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P R . E F A C E.

HPHE want of a popular treatife of phi-

explain to general readers the great principles

and operations of nature 3 to give, in a united

view, the difcoveries of the moderns on thelfe

prefent undertaking.

It is now many years fince I projedted this

work, and I intended to have termed it, “ The

Philofophy of Natural Hiftory.”—In that title

I have been anticipated 3 but my plan, though

long fince announced very amply to the pub-

lic, has not yet been anticipated, and the work

is ftill as much wanted as when I firft con-

ceived the intention of undertaking it.

important fubjedts, fir ft fuggefted to me the
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IV PREFACE.

To diftingui/h certainty from conjedture is

the moft difficult talk of the fcholar ; a tafk

which few find leifure, fortitude, or attention

to complete. In the prefent imperfedt ftate

of knowledge, when I fay certainty, I per-

haps would confine the refearches of human

wifdom within too narrow limits ; and

bability may be the more fuitable expreffion,

which muff, indeed, comprehend no inconsi-

derable portion of our difcoveries in nature.

To feparate, therefore, the probable from the

fanciful, was my firfi: obpedt ; and, if I was not

apprehenfive of being thought too affuming, I

would add, the nfejul from the Speculative.

I have obferved, that in all fciences the prin-

cipal difficulties arife from certain controverted

and difputable points, which are of little im-

portance in themfelves, and which, as they are

not eflablifhed upon competent evidence, are

not eafy to be comprehended.

To expedt much of novelty in the follow-

ing pages, would be to expedt falfehood and

abfurdity. One man, even with the unpa-

a ralleled
*



PREFACE. V

ralleled powers of a Newton, is able in the

courfe of his life to make but few difcoveries

of importance; and after the toil of centuries,

it would be extraordinary if much of what is

really true was left to be difcovered.- If I

have fucceeded in placing in a clear and per-

fpicuous light the obfervations of others; if I

have collected, and arranged in a lucid order,

the leading truths in the different branches of

philofophy, I have performed a great talk

;

but this I dare not flatter myfelf I have been

able to accomplifh.

ImperfeCt, however, as the work muff, I

am confident, dill appear—it is yet the labour

of fome of the mod valuable years of my life,

with the affidance of fome learned and excel-

lent friends, whofe kindnefs in thefe indances

I fhall have prefently to acknowledge more at

large. Let thofe who may be difpofed to

complain that more has not been done, only

refled: on the difficulty of what has been ef-

fected, and I flatter myfelf they will receive

- with candour an attempt, in which not to

A 3 have



vi PREFACE.

have fucceeded would fcarcely refledt difgrace

on talents fuperior to mine.

I have endeavoured to lay open the whole

book of nature to my readers. I commence

with the fii ft principles of philofophy, the laws

of matter and motion, with an enumeration

of the moll fimple or elementary fubftances.

I proceed from thefe to explain the nature

and phenomena of that moft adtive and fubtle

of elements, heat or fire, which is fo inti-

mately connedted with all other fubftances.

The theory of light and colours, fo immedi-

ately dependant on the preceding fubjedt, fuc-

ceeds ; and this is followed by a fliort treatife

of eledtricity. The different fpecies of airs,

and the atmofpherical phenomena, are next

treated of ; thefe are fucceeded by a deferip-

tion of the earth and mineral kingdom, and

the moft remarkable phenomena connedted

with them, fuch as volcanoes, earthquakes,

&cc. The nature and compofition of water,

with a fhort account of mineral waters, and of

the general properties of that fluid, occupy the

next department of the work.
From
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From thefe fubjedts I have proceeded to

what is called the vegetable kingdom, includ-

ing what is known on the nature and theory

of vegetation. The animal economy fucceeds *

and that as little as pofiible might be wanting

to complete the courfe of elementary know-

ledge, I have concluded by a Iketch of the

human mind. This latter part will connect

properly with my Elfays Hiftorical and Moral,

publilhed fome years ago, and which contain

the great outlines of my fentiments on moral

and political philofophy.

