofphere, on its outfide only, may check in
8teat meafure the tranfmiffion of the found, If it
¢ afked what can tranfmit the found, or the vibra-
Uong of the bell, when the air between it and the
Blaf§ has been removed, fuppofing that it might be
Stirely removed ? We muft undoubtedly affert
%t jgnorance of it. But our ignorance of what may

®anfmit the found in that cafe, does not prove that

L

A3 (Riccati delle fibre elaftiche. Newton’s Princ, L. 2.
- fop, 50.) hence it may be prcfumed, by analogy, that found’
fs tranfmitted by folids of a certain length in the fame time
" which thofe folids would perform each of their longitudi-
"al vibrations, Now it has been found that a rod of iron
%fa certzin length, will perform its longitudinal vibfations
;;;{ Uch fafter than an equal pillar of air; therefore it is

ely that found will move through iron much fafter

t[h;n through airy and the fame thing may be faid of other
(Holids, ' .

z 12 the
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the found could not be heard if the air were entirelf
removed.

Sounds diminifh in intenfity, or they are Jefs au*
dible, according as the hearers are farther from the
{founding body ; but there is no accurate method ©
determining this decreafe *.

The fame found is fironger in denfe than in
thinner air. ‘The ac&ual fall of rain, fnow, &c¢- or
a good deal of moifture in the air, diminifh the in-
tenfity of found. In calm, ferene weather, whe?
every thing is quiet, a found is heard much
ftronger, and of courfe much farther than othe”
wife. When a fmooth furface of ground, 2"
efpecially of water, is interpofed between the
founding body and the hearer, then founds mdy
be heard much farther than when water much 28"
tated, or ground covered with houfes, trees, &¢ ¥
interpofed.

In favourable circumftances the ftriking of the
clock on the bell of St. Paul’s church, in Londo™
bas been heard at Windfor. It has been faid thé®
with a particular concurrence of favourable cir
cumflances, the human voice has been heard at the
diftance of more than ten miles, viz. from 0
Gibraltar to New Gibraltart. The' difcharge ©

an ordinary mufket can hardly ever be heard farther
o

# Sce the Phil. Tranf, for 1800, p. 120,
+ Derham’s Phyfico-Theology, B. IV, chap. 3

alfo the Phil. Tranl. N. 300, for more fas of this nats™

See
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than feven or eight miles ; but the difcharge of
fevera) fuch mufkets at the fame time may be heard
fom a grearer diftance. The quick repetition of
the Game found may alfo be heard fomewhat farther

A0 the fame fingly. In the Dutch war of the

Year 1672, it has been faid, that the reports of can-
- 005 were heard at the diftance of 200 miles, and
Ypwards,

It is commonly faid, that the vibrations, which
e communicated to the air by a founding body,
Xpand fpheric:lly all round that body ; and in fa&
% faund may be heard on any fide of it ; yet cer-
tin j¢ is, that the found will not be heard with
*quaj force and diftinction in every direftion; and
i s difference is much greater with certain found-
g bodies, (viz. when a ftrong impulfe is given
© the air in a particular direction) than with
Others, The report of a cannon appears louder
% 4 perfon towards whem it is fired, than to one
‘tuated in a contrary direction®. The fpeaking
trumpet throws the found direftly before its aper=
tre, apd very little of it can be heard by perfons
Who are out of that direction +. In windy weather

the

\\_____4;

* Phil. Trant, for 1800, p. 118.
.t Upon this principle feveral curious contrivances may
oe made; and the {peaking of the inanimate figure, fuf-
Pended iy the air, which was exhibited in London fome

7 3 years

s —

g s
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the found of a diftant bell is perceived to increafe
or decreafe in loudnefs, according as the wind alters

R

years ago, depends upon the fame principle. The mecha®
nifm was as follows: A wooden figure was fufpended in the
air by means of ribbands, in an opening between two rooms
There was a perforation about an inch amd a half in diame=
ter, from the mouth to the upper part of the head, Thi
aperture had an enlarged termination on the top of the heads
and with the other extremity communicated with a fort of
fpeaking-trumpet, which was faftened to the mouth of the
figure. Behind the partition the enlarged or funnel-lke
opening of a tube was fitvated diretly oppofite to, and at
about two fect diftance of, the aperture on the head of the
figure, The tube behind the partition was bent in a cof
venient form, and a concealed performer applied either B3
mouth or his ear to the other end of the tube. Now, if 2
perfon applied his mouth to the opening of the trumpet, it
{poke into ity the found pafled from the opening on the he#
of the figure through the airy to the opening of the fube
which ftood facing it behind the partition of the rooms, #
the perion; who applied his ear to the farther opening of thé
tube, would hear it diftinétly ; but other perfons in the oot
heard very little, if at all, of the faid articulated found; 2%
the fame thing tock place, when the concealed perfon 1'130k3
with his mouth clofe to the fartheft end of the tube, 37
andther perfon placed his ear clofe to the opening of the
trumpet; which fhews that the found paffed almoft entire Y
in a ftraight direction, from the opening on the head, £
the oppolfite -aperture of the tube, and wice verfar Thié
tade it appedr as if’ the wooden fighre itfelf comprche“d"d

Words, and returned an adequate anlfwer, (s
1
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its ftrength or its direction. An obftruétion to the
direftion of founds; is evidently made by /hills,
boufes, large trees, and other bodies of a certain
Cxtent ; for the found of a diftant bell; of a mill, of
the waves of the fea on the fhore, &c. may be
heard myyeh better when nothing folid is interpofed

Etween the hearer and the founding body, than
Otherwife, ‘This may be eafily oblerved by a per-
fon walking through a town, when a noife proceeds
om any of the above-mentioned caufes ; for he
Will hear the noife much better when he comes to
the opening of a fireet which leads to the founding
Place, than when the houfes intervene ; fo that the
Bund which comes out of an aperture, does not
Skpand {pherically round that aperture, asround a
Centre ; and -this is analogous to what has been
fid wigh refped to the direclion of a ftream of
Water, which comes out of anaperture (fee p. 178.)3
Ut it pru be confefled, that we are lefs able to
Cmprehend the real motion of the air, than
that of the waves on the furface of water, or that
of a ftream.

Sounds are alfo reflefted by hard boedies, and this
Teflection produces the well-known phenomenon,
Called the echo ; and others analogous to it.

, If a perfon flanding at a certain diflance before a
8h wall, a bank, a rock, &c. utters a word or
Makes 3 noife, either with his voice or Wwith an
“Mmer, &c. he will frequently hear a repetition
Of the word or other noife; and the tine which
zZ & : elapfes




q44 OF Sound, or of Acouftics.
elapfes between the expreffion of the found and the
hearing of the fame again, is the fame as found i
general would employ in going twice through the
diftance between the man and the wall, or the
rock, &c. for the vibrations of the air muft g°
from the man to the wall, and back again; fo that
if the wall be 1142 feet diftant, the time elapfe
bétween the expreffion of the found, and the {eco?
arrival of it to the ear, will be two feconds; &
{o forth.

But the fame original {ound, and the repetitio®
of it, which is called the ecbo, may be heard bY
other perfons firuated at different diftances both from
the original founding place, and from the refleéind
wall, or other obje@. The effe, however, Wi
ot -be exaltly alike ; for inftance, thofe who are
nearer to the wall, will hear the echo fooner thaft
other perfons ; thofe who are as far again from the
man who expreffes the found as they are from the
refle@ting obftacle, when the refleCting obje& at
an equal diftance from both, will hear both thé
original found and the echo at the fame time 5 1
which cafe they will perleive, as it wer6 P
found louder than they would without the repe”
tition.

But though feveral perfons in different fitu

will hear the echo or repetition of the fame found
heart

atioﬂs

yet in a particular direéion, the echo may be
e ¥ s f O
pauch better than in other direétions. Now, if €W

ftraight lines be drawn from the centre or middle Ec
t
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the refle@ting furface, one to the place whence the
Original found proceeds, and another in the above-
Mentioned beft direction ; ; thofe lines will be found
0 make equal angles with, or to be equally in-
Clined to, that furface. Hence it is faid, that found
5 reflested by certain bodies, and thai tbe angle ¢f re=
Hetion i equal to the angle of incidence.

This fhews, that though found proceeds from an
Otiginal founding body, or from a reflecting fur.ace,
M every direction ; yet a greater quanticy of it pro-
“eds in fome particular direction than in any other;
nd this is probably owing to the original impulfe

Eing given to the air in one direction more forcibly
tha in others, asalfo to the want of perfelt freedom
of Motion in the aerial fluid.

The furface of various bodies, folids as well as
fluids, have been found capable of refleting founds,
Viz, the fides of hills, houfts, rocks, banks of earth,
the large trunks of trees, the furface of water, efpe-
Ciaily at the bettom of a well, and fometimes even
the clouds. It is therefore evident, thatin an ex-
®five plain, or at fea, where there is no elevated

“dy capable of refletting founds, no echo can be

Card,

The configuration of the furface of thofe bodies
feems to be much more concerned in the produc-
tion of the echo, than the fubflance itfelf. A
fmooth furiace refleéts founds much better than a
Tough one, A convex furface is a very bad re-
fetor of found; a Bat furface reflects it very well;

but
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but a fmall degree of concavity, and efpeciaﬂ}’
when the founding body is in the centre, or focu
of the concavity, renders that furface a much bette
reflector.

Thus in an elliptical chamber, if the founding
body be placed in a focus of the ellipfis, that found
will be heard much louder by a perfon fituated
the other focus, ‘than in any cther part of the
chamber. In this cafe the effect is fo powcrfulv
that even when the middle part of the chamber is
wanting, viz. when the two oppofite elliptical fhells
only exift, the found exprefied in one focus will be
heard by a perfon fituated in the other focus, but
hardly at all by other perfons™.

This in fome meafure explains the effect of what
are called whifpering domes, and whifpering galleriess
wherein, if a perfon fpeaks pretty near the wall oP
one fide of it, another perfon will hear him diftinét-
ly when he places his ear pretiy near the wall of
the oppofite fide. The dome i St. Paul's €&
theédral, in London, has this curicus property

MNP |

» If from any point in the circumference of an ellipfis
two lines be drawn to the foci, thofe lines make equal angle®
with the curve at that point. This is demonfirated by 2
the writers on conics, Therefore, the found which is P
duced in one focus of an elliptical chamber, and is reﬂﬂﬂ'“’.'
from the wall to the other focus, makes all the angles of in€l”
dence equal to the angles of reflection refpetively. Henc

that focus is the placc where the found is heard befte
which
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- Which is generally fhewn to all enquiring vifi-
torg,

Several phenomena may be explained fo eafily
YPon the abuve-mentioned theory of the refleCtion
of found, that they need be merely mentioned to
the intellioent reader.

Several reflecting furfaces’ frequently are o pro-
Perly fitnated with refpe@ to diftance, and direc-
Pi'on, that a found proceeding from a certain pointy
8 reficéted by one furface firft, then by another
Which is a litele farther off, after which it is refleGted

¥ a third furface, and {o on; or it is refe@ed from
Ohe furface to a fecond, from the fecond to a third,

m the third te a fourth, &c¢. Hence, echos,
Which repea the fame found, or the fame word, two
O three, or feveral times over, are frequently met
With,

According to the greater or lefs diffance from
the fpeaker, a refle®ing objed will return the echo
of feveral, or of fewer {yllables ; for all the fyllables
Muft be uttered before the echo of the firft {yllable
"Caches the ar, otherwife it will make a confufion.

T a moderate way of {peaking, about 3% fyllables
¢ pronounced in one fecond, or feven {yllables in

tWo feconds®. Therefore, when an echo repeats
\‘\_;

* From the computation of thort-hand writers it appears
that ready and rapid orator in the Englith language, pro-
Nounces from 7000 to 7500 words in an hour, viz. about
120 words in a minute, or two words in each fecond.

emoirs of Gibbon’s Life, ‘

{even

e~

==
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feven fyllables, the refleting object is 1142 fect
dift.nt; tor found travels at the rate of 1142 feet
pef fecond, and the diftance from the {peaker o
the reflecting objedt, and again from the latter to
the former, is twice 1142 feet. When the ecio
recarns 14 fyllables, the refle@ting object muft be
2282 feet diftant, and fo on. A famous echo 15
fiid to be in Woodftock Park, near Oxford. [
repeats 17 fyllables in the day, and 20 at nighi*'
Auother remarkable echo is faid to be on the north
fide of Shipley church, in Suffex. It repeats
diltin@tly, in favourable circumftances, 21 fylla-
bles t.

Therefore the farther the refle@ting furface 19
the greater number of fyllables the echo will ¢
peat; but the found will be enfeebled nearly in th
fame proportion, and at laft the fyllables cannot b€
heard diftinctly. '

When the reflecting obje is too near, the rept”
tition of the found arrives at the ear, whilft the
perception of the original found ftill continuess in
which cafe an indiftin¢t refounding is heard. Thié
effect may be frequently obferved in empty room®
paffages, &c. efpecially becaufe in fuch places fe-
veial reflections from the walls to the hearers #
alfo from one wall to-the other, and then to the

"

* Dr. Plot’s Nat. Hift. of Oxfordfhire.

# Hans's Liexs Tech, Article Ecro,
hear€ls
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bearer, ‘clath with each other, and increafe the ine
diftinétion.

If each of the vibrations of the air, which are oc-
Cafioned by a certain found, be performed in the
fame time that found employs in going from the
i-"Unding body to the walls of 2 room, and thence
10 the hearer, then the found will be heard with
Steater force, * In fhort, by altering our fituation
i a room and exprefling a found, or hearing the
found of another perfon, in different fituations, or
When different objes are alternately placed in the
Toom, that found may be heard louder or weaker,
and more or lefs diftin®. Hence it is, that blind
Perfons, who are under the neceflity of paying great
attention to the perceptions of their fenfe of hearing,
aCquire the habit of diftinguifhing, from the found
Sven of their own voices, whether a room is
€mpty or furnithed, whether the windows are open
or fhut, and fometimes they can even diftinguifh
Whether any perfon be in the room or not*.

A great

-x-__

* The famous Dr. N. Saunderfon, Profeffor of the Ma-
-theﬂlatics in the univerfity of Cambridge, who had been
lind fince he was one year old, poflefled fuch acutenefs of
hca"illg, that, as is related in the account of his life, © By
* his guicknefs in this fenfe, he not only diftinguifhed per-
) fons, with whom. he had ever once converfed, o long as
* to fix in his memory the found of their voice, but infome
: meafure places alfo,  He could judge of the fize of aroom
% intg
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A great deal of furniture i in a room, efpeciall
a foft kind, fuch as curtains, carpets, &c. check iB
great meafure the founds thar are produced in it
for they hinder the free communication of the vibra®
tions of the air, from one part of the room, to the

yof

other.

The fitteft rooms for declamation, or for mulfit
are fuch as contain few ornaments that obftruét the
found, and at the fame time have the leaft ech®
poflible; for when they have one or more echass
which arife from cupolas, alcoves, vaulted ceiling®
&c. the repetition of one or more founds comes
the ear at the fame time that another direct found

' reaches it, which not only fpoils the former, but nin¢

times out of ten forms a difcord.

A pretty firong and continued found fatigues the
ear. The firokes of heavy hammers, of artillerfs
&c. are apt to render people deaf, at leaft for @
certain time,  And it has been obferved, that fom®
perfons who have been long expofed to the cont
nued and confufed noife of certain manufaétories
or of water-falls, or of other noify places, can hedf

PP

¢ into which he was introduced, of the diftance he was

¢ from the wall : and if ever he had walked over a p”‘*""

-

 ment in courts, piazzas, &c. which reflected a fou nd, 2

¢ was afterwards conducted thither again, he could LM‘?‘I}'
¢ tell whereabours in the walk he was placed, merely by the

-

o
-

note it foundsd,
what
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What is fpoken to them, much better in the midft of
that noife than elfewhere.

The attentive reader may naturally enguire in
What manaer are founds communicated to our fen-
ﬁmum, and in what manner does the ear receive
ad tranfmit them to the auditory merve; but to
thofe queftions I am unable to give any fatisfaGory
Wfwer, A particular defcription of the int:rnal, as
Well as external, parts of the ear, may be found in a
Vatiety of anatomical books ; but the knowledge of
the confiruction does not inform us of the real ufe
of thofe parts. The form of the external part of
the eay i5 evidently intended for receiving in great
cl_llélm:ity, and for concentrating the vibrations of the
air,

Some very remarkable obfervations lately made,
Telative to the organ of hearing, fhew, in a very
Polnged manner, that the various funions of that
Ofgan are far from being rightly underffoad®. A
Prope, inveftigation of the fubject is highly re-
Tommendable to every able philofopher.—It might

Qbtle(s improve the general fubject of acouftics,
3 in particular it might furnith means of remedy-
Mg, or of fupplying, the defecs incident to the hu-
an ear,
, The only known mechanical method of improv-
g that organ, when it 1s in a certain manner de«
ﬁifi:ive, is by the ufe of the bearing.trumpet.
\E—___

: * Bee M, Aftley Cooper’s Paper, in the Phil, Tranf,
ar Igoo) page 151,

=
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This trumpet is an hollow conical tube, from
about 8 to 16 inches in length. It is often bent n0%
much unlike the letter C, excepting that in geﬂfral
the fmall end is bent much lefs than the other. The
fmall end (whofe aperture is not above a quarter ©
an inch in diameter) is applied to the ear, whilft the
large aperture (which is from about 2 to 4 inches
in diameter) is directed towards a fpeaker, or ©0°
wards the founding body. By this means the found
is heard confiderably louder, but lefs diftinét.

Hearing trumpets have been made of vario®
fhapes, though the above feems upon the whole ©
be the beft ; but no theory can at prefent determif®
their moft advantagecus conftruction.

Their office is to increafe, not the frequency, bY*
the momentum of the aérial vibrations; and this m2Y
probably arife fromthofe vibrations pafling gr:;zduamr
from the larger to the narrower part of the inft%”
ment.” Perhaps the vibrations of the air refle€t
from different points of the inftrument, like diffes ent
echos, reach the ear not all precifely at the fam®
time ; hence the found is rendered louder, but lets
diftin&, I (hall not however proceed to cxP]?’iﬂ
what I myfelf do not ¢learly underftand,



CHAPTER  XIL
OF MUSICAL SOPNDS.

‘A Succefiion of founds has been called M-
!0{‘{)'.

The! compound effe which arifes fram two
fc'llnds, exprefled at the fame time, is called Con-
ﬁ’”ﬂme, or Diffonance, according as: it produces a
P]Eaﬁng or unpleafing effect.

An Aecord s the effect which arifes from, or a
“mbination: of, miore than two founds exprefied at

€ fame time.

A fucgeffion of accords is called Harmony,

The art which examines, difpofes, and exprefles
unds, fb as to produce - melody, or haimony,
p]ﬁaﬁng upon the whole, is called Myfic, or. the
Mificq) Aré. And: the founds, which ate ‘do- far
"ple, determinate, and pleafing; as to'be ufed in
Mufic, are called Mufical Sounds. :
Qe;;uhas been faid, at .t'm‘_'. beginr}ing of Fljc pre=

“Ing chapter, that the variety of founds arifes fram

'S¢ caufes principally, viz. 1ft, from the greater
:L::;b frequency of the vibrations ; 2dly, _fr.om the

ty, force or momentum of the vibrating
E;rf: i and 3dly, from the greater or lefs fimplicity
ach found,

Y
FEh A4 A gleay
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A clear idea of thofe differences may be conceiv
ed by comparing the found of a pretty large bell,
with that of a flring of a bafe viol. Thofe tW°
fonorous bodies may be adjufted fo, that each of
them may perform the fame number of vibration®
in the fame time. In that cafe the founds of thof®
inftrurnents are faid to be of the fame pirch ; fOF
the pitch of a certain found, or of the infirumen®
which: exprefles that certain found, is faid to be
equal to, lower, or higher than the pirch of anothe’
found, ‘or other fonorous: body ‘that emies o3
found, when the firft fonorous body performs 4%
equal, @ {maller, or a greater number of vibrd”
tions than: the other fonorous bedy in the fam®
time.

But though thofe inftruments: exprefs the @@
found with refpe&t to the pitch; yet the found @
the bell'is much louder than that of the bafe viols
and, in fact, the former may be heard from a much
greater ‘diftance than the latters This fhews the
fecond diftinétion *, '

o

-

#.The greater or lefs ftrength of a found of the {am®
pitch is called by muficians,. the; forte and pians of that
found,  The well known inftrument, called the forts pians
derives its name from its being capable of expreffing the
fame tones more or lefs loud; whereas the harplicho™
which is'like the forte’piane in every other refpedt, ex},re{ﬁ"—i
its tones always of the fame firength, Th‘»
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~ The third ‘afifes fromi the inequality, harfhnefs,
&c. of ‘the husd of the bell in comparifon with
that' of the bafe viol; for a perfon, who is fuffici»
Ently teur, and likens with aftention, will perceive
that che found’ of the bell is attended with'a fort of
Undulntion, both in }‘:itc and ftrength; and is, be-
fides, accompanied with ane or more {econdary
founds; whereas the found of the bafe viol is much
Mmore fimple and dniform. :

There is no method of meafuring the quantity of
the above-mentioned fecond and third difinctions ;
€2cepting by the judgment of the ear,” which is va-
Hots und partial.* One perfon, for inftance, pre-
fers the found of 2 powerful organ to that of 7
Violin ; another prefers the latter to the former,
One Tikes the found of a French horn above that
Of all ‘other inftruments, and another prefers a
fhute,

In general it is not from a proper difcrimination,
bt from the various acutenefs of the ear, from
Préjudice, from fafhion, from want of dilcernment,
OF from' miftaken ideas, that moft people exprefs
their likings and difl kings. Various and difcordant
3 the opinions of men relatively to thofe things
Which have no'fixed ftandard of perfection or de-
1*1"’;Crr1{’tr:a.1:i‘:)n; yet it may be prefumed, efpecially
With refpe® - to 'mufical founds, that ‘whatever
Pleafes the majority, and whatever, can be endured
F a longer time without difguft, is the beft and
the’ moft eligible, And there are fome perfons

AA2 wha,
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who, from knowledge, practice, fenfibility, and 3
proper ufe of their reafoning faculty, have enabled
themfelves to difcriminate at once between what
is, and what is not, more likely to pleafe the
majority, ‘or to be endured longer without cif-
guft.

After a long and diverfified experience, through
a confiderable feries of years, it has been.founds
that certain founds, exprefied in certain {ucceflions
and in certain combinations, are pleafing to moft
human ears. = They are of the fimpleft and moft
uniform kind, neither too loud, nor too feebie ; bt
differing from each other in pitch, by certain ﬁxed
and determinate interyals, —T hey are called mufi fool
SJounds, or iones,

Befides. the human voice, feveral inftrumentss
which have been invented at various times, and 316
now in ufe, are capable of exprefling thofe mufical
founds; hence they are called mufical infbr umentss
and_the beft of them are fuch as are capable of e%*
p:eH'n'f the greateft variety of fuch founds, efpes
cially with refpeét to the pitch, and of:the ﬁmplﬁﬁ’
as well as of the moft pleafing fort.

Upon fome of thofe inftruments, fuch as. the
harpfichord, forte piano, the organ, the guirar, &€«
the pitch of each tone is fixt and immutable. 18
others, fuch as the human voice, French -hot?s
violin, violoncello, &c. the pitch proper for cach:
tone, muft be determined by the performer.. The
accomplithment of this talk is very difficult 3{3“‘1
rans
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from this are the mufical performers {aid to have
4 good or a bad intonation.

What has been faid above may fuffice with re-
e to the lefs definite qualities of founds; viz.
&fﬂngth and fimplicicy. It is.now neceflary to
treat of the more difficult, but more determinate,
Quality, called the pitch, which has already been
fid o depend upon the frequency of the vibra-

_ tlons

The human voice, in its ordinary way of fpeak-
ing, generally changes its pitch by imperceptible
ifltervals, or rather by fliding a little way up or
“0wn. But there are different and confiderable in-
tervals between the mufical tones. Thofe mufical
tones were perhaps in great meafure found out ex-
Perimentally ; but they have afterwards been re-
Yuced to, and may be expreffed by means of, ace
Curate mathematical meafurements.—T he order, or
the arrangement, of thofe founds is called the feale
?f?kz;ﬁc.

A voice or an inftrument, which exprefies thofe
founds in a particular order under certain reftric-
tmns produces mufic; otherwife the effet is not
Pleaﬁng’ nor is it called mufic. ‘The natural
ﬁ“ging of birds may exhibit a fine voice in certain
€afes ; but it is not mufical, their founds having
Nothing to do with the mufical intervals; and, in
fa&, the arrangement of their various founds is by
110 means pleafing. 4

The number of vibrations which may be per-

A A3 formed
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. formed by a ftretched ftring, when its  tenfiofhs

length, and weight are known, may be afcertained
with tolerable accuracy.

The number of vibrations of moft athep fonnd*
ing bodies, cannot be afcertained otherwife than by
comparing ‘their founds with thofe of ftringed in®
firuments 5 for the human ear can judge with coB”
fiderable accuracy when the two inftruments are in
unifon, or perform contemporanecus vibrations, in
which eafe they are faid to be of the fame piiff“
and indeed fome expert muficians can determine by
the judgment of their ear, not only when two founds
are of the fame picch, but alfo when they are at #
certain diftance of each other. Therefore, in 0UF
inveitigation and exprefiions of mufical founds, it
will be fufficient to fpeak of ftretched firings of
chords enlys as the founds of all the other inftr¥”
ments may be referred to thofe of ftrings.

The following particulars relative to frretched
firings have been demonftrated mathematically, and
the demonftration will be found in the followit5
nate, for the ufe of thofe readers who are fifEciently
fkilled in mathematics.

1. If a ftretched cylindrieal chord be ftruck, f“']d
then be leftwo vibrate by itfelf, it will perform #
vibrations, whether large or narrow, in equal £1IEs
and, of courfe, the found, though decaying grady”
ally, yet continues in the fame pitch; excepting?
however, when the flring is ftruck violently s for

in that cafe its found is a licdle higher at 7
vie
9
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Viz. its vibrations are a little more frequent at
firft, ’
2. If various firings be equally firetched, and
be of the fame fubftance 5 or, in fhort, if they be
“Qual in every refpeét, excepting in their lengths ;
then the duration of 2 fingle vibration of each ftring
Will be a5 the length of the firing ; or (which is the
fame thing) the number of vibrations performed by
®ach fring in a given time, will be inverfely as the
length ; for inftance, if a {tring be four feet long,
ad - apother ftring, ceteris paribus, be one foot
long; then the latter will vibrate four times whilft
te former vibrates once. Or if the length of the
former be to that of the latter, as 10 to 35 then
the vibrations performed by the latter will be to
 thoge that are performed by the former, as 3 to 10;
Ad 5 on.  Alfo, the fame thing muft be under-
_ﬁo@d of the parts of the fame ftring ; for inftance,
2 certain ftring perform 8 vibrations in a fe-
ond ;. then, if that ftring be ftopped in the middle,
*0d one half of it only be caufed to found, then
thag half will perform 16 vibrations in a fecond.—
One third part of the fame firing will perform 24
Vibrations in a fecond; and {o on.
_ The length of the ftring is reckoned from: one
Oridge (o the other, or from one refting place to
the Other ; thus, in fig. 19. Plate XIIL the
%ength of the firing is reckoned from R to S.
The tenfion of the ftring is -meafured by the
AAag weight
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weight @, which Is fufperided to one end of its
If inftead of ftretching a firing by fufpending ®
weight to it, as indicated by the above-rhention®
figure, the ftring be twifted round a' peg, afier
the manner commonly ufed in mufical infir?”
meénts, then the tenfion fill muft be expl'eﬁEd
by a weight; meaning a weight which ray b:s
capable of ftretching the ftring as much as 19
ftrerched by turning ‘the peg.

3. If various chords differ in tenfion only; the®
the number of vibrations which each of thé™
performs in a given time, is as the {quare root ©
the ftretching weight, * Thus, if a chord be ftretch”
ed by a weight of 16 pounds, 4nd  another cho”
be ftretched by a weight of 9 pounds; then the
former will perform 4 vibrations in the fame %
that the latter performs 3 vibrations.

4. If cylindrical chords differ in thicknefs only’
then the number of vibrations which they perfor y
will be inverfely as the diameters, viz. if the diam®”
ter of a chord be equal to twice the diameter ©
another chord ; then ‘the former will perform one
vibration in the fame time that the latter pcrfvrms
two vibrations. '

5+ By a proper adjuftment of the lengths; thick
nefles, and ftretching  weights, diffimilar Chords.
may be caufed to perform any required numbet 9
Vibrations ; which is evidently derived from the

precedinig paragraphs,
P g paragrag 6. The
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6. The actual number of vibrations, which are
Performed by a given ftretched chord, may be de-
ermined, without any great error, by ufing the fol-
lowing rule; provided the lengrh and weight of the
vibrating part of the chord, as RS, fig. 1q, and
likewif}; the ftretching weight w, -be known,—
Ru, Multiply the ftretching weight by 29,1 2 inches
(Which is nearly the length of the pendulum that
Vibrates feconds). = Alfo multiply the weight of the
Chord by its length in inches ; divide the firft pro-
du@ by the fecond ; extract the fquare root of the
Quotient; multiply this fquare root by 3,14.6,
and this laft produ® is the number of vibrations
that are performed 1n one fecond of time by the
8iven chord.—The refiftance of the air, as alfo
{ome other Auctuating caufes of obftruétion, not be-
g noticed in this rule it is moft probable that the
Teal vibrations are not quite fo numerous as they are
8tven by the rule.

<dn example of the above-mentioned rule.—A copper
Wire of 35,65 inches in length, weiglhing 31
Sfains ,troy, was firerched by a weight of feven
Pounds avoirdupois, ‘which is nearly equal to
49000 grains, How many vibrations did it per-
form in each fecond ? —The produét of 49000
Multiplied by 39,12 is 1916880, The produ&
of “35.5¢ by 31, is 110205 If 1916880

¢ divided by 1102,05, the quotient will be
739,37, the fquare root of which is 41,7 ;
and




i
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and this fquare root being multiplied by 3,14"6’
gives 131 for the required number of vibr#”
tions. (1.

(1) <

SRS g

(x.) It 1s cvident from what has been faid above, that by
diminifhing the tenfion and increafing the ‘length of the
chord, the number of vibrations may be diminifhed to fuch
a degree as to render the fingle vibrations difcernible fro™
each other ; hence it {eems, 'that the yibrations of a Chﬂf‘d
that exprefles 2 certain tone, might be counted; but "
practice the performance of fuch experiments is attend€®
with ‘very great, and hitherto unfurmounted, ~difficultie®
Several perfons have tried the experiment ; but no decifiv®
refults have ever been derived therefrom,

I have attempted fuch experiments, both with metallic and
with catgut ftrings of various fizes and lengths; as far 25 17
fect; and with varicus degrees of tenfion, o with v yrioW?
ftretching weights, 1 have ufed thofe {ftrings in the mantef
of pendulums, with a weight faftened to the lower ext®”
mity;—I1 have allo placed them horizontaily, after the
gbove-mentioned manner of fig. ¥g. Plate XII1 ; but the
eff=Ct was, that when the vibrations were fewer than tefl of
twelve in a fecond, which is the greateft nuniber I can PD{'
fibly count with tolerable certainty ; then the found of the
sbere
che
he

chord was o very indiftiné, equivocal, and encun
with other founds, that I could not be certain of its pif
If by increafing the weight, or by fhortning the chord; £
tone was rendered fufficiently diftinct; then the \'ibrati?”s'
were thereby quickened beyond the poffibility of counting
them., ¢

Neverthelefs, T fhall fubjoin the particulars of on€ °

: a3 . . ot
thofe experiments, which was repeated feveral umess b =
) b

;
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It is now neceflary to fpecify thofe founds which
®Xperience has fhewn to be fit for mufical compo-
Wioh: | And diere e fhall only {peak of the pitch,
Which is denoted by the number of vibrations that

are
o

b}’ myfelf, and in the prefence of a very intelligent friend ;
“ce it may be prefumed to be as accurate as the nature of
the fubjeét can admit of.

A brafs ftring, fuch as is ufed for harpfichords, was ful-
Peoded like a pendulum, with a weight of §2 pounds,
(viz, 40250 graing) at its extremity.

The length of the firing was 100 inches. Its weighf
20 grains 3 when ftruck and fet a vibrating, if a piece of
Paper was fet on one fide of it, the ftring ftruck the paper
Bout 14 times in a fecond, as nearly as 1 could pofiibly
Teckon, And as it would have ftruck a piece of paper on
the ather fide as often in the fame time, therefore it perform-
®d 28 vibrations in a fecond. )

. But, by calculation, it ought to have performed 34,56
Vibrations in a fecond.

When,. inftead of 5 pounds and 4, one pound only, or
%00 grains, was fufpended to it, the fring performed from
I_D t0 12 vibrations in a fecond ; -and in fa& the numbers of
Vibratiope being as the fquares of the ftretching weights, we
{'lave 40250 7000)% : : 200,60 : 83,6 : 128 : 11,63 which
i Pretty good agreement.

. =Y calculation it ought to have performed 14,3 vibrations
M2 fecond, '

Therefare, it feems, that the method of determining the
Oumber of vibrations that are performed by a ftring which
Sunds 3 certain tone, muft be derived from the theoretical

Ronftration ; but the refult of fuch demonftration muft

deviate
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are performed in a given time; or by the length ot
the ftring which emits each of thofe founds ; for 1t
has been already fhewn that, when firétehed fring®
are alike in 2]l other refpe@s, excepiing in the
7 5

Ienbfh )

-v-/

deviate in a certain degree from the trath, principally on 2~
count of the refiftance of the air, and of the want of pcrft'it
pliability in the chord, &c,

The ratio which the number of vibrations bears to ¢
weight, teafion, length, &, of the chord, has been demo®
ftrated, with fome variation of method, by feveral able
writers.. | The conclufion is always the fame, I hav®
howevcr, jpreferred Dr. Taylor’s ariginal demonftratio™
fuch as is publifhied in the Philofophical Tranfa@ions, b
caule it is lefs dependent upon other extraneous prop®
ditions, - and - of courfe it fnay be efteemed the m?
concife, .

It may be objected, that this demonftration does not K¢
in all the fhapes which a ftring, accordine to the yariou®
modes of flriking ity aflumes ip its vi';.utir.;us. But it mt
be obferved; that as, ceterss paribus, the fame chord, hoW”
ever ftruck, provided it be not firuck too viclently, gives 3
tone conftantly of the fame pitch ; its vibrations muft be®
frequent when it affumes the fimpleft, as when it affum®
any other, form.

Of the Mutisn-of a Stretched String, by Dy, B. Tuylers

Phil. Tranf. N.337. or Fanes’s Apridg. val. IVip 39%

« Lemviz't, Let ADF By A A®B, fig. 1. Plate XIV"

5 ! s ol €
oe two curves, the relation of which is {uch, that %
ordinatc®
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lengths,. then the daration of-a fingle vibration of
®ach flring, is proportionate to the length of the
fring ;. o, (which - amoufits to the: fame  thing)
%at: the (number of vibrations performed by each

: {tring

dinates; C A D; E® ¥, being drawn, it maybe C.A : CI},
""E®:EF. Then the: ordimates ‘being - diminithed aa
“initum, fo that ‘the -eurves may coincide with the 2xis
__‘BS Lfay, that the ultimate ratio of the curvature/in. 4,
Will be ¢ the curvature in-Dyias € A torC D2 =0
4 Demonfl. Draw the ordipate ¢3d very neat 0. C Dy
“datD and A driw. the tangents D 7 and A g, meeting.
‘E Ordinate/ o @ in # and & - Then-becaufle of ¢ ¥ v dit2l
. 4 1 C D, (by hypothelis) the tangents being produced
Wil theep one: another, and the axis in the fame pojnt Pu.
:‘rhence, becaufe of fimilar triangles CD P_ gtud ct P,
Cap and ¢0P, it will be c8:¢c2:: CA:CD 10 ¢0:
:hd (by hypoth.) = : 802 (cO0~=1cd) : d2(ct==ud) But
g € Curvatures in' A and D, are'as the angles of contack
‘?‘5‘ and ¢ D4 ; and: becaufe 3 A and @D coinciding
:“h cC, thofe angles are as their {ubtenfes' @6, 4¢; that
A by the proportion above, as CA, CD. ‘Therefore;
“ QE.D*
.“' Lemma 2. - In fome inftant of its vibration, let 2z
Pr'“& ftretched between the points A and B, figi 2.
e X1v, put on ithe form ‘of any curve ApwrBjs I
er}ththat the increment of the velocity of any point o
© acceleration arifing from the force of the tenfion

of . : 3 el
_the' ﬁ“ﬂga is7as the curvature of the flring in the fame:
pD[nt.u :

£
" Dems

Par #fi. Conceive the ftring to confift of equal +igid

ficles, which are infinitely listle, as po, o, &c. and at
; the
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ftring in a given time, is inverfcly as the length of :
the firing.
If you take feveral ftrings precifely of the fam®
fubftance, the {ame form, and the fame thi-cknf—'f”;;
an

_"—/

the point o erett a perpendicular o R, equal to the radiu®
of the curvature at o, which let thétangents pt, = 1, meet
in f; the parallels to them @'y psy in 5, the chord p# in ée
Then by the principles of mechanics, the abfolute force by
which the two particlés p oand oo, are urged towards B
will be'to the force of tenfion' of the ftring, 48 ¢ fo ffi
and half this force by which one particle p ¢ is urged, will
Be to ‘the tenfion of the ftring, ase¢z to #p; that is, (be<
caufe of imilar triangles ¢ #p, £pR) as 2p or op tO R
or o R.  Wherefore, becaufe of the force of tenfion beif3

{ o
given, the ablolute accelerating force will be as =3 i

But the acceleration generated is in a compound ratio of

the ratios of the abfolute force directly, and of the matte
to: be moved inverfely ; and the matter to’ be moved 1#

& = oy 7 = . S
the particle itfelf ap. Wherefore the acceleration 15 v

1 ; ! ¥ i 1
——; that is, as the curvature ino. For the curvaty’
o R
is retiprocally as.the radivs of curvature in that 90"“'
Q EaD2"

« Prob. 1. - To determine the :'notion of a ﬁrctched
firing.”?