As it was my delire' to make this treatife as

plain and clear as pofiible to unlearned per-

fons, I have to apologize to my more fcientific

readers for the occalional repetition of the

fame principles and obfervations. Having

been, in fome meafure, all my life engaged in

the bulinefs of education, I have feen the ne-

cefiity of frequently recalling the attention of

young perfons to principles already proved

and eftablifhed, in order to enable them to

underftand what is to be taught. In giving

A 4
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preface.viii

the hiftory of different lciences alfo, many

fadfs and obfervations are naturally antici-

pated j and yet it becomes abfolutely ncceffary

to confirm, illuftrate, and apply tbefe in a

more extenfive manner, in treating of the

fciences at large.
/ *

I have omitted aftrpnomy, becaufe I thought

it right to confine my view of nature to our

own world ; and becaufe, while Derhanfs,

Fergufon’s, and Bon njjfca file’s writings on

that lubjedt are extant, there is no want of a

good and popular treatife. I have entered

but little into mechanics, becaufe the con-

ftrudtion of machines is rather the work of

art than of nature *
; and where I have been

obliged, in illutfration of any principle, to de-

lcribe certain well -known machines or en-

gines, 1 have, for that reafon, frequently ex-

tradled the defcription from fome popular

writer.

* The Reader will find all thefe topics, and indeed almolt

every thing relating to what is termed experimental philofophy,

excellently explained in Mr. Nicholfon’s very ufeful and accu-

rate Introduction to Natural Philofophy.



PREFACE. IX

If it is afked, for vvhofe ufe this work is

defigned ? I anfwer, for all whofe curiofity

would lead them to take a general furvey of

nature—for all, in particular, who wifh to

underhand the elements and principles of

natural hiffory. I conceive alfo, that it will

not be unufeful to the younger ffudents of

medicine, as it is intended as an eafy intro-

duction to general fcience ; and as it compre-

hends all the firffc principles of chemiffry and

phyiiology. With the more enlightened clafs

of female readers, I cannot but flatter myfelf

that the work will be favourably received, as

I really had their entertainment and informa-

tion principally in view in compiling it ; and

they may depend upon it, that there is not a

lingle expreffion in the whole that can rea-

fonably offend the moff delicate and modeft

ear.

To l'ome perfons, who, I muff obferve, '

have rather more zeal than knowledge, ffudies

fuch as thefe may appear rather inconfiffent

with the clerical profefTion and the fcience of

theology, a fcience extenfive enough, I con-

fefs,
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fefs, to occupy the life of a man. I might

reply by a fimple fadt, that I never yet have

been enabled to gain , by the cxercife of my pro-

fefjion.a livelihoodfor ?nyfelf andfamily and it

muft appear a hard cafe to confine the whole

attention of any man to what will not furnifh

him with the necefiaries of life
;
yet the great

bulk of my previous publications (without ex-

cepting my Efiays) have been in the diredt line

of my profefiion. I do not, however, reft my
apology upon this argument, but I rnuft fay,

that in publifhing the prefent work, I believe

I am not lefs efientially ferving the caufe of

religion, than if I had been employed in com-

piling a treatife of divinity. Next to the ftudy

of the fcriptures, there is none which feems to

lead the human mind fo diredtly to a know-

ledge of its Creator, as the fludy of nature.

In an age therefore when atheifm is publicly

prcfefied by fome, and privately but feduloufly

difieminated by others, I cannot but hope that

a work like the prefent may have fome good

effedts ; and though I have not, like an emi-

nent philofopher of the clerical profefiion,

termed it a phyiico- theology, the reader will

* perceive
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perceive that this application of the hiffory of

nature hag- not been forgotten.

/ .

As I have no great caufe to be intoxicated

with my fuccefs in life ; and as I am verging

upon that period when man has little to hope

or fear in this world, I feel that it is no affec-

tation to fay, I am not extremely folicitous for

literary fame
;
yet I will not diffemble, that I

would, if poffible, deprecate on the prefent

occafion the feverity of criticiiin, both becaufe

I would wifh my publisher to be indemnified,

fince my very limited means will not admit of

publishing on my own account ; and becaufe

I would not wifh thofe friends who have ge-

neroufly afforded me affiftance in the prefent

work, to Suffer any uneafinefs from the harfh-

nefs of cenfure, or by my folicitations to have

been drawn into a difagreeable predicament.

It remains to do juflice to thefe friends.

“ To render honour to whom honour is due;

praife to whom praife,” is the part not only

of the chriftian, but of every honed: man. In

the optical part of this work I have been ma-

terially

i
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terially afiifted by a gentleman of known and

diftinguifhed abilities, who taught publicly

for a leries of years the feveral branches of

natural philcfophy, but who will not permit

me to make my acknowledgments in a more

particular manner. For, I may fay, the whole

of the animal economy, I am indebted to my
valuable and fcientific friend Dr. Belcher, of

Maidftone, as well as for mod; efi'ential af-
#

fiflance in the mineralogy and the vegetable

fyftem, and for revifing and correcting feveral

other parts.
.

It would be impofiible to fpe-

cify the authors from whom I have extracted

my materials : I have inferted references as

frequently as I could with convenience. In

fome inftances the reference was negleCted in

the copying ofmy original notes ; and in fome,

the faCts were commonly known, and diffufed

through a multitude of authors.

Chapel Street
,
Elofmjbury,

June 30//;, 1796.

*
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Book I.

OF THE GENERAL PROPERTIES OF
MATTER.

Chap. I.

OF MATTER IN GENERAL.

Explanation of Terms.—Whether all Matter is radically the fame .

—General Properties of Matter.—Quantity of Matter in the

Univerfe.

THE word Matter (materia, which fome

lexicographers have derived from mater, a

mother) denotes, in its primitive fenfe, that unex-

plained fomething, from which all other things are

formed.

The term body is fometimes confounded with that

of matter ; but they are effentially different : Body

(bobije) is of Saxon origin. It is explained by the

Latin words Jlatura
,
pettus, triincus and fignified

the perfon or form of a man, or other creature:

whence it is plain that it ought to be confined to

exprefs a fubftance poffeffing form or figure.

Subfiance, both in its etymology and application,

approaches nearer to the meaning of the former of

thefe terms. It is well known to be compounded

from the Latin prepofition Jub (under), and the

Vol. I, B verb
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verb fare (to ftand.) It confeqnently implies that

which Jupports or Jlands under the different forms

and appearances which are prefented to our fenfes.

It is ftill, however, ufed in a diftiruSt and more li-

mited fenfe than matter. It is generally^ndecd ufed

with the definite article, to fignify a dlflincl or defi-

nite portion of matter; whereas matter in the ab-

ftraft implies a more confufed and general idea of

folidity and extenfion, with little or no regard to

figure, proportion, or quantity.

Thefe words are of fuch common and frequent

ufe in philofophy, that it appeared necelfary to have

a competent notion of their force and meaning, par-

ticularly in a chapter which profelfes to treat of the

firfl: of them: and I have generally found etymology

a fafer and eafier mode of communicating know-

ledge than definition.

That the whole matter, of which this univerfe of

things is compofed, is eflentially the fame, and that

the apparent differences which fubfift in different

bodies depend altogether on the particular diftribu-

tion or difpofition of the component particles, is an

opinion which has been entertained by fome philo-

fophers of the higheft reputation. The wonderful

apparent tranfmutations which take place in the

different proceffes and operations of nature do, it

muft be confeffed, at firfl: fight countenance this

Jiypothefis. A plant will vegetate and become a

folid fubftance in the purefl: water *. The genera-

* See the experiments of Mr, Boyle and Van Helmont,

Book VIII. c. iii.

tion
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tion of ftones in the earth, the various phenomena

of petrifactions, and a multitude of other facts, con-

tribute greatly, on a fair confideration,' to diminifli

the abfurdity of the alchemifts, who feem chiefly to

have refted on this hypothefls (viz. that all matter

was intrinfically the fame) their hopes of converting

the bafeft materials by the efforts of art into the

moil fplendid and valuable of fubftances*

Mr. Boyle diftilled the fame water about two

hundred times, and at the end of each diftillation

found a frefli depofit of earth. M. Margraff re-

peated the experiment with ftill greater caution.