& g this and the following problémy, I fuppofe th
to-move  from: the axis of ‘motion through an indeﬁnitel}'
creal®
ures

e fring

little fpace ; that the increment of tenfion from the i
df thellengthy alfo, the obliquity of the radii of curvat

ay fafely be-negledted.”
pay tascly 5 « Therefor?
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40d firetch them equally by fufpending equal weights
' their extremitics, or otherwife; then make their
lengths of thie proportions that are ftated in the
fbﬂowing table ; thofe flrings, when ftruck, will

exprefs
‘-\-—_

 Therefore let the ftring be fretched between the points
A'and B, fig. 3. Plate X1V, and with 4 bow lct the point
drawn ¢o the diftance C =, from the axis A B, Then
takiﬂg away the bow, becaufe of the flexure in the point C
Hone, thae will firlt begin to move (by Lem. 2.) But na
oner will the ftring be bent in the neareft points ¢ and 4,
Ut thefe points alfo will begin'to move ;3 and.then B and s
0 {5 on,  Alo becaufe of the great flexare in C, ‘thae
P“i“t will firft move very fwiftly, and thénce the curvature
®ing increafed in the next points D, E, &e. they will im-
mediateiy be accelerated more fwiftly 3 and at the fame time
e curiature in C being diminifhed, thet poitit in its turn
Will: be accelerated more flowly. And in general, thofe
Poifieg: ot

vich are flowet than they thould be; being accele-
Tatiq m

ore, and the quickerlefs, it will be bmught about
18, that thie forces being duly attempered onc with an.
Otl?@r, all the motiots will confpire together, and al] the
P0ints will at the fame time approach to the axis, going and
rm‘”ﬁng alternarely, ad infiaitum.”

“ Nowthat this may be done, the firing muft always
PUE St tlie fori of the curve ACD E B, the curvature of
"‘Vhich, in

¢ any point E, isas thediftance of the fame E 4 from
| AT oo ) ; 5 i ¥
]L. A4S 5 the velocities of the points, C, D, E, &e. being
alfy 3 g z ’ X

L N the ratio of the diflances from the axis C z, D8,

vy Rs = - ) :

d 2 K¢ For in this cale the fpaces Cxy D3,°Es, &e.
Cler z : " 3 4 (i}
| fibed in the fame infinitely little time, will 'be asg the

Yelacie . - LHRE . N &
@elties ; that is, as the fpaces defcribed C z, D 8, &,

Vherefore
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exprefs the proper mufical founds or tones, and the
whole fet is called the frale of mufic.
The fucceflive expreflion of thofe mufical founds
in apy order, produces mufical melody, which may be
goe

e

Wherefore tm, remaining {paces x.z; 33, eny &e. il be
to each other in the fame ratio. ~Alfo (by Lem. 2.) the
accelerations, will be to one another in the fame ratio. , BY
which means the ratie of the velocities always continuitd
the fame with the ratio of the fpaces to be deferibedy al
the, points, will arrive, at; the axis at the fame time, an
a]\’v’d)b depart.from it at the fame time. And therefore t“c
curve ACDEB will be rightly dstermined: Q. E, D.”

« Morcover the two curves. A CDEB and A x3eB
being compared mg,ther, by Lemma 3. the curvatures i
D and 3 will be as the diftances from the axis D & and 593
and therefore, by Lemma 2. the acceleration of any givelt
point in the ftring will he gsits diftance from the ayise
Whenge, (by Seéh 10. Prop, 51. of Newton’s Prmcini”’-
all the vibrations, both great and fmall, will be puturlﬂe
in the fame perivdical time, and .the moation of any 170"1
will be {unilar to the oftillation of a body vibrating in
C}'c]oid Q. E. .2

« Lor, Curvatures are reciprocally as the radii of circle
of the fame degree, of curyature, Therefore let 4 be #
given line, and the radius of eurvature in E will be chﬂl 1

aa >3

En’
F p e
% Prop, 2. The length and weight of a flring betla
given, together with the weight that-firetches -the 005
1 find the time of a Gngle vibration,”
- : s Lot
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Bood or bad, The contemporaneous expreflion of
tWo of them is called a confonance or diffonance, ac-
Cording a5 it produces a pleafant or unpleafant
tfect. A fingle ftring may be made {ucceflively

thorter

S 7 -

. “ Let the {tring be ftretched between the points A and
» fig. 4. Plate XIV, by the force of the weight P, and
let the weight of the ftring itfelf be Ny and its length L.
Allo Yot the {tring be put in the pofition AF p CB, and at
the middle point Cy let C S, a perpendicular be raifed, equal
%0 the radius of the curvature in C, and meeting the axis
B in D; and taking a point p.near to C, draw the per-

Pendicylar p ¢ and the tangent p£.”
 Therefore it appears, as in Lemnia 2, that the abolute
e by which the particle 2 C is accelerated, is to the
force of the weight Py as ¢z to pty thatis, as pC to
=S, But the weight P is to the weight of the particle »C,
M2 ratio compounded of the ratios of P to N, and of N to
€ Weight of the particle pC, or of L to #C; that is, as
XL to N x pC. Therefore, compounding thefe
“Atias, the accelerating force is to the force of gravity, as
XL to N x CS. Let therefore a pendulum be eon-
ﬁru&t‘d, whole length is CD ; then (by Seét. X. Prop. 52,
% Newton's Principia) the periodical time of the fting will
€ 10 the periodical time of that pendulum, as ¥ N x € S
i VPXT. But by the fame propofition; the force of
?’aVity being given; the longitudes. of the pendula are
ila duplicate ratio of the periodical times. Whence
\E‘g—}i < D, or writing -L% for €S, (by Cor,
P“’b- I.) I%.EEE will be the length of a pendulum, the
PO T 5B vibrations
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fhorter and fhorter, according to the propaortions of
the table; and thus a fingle ftring may exprefs all
the various mufical founds; but in this cafe, two
founds cannot be exprefied at the fame time.

In

= i

vibrations of which are ifochroncus to the vibrations of the
{tring.”

« Tofind the line a, let the abicifs of the curve be AE.
oz and the ordinate EF =, and the curve

AF =wv, and CD =4 Then (by Gor. Prob. 1.) the

efelt

o . el o b aa f it
radius of curvature in' F will be »—., But & being give™
X
] 1 . s o a'a @ &
the radius of curvature is ——, Whence — =~-7"?
= X =

and therefore @a £ = <« &3 and taking the fluents a ¢ g

a1 e @b g
= . g Herethe given quantity — —
a 2 2
C-

Ha* 15 adued that it may be & = @ in the middle ]mmt

And hence the ¢ ]Culdb being compleated, it will be £=

a* _,_.-___[, x +% ¥ d
e t—_ ————— Nowlet /3
W 2 —=gtxt— & i 0* + 1- e Pt

ith the

# vanifh in refpect to 4, that the curve may coincide wi
arx

axis, and it will be = = 5—=
1/ bh—zx &

centre C, and radius D C =&, fig. 5. Plate K1IV.
qmurant of a circle DPE being deferibed, and making
CRd=1n and erecting the p..mtndlcuhr QP then the

. Now, with ¢

arch DP being =3, itwillbe y = ﬂﬁ_b__f;»
b

<3y
— e

o Whenc® -
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In fome inftruments, as the forte-piano, harpfi-
Chord, &c. each ftring exprefles a’ particular tone.
In other inft truments, fuch as the violin, violon-
Cello, &c. each fhring is caufed to exprefs feveral
tones fucceflively, by ftopping part of it with the

fingers

¢ b a :
* Whence vy = — 2, and 2 = —y. And makine
J i i ki =]

; =0 = CD, in which cafe it is alfo y = quadrantal arch
)PL and 2= A D% Ty G will be £Th = 4 %
b p CcD

L“: and ¢ = L x THE Let it be therefore CD
2DE : : diameter of a circle : circumference : : d: €3

dd

N it will beze = L L x Thercfore this value

N
h“ﬂ {ubftituted for 2 a; p X L x 2W|[l be the lenpth
cc

of
]a pendulum, which will be ifochronous to the ﬂ'ﬂﬂf" .
g -
tefore let D be thc length, whofe periodical time is 1,

a (a'
W \/ H % —, will be the periodical time of the

ﬂllnu- Q h 1.

“For the periodical times of pendulums are as the fquare
g
O of their lengths.”

Cor 2, Al
. 1.  The number of vibrations of the ftring in

fitie of one vibration of the pendulum D, dis —

[ ‘
. ]
Ve X :l_
Cor. 2. Becaule
* 2. Becaple = % = is giveny the periodical®

BE2 time
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fingers, and permitting a cerfain portion only £
vibrate.

The Scale of Mufical Sounds, or of the pfapartiomd

Lengths of the Strings, which emit thofe Sunds
b together with their Literal and Numerical Nam’
i as alfo the Names of the Intervals between et
ik where T flands for Major Tone; t for Minof

Ie Tone; and H for Hemi-Tone.

| 5 e Firft

': E . '1‘
= D Second

1! ;
i L E Third

t"lli . H
il -3- F Fourth

o | T
o -§- K Fifth

| ‘:, [
\‘ 3; A Sixth

i

i S T
} - B Seventh

'E ¢ H .
*H < t Ottave

i ; T
i = d Ninth

i t

;, |j‘ >

i timeof the ftring is as \/ [E) x L. And the weight P be-

(i ing given, the time is ¥ N x L. And the ftrings belﬂg
made of the fame thread, in which cale it is N as I»
time will be as L."?
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. e Tenth
b {e}

H
_:. f Eleventh

b
_;__ g Twelfth

L
}% a Thirteenth

d
% b Fourteenth

H
i_ C Sixteenth, or Double

: O&ave, &c. &ec.

This table might be continued to any length,
Nd the law of continuation will appear from the
following paragraphs, which will be found to con-
Hin the neceffary explanations, ‘

The fractions denote the relation of each ftring
M tone to the firft, or to the key, note. The
*gth of the firft ftring may be a foot, or a yard,
" in thort of any other dimenfion ; but then the
Other firings muft be made in due proportion to

At length, which is called one or unity. For in-

. 40ce, if the firft ftring be a yard long (viz. 36
9ches) then the nexe ftring muft be 32 inches in
ff:gfh; .for 32 is equal to ths of 36. This
1on likewife thews, that the fecond ftring per-
(,’"“5 nine vibrations, whillt the frft performs
mé’:ht vibrations. Alfo the length of the fourth
Ng is marked 2, meaning that it muft be three-
Nrths of the firft; and it fhews, that this ftring

BB 3 pes-
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performs four vibrations whilft the frft perform®
only three; and {o of the reft.

The letters which are annexed to the frations in
the fecond column of the table, are the names by
which muficians diftinguifh the various toness and
the numerical names of the third column, i'hef"'
the diftance of cach tone from: the firft, which 15
otherwife called the key-wote, or principal FoHer
Thus the fifth ftring is called G5 it is a fifth above
the firlt, and its length is equal to two thirds of e
frlt; and fo forth, :

It muft be remarked, that {even names, or letterss
are given to all the tones; viz. C,D, E, F,G,Aan"
B to the firft feven; then the fame names or Jecters
arerepeated in the fame order for the next feven, 3"
might again be repeated for a third fet, a fourth
fer, &c. ]

By a clofer in{pection, it may be perceived, that
the fra@ions, which exprefs the lengths of the
ftrings, are quite different from each other for the
firft feven notes only; but after that they com®
again in the fame order; excepting only that fos

the next feven tones the fractions are the halves 0
0
ength

the former refpeétively ; for inftance, the |
the

the {econd C is £ viz. the half of the firft C
length of g is 5ths; viz. the half of G, which 2
2ds, &c. Farther, the third fet of {even ﬁringi
are the halves of the fecond fet, or the quarters 0

. n
the firft; and fo on. The numerical names go OG
4 incrﬁﬂﬁn”
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“'lcreaﬁncr progreffively; for they only fhew the
diftance of each. tone from the firft; thus ¢ is faid
10 be an ofave to C; g is faid to be a swejih to
C, &c.

It is therefore evident, that {cven are the prin-
Cinal tones of che mufical feale, The next feven
ate {aid to be the oFaves of the firft; thé next
feven to thofe are faid to be the double offaves to
the firft feven, &c. Therefore with refpe to the
Peculiar nature of each tone, we need only examine
One o&ave, viz. the firlt fet of feven tones, together
With: the firfk tone of the next fet.

The fractions of the table exprefs the propor-
tional lenoths of the ftrings with refpect to the
firft ; bu if the length of cach firing be compared
With the firing next to it, then it will appear that
the intervals are not equal throughout the ottave;
but that there are. three forts of interval. Thus C
("‘lways meaning the ftring which exprefies C, and
the fame of the reft) stoDasgto 8, DistoE
® j00g* EiswFasi6wi1s FistoG
Bogtog Gisto A, as10 tog.- AistoBas
91t 8 ; and laftly, B is to the'C, next to it, as 16

* In order to make the above-mentioned comparifon; the
fragtions muft be reduced to a common denominator 3 then
:hﬁ ratio of their numerators muft be exprefled in the
*Oweft integral terms; thus £ and $ reduced to a common
‘l(”“mln itor, become 42 d.l]d %3 then 40 is to 36, as 10
114 to 9

BB 4 ta

==

|
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to 15. ‘The intervals farther on are equal t0 the
former, and come in the fame order.

By infpecting the preceding paragraph, it will
appear that thofe intervals are of three forts, viz:
the interval of g to 8, the interval of 10 to 9, 27
the interval of 16 to 15. The firft of thofe inte™
vals has been called a major fone; the fecond b3
been called a minor tone 3 and the laft has been called
an bemitone *,

The intervals which form an ofave, are dit
pofed in the following order, viz. major tone
minor tone, hemitone, major tone, minor ton®s
major tone, and hemitone ; which may be exprcff
by their initials, as in the fourth column of the
table in pi 372, viz. T, ¢ H, T, & T, H.
Whence it appears, that a fifth, or the interv
between C and G, contains two major tones, 08°

. yninor tone, and an hemitone ; alfo a fourth, or the
interval between C and F, contains a major ton€s 3
minor tone, and an hemitone, &c. ‘

If it be afked why are the intervals difpofecd in
the above-mentioned order, and why is C confider®
as the firft or fundamental note? The anfwer ™
that repeated experience has fhewn, that this of der
produces a pleafing mufical melody, and that the >
is called the fundamental, or key-note, or the fiY

* The difference between a major and a minor ton &

" ? 3 . a8
between § and %% which is the interval of 81 to 80: .
been called a comma, of
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of that order of intervals; becaufe the melody
generally begins, and almoft always ends with that
fote 5 befides, the rules of compofition, and the
rrangement of the various periods of the melody,
Always have a reference to that key-note.

In the table of page 372, there is, however,
another tone, which may be taken for the principal
or kfy note, and that is A ; but the intervals in
the o&tave, from A to a, are in the following or~
der, viz. T,H, T, H, T, # which order differs
from the other, principally in its having the interval
of the third, and the interval of the -fixth, maller
than in the other order ;5 hence this order is called
the fat mood, or the key of A with a flat third;
Whereas the other is called the fharp mood, or the
key of C with a fharp third.

Nature feems not to admit of any other order of
itervals fir for mulic ; therefore, in the natural
feale, as exprefled in page 372, no other note
May be taken for the principal or key-note; fo
that no piece of mufic could be written in any other
key befides C or A. But the ingenuity of mufi-
tians has contrived to multiply th= key notes, or
Tather to render every tone capable of being confi-
dered as the key note of a fharp as well as of a flat
Mood ; and this objet has been accomplifhed by
the interpofition of certain intermediate tones be-
tween thofe of the natural feale, which are to be
bfed occafionally, and which have no particular
A2me or letter; but derive their appellations from

the
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the neighbouring principal notes ; thus a certai
found, interpoled between C and D, is called eithef
C tharp, or D flat: another interpofed betweed
B and E, is called either D. fharp, or E flat; and
fo of the reft. It mull be remarked, however, that
between E and F, as alfo. between B and C, 02
other {found 45 interpofed; becaufe the intervals pe-
tween -thofe notes are already very fimall, there b€
ing only an hemitone between each pair.

The pature and the ufe of thofe intermedia®
founds, which are commonly called flais and fharp®
will appear from the following example and €¥*
planation,

If, inftead of C, a perfon withed to make F the
key note; then the proper order of interyals either
for a flat, or for a fharp mood, muft take its com”
mencement from F.—Suppofe it be required to b
2 fharp mood, in which cafe the intervals muft b
T, B, T, +, T, H.  Now, by obferving the
table in page 372, it will be found that there is, 88
it ousht to be, a major tone between'F and G, #
minor tone berween G and A ; but between A and
B there is a major tone ; whereas there fhould b‘s
zn hemitone ; therefore in order to remedy this
defet, another firing is interpofed between A a0
B, of luch a length as may exprefs a proper fourtlt
to F; and this intermediate found is called B Hatf
or A fharp: then between this B flar, and the nex®
C, there is a major tone, which is right; and

fo are likewile the following intervals, So that
when
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when F is to be reckoned the key note, we mult

then ufe B flat inftead of B natural.

After the fame manner it may be eafily fhewn
~ that when any of the other notes is taken for the
key note, there needs be interpoled flats or fharps
between fome of the other natural or primitive
fOUnds, fe.

In fhort, by the interpoficion of one found be-

tWeen any two contiguous tones of the natural
o8tave, except between E and F, as alfo between
B and C, the whole oftave is caufed to contain 12
intesvals ; and by this means every one of thofe
12 founds may be taken for the key note of a fharp
or a flat mood, and is called accordingly; for in-
flance, the key of D with a fharp, or with a flas,
third; the key of E with a fharp, or with a fia,
third ; the key of E flat, with a fharp third, or
the key of E flat, with a fat third ; and lo of the
ref},
_ Yet this difpofition of tones, both principal and
Intermediate, is attended with a remarkable imper-
fection, which may be palliated, but cannot be
€atirely removed. — The nature of  this imper-
feCion will be fhewn in the fequél; but pre-
Vioufly to it, fomething muft be faid with refpect
to the notation of the various mufical founds.

The whole range of ‘mufical founds, compre-
hﬁ‘nding all thofe which may be expreffed by hu-
man voices, as alfo by the mufical inftruments thae
are moftly in ufe, confills of about {even or eight

' oftaves ;

T
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oftaves ; yet muficians can exprefs every one of
thofe founds by placing certain fpots, marks, ©F
notes, upon, and adjoining, five parallel lines; andh
in fat, mufic paper is ruled with fuch zones of P&
rallel lines.

A mark or note, placed upon one of thole lin€$
denotes a certain tone; for inftance C, a mark
placed in the fpace which is between that line and
the next zbove, denotes the next note to thah
viz. I ; a mark on the nexe line above, denotes E
and fo forth. The intermediate founds, or
flats and {harps, are denoted by auxiliary mark®
viz, % denores a (harp, and & denotes a fla; the®
¥ prefixed to the note of D, means the found
intermediate between D and E; and pree
fixed to the note of E, means the fame founds
viz, the found intermediate between D and
Fo &c

1 he form of the notes, viz. whether the mar®
is entirely black, or open like 2an o, or having 2
rail annexed to it, has nothing to do with rci’pﬁ'gt
to the particular found.  That diverfity of for®
] tes the duration only of the founds ; or what

15 called the #ipe.

JOR

By infpefting ‘any one of the zenes in fig. b-
Plare X1V. it will be perceived that, upon the ufinal
five lines of mufic, no more than eleven different
notes can be marked, viz. one upon each line, one
upon ecach of the four {paces between thofe lines
enc above the upper line, and one below the firlt

Jine
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lines 4t prefent, indeed, the notation is extended
onfiderably above and below the five lines, and
that by means of avxiliary little lines, as in fig. 7.
Plate X1V, ; yet this laft-mentioned method is by
B0 means {ufficient to exprels the whole range of
Mufical {uunds. Formerly, however, they ufed
Only the eleven notes of fie. 6 *. Now, in order
0 exprefs the higher or lower tones, the names
and fignification of the notes are altered, and this
alteration is indicated by a certain mark, called d/if;
Which is always placed at the beginning of 2 plece
of mufic, and likewife wherever the value of the
Rotes is required to be altered.

There are feven of thofe cliffs. (See fig. 8.
Plate XIV.) They are of three different forms,
and of three different fignifications, viz. the 6rlk
two are called cliffs of F, becaufe where they are
Placed, (viz. on the fourth line and on the third line)
there the note of F is fituated, and the other notes
dbove and below are named accordingly. The
four cliffs of the fecond fpecies are called cliffs of
C, becaufe where they are fituated, viz. upon four
of the five lines, there the C is placed. Of the

—

" The ancient mafters of mufic reckoned a good voice
for finging, whether bafe, or tenor, or treble, &c. that which
‘ould exprefs cleven good and pleafant tones. In falt, very
Teldom 4 finger can go higher or lower, without changing
the quality of his voice. Hence cleven principal marks were
Teckoned fufficient for mufical notation.

third
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third ‘pecies there is but one cliff, which is called
the chiff of G, becaufe where that chiff is ﬁtu:-.rft'lr
viz. on the fecond line, there the note of G
placed.—Thole cliffs, befides the fpecific namess
have each a peculiar appellation. The pcw]iaf
appellations of thofe cliffs, together with the names
of fignifications of the notes in each cliff, are clearly

exhibited in fo. 6. Plate X1V. wherein the notcS

ave not carried on farther above o

for breviry faks
below the cleven above-mentioned Il(?lT,L“S*';.—ShO:*ld’
the reader be defirous of learning which note of
one clifil correfponds with a certain other note @
the other clifis, fig. 9. Plate XIV. will give
him the required information ; for in that figur®
a note is placed afer every one of the feven cliff®
and’ every one of thofe notes indicates the fame
found precifely; namely, the C, which is cxg‘:r:ﬁ"ﬁd
by placing the third finger vpon the fourth or Jnrgtﬂ
ftring of a violin.

Hitherto we have only mentioned the depend”
ance, or rather the ratio that ene found bears 1@
another ; fo that when one found'is given, its fifthy
or third, or o&ave, &c. may be eafily found; but
.t will be neceffary to define or determine the frlty
or any one of them, fince from one being knowns
all the others may be derived. The conveniency
of fingers has eflablithed a certain ftandard, which is
far”™

alt

* At prefent, however, the baritone cliff, and the b
fuposano cliff, are feldom, if ever, ufed. d
: adopte
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tdopted by moft muficians in this country; is ufed in
Loncerts, as alfo at the opera houfe, play houfes, &c.
Itis called the concert piteh 5 and this found is ex-
Prefied by a fmall inftrument, whichis conveyed from
Place to place by thofe perfons who tune organs,
hﬂ"Fpﬁclzox~ds, &c. Tt is a fteel inftrument, which
When firuck founds a certain note. See fig, 11. Plate
XIV. or ¢lfe a lictle fort of Aute, which {ounds that
fertain note. .Thofe tuming forks, or tuuing pipesy
{for o they arc called) are tuned all alike, after a
Pattern one, which is kept in referve by the makers;
nd indeed, notwithftanding the wear and alteration
by heat and cold, thofe tening forks are” in general
Pretty much of the fame pitch. According to that
Bitch, the C, which follows the cliffs in fig. g. per-
forms about 513 vibrations in one found.

Hig, 12. of Plate X1V, exliibits in one view all
the particulars which may be of ufk with refpect to
M adtave of tones, hemitones, &ec. ' It confifts of
6 horizontal rows. The firlt row contains the 13
f0tes of an oftave exprefled in the bafe cliff. “The
fecond row fliews the ratio of the ftring which ex-
Preffes each found, with refpec to the firt, The
third 1oy exprefles the lengths of the various

fings, (which muft be equal in all other re-
Pects) in numbers of equal parts, of which 3600
¢ equal to the length of the firft firing. The
ff"'!’th row exprefles the attual number of vibra-
Yons perfarmed in one fecond by each found, ac:

cording
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cording to the concert pitch *. The fifth row c¢oft*
rains the literal names; and the fixth row contain’
the numerical names of the founds, when C is th
firflt, or key, note. :
Hitherto we have only fpoken of the fuccefo”
of iounds, and have aflerted that the founds onl¥©
the feale, which is ftated in page 372, can furnifb #

o1 =

* Thofe numbers of the vibrations, &c. have been de=
duced by caleulation, according to the rule inh page 36”
wherein the refiltance of the air is not noticed hence thef
probably are a little higher than the truch,

For this purpole a brafs harpfichord ftring was fufpﬁaded
like a pendulum, with a weight of 5 [b. and 14 ounces (viz*
41125 grains) at its extremity, The length af the fring
was 62 inchcs, its weight was 29,25 grains, Irs foud
according to thie concert pitch, was exaltly A, viz. 9%
oltave below the A, in fig. 72. By calculation, from
thole data; it was determined to pefform 107 vibrations i
one fecond,

Heat and cold have a eonfiderable infuence on the I—"itctI
of all fonorous bodies, which arifes from their being €%
panded or contradted in their dimenfions, alfo from an alter®”
tion of their elafticicy. A fteel tuning-fork, heated t@ the
degree of boiling water, will {ound a note about a hemiton€
lower than it will when cocled to the degree of freezins
water. The'pitch of an organ pipe will be higher in fum™”
mer than in winter ; for in that pipe it is the column of aif

that vibrates ; and in the winter time that column of 3if is
denfer, heaviery and of courfe vibrates flower, than in
fammer.  See Smith’s Harmenics, Seét. IX. Schol. 1©
Prop. XVIIL

p]@:lﬁng
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Pleafing melody, o rather the moft pleafing me=
lody, But it is receflary to obferve, that the pro-
p"iet}’ of fuch founds is fhewn likewife by the
greement, or pleafing effect, which arifes from
Certain two or more of them being expreflfed at the
fame tittie ; and it is remarkable that the like pleaf:
g effe&t cannot be produced by any other fcale
lJf‘founds. ,

When two fonorous bodies, that exprefs the
Me ndte precifely (in which cafe they are faid to
€ in ynifon) are founding at the fame time; the
%Rreement is fo great, that we can feldom perceive
Vhether it be one found or two. The next beft
“Breement is when any note, and its otave, are
Ounded at'the fame time, Next to this is that of
My note and its fifth; then that of any note and
"Sthird fharp, and then that of any' note and its
thirg flat, or its fixth, either flat or fharp.

A perfelf accord is that which arifes from four
n_“_t@S exprefled at the fame time, viz. any note, its
thirg tharp; its fifth, and its oftave. The other
a";‘cords are imperfest ; and fome of them are very

fagrecable ; yet with certain reftritions fome of
M are not orly tolerable, but’ may be intro-
duced with confiderable effect.

The rules of mufical compofition, which dire&
the Proper arrangement of accords, and likewife

W the neceffiry limitations or management of the
Melody, have been deduced from ‘long and diver-
"ed experience; © Upon the whole, they are rather

YOL. 11, o B ccC intricate
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iptricate and numerous; but norwithitanding their

‘mulnphcity, the various cafes and combination®

of muficai founds are fur from being all reduceds
and feem not to be all reducible, to certain and dé-
terminate rules.. In mufical compofition, a great

. deal muft depend upon the genius of the compofer?

and this genius, or natural difpofition, te invent
pleafing melodies, and pleafing barmony, is what
principally diftinguifhes one compofer from another
It is"the gift’of nature ; it may be guided, but _n0‘5
given, by art.

It has been faid above, that the difpofitio®
of tones and heri-tones, fuch as is exhibited if
fig. 12, Plate XIV. ‘is attended with a remarkabl®
imperfeQion, which may be palliated, but cann®
be entirely removed.—The nature of this impe”
fection will be eafily manifefted by means of 2%
example.

The proportional; as well as the proper Ln”‘fhs
of the ftrings, which cxmef'a the ad, 3d, 4th, 5
&e. of C; viz. when C is taken for the key not®
are exprefled in fig, 12. But fuppofe it be ¥
quired to make, not C, but D, the key note ; theft
A, which was the fixth of C,; does now becom*

the sth of the key note D; and therefore its ]'*ﬂ“r'b

mult be two-thirds of the length of D. Now; i

the table, the length of D is 3200 equal parts ap
that of A is 2160 fuch parts; but 2160 18 nof
equal to two-thirds of 3200 (for % of 3200 are
2132:33 &c.); therefore the A in the fC‘{i"’”

- which
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Which is a proper fixth to C, is an impetfe& 5th to

3 nor can this deficiency be fupplied by the inter-
Pofition of another firing between A and A fharp;
becaue thar other {tring, though a perfet fifth to
D; would be an imperfect fourth, when E is taken
for the key note, or it would be an improper 3d,
When F is taken for the key note, &c. And if fo
Many ftrings were interpofed between A and A
ﬂ‘ﬂrp, as to fupply all thofe deficiencies, the com-
Plication and multiplicity of founds - would be
endlefs ; for what has been faid of A may, with
€qual propriety, be faid of every other found of the
Octave, .

The only expedient which is at prefent pra&ifed
for the purpofe of palliating the above-mentioned
iﬂlperﬁ:&ion, is to tune the A not {o high, or to
Make the length of that ftring not fo long as 2160
Parts, nor fo fhort as 2137,3, by which means that
4 is rendered an imperfect fixth to Cy; and an im-
Perfect fifth to D ; or the imperfeétion is divided,
Which renders it tolerable in both cafes, other-
Wife it would be very pleafant in one cafe, but in.
to.lerable in the other. The fame thing is done
With refpect 'to all the other founds of the oftave;
iz, they are made to deviate alittle from thofe pro-

PEr pitches, or from the lengths, which are expreffed

N fig. 12. for the purpofe of rendering them tolera-
ble when one note or another is taken for the key
Bote. This deviation from the proper lengths, or
fom the proper pitches, is called the zemperament

cca ?f
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of mufical infiruments,. or of the: mufical feale ; and is
ufed in tuning all thofe inftruments which have
fixed notes, as the harpfichord, organ, &c. And
even with ether inftruments, and with the voice i
finging, a certain temperament is ufed, both fro™
imitation: and from neceflity *.

It muft be obferved, with refpect to this tempers”
ment, that if the imperfeGtions be divided equallf
viz. in fuch a manner as to render the effe@ the
fame, whether one or another of the 12 founds ©
the oftave be confidered as the key note ; then th#
effect would not be pleafant;. therefore the practic®
is to divide the impesfections, but to divide the™
unequally ; viz. fo as to render the: fecond,. thirds
fourth, fifth, &c. of fome key notes, in which moft
pieces of mufic are written; lefs imperfect that
others.

An equal temperament; therefore, is impra&i'
¢able; and it is impofiible to fix the limits of 3

~ unequal one, or fuch as may be' commonly ufed’

for almoft every tuner of inftruments ufes a ™"
perament a lirele different from the reft, of whicP
he judges by his hearing only; and fome capith
performers fometimes have their inftruments tn®
with 2 peculiar temperament, for the purpofc y

. 4-—/

® For the nature and limits of the temperament of o
fical inftruments, {ee my paper on the fubje&t in the 7
vol. of the Philofophical T'ranfattions. :
giviﬂg
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giVEDg a greater effedt to their particular compofi-
Bions *,

We fhall, laftly, conclude this long chapter with
fome remarks concerning the effets which are at-
tributed to mufical founds. Of thofe effe@s there
e fome which ate true and acknowledged; whilft
Others are lefs conipicuous, or doubtful, and per-

4ps abfolutely chimerical.

Single founds, or a fucceflion of founds, are plea-

At or unpleafant in various degrees. The fingle
{DUnds, in order to be pleafant, muft be wuniform,
Beither too loud nor too foft, and muft be as fimple
% pofiible. A regular fwell and decay in the

fength of the found is pleafing in certain cafes ;

Ut it is impoffible to define the quantity of thofe
Qualities. :

. The various tones of a natural voice, or of an
ftrument, thould be of one quality ; whereas they

"Quently feem to belong to different voices, or to

dlf‘f‘el'cnt: inftruments }.
It
o

*Thave a fet of tuning-forks, for all the 13 founds of an
Ve, which were ‘tuned by one of the beft piano-forte
ers in town, according to his temperament; but on
cﬁ'rlparing,g; them with inftruments recently tuned by other
Perfons, T find that they very feldom, if ever, agree perfeéily

Ogether,
T The ftrings of piano-fortes, harpfichords, &c. were
Y all of the fame thicknefs, could not conveniently be
de of the proper lengths ; therefore, by making them of
cc3 different




390 OfF Mufical Sounds.

It is impofiible to fay whence arifes the pleafur®
which is communicated by certain fucceflions of
founds. There are certain periods in mufical me=
lody which excite peculiar fenfations more or lefs

* pleafing, "and produce different fenfations of plea~

fure or difplealure, upon different perfons. T hole
fenlations cannot be exprefied or defined.

The agreement or difagreement of two or moré
founds, exprefled at the {ame time, feems, upo®
the whole, to arife frora the more or lefs frequent
coincidence of the vibrations. Thus any tone an
its oftave, agree better than the fame tone and 1ts
fifth, the latter better than the fame tone and 1t
third, &c. viz, the compound found is {moothefs
and approaches nearer to the nature of a fingle
found in the firft cafe; lefs in the fecond ; fhll lefs
in the third, &c. And in fa&, in the firft caf®
there is a coincidence of vibrations at every fecond
vibration of the grave tone; the coincidence is nok
fo frequent in' the fecond cafe; fill lefs in the thirds
and fo on 5 yet the more or lefs pleafant or unpled”

SRS

different fizes, and by fretching them differently, thei®
dengths are fuited to the commodious fize of the infttd”
ment. Now the great object in adjufting the fizes and
lengths of fuch flrings, is'to contrive that each ftring be
ftretched by a force proportionate to its thicknefs and length
Few makers of (uch inftruments pay fufficient attention 9
this particular,

ot fant

otherwife the inftrument will not have a uniform voice=
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fant effe@, cannot arife eatirely from that more or
lefs frequent coincidence; for (befides other reafons
Which, to avoid prolixity, fhall. not be mentioned
here) in the firft place, a fucceffion of thirds or of
fixehs i much more pleafant to the car than a fuce
Ceffion of fifths; and, in the fecond place, the in-
frodustion of a difcord in certain accords, s nog
Only tolerable, but very pleafing. The cales in
Which difcords may be introduced, have been found
by experience, and are {pecified amongit the prac-
tical ryles of mufical compofition, which do not be-
lﬂng to this treatife.

It has been faid above, that {eldom, if ever, a
fQllndmg body exprefles a fingle found; and that
fuch founding bodies are ufed in mufic as exprefs
the. i impleft founds, But even amonglt thofe,
fome fingular produétions of fecondary founds have

en remarked, and the principal facts are as
follgws .

If a large firing of a mufical inftrument be
fOUndcd, or, in fhort, if a pretty deep and rather
ﬂrong found be continued for a little time, there
Vill be heard at the fame time two other founds ;
Mamely, the 12th and the 17th of the original
Pund, For inftance, if the lowelt C in the bafe
Cliff be founded, you will hear the fecond G and
the third K of the fcale above.

It was difcovered by Tartini, at Ancona, in the
Y€ar 1713, that if of the three notes which form
the perfeqt agcord of 3d, sth, and oftave, (as for

¢ C4 inftance
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inftance C, E, and G; or G, B, and D, &c.) tW0
be founded at the fame time, a third found will b€
heard, viz. a fundamental note ¥,

The various cafes of this fort are fhewn i
fig. 10. Plate XIV. where the open notes #€¢
thofe which muft be founded (and here it is to D
obferved, that they muft be founded perfet, viZ:
without temperament), and the black note is che
found which is heard. The firft cafe is evidentlf
the reverfe of that which is mentioned in the
paragraph laft but one. In the laft cafe, the noté
which is heard is in unifon with one of thof
which is founded ; but it may be diftinguifthed by
its being a found of different quality.