By means of two glafs globes, which communicated

with each other, he preferved the water while in the

ftate of vapour from all contact with the air; and

on repeated diftillation, a quantity of»earth of the

calcareous * kind was depofited at the conclufion of

each procefs.

The extreme rarity and minutenefs of the par-

ticles into which different fubftances may be re-

folved, imparts a ftill greater degree of probability

to this hypothefis ; and in general, the more any

body can be divided, the Ampler it appears in its

component parts.

We muft however be cautious of admitting opi-

nions, which are not fanctioned by the direct teft of

experiment
; and however piauflble the opinion, the

accurate obfervations of modern philofophy have

fuggeftedfome objections to the homogeneity ofmat*

ter*

* Earth of Jime.

B 2
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ter, which without further difcoverics it will not be

eafy to filcnce.

Whatever phenomena may appear to indicate a

tranfmutation of bodies, or a change of one fub-

ftance into another, we have the utmoft reafon, by

the lateft and belt experiments, to believe them

merely the effect of different combinations. Thus

the converfion of water and air into a folid fub-

ftance, fiich as tlve body of a plant, is merely an ap-

parent converfion, for that folid fubftance may, by

an artificial procefs, be refolved again into water

and air, without any real change in the principles or

'elementary particles of which thofe Hu ids are com-

pofed : and the formation of ftones, and the pheno-

mena of petrifa&ions, are accounted for upon much

eafier principles than that of tranfmutation. On
the other hand, the utmoft efforts of chemiflry have

never been able to proceed farther in the analyfis of

bodies than to reduce them to a few principles,

which appear effentially different from each other,

and which have never yet been brought to a more

fimple form. Thus the matter of fire, or light, ap-

pears totally different from that of all other bodies;

thus the acid and alkaline principles can never be

brought to exhibit the fame properties; nor can even

the different fpecies of earths be converted into the

fubftance of each other.

Jf hypothetical reafoning was to be admitted

on this occafion, it would probably appear more

agreeable to the analogy of nature, to fuppofe that

^different fubftances ate formed from the diffe-

rent
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rent combinations of a few fimple principles in

different proportions, than that the very oppofite

qualities of fome of the rareft and moft fubtile fluids,

fhould depend wholly on the different form or mo-

dification of the extremely minute particles which

enter into their compofition.

It is proper however to obferve, that on this

fubjedt there has hitherto appeared no decifive ex-

perimental proof on either lide. The imperfec-

tion of all human efforts, and perhaps of the human

faculties themfelves, have hitherto confined our in-

vefligations to the properties of a few fubftances,

the fimplefl: which chemical analyfis has been able

to obtain, and which for that reafon are denomi-

nated Elements.

There are fome properties which are accounted

common to all matter, and which from their im-

portance will require to be leparately treated of:

thefe are solidity, extension, and divisibility,

ATTRACTION, MOTION, and REST.

The quantity of matter which is contained in

the whole univerfe may probably be much lefs

than common obfervation would lead us to fuppofe.

The fublime mathematics of Newton didtated the

aftoni firing propofition :
“ that the whole globe of

‘ earth, nay that all the known bodies in the uni-
c verfe may, as far as we know, be compounded of

‘ no greater a portion of folid matter than might be
f reduced into a globe of one inch only in diameter,
c and even lefs * !’

* Pemberton’s View of Sir I. Newton’s Philofophy, 356.

B 3 Chap.
1



t «. ] [Book I,

Chap. II.