The true reafon of thofe phenomena is nf
known; nor fhall I detain my reader with anf
account of the infufficient hypothefes that hav®
been offered for their explanation, Certain *
feems, that the third found is not produced by th
undefigned communication of the vibrations ©
fome other flring or pipe of the inftrument; o
if you take a violin, and found at the fame tim€
C on the largeft firing, and A on the next, YoV
will alfo hear an F, which is a 1ath below the
C, and which cannot be expreffed upon any {ring
of the violin ; G being the lowel note of that in=
ftrament.

;,—“‘

® Sce Tartini’s Treatife, della vera feionza dell Armanid
Frcqucﬂt
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Frequent mention is made by the ancient writers,
% alfo by modern enthufiafts, of the wonderful
fects of mufic on the paffions.  Anger, com-
Paffion, love, melancholy, cheerfulnefs, &c, may
1 fome meafure be excited by mufic; but the con-
“Urrence of other circumftances, the exaggeration
Of the accounts, and the various fenfibility of in-
diViduals, will not allow wus to fettle the ftandard of
Credibility upon any fure foundation. The an-
Sents, under the name of mufic, comprehended
Poetry and dancing ; and we may eafily believe
hat fine poetry fet to mufic in a imple melody,
0d perhaps accompanied with dancing, or with
Cions, may have had confiderable effe& on the
Ucies .and affections of different perfons, efpeci-

‘ a“y of thofe to whom it arrived new.

With refpect to the effefts of modern mufic,
Which s undoubtedly more refined than the mere
Mfic of the ancients, moft, and perhaps zall, of
MY readers are able to judge for themfelves. :

Amongft the extraordinary effécs that have been

‘tibed to mufic, its affording a cure for the
Poifon of the Tarantula {pider, has been fo fre-
quﬁnt]y afferted, that it would appear improper
° leave the ftory quite wunnoticed in this
thapter,

In the fouthern part of Italy, efpecially in the
Suth of Naples and in Sicily, fometimes perfons,

Moft always of a low condition, are bit by a

largith
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largith fort of fpider, called tarqntu/a. At €€r<
tain periods of the year the perfon that has beeP

once fo. bit, afferts to feel a pain about the P’ﬂ‘ft

bit, which is accompanicd with dejection of #Pi"
rits, fallownefs, &c. If fprightly mufic be play
{and a certain jig, called the tarantella, is gcneraHY
played on fuch occafions) the patient gets up, 20
begins to dance with irregular geftures ; the quiCk‘
nefs of his movements generally increafes to a €&
tain degree; and the dance continues fometim®®
without intermiffion for hours. At laft the pagien®
fatigued and exhaufted, throws him{elf down on th_c
floor, or on a chair, or a bed, &c. to recruit hi$
ftrength; and the fit is over for that timc.-—-Tha
remarkable part of the ftory is, that this ex¢r
tion of dancing, &c. cannot be done withou®
mufic.

In the firft place, it is very doubtful whether the
dpider 1s at all poifonous, or whether it has any
fhare at all in the produllion of the prcteﬂde
ilnefs.

The diforder, probably 2 nervous or hyite
ﬁﬂlulon, may arife from other caufes, efpecial’ lly
1 a pretty warm climate. And the violent aglt
taion of the patient, accompanied with pcrij-”r
tion, &c. may, very likely, relieve him or her (fot
the tarantula bites women as well as men)s

The pretended indifpenfable aid of mulics

rlcal

the

A
long continuance of the dance, the {trange i
cut€ss
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Rures, and feveral odd fancies, which fuch pa-
Hents are fuppofed to have, are, in all probability,
diftared by prejudice, by the love of fingularity,
9 by the defire of exciting aftonifhment in the :
Winds of the fpectators, who are always numerous
©n fych occafions,




CHAPTER XIL

A GENERAL VIEW OF THE PRINCIPAL usEs O
THE ATMOSPHERE ; WHEREIN THE NATURE OF
RAIN AND EVAPORATION WILL BE NOTICEDs

HE aeral fluid, which furrounds the

earth, and whatever exifts thereon, is 9%~
noticed by the vulgar, amongft whom the wor
air and wothing are almoft fynonimous; it is €0
fidered as a fuperfluous appendage by the fuperft®
cial obferver; but the deepeft refearches of the
moft enlightened philofophers, acknowledge d}c
infinite wifdom of nature, in the creation of 2 fur
moft indifpenfably neceffary for the maintenance ©
animal and vegetable life; for the difperfion o
licht; for the communication of found; for the
abforption of water from certain places, and the
difperfion of the fame fluid over other place®?
for giving motion to a variety of ufeful M™%
chines, &e.

There is not one of the properties of the aif nof
one of its movements, however trifling or irregulnr
may at firft fight appear, which, when duly €08
dered, will be found to be ufelefs or defectivee
‘Were the air’either lighter or heavier; had it 2

different degree of -elaflicity, than it doss no?
Poﬁﬂe{s’
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Poflefs, were its other properties at all altered, the
Organifm of the terraqueous globe would be de-
Rnged, and perhaps utterly deftroyed.

The fame incomprehenfible wifdom that has
ranged all the parts of the univerfal frame in
Ue weights and proportions, may undoubtedly fic
m: to a different fort of atmofphere by a fuitable
alze-l'al:ion of the ' whole ftate of things; but our very
imited comprehenfion; not being able to cariceive
boyy fuch an' alteration could be made for the
hﬁtter, only finds ample reafon for fatisfaldon, ad-
Miration, and wonder, in the inveftigation of the
Properties of the exifting atmofphere.

After having admired the general order, and the
Providential wifdom of nature, it will be neceflary
' examine, with patient toil, what more immedi-
Uely: concerns us, viz. the particular ufes of the
Ymofplicre, at leaft as far as may be inferted in
isiplace ; for we muft neceflarily referve the ches
‘.Tlical- properties. of airy and its conneion with
8ht, heat, and electricity, for the fubfequent parts
Of this work.

It i in confequence of the weight and elafticity
Of the air, that animals refpire with freedom, and
A'the operations of fucking, pumping, &c. are
Perﬂ}rmed. ;

The thorax, or that part of the human body
hich is' furrounded by the fpine or back bone,

© ribs, the' fternum or breaft' bone, and the dia-

"™Bgm, is almoft entirely occupied by the lungs,

which
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which confift of an immenfe number of veficless
whofe cavities communicate with certain ducts
and thofe duéts, with others of a larger fiz
which at laft communicate with a large 00% |
called the wind pipe, the aperture of which is i

the mouth, at the back or root of the tongue.

The air, unlefs we keep both the mouth and th¢
poftrils clofed, communicates with the infide U
face of the lungs; that is, of its innumerable V&
ficles, and with the outfide of the thorax or chefte
If we enlarge the cheft, the weight of the 3
mofphere drives a quantity of air in ‘our lung®
which is called an infpiration ; and if we e:ontrﬁfst
our cheft, a quantity of air is expelled from 1
which is called ax expirasion,

The enlargement of the cheft is occafioned by 2* |
elevation of the ribs, by a fmall motion of the '
fternum, and by a fuitable movement of the di#”
phragm ; but the action of each part cannot be
underftood without a particular anatomical deferip”
tion, which does not belong to this treatife.

The freedom of refpiration in a found ani®®
body, depends on the equal preflure of ‘the atmo”
fphere, both on the infide furface of the Tung®
and on the outfide of the body. In fach if wa
keep both mouth and noftrils accurately cloted, ¥
can neither contra&t nor expand our chefts ©
cepting, indeed, in a fmall degree; for the quaﬂ

¥y
tl[y Qfﬂlr “’-hl(.ll s]..LWa ‘15 I’Cmalns W‘thﬂ lﬂ“ luﬂby
ma
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hay be a little rarefied, or comprefled, by the ex<
®rtion of our mufcles.

A ‘man wftally performs about. twelve infpiras
tons, dnd as many expirations in a minute ; but
Tefpiration may be quickened by various caufes, ag
by agitation of the body or mind, by heat, by a rare-
fied or vitiated atmofphere, and by difeafes, Infants
breahe quicker.
~In general, a full grown perfon takes in betwsen
30 and 30 cubic inches of air at every infpiration,
*d expels about the fame quantity at every expi-
fation, but a great deal of air does always remain
in ghe lungs. In a forced or violent infpiration or
Sxpiration, a double quantity of air, viz. about so
%bic inches of air, may be taken in ot expelied,
Wd even then a confiderable quantity of air fe-
Mains in the lungs, befides what is contained in
the mouth, wind pipe, &ec. for the capacity of the
Ungs of 2 man, may at a mean be reckoned equak
' abont two cubic feet.

The operation of fucking, in general, confifts in-

renlﬂving the preflure of the atmofphere from a
Crtain part of the furface of a fAuid, whillt that
Preflure is at liberty to aét on fome other part of

e furface of the fame fluid, in confequence of
Which the fuid is forced to afcend where the preflure
S been removed or diminifhed.
If a man apply his mouth to the aperturc of a
.ttle full of liquor, and ftandine ftraight up, he
Will nog be able to fuck any liquor out of it; but

if
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if 2 hole be opened ar the bottom of the Bottle, and
that bottle be fet in a bafon full of liquor, then the
liquor may be fucked out of it. And the fame€
effect will take place if an open tube be fer with
one end in water, and @ man apply his mouth 0
the other end; and fucks. The mechanical part ©
the: operation: is as follows:—~By enlarging his
cheft, the man rarefies the air, and, of courfes
diminifhes its preffure on the liquor, which is im-
mediately under the tube ; in confequence of wiricht
the preflure of the atmofphere on the furface of the
furrounding. liquor, forces the liquor to afcend
into the tube. = (See the experiment, which is d¢*
feribed in- page 205.)

In the operation of ﬁlcking, after the mannef
of children, the rarefaltion is produced in the for¢
part' of the mouth ; viz. the tongué is applied fo
as to fill up the fpace between' the lips and
nipple, or pipe which conveys the milk or oth¢®
liquor ; then the tongue is drawh backwards, whil
the lips are laterally: preffed againft it, by which
means a little vacuum is formed before it, and o
liquor is forced into that vacuum by the preffure ot
the atmofphere upon its external furface, or VPO
the furface of the bag which contains it.

If an empty veflel, having one aperture, b€ o
plied with its aperture to the lips, and the above”
mentioned operation of fucking be performed; w
veflel, if not too heavy, will remain attached t©
Lips; and that for the fame reafon,

3 ”
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It is for the fame reafon, that fhails remain at-
tached to folids, that limpets adhere very firmly to
Tocks, that the fea polypus holds with great force
Whatever it faftens its claws to, and that fome in-
fects fufpend themfelves to folids; for though not
Performed with the mouth, the principle of the
Operation is exaltly the fame, viz. a foft membrane
IS applied to the Tolid, then the middle part of
that furface is withdrawn a little way, fo as to form
4 vacuum, or at lealt a rarefaéion of the air be-
tWeen the centre of the foft membrane and the {olid,
in confequence of which the parts of the membrane
Which furround that fpor, are by the gravity of the
f‘tmofpherc prefied againft the folid, and the latter
5 prefied againft the former; hence the adhefion
takes place.

Leather fuckers, which ad precifely upon the
fame principle, are not unfrequently feen in the
hangs of boys about the ftreets of London. A
Sircylyr piece of thick leather, about two inches in
diame:er, has a ftring, faftened to its centre. The
Cather being previoufly well foaked in water, is
Pplied flat and clofe to the fmooth furface of a

One.  The interpofition of a little water promotes
the adhefion. Then the boy pulls up the ftring,
nd the frone, if not too heavy, comes up adhering
' the leather,

The claws of the polypus are furnithed with a
Sreat many fuckers of the like nature. The limpet
°rms one fucker of its whole body, and the fame

¥oL, 11, DD thing,
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thing, with little variation, is done by various othef
animals, efpecially of the infect tribe.

The adtion of the glafs cup, which is made t0
adhere to the flefh, for the purpofe of bleeding, de-
pends upon the fame principlc ; excepting that th‘i
air, within the glafs cup, is rarefied by means ©
heat, or by means of a finall exhaufting engine.

It is hatdly needful to add, that the limpet could
not adhere to the rock, nor could the leather fucker
aé&t, or, in fhort, that none of thofe fucking ope™™
tions could take place, i vacuo.

The principal advantage which is derived fro™
the vibratory movement of the air, is the prop®”
gation. of found, which could not be accomplifi€
by other means; for though founds are convey®
by feveral other bodies better than by air; yet
common affairs other bodies are neither to
found, mor can they be applied between the ff—‘uf’d‘
ing bodies and our ears: whereas the air, by %
rounding the whole earth, and whatever exifts up?”
it, is always ready to convey founds of any fort 4"

in every dire&tion.

The progreflive motion of the air is alfo ©
menfe and indifpenfable ufe. The winds, 0 &%

. : % e
neral, fo frequent, and fo various, befides the mczc
".' .

£ im-

obvious effets of driving fhips, windmillss <
preferve, by mixing, the neceffpry purity of the ;1't
mofphere. The air is contaminated by anim#!) u“;
{piration, by fermentation, and pucrcfaé‘cion of &

¢
mal and vegetable fubftances, as alfo by OUC.
‘ chcﬁfﬁ.r
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Procefles ; on the other hand it is purified by ve-
8Ctation in . certain circumftances, by agitation
*Mongft aqueous particles, and probably by other
Means,  Now it is owing to the winds that the im-
Pure portions of the atmofphere are mized with
the more purified parts of it; and that a proper
Mean is preferved.  The winds likewife drive away
¥apours, clouds, fogs, and mifts, from thofe parts
' which they are copioufly formed, to others which
e in want of moifture ; and thus the whole furface
®f the world is fupplied with water.  But it will be
feceffary to take a more particular notice of what
Telates to evaporation and rain.

When water is left expofed to the ambient air,
the quantity of it will be gradually diminifhed, and
Wfter a certain time, the whole of it will difappear.
The water in this operation is reduced into an elaf-
tij? fuid, and is gradually difperfed throughout the
air,

If a fimall d rop of water be placed in a large glafs

Ottle full of pretty dry air, the drop of water will
d“‘appear after a certain time, efpecially if the bottle
%€ placed in a warm place. And if afterwards the
Me botle be cooled, the water will thereby be fe-
Parated fiom the air; and may be feen adhering to
the infide furface of the bottle.

Hear promotes, and cold retards, evaporation ;
_ “Uteven a piece of ice has been found to evaporate,

:dnd tobe diminithed in weight, whilft the atmofphere
S aually in a freezing ftate.

DD 2 Winds,
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Winds, or agitation, promotes evaporatiof- '

If a quantity of water be placed in vacuo, viZ: 1
be placed under the receiver of an air pump, i the
common temperature of the atmofphere, and the
air be exhaufted, a very fimall portion of the wat¢”
will expand itfelf through the receiver, after whic?
the quantity of water will remain unaltered.
the pumping be continued, the water will be dim®”
nithed a little more ; for as part of the fteam is ¢
trafted from the receiver, a littde more fteam 15 1€7
parated from the water; but, upon the whole, the
water will by this means be diminifthed in quaﬂﬁ'ﬂ
very little indeed. On re-admitting the air i%
the receiver, the above-mentioned vapour is ag?"”
condenfed almoft entirely into water.—FHeat P
motes the evaporation in vacuo,

Water then may exift in air; 1ft, in an invifible
ftate, which is the cafe when the diffolving P{‘wcr
of air is confiderable ; adly, in a ftate of incipien®
{eparation, in which cafe it forms clonds, mifls =
JSogs 3 3dly, and laftly, in a ftate of acual fep3™”
tion, in which cafe it forms either »ain, propEFIY ¥
called, or fow, or hbail.

Clouds are thofe well known afiemblages of V¥
pours that float in the atmofphere ; have differen®
degrees of opacity, which arifes from their €% ‘
and denfity ; and generally have pretty welt defi?®

San 5 : S . the
boundaries. Their height above the furface of *
e

carth (I mean not above the mounmins) is vari©

jase

but hardly ever exceeds a mile or a mile and 2]
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Inhot weather, or hot climates, the clouds, being more
farefied, are lighter, and afcend much higher than
‘hﬁy do in colder climates, or colder weather : and
indecd, in cold weather the clouds frequently touch
the very furface of the earth; for a fog may with
Propriety be called a cloud clofe to the ground.

A miff is a very indefinite word. It means an
Incipient formation of clouds, or hazinefs ; and it
Ofien denotes a very fmall rain, or a depofition of
Water in particles fo {mall as not to be vilible
ﬁng]y.

The fuow is formed when the atmofphere is fo
fold as to freeze the particles of rain as foon as they
e formed, and the adherence of feveral of thofe
Particles to each other, which meet and cling to
fach other as they defcend through the air, forms
the ufual Aeeces of fnow, which are larger, (fince

‘hev are longer in defcending, and have a greater

cj!
®Pportunity of meeting) when the clouds are higher
“ah when they are lower.

The bail differs from fnow in its con('{tmo- or
Wuch more folid, and much more defined pieces of
“ngealed water. It is fuppofed that the water, al-
*€ady formed into confiderable drops, is driven and
Yetiined 4 confiderable time through a cold region
of the atmofphere, by the wind, which almoft
alwal"s accompanies a fall of hail " But the
Blobes of ice, or hailffones, in a fall of hail,
Ometjmes far exceed the ufual fize of the drops

DDJ of




406

A general View of the

of rain*; which fhews that by the aftion of the
wind, the congealed particles muft be forced ©
adhere to each other; and, in fa&t, though the
fmall hail-ftones are more uniformly folid and glo°
bular, the large ones almoft always confift of 3
harder nucleus, which is {furrounded by a fofter {ub-
ftance, and fometimes by various diftinét pieces ©
ice, juft agglutinated. Their fhape is feldom per”
fectly globular.

If a veflel of an uniform fhape, and full of watefs
be expofed to the ambient air, and the decreafe ©
water in it be meafured at the end of every days
month, or year, or, in fhort, of any given pcriod’
the evaporation which has taken place through that
period may be afcertained ; and it is generally €
preffed by the number of inches and tenths : thU®
if it be {aid that the evaporation of a certain p(md in
one month be 10 inches, the meaning is, that o
inches depth of water are evaporated in one month
or, that if the water which has been evaporated frof
it in one month might be colle@ed and placed 0 ®

-_._...,__-—-"/
be me*

# Accounts of hail-ftones of a very large [ize may
with in almoft all the works of natural philofophy, in fever?
periodical works, in aCcounts of voyages, &c, I have bf"
aflured by creditable eye-witnefles, that in the iflan
Sicily hail-ftones have fometimes meafured more than thre®
inches in circumference. IDr. Halley gives an account
hail-ftonss that weighed 5 ounces each. It is no wonde
then that falls of hail fometimes demolifh glaffes, kill fever®

animals, and deftroy fruit, grain, &c. offe!
v
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Veflel with ftraight up fides, and having an horizontal
forface equal to the {urface of the pond the collected
Water would fill 10 inches depth of that veffel.
If a veflel for mezfuring the evaporartion be left
1°Hg expofed, the furface of the water will defcend a
Confiderable way below the edge of it, in which cale
the fubfequent evaporation would be retarded. This
Indeeq might be remedied by the addition of certain
Quantities of water at ftated times; but there is an-
Yther inconvenience attending it, which is, that in-
fefts, duft, &c. fall in it, and thicken or cover the
Water, Therefore, the beft way is to note the eva-
Poration either every day, or whenever it may be
“onvenient, but to clean the veffel, and to change
th» water in it at fhort intervals; for inftance, once
A week ar leaft. A veffel fit for fuch purpofz ought
' have an aperture not lefs than 8 or 10 inches in
di&mcter
‘The quantity of evaporation from the furface of
the fea or of the land, has been eftimated in certain
Places only by a few fcientific perfons; but their
“timates are feldom to be depended upon. Ge-
Uerg) deductions, for extenfive tracts, ‘from partial,
fmall, and fometimes equivocal, experiments, can-
10t afford much fatisfa®ion, efpecially when the

r i '
Clults of the experiments difagree from each
Other,

The quantity of evaporation is various in dif-
fereny {pots. 'The furface of water furnifhes upon
"¢ whole  the greateft quantity of vapour; the
DD 4 land
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land more or lefs, according as it is marfhy OF
rocky, or covered with vegetation, &c,

In hot climates, the evaporation is irlcmnpﬂﬂlb;)'F
greater than in thofe which are colder. The eva”
poration from places that are much expofed to the
wind and the fun, is likewife greater than from
other places.

It was obferved in London, by Dr, Halley, tha
the evaporation of water, fituated in a room, out ©
the influence of the fun and of the wind, amounteds
in one year, to 8 inches. It was his opinion alfos
that by the influence of the wind, the quantity ©
evaporation would have been trebled, and that tht
again would have been doubled by the influence ©
the fun, Upen the whole, he reckons the annué!
quantity of evaporation for London, at 48 inches ™
~—Probably too great.

Dr. Hales eftimates the annual evaporation fro®
the furface of the earth only in England at 6,66
inches 1.

Dr. Dobfon deduced from a mean of accurat
experiments made by himfelf during four years
that the annual evaporation from the furface ©
water at Liverpool, amounts to 36,78 inches f-

—"—'-‘-‘-‘-‘
* Phil, Tranf. N. 213,
+ Veg. Stati vol. 1. f
1 Phil. Tranf. vol. 67th, for 1797. The quantity ©

evaporation for each of the four years, was as fOlIU“z:
X772 35,95 inches; 1773. 34,59 inches; 1774 30°%
inches; 1775, 39,96 inches. Ic
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It has been calculated, that in one fummer’s
da}’, about §280 millions of tuns of water, are pro-
b&bly evaporated from the furface of the Mediterra-
fitan*, It has alfo been calculated (omitting the
8reat uncertainty to which fuch calculations are lia~
ble) that all the rivers, or at leaft the nine principal
Tvers, which difcharge their waters into the Medi-
trranean, do not furnifh more than 1827 millions
of tuns of water per day . * The deficiency is un-
doubtedly fupplied by the rain, which falls upon
the fame fea, and by the current which is con-
ftantly running from the Atlantic ocean into the
Mediterranean through the ftreights of Gibralear,

It may naturally be enquired by what means
Water, which is fo much heavier than air, is con-
Verted into a fluid fo light as to float in air; and
how dges it remain fuf] pended and difperfed there~
0, fometimes without the leaft tendency to fepa-
Tation,

Various hypothefes have been offered in expla-
Nation of this fubje s but I fhall not derain my
"ader by the account of opinions that are always
Nfufficient, and frequently abfurd. The moft re-
Markable facts, which may affift the inquificive
Mind in the inveltigation of the fubjed, are as
follows -

=

* The vapour of fea water dogs not take up any faline
Particles,

Phil. Tranf, N. 212.

If
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I the fleam of water be examined by means of
Ienfes or microfcopes, no regular bodies or co:_lﬁ‘
guration of particles will be diftinguifhed in it.
There is an evident attraction between watet and
air, viz. the attra&ion of cohefon*. If a fimall
bubble of air be intreduced in a glafs vefiel fil fled
with boiled water, and inverte d in ‘water, th#
quantity of air will difappear in a day or two,
HHeat, which diminithes the attraction of aggre~
gation between the particles of water, muit ©
courfe render the attraction between air and water
more active ; but, ceteris paribus, hot airisa bettel
folvent of water, than colder air.. The cooling of |
hot atmofpherical air is generally zu:cor’npani*fd
with a depofition of water, which, according
the quaatity of water previouily contained in the
air, and the greater or lefs alteration of tc‘ml“e:*'tur”
alfumes the forin of milts, or clouds, or rain: and
on the other hand, the heating of air is attend¢
e 0
efs
of the night air, when no other cireumftance intet”
ey

with a diffipation of vapour, and an increal
”(F"“‘J-v 7 ; hence, as the fun rifes, the miftiné

1cs O

* It is impofiible to annex more appropriate name

- - . ~ - l
indefinite, or unitttled, ideas. Certain it is, that water ¥
: e : =
shforb a quantity of airy and that air ablorbs a certain qu#
; 4 . ¢he
tity of watet. s and to thole “biurbmg powers we gIve th

’ are
name of attraftion or diffslving property; whether they

really owing to the attratlion of cohefion, properly fo calle

or not.

veness
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Venes, is gradually diffipated, and the atmofphere
Clears up; hence, in this country, the foutherly
and wefterly winds, which drive the air from warmer
Climates, generally bring rains or mifts ; whereas
the contrary efie is moftly produced by northerly
Or eafterly winds, which bring the air from colder-
Tegions. But the fame change of temperature is
Not always accompanied with the fame diffipation or
depofition of water in the atmof{phere. ;

It has been fully eftablifhed, by the refult of a va-
Tiety of experiments, that when water is converted
into fteam or vapour, it abforbs a quartity of heat,
Which is necefiary to its elaftic ftate; (for the {team
of water is elaftic, viz. it may be comprefied, or
€xpanded, by the addition or diminution of prel~
fure ) This quantity of heat is depofited when
fleam affumes the form of water.

If you moiften part of your hand, and then blow
Ypon it for the purpofe of increafing the evapora-
tian, you will feel that part of the hand fenfbly
Cooled, viz. the water, in its affuming the form of
fteam, robs the hand of partof its heat, If you
Place your hand over the fteam of boiling water,
the hand is much warmed by the heat which the.
fteam depofics upon it in its reafiluming the form of
Water,

It is 2 common pra&ice amongflt fuilors, to
Moiften one of their fingers by putting it into the
Mouth, and then to expofe it above their head ; by
Which means they can tell which way the wind

blows ;
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blows ; for that fide of the finger which is expof'ﬁd
to the wind, feels colder than the reft, the eva~
poration on that fide being promoted by the
wind.

Befides the abforption of heat, the evaporation of
water (as has been fully afcertained by the very
able Profeflor Volta), is alfo attended with an ab-
forption of eleétric fluid ; and on the other hand, the
converfion of fteam into water is attended with @
depofition of electric fluid. The experiment®
which prove thofe facs, will be found in the third
part of thefe Elements, in the Seftion for Elec”
tricity,

It feems, therefore, that the formation of vapou'?
or clouds, or fogs, or rain, and fuch like phen®
mena, depends upon the concurfence of all th
above-mentioned circumftances, and perhaps the
formation and duration of each phenomenon in
particular depends upon the various degrees of thof¢
different circumftances, which neceffary degrees a
by no means known.

The moilture of the atmofphere, or rather that
quantity of water which is not in perfect folution
with the air, but has not yet acquired the form
water, 15 riealured by an inftrument, called the
bygrometer.  The rain, or that quantity of watct
which falls fiom the clouds, or is depofited by
air in vifible drops, is meafured by means ©

another inftrumert, called the plyviometer or 7477
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Lage.  Thefe inftruments will be defcribed at the
€nd of this chapter.

The rain, which, as has been faid above, confifts
Of the water that has been exhaled from the furface
of the terraqueous globe, either falls in very fimall
Particles of little gravity, in which cafe it is more
Properly called dew®, or mift or fog ; or elfe it falls
0 larger drops of various fizes, in which cafe it is
Properly called rain.

When the clouds are near, as is moftly the eafe
in the winter feafon, or upon mountains, the drops
OF rain are fmall, not having time fufficient to join

- 30d to grow large.  But when the clouds are very
high, as is the cafe in the fummer {eafon, or in hot
Climates, the drops are much larger, and the rain
Very copious. A rain-gage, placed upon the fur-
face of the earth, receives a greater quantity of
Tain in the fame time, than a fimilar gage, which
'S fitudted higher up. A few feet difference of
Perpendicular altitude make a confiderable dif-
-ﬁ?l‘ence +.  The quantity of rain is exprefled by
Nches and tenths; thus, if it be faid that 20,3
ches of rain fell in one year in London, the
meaning 18, that if the furface of London had

\h_‘_'_;

* The de, properly fpeaking, is that moifture which
fallg during the abfence of the fan, and without the neceflary
Prefence of clouds, :

t See the Phil, Tranl, vol. 5gth, art. 47. and vol, 67th.
P.2s5e '

been
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been perfeétly fiat, and all the rain that fell upon i

throughout that year, had remained upon it with-

. ,out evaporation, draining, or abforption, the depth

of it would have amounted to 20,73 inches. There
fore, if a veflel open -at top, and having ftraight
up fides, be expofed to the atmofphere fo as 9
receive the rain, and is fo conftruéted as to prevert
evaporation ; the depth of water accumulated in
that veflel, will thew the quantity of rain for the
adjacent country, and the vefel itfelf is a raid”
gage.

The quantity of rain which falls daily or 2%
nually in various parts of the world, has been, a9
is, frequently meafured and regiltered ; but it
might be wifhed that fuch obfervations were infti-
tuted in a great many more places ; for, confiderin&
how unequal and partial rains are, we muft con”
clude, that the indication of a rain-gage will ferve
for no great extent of circumjacent country.

The rains on the vicinity of hills or mountaif®
or forefts, are generally more copious than in othef
places. In feveral places, efpecially within the 0"
rid zone, the rain is feldem feen. It has been al-
ferted, as a real though fingular fadt, thatic never
rains in the kingdom of Peru; but that during P
of the year the atmofphere over the whole count’y
is obfcured by thick fogs, called garnas *.

I e

* D*Ulloa’s Voyage to South America, vol, 1L p. bg-
A rain®
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f'.:.T S
A 1 dlrf—’gl"(i is k “pt "X[)Oﬁ:ﬂ over the apartments

Of the Royal Society in London, and its contents

a'r‘- noted frequently. It appears from that regifler,
%at 3 mean of the annual quantity of rain in Lon-
“On amcunts to little more than 21 inches, buea
“Onfiderable inequality exifts berween the quantities
SE the fingle years ;. for fometimes, as in the year
1791, the quantity of rain is about, 15 mchcs, and
St other times, as in the year 1774, as alfo.in
1779, the rain amounts to 26 inches ﬂnd up-
Wards, ‘

At Upminfter, in Efiex, the annual average.of
Rain is 19,14,

At Liverpool it is 37,43 inches.

At Townley, in the neighbourhood of the hills
Which divide Lancathire and Yorkifhire, itis 41,516
Wches,

At Lyndon, in Rutland, it is 24,6 inches.

At Dublin, in Ireland; it is about 22,25 inches.

At Paris, the annual average is 20,19 inches.

' At Lifle, in France, it is 24 inches.
At Zuric, in Swifferdand, it is 32,25 inches.
At Pifa, in Italy; it is 43,25 inches.

“ The annual quantity of rain,” as Dr. Dobfon
Juftly obferves, * is a very uncertain teft of the
“ moifture or drynefs of any particular feafon,
¥ fituation, or climate. There may be little or
* even no rain, and yet the air be conftantly damp

“and foggy ; or there may be heavy rains, with

“ acoms
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« 3 comparatively dry ftate of the atmofphere
« The fame depth of rain will likewife prodf-‘cc
s different effects on the air, according as it falls
« upon a flat or hilly country; for large quantitics
« foon quit the hills, or high grounds, whil®
« fmaller quantities have more lafting and po¥”
« erful cffeéts on a flat country. Much alfo de-
<« pends upon the nature of the foil, whether clay
“ or fand, whether firm or compaét, or loofe and
« {pongy.”

« Is not evaporation, therefore, a more accurat®
“ teft of the moifture or drynefs of the atmofphe!®
¢ than the quantity of rain * #”’

But if it be confidered that the evaporation from
the furface of water only, is far different from the
evaporation from the diverfified furface of a cou™”
try ; the uncertainty of the latter method will appe®"
equally great.

"The hygrometer fhews, that in general the

wifture of the atmofphere is greater in low itV
tions, than in more elevated piaces: but.the molt
remarkable, and at the fame time the moft unac”
countable, part of the fubjeét is, that fometimes
(as has been obferved by fcientific perfons) o
mountains and other elevated fituations, whilft the
thermemeter is ftationary, and the hygrom‘-’ter
fhews a confiderable degree of aétual and eved
increaling drynefs, clouds are quickly formects

and often a copious rain fucceeds; wherca®
_—-——--F/

* Pyil. Tranf, vol, 67th, p. 244.

at
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A other times, a thick or clouded atmofphere
Quickly clears up, and.that without any apparent
Caufe.

It feems as if the vapour of water changed its
Mature by being difperfed through the atmofphere:

Ut'we are certainly ignorant of that particular dif-
Pofition in the atmofphere, which produces fo great
% change. We find, for inftance, that clouds of
Mmenfe extent, fometimes rife from the horizon;
that inftead of being driven by the exifting wind,
th&y atually change its direftion ; that other clouds
¥e quickly formed. A great ftorm enfues; the
fin is abundant 3 every thing acquires a confidera-
ble degree of moifture; yet an hour after, the fe-
"enity of the air is reftored, and the natural procefs
Of evaporation becomes as vigorous as ever.
~ The quantity of evaporation from the land is,
" general, much lefs than the rain which falls upon
the fame ; whereas, from the furfice of the fea,
lakeg and rivers, the evaporation exceeds the
"in, . The like diffcrence does alfo exift between
®ld and warm climates. Bur the aion of the
wil‘ids, and the running of the fuperflucus rain-
Water from the land again into the fea, compenfates
the deﬁéicncics, and keeps up a ufeful, neceflary,
0 adimirable circulation.

We fhall now endeavour to explain the princi-
Ple ang conftruction of hygromerers, as alfo of
the rain—gage, .

It has already been fhewn, that in virtue of
ENE. 11, EE the
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the attraction of cohefion or capillary attrations
warious fubftances are capable of ablorbing moiftur®
into their pores, or at leaft of holding it attached
to their furface. If then the air contain a quantity
of moifture, and a certain other dry fubftance h#
a greater attraction towards water than air ha%
then the moifture will quit the air, and will attach
itlelf to that other fubftance ; in confequence ©
which that other fubftance will be enlarged in it
dimenfions, or will be increafed in weight, NoV
by meafuring the diminifhed or increafed dimen”
fiens, or the increafed or diminifhed weight of that
other fubflance, at different times, we acquir¢ *
knowledge of the quantity of water which has beth
depofited or abforbed by the air at thofe (imes’
The inftrument in which a fubftance fic for
purpofe (called an kygrofeopic body) is fo ﬁtU"fECd
as to fhew a very finall alteration of its length
or weighr, is called an bygrofeope or hygrometets

A valt number of animal, vegetable, and M
neral fubflances are fufceptible of thofe alteratio®
but moft of them are far from being fit for fuch &
inftrument. The twifted fibres of wild oats *
fea-weed, falted ftrings, pieces of deal cut acro”
the grain, a piece of cat-gut ftring, &c. are CO”
monly ufed as indicators of moifture or dr}’"efﬁ
but fuch fubftances are not fit for philofophical il
pofes ; “for they are unequal in their actions ; th?lr
power of abforbing water increafes or decreal®”

. . - . ime
and fometimes entirely ceafes in procefs of £ 4
an
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and very feldom two inftruments, that are furnithed
with fuch fubftances, can be compared together.
Mr. De Luc, and Mr. De Sauflure, both gen-
temen of great knowledge and ingenvity, have
examined a vaft number of hygrofcopic fubftances
in a oreat variety of circumftances ; and, upon the
whole, the latter of thofe gentlemen found reafon
to prefer a hair® ; whilt the former prefers a very
fine flip of whale-bone cut acrofs the grain. Either
of thofe fubftances is to be placed in a proper frame,
which fhews their elongations or contractions to a
very minute quantity ; the inftrument, or at leaft
that part of it which holds the hygrofcopic fub-
Rance, is placed in water, which extends the fub-
ftance to the utmoft, and the point where the ex-
tremity of the fubftance reaches, is marked upon
the inftrument, and is called the point of exireme
moiftyre. Then the inftrument is removed from
the water, and is placed into a large veflel almoft
full of unflacked quick-lime, wherein it is kept for
A few days; for as quick-lime has a confiderable
Property of abforbing ‘water copioufly but flowly,
the air in that veffel is very dry, and its degree of
drynefs is conftantly the fame during feveral months,
Notwithftanding the opening of the veflel, which
Muft take place for putting in or taking out the
bygrometers. By this means the point of greateft

e his Work on Hygrometers, 2 vols. quarto.

EE 2 ! drynefs
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drynefs is obtained. Then the diftance between
this point and the point of greateft moifture, is di-
vided into one hundred parts, and thofe parts ar¢
called the degrees of the hygrometer, or the degrees
of moifture *.

Thofe. two forts of hygrometers are tolerably
uniform, and pretty quick in their acion. Two
or more of them are alfo comparable within a fmall
difference. ~ As upon the whole it appears that
Mr. De Luc’s hygrometer has fome advantages
over that of Mr. De Sauffure’s, 1 fhall therefore
deferibe it in Mr, De Luc’s own words, = See fig:
1. of Plate XV,

Thofe inftruments may be made of various fizes:
but they are moftly made of about twice the fizé
of the figure.

“ Their frame will fufficiently be known from
“ the figure; therefore I fhall confine myfelf to
the defeription of fome particulars.  The fip of
whalg-bone 1s reprefented by 24, and at its end
@ is feen a fort of pincers, made only of a fartened

* bent wire, tapering in the part that hoelds the
“ fiip, and prefled by a fliding ring. The end ?
[19

is fixed to a moveable bar ¢, which is moved b¥
¢ afcrew for adjufting at firft the indew. The end 4

vl

of the flip is hooked to a thin brafs wire; 10

— < 4_¢—"‘-‘-‘

* From the point of greateft drynefs to that of greﬁfeﬂ:
moifture, a flip of whalc-bone will be increafed about one”

eighth of its Jenoth,
[ o

¢« the
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¢

-~

the other end of which is alfo hooked a very thin
lilver gilt Jamina, that has at that end pincers imi-
lar to thofe of the fip, and which is fixed oy the
other end to the axis, by a pin in a proper
hole, The fpring, d, by which the fip is firetch-
ed, is made of filver-gilt wire; it acts on the fip

<
€«
€«
L1
€

“ as a weight of about 12 grains, and with this ad-

L * ] . g
* vantage over a weight (befides avoiding fome

Ly - . - . »
¢ other inconveniencies) that, in proportion as the

{4 ; . - . .
Mip is weakened in irs lengthening, by the pene-
%

3

tration of moifture, the fpréng, by unbending at
the {ame time, lofes a part of its power. Th¢
axis has very fmall pivots, the fhoulders of which
are prevented from coming againit the frame, by
the ends being confined, though freely, between
the flac bearings of the heads of two firews, the
front one of which is feen near f. The fection
of that axis, of the fize that belongs to a flip of
about 8 inches, is reprefented in fig. 2.; the
f‘ Jip ats on the diameter 4 @, and the fpring on the
* fmaller diameter & 4 *,

After an affiduous and judicious ufe of hygrome-
terg

{4
tc
€«

¢

Al
t¢

tr

» Made in the courfe of 20 years and upwards,
M, De Luc formed fome very ufeful dedutions,
Which I fhall fabjoin in his own words.
“ From thofe determinations in hygrometry
" fome great points are already attained in bwrafcg Vs

‘ﬂ‘._‘“_-_—g

* BDe Luc’s Paper in the Phil. Tranf, vol. 81ft. past IL.

EE 3 “ meteorologys;
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meteorology, and chemiftry, of which I fhall
only indicate the moft importants  1ft. In the
phznomenon of dew, the grafs often begins 0
be wer, when the air a little above it is {till in &
middle ftate of moiffure; and extreme moifiure 15
only certain in that air, when every folid expoitd
to it is wes, adly. The maximum of evaporatiol
in a clofe fpace, is far from identical wich the
maxinum of moifture; this depending confiderablys
though with the conftant exiftence of the othefs
on the femperature common to the /pace and t9
the water that evaporates. 3dly. The cafe ©
extreme moifiyre exifling in the open tranfparent
air; in the day, even in the time of rain, is €¥°
tremely rare : I have obferved it only once, the
temperature being 39° 4thly. The air is dryer and
dryer, as we afcend in the atmoiphere ; fo that in
the upper artainable regions, it is conftantly very
dry; except in the ¢louds. This is 4 fact certified
by Mr. De Sauflure’s obfervations and mine
sthly. If the whole atmoiphere pafled from ¢¥°
treme drynefs to extreme moijfiure, the quantity ©
water thus evaporated would not raife the 44
remcter 2s much as half an inch. 6thly. Laltlys
in chemical operations on girs, the greaﬂ‘-'{k
quantity of evaporated water that may be {UpP-
pofed in them, at the common temperature ©
the. atmofphere, even if they were at extyenit
muifirre, is not fo much as !, part of theif
mafs. Thefe two lafl very important propo”
¢« fprions
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“ fitions have been demonftrated by Mr. De
* Sauffure*.” _

The mean height, for the whole yeat, of De
Lucs hygrometet, expofed to the atmofphere in
London, is about 7¢ degrees. It muft, however,
be obferved, that hygrometers of every fort, even
the above deferibed one of Mr. De Luc, are very
lisble to be {poiled by, long expofure; as dufty
.fmoke, infects, &c. are apt to adhere to them;
n which cafe their rate of going, or fenfibility, is
Altered confiderably. The proper action of De
Lue's hygrometer may, in fome meafure, be pre-
ferveq, by now and then placing the inftrument in
Water, and gently cleaning the furface of the whale-
bope flip, by means of an hair-pencil.—A fteadicr
and mote durable hygrometer is ftill a defideratum
- 0 natural philofophy.

Evaporation generates cold, and the quicker the
©vaporation takes place, the greater is the cold
Which is produced: therefore, if the bulb of a
thermometer be juft moiftened, and then be ex-
Pofed to the air, the mercury will defcend lower.
When the evaporation is performed quicker; and
Vice werfz, Upon this principle Mr. Lelflie has
onftructed an inftrument, which fhews the quick~

" De Luc’s Paper in the Phil. Tranf. vol. Saft. part L.
%¢¢ allo his Paper on Ewaporation in the Phil. Tranl. for
the Year 1792, part II. for farther illuftration of the fubjeék
*H Yarometry.

®E 4 nels
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nefs of evaporaton. The inventor ealls & an
hygrometer; but the quicknefs of evaporation
does not indicate the moifture of the air in all
cafes *.

The principle of the rain-gage has already beed
hewn in page 414. The rain-gage which
moftly vfed, is delineated in fig. 3. of Plate X V-
It is an hollow veflel, of tined iron piates,japannfd
infide and out. The whole machine confifts ©
three parts. A B CD is a cylindrical veflel, 1@
the aperture of which the funnel F Ex is nicely
fitted. The upper part of the funnel has an edg®
of brafs, which is perpendicular to the horizon, 88
s fufficiently indicated by the figure.

This gage, when expofed to the atmofphere, 1€
ceives the rain which goes through the aperture ¥
of the funnel, into the receiver A BC D ; out ©
which it cannot evaporate, either out of the joiﬂf
A D, which is very clofe, or out of the hole %
which, befides it being fmall, is partly uz:cupifd
by the mealuring rod. The meafuring rod G H is
faftened co an hollow float H, of japanned tin plates;
which floats upon the water ; and as the water fills
the cylindrical veffel A DBC, fo the float is raifeds
and part of the meafuring rod comes out ; and the
divifions of the rod, which are out of the funnek

———— _.._..___.v———-'—/.

i it et e
« See the defeription of this Fiverometer in Nicholion™
Journal, vol. 1L, p. 461,
fhew
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Thew the quantity of water which is in the cylindri-
Cal veflel,

With refpeét to the divifions of the rod,” it muft
be obferved, that when the edge of the funncl and
the cylindrical veflel are of the fame diameter, then
the divifions of the rod muft be only inches and
tenths, in order to fhew the quantity of rain in
Inches and tenths ; but when the diameter of the
Cylindrical veflel is lefs than that of the edge F E,
then the divifions muft be longer, becaufe an inch
dt’fpth of rain, in an area of a certain diameter, will
B¢ more than an inch depth in an area fmaller than
that,—Thofe gages are made of various fizes, and
the divifions of the meafuring rod are made o as
0 indicate the inches of rain that would be accu-
Mulated in a cylindrical veflel whofe diameter
®Qualled the diameter of the brafs edge F E.

A crofs-bar with 4 focket, through which the
Weafuring-rod pafles, may be feen within the funnel.
This ferves to render the divifions of the meafuring
Yod more legible. When no water 1s contained in

7
L

the gage, and of courfe the float refls upon the

Ottom B C, then the o, or the beginning of the

dl""iﬁons of the rod is even with the upper part of

the above-mentioned crofs-bar.

i

gEm——— e

e

=
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CHAPTER XIV.

| THE DESCRIPTION OF THE PRINCIPAL MACHINES
ll WHICH DEPEND UPON THE FOREGOING SUBJECT®
I OF FLVIBS.

i IN laying down the theory of fluids, both elafti®
1l

W

and non-elaftic, 1 have defcribed as few m# |
, chines, and thofe of as fimple a conftruction, as the
I\; nature of the fubject could admit of. This I hav®
1 done, in the firft place, for the purpofe that the re#*
i der might not confider the knowledge of fuch fub*
i jects as unattainable, without the ufe of coftly Mm%
¢hines; and, fecondly, that the conneion of the

the Introduction of long and complicated de-
feriptions.

a_.m . &

But it is now, however, neceffary to explain th
conftruttion and the ufe of thofe machines Whic
have been contrived for the purpofe either of M¢%”

E
il
-  theoretical reafoning might not be interrupted PY
E
i
|
f
|

. . R i 00
furing, or of elucidating, ing

or, laftly, of applyins
our purpofes, the mechanical properties of fluids
\i And here we {hall beftow our attention more o
the principles than upon the vasiety of fuch M#

i chines.

..\' gt




Defeription of the principal Machines, Se. 42

The Syphon, or Crans. .

A tube of glafs, or metal, or other folid fub-

ance, open at both ends, and bent like the re-
Prefentation of fig. 4. Plate XV. 1is called a
-@Pbon or cranes and is commonly ufed for decant-
g liquors from one veffel into another. Itis an
difpenfable requifite in the conftru&ion of this in-
Rrument, that the perpendicular altitude of the
dif‘Charging leg A B, be greater than that of the
f‘leing leg A C, (reckoning from A to the furface
Of the liquor, in which the leg AC is immerfed).

hen, when the aperture C is in the liquor, if, by
3Pplying the mouth at B, and fucking the air out
Of the fyphon, its cavity be filled with the liquor ;
Cn removing the mouth, the hiquor will run out of
the aperture B, and will continue to run as long as
. ¥ou continue to fupply the veffel F with fluid, or
% long as the furface of the Auid in the vefiel

femains higher than the level of the aper-
tre B.

The caufe of this effet is the preffure of the at-
Mofphere ; for when the fyphon is fult of liquor, the
Preflure of the atmofphere at B and C keeps the
‘Quor up in the legs of the fyphon ; and that pref-
}lre is partly counteracted by the perpendicular al-
Utudes of the liquor in thofe legs ; but that coun-
FE_T&&ion is lefs at C than at B, becaufe the perpen-
Sicular altitude A C is lefs than A B; therefore

the
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the atmofphere prefling at C, or (which is the {ame
thing) on the furface of the liquor in the veflel B
mote than at B, forces the liquor to run through
the {yphon,

It is evident that it is immaterial whether the
diameters of the two legs be equal or not, pro-
vided the difparity be net fo great as to introduce
the obftruction from capillary ateraétion, &c.=~
Whether the legs be bent in various direftions oF
not, 1s alfo immagerial ; provided the perpendiculﬂr
alrirude of the difcharging leg be greater than thaf
of the other.

It 1s allo evident, from the theory, that the
erane cannot aét if the perpendicular altitude of It*
legs exceed 32 feet or thereabout. Nor can a fypho?
act 1 vacuo.

The beft fyphons that are at prefent in ufe fof
decanting liquors, have -certain appendages which
render their ufe more commedious.  Fig. 5. ©
Plate XV. reprefents one of the beft conftruc
tion, 1t has a ftop-cock D at the difcharging aper”
ture, and a fmall tube which runs along the outfide
of that leg, and communicates with the cavity ot
that leg juft above the ftop-cock.,  When the ape’”
ture C is fitvated within the liquor, the f‘(op-COCk
is clofed, and the mouth which fucks the air oufs
&c. is applied at E.  Some of thofe fyphons have
no ftop-cock, in which cafe the aperture B muft b€
clofed by the application of a finger, whilft the aif

7t | At s
1§ lucikang out at E.

If
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If feveral threads of cotton, a bunch of orals, or
Ome fiyilar fubftance, be placed partly ina glafs of
Water, and the other part (being the longeft of the
tWOJ be left hanging out of the glafs, as is fhewn in

&15. of Plate XL.; the cottonor other fubftance will
8"dually abforb the water, in virtue of the capillary
El'ttrflfition ; and when the whole is moiftened fuffi-
me”t]y, the cotton, or other {fubftance, will a& as a
¥Phon, and the water will keep dropping out of
' external part of it

A little machine, called Tautalus’s cup, alts

UPon  this principle, and it conftruétion is as
QHOW.:. .

There is a hole quite through the bottom of a
p A, Fig. 6. Plate XV. and the longer leg of
x rJi'phon D'E B G 1s cemented into the hole, fo

At the end D of the thorter leg DE may almoft
BUch the bottom of the cavity of the cup. Now

Water, or other liquor, be poured into the cup,
tle Water will rife into the leg D E of the fyphon,

Y16 does in-the cup, and will drive the air from

U leg through the longer leg E G; but when the

ﬂter has reached the upper part F of the fyphon,

" will not only run down and fill the other leg

s but it will keep running out at G, until the

P is Quite emptied. A little figure is fometimes
iJ Ced over the fyphon DF B, with the mouth
rpe“ 2 little above F, which figure conceals the

’Phon, ang reprefents Tantalus, who is depriv-

Of the water, when the waier has rifen {6

high
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high wichin the cup, as nearly to reach D
mouth,

The reafon, which principally induced me *
deferibe the above-mentioned cup, is, that I
action explains a curious natural phenomenon; vi
that of intermitting or veciprocating Jprings, called alfo
ebbing and flowing wells.

There are certain fprings or {treams of Walc!
which iffie out of rocks, and are rather copious for
a certain time, then ftop, and, after a certain P
riod, come out again. The intermitting periﬂd .
various, but fometimes it is very regular, The
origin of thofe fprings is, with great probabili®¥’ ‘
owing to the following conformation, or to {08
thing fimilar to it.

A A, fig. 19. Plate XV, reprefents the P‘fr‘
pendicular fection of a hill, within which is a Ca'”[)_'
BB, and from this cavity a natural channel ™"
in the direction BCDE, forming a natural fypho™
The rain water, which defcends from the 0PP° '
part of the hill through various fmall crevice”
G, G, G, gradually fills the cavicy BB, a8 ﬂlz
the part BC of the channel, or fhorter leg of * l
fyphon ; but when the water gets above the lev
of C, then a fiream will run through the chan?®”,
and out of it at E, until the cavity B B, as alfo. '
channel BC D E is quite emptied ; it being iUP‘
pofed that the draining of the water through *
crevices G, G, G, cannot fupply the cavity BEi

v wae adl -] 4 CD
{o fatt as it % drained by the channel B T he?
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~Then the flow of water at E ftops, until fo much
Water is again accumulated in the cavity BB, as to
reach the level of C, at which time the ftream re-
Appears at E; and fo on.

The Water Pump.

There are feveral forts of pumps for drawing
Water out of wells, fprings, &c.; but they may be
Teduced to two forts, viz. the common pump, ge-
RNerally called the fucking pump, and the forcing
Dump,

Fig. 15. Plate XV, reprefents a pump of
the firft fort. A B is a cylindrical pipe open at
both ends, the lower of which is immerfed in the
Water of the well, &c. Towards the lower part,
8 at C, there is a ftopper with a hole and a valve,
Which opens upwards when any fluid pufhes it
from below, but is clofed by any fuperincumbent
force, 1n the upper part of the tube there is a

pifton

S

* A valye is a piece of mechanifim, that belongs almoft
10 all forts of hydraulic and pneumatic engines. Valves are
Made of different forts, of which however the following are
the Principal.

4 Fig. 12, Plate XV. reprefents a ftopple, with an
oil fij) valve; wiz. a narrow flip of il filk is ftretched
Over the upper flat part of the ftopple, fo as to cover the
“entral hole ; and, being turned over the cdge, is tied faft

round

T

=t -
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pifton D, faitened to the handle or rod E, which
generally is an iron rod. - The pifton confifts of 3
piece of wood, nearly equal to the diameter of the
cavity of the pump; but being covered over itS
cylindrical part with leather, it fis pretty tightlf
the cavity of the pump. In this pifton there 154
hole and another valve, like the one at C, which
alfo opens upwards. The aétion of pumping
confifts in alternately moving the pifton a certai?
way up and down, by which means the watef
afcends through the pump, and comes out of its
upper aperture, or out of the {pout F, when the
upper part of the pump is furnithed with fuch
veflel and fpout as is fhewn in the figure. The
action of this pump depends upon the gravity oF
preflure of the atmofphere; hence it could not
pofiibly act in vacuo.

Qe

round the ftopple, as is indicated by the figure. In fig: 5.

& flat and thick piece of leather is adapted to the upper fla
It has 2

part of a ftopple, {o as to cover the central hole,
ne

little prolongation on one .fide, which is faftened o *
ftopple by means of a nail or ferew, and a piece of lea
is faftened to the upper part of the leather, ‘in order t@ I‘_:t
it lay flatupon the hole. In fig. 14, the central hole 15
nde a fittle conical at its upper part; and is fhut up BY :
conical picce of metal, which refts upon it by its oWh
gravity.

It is evident that a force from below will open any on€ of
thofe valves ; but a force from above will fhut up the aper”
ture more effectually. ;

1 When
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When the pifton is firft drawn upwards, theesir
in CD is rareficd ; hence the preflure of the aw
Mofphere upon the furface of the water in the well
Otces the water to afcend a little way into the lower
Part of the pump; for inftance, as high as G.
Then the pifton is pufhcd downwards, which con-
Madting the diftance CD), forces fome air out of the
Valve D through the pifton, but no air can get down
thl‘m’.gh the valve at C ; hence the water remains
3G, After this, the pifton is drawn upwards a
ffftond time, which rarefies the air in CD; in con-
ﬁ?quen(:e of which the water afcends higher within
the pump; thus, by degrees, the water gets above
the valve C, and fills the Ipace C D ; and when this
takes place, then, by lowering the pifton, fome
Water paffés through the valve D, and remains
WMoye the pifton ; then, on lifting up the pifton,
that warer is raifed, and more water comes from
the well through the valve C, &c.

It 1s hardly neceffary to meniion, that the height
Ofthe valve D, above the water of the well muft
flevﬁr excecd 32 feet. Indeed, on account of the
Mperfe@ions to which thofe mechanifms are fub-
JEt, thar height can feldom exceed 20 feer.

The force which is required to work-a pump is
A the height to which the water is raifed, and as
the fquare of the diameter of the pump at the
Place where the pilton works ; it being immaterial
Whether the reft of the pump be of the fame dia-
Meter or not,

VoL 11, FF Pumps
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Pumps, in ‘general, are worked not by apph
the power immediately to the rod at E ; but the
end of that rod is conneéted with the fhorter armm
of a lever, whilft the power is applied to the Jonge”
arm of the lever; ‘and fince the longer arm of the
lever is about five or fix times as long as'the othels
therefore the power is by this means increafed ﬁ"f
or fix times.—It has been found from :'c-pczlfﬂ“

s’[no

. i : 3 c P
trials, that when the handle increafes the power e
. . - A
times, when the diameter of the pump 15 fov

|O’h

inches, and the water. is to be raifed 30 feet b
the ordinary exertion of alabouring man can work
it -for a moderate continuance of time, and can dif ‘
charge 273 gallons of water (Englifh wine et
fure) per minute.

Now, from the above-ftated particulars, it
not be difficult to calculate the dimenfions ©

will

pump, which will difcharge a given mlant‘W
vater at a certain height in a determinate pme’

and what power will be required for the pur”
ofe. \

P : “fes
The forcing-pump, fig. 16. Plate XV, 2™

ﬂ]ﬁ water above the valve 'H, in the fame mann®’
as the preceding pump; but then, en lowering &'
pifton, which'in this pump is a folid piece Wl':h”l
any valve or perforation, the water cannot get ? aboV®
it, but it is forced through the tube M N, o
through the valve at P, into the veflel K Ks whi¢
is called the air-veffel or condenfing-veffel- Thuss W
repeated ftrokes of the piflon, the water is forc®
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to enter, and to accumulate into the veffel K K.
driving the air out of it, through the pipe IG F,
But when the water has been raifed above the
aperture I of the pipe, then the air, inftead of be-
ing driven out, is condenfed in the upper part of
the air-veflel ; hence it begins to re-act upon the
Water by its elafticity ; in confequence of which the
warter is forced out of the pipe IHF, forming a
jet, which rifes higher, or goes farther and farther,
accordigg as the water is forced into the air-veflel
with greater quicknefs, and the air in the upper
part of the faid veflel is contrated into a narrower
- dpace, by the rifing of the water at O, within the
veffel. —Some forcing-pumps have no air-veflel,
but convey the water through a fingle uniform tube
to the requited height.

The jer, when there 15 an air-velfel, comes out
without intermiffion ; for whiift the pifton is afcend-
ing, the elafticity of the condenfed air continues to
act ypon the water at O. i

By means of this pump, the water may be railed
to any height, provided there be working power
adequate to the required effect; and the parts of the
Pump, and principally of the air- veflel, be {ufficient-
ly {trong.

If to the extremity F of the difcharging pipe, a
flexible tube, either of leather, or of other pliable
material, be adapted, fo as to render the jet capable
of being directed towards any particular place

FTF2 al
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at pleafure, then the mechanifm becomes a fire-
engine,

The principle of fire-engines, which are com-
monly ufed in this country, and elfewhere, for
extinguifhing fires, is nothing more than what has
been already defcribed. Their particular con-
ftructions, which have been diverfified and im-
proved by various able mechanics, differ only in &
more or lefs compaét difpofition of parts; 1B
having two or more forcing pumps; in having

.the levers capable of admitting feveral working-

men, &c.

Water-pumps of every fort may be worked bY

other powers, befides the force of men. T hey may
be worked by the wind, by horfes, by a fteam-
engine, by ariver, &c. A vaft variety of mecha-
mfims has been contrived for fuch purpofes, which
may be feen in almoft all the works on mechanicss
hydraulics, and other {ubjects allied to them ; but
thofe mechanifms muft be contrived according @
the particular circumftances of the fituations, i
which they are to be ufed.

The water-works at London- bridge confift of
forcing-pumps, which are worked by the current
of the river, viz. the current of the river turns &

large vertical wheel, called the water-wheel, the

axis of which has a number of cranks, which work
as many levers, and at the ends of thofe levers -aré
faftened the rods of the forcing-pumps. ~ The

watef
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Water is forced by them into a very firong con-
dtnﬁng veflel of iron, and from this veflel various
Pipes convey and difcharge the water to different

barts of the town.
Archimedes® Serew-Engine for raifing Waler.

This fimple and elegant contrivance of the great
Archimedes, is fhewn in fig. 18. Plate XV. It
Confifts of a ferew-like tube, open throughout, and
faftencd round an axis, which turns, together with
the tube, round the pivots A, B.

This machine being placed with its lower part
In water, muft be inclined to the horizon at an angle
of about 45 degrees; then by turning the handle
M, the machine muft be turned in the direftion
daC; viz. fo that the loweft aperture of the tube
May go againft the water; and by this means the
Water will be railed from A, and will be dilcharged
by the upper aperture 7, into a proper veflel, S,
Which muft be placed under it, to receive the
Water, and to convey it wherever it may be re-
Quired,
~ In order to underftand the a&tion of this machine
't muft be confidered, 1ft, That every fuccelfive
Part or point in the length of the tube, is farther
8nd farther from the loweft part of the machine, or
8 nearer and nearer to the aperture 7. 2dly, That
the. fmall quantity of water which is in the in-
ferior part. 4, of any convolution of the tube,
“annot (in virtue of its gravity) remain affixed

FF 3 ta
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to that identical part of the tube, when, by
the turping of the machine, that part comes to the
higher fituation 2 ; but it muft pafs on to the next
part of the tube, then to the next to that, and 10
on. But thofe fuccefiive parts come nearer and
nearer to the aperture i ; therefore that quantity of
water muft pafs gradually from the loweft to the
higheft part of the tube, until it comes out itfelf
of the aperture 4. '

What has been faid of this quantity of wate
may evidently be faid of the next, and, in
fhort, of all the water which is raifed by the
machine,

Inftead of the handle M, fometimes a pretty larg®
wheel is affixed to the loweft part of the machin®
which, on account of the inclination, will be p:;rEJY
immerfed in water; in confequence of whichs
the machise will be turned by the water jefelfs
fuppofing that water' to bea river, or runnifd
ftream.

Sometimes, inftead of one, two tubes are fixed }
round the axis of this machine; but its conftrt®
tion has been altered various ways, which need 1ot
be ‘particularly deferibed, ‘fince the principle iefel
of the machine remains unaltered.

. = : a
Such machines are wfeful for raifing water tO B
eras

LG i e Grion
ble, the miachine, on dccount of its inclined pofit®

TR : - 11
mult be long, heavy, and liable ta be benb
which' cafe'its action would ceafe,

great heiolits 5 'for when the elevation is confid
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The Rope Machine for raifing Water.

If a vertical grooved wheel, fized in 2 frame, be
fituated within the water at the bottom of a well,
and another fimilar wheel, having a handle afiixed
%0 its axis, be fituated in another frame at the upper
Part of the well ; alfo an endlefs rope (viz. a rope
Whofk two extremities are {pliced into each other)
be paffed round both wheels ; then, on turning the
handle, the wheels and the rope will be caufed to
Move, viz. the rope will afcend on one fide, and will
defcend on the other, pafling fuccefively through
the water of the well; but the afcending part will
Carry up a.quantity of water adhering to its furface;
and this water differs in quantity, according to the
fize of the rope, the depth of the well, and the
Fluicknc’fs of the motion; viz. with a larger rope,
N 3 lefs deep well and quickeft motion, a greater
Quanticy of water will be raifed, than otherwife,

In order to intercept the water at the top of the
Well, the upper wheel is incloftd in a prerty large
box, in the bottorn of which there are two holes,
I:hl‘Dugh which the afcending and defcending parts
of the rope pafs. To thefe holes are affixed two

Ort tubes, which prevent the exit of the water
Which falls to the bottom of the box. There is
Ao 3 Jareral fpout on the fide of the box, clofe to
the bottom, for the water to come out of ; and on

FF 4 ~ the

—— e e .
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the broad fides of the box there are two holes for
the axis of the wheel. The 11th and roth figures
of Plate XV. exhibit a fe@ion and a front view
of a machine of this fort, which was put UpP
in the year 1782, on the caftle hill at Windfon
where the depth of the well is g5 feet *. -

The fame letters refer to the like. parts in both
figures. .-

The wheel H at the bottom' of the well is ot
lignum vite, one foot in diameter. Its axis is of_
fteel, and turns with its extremities in fockets ©F
bell-metal.

The frame 11 is of iron.

The wheel EE at the top of the well is of irof?
but its rim, with the grove which receives the rop®
1s of lead. The diameter of this whee] js thre®
feer.

The axis 4d is of fteel, and its extremiies tU™
in bell-metal {ockets, which are fixed in two UP
right pofts AA, that fupport the machine. T is th°
handle affixed to the axis, which handle defcribes™
circle of 28 inches in diameter; 44 is the woo‘dfr'_1
box, lined with lead, which inclofes the whee! L
FF are the holes at the bottom of the box through
which the rope pafies. Their diameter is about %9
inches, '

——

e roul'ld

w A fimilar machine was. alfo placed on tb he
- y fram ¥

tower of Windfor caftle, which draws the water from
aepth of 178 feet,

aa
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On the fame axis 44, another wheel CC, of about
four feet in diameter, is ' fixed. * This wheel is of
Wood, loaded on the edae with lead, and it ferves
as a fly to facilitate the motion.

The rope is of horfe-hair, and meafures half an
inch in diameter.

With this identical machine, feveral experiments
Were tried, the refult of which is as follows .

When the machine was worked flowly, viz. fo
2 to make about 30 revolutions of the handle in
One minute, then very little water came up adhering
to the rope ; and of this water a very finall portion
Was {eparated from the rope within the box, fo -
35 to come out-of the fpout Z, in the fide of the
box, :

When the revolutions of the handle were about
$0 in a minute ; then a confiderable quantity of
Water came up adhering to the rope; and on turn-
i“g the wheel E E round, the greateft part of that
Water, having acquired a confiderable velocity,
fiew off in a tangent from the rope, and formed a
Jet within the box, This water falling to the bottom
of the box, came out of the fpout Z.

It was found that the utmoft*exertion of an ordi:
Mary working man, could not make more than 6o
Yevolutions of the handle in a minute; in which
Cafe the rope moved at the rate of about 16
fffi‘-t per fecond. With this velocity the quan-
tty of water that came out of the fpout Z, was
about fix gallons per minute ¢ but it would have

been
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been impoffible for the man to have workad at that
rate for more than three or four minvtes.

This machine may evidently be placed aflants
viz. {0 as to convey the water from one place t@
another, which is not quite perpendicularly over
the former. The fame conftruttion and almoft the
fame expence will adape the machine to wells of dif-
ferent depths, though the effects will not be alway$
the fame.

More than one rope; or a broad band inftead of
a rope, might be adapted to this machine, for which -
purpofe the wheels muft have more than one, of #
broad, groove, &c.

The greateft difadvantage of thisanachine is, ghat
the rope does oot latt long., Its being always wek

deitroys it very foon.—In putting on the rope, €45

muft be had to foke it well in water before it ¢
Ipliced ; otherwife it will eicher be too tight, oF i
jal

will brealt,—A hair rope has been found to

Jongcy than one of hemp.

I A LI 7
The Mechanical Parados.

The effeét which®arifes from that curisus prOPEP
ty of non-elaftic Auids, viz. from their pmﬁ’m' ‘17‘0rl
dicular &7
ticudes, without any regard to their c;mnritifh ],155
tical pards lox5 2P
]],nb

lt

equal battoms, according to their perpent

7

been commonly called the byad
various machines, more or lefs complics 'Itd'

been conftru@ed for the purpafe of renderd
ﬂw-”"l}
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ﬁl'ikingiy evident ; but after the theoretical expla-
Ration which has been given of that property, it
feerns ufelefs to employ more pages on the defcrip-
tion of fuch machines, I fhall, however, add one
of the leatt complicated conftruction. This is re~
Prefented in fig. 7. Plate XV. It is commonly
Called the bydrofiatical bellows.

It confifts of two thick oval boards, each about
16 inches brbad and 18 inches long, joined by
Means of leather, to open and fhut like common
bellows, excepting that they move parallel to each
Other. A pipe B, about 3 feet high, is fixed into
the bellows at e. Tt

Let fome water be poured into the pipe at g,
Which will run into the bellows, and feparate the
boards a little. Lay three weights 4, ¢, d, each
“"ﬁ;ghing 100 pounds, upon the upper board ; then
POUF more water into the pipe B, which will run
Nto the bellows, and will raife the board with all
the weights upon it; and if the pipe be kept full,
Until the weights are raifed as high as the leather
Which covers the bellows will allow them, the
Water will remain in the pipe, and fupport all the
Weights, even though it fhould weigh no more than
A Quarter of a pound, and they oo pounds; nof
Will al] their force be able to caule them to defcend
and force the water out at the top of rthe pipe.

A man may ftand upon the upper board, inftead
?fthe weights, and he may raife him{tlf by pour-
"Ig water intg the pipe B ; which will appear very

3 wonderful
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wonderful to unfkilled perfons’; but the wonder will
vanith, if it be Conr;-:iered thaz if the man raife®
himfelf one tenth part of an inch, the water muft
defeend down almoft the whole length of the pipt?
fo that the {mall quantity of water in the pipe €3°
balance the weight of the man; becaufe their velo-

cities, or the fpace$ they muft move through,

zmuiuj as their weights ; which renders cheir mo”
mentums cqual,

I fhall not deferibe the various forts of millss &
of other hydraulic engiues, on three accounts prin”
cipally, viz. firlt becaule thofe machines, thU"Sh
very ufeful, do not point out any new property g
fluids, belides what have been already f'xpluiﬂfd;
fecondly, becaufe the deferiptions of thofe engin®
may be found in a variety of books, fuch as. di€”
tionaries of arts and fciences, tranfa&ions of learn®
focieties, treatifes on mechanics, on h_\,JloﬂmC”
&ec. and 3dly, beecaule, by the infertion of thol®
delcriptions, this work would be fwelled up t0 an
enormous fize.—The following machine is not very
commonly known,

s . ’ 8
£ LN ; i
The Machine for Blowing, by means of & T&

o
lz,f waler,

Wherever there is the conveniency of a fall ©
waser, which is frequently the eafe in the yicinityf
of hills, mountains, &c. there a machine for bloY*
 cpcteds

10g the fire of a furnace may be eafil ly conft

ant
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And it will it prove both ufeful and lafting, almoft
Without any farther expence than that which attends
the original conftruction.

The dimenfions of fuch machines muft be fuited
Y the circumftances of the fituation, fize of the
fu!‘fmcc, &c. but thofe particulars may be eafily

trived from the general principles of the con-

fuction, which T thall give in the words of Pro-
&H‘Ur Venturi, the gentleman who has given the
% and moft recent explanation of thole prin-
“iplts.
*“ Let BCDE, fig. 17. Plate XV. reprefent
A pipe, throngh which the warter of a canal A B,
falls into the lower receiver M N. The fides of
the tube have openings all round, through which
“ the air ireely enters to fupply what the water car-
Ties down in its fall.  "T'his mixture of water and’
Ar proceeds to firike a mafs of fone (2; whence

febounding throush the whole width of the re-

¢
L]
L - i i .

Cetver M N, the water feparates from the air,
and falls to the bottom at X Z, whence it is dil-
Charged into the lower channel or drain, by one
Of more openings ‘T, V. The air, being lefs

he&‘-’}‘ than the water, occupies the upper part

i1
{3
it
1
L
of the receiver, whence, being urged through

the upper pipe O, it is conveyed to the
forge,

£

@«

€ o . . ' . .

“ 1 formed one of thefe artificial blowing engines
Of a fmall fize. The pipe B D was two inche
n diameter, and four feet in heights,  When the

S wat=r

41
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 wwater aceurately filled the fection B C, and
* the lateral openings of the pipe BD EC were

any
)

. .
“ wind.” (See the note in page 180 of thi

gl

¢ clofed, the pipe O no longer afforded

volume. )

« It.is, therefore, evident, that in the open Pil-‘es
« the whole of the wind comes from the &
* mofphere, and no portion is afforded by the d¢”
“ compofition of water. Water cannot be dtcom
¢ pofed and transformed into gas, by the ﬁﬁ
I « ple agitation and mechanical percuffion of ¥
' ¢« parts. The opinions of Fabri and Dietric”
¢ have no foundation in nature, and are CU“”'I' |
“ to experiment.

« It remains, therefore, to determine the ©
¢ cumftances proper to drive into the recel? )
“ M N, the greateft quantity of air, and to e
“ fure that quantity. The circumitances Wh
“ favour the moft abundant produétion of win’
¢ are the following : 7

« 1. In ardet 1o obtain the greateft effect ﬁro.t
“ the acceleration of gravity, it is neceflary t{,
“ the water fhould begin to fall at B C, with ©
“ leaft poffible velocity; and that the htl"ht
« the water FB fhould be no more than is “e
fary to fill the fection B C. 1 fuppole the ¥ ,fl
tical velocity of this fe€tion to be produce ed bY*

€

-

[4

¢ height or head equal to BC.
¢ 2. We do not yet know, -by dire

& ep”
L]‘

m
 ment, the diftance to which the lateral cor”? 0
g s mCa[




L14

€«

T«

€«

€

€«

114

(14

(14

L {1

€«

L

L35

¢

£

€

L14

L1+

L7

L1

L1

fc

L1

principal Machines, Se. gy

nicatioh of mation between water and airscan ex-
tend itfelf; but we may admit, 'with confidente,
that it can take place in a fection double that of
the original feétion with which the water enters
the pipe. ‘Let us fuppofe the fetion of the pipe
B D'E'C, 'to be double the fection of the water
at BC; and in order that the ftream of fluid
may extend and divide icfelf through the whol
double feétion of the pipe, fomne bars, or a grate,
are placed in BC, to diftribure and featter the
water through the whole internal -cavity of the
pipe.

€

Lo

Since the air is required ‘to ‘move in'the
pipe O, ‘with a ‘certain velocity, it muft be
comprefied in ‘the reeciver. This compreflion
will be-proportioned to  the fum of the accele-
rations, which fhall have been deftroyed in the
inferior part K D of the pipe. Taking KD
equal “to one_ foot and a half, we Thall have a
prefiure fufficient to -give the requifite velocity
in the pipe Q. The fides of the portion. KD, as
well as thofe of the receiver MIN, muft be ex-
attly clofed in every parl.