OF ELEMENTS *.

Opinions of the Ancients*— Neix> Arrangement .— Enumeration of
fimple Subjiances

, according to the nen.v Philo/cphj Aerial Sub-

Jlancts.—Earths.—Metals.

THEN we take a general furvey of nature,

VV we find that notwithstanding the apparent

variety of creatures, with which the univerle abounds,

every natural body which has hitherto come within

the limits of our infpe&ion may be reduced into a

few diftinft kinds of matter: and though we probably

have not as vet difeovered the ultimate and moft fub-

tile principles of which bodies are compounded yet

we appear to be juftified in calling the moft fimple

fubftances which we have been able to difeover as

entering into the compofition of bodies by the

name of Elements.

Ariftotle, and after him moft of the ancients,

admitted four different elements, Jire, air, earth , and

water. It is evident, in the firft place, that in this

enumeration the falts are omitted, the exiftence of

which can no more be doubted than that of any of

the others. Secondly, it was found necefiary iq

* From C leo, or El eo, to create.

the
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/

the progrefs of fcience, not only to admit a Jaliney

but a fulphureous or inflammable principle. I might

add, that we are warranted by no experiments,

which have as yet been made
(

public, in fuppofing

that there exifts but one fimple fpecies of earth; and

later experiments feem to determine that water as

well as air is a compound fubftance *.

It is, therefore, neceffary to adopt a new arrange-

ment, though it is more than probable that future

difcoveries may render it in fome meafure nugatory.

Future difcoveries may perhaps demonftrate that

many, if not mod, of the following fubftances will

yet admit of fubdivifions ; or they may demonftrate

that the conftituent principles of bodies are ftill

fewer. They may demonftrate that all earths have

originally the fame bafts, and are only altered by

different combinations with vital air or other fub-

ftances
;
the alkaline falts may be in reality a fpecies

of earth, which alfo derives its diftinguifhing quali-

ties from a union with fome fubtile matter in a cer-

tain proportion. Thefe, however, are points on

which we have at prefent obtained no experimental

evidence, and which for that reafon we are not

authorized to affirm.

The moft fimple fubftances hitherto difcovered

may be refolved into,

* I fhall not perplex the reader with the exploded vifions

of chemills during the laft two centuries, with their -phlegm or

watry principle, their mercury or adtive and fpiritous principle,

their caput mortuum , their fpiritus reftor, and a quantity of ufelefs

and almoll unintelligible jargon.

B 4 1 . fire.
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1. Fire, heat, or caloric ; including light and the

eledtric fluid.

2. 1'he bafe of pure, vital, or dephlogifticatedi

air, the oxygen of the French chemifts.

J. Hydrogen, or the bafe of inflammable air.

4. Azote, or the bafe of nitrous acid.

5. Sulphur, the bafe of vitriolic acid.

6. Phofphorus, the bafe of phofphoric acid.

7. Coal * or Carbon, the bafe of fixable air.

8. The unknown radicals of the muriatic,

fluoric, and boracic acids.

9. The fixed alkalis.

10. Earths.

1 1. Metals.
4

The different earths which are as yet known to

philofophers are, /

j. Calcareous, or earth of lime.

1. Siiicious, or earth of flints.

3. Argillaceous, or clay.

4. Magnefia.

5. Barytes, or ponderous earth.

The metals again are fubdivided into,

1 . Arfenic.

2. Molibdena, or black lead.

3. Nickel.

4. Cobalt.

• More properly charcoal, for our common pit-coal is 3

heterogeneous mafs, containing much forcig* matter, as may

be feen book VI. c. 37. I have however employed the generic

term coal, becaufe charcoal, though much the purelt of thefe

bodies, is in this country confidered not as a natural but a fafli-

tious fubftance.

5. Bifmuth,4
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5. Bifmuth.

6. Antimony.

7. Zinc.

8. Tungftein.

9. Manganefe.

10. Tin.

1 1. Lead.