“ 4. The lateral openings “in “the remaining
part of the pipe BX, may be fo difpofed
and muliplied, particularly at the upper part,
that the air may have free accefs within the
tube. I will fuppofe them to be fuch, that
one-tenth part of a foor height of water
might be fufficient to give the neceffary ve-
. locity

-
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“ locyty to the air at its introduction through the
“ apertures. (1)

__——"'J

(1) « All thefe conditions being attended to, and P~
* pofing the pipe BD to be cylindrical, itis required to 8¢
* termine the quantity of air which paffes in a given time
<« through the circular fe¢tion K L. Let us take, in fe€h
«KD=15; BC=BF =4; BD=j. Byth
¢ common theory of falling bodies; the velocity in KL W ill
« bhe 7,';6 Va+ b— 1,4 5 the circular fe@ion K
« — 0,785 &% ' Admitting the air in KL to have 4
¢ quired the fame velocity as the water, the quantity of the
# mixture of the water and dir, which pafles ina feconds

“ through K L, is = 6,1 @* ¢/ @ + é— 1,2. 4. We muft
“deduct from the quantity (@ 4 b— 1,4) that height
% which anfwers to the velocity the water muft lofe by that
« portion of velocity which it communicates to the new &f

¢ laterally and conflantly introduced ; but this quantity is
“ fo fmall, that it may be negletted in the calculatio™
¢ The water which paflzs in the fame time of one feco?

« through BC, is = 0,4 a* v/ 2 + o,1. Cov~:1-qtlcsl‘l}"
« the quantity of air which pafles in one fecond rla|0b~

WKL, willbe=6,14* v/a£5—1,4 — 0,4 &* v’a—!—ti”
“ taking the air itfelf, ¢ven in its ordinary ftate of €™

« prefifon, under the weight of the atmefphere. It will 4

§¢ propery, in praftical applications, to dedué onc- fourth
hich

¢ from this quantity; iff, on account of the fhocks W
“the

¢ the fcattered water fuftains againft the interior part of
adl7s

“ tube, which deprive it of part of its motion ; ands
in

¢ becaufe it muft happen that the zir in LK will no%
“all its parts, bave acquired the fame velocity ad the
¢ water,”

1] II
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“ If the pipe O .do not difcharge the whole
“ quantity of air afforded by the fall, the water
“ will defcend at X Z; the point K will rife in
“ the pipe, the afflux of air will diminith, and
“ part of the wind will iffue out of the lower
* lateral apertures of the pipe B K*.”

The Anemometer; or Wind-gage.

The dire&ion and the ftrength are the two partis
culars which may be required to be afcertained with
Tefpect to the wind.

The methods of determining the atual direction,

by means of wind-vanes; or of the motion of
clouds, &c. are too common and too obvious, to
Need any particular defcription ; but for the purpofe
of meafuring the force of the wind; feveral inftru-
Ments have been contrived ; fuch asa board faften-
€d to the rod of a pendulum, which fhews the
ftrength of the wind by the angle to which the
Pendulum is caufed to deviate from the perpendi-
,Sular; fuch alfo as a {mall windmill, which, by
the number of révolutions that are performed in a
&iven time, gives an eftimate of the force of the
Wind, &c. but amongft all thofe inftruments, the
Moft portable, lefs equivocal, and lefs complicated,
“‘——.— ¢ F3

* Venturi’s Experimental Enquiry on the lateral com-
Munication of motion in Auids, Prop, VIIL

¥ ok, 11, G @ wind-
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wind-gage, is one which was contrived by Dr.
James Lind of Windfor: this is delineated in
fig. 8. Plite XV. which is abéut onehalf of
the real, 'or more ufual, fizé 6f fiuch inftruments.—
Philofophical Tranfaiions, vol. 65, p. 353

“ This fimple inftrumentt corfifts of two glafs
tubes, A B, CD, of five or fix inches in Icngf:h."'E
Their bores, which are fo much the better always
for being equal, are each about .* ths of an inch
in diameter. They are conneled together like 2
fyphon, by a fmall bent glafs tsbe 24, the bore of
which is ' th of an inch in diameter. On the
upper ‘end 'of the leg A B, there is a tube of Jatten
brafs, which is kneed or bent perpendicularly out-
wards, and has its mouth ‘open towards F, OB
the ‘other leg CD isa cover, with a round hole G
in the upper part of ir, ;% ths of an inch in 'diame
ter.  This cover, and 'the kneed tube are connected
together by a'llip of brafs ¢4, which nat only gives
firength to the whole infirument, but alfo ferves 10
hold the feale HI. The kneed tube and coverar€
fixed on with hard cement, or fealing-wax. To the
fame tube is foldered 2 piece of brafs ¢, with 8
round hole 'in it, to receive the fteel fpindle ‘K L,
and at f'there is juft fuch another piece of brafs
foldered to the brafs hoop g b, which furrounds
both legs of the inftrument. There is a fmall
- 2 e

ey

3 ; — - - [+
* ] hc‘y ought to be !onger, as in feveral cafes th
o - - »”
& abovementioned length has been found infufficient.

{houlder
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fhoulder on the fpindle at £, upon which the inftru-
ment refts, and a fmall nut at #; to prevent itfrom be-
ing blown off the fpindle by thé wind. “The wholein«
ftrument is eafily turned round upon the {pindle by the
wind, fo as always to prefent the mouth of the kneedk,
tube towards it. The lower end of the {pindle hasa
fcrew on it; by which it may be fcrewed into the top
of a poft, or aftand made on purpofe. It alfo hasa
hole at L, to admit a fmall lever for fcrewing it into
wood with more readinefs and facility. A thinplateof
brafs, , is foldered to the kneed tube about half an
irch above the round hole G, fo as to prevent rain
from falling into it. There is likewife a crooked
tube A B, fig. 9. to be put on occafionally upon
the mouth of the kneed tube F, in order to pre-
vent rain from being blown into the mouth of the
wind-gage, when it is left out all night, or ex-
,Pofed in the time of rain. The force or momentum
of the wind may be afcertained by the affiftance of
this inftrument, by filling the tubes half-full of
Water, and pufhing the fcale a little up or down,
till the o of the fcale, when the inftrument is held
up perpendicularly, be on a line with the furface of
‘ﬂlc water, in both legs of the wind-gage. The
‘nftrument being thus adjufted, hold it up perpen-
dicularly, and turning the mouth of the kneed
tube towards the wind, obferve how much the
Water js deprefled by it in one leg, and how much
"is raifed in the other. ‘The fum of the two is the
height of a column of water which the wind is ca-
G62 pable
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pable of fuftaining at that tithe ; and every body
that is oppofed to that wind, will be prefled upon
by a fcrce equal to the weight of a column of
water, having its bafe equal to the furface that 18
iexpofed, and its height equal to the altitude of
the column of water fuftained by the wind in the

“wind-gage., Hence the force of the wind upopd

any body, where the furfice oppofed to it 5
known, may be eafily found, and a ready compd-

“rifon may be made betwixt the ftrength of oné

gale of wind and that of another, by knowing the
heights of the columns of water, which the dif-
ferent winds were capable of fuftaining. The
heights of the columns in each leg will be equals
provided the legs are of equal bores ; otherwife the
heights muft be calculated. accordingly.

“ The force of the wind may likewife be med
fured with this inftrument, by filling it untl the
water runs out at the hole G.  For if we then hold
it up to the wind as before, a quantity of watef
will be blown out; and, if both legs of the inftr”
ment are of the fame bore, the height of the colu®?
fuftained will be "equal to double the column ©
watcr in either leg, or the fum of what is wanting
in both legs. But if the legs be of unequal bores
then the heights muft be calculated accor®
ingly.

« Op land this inflrument may be left out €
pofed all night, &e. ; but at fea it muft always be

held uvp by the hand in a perpendicular po! ficior?

whﬁﬂlc 0




principal Machines, &e. 453
Whether it be ufed when only half-full of water,
Or when quite full ; which laft will be frequently
found to be the only practicable method during the
Righe, ‘

““ The ufe of the fmall tube of communication
@b, fig. 8. is to check the undulation of the wa-
ter, fo that the height of it may be read off from
the feale with eafe and certainty. But it is parti-
Cularly defigned to prevent the water from being
thrown up to a much greater or lefs altitude than
that which the wind can fuftain.

“ The height of the column of water fuftained
in the wind-gage being given, the force of the
Wind upon a foot fquare is eafily had by the
following table, and confequently on any knowa
furface,”

¢G 3




Force of the wind

Hakcht of the warer on one foot (quare
in the gage. in pounds avoir-
¢ dupoife.
Inches 12 —= — 62,500
13 B R -y %
10 = == 59:083}
g — = 46,875
i
»:? —— —
6| — —
5' b e
} sl 1 i
B5 B0 lass
T o
0,5 —
0,1 —
0,05 e
0,025 =
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Common defignation®
of fuch winds.

moft viclent hu-
ricane.

41,667 very great hurricant
36,548 great hurricané.

31,756 hurficane.

26,041 very great ftorm.
20,833 great ftorm,
15,625 ftorm.

10,416 very high wind.
5,208 high wind.
2,604.. brifk gale.
0,521 frefh breeze.
0,260 pleafant wind.
0,030 a gentle wind.

When the height of the water is not exatly me?”
tioned in the table, then that height may be feP*
rated into fuch parts as are mentioned in the tables
and the fum of the forces anfwering to fuch par®®
will be the force of the wind correfpondent t© the_
height in queftion ; thus, if the height of the waté!

be 4,6 inches; then this height is equal t0

43
Juis

P
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plus o,¢, plus 0,1, which parts are all in the
table ; therefore
Lbs,
4 inches 20,833
0,5 = 2,604
Q1 — 0521

—————

The fum is 23,958, which exprefles the force
of the wind when the height of the water in the
gage is 4,6 inches.

Any alteration that can ufually take place in the
temperature of the water, makes no fenfible dif-
ference in this inftrument.

In frofty weather this gage cannot be uféd with
common water, At that time fome other liquor
muft be ufed, which is not fo fubje&t to freeze;
and, upon the whole, a faturated folution of com-
mon {2t in water is the moft eligible: but in that
cafe (fince the fpecific gravity of a faturated folu-
tion of falt is to that of pure water as 1,244 to 1)
the forces which are ftated in the preceding table
muft be multiplied by 1,244. Thus, if in the pre-
ceding example the faturated folution of falt had
been ufed inftead of water only, the force of the
wind on a fquare foot, would have been 24,8
Pounds *,

The

. 2 _ TN

y * When falt-water is ufed, the force of the wind, which
5 Rated in the table, muft be increafed in the proportion of
G G4 the
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The Barometer.

i tions might be rendered apparent.

Plate XVI.

The conftru&tion of the barometer has been fo
often varied at different times, and by different
ingenious perfons, that a defcription of all it
fhapes and varieties would be endlefs;
would at the fame time be ufelefs, fince few of
thofe wvarious conftruttions are really fufficiently
ufeful, either for the common purpofe of indicating
the variations of the gravity of the atmofphere, OF
for the purpofe of meafuring altitudes.

As the ufual perpendicular movement of the
mercury in the barometer, upon the whole, hardly
i amounts to two inches and a half, therefore the
6 principal object of various ingenions perfons has
i been to extend the fcale, fo that very {mall varid-

One of the methods by which this objeét ha
been accomplifhed, is reprefented in fig. 8. ©

A B is a glafs tube about 5 or 6 feet long, ope”
at its lower end, and having an enlargement CD 4

the fpecific gravity of falt-water to that of common wateF 3
thus, ufing the preceding example, we mutt fay, as ¥ : 1,244
123,958 to a fourth proportional, which muft be found ®Y
multiplying the fecond term by the third, and then divid?ﬂg
the produét by the firlt term; but, the firft term being
upitys we need only multiply 23,9 58 by 1,244-
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the height of between 28 and 31 inches above .its
lower extremity. This tube is filled with mercury
3 high as'about CD, viz. the middle of the en-
lrgement of its cavity ; and the upper part of it,
Viz. from the furfaice C D of the mercury, to a
Certain place E, in the upper part G B of the tube,
18 filled with tinged {pirit of wine; the remaining
fpace EB being a vacaum. F is a bafon contgin-
ing quickfilver, wherein the lower end of the tube
is immerfed.

When the mercury rifes in the barometer; for
inftance, one inch in the enlargement CD, it is
evident that a certain quantity of fpirit of wine
Muft be forced by it into the part GB, which will
fill much more than one inch length of the tube GB,
firft becaufe one inch altitude of the cavity CD
Contains fpirit of wine enough to fillup fome inches
!f-'ngth of the tube GB; and adly, becaufe one

nch perpendicular altitude of quickfilver is equiva-

lent to feveral inches perpendicular altitude of fpirit
of wine. By this means a fmall variation of the
altitude of the mercury in CD, is indicated by a
Much more-apparent variation of the altitude of the
fpirit of wine in GB.

Barometers, containing mercury and {pirits, or
Mercury and water, or mercury and fome other li-
Quor, have alfo been made of feveral parallel tubes
“onne&ted together in a zigzag way; but I need
N0t detain my reader by a-particular defcription of
fuch barometers, fince they are all much more im-
perfect
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perfet than the fimple fraight mercurial barome-
ter. Their imperfetions principally arife from the
expanfion and contraCtion of the other fiuid befides
the mercury, and from the vapour which being €%°
tricated from that other fluid, and occupying ¢
upper part of the tube, counterats in great méd”
fure the preffure of the atmofphere.

The elongation of the fcale, or of the appare?
motion of the barometer, has alfo been accomplift”
ed by inclining part of the mercurial barometé’”
Thus, in fig. 9. Plate XVI. the tube is fraigh®
from the bafon B, to the altitude A, viz. abod®
28 inches, but the reft, AC, is inclined o t°
horizon, ¢

Now, as the ordinary perpendicular motion §
the quickfilver amounts to about threg inch®”
which is equal to AD ; therefore, when it moves no*
perpendicularly from A to D, but obliquely tth“gh
AC, it muft run all the way from A to C, 1 "rf
der to attain three inches of perpendicular altiudé?
fo that if the part A C be 12 inches long, viz: 0
times as long as the part AD, then, whilit ‘}‘16
mercury in a ftraight barometer rifes one inch, ¥
this flant barometer, it will run along four inche®
fength of the part AC ; and of courfe the {m"e
alterations of the preflure of the atmolpheré afs
thereby rendered more apparent. Yet this _Qan
‘barometer is by no means fo accurate as 4 ﬁrﬂ‘g:
one 5 and 'the caufes of its inaccuracy prinCiPa“,} !
are theiobliquity of the furface of ithe .-merCUfY[;E
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the part A C, the difficulty of obtaining, or of
knomng, when the part AC is perfeétly firaight,
and the want of freedom in the motion of the
Quickflver, which arifes from its attraction to-
Wards the glafs, and which increafes with the increafe
of the obliquity of the part A C.

Barometers are alfo made to move circular in-
dexes; they have likewile been made with an
lmnzontal elongation at the lower part of the tube ;
always for the purpofe of extending the fcale. But
all thofe conftructions are attended with confiderable
imperfections ; fo that, upon the whole, the ftraight
Mercurial barometer is the beft. Upon fuch a
barometer for common purpofes, the altitude may
be commodioufly read off to the exalnefs of one-
hundredth part of an inch; and on thofe which are
Made for meafuring altitudes, as mountains, &ec.
it may generally be read off within the gooth part
©fan inch.

I need not defcribe the ornamental part of the
Common barometers, which is varied by the fancy
of every maker ; but a complete one is fhewn by
fig, 14. Plate XVI.; two things, however, de-
fetve to be mentioned, viz. the more ufual con-
fruction of the lower part, or of the ciftern; and
the nature of the nonius, which (in the beft con-
f’cru&lon) is affixed to the index for the purpofe of
lndllt:sn:mg the fmall parts of an inch.

The lower part of the tube is fometimes bent and
enlal‘ged, as is fhewn by fig. 10. of Plate XV(I.

in
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in which conftruction, when the barometer js to be
removed from one place o another, the inftrument
is turned gently upfide down, and the mercury
filling the whole tube, comes not higher than the
curvature A ; but when the barometer is fet ftraight
up againft a wall in the ufiral way, then the quick~
filver defcending a little way from the clofed uppe!
end of the tube, fills the part A B, and rifes a little
way within the enlarged part B ; which in fad
the ciftern of the barometer. Sometimes the ba-
rometers are made with an open ciftern, in which
cafe they a&t well, but are not portable, unlefs they
be carried ftraight up, and very gently, from o0
Pplace to another.

The moft portable barometers of the com”
mon fort; bave a little bag made of a piece ©
bladder, tied round their lower extremity, Th®
bag and tube are filled with mercury, and no p*
of that mercury is expofed to the armofphere;- bv*
the atmofphere prefles upon the outfide of the bag’
which anfwers the fame purpofe. To thof:c
barometers a fcrew S, fig. 13. Plate XVI. ¥
affixed to the frame, which, when the baromete’
is to be carried from place to place, is fcrewed UP”
wards by applying the hand to the milled head‘T’
by which means the preflure of the fcrew agal?
the bag, pufhes the mercury into the tube, fills .uP
the whole length of the tube, and renders the %
{trument quite pogtable.

s oy o - £0
On refletion it will appear, that, according s
t
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the aboye-mentioned conftruétion of cifterns, when
the mercury rifes in the tube, it muft fall in the
Ciftern; in confequence of which the altitude of
the mercury fhould always be reckoned from the
furface of the mercury in the ciftern ; this, how-
tver, excepting in barometers for meafuring alti~
tudes, is in general not taken notice of; fince the
difference is not great.

The principle of what is commonly, though im-
Properly, called #onius, may be better explained by
Means of an example. This curious contrivance is
of great ufe; and in fact it has been applied to a
Steat variety of philofophical, and principally of
Atronomical, inftruments *.

Suppofe that a fcale, as AB, fig. 11, Plate XVI.
5 divided in inches only, and that the parts of an
incly (for inftance, the quarters) be required to be
Meafured by means of a nonius: CD is the no-
Biug, viz. a little {cale, moveable over; or along, the
fide of the fcale AB. The conflruction of this
fOniys is fuch, that the diftance CD, which is equal
' three inches, is divided into four equal parts ;
———

* © This micthod was publithed by Peter Vernier (a
gﬂutleman of Franche Comté) at Bruffels, in the year
I6’31 3 and which, by fome ftrange fatality, is moft un-
J“ﬁ]}’: although commonly, called by the name of Nonigs 3
for Nonius’s method is not only very d:rtercflt from that of
Vcrnm, but. much lels cenvenient,” Roburtﬁn_n g
vigation, B. V. §. 219.

&

whereas

—— e W i

[
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whereas, on the fcale, the fame length is divided
into ‘three equal parts; fo that the divifions of the
nonius are to thofe of the feale as 4 to 3. There”
fore the parts, ot divifions, of ‘the noriius 4
{horter ‘than the divilons of-ithe ‘{cale, vite
each part of the nonius muft be equal to - three”
quarters of each divifion of -the feale; thence the
6t divifion of the nonius, which ‘lies be-
tween-o and 3, is one-quarter of an inch fhortef
than ‘the next divifion of the fcale; the feco?
divifion of the nonius is half-an inch diftant from
the next divifion of the fcale ; and the third divifio?
of the monius is three-guarters of an inch difta0®
from the next divifion (meaning always towards the
right-hand)) of the fcale.

Now, when I am to meafure the diftance EFr
by the'application of the fcale, T find it equal _w
§our inches; but if T want to meafure the i
tance E G, the feale will fhew that it 1s more tha?
four inches, but not how much mere ; now, in.0F
der to find how much more: than four inches i

1 ith

edge D coincides with G. ~ (Here the diftance E
is not placed clofe to the {cale and nonius, only ¥
avoid-confufion) and in that cafe, I find that f
third divifior of the nonius: coincides with one ¢
othe divifions of - the feale; but that divifien of ¢

nonius, " as has been' fhewn above, was three qU%"

ters of an inch diftant from the next divifion of ¢
fcale ; therefore the nonius has now been advanc®
three quarters-of an inch, as is fhewn by fig, 12 a‘;{—
i
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of courfe the length EG is four inches and three-
Quarters,

What has béen faid of this nonius may be eafily
Pplied to explain the principle of every other no-
Mas; viz, as by this nonius we have the quarters
%an inch, becaufe the fame fpace of three inches
Sdivided into three equal parts on the fcale, and
to four equal parts on the nonius; fo we may

e the tenths of an inch if the fame fpace of -
9 inches be divided into 10 equal parts on the
%onius ; o alfo we may have the hundredths of an
ch, if the {ame fpace, which is divided into g-
Yenths of an inch on the feale be divided. into 10
*qual parts on the nonius ; and fo forth, :

The barometers for meafuring mountains, or al-
titudes in general, muft be made with much greater
a‘v”cur-acy than thofe of the common fort; their {cale
"Mt be donger; the mereury in the ciftern muft be
faifed by means of a fcrew always to the fame mark,
- ™ otder that the divifions of the feale may indicate
e rea) alticudes of the {furface of the mercury in the
’fl_lbe above that of the mercury in the ciftern,
Thc’y alfo muft be furnithed with a ftand capable
= ﬁIPPAorring them in a perpendicular fituation §
- Otherwife they cannot be fufpended ftraight up
Ptlie fides of mountains: and great care muft be
czd o render fuch inftruments as portable and as fe-

'€ as poffible.
mtegrious conr’ri-va‘nces have been_ made and e¢xe-

for the attainment of fuch objedts. The lateft
and
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and perhaps the beft, but by no means the fimplefts
was made by Mr. Haas; [ fhall, however, briefly

*deferibe the conftrution of the portable barometer

contrived and conftrufted by the late very ingeniot®
philofophical inftrument-maker, Mr. Jefle Ramf_"
den, which have been ufed by various philofoph'”
cal gentlemen, and efpecially by Colonel Roy in b
numerous meafurements. Fig. 20.and 21. of Plate
XVI. exhibit a barometer of this conftrutio”
both in the fituation proper for obfervation, and
packed up.

« The principal parts of this inftrument are #
“ fimple flraight tube, fixed into a wooden cifte™
« A, which, for the conveniency of carrying 15
¢ fhut with an ivory fcrew B, and that being ¥
““ moved, is open when in ufe. Fronting th®
“ aperture is diftinétly feen the coincidence of
« gage-mark, with a line on the rod of an vory
¢ float, fwimming on the f{urface of the quickﬁl‘fcr’
% which is raifed or deprefied by a brafs ferew © #
% the bottom of the ciftern. From this, asa fi¢
“ point, the height of the column is readily med”
« fured on the fcale D attached to the frames
“ ways to i, part of an inch, by means of & nO':
¢ nius E, moved with rack-work. A thcr‘n:n
¢« meter F is placed near the ciftern, whofe b ¥
« heretofore was ufually inclofed within the woe
““ work, a defeft that hath been fince rﬂﬂ?cdle '
« The three-legged ftand, {upporting the B

e B ohe
« ment when in ufe, ferves as a cafe for 1® %
6 mvcﬁ‘

frv”
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“ inverted and carried from place to place, fig. 21.
* Two of thefe barometers, after the quickfilver
in them hath been carefully boiled, being fuffered
to remain long enough in the fame fituation, to
¢ acquire the fame temperature, ufually agree in
height, or rarely differ from' each other more
© than a few thoufandth parts of an inch*®.”

The Air-Pump.

The gir-pump is an inftrument which ferves to
draw, or pump, the air out of any veflel which is
Properly adapted to it. This noble engine is one
of the principal inftruments which have, fince the
middle of the 17th century, centributed to the rapid
advancement of natural philofophy, by affording the
Means not only of verifying what had been advanced
nd conjeGured by feveral learned perfons concern-
g the atmofphere ; but likewife of trying a great
Many experiments, and of afcertaining a vaft num-

¢r of new and interefting facts.

The original principle or conftruction of the air-
Pump is fimilar to that of the common water-pump
Which we have already defcribed 5 excepting that
the parts of the air-pump muflt be executed with

* Philofophical Tranfations, vol. 67. p. 658,

¥OL, 11. HH very
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very great accuracy, for the purpofe of intercepting
the paffage of the air, where that is not wanted,
and which, on account of the preffure of the at-
mofphere and the fubtlety of the air, cannot be
well intercepted, without the utmoft mechanical
accuracy.

The firft conftrution of the air-pump was
very imperfect, but a variety of improvements
gradually removed its imperfetions, and multi
plied its varicties; fo that at prefent there ar€
various forts of air-pumps in ufe, which ar®
more of lefs eomplicated, more or lefs effectual
in exhaufting, and more or lefs expenfive, The
hiftory of moft of its improvements and fhape®
makes a very entertaising article in variot®
books, and efpecially in the Encyclopadia Bri-
tannica, under the article Pneumatics; but fc\'ﬁa!
of thofe improvements-need not be noticed #
prefent, fince they have been fuperfeded by bettf
contrivances. The defcription of the particuld®
conftructions, at leaft of the moft ufeful, may be
found in the above-mentioned article, or in othe’
works that are menticned in the note. We fhal
only deferibe the principle of the fimpleft pump
which is now in ufe, for the purpofe of givi%e
the ftudent a clear idea of the principal parts @
that exhaufting engine, and fhall then fubjoin the
defcription of an improved one which was latelf

contrived and executed by Mr. Haas, cﬁJCCia”i
q
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s that conftruction has not, as far as 1 know;
been defcribed in any other publication®.
Fig.

——

* The air-pump was firft invented by Otto Guericke, a
gentleman of Magdeburgh in Germany, about the year
1654. (Schottus. Mech. Hydraulico-Pneum.) Soon after,
Guericke’s contrivance was imitated and greatly im=-
Proved, in England, by the celebrated and indefatigable Mr.
Boytc (fee his works), who was affifted by feveral eminent
berfons, and efpecially by Dr, Hook, a gentleman of 2 moft
inventive mechanical genius, But the want of fkill in the
then exifting workmen, and the deficiency of feveral arti-
tles, fill rendered the air-pump a very imperfeét inftru-
ment, until Mr. Hawkefbee produced an improved and
elegant engine of that fort, which has been copied by many
artifts here and elfewhere, and is even at prefent in ufe
amongft philofophers:  (See the defeription of it in Dr,
Dt:ﬁigulier’s Philofophical Works,) Another pump, fome-
What different, was alfo conftrufted by Gravefande: (See
his Courfe of Philofophy.) But a very capital improve=
ment of the air-pump was made irt almoft all its parts, by
the late famous engineer, Mr. John Smeaton; (fee his de~
Leription in the 47th vol, of the Philofophical Tranfaltions);
and a well-made pump of that fort, undoubtedly, is one of the
beft now extant ; yet, after the interval of about 25 years,
this conftruftion was followed by feveral other contrivances,
fome of which are certainly fuperior to it. The beft of
thofe latter contrivances are, a pump by Mr. Haas; (fee its
Conftru&ion in the y3d vol. of the Phileiophical Tranfac-
tions) ; an air-pump by Mr. Prince of Bofton in Americaj
(Encyc]opmdia Britannica, article Pneumatics} ; one by

ri Cuthbeitfon, an eminent philofophical-inftrument

HH2 makeF,
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Fig. 18. of Plate XVI. exhibits the fimpleft
fort of air-pump. AB is the brafs barrel, which
is reprefented as being tranfparent for the purpole
of fhewing the conftrution of the internal parts
The infide of the barrel is as perfectly cylindrical 8
can be made, and very fmooth, The barrel is open
at top, or if furnithed with a cover, that cover 1S
perforated for the paflage of the rod FG, and of
the air, The bottom B of the barrel is accuracely
clofed by a flat piece of brafs, excepting a finall
hole, which pafies through the faid piece, and com-
municates with the cavity of the glafs receiver Ds
which is cemented into the piecce G, and out of
which the air is to be pumped. The {iall hole in
the flat bottom of the barrel is covered by a flip of
oil-filk, which is ftrained over it; whence it appearss

i

maker, at prefent in London; (Encyclopzdia Britannicds
article Pneumatics.) A very good improvement of the
air-pump was made in France by M. Lavoifier, and othe’
fcientific perfons, which rendered that engine capable of
exhaufling to a very great degree; but it is faid, that
that conftruction is difficultly executed, and eafily put ouf
of order.

The fixth vol, of the TranfaGions of the Royal Ir ifs
Academy contains the defcription of an air-pump, contl‘i‘{cd.
by the Rev. James Litde, of Lacken, in the county o
Mayo, This paper, befides the particular defcription of the
inftrument, contains feveral good obfervations on the 8%

neral fubjeck of air-pumps, and apparatus, hat
thd¥
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that air may pafs from the receiver D, into the
barrel ; but it cannot go from the latter into the
former. E is a pifton, viz. a folid piece of brafs,
Covered over with leather foked in oil, or other
8realy matter, which fitting the cavity of the barrel
very accurately, may be moved up or down all
along the barrel, by means of the rod F'G, without
admitting any air between the furface of the barrel
and that of the pifton. But there is a hole, indi-
Cated by the dotted lines at E, which pafies through
the pifton, and has its upper end covered with
2 ftrained flip of oil-filk, fimilar to the valve at the
Bottom B of the cylinder. The valve in the pifton
Permits the air’s paffage from E to G, but not the
Sontrary way. 1f the hand be applied to the handle
F, and the pifton be moved alternately up and
down the cylinder, the veflel D will thereby be
Sradually exhaufted of air, and the procefs of it is as
foNows «

When the pifton is drawn upwards, the fpace
*tween the lower part of it and the bottom of the
“linder is enlarged, and the air in it is rarefied;
Whereas the air in the recciver D is denfer than
th‘"'-ts therefore the. elafticity or expanfive property
" OF this gir prefles again(t the lower part of the oils
ﬁ_”f at the bottom of the cylinder, more than the
W which is within the cylinder prefles vpon the
UPper fide of it ; hence part of the air of the vefiel
e Pijlﬂ"es into the barrel, and of courfe the quantity

" #rin D is diminihed. Then, by deprefling
HHJ the
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the pifton, the quantity of air which is between it
and the bottom of the pifton is condenfed ; henc®
it prefles againft the lower fide of the valve Gy
more than the atmofpheric air prefles on the uppe’
fide of the fame; therefore the greateft part ©
that air paffes through that valve into the armof
fphere. When the pifton is drawn upwards the
fecond time, the like effect takes place, and the
air of the veflel D is diminifhed a litle more™
Thus, by repeating the movement of the piftor
the veflel D is gradually exhaufted of air to a €€
tain degree, which is the utmoft limit of the put‘l‘lp‘s
exhaufting power ; and that degree is expreffed by
the proportion which the air that laftly remain®
in the veflfel D, bears to that which was at firft
init. Thus, if the remaining air is one-tenth pA’°
of the original quantity, the pump is faid to have
rarefied the air ten times ; for, in fac, the res
maining quantity of air in D, fills up ten times
the fpace which it occupied before the €
hauttion. '

A

 the

e = pp——

* It will be eafily comprehended, that if the valves in
pifton and at the bottom of the barrel could be opened vk
the utmoft freedom, the quantity of air, which remain®
the veflel D, after every ftroke of the pifton, woul
that quantity which was in it, previous to that firoke; ast
capacity of the veflel D is to the fum of the capacitics %,
that veflel, and of the barrel,

d be to

A mDrG
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A more particular examination of the parts as
Well as operations of this pump, will point out the
Powers, the'defet, and the improvements of air-
Pumps in general.

As the capacity of the barrel is generally fmall in
Proportion to that of the veffel, out of which the air
is to be exhaufted in feveral experiments, the exhauf~
tion will praceed but flowly ; therefore, in order
o expedite the operation, pumps have been made
With two barrels, which are moved alternately by
Means of a wheel with 2 handle, and racks affixed
to the rods of the piftons. Both barrels commu-
Dicate with the fame receiver, and the exhauftion
80es on as quick again as when one barrel is
Ufed.

The receiver cemented to the piece BC, at the
bottom of the barrel, cannot be adapted to a great
Variety of experiments ; therefore, inftead of that,
the barrel or barrels have been made to communi-
Cate with the fame duét which opens in the middle
9 a pretty large and flat metal plate.  Then a glfs
fectiver of any required fize, within certain limits,
'S placed with its aperture upon that plate, and is
©xhaufted, &c.—In order to prevent the admiffion
Of air, between the edge of the receiver and the
Rlate of the pump, it was formerly ufed to inter-
Pole a piece of wer leather, which, however, was
foung 1o, be prejudicial on feveral accounts; hence
the leather is now fldom ufed ; but the edges of
the receiver, as alfo the furface of the plate, are

HH4 ground




472 Defeription of the
ground f{o very flat and fmooth, that when the re-
ceiver is placed upon the plate, no air can pafs
through, elpecially if the leaft film of oil be inter=
poled, or be placed on the outfide of the edge of
glafs,

Both thefe improvements, viz. the double barreh
and the plate, are feen in fig. 17. Plate XVI.

By infpecting fig. 18. Plate X VL it will alfo
be eafily underftood, that when the air which ré*
mains within the veflel D, is fo far rarefied as not
to have force fufficient to open the valve ac the
bortom of the barrel, then the pump cannot eX”
hauft the veffel any farther. This effet is allo
partly produced by the air which remains betwee?
the pifton and the bottom of the barrel, when the
pifton is down. Now in order to avoid thefe in
conveniences, {everal contrivances have been madés
and it is the different nature of thofe contrivance®
that forms the variety of thofe air-pumps which
have been mentioned above.

Mr. Haas’s laft air-pump (for this is not the
fame as was contrived by the fame perfon fom®
time-ago, and which is deféribed in the 73d Vo
of the Philofophical Tranfactions) is fhewn i
Plate XVI. fig. 2. and 5. The wooden framé of
the machine is fufficiently apparent in fig. 2. There
are two barrels in i, which by turning the handle
H, round the axis A, about one turn and a hal
one way, and then as much the other Wa?
are worked alternately ; for within the wooden g‘;;c

2
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BB, there is on the axis A, a wheel with teeth,
whick catch into the teeth of the racks, which are
affixed to the rods of the piftons.

The two barrels communicate with a common
du&, which opens in the middle of the Plate. P,
This plate is firmly fixed vpon a wooden pillar
that proceeds from the ftand or pedeftal of the
Mmachine. Q, O, at the lower part of the machine,
are two veflels affixed to the ends of the barrels;
and their office is to receive the oil which gradually
Paffes from the infide of each barrel through the
Valve at the bottom.

Fig. 2. is one-eighth of the real fize; and
fig. 5. which exhibits a feftion of one of the
barrels, is one-fourth of the real fize.

At the bottom V of the barrel, there is a valve
Which opens outwards, viz. the air may be forced
from the infide of the barrel into the atmoiphere,
but cannot go the contrary way.

The form of the pifton is pretty well indicated
by the figure. It confifts of two pieces of brafs
ferewed together, and holding between them cir-
Cular pieces of leather, the edges of which rub
gainit the cavity of the barrel. There is a valve
™ the pifton, through which the air may pafs from
the upper part of the barrel into the lower, but
0t wice werfz. The rod of the pifton is quite
fmooth and cylindrical ; it pafles through, what i
Called, a collar of leathers, viz. through a hole
Made in many pieces of leather, which are contained

in
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in a brafs bex Z, on ‘the top of the barrel.*
Several holes are feen towards the upper part of
tue barrel, which communicate with a cavity, in-
dicated by two dark lines, that runs all round the
upper part of the barrel, and communicates with
the du@t D of communication with the plate of the
machine,

When the pifton is drawn upwards, the air may
Pa_ﬁ;, though not- very frecly, from the upper 0
the lower part of the barrel, through the valve iB
the pifton ; but when the pifton is raifed fo highs
as that its lower {urface be higher than the above~
mentigned holes, then the air from the receivef
which flands on the plate, coming through the
du& D, may freely pafs inta the bairel; for if
that cafe there is neither valve ner any thing elfe
that obftructs its paflage. Then on deprefling the
pifton, the air which has entered the barrel being
comprefled towards the lower part of the barreh
will be forced out of it through the valve at V-
1t is owing to the freedom with which the air €28
pafs from the receiver which ftands on the plat®
into the bariel, that this pump rarifies to a ver¥
confiderable degree,

* Thelc leathers as well a5 thofe of the pifton, are well
foked in hog's lard (fome workmen foke them in oil af
tallow). The latter fit the barrel, and the former fir the
outfide of the piftoa rod, {o well as not to allow the paflag®

a4 T I IE
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It will appear on the leaft refle@ion, that no
Pump can poffibly remove all the air from any re-
teiver ; for the quantity of air which is expelled at
each f{troke of the pifton, is only a portion of
what was in the receiver previous to that {troke ;
and therefore 2 much greater quantity of air fimilar
In denfity to that which was laft expelled, muft
Temain in the receiver. So that a great degree of
tarefadtion, but not a complete exhauftion, is all
that can be expected from the beft pump; whereas
the torricellian vacuum is much more complete
than what is made by an air-pump.

When a pump of the common fort rarefies the
air of a receiver 2c0 or 160 times, it may be con-
fidered as a very good inftrument of the kind. The
very beft pumps now extant, will rarefy the air 600
Or even $00 times ; but I am unwilling to ftate the
Utmoft effect of thofe conftruftions; fince a very
trifling difference generally produces a confiderable
alteration in the refult, The pump being recently
Put together, the valves being more or lefs ftrain-
ed, the want of a due quantity of oil, between the
Moving parts of the engine, and vatious other par-
ticulars, render the pump more or lefs capable of
Farefying the air of a receiver; and generally they
rarefy to a great degree at firft, but foon lofe that
Power,

The variovs methods of eftimating the quantity
of air which remains in the receiver after a certain

action
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action of the pump, or of meafuring the rarefaction,
will-be thewn in the fequel.

The glafs receivers for an air-pump are of dif-
ferent {izes, acrording to the nature of the cxpci'{‘
ments.  Some of them are open at top, and @
their upper aperture there is fometimes applied 3
flat brafs plate, which is ground very fineoth, or 2
focket is cemented ; to which plate or focket various
apparatules are affixed.

Sometimes the receivers are not fer immediately
on the plate of the pump, but they are for on
another plate, which has a pipe with a ftep-cocks
that may be ferewed into the centre of the principi11
plate P. ‘With this apparatus the air of the receiver
may be rarefied as well as if the receiver ftood upon
the principal plate ; and when thar is done, by
turning the flop-cock, and unfcrewing it from the
middle of the principal plate, that receiver, having
the air rarefied, may be removed together with the
{mall plate, and leave the pump ready for other €x-
periments. ‘This auxiliary plate, with its pipe and
ftop-cock,. is commonly called a trangferrer, Seé
fig. ¥9. Plate X VI, )

Of the various experiments which are ufally
performed with the air-pump, and which are de-
feribed in almoft all the works on Natural Phi-
lofophy, I {hall briefly deferibe a few only, as they
will be quite fufficient to indicate the general mode

of making fuch experiments,

Place
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Place the glafs receiver upon the plate P of
the pump, as appears at fig. 2. taking care that
both the edge of the receiver and the plate, be quite
Clean, and fmearing the former with a very fmall
Quantity of oil ; then work the pump by turning the
handle H of the machine alternately as far as it will
80 one way, and as far as it will go the other way.
Afier a few firokes you will find, upontrial, that the
glafs receiver adheres very firmly to the plate; for
48 the air is partly withdrawn from the infide of the
Teceiver, the preflure of the atmofphere on the out-
fide becomes manifeft. The adhefion of the re-
Seiver to the plate.increafes in proportion as you
‘ontinue to work the pump.

There is, in every air-pump, a {crew-nut on the
% of communication between the barrel and the
Yeceiver; which may be opened occafionally, in
Order to let the external air enter the cavity of the
"eCeiver : fo that if, in the above-mentioned cafe,
this ferew-nut be opened, the air will rufh in
With an audible noife ; in confequence of which
the adhefion of the receiver to the plate will be
1“:3“.10\«’6(1.

Under fuch a receiver, or other receivers of dif-
frent forms, a variety of things may be placed,
nd on rarefying the air, different effects will take
Placc; but in defcribing thofe experiments, it will
¢ fufficient to fay that certain effeés are produced
¥ certain fubftances i# vacus, or in the exhaufted.
rtcciver; meaning {uch a vacuum as may be pro-
duced,
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duced by the air-pump; for a more pert’céi:
vacuum is always denominated the torricellic¥
Dacusi. p

An exhaufted receiver does not appear different
from what it does before the exhauftion, Objects
may be feen in it and through it, juft as well in 00
cafe as in the other.

A lighted candle placed under the receive
the pump will go out after 2 few flrokes of the
pifton, and the fimoke will be feen to defcerd’
there being not air enough to fupport it.

Knimdls die fooner or later in the receiver of
¢he air-pump.  Infects die lateft in it, viz. aftet
the lapfe of fome hours. A dog, a cat, a rabbit; *
moufe, a bird, &c. begin to fhew figns of v

e of

- eafinefs after a few ftrokes of the pifton; che U

eafinefs, the quickening of the refpiration, and the
panting for want of air, increafe gradually; ¥7
miting, bleeding at the mouth and noftrils, 10(5'0{
firength, and fwelling of the body, fucceed ; but 8
thofe difagreeable fymptoms lalt not many minul€s?
for death foon clofes the fcene.

If previous to their death, air be admitted i@
¢lie receiver, by opening the fcrew-nut, the anim®®
gcnerally revive, provided the rarefaction has 19
broken any vical part.

If water be placed in a glafs under the rec®!
the wate*

vel

of the pump, on working the machine,
will at firft appear full of air-bubbles, then thofe a1
; . - ivé
bubbles enlarge, and coming out of the wateh 3",{
i
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it the appearance of boiling. By rarefying the
Air, and of courfe removing the preflure of the at-
mofphere from the furface of the water, the air
Which is ufually contained in it is expanded in vir-
We of its elafticity, and elcapes from the water,
Wwhich efcape gives the appearance of boiling ; for
the water does not acquire any heat by ir.—~The
like thing happens with feveral other fluids. If
fithes be containied in the water, the rarefaction of
the air kills them, and breaks their air-bladders..
Even the minute infets that are frequently feen in
Vinegar, are deprived of life if the vinegar be ex-
Pofed to the exhaunftion of the air-pump.

Shrivelled fruit, under the receiver, are generally
{welled by the exhauftion, and appear very plump,
Whilft they remain in ir.

A bladder, containing a very {mall quantity of
2z, and having its neck tied up, when placed under
the redeiver, will, on exhaufting the receiver, fwell
Up and appear quite full; the reafon of which is,
that when the preflure of the atmofphere is re-
Moved from the outlide of the bladder, the internal
Ar expands itfelf.

Fig. 4. of Plate XVI. reprefents a little ma-
chine confifting of two little fets of mill-fails, & and
é which are of equal weights, - are unconngcted
With each other, and turn with equal freedom upon
their axes, Each fet has four thin fails, fixed igto
the ayi} ; thofe of the mill # have their planes per-
Pendicular to the ‘axis, thofe of & are parallel to

theit
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their axis 5 in confequence of which when the mill
a turns round in common air, it is little refifted by
the air, whereas the other is refifted in a confi-
derable degree. There isa pin in each axle near
the middle of the frame, which goes quite through
the axle, and ftands out a little on each fide of it3
upon thefe pins, the flider 4 may be made to beal
and fo hinder the mills from going, when the ftrong
fpring ¢ is fet or bent againft the oppofite ends of
the pins.

“This little machine ferves to fhew the refiftanct
which air offers to the motion of bodies, which 1€
filtance is proportionate to the furface that the bodf
prefents directly before the air.

For this purpofe the above-mentioned little ma”
chine, with the fprings bent and {2t upon the axles
is fituated upon the plate’ of the pump, and a 1€’
ceiver is placed upon it; but this receiver muft
have a focket, with a fer or collar of leathers, €€
mented to its upper aperture, and a long wire moft
pafs through a hole in the leathers, like the rod ©
the pifton in fig. 5; and it muft be fo fituated thé*
the wire of the receiver may be puthed down €**
altly upon the flider 4, and difcharge ir from the
pins; in confequence of which the mills being 1M~
pelled by the fpring, will be cauled to turn round:
Now if this operation be performed when the T
ceiver is full of air, it will be found that the mi”fz
will turn round much longer than the other; f‘o‘r ’
meets with lefs refiftance ; bur if the fame opﬂ'a”g:
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be performed when the receiver is exhaufted, then
the mills will be found to turn for a much longer
time, and will {top both at the fame time,

The like thing is fhewn by the defcent of heavy
bodies, There isa fmall apparatus fitted to a brafs
Plate, which is to be fituated on the upper apertute
of 2 tall recciver. See fig. 7. of Plate XVI. It
Confifts of wire that paffes through a collar of lea-
thers, and has an hooked termination. There is alfo
other wire 2, which has a moveable flap hinged
% its lower extremity. The flap being placed ho-
fizontally, may be refted upon the hooked pro=
Je€tion of the central wire 4 ; then, by turning the
Wire 4 round its axis, the above-mentioned flap is
fiiftngaged from the hooked projetion, and drops
. M a perpendicular diretion. |

This mechanifin is generally called 252 guinea
d feather apparatas ; becaufe a guinea and a fea-
ﬂ.lffl', or different bodies of diffimilar {pecific gra-
Vities, are ufually placed upon the above-mentioned:
‘ﬁ"lP whilft horizontal; and may be dropped from
' by turning the wire 4. It appears that a guinea
94 a feather, or any other bodies, will arrive at
*he bottom of the veflel, or will firike the plate of
the Pump, at different times when the receiver'is
i"”l of air; but precifely at the fame time, when
the receiver i exhaufted ; in that cafe, there being
I*')thing in the receiver to refift them, and their
&ravities being proportionate to their quantities of
Matter,  See page 59 and 6o of vol. 1,

YoL. 17, 11 Place




482 Defeription of the
Place the glafs, AB, fig. 1. Plate XVI.-open &t

both ends, upon the plate of the pump over the
hole, &c. and place your hand fat and clofe @

. the upper apertoire B of it. On exhaufting that

glafs, you will find that the hand is prefied with 2
weight which increafes in proportion as you con*
tinue to work the pump, and the adhefion is fo
great, that the hand cannot be temoved, unlefs
the ferew-nut be opened, and the air let into the
glafs.

The cups which are ufed by furgeons for bleed”
ing, are often applied to the fleth, by means of 4
exhaufting fyringe, which is nothing more than #
finall barrel with pifton and valves, exadly like th
one defcribed in page468. This fyringe is {crew®
to the neck of the cup, whilft the oppofite a0
much larger aperture of the cup is applied to the
furface of the body, &c.

If inftead of applying the palm of the hand, y0¥
tie a piece of bladder over the aperture B of the
above-mentioned glafs, on working the pump, which
removes the preflure from the under part of the
piece of bladder, the preffure on the external pPA™
of it will become very manifeft; for the bladdef
will be hollowed by it, and at laft it will be broke”
with confiderable noife.

Fig. 3. Plate XVI, reprefents a brafs machin€s
confifling of three pieces, A, B, C; which ferve?
to-fhew the preffure of the atmofphere in 2 very

- \ | : ica
ftriking manner, A and B are two hemifpheric
cups
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cups; whieh, when joined together, form a globe,
the cavity of which communicates with the at-
mofpherical air, through the pipe E, when the
ftop-cock D is open, otherwife it is abfolutely
clofed *, -

Join the two hemifpheres; ferew the end of the
pipe E, into the centre hole of the plate of the
air-pump, and open the ftop-cock D. In this fi-
tuation work the pump fo as to exhauft the globe
A B; then thut up the ftop-cock D, unfcrew the
pipe E, with the globe from the pump, and fcrew
the piece C upon the pipe E. The globes now
being exhaufted, the prefiure of the atmofphere
will force the two hemifpheres, A and B, very
powerfully againft each dther; fo that if twa
ftrong . men, applying their hands, one at the
Upper ring A, and the other at the lower ring C,
endeavour to feparate them, they will find it very
difficult; for if the diameter of the hemifpheres be
four inches, there will be required a force equal
to little lefs than 200 pounds to pull them afunder,
If the globe, thus exhaufted, be fufpended by
Cither of the rings to an hook within the receiver
of an air-pump, and that receiver be exhaufted, the

o LA

* A wet leather, having a hole in its middle, is gene=
tally placed between the two hemifpheres, in order to clofe
the aperture more efeduall y 3 but when they are well made,
and their edges are ground properly, alittle oil fmeared over -
the edges is quite fufficient for the purpole.

ifta iwe
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two hemifpheres will feparate immediately ; fhews
ing; in a moft convincing manner, that they ad-
hered to each other merely in confequence of the
prefiure of the atmofphere.

If you place a barometer under a tall glafs re*
ceiver of the air-pump, and rarefy the air by work-
ing the pump, you will find that the quickiilver
defcends gradually in the tube of the barometer ;
for ‘as the quickfilver is kept up in the baromerer
by the preflure of the atmofphere on the furface of
the quickfilver of the ciftern, and its altitude is
proportionate to that prefiure, therefore, according
as the preflure is diminithed, fo the quickfilver de-
feends in the tube. Now, from what has beent
thewn above in chap. VIIL it appears, that if the
preflure upon the ciftern of the barometer be re-=
duced to one half, the height of the mercury in
the tube will alfo be reduced to one half;. if thaé
preflure be reduced to one quarter of its originak
quantity, then the altitude of the mercury in the
tube will likewife be reduced to one quarter of the
original altitude ; in fhort, the altitude of the mer-
cury in the tube of the barometer under the re-
ceiver of the pump, is an exaét meafure of the
preflure on the ciftern, or of the quantity of elafti¢
fluid that remains in the receiver, or of the elaf-
ticity of that fluid; for the latrer is proportionate t0
the former. Hence the barometer becomes a very
good gage of the power of the air-pump, or of the
degree of rarefaction’; for the alttude of the
v mercury
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mercury in its tube; is to the altitude of the fame
at any period of the rarefadion, as the entire ca-
pacity of the receiver, or as the air of the ufual
denfity, is to the denfity or quantity of the air in the
receiver at that period 5 fo .that if the mercury in
the barometer ftood originally at 30 inches height,
and; after working the pump a certain time, it
ftands at the altitude of one inch, the conciufion is,
that the air within the receiver has been rarefied 30
times, or that the air which remains in the receiver
is the j0th part of that which was in it before the
Working of the pump, fince one inch is the 3oth
Pait of 3o inches. Thus alfo, if the mercury in

the barometer is found to ftand one tenth of an inch’

above that of the ciftern, the conclufion is, thut the
Alr has been rarefied 300 times, &¢.

Upon this pringiple three gages have been con-
ftructed, viz. the fhort barometer gage, the long ba-
Pometer gage, and the [yphon gage.

The fhort barometer gage is nothing'more than
the [ower part of @ barometer, viz. a tube of about
8or g inches in length, filled with mercury, and
Immerfed with its aperture into a {mall quantity of
Mercury contained in a glafs veffel, which forms
the ciftern,  This gage is either placed under the
Teceiver upon the principal plate of the pump, or
It is placed under a feparate {mall receiver, upon a
litcle auxiliary plate, which fome air-pumps have
€xprefily for that purpofe, as in fig. 17. Plate X VI,

tis evident that this gage, not being equal 10
T

=

5
2 whole
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whole barometer, will not fhew the very fmall de-
gree of rarefaction ; -but we are feldom interefted
concerning thofe fmall degrees,  and in general this
gage will begin to fhew the rarefaction when about
three quarters of the air have been removed from
the receiver, viz. when the air has been rarefied till
its remaining elafticity is not able to fupport that
column of mercury. This gage has a feale of
inches and parts of an inch affixed to the tub®
which fhews the precife altitude of the mercufy
in it. :

The long barometer gage is a tube of about 33
inches in length, open at both ends, having its lower
end immerfed.in a ciftern of quickfilver, which i8
fixed on the pedeftal, or lower part of the frame of
the pump (for the tube itfelf reaches from tha
place to the height of the plate). The upper aper
ture of the tube communicates, by means of a brals
tube, with the infide of the pump.

This in fact is an empty barometer, which
filled with quickfilver by withdrawing the air fro™
it through its upper aperture; and if the pumP
could produce a perfe& vacuum, the mercury i
this long gage would rife as high as it does in #
common barometer ; but as the pump cannof €
hauft fo far, therefore the difference of altitude b€”
tween thie mercury of the long gage, and that of 2
common barometer, fhews the quantity of air that
remains in the receiver. “This difference of altiv

tude is fhewn by a fcale of inches and parts -
. inchess
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inches, which is always affixed to the long barome=
ter gape. As the altitude of the mercury in a
common barometer, is to the contemporaneous al-
titude of the mercury in the long barometer gage,
fo is the whole quantity of air which was in the re~
ceiver before the rarcfaction, to that quantity which
has been drawn out of it.

The fyphon gage is nothing more than the fhort
barometer gage, except that inftead of terminating
in a little ciftern, in this gage the tube is bent and
rifes upwards with its aperture, which by means of
a brafs tube is made to communicate with the.infide
of the pump ; fo that the afcending leg of the tube
performs the office of a ciftern; hence, in rarefying
the air, the mercury defcends from the clofed end
of the tube, and rifes into the afcending leg; there-
fore the altitude of it in one leg above its altitude
in the other leg (which leg in fact is the ciftern)
Thews the degree of rarefaltion, and this altitude is
denoted by an annexed feale of inches and parts of
inches, Such a gage is partly feen at g, fig. 2.
Plate X VI,

Theabove-mentioned gages evidently indicate the
Claf’{icity of the fuid, which remuins in the feceiver
of the pump after a certain degree of rarefaction;
and it is immaterial whether-that elaftic Auid be air,
Or vapour of water, or other elaflic fluid; but there
1S another gage, which from its fhape was called, the
Fear-gage, by its inventor, Mr. Smeaton, and which
thews (not at the aciual time, but after the read-

114 miffion
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miffion of air into the receiver) how much air was
left in the receiver in the preceding rarefadtion.
The pear-gage confifts of a glafs veflel A, fig. 6.
Plate XVI. which has a fmall projecting orifice Bs
and at the other end is extended into a tube clofed
at D ; the capacity of this tube is the hundredth
part of the capacity of the whole veffel. This gage
15 {ufpended, with its aperture downwards, to the
lower end of a flip-wire (viz. a wire which paffes
through a collar of leathers) within a glafs re-
ceiver of the pump, and exaltly usder it, a lictle
cup, containing quickfilver, is placed upon the plate
of the pump. When the pump has been worked
to the intended degree, the air in the pear-gage i
evidently rarefied as much as it is in the receivers
In that ftate, by lowering the flip-wire, the pear-gag®
is let down ull its aperturc B has reached the bot~
tom of the mercury. This done, the external aif
15 admitted into the receiver; bur it cannot be ad*
mitted into the pear-gage, becaue the aperture B
of that gage is now immerfed in the quickfilver ; but
the prefiure of the atmofphere on the furface of the
quickfilver, forces that Auid metal into the pear-gage
and fills it up to a certain degree E ; then the
wupper part D E of the gage will contain all tl*"".
air or vapour which occupied the whole cavity o
the gage during the rarefaction, There is a divided
fcale annexed to the upper part D E of the gag®
which fhews what part of the capacity of the wholé

. : . i . L Y [
gage 1s filled with air, and of courfe it maﬂ‘i“[:
ghe
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the degree to which the rarefattion of the air had
been carried. For inftance, if we find that the
part D E of the gage, which is filled with air above
the quickfilver, is the sooth part of the whole, we
may conclude, that the air in the receiver had been
farefied goo times, &c.

Bit a very confiderable difference muft be re~
marked between the indications of this, and of the
preceding gages.

When the receiver contains no other fluid belides
air, then the pear-gage and the other gages indicate
the fame degree.of rarcfaction ; but if the receiver
contain the vapour of water, or of other liquor,
then the pear-gage will indicate a much greater de-
gree of rarefaction than the other gages; becaufe
the vapour which has elafticity fufficient to fupply
the place of air in the receiver, on the readmiffion
of air, is condenfed into a fpace vaftly fmaller than
the fame quantity of rarefied air can be condenfed
Into; fo that the pear-gage thews the quantity of air
alone which had been left in the regeiver ; whereas
the other gages fhew the quantity of elaftic fluid
Which is aétually remaining in the receiver.

Fig. 16. Plate XVI. reprefents a vefiel proper
for weighing air. Itisa glafs vefiel in the fhape
of a Florence flafk, having a focket of brafs with a
ftop-cock cemented on its neck., The aperture A
of the brafs part is formed into a ferew, which
fits the ferew in the middle of the plate of the

This
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This veflel, being fcrewed on the pump, and
the ftop-cock B being opened, is exhaufted ; thes
the ftop-cock is turned fo as to fhut up the aper-
ture, the veflel is unfcrewed from the pump, and
1s weighed in an accurate pair of fcales. This dones
the flop-cock B is opened, and the air is admicted
into’ the veflel, which is-then weighed again, in
which ftate it will be found to weigh more than it
did in its exhaufted ftate. The difference of the
two weights is the weight of a quantity of air, of the
altual denfity of the atmofphere, equal in bulk to
the capacity of the vefiel.  Yet, fince no air-pump
produces a perfeét vacuum, the above-mentioned
veffel, in what we have called its exhaufted ftates
does aGually contain a fmall quantity of air, which
renders the refult inaccurate. But this inaccuracy
may be correfted in a very ealy manner, by obferv-
ing the precife degree pf rarefaction, as indicated by
the gage, and allowing for the remaining quantity
of air. Thus, for inftance, fuppofe that the gag®
indicates that the air has been rarefied 8o timess
therefore the air which remains in the veflel, is the
8oth part of its whole capacity, In this ftate et
the veffel weigh gooo grains, and when full of aif
let it weigh 9160 grains, the difference of which
weights is 160 grains, and this is the weight of 3
quantity of air equal to 7 2ths of the capacity ©
the glafs; therefore the 160 grains muft be 17"
creafed by the 8oth part of that number, viz: ‘_’{

2 grains, then the fum, which is 162 grairlssl‘5
: ' the
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the weight of a quantity of air equal to the whole
capacity of the veflel. .

If inftead of weighing common air, in the above-
mentioned veflel, it be required to weigh fome other
fort of permanently elaftic fluid, the operation muft
proceed as above, excepting that before the ftop-
cock B be opened, previoufly to the fecond weigh-
ing, the end A mult be fcrewed or faftened to the
neck of a bladder, or other receiver, full of that
other fort of elaftic Auid ; fo that the vefiel may be
filled with 1t, inftead of .common air. It is then
weighed again, &ec.

The Condenfing Engine,

The principle of the condenfing engine will be
eafily comprehended ; for if in the exhaufting en-
gine, fig. 18. Plate XVI. the valves be reverfed,
Viz. the valves at B, and at G in the pifton, be
turned upfide down, that engine will become a
Condenfing engine; fince in that cafe, when the
pifton is drawn towards A, the-air will ruth through
the valve at E, into the barrel ; and when afterwards
the pifton is puthed downwards, the air of the
barrel will be pufhed through the valve at B, and
will be condenfed into the veffel D. Yet an ex-
haufting fyringe is made in a manner ftill more
fimple ; fee fig. 15. of Plate XVI. The cylinder
has one valve atits lower aperture B, which opens

outwards ;

=
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outwards ; the pifton is not perforated, but folid ;
and there is 2 hole on the fide of the barrel, at G-
Wkeén the pifton 15 drawn upwards, a vacuum is
formed ia the lower part o." the barrel ; but as {oon
as the lower part of the pifton is raifed above the
hole C, the air rufhes through that hole, and

a

fills the barrel; then, on lowering the pifton; the
air is condenfed into the lower pare of the barrels
and is forced out at B, into any veflel, to which
that end-of the fyringe is fcrewed., With this fy-
singe the air is condenfed into the infide of a watef
fountain, or of a wind-gun, which inftroments ar€
fo commonly delcribed in philofophical works, &c¢:
that they need not be inferted in this place. Butfor
the purpofe of performing a variety of philofophical
experiments in condenfed air, fuch a f{yringe 1
adapted to a frame and apparatus, as at fig. I-
Plate XVII. and this apparatus is commonly deé-
nominated a condenfing engine.

CD isa brafs candenfing {y ringe, which, when by \
applying the hand at Z, the pifton is mioved alter-
nately up and down, forces the air through the brafs
pipe DNF, into the glafs receiver A B. ' This re-
ceiver muft be very thmk, and well annealed : it 1
fet with its fmooth and flat edge on the plate of the
machine, which is fimilar to the plate of an air-
pump ; a thick piece, L M, of brafs, is applied in 2
fimilar manner to the upper aperture of the g glafs
receiver, and a (ip-wire pafles through a collar of
leathers in this brafs piece, As the force of the

509:‘_{1;3]{'3“1




principal Machines, &c. 403

Londenfed air would lift up the brafs piece, L M,
from over the receiver, or liftup the latter from the
Plate, fo the receiver and brafs piece are kept down
by the crofs piece of wood G H, which is adjufted
by means of the fcrew-nuts on the fteady pillars 1, K.
There is a gage, EF, annexed to this machine,
Which indicates the -condenfation of the air within
the recéiver and tube of communication, It con-
lifts of a ftrong and narrow glals tube hermetically
clofed at E, and conneéted with the brafs pipe
of communication at F. A fiall quantity of quick-
ﬁlv;r fills vp afhort part of the cavity about the
middle of the tube, and the fpace between the mer-
Cury and the clofed end E of the tube, contains air
of the ufual denfity, Now when the air is condenfed
In the receiver, in the tube of communication, &c, the
Mercury is thereby impelled farther towards E, and
the contradtion of that {pace, which is fhewn by an
tnexed feale, thews the degree of condenfation ;
tjm' inftance, if the air which is containéd in that
fpace is, by the condenfation, forced into half the
fpace it occupied before, the conclufion is, that the
Ar within the receiver is as denfe again as it was
Previous to the condenfation ; and this is generally
“Xpreffed by faying, that then the receiver does
‘ontain two atmofpheres ; if the air at E be con-
"acted into a quarter of its original {pace, then four

“tmofpheres have been forced into the receiver;
ind f on *,
""-.____

¥ & . . v | = n .
The condenfation is inverfely as the fpace occupied by
€ air at the extremity E of the gage.

th

Certain
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Certain air-pumps, as that of Mr. Smeaton, and
the firlt which was contrived by Mr. Haas, can bé
made to exhauft or to condenfe at pleafure, which
is done by changing the communication between

" the cylinders and the plate of the pump; for as 18

thofe pumps the air is rarefied [uu{ards one end, and
is condenftd towards the other end of each barrel
the machine will exhauft if the former end of thé
barrel be made to communicate with the plate of
the pump, and the latter with the atmofphere ; buf
it will become a condenfer, if the latter end of the
barrel be made to communicate with the hole i
the centre of the plate, and the former with the
atmofphere.
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CHAPTER XV.

CEONTAINING THE PRINCIPLES OF CHEMISTRY, AND
PARTICULARLY THE DESCRIPTION OF THE PRIN=-

CIPAL OPERATIONS AND APPARATUS.

-CHEMISTRY 1s the {cience which endeavours
to afcertain the number, the quantities, and
the properties, of the conftituent principles of all
natural bodies. It alfo endeavours to form new or
artificial compounds.

The feparati'on of the component principles of a
body from one another, is called analyfis. 'The
formation of compound bodies from fimpler fub-
ftances, is called fyntbefis.

Both the analyfis and the fynthefis are per-
formed by means of certain operations, which are
therefore called chemical operations, or chemical pro-
ceffes.

It has been faid above, page 1g. that there js a
‘Mutual areraétion between the parts of the fame fub-
ftance, which is called attra&ion of aggregation ;
and thar there is, likewife, a mutual attraction be-
tween the heterogencous parts of different bodies,
Which, when it is merely faperficial, is called
atiratiien
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attraltion of cobgfion; but it is called astraliion of
affinity, or of compefition, when it produces an inter
mixture of two or more heterogeneous fub-
ftances, and a change of fome, at leaft, of their
properties.

Now it muft be remarked, that the affinity of
one f{ubftance to another, differs in degree accord-
ing to the different fubftances; and it is upon the
difference of thofe affinities that the operations of
chemiftry are eftablithed; for if the afinity between
two bodies were equal to the affinity between any
two other bodies, chemiftry could not exift. Thus
for inflance, it is known that ‘A and B have 2
certain degree of attra@ion or affinity towards eacl
other ; alfo, -that there is 2 greater affinity between
A and C; and a much greater affinity between C
and D. Now, if I with to analize a certain bodys
which is a compound of A and B, 1 mix that body
with the body C, in confequence of which, as C
has' a greater affinity to A than to B, the given
body will be decompofed ; and one of its ingre-
dients, viz. A, will form a new compound with Cs
whillt the other ingredient B will be left by itfelf-
Then I mix the new compound of A and C, with
D, in confequente of which this new compound
will be decompofed, C will adhere to D, and &
will be left by icfelf, ~Thus I obtain A and B, viz:
the two components-of the given body, in a feparat®

{ta

r-r

C.
regation counteraéts, OF is
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The attration of agg
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Oppofite to the attraction of affinity; for the weaker
One of them becomes, the greater power will be
gained by the othet,

The attration of affinity acts more powerfully in
proportion as the quantity of contalt between the
different bodies is increafed ; hence the action be:
tween two bodies that have a certain affinity, is weak
or imperceptible when both the bodies are in 2 hard
folid ftate; it becomes ftronger when the bodies
are foftened by means of heat, (which diminithes
the attrattion of aggregation) or when they are pul-
verized and intermixed :—ftronger ftill, when one
of the bodies is in a fluid ftate; and it will become
s active as poflible, when both the bodies are in a
fluid ftate. Therefore, in order to decompofe, or
to compofe, different bodies, it is neceffary to pul-
Verize, or to heat, or to mix, or, in fhort, to
Perform diverfe operations with a variety of ne-
Ceffary inftruments, according as may be required
by the nature and properties of the different arti-
cles, Hence the whole fubjeét of chemiftry con-
fifts, 1, of the art of performing the neceffary ope-
Fations ; and adly, of the knowledge of the prif]ci—
Pal fadts, which have been afcertained by means of
thofe operations. The fecond of thofe objecls is
What immediately belongs to the prefent part of
thefe elements of natural philofophy, which treats of
the peculiar properties of bodies ; we fhall never-
thelefs premife a competent acconn’ of the principat
Operations, through which meft of the peculiar pro-

VOL. 11, E K perties
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perties of bodies have been afcertained, and by the
means of which new difcoveries may be made.
Trituration, pulverization, and levigation, (viz.
the reduction of folids into powders of different
finenefs) -are performed by means of the hammer
rafps, files, graters, mortars and peftles, or a flat fton€
and muller, Moft of thofe tools, viz. the hammer
mortars, peflles, flones and muller, are either of
wood, or metal, or glafs, or porcelain, or marble, 0
agate, &e. according to the hardnefs and other pro-
perties of the articles that are to be pulverized. Bt
thefe mult 'be confidered -amongft the preliminar?
* operations; for they only alter the bulk, and not the
nature of the articles ; fince every particle of a pul
verized body is a fmall whole of that body; wherea
the real chemical operations deftroy the aggregatio?
of bodies, feparate their conftituent principles, forn?
new compounds, and alter fome of, if not all, their
properties.

The feparation of the finer parts of bodies from
the coarfer, which may want farther pulverizatit-‘”!
1s performed by means of fifting, or wabing.

A Jieve, for fifting, generally confifts of a cylirl:
drical band of thin weod, or metal, having acrois
its middle a perforated diaphragm of filk, or le&”
ther, or hair, or wire,

Sieves are of different fizes and different ﬁneﬂefs‘
Fig. 3. of Plate XVIL fhews a fieve of the beft
~conftruction. It confifts of three parts, A, B C.
The middle part B is properly the fieve; D is the
perforated diaphragm, through which the pﬂ“’_der

e FaﬁES ’
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paffes ; C is a bottom which may be .put on, or
taken off, the lower part of B, and ferves to re-
ceive the powder that paffes through the fieve ; A
is a top or lid, which is placed on the upper part
of B, and ferves to prevent the falling off, or the
diffipation into the air, of the materials, When all
the three parts are together, the fhape of the fieve

is as in fig. 7. Plate XVIL
By wathing, one may feparate powders of an uni-
form finenefs much more accurately than by means
of the fieve; but it can only be ufed for fuch fub-
ftances as are not acted upon by the fluid which
is ufed. The powdered fubftance is mixed with,
and is agitated in, water, or other convenient fluid ;
the liquor is allowed to fettle for a few moments,
and is then decanted .off; the coarfelt powder re-
mains at the bottom of the veffel, and the finér
pafles over with the liquor. By repeated decanta-
tions in this manner, various fediments are obtained
of different degrees of finenefs; the laft, or that
which remains longeft fufpended in the liquor, be-

ing the fineft,

FEiltration is a finer fpecies of fifting. It is fifting
throuwh the - porcs of paper, or flannel, or fine
linen, or fand, or pounded glafs, or porous ftones,
and the likes but it is ufed only for fepar ating
fluids from folid or groflith particles, that may
happen to be 1uip€nded in them, and not chemically
combiped with the fluids. T hus fale water cannot
be deprived of its falt by fileration; but muddy
KK 2 water
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water may. No folid, even in the form of pow-
der, will pafs through the above-mentioned filter-
ing {ubftances ; hence, if water or other fluid, con-
taining fand, infeCts, mud, &c. be placed in 2
bag, or hollow veflel, made of any of thofe fub-
ftances, the fand; &c. will remain upon the filter,
and the liquor will pafs clear through the filter, and
may be received in a vefiel placed under ic®,
Lixtviation is the feparation by means of water,
or other fluid, of fuch fubftances as are foluble in
that fluid, from other fubftances which are not
foluble in it. Thus, if a certain mineral confift
of falt and fand, or falt and clay, &c. the given

* Filtering paper is paper without fize. For this pur-
pofe the piece of paper is fhaped into the form of a cones
and is placed into a funuel, in order to fupport it, otherwife;
when wet, it would eafily break.

Filtering ftones and filtering bafons, either natural ot
artificial, for the purpofe of purifying water, are not un-
frequently ufed in this and other countries. Rocky mous-
tains, beds of fand, gravel, &c. are natural filters,

"The compofition for making filtering bafons for purifying
water, confifts of equal parts of tobacco-pipe clay, and coarfe
fea, rivery drift, or pit fand, The bafons are formed and
twrned on a potter’s wheel, They thould be about 3 of an
inch thick. When the veffels are of the ufual degree of
drynefs, the whole outfide and infide furface muft be fhaved
or turned off on a potter’s wheel ; and, when perfeétly dry»
thofe bafons are burnt or baked jn a potter’s kiln after the
ufual manner, body
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body being broken into powder, is placed in water,
which will diffolve the falt, and keep it {ufpended,
whilft the earthy matter falls to the bottom of the
veffel, and, by means of decantation, may be fe-
parated from the fluid. If the falt, or other fub-
ftance, which is diffolved in the Auid, be required
to be feparated from it, then recourfe muft be
had to

Evaporation, which feparates a fluid from a folid,
or a more volatile fluid from another which is lefs
volatile,

Simple Evaporation, propetly fpeaking, is ufed
when the more volatile or fluid fubftance is not
to be preferved ; and, in that cafe, the evaporation
is performed in veffels of wood or glafs, or por-
celain or metal, &c. which are either fimply ex-
poled to the air, or are placed upon a fire, more
‘or lefs active, according to the nature of the fub-
Ttances. '

When the fluid, which is evaporated, muft be
preferved, then the operation is called diffillation,
and is to be performed in other veflels, which are
called retorts, alembics, ftills, &c, made either of
glafs, or porcelain, or metal, &c.

The office of thofe vefiels is to condenfe the va-
Pour into a liquid form, and to convey it into a re~
Cipient. The evaporation is performed by means of
heat ;—the condenfation by means of cold ; there-

fore the body of any of thofe vefiels, which receives -

the materials, muft be placed upon a fire, or hot
KK 3 place 3
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place ; but that part of the veffel which condenfes
the vapour, and is hence called the refrigeratory,
muft' be rendered fufficiently cool for the pur-
pofe.

Fig. 2. Plate XVII reprefents a retort. In
this diftilling inftrument, the materials are placed
in the body EAF, and the bottom A is placed
upon the fire*®, The vapours which rife from the
materials at E F, pafs through the tube E BC,
which being at fome diftance from the fire, and
therefore cooler, condenfes the vapour into liquid
drops, which, on account of the inclination of the
tube BC, run down into the recipient D, which is
adapted to the neck of the retort +. Thus the folid
part of the matertals in E A F remains in the re-
tort, and the fluid. part pafles over into the re-
ceiver,

* In order to prevent its breaking, the bottom of the
retort is generally covered with fome adhefive {ubftance,
which can ftand the fire, fuch as clay, a mixture of lime and
clay, &ec. this is called iuting the retort; or the retort is
placed in a bafon of fand or water, and this bafon is then
placed immediately upon the fire.

+ The receiver mult not, in moft cafes, be clofed very
accurately upon the neck of the retort; for that may occa~
fion the burfing of the inftrument; but when that accurat®
clofing is practicable, it may be accomplifhed by the appli-

cation of wet paper, or Wet rags, or a mixture of wax and

turpentine, or a mixturc of whitening and oil, &,

This
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This inftrument is ufed when the quantity of ma-
terials is fmall; and the vapours may eafily be
condenfed; otherwife an alembic, fuch as fig. 4.
Plate XVIL. is ufed. This inftrument confifts of
two parts, AB is the body which reccives the
materials. AC is the capital, which is joined clofe
to the body. The upper part of the capital is
formed into a, bafon C, in which cold water 1is

placed, which condenfes the vapour in the cavity 7,

fo that the drops of liquor fall in the grove o, 0,
and come out of the tube D into the recipient. In
diftilleries and other large works, the capital has not
the bafon or refrigeratory C; but the tube D i1s
made very long, and is fhaped into a fcrew-like
form, called & werm, which is placed into a tub of
water, and has its aperture out on one fide of the
tub. Then that worm and tub forms the refri-
geratory.

When the materials which are evaporated in the
body of the diftilling veflels, concrete not in a fluid
but in a folid form, within the neck of the retort
or tube, &c. then that diftillation is more properly
called Jublimation,

By the above means one fluid may be feparated
from other materials; but it often happens that in
diftillation feveral fluids are produced, fome of
which are permanently elaftic, and all or moft of
them may be required to be preferved. In this
Cafe, another fort of apparatus mult be ufed,
which is called

KK 4 The
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The Apparatus for Pueumato-chemical Difliilations.
See fig. 5. Plate XVII. A is a tubuldted retort®,
adapted to the recipient B, which has two necks.
To the upper neck of this recipient is fitted a bent
tube C DE, whofe other extremity reaches as far
as very near the bottom of the recipient G, This
recipient has three necks a, &, ¢, into the firft of
which the end of the tube DE is fitted ; .into the
fecond, 4, an open tube, which reaches very near
the bottom of G, is fitted ; and to the laft neck, &
a crooked tube is adapted, which opens and dif-
charges the elaflic fluid into a proper receiver:
Sometimes two or three,. or more, veflels, like G,
are interpofed; viz. inftead of the crooked tube F»
a tube, like CDE, is adapted to the veflel G, and
to the next which is fimilar ‘to it, and fo on; then
the crooked tube F is applied to the laft neck of the
laft of thofe veflels,

When this apparatus is properly conneéted, the
materials are put into the retort through the hole
O, and a proper degree of heat is applied to the
bottom of the retort; then the produéts will be
colle€ted in different parts, viz. what is fublimeds
or concreted, in a compa& form, adheres to the
neck of the retort; the Auid of eafieft condenfatio?
is collected into the receiver B; the elattic vapours

* When the retort has a hole and ftopple, as at O, which
is ufeful for introducing or ftirring the materials ; it is the?

cilled a tzbulated retorts

which
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which are condenfable in water, will be combined
with the diftilled water, which muft be. placed at the
bottom of the veffel G, and thofe which are not
fufceptible of being thus abforbed, pafs through
the tube F into a proper receiver, or they may be
made to pafs through other fucceflive veflels fimilar
to G, in which fuch other fluid may be placed,
as may be capable of abforbing one or more of
the permanently elaftic fluids. The tube H ferves
to admit fome atmofpheric air, in cafe the water in
G fhould abforb the produced elaftic fluid too
quickly.

In certain cafes of mixtures, the produce is
merely an elaftic fluid, which is required to be
colleted. For this purpofe, the veflel reprefented
in fig. 6. Plate XVII. is very ufeful, It confifts
of a body A, to which a perforated ftopple, with
the crooked tube C, is adapted. The materials
are placed in A, and the elaftic fluid which is
Senerated, paffes through B C D, into a proper
Feceiver.

Such receiver, and the reft of the apparatus
Proper for receiving, meafuring, mixing, and per-
.forming other operations on permanently elaftic
fluids, is delineated in fig. 8. Plate XVIIL
ABCDEﬁﬁwm&nnw@,mmgamm’
F, G, and filled with water as high as about an
inch or two above the fhelf. There are feveral
glafs jars, or receivers, as H, I, X, L, which ferve
for retaining, mixing, meafuring, and otherwife

ufing
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ufing the ["“l“i'ﬂ"".ﬁht:}’ elaftic ﬁuiu‘s. Thoit jars are

frlt filled with water in the trough, then they are

‘.-‘.,_J 1-1.‘] I_‘\t n(‘r }u»f[l bn ﬁ\J li'r'h; jb

as not to elevate their aperture above the water,
they are placed upon the thelf, as reprefented at G-
Then if a veficl full of ajr be placed with its aper-
ture downwards inro the water orr' the trough, and
there it be turned upfide down, juft under one of the
jars full of water, the air or permanenty elaitic
fluid being the lighter fluid of the two, will afcend
into the latter veflel, and all or part of the water will
come out of it, according to the quantity of air in-
troduced. L

For the purpofc of rendering this operation more
commodious, fome holes are feen in the fhelf
which are the apertures or apexes of.as many in-

3

verted fuanels, or little dome L] > out of the thick=

1e fhelf; {o that when a vcchl full of air is

1
i

nefs of o
inverted 1;!;1:'.‘.3!‘ one of thofe holes, whereupon a jar
full of water is placed as at G, the air ‘will come
cut of the former vw-.:l, and paffing through the
hole in the fhelf, will enter the latter veffel,
At E there is reprefented a jar which receives
that is generated from the materials in: thé
phial M, fimilar to the phial, fig. 6. There the
phial is reprefented as heated by the flame of 2
candle, which in feveral experiments muft be don
in order to aflit the extrication of the elattic fluid:
’.E'!*-.H fluid is conveyed ‘through the crooked tube
and is difcharged under one of the holes of the fhelf

1
through
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through which it pafles into the receiver I, and in
proportion as the elaftic fluid afcends under the form
of bubbles, the water fubfides.

A {mall glafs vefle! L, capable of containing about
an ounce meafure, is ufed as a meafure of a per-
manently elaftic fluid ; for if this phial be fuc-
ceffively filled and inverted under a large jar, we
may thereby throw into that jar any required
quantity of an elaftic fluid, or as many meafures of
one elaftic fluid, and as many of anocther, as we
pleafe.

When a glafs jar is partly filled with an elaftic
fluid, we may meafure the quantity of that fluid by
Meafuring the diameter and altitude, or the capa-
City of that part of the veffel, in the ufual geome-
trical way of gauging veffels. But for the fake of
8reater expedition and accuracy, the contents of a
Veflel are fometimes marked on the outfide of it.
Thus the tube, or narrow veflel, K, is marked on
the outfide, fhewing the fpace which is occupied
by each fucceflive meafure, of air, fuch as is con-
tained in the meafuring phial L. Such a veflel as
K is moftly employed for examining the purity of
SOmmon or refpirable air. This is done by mix-
g 3 certain quantity, as a meafure or two, of re-
fpirable air, with a certain quantity of another
Permanently élaftic fluid, or of fome other fub-
Rance capable of occafioning a diminution of the
bulk of the elatic fluid, and then meafuring the di-
Winution ; for the purity of the refpirable fluid is

proportionate
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proportionate to that diminution. The parts of 2
meafure are fometimes marked upon the tube K
itfelf, and at other times are afcertained by the ex-
termal and occafional application of a divided feale-
The tube K, or in general any fuch veflel as is
vled for afcestaining the purity of refpirable air,
called an Eudicmeter.

It is fometimes required to remove an inverted
Jar with its contents from the fhelf of the trough*
this is done by the ufe of a fhallow pan or difli
which is immerged in the water of the trongh, and
the jar is lipped in it ; then the whole may be re-
moved and placed wherever it may be convenients
as at P. In this cafe the fhallow pan performs the
office of a finall trough ; and for fuch purpofes fe-
veral difhes or pans of different (izes fhould be had
in readinefs.

Some elaftic fluids are inflammable, and in ordes
to try their inflammability a fmall phial may be
filled with any of them, and after having ftopped
its aperture with a finger, it may be removed from?
the water; then being brought with its apertur
near the flame of a candle, the finger is removeds
and the elaftic fluid will take fire, as may be clearly
feen in the dark, and even in the day light. When
the quantity is'not very fmall, a pretty large jar 18
filled with it, and the palm of the hand is applicd
to the aperture ; in that fituation the jar is remove
from the water, and is turned with the aperture P~

wards. - Then having in readinefs a twitted W_”';
wit
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With a bit of lighted wax taper at its extremity, the
hand is removed, and the lighted taper is dipped in
the veflel, &c. as thewn at Q.

Some of the permanently elaftic fluids are ab-
forbed by water ; therefore they cannot be confined
by water. For fuch fluids, it becomes neceffary to
ufe a trough full of quickfilver; but on account
of the price and weight of the mercury, 2 much
{maller trough and fmaller glafs veflels muft be
ufed,

The folution of falts in water, the diffolution of
Metallic and other fubftances in different menftrua,
Tequire a variety of veflels, whole form, viz. whether
©pen or clofe, or deep, &c. is eafily fuggefted by
the nature of the articles.

When a falt is diffolved in water or other fluid,
and by cvaporation the fluid is driven off, the fair

Eradually acquires the folid form, and in doing this
e arranges its particles in a particular manner ; as,
for inftance, {fome falts arrange themfelves under the
form of cubes, other under the form of globules,
&c. The fame thing happens with fome earthy
Particles, and feveral other fubfances. Now this
fpontaneous regular arrangement is called ¢ry/fali-
Satign *, -

Veflels, generally open, but fometimes clofed,
Ate employed for fuch cryftalizations ; and the cryf-
‘.-‘-‘__

* See the Abbe Hauy’s Work on the Strufture of
Cr}’ﬁals.

talization
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talization of fome fubftances requires a certaif
temperature, that of others requires an higher, 0F
a lower temperature ; hence the charged vellels
muft be placed in cool places, &c. )

The fufion of metallic fubftances by means of
heat, requires veflels fufficiently ftrong to refift the
fire. Thofe veffels are moftly, if not always, mad®
of earthenware or porcelain, or a mixture of claf
. and powder of black-lead. They are called et
Bies, and their more ufual fhapes are reprefented 4
fig. g. Plate XVII.

Some of thofe crucibles have covers likewife of
earthenware ; but fometimes the fufed metal muft
be expofed to a current ‘of air. - In that cafe the
proper crucibles are thallow and broad, as at fig:
10. Plate XVII. Thefe are called cuppels,
they are formed either of calcined bones, %€
with a fimall quantity of clay, or of a mixture a
clay and black-lead powder. But the CUPPES
muft not be placed in a clofe furnace, or be fur*
rounded by coals; for in that cafe the ;equll‘f
current of air could not have accefs to the fufe
metal. ‘They are therefore placed under a fort ¢
oven of earthenware, which is called a muffies a8
reprefented at fig. 13. Plate XVIL. and the muff®
containing the cupples, &c. is expofed to the i°
of the proper furnace. '

The various degrees of heat, which are requlrf:L
for the performance of chemical operations

' the
from the heat of a fmall wax taper, to that © !
mo
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moft- powerful furnace, render a variety of fire-
places or furnaces neceffary for a chemift. Thole
furnaces are either open at top, or they are co-
vered with what is called a dome, and havea chim-
ney, or tube, tocarry off the heated air, finoke, &c.
They are fometimes fupplied with air from the
natural a&ion of the fire, which rarefies the air
about the ignited fuel, and the rarefied air- be-
coming ipecifically highter, afcends into the chim-
ney, and ‘other colder, and confequently heavier,
air, is forced by the atmofphere to enter at the
lower part of the furnace. Some furnaces are
fupplied with air by means of bellows; and thofe
are applied for forging iron, or for reducing metals
from the - ore, which. is called finelting, &c.
Hence the furnaces derive their varicus pames,
and are called fimple, or open, furnaces; rever-
btl‘:lt()l'y furnaces ; wind, or air, furnaces; blift,
or bellows, furnaces; forges; fmelting furnaces,
&ee * ‘

When a pan full of fand, or of water, is placed
Over a common furnace, and a retort, or other
Veflel, is placed in the fand, or water; that mode
of applying heat is called a Jfand bath, or welea
bath, :

—

* The particular defeription of the various furnaces may
be feen in 2 variety of chemical works: Macquiar’s Dic-
tio“'ﬂl‘y of Chemiftry, and Lavoifier’s Elem. of Chem. arc
fome of the beft for this purpofe.

There
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There are feveral other chemical operations, €%+
prefiions, and tools, which are {o obvious, commons*
or fimple, as to need little or no particular explana-
tion. The following are the moft remarkable.

The dry way of performing chemical operations;
is when ftrong degrees of heat are ufed, and the
bumid way is when fluid folvents, and at moft loW
degrees of hear, are ufed.

Combuftion is when a body is burned with the
afliftance of refpirable air.  Deflagration is when
the combuftion is attended with little explofions
or cracklings. Detonation is a pretty loud re
port.

The word mixture is commonly underftood ; but
the mixing of bodies, which have a great affinity @
cach other, requires a variety of precautions ; for
fometimes fuch mixtures are atrended with hea%
ebullition, explofions, and fuch like dangerov®
effe@. They muft, according to the nature ©
the materials, be made either flowly, or fuddenlf>
in open vefels, or clofed phials; they muft fome”
times be affifted by agitation, ftirring, heating; a9
at other times muft be left undifturbed; but the
rime and the mode of adopting any one or mof®
of thofe particular applications, muft be Jearned
from praétice, and from a competent knowledge @

the nature of the ingredients.
When a folid fubftance in powder, or othEIW‘ﬁf’
urs 1

kept

is left for a certain time 1in a fluid, and the mixt
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kept expofed to a flow degree of heat; that procefs

1s called iz

When a fubftance, which has an affinity to an-
other fubftance, is mixed with as much of that
other fubltance, as its affinity will enable it to hold
in combination, then the former fubftance is faid
to be futurated, or the mixture to have attained the
point of faturation. If the mixture contain a
greater proportion of either fubflance, then that
mixture is faid fo contain an excels ofs or 1o be fur-
charged with that other fubfiance. The fame thing
muft be underftood of the compounds of more
than two fubftances.

.

Yol IT, L L




CHAPTER XVL

CONTAINING A SKETCH OF THE MODERN THEQRY

OF 'CHEMISTRY.

T§ YHE grand principle of all chemical proceffes;

which enables us to decompofe certain bo
dies, and to compound ethers, is that every [fubjianct
bas a certain peruliar affinity for other fubfances, bub
uot in equal degree.

This principle, though long known, could nots
however, be univerfally applied to explain all the
variety of chemical phenomena, on account of the
undifcovered nature of feveral powerful agents if
nature, and on account of the fuppofed adtion of
others which have no real exiftence.,

The wrong or confufed knowledge relative £
heat, fire, air, light, &c. rendered 2 variety ©
fatts abfolutely inexplicable ; certain effects ap”
peared to be contradiftory; fome feemed to have
nothing to do with the principle of affinities, and
others were explained upon the fuppofed exiftanc®
of an inflammable principle called pblogifton.

The modern philofophers (I mean fince the year
k780, or thereabout), afited by the difcoveric®

e
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the knowledge, and even the errors, of their pre-
deceffors; having inveftigated, with infinite labour
and ingenuity, the nature of thofe powerful natural
agents, have found reafon to explode the fuppofed
exiftence of the phlogifton, and have been able to
form a theory, whicl is incomparably niore general,
lefs complicated, and more fatisfactory, than any
Other preceding theory.

This theery confiders every procefs, which pro-
duces a change of {fome or of all the properties
of the bodies in action, as depending on the various
eleCtive attra&ions of thofe bodies, or of their
components ; and, in general, the refult of every
fuch procefs is the decompofition of certain com-
pound bodies, ‘and the formation of others.

Not only the mixtures of metallic {ubltances
with acids or alkalies ; the formation of foaps, the
formation of compound falts; the purification of
metals, and fuch other operations as are performed
in chemical laboratories ; but whatever compofi-
_ tion or decompofition, with change of properties,
takes place in nature, fuch as the burning of com=
buflible bodies; the rufting of iron, the evaporation.
of water, animal refpiration, the growth of animal
and vegetable bodies, their fermentations and putre-
fattions, &c. have, in great meafure, been proved
o depend, (and, by analogy, we are led to believe
that they do all depend) upon the ele&ive attractions
Qf the various ingredients.

A few examples will be neceffary o illoftrate

nLZ2 this
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this doctrine : but thofe will be found in the next
LChapter ; for in this we muft flate fome general ob-
fervatons on the nature of the primitive or ele-

entary fubltances, which are the agents in all na-
tural and chemical proceffes. . A lift of thofe fub-
ftances has been inferted in the firft volume of this
work, as alfo in the prefent volume, pages 14 and
16, to which the reader is referred.

The /ight which is perceived by our eyes, is fup*
pofed to be the effect of a peculiar fluid, which
proceeds from: the {un, a candle, a fire, or othef
luminous object. . We cannot confine it in veflels
nor can we weigh 1t, nor meafure its quantity, ex-
cepting in fome degree by comparifon, viz. of tw0
luminous bodies, we may determine which is the
moft luminous.  But light feems to enter into
combination with certain bodies, and by that com-
bination to produce particular effeés; for inftancts
plants that are kept growing in the dark, lofe theif
green colour, and become white or pale. Plants
which grow in confined places, always endeavouf
to turn their tops and tendet branches towards the
jicht; —their flavour, their vigour, their fragrance
are much greater when they have been expofed @
much light in the courfe of their vegeration, tha?
otherwife.—There are likewife feveral other effects
preduced by light in various chemical procefles.

Calgric 1s fuppofed to be a peculiar fluid, which
produces iz us the fenfation of heat. We can

h it, nor confine it in veflels. A great®
of

neither wei

3
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orlefs quantity of it is contained in bodies of every
fortc. It pafles through all forts of bodies, but
cafier through fome, fuch as the mertals, than
through others, fuch as charcoal, wood, &c. heiice
certain bodies are faid to be better or worfe conduc-
tors of heat than other bodies.

Caloric enters into combination with various fub- ’
ftances; viz. it poffefles peculiar affinities; and vempy’
ingenious methods have been difcovered for afcer-
taining the comparative quantities of it, which are
ablorbed, retained, or dilengagedin a great variety
of procefles.  As a mixture of two fubftances muit
naturally have a greater bulk, than either of them
fingly ; fo by the acceffion of caloric a body is en-
larged in its dimenfions, and, of courfe, from their
being placed farther from each other, the attration
of aggregation between the conftituent particles of
that body is weakened : hence every body is ‘ex-.
Panded by heat, and is rendered more or lefs con-
fiftent by the acceffion of various degrees of ca-
loric, Amongft thofe various degrees of confif-
tency, we diftinguith three principal {tates, viz.
the folid, the liquid, and the aériform ftate.
.Thus water, according as more and more calaric
S communijcated to it, affames, ficft the folid ftate
Ofice, next that of fluid water, and then the aéri-
form ftate, or what is called vapour *.  If preffure,

or

! , . . o~
' It is not unlikely that by a further expanfion, and per-
“4ps by the combination with the eleflriz, or other fuid,
113 the
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or the contadt of other bodies, which have a greafer
affinity for caloric, come into contad with a fub-
ftance in a flate of vapour, that fubftance becomes
a liquid, and then a folid, harder and harder.

Certain bodies, when they have acquired a quan-
tity of caloric fufficient to give them an aérifora
ftate, hold it with fo much force, that neither
preflure, nor the contaét of colder bodies, can take
it away, and convert them into a liquid; in that cafe
they are {aid to be permanentiy elafic fiuids, otherwile
they are called vapours.,

When caloric is communicated to a body, that
body will abforb as much of it as its peculiar affi-
nity will enable it to abforb, and the reft will tend
to expand itfzlf equally through all the furrounding
bodies.—The former portion is called combined ¢4
Joric, and the latter has been called free caloric, be-
caufe its tranfition to other bodies becomes fenfible
from the effects it produces on thofe bodies ; viZe
thofe other bodies are expanded; or foftened, or Ji-
quified by.it.  This effedt of expanding bodies fur=
nifhes the beft means of meafuring heat or free €&
loric; and the T hermometer acts upen this principl"-"
The quantity of combined caloric is meafured in
the fame manner as, by analyzing, we feparate, and
meafure, the quantity of any other ingredient ; viZe

3h

1 - )]:"E’;:‘f!
the vapour of water may become more permanently €&

. 9 ; 0 sty
at leaft fo as not to be condenfable into Ruid water mereY
by mechanical prefiure, or cooking. N

* > Ll
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the given body A is mixed with fome other body
B, that has a greater attra@tion, or affinity, for A,
than A has for ealoric; in cenfequence of which
thar latent, or combined caloric of A; is feparated
from it, and becomes free caloric, or fenfible heat;
and its quantity may be meufured from the effe@ it
produces on the Thermometer, or upon other con-
tiguous bodies. ;

The elefric fluid feems to be another remarkable
agent in nature, Its ation feems to be very ex-
tenfive. It has no perceivable weight, nor can we
exhibit it by itfelf It paflts more or lefs fréely
through certain bodies, and not at-all, er perhaps
difficultly, through others. Hence the former bo-
dies are Called conduffors, and the latter #om-con-
dusiors, of ele@ricity. It is developed or abforbed
in a varicty of natural and artificial procefies: hence
it feems to have peculiar affinities ; but the faéts
which have been difcovered, though numerous, do
not enable us to form any diftinét and compre-
henfive notions with refpect to' its real and ge-
neral agency.

The magnetic fluid is much more hypothetical,
and more pnrti.ﬂin its action, than any of the
®rmer. This is fuppofed to be a fluid which, ex-
Cepting in very few cafes, affets iron alone, or fuch
bodies as contain iron, and produces thofe effefls
which are called magnetic, and which are all redu-
cible to two, viz. te an attraltion (not an attra&ion
of affinity) berween certain par@ of ferruginesus
G I ; bodies,
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bodies, and to a repulfion between certain other
parts of the fame bodies.—We have no knowledge
of this fluid entering into combination with any
body, nor of its producing any other effect.

Of thofe four natural agents, viz. heat, light,
electricity, and magnetifin, particular notice will be
taken in the next volume. What has Been already
faid concerning their nature, is fufficient to illuftrate
the fubject of the remaining pages of the prefent
volume. .

There feem to be only three principal and per-
manently elaftic Auids in nature, each of which
confills of a fimple fubftance combined with calorics
and, probably, with light:— they are called OXYZER GIFs
bydrogen gas, and azatic gas, or nitrogen gas ™ ; and
their bafes, or peculiar conftituents, independent of
the caloric and light, are called oxygen, bydrogetts
and azote, or mitrogen.. But there are f{everal other
aérial fluids, fome of which are combinations of the
above-mentioned three, with other fubftances. The
following lift contains their number, their namess
and the ingredients of them all, befides caloric and
light.

Oxygen gas, or pure vital air.

Atiugfpheric air, confifting of about 28 parts of

— R

* “The name a:r has been more particularly given to the
refpirable fluids ; ‘whereas the word gas is'a more "“L.[lcr'l
appellation for permanently elaftic fuids, pﬂruculdr y for
thole of a fuffocating quality.

Ox}yg{’ﬂ
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oxygen air, and 72 of azotic gas.—Thofe two fluids
are fic for refpiration, and, of courfe, for fupporting
animal life; all the reft being {uffocating, and
unfit.

Azotic gas.

Nitrous ges, confifting of azote, combined with
a little oxygen.

Oxygenated muriatic gas, confiting of muriatic
acid, furcharged with oxygen and deprived of water.
This is the only a€rial fluid which has a little colour,
viz. a greenifh-yellow tinge. All the others are
colourlefs.

Carbonic acid gas, confi {hng of carbon diffolved
in oxygen. This, and efpecially the four following,
are abforbible in great quantities by water.

Muriatic acid gas, being, muriatic acid deprived
of its fuperabundant water.

Sulpburous acid gas, being fulphuric acid that has
loft part of its oxygen, and alfo loft its fuperabun-
dant water.

Flyoric acid gas, being fluoric acid deprived of
its fuperabundant water.

- Ammaniacal gas, being ammonia (or cauftic vo-
latile ajkali) deprived of its [uperabundant water.

Hydrogen gas. This and the four following, are
inflammable. '

Sulpburated hydrogen gas, (or bepatic gas) confilt-
ing of fulphur diffolved in hydrogen.

Phofphorated bydrogen gas, conlifting of phef-
Phorus diffolved in hydrogen. :

' : Carbonated
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Carbonated Iy d-,"ﬂm gas, confilting of hydregen,
and the bafe of carbonic acid gas.

Eydrogen gas of marfbes, confifting of hydrogen
and different proportions of azote.

Thofe are the principal elaftic Buids, or thofe
which occur moré commenly. - Mixtures of two
or more of them are infinite in number; bur the
ingredicats may be {feparated more or lefs by va-
sjous means, and thus'their quantities may be afver-

tained.” Thofe means muft be derived from their

peculiar properties; for inflance, if 2 ikt elaftic
flurd be agitated .in water, the water will ‘abforb
that which'is of a fuline quality, and will leave the
ether by itlelf.  Then the latrer, by the application
of a lighted candle, will fhew whether it be infam-
mable, or capable of aflifting combuftion, or inca-
pable of it, &c.

The purity of the atmofpherical fiuid, which is
various at different times and places, . is tried by ex-
pofing to a determined quantity of ir, fuch fub-
flances as have great affinity for the oxygen parts
for by this racans the atmofpheric’ air s degom-
pofed, the oxygen combiaes with ‘the other fob-
ftance, and the azotic gas ‘remains by fefelf; and

s quantity determines the purity of the air, oF
rather the ratio of azote to oxygen ; for the air may
be rendered unfit for refpiration by the 1}_;{'}36:1@”
of other fubftances; which do not diminiﬁ; the pro-
portien of oxygen in it.

Cerbon, or the carbonaceous piinciple, 15 pore

¢l a;{rCUJ f
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charcoal, and feems to be a fimple {ubftance ; for it
has never been decompoled. [t exifts in vegetables,
as alfo in animal bodies, and may be feparated from
the oily and volatile principles by diftillation, as alfp
from the falts, by wathing in pure water.

Sulpbur {eems to be a pure fubltance. It exifts
principally among(t minerals, but fome of it alfo
exifts in vegetable and animal bodies.

Phofpherus cannot be decompoled, and of courfe
it may be confidered as a fimple fubftance.

The burning of phofphorous, of fulphur, or of
carbon, is not a decompofition of thefe bodies, but
a combination of thole bodies with oxygen, which
combination increafes their weight, renders them
mifcible with water, and gives them a ftrong four
tafte ; viz. they become the phefphoric acid, the ful-
phuric acid, and the carbonig acid ;3 {o that the
acceflion of oxygen turns them into acids; and
hence the oxygen derives its name, which, from
its Greek origin, means the auidifying principle.—
The heat and the light which atiend the com-
buftion, are derived from the oxygen air which de-
pofits them, when it lofes its aériform ftate, and
combines with the phofphorous, or the fulphar, or
the carbon.

In a fimilar manner oxygen combines with a
variety of other fubftances, which combination is
called gxidation; and the compounds, according
to the different proportions of oxygen, have dif-
ferent iﬁropcrtif:s, and different generic names, be-

fides
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fides the names of the pecaliar radicals with which
the oxygen is combined ¥,

The combination of a very fmall qhantity of

oxygen conflitutes whar are called ox'des

1
{

; with more

oxygen the combinations are called wesk scids;

with @ quantity ftill greater of oxvgen, the deno-
minations are made to terminate in cws, viz. we
fay the nitrons acid, the Juiphurcns acid, &c. When
the quantity of oxygen is as much as will com-

pletely faturate the bafes, the appellations termi-

nate i ic; vid. we fay the nitric avi: 4, the fulpburic
acid, &c. and, laftly, when the combinations con-
t2in more oxygen than is nece flary for their {atora-
iion, then thofe ftates are exprefied by annexing
the 'word avygenated to the peculiar name of the
acid.

Al the articles, which follow phofphores in the
Iift of pages 15 and 16, as far as the zoowic radical,
are capable of abforbing oxygen enough to give
them an acid tafte, asalfo other properties peculiat
to acids; hence they form the various acids, which
derive their appellations from the names of theis

erlias w5 dieale:
i'?'f‘l_i.“uu 1'.-‘\'.ALJ.I-5 ";"-

- . . - ¢
eof thofe radicals (as the muriatic) are only

regkoned fuch from analogy 5 for they cannot be exhibited

: 158, ? ~ 3 gt
10 an uncomibt 147 .4 _[.'""ul.-f"r :1[1(' [,‘/‘,i;lj“,'n_’,'-ﬂ'f.‘jj W:Ji'-"
ar¢’ the radicals of the fulphuric, and of the pholphoiic,

acigs.




”

‘..M

L]

The articles follow the

Zoonc radical, are-called mesallic

fit é.’?r-:frses 3

i = e e —

and ammal, acids, according to the nature of their radicals.
Acids in general have a (our tafte, have a powerful affinity

retable coloues.

for alkalies, and radden certain blue

The mineral acids are the f':!Jhu"c formerly called the

witriolic) acid, the pitric acid, the muriatic acid (forme

ralled the marine aiid), the c-,a.r‘..',-:;ir; acid {formetly called

the arriaf

rxed air Y, the phofphoric acid, which is
likewite 20 aninal acid, it being found amongft animal mat-
minerals, the acid of borax, the
1
1

ters, as well

Huoric acid, the arfenic acid, the molybdic acid, the tung-
ftenic acid, and the cromic acid.  Thefke 1alt four are alfo

called metaliic acids.

Ve @ COMme
gen, but in dif-
&

dcrent proportions. All their radicals may T:. decompoled,

Every on¢ of the vegetable acids feems to I
pound balis, cenfifting ufr‘u.buﬂ and hydro
but they cannot be compounded from fimpler fubftances ;
and it is on account of this circumflance that they ar
reckoned amongft the primitive fubftances. They are
éil‘tinguiﬂwd from each other by their peculiar affinities for

alkalies, or earths, or metallic fubftances.

acids are the acetic, or vinegar, the acid of tartar, the em-
Pyreumatic acid of tartar, the oxalic oracid of forrel, the
acid of galls, the citric or lemon acid, f.h-: malic or acid of
apples, the benzoic, or the acid of the Howers of benjamin,
the empyreumatic acid of wno:.i, t}:e empyreumatic acid of
Tugar, the acid of <ampho Wl the fuberic or 2cid of
tork.

The animal acids, excepting the phofphoric, likewife
=

em to have their bafes or radicals compounded of carbon,
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Jubftances : they cannot combine with as much
oxygen as the preceding radicals ; hence they can
only form oxides, formerly called metaliic calcess
yet from thofe we muft except the firft four, viz.
arfenic, molibdenite, &c. which can combine with
{o much oxygen, as atually to acquire fome evident
acid ‘properties. The others allo have different
affinities for oxygen. Thofe which come firft in
the lift, have a greater afﬁnit)} for oxyeen than thofe
which follow. The laft four, viz. mercury, filvers
platina, and gold, have lefs éﬂinity for oxygen than
any of the reft; for the oxides of thofe metals may
be. deprived of the oxygen; that is, may be reduced
into their imple or metallic {tates, by heat alone s
whereas the oxides of the other metallic fubftances;
cannot be deprived of their oxygen by heat alon¢s

(=}

but the procefs muft be affifted by the contall of

P

hydrogen; phofphorus, and azote,. in different numbers and
different proportions. The animal acids are, the acid of
milk, the acid of fugar of milk, the formic or acid of ants
the prufiic acid, viz. the colouring matter of Pruffian blugy
which is. obtained from dried blood, hoofs, &ec. the febaci®
or acid of fat, the bombic or acid of filk-worms, the lacci€
or the acid of waxy matter, and the zoonic, or the acid €%~
tralted from animal matter by means of lime. Thofe acit_l-“'
are alfo diftinguithed from each other by their peculiar afil-
mities, and their bafes or radicals may be dccompuul‘-d”d’
but eannot be compounded from impler fubltances.

fome
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iome other i"ubftancr:, which bas 2 greater aflinity
for oxygen®

’j :.f‘

* The metallic “_13{},1,,< g5 are a‘:]:'l'i;w'uiﬂlcd by ihe]r ab-

iclute opacity, ereat {pe

fity 5 but this laft property is vcr)'

all thofe which precede iron in the lift, and which are, on that
account; called feny

tals. All the metallic fubftances be- -
come liquid in certain peculiar dezrees of
{{oe ¢

), differ

3 188

heat, They have
aiiﬁcr-:r:{ {pecific gravi

e tabile of Specific Gravity

1 page 735, and followin: colours, and different

¥
o

legices of dullility; they have allo peculiar :/a:ﬁ... ies
other fubflances. 'We fhall bricfly

for
f their

more remarkable charaleriftic properties; commen ing

et

with the meft perfect of the metals, and which has the lexdt

affinity for OXygen.

Ggld bas an orange or red

heavielt metallic fubftance, platina excepted 3 3 it mel

t neits at

1y yellow colour; i1s the

g

onut 5237" of Fahrenheit’s Thermometer; is the moft

rfe@, duchile, tenacious, and tnchangeable of all the
knom: metals,  Its proper {olvents are the aitrs-muriotic
acid, (ague regia), and the oxy-muriatic acid.

Platina, Its colour is white; J the moft ponderou
metal. By itfel{ it refifts the fire of
<an only be fuled by means of powerful burning gl
in 2 fire urged by a current of oxygen air, It may be alloyed
with moft metallic fubftances, and in that fate may be

fufed with much greater facility. It is not affeGed by the
action of the :Ltmofpl:c:rc. Its proper folvents are the fLme
as thofe of gold.

3
ary furnaces, and

=3 x » - r - 1 TR 1
k(u‘d‘t'c‘r hag a pure white colour Ie is mdl=uble andl
¥ery dultile, though not quite fo much as gold, [t fufis s
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The feven fubftances which follow gold in the
lift, are called earths; or earthy fubjlances ; viz. filica,
! or

about 4717° of Fabrenheit’s Thermometer. It may be
alloyed with feveral metals, It is diffolved by various acids,
g/pecially by the nitric.

" Mercury.  Tts colour is like that of bright polifhed
filver. It is the heavieft metallic fubftance next to gold and
platina, It is a folid ina temperature under the 72° below
friczing water. It is a liquid between that degree and 60C°
of Fahrenheit’s Thermometer ; but above that degree it
becomes a vapour, or an elaftic uid. The nitric acid is its
beft folvent.

Cipper has 2 brownifh-red colour ; is malleable, flexible,
and dudlile; though not fo much as filver. It meles at
4587° of Fahrenheit’s Thermometer. By expofure to the
fire it changes colour, ‘and becomes firft blue, then yellow,
and laftly violet. It gives a greenifh-blue tinge to the flame
of burning coals, It is diffoluble, more or lefs, in moft of
ris. Copper

the acids. With the acetous acid it forms werd
msy be united to moft metallic fubftances, forming varicts
ufeful compounds.

Lead has a blueifh white colour; and is the heaviefl metaly
after gold, platina, and mercury. It melts at §40% IS
furface is readily oxidated. It is diffolved by moft acids.
Its oxides form various ufeful colouring pigments.

T3 comes neareflt to the colour of filver 3 but its furfa

s . 3 o . y Toke
is foon tarnifhed. It is very dudlile, flexible, and wae!!
and

ce

bent erackles in a peculiar manner, It fufes at 416%
¥ 5 - S 3 Ty
is pretty readily oxidated. It is diflelved more or lefs BY

moit acids,
Ironis of a pale; fomewhat blueifl

. L o
rey, colour, ‘Tt is ¥

P
R0t
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or filex, argil or alumine, baryt ot barites, frontian,
1,

moft ufeful, moft abundant, and the moft diffufed, metal in
nature. Iron [excepting a few equivocal cafes) 18 the
only metal fufceptible of magnetifm. It is eafily oxidated,

and its colour changes according to the degree of oxygena-
tion., Itis found combined with a variety of fubftance
from fome of which it cannot be feparated without very
great difficulty ; hence we have iron of different qualities
and of different fufibility. Caft iron melts at 2bout 17977°
Its union with carbon forms ffeel.

Zine, Its colour is between the colour of filver and that
of lead. It has very little duility, It fules as foon as it
becomes red hot, (viz. when the hieat is about T070°) ten
with the accels of air it inflames and fublimes in white
flocks of oxide, called philsfophical woel, or pomphilix. It
Unites with feveral metals, With copper it forms érafs.

Antiminy is a whitifh brilliant femi-metal, not eafy of
fufion, but when fufed it emits a white fume called argentine
Jnow, or flowers of antimony. ‘The ftate in which this femi-
metal is generally feen in°commerce, and in which ftate it
is improperly called antimany, is in combination with
fulphur,

Bifinuth (otherwile called tin-glafs) is white, with a fhade
of red inclining to yellow. By means of the hammer it may
be reduced into powder. It fufes eafier than tin. When
expofed to a ftrong heat, it burns with a b'ue flame, and
fublimes in a yellowith fmoke, which condenfes and forms
the fowers of bifmuth. The nitric acid is its beft (olvent,
Its combinations with various meétallic fubftances, form
Pewter, folders, printer’s types, &c. ;

Cobalt is white, inclining to bluifh grey, and, when tar-
nithed, to red. "Ina red heat itis malleable to a certain de-

YOL: I M M gree;
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ime, magnefia, jargomia or zirgomia; to which we
fhall

gree; and, when pure, it is as difficultly fufed as iron. It
is not eafily oxidated. When expofed to the fire in conl-
jundion with borax, or foda, &c. and earthy fubftances, it
tinges them blue. Its oxide, fufed with fand and pot-afhs
forms a blue glafs, which, when finely pounded, is called fmalts

Nickel, in its pure flate, has a greyith white colour. It

is magnetic in a very fmall degree ; hence it is thought to
contain jron, It is malleable in a confiderable degree, and
is flowly oxidated in a ftrong heat, The nitric acid is it
beft folvent.

Mangansfz is of a greyifh white colour, but it is fo eafily
oxidated, as to be readily darkened by expofure to the airs
it falls into powder, and becomes a perfe® oxide of a dark
brown or black colour. Indeed it is in that ftate that we
always find it. This oxide, expofed to a pretty ft.ong heat
in proper veflels, yields a very great quantity of oxygen
air. This metallic fubftance is lefs fufible than iron, and
unites, by fufion, with every one of the metals, except
mercurys :

Uranite is of a dark ftecl or iron grey colour, Nitrous
acid diffolves it ; but its oxide is infoluble in alkalies, which
circumftance diftinguithes it from the oxide of tungften,
which it refembles in colour.

Sylvanite, or Teliurite, is of adark grey colour, inclining
tored. It has a confiderable degree of duétility and mal-
leability; is the moft fufible metallic body, excepting mer=
cury, It readily unites with mercury and fulphur, It 18
diffoluble in nitrous acid, in the fulphuric acid, and in nitro<
muriatic acid. .

Titanite is imperfe&]y known. Its oxide, which was

formerly taken for a red fborl, is but fparingly found united
te
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fhall add two more which have been lately difco-
vered

to other minerals, and from certain phenomena;, which at-
tend its diffolutions and precipitations, it appears to be the
oxide of a new metallic fubftance, to which the name of
titanite has been given ; but it feems that it was never fairly
reduced to a metallic ftate.

Ghreme has a whitith grey, fhining, appearance. It is
obtained from a mineral called 8iberian red lead. It yields
a particular acid; of a ruby red colour, which contains two
thirds of its weight of oxygen.

Tungflen is fuppofed to be the oxide of a particular me-
tallic fubftance ; for it does not appear to have ever been
fairly reduced to a metallic ftate. It is of a fleel grey
colour, very hard and brittle. It affords a peculiar acid.

Molybdenite is a fubftance of a metallic luftre, which
marks paper like plumbage (black lead). It is oxidated in
a red heat; but it cannot be fufed without 2 very powerful
fire.  Its white or red oxide gives evident marks of acid
properties. ;

Arfenic is naturally white, inclining to blue; but it
{peedily becomes pale yellow, and then greyifh black by
expofure to the atmofphere.  In a metallic ftate arfenic is
of a blackith grey colour; it is brittle, and in its fralture
refembles fteel. If arfenic be placed upon burning coals,
it burns with a blueith white flame, and is velatilized into
a white oxide, which attaches itfelf to the chimney, &c.
By this means arfenic is extra&ed from various minerals
with which it is found combined. This oxide, which is
fufible in water, is the white arfenic of commerce, - This
volatilized oxide has a fmell refembling that of garlic, and
is exceedingly dangerous to animals. Arfenic by itfelf
fules difficulily, but by fufion it may be united to moft

MM 2 metals.




£32 Sketch of the modersn Theory
vered in fmall quantities, viz. glucivey and: aguf-
tine %,

The

metals. When faturated with oxygen, it conftitutes an
acid which may exift in a concrete formy. but it readily
attradls moifture from the atmolphiere, and thereby b
a fluid.

* The earths are dry, brittle, inodorous, uninflammable,
and {paringly foluble in water,

ccomes

Silica is the earth which forms the principal ingredient
of flints, rock cryftal, and feveral gems, It is rough and
when finely, pounded; a very minute quantity of it may be
kept diflo)ved in water, The only acid which aéls upon

. ity is the fluoric, It is infufible by-atfelf; but in a ftrong
heat the fixed alkalies fufe it readily, and form glafs,

Argily or pure clayy otherwife called aluminey (for with
the fulphuric acid it forms alum) in its pure ftate is white,
fmooth, of an unctuous feel, and is diffufible in water.
When heated it diminifhes in bulk, is hardened, and is rep-
dered indiffufible in water. It may be hardened {o as to
ftrike fire with fteel. This moft ufeful property ‘enables
us to form bricks, pots, and a variety of utenfils, commonly
known under the name of earthen-ware.

Baryt, or Ponderous Earth, (from its confiderable {pecific
gravity) is infufible when pure. Cold water diffolves a
25th part, and boiling water one half, of its weighe, Tt is
foluble in alcohol, and is highly poifonous. See les
Annales de Chimie XXI. It has a greater affinity
for muriatic acid, than any of the other earths, or the
alkalies,

Strontian, when pure, is not fufible in the fire, but it
only glitters with a phofphoric flame; it may however be
fufed in conjun@ion with moft of the other earths, It is
diffolved
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The laft three articles.of the it are called o/ka-
lies, they have a peculiar tafte as well as other p

culiar properties.  Pot-afh and foda afe called ﬁ.mf

alkalies, becaufe they cannot be rendered volatile

by

diflolved readily in the nitrie and muriati¢ acids § and form S
by the addition of the fulphuric acid, an infoluble precipitite

Lime, when pure, is called guiick /ime, or pure caleareous
earth. . Is infufible by itfelf, but it may be fufed in con-
junction with filica and argil. Lime is purified by long
expofure to a ftrong heat, by which means it becomes
white, moderately hard and brittle. It has a hot burning
tafte, renders violets green, and corrodes animal and ve-
getable fubftances. By the application of water it becomes
hot, burfts, and becomes faked lime, which, when mixed
with f2nd, or dry mould, %c. forms the mortar comuiohly
uled for building, Slaked lime will be found to have ah-
forbed 287 grains of water for every 1000 grains of its. ori-
ginal weight. Water cannot hold in folution more than
one 700dth part of its weight of lime, and in that {fate 3t
is called lime warter.

Magnefia, when pune, is white and very light, 1t com-
bines with all theacids. It is infufible by itfelf.

Fargonia is a peculiar earth obtained from' two' gens ;
viz. the jargan and the hyacinth, Tt is infoluble in  water,
In hardnefs and roughnefs it refembles filica, It is infufible
by itfelf. It unites with the nitric, the carboni¢, and the
fulphuric, acids.

Glucine s fuppofed to be a peculiar earth obtained from
two' gems vigg the Feryh or agua maring, and’the
emerald,

MM 3 Agufting




534 Sketch of the modern Theory

by means of heat ; —ammoniac is a volaiile al-
kali *.

But it muft be obferved, that the alkalies are
placed in the lift of fimple fubftances, rather be-
caufe they form a particular clafs of bodies, which
are endued with remarkable and peculiar proper-
ties ; for they feem to be compounds of fimpler
fubftances. Indeed, the ammoniac has been proved
to conlift of 807 parts of azote, and 193 parts of
hydrogen; alfo the two fixed aikalies are ftrongly
fufpedted of being formed from a combination of
azote with fome unknown bafes.

The three alkalies, the acids, and the combina-
tions, in which they enter in fufficient quantities,
are called Jalts, or faline fubflances ; for a_faline fub-
Jance, in its extended chemical fenfe, means a
fubftance that has fome tafte, and is foluble in
water,

Thus we have endeavoured to give fome idea of
the primitive, or elementary fubltances ; fuch as

Azuftine is fuppofed to be a peculiar earth obtained from
a mineral that refembles the beryl. It is not foluble in
water, and it becomes hard in the fire.

#  Alkalies haye an acrid, urinous tafte ; ehange the ve-
getable blye colours into a green; combine with acids, and
form neutral falts; viz. falts that have neither the proper-
ties of acids, nor of alkalies, As the alkalies appear to be
derived principally from azote, thercfore azote has been alfo

called the altalizen principle,

may
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may be deemed fufficient for a ftudent of natural
philofophy. A full account of their properties,
affinities, combinations, &c. will be found in various
recent publications written profefiedly on the fubject
of chemiftry *, '

# See Lavoifier’s Elements of Chemiftry, Jacquin’s
Elements of Chemiftry. Briffon’s Phyfical Principles of
Chemiftry.. Fourcroy’s Chemiftry. Gren’s Principles of
Modern Chemiftry. Lagrange’s Manual of a Courfe of
Chemiftry; and feveral other large works: ta which may
be added, a very ufeful little book 3 viz. Parkinfon’s Che-
mical Pocket Book, or Memoranda Chemica,

MM 4
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CHAPTER' XVIL

OF CHEMICAL PROQESSES.

T is ‘perhaps fcarcely fufpected by moft of

my readers, that ajmoft every phenemenon,
which takes place about us, and which is attended
with fome change of property in the bodies con-
cerned, is in fact a chemical procefs; viz. it does
actually depend upon, and is regulated by, the laws
of affinity. Heating, cooling, fires, and every fort
of combuftion ; our refpiration, our digeftion, the
formation, decompofition, and fecretion, of the
various animal Huids ; evaporations, diffolutions,
and fermentations ; the operations carried on in the
various arts of dyeing, bleaching, tanning, &c. are
all depending ‘on the various affinities of bodies.
Infinite is the number and the variety of the parti-
cular procefles; and even the account of a2 feled
number of them, is what fills up many large and
learned works. In thefe elements we can only at-
tempt to defcribe the moft remarkable of thofe pro-
cefles ; viz. fuch as are more general or more in-
terefting, and which may not enly elucidate the
general theory of chemittry, but may allo affft
the
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the reader in the inveftigation of other pheno-
mena ¥,

Combuflion, in its modern enlarged fenfe, means
every operation in which oxygen air is decompofed,
its radical ; viz. the oxygen, is abforbed, and its
other two components, caloric and light, are fat
at liberty, or enter iato other combinations. There-
fore refpiration, the oxydation of metallic bodies,
and, in fhort, the oxidation of all, other fubftances,
are different degrees of combuftion.  Thoft bodies,
which have fo much affinity for oxygen, as to be
able tode ecompole oxygen air, are called ¢o ombuftible
bugies. \

When the oxygen. air is decompofed flowly, the
heat is imperceptible, becaule the caloric is diffi-
pated as foon as generated, When the decompo-
fition goes on faller, the bodics concerned become
fenfibly warm.. A quicker decompofition of the
oxyen air heats the bodies {o as to render them
red hot ; (this temperature is equal to about 1000°
of Fahrenheit's Thermometer) which ftate is called
tgmition.  When the procefs is attended with the
production of certain Huids, as hydrogen, volatile

#* Whoever wifhes to examine this {ubjeét at large, may
petufe fome of the valuable works which are mentioned in
the note at the end of the preceding chapter; 4s alfo a va-

Tety of works written expreflively on the arts of dyeing
&af.‘hmv &c,

©1'3,
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oils, &c. and the decompofition of oxygen air
affords a fufficient developement of caloric; then
the above-mentioned fluids themfelves are ignited
and decompofed, which conftitutes the flame, and is
thence called imflammation. The quickeft decom-
pofition of oxygen air is attended with a very quick
extrication of caloric, a {udden expanfion of the
contiguous bodies, and of ‘courfe with a fudden
noife ; hence it is called detonation. A quick
fucceffion of little detonations, is called decreps-
tation, or deflagration.

Combuftions are generally attended with the de=
compofition and formation of feveral compounds 5
viz. the carbon, which naturally exifts in vegeta-
ble and animal {ubflances, unites with part of the
oxygen, and forms carbonic acid gas; fome of the
neutral falts are decompofed, and an alkali is left
intermixed with what fixed matter remains after the
combultion, &c.

"Two principal faéts muft be particularly remark-
ed in this place.  Firft, that tae greateft part of the
heat, which is yielded :n combuftion, comes from
the decompofition ot the oxygen air; and fecondlys
that the oxyeen air is the general, and the only
fubftance, which by its decompofition, &c. can
produce combuftion. In fat, where no oxygeR
air exifts, as in vacuo, in azotic gas, in hydrogen
gas, &c. there combuftion cannot take place; an
animal cannot refpire, a metallic body cannot bes

oxidateds
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oxidated, or in general a combuftible body cannot
burn ; for inftance, a piece of charcoal, expofed to
a ftrong fire in a clofe veffel, will not thereby be
altered.

The atmofpherical air is ufeful for thofe pur-
pofes, fo far as it contains oxygen air.  When that
portion of oxygen, which is about a quarter of the
atmofpherical fluid, has been more or lefs, or en-
tirely, feparated, the remainder will accordingly be
found lefs fit, or quite unfit for refpiration, for
combuftion, &c. Hence will appear the neceflity
of ventilating towns, houfes, fhips, &c.

If you place a lighted wax taper under a gla f's
receiver, which is inverted with its aperture in
water, and is fituated upon the fhelf of the tub,
fig. 8. Plate XVII. you will find that as the flame
decompoles the oxygen air, and of courfe lefs and
lefs of that air remains within the receiver, fo the
flame becomes gradually fimaller, lefs a&tive, and at laft
ceafes to burn,  After the cooling of the appararus,
you will find the water to have rifen within the re.
Ceiver, and to occupy the place of the decompofed
Oxygen air ; viz. about one quarter of the original
bulk of the common air. The remaining azotic

gas is unfit for combuftion. This gas contains
4 fmall quantity of carbonic acid gas, which has
been formed by the union. of the carbon of the
Wax with fome of the oxygen. This carbonic acid
83 may be feparated from the azotic gas by
: agitation
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agitation in lime water, whichabforbs it, and leaves
the azotic gas by itlclf *.

If the glafs receiver be flled with pure oxygen
air, the wax taper will be found to burn for a longer
tume, with a much more a&tive and luminous flame;
and the air will difappear almoft entirely, excepting
only the carbonic acid gas which has been formed;
and a fmall portion of oxygen air which remains
mixed with the acid gas. ‘

The moft active fire which we can poflibly pro-
duce, is obtained by pafling a current of oxygen
air, inftead of comumon air, through burning coals;
or other combuftibles.

For the fupport of animal life, a conftant fupply
of heat is indifpenfably neceffary, and the. calorics
which produces that heat, is derived from the de-
compolition of oxygen air in the courfe of refpira-
ton. A certain quantity of carbonated hydrogen
gas 1s fuppoled to be difengaged from the bleod in
the lungs ; the oxygen of the air, which is infpireds °

* Gun-powder may be fired in vacuo, and compolitions
of gua-powder, nitre, &c. may be made to burn under wa-
ter'; but in thofe cafes the oxygen, neceffary for the com=
buflion, is afforded by the nitre, or by fome other falt analo=
gous to it.  In fadly if nitre be pur by itfelf in an earthen-
ware 1etorty and the retort be expofed to a fire {ufficient tO
rencer it ftrongly red hot, or rather white hot, the nitré
en air, which may be received

ST Shund: b
will yield abundance of oxyg

in arcceiver full of; and inverted in, water.

combines
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combines with the hydrogen, and with the carbon of
the above-mentioned gas, and parts With ‘its calo-
tic; thus carbonic zcid gas and water is produced,
(for, as it will be thewn in the fequel; water confifls
of oxygen and hydrogen): = The caloric which is
difengaged in this procefs, expands itfelf through
the adjoining  parts, and fupplies the heat neceflary
for animal Jife.

If the atmofpherical fluid confifted entirely of
Oxygen amr, then a much greater quantity of heat
Would be- produced by refpiration than is' neceffary
for the fupport of animal iife, the comibuftion of
bodies would likewife proceed too rapidly, and of
Courfe decompofitions -of every fort would go on
With ufelefs precipitation; hence we may thankfully
Wmire: the juft and temperate conftitution of the
Atmofpherical air,

One of the moft remaricable difeoveries of modern
ﬁmt‘s, is the dccompoﬁtion and compofition of water,
¥hich was formerly confidered as ah elementary ox
fimple fubftance. This decompolition has been ef-
fected two ways principally ; viz. by placing the va-
Pourof water in conta®t with certain ignited bodies,
¥ by means of eledtricity. The moft fatisfactory
Methods of decompoling, and of compoling it, are
Slearly geferibed by. M. Briffon, in the following
Words »

L. A twbe of common glafs, EF, fig. a1,

late X7, well” annealed, and diffcult to be

Y]If:\:LfJ
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fufed, about 2 of an inch in diameter *, -was placed
acrofs a furnace CFED, in a pofition fomewhat
inclined, and to its upper extremity was adapted 2
glafs retort A, containing a known quantity of dif*
tilled water, and refting on a furnace VV. To the
lower extremity of the glafs tube F, was applied 2
worm S S, connetted with the double tubulated
flatk H ; and to the other aperture was adapted #
bent glafs tube K K, deftined to convey the gas t0
an apparatus proper for determining the quality and
quantity of it. 'When the whole was thus arrang”
ed, a fire was kindled in the furnace CEED, and
maintained in fuch a manner as to bring the glﬂ»{s
tube EF toa red heat, but without fufing it:
the fame time, as much fire was maintained in th¢
furnace VV X X, as to keep the water in the ¢
tort A, in a continual ftate of ebullition.

« In proportion as the water in the retort.fs
affumed the Rate of vapour by ebullition, it flled
the interior part of the tube EF, and expelled th®
atmofpheric air, which was evacuated by the worfm
S S, and the tube K K. The fteam of the wate!
was afterwards condenfed by cooling in the wor™
SS, and fell, drop by drop, in the ftate of wate™

A8 i

#* Such tube mult be luted; viz. covered over with 2
mixture of clay and pounded earthen-ware ; alfo it mud
be fupported in one or more places, that if may not ber

when foftened by the heat,

into
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into the tubulated flafk H. When the whole of
the water in the retort A, was evaporated, and the
liquor in the veflel had been fuffered to drain off
completely, there was found in the flalk H, a
quantity of water exactly equal to that which was
in the retort A ; apd there had been no difengage-
ment of any gas; fo that this operation was mercly
a common diftillation, which gave abfolutely the
{ame refult as if the water had never been brought
to a ftate of incondelcence in pﬁfﬁng through the
glafs tube EF. '

2. “ Every thing being arranged as in the pre-
ceding experiment, 28 grains of charcoal reduced
to fragments of a moderate fize, and which had
been previoufly expofed for a long time to a white
heat in clofe veflels, were introduced into the glafs
tube EF. - The operation was then conducted as
before, and the water in the retort A, kept in a
continual ftate of ebullition, till it was totally eva-
porated. _

« The water in the retort A, was diftilled, as in
the preceding experiment ; and being condenfed in
the worm S8, had fallen, drop by drop, into the
flafk H ; but at the fame time there had been dif-
engaged a confiderable quantity of gas, which
efcaped through the tube K K, and was collected
in a proper apparatus, When the operation was
finithed, there was found nothing in the tube K F,
but a few afhes ; and the 28 grains of charcoal had
totally difappeared.

« The
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« The gafes d‘iﬁzngﬂgcd were found to weigh
altogether 113,7 grains.

 There were found two different kinds of gas;
viz. 144 cubic inches of carbonic acid gas, weigh-
ing 100 grains, and 380 cubic inches of a very
light gas, weighing 13,7 grains. This laft gas took
fire on being zpplied to a lighted body in contalt
with the air.

¢ In examining afterwards the weight of the
water which had pafied into the flafk; it was found
Jefs than that in the retort A, by 85,7 grains. In
this experiment, therefore, 85,7 grains of water,
and 28 grains of charcoal, formed carbonic acid
gas, equal to 100 grains, and a peculiar gas fuf-
ceptible of inflammation, equal to 13,7 grains.

« We have already faid, that to form 1co grains
of carbonic acid gas, 72 grains of oxygén muft be
united to 28 grains of charcoal or carbon. The
28 grains of charcoal put into the glafs tube EF,
took, therefore, from the water, 72 grains of oxy-
gen, fince there was formed carbonic 4cid equal to
100 grains.

s It appears therefore that 85,7 grains of water
are compofed of 72 grains of oxygen, and 13,7
grains of a fubftance, forming the bafe of a gas fuf-
ceptible of inflammation.

3. “The apparatus being arranged as above, inftead
of the 28 grainsof charcoal, 274 grainsof thin fhavings
of iron, rolled upin a fpiral form, were introduced int®
the tube EF : the tube was then brought to a red heat

i as



OF Chemical Proceffes. 545

as before; and in the like manner the whole of the
water in the retort A, was made to evaporate.

« In this experiment there was difengaged only
one kind of gas which was inflammable : there was
obtained of it about 406 cubic inches, weighing
1§ grains. The 274 grains of iron, put into the
tube E F, were found to weigh above what they
did when introduced, 83 grains, and the water firft
employed was diminifhed 100 grains.

« The volume of thefe iron fhavings was found
to be greatly enlarced. The iron was {carcely any
longer fulceptible of attradtion by the magnet; it
diffolved without efférvelcence in acids: in a word,
it was in the ftate of a black oxide; like that which
has been burnt in oxygen air.
<« In this experiment there was a real oxidation
of the iron by the water, entirely fimilar to that
effected in the air by the aid of heat; 100 grains of
water were decompofed, and of thefe 100 grains,
85 united to the iron, to reduce it to the ftatg
of black oxide: thefe 835 grains, therefore, were
oxygen; the remaining 15 grains combined with
caloric, and formed an inflammable gas. It hence
follows, that water is compofed of oxygen, and the
bafe of inflammable gas, in the proportion of 85 to
15, or of 17 to 3.

¢« Water, therefore, befides oxygen, which is
_one of its principles, and which is common to it
with a great many other fubftances, contains another
peculiar to itfelf, and which is its canflituent radicals

VOL. 11, NN This
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This radical has been called bydrogen ; viz. 152
generator of water ; and the combination of this ra-
dical with caloric, is diftinguithed by the name of
bydrogen gas.

4. Recompofition of Water.— Take a wide-
mouthed glafs balloon A, fig. 12. Plate XVII. ca-
pable of containing about 30 pints, and cement
to its mouth a fmall plate of copper BC, having
above it a cylinder of the fame metal, g D, pierced
with three holes to receive three tubes.  The firlt
of thefe, #H, is deftined to be conneéted, at its ex-
remity B, with an air-pump, in order that the
balloon A, may be exhaufted of air.  The fecond
tube gg, communicates by its extremity, M M,
with a refervoir of oxygen gas, and is deftined to
convey it into the ballon A. The third tube zD4,
communicates by the extremity N N, with a refer-
vair of hydrogen gas : the extremity z of this tube
terminates in an aperture fo fmall as {carcely to
admit a very delicate needle. It is through this
aperture that the hydrogen gas, contained in the re-
fervoir, is to pafs into the balloon A. In the next
place, the fmall plate BC is pierced with a fourth
hole, into which is inferted with cement, a glals
tube, through which paffes a wire F L, having at
its extremity L, a fmall ball deftined to make an
electric fpark pafs between the ball and the extre-
mity of the tube that conveys the hydrogen gas into

the balloon A, Each of the three tubes has 8

cock, 7, 5, H.

¢ Tthat
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¢ That the gafes may be conveyed in a very
dry ftate through. the tubes which condu@ them
into the balloon A, and that they may be deprived
of water as much as poffible, you muft put into
the fwelled parts MM, and N N, of the tubes,
fome falt capable of artra&ing the moifture with
great altivity,  Thefe falts thould be only coarfely
pounded, in order that they may not form a mafs,
and that the gafes may pafs freely through the in-
terftices left between the fragments.  You muft be
provided with 2 fufficient quantity of very pure
oxygen gas, and nearly a triple volume of hydro-
gen gas, equally pure. ‘To obtain it in this ftate,
and free from all mixture, you muft extraét it from
water, decompofed by means of very pure and duc
tile iron.

«« When every thing has been thus prepared,
adapt to the air-pump the tube 4 H, and exhauft
the air in the large balloon A; then fill it with
Oxygen gas, by means of the tube gg, and, by a
certain degree of preflure, force the hydrogen gas to
pafs into the balloon A, through the extremity of
the tube = D d; then kindle this gas by means of
an electric fpark ; and if you renew the quantity of
€ach of thefe two gales, the combuftion may be con-
tinued for a long time.

“ In proportion as the combuftion proceeds.
Wwater is depofited on the internal furfice of the
balloon A: the quantity of this water gradually
increafes, and it unites into large drops, which

WN2 Tum
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run down the fides of the vefiel, and are colleéted
at the bottom of it,

¢ The fum of the weights of the gafes employed,
and the weight of the water formed, were found t©
be equal, within a 200th part. It was by ap
experiment of the fame kind, that Lavoifier afcer-
tained, that 85 parts, by weight, of oxygen, and
15 parts, alfo by weight, of hydrogen, are requirfd
to compofe an hundred parts of water.

« Thefe phenomena of the decompofition, and
recompofition of water, are continually effected be-
fore our eyes, by the temperature of the atmofpheré
and the agency of compound affinities. It is this
decompofition which gives rife, at leaft in a certai?
degree, to the phenomena of fpirituous ferment?-
tion, thofe of putrefattion, and thofe even of ve~
getation.”

The diffolution of metallic fubftances in acids 18
a very important and remarkable operation of ché~
miftry.  When a metal is placed in a Auid acids
capable of diffolving ir, heat and effervefcence (viz»
a difengagement of gas) frequently takes place, and
the gas is either the nitrous, or the fulphurous acids
&c. according to the nature of the acid; the mcta}'
gradually diminifhes in bulk, and at laft none O
itis to be feen. The liquor thus loaded with the
metallic fubftance, is called the folution of th4
wstal. If an alkali, or certain other fubftancess b
added to the folution, the metallic fubtance will b®
fr:parut‘d
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feparated from the fluid, and will fall to the bottom
of the veflel, This is called the precipitate, and
the alkali or other fubftance that has been added to
the folution, is called the precipitant. The precipis
tate, in certain cafes, appears in a metallic ftate, viz.
a powder; or cruft of the original metal ; but it ge-
nerally appears in the form of a falt; viz. quite defl-
ticute of the metallic appearance: it is, in fbort, an
oxyde of the metal, which may be reduced to 2
metallic ftate by depriving it of the oxygen. This
laft procels is called reduciion.

Such are the general phenomena of metallic dif=
folutions, and the operations of affinity feem to be
fimple and evident ; but a clofer examination of
particular diffolutions, and of the faéts which attend
each of them, fhew that the fubject is much more
intricate than it may at fielt fight appear, 1n fhort,
it is manifefted by a variety of experiments, that
water is abfolutely neceffary for every diffolutian ;
that the water is decompofed as well as the metal
and the acid, and that new compounds are thereby
formed. Nearly the fame thing may be faid of
redutions; but the number of ingredients of de-
compofitions and compofitions, which at and are
produced in every particular cafe, are in part
known, and in part guefled at. Several elegant
experiments in elucidation of this fubjec, which
fhew the above-mentioned neceffary prefence of
water, and a variety of collateral particulars, were

NN 3 furnithed
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furnithed to the fcientific world by an ingenious fe-
male writer *. .

Some idea of the primitive fubftances has been
given in the preceding chapter; but by far the
greater number,' if not all, the bodies which na-
turally occur to our fenfes; are compounds of fe-
veral of the primitive fubftances; and their ingre-
dients are in great meafure to be afcertained by trials,
and by employing other {impler and determinate
fubftanees.

Each of the three kingdoms of nature are divided
by the chemifts into fubordinate divifions. The
mineral is divided into earthy; metallic, faline, and
bituminous, minerals; of which a general idea has
been given in the preceding pages, excepting the
bituminous ; but thefe {eem to have a double
origin ; viz. they feem to partake of the mineral
and of the vegetable kingdom ; for they are found
to contain feveral of thofe ingredients which belong
principally to vegetables, and perhaps to animals
too.

Vegetables feem to derive their nourifhment

* See Mrs. Fulhame’s Effay on Combuftion, &c. Lon-
don 17g4. See alfo a thort account of Dr. Woodhoufe’s
Experiments in the Philofophical Magazine, vol. VII. p. 83.
and the Chemical Works mentioned at the end of the pre-
ceding chapter, in which the particular phenomena that at-
tend a variety of diffolutions and redudlions will be found,

chiefly
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" chiefly from water, which is decompofed by the
powers of vegetation, and its comiponents enter
into new combinations, The hydrogen becomes
an effential principle of plants, and enters into the
formation of their refins, oils, and mucilage.
Part of the oxygen forms the acid juices of ve-
getables, and ‘another part is expelled, when the
plants are expofed to a ftrong light, in the form
of oxygen airy but when the plants are in the
dark, as'at night, then they give out principally
the carboric acid gas. The common air which
furrounds a plant contributes to' its vegetation, by
affording it oxygen in certain cafes, as alfo by de-
pofiting moifture upon, or taking it away from,
its furface, according to circumitances. - Nitrogen
is likewife abforbed by plants.

Light, caloric, and carbon, do alfo feem to enter
into combination with vegetables, and to ‘be ne-
ceffary for their growth. '

Moft of thofe principles may br: extracted, by
decompofition, from all plants ; but, befides thofe,
there are feveral others which may be extracted
from particular plants.

Though we find that moft plants are refolvible
into the above-mentioned principles ; yet it mufl
be acknowledged that the chemical art cannot
imitate, or form, any vegetable, no more than it
can form any animal, part. The real proportion
of the ingredients, the manner of combining them,

NN 4 and
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and probably the neceflary concurrence of other
elements, are far from being afcertained.

By the decompofiticn of plants (I do not mean
an extreme decompofition) feveral ufeful fubftances
are obtained ; the moft remarkable of which we
thall briefly enumerate,

The jap is the general, or more abundant, fluid
of a plant, from which the various peculiar juices,
refins, oils, &c. of the plant, are fecreted, by
the organifm of the plant and the powers of ves
getation,

The wmitcilage, which forms the bafis of moft ve-
getable productions, has the following peculiar pro=
perties, It is infipid; is foluble in water, but not in
alcohol 5 is coagulable by the action of weak acids,
and of metallic folutions.

Gum is a confiftent fubftance, foluble in water.
It is found concreted in certain places on the furface
of plants, and is fuppofed to be only infpifiiated
mucilage.

Qils are diftinguithed into fiwed or faf oils ; viz.
fuch as contain mucilage, and cannot be rendered
volatile without a confiderable degree of heat;
and into wolatile oils, Wwhich contain arema, or
the odoriferous part of the plant, By diftillation
oils yield a phlegm, an acid, a fluid, or light
oil, a confiderable quantity of hydro-carbonate
gas, carbonic acid gas, and leave in the retort @
refiduum
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refiduum which does not afford any alkali, as the
athes of moft vegetables do. The wvolatile oils’
afford a* greater proportion of hydrogen gas, and
the fixedoils a greater proportion of carbonic acid
gas ; for this gas is in great meafure derived from
the mucilage.

Refins feem to be oils concreted by the combi-
nation ~with ‘oxygen. They zre idflammable, fo-
luble in alcohol, and in oils, but not in water.

Gum refins feem to be mixtures of mucilage and
of refins ; for they are partly foluble in water, and
partly in alcohol.

Facnle feems to be little different from muci-
lage. The principal circumftance, in which they
feem to differ, is, that fecula is not foluble in cold
water:

Vegetable gluten, is an adhefive fubftance, ob-
tained principally from the flour of farinaceous
plants, by forming a pafte of that flour, and
kneading it in water, until it no longer tinges the
water.

Sugar is an effential fal, which may be ex-
trated invarious quantities from different plants.

Albuminons Matter of Vegetables, is a flocculent
matter, which is extratted' from the juice of cer-
tain plants, and in forge mealure refembles the
white of an egg, whence it has derived its
hame.

The different acids, which oy be obtained

from
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from vegetables, have already been enumerated in
the preceding chapter.

The conftituent principles of plants have different
affinities; but the proportion of thofe principles in
a living plant, is fuch as to balance their peculiar
aflinities ; and the excefs or defect of each princi-
ple is eaflly expelled or abforbed by the ation
of vegetation. But when vegetation ceafes, then
the action. of the atmofphere, which heats or cools,
or oxygenates, or dries up, or moiftens, the vege-
table {ubftances, foon difturbs that juft proportion
of ingredients, and produces a variety of effects, If
the vegetable abound only in moifture, a dry air
and ventilation will dry it up; and fuch is the cafe
with wood, feeds; &c. When the vegetables are
very juicy, and thofe juices contain a variety of prin-
ciples, then thofe principles begin to feparate, the
heavielt go to the bottom, the moft volatile fiy
away, an inteftine motion is thereby produced, new
combinations take place; &e.  This decompofition
in general is called fermentation. In different ftates
of it different effects are produced; and from thofe
effects it derives three different names ; viz. of vi-
nousy acidy and putrid, [fermentation.

The Vinous Fermentation, ov.Spiritous Fermenta-
tion. »In order to produce this fermentation, the
exprefled juice of grapes (dnd the fame thing with
little difference may be faid of the juices of feveral
other {ruits) is placed in an dpen vefiel, or v‘at,l
anc
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and is kept gently warm, as about 70° of Fahren~
heir’s Thermometer. The Tiqour foon grows tur-
bid, and an inteftine motion takes place through
the whole mafls, attended with a copious difcharge
of carbonic acid gas, and a frothy fubltance called
yeaft. Aftera day or two, and fometimes longer,
the phenomena gradually diminith, and ceafe almoft
entirely. - In that ftate the liquor is pretty clear,
and will be found to have acquired a vinous tafte
and odour; and the thickelt or® more confiltent
part. will be found fettled at the bottom of the
veflel.  Now if the progrefs of diffolution be
ftopped, which is done by feparating the clear
liquor from the thick fediment, by preventing the
accefs of air to it, by placing it in a cooler
fituation, &c. then the liquor remains with little
alteration in the ftate of wize, Butif the whole be
left undifturbed, the fermentation will pafs on to the
next ftage; viz, to

T be acetous Fermentation. This confifts in the
abforption of oxygen from the atmofphere ; and
the refult is winegar, or the acetous acid.

In the putrid Fermentation the colour of the ve-
getables changes ; they grow pretty, hot, and a
mixture of gafes is dilengaged ; viz. of azote,
hydrogen, carbonic. acid, and ammoniacal, gafes.
This procefs completes the diffolution of the ve-
getable fubftances. |

Wine, or fermented liquors, yield, by diftilla-
tion, an inflammable and odoriferous liquor,

called
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called fpirit of wine, and, in its purelt ftate, al-
eobdl.

Alcohol feems to be formed from an intimate
combination of hydrogen and carbon, and is perfect«
ty mifcible with water.

Alcchol mixed with the fulphurie, or the ni-
tric, or other acid, and then diftilled, yields the
lighteft liquid known. This liquid is called etber,
to which the name of the acid is added ; viz. it is
called the ﬁ:[pbm'z!c, or ‘the wnitric, or the muriatic,
or the acetic ethery according to the nature of the
acid which has been employed for its production.

Ether feems to be formed from a combination of
the oxygen of the acid, with the carbon and the
hydrogen of the alcohol. It has a peculiar fmell,
is very volatile, and highly inflammable. If ether
be mixed with an equal bulk of water, about a
quarter of it will be diffolved by the water ; the other
three quarters, which are purer than previous to
the mixture, will be found to fwim upon the
water.

Animal fubftances, whether folid or fluid, confift
of, for they are reflolvable into, the following
principles ; viz. azole, carbony hydrogen, oxygen,
phofphoras, and lime. The various, but unknown,
proportions, the number, and the arrangement of
thofe ingredients, conftitute the blood, the milk,
the gall, the bones, the mufcles, the fat, and all
the other parts of animal bodies. But with refpect
to the facts which have been afcertained, or the
2 : conjectures

a~
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eonjectures which have been offered, relative to the
original formation, growth, fecretion, form, fitu-
ation, and other properties of thofe animal parts,
I muft unavoidably refer.the réader to the works
of the anatomical and chemical writers: we fhall,
however, fubjoin a thort account of the natural
procefs of the putrefattion of animal fubftances,
with which we fhall clofe the prefent volume.

An animal, like a vegetable, when deprived of
life, begins to undergo a decompofition or fepara-
tion of its conttituent principles; and this decompo-
fition is affifted and promoted by a moderate
warmth, by moifture, and by the accefs of air. It
muft be obferved, however, that animal diffolution
does not go through the vinous and acetic ftates of
fermentation ; but it proceeds direcly to the putrid,
principally on account of its containing more azote
and much ammonia ; excepting a few animal Auids,
which, by proper treatment, may be caufed to un-
dergo a vinous or acid fermentation,

The colour and the confiftence of dead animals
firft begin to diminifh, and.an unpleafant odour is
exhaled. The colour, after having become pale,
changes to blue and green, then to dark brown, ag=
cording as the parts become lefs confittent, and the
. putrid effluvium becomes more penetrating; naufe-
ous, and injurious. This production of gafes gra<
dually increafes in pungency and variety ; and,
from the feparation of phofpherous, it is often at-
tended with a phofphorefcent light, The mafs of

matter,
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matter, already become very foft, fwells, and, laftly,
produces carbonic acid gas.  'When all the moft
volatile parts have been difengaged, the fixed radi-
cals, containing fome hydrogen, form a brown,
foft, earthy matter, which, if left expofed to the
atmofphere, becomes, in procefs of time, a pow-
dery pale fubftance; but if mixed with mould,
forms foif fir for vegetation.

The putrid procefs of animal {ubftancés may be
checked or prevented by various means, fuch as
placing the fubftances in cold fituations, freezing,
drying up the moifture which is neceflary for fer-
mentation, introducing refinous fubftances, placing
the fubftances in Ipirit of wine, &ec.
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