12. Iron.

13. Copper.

1 4. Mercury.

13. Silver.

16. Gold.

17. Platina.

Each of thefe may at prefent be confidered as z

diftinft elementary fubftance, finpe they are found

to be unchangeable or unconvertible into other fub-

ftances, though they may be, and generally are,

combined with others. This fa£t, was it not for

the advantage of clafl'ification, and for fome doubts

which yet remain on the minds of philofophers

concerning the effential difference of the earths,

would oblige us to admit in nature, inftead of eleven,

.at leaft thirty* three diftinft, fimpkj and elementary

fubftances.

Chap,
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Chap. III.

OF THE EXTENSION, SOLIDITY, AND
DIVISIBILITY OF MATTER.

JLxienfion the only Quality efi'ential to Matter.— Solidity, what .

—

In-

XTE NS10N is a property fo obvioufly efien-

tial to whatever occupies fpace, that it is ac-

counted the firft and moft indifpenfable attribute

common to all matter. It is indeed the only pro-

perty which we can pofitively lay is efi'ential to mat-

ter, fince all the others that Tiave been fpecified are

to be underltood with fome limitation, and do not

appear to be common to all bodies whatever.

We have no idea ofJolidity , but that which is fur-

nifhed by the refiftance which we find in a body to

the entrance of any other body into the place it

occupies till it has left it*. This property of mat-

ter therefore necefiarily includes neither impene-

trability nor hardnefsj the amazing porofity of bo-

dies militates againft the one idea, and the almolt

infinite divifibility of matter againft die other,

* See Mr. Locke’s EH. on Hum. Under. B. ii. c. 4.

finite Divifibility.—Animalcula imperceptible to cur Scnfies.—Ex
trtme Rarity ofi Light.—Newtonian Paradox.

Indeed
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1

Indeed nothing can be more inconfiftent than to

fpeak of the abfolute folidity and impenetrability of

the ultimate particles of matter, and afterwards to

enlarge upon its infinite divifibility ; both of thefe

are fadts which are totally undetermined by experi-

ment or obfervation ; and when we fpeak of the

adtual properties of matter, we ought, I apprehend,

to confine ourfelves to the teftimony of our

fenfes.

How improperly the idea of impenetrability is

applied to any bodies which we are acquainted with,

is evident from the aftoni filing eafe and velocity

with which the eledtric fluid pafles through the

denfeft bodies, and from the continual paflage of

light through a variety of fubftances, which afford to

our fenfes the mod perfedt idea of folidity, through

glafs, and diamond and other precious ftones

:

the focus of a burning mirror, which augments the

denfity of the fun’s rays upwards of three thoufand

times, may be received in glafs or warer without

producing any effedl : even fubftances of fenfible

bulk and folidity can exift within the pores of other

bodies. Thus quickfilver exifts within the pores

of either filver or gold
; in fadt a mixture of mercury

and filver is confiderably heavier than an equal

bulk of either of thofe metals. The common bell-

metal is a mixture of copper and tin ; and though

the latter is fpecifically lighter than the former, yet

bell-metal is confiderably heavier than an equal

bulk of copper itfelf ; which is an evident proof

fhat the particles of the one adtually enter into, and

i arc
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are depofited in the pores of the other. What is

perhaps ftill more extraordinary, a definite quantity

of fait may be added to a quantity of water without

increafing its bulk, nay a lmall quantity of fait

added to water will even caufe it to contract.

The divifibility of matter is alfo received with li-

mitation bv thofe who contend for the exigence of
*

atoms or firft principles of bodies; fince, if their ex-

ifter.ee is admitted, there muft necefiarily be fome

parts or portions of matter indivifible, and confe-

quently it cannot be admitted as a property inherent

in all matter.

The human faculties are loft In the purfuit,

and the human underftanding in the contemplation

of the aftual divifibility of matter. The fmalleft

animalcula which is brought within our notice by

the microfcope pofiefles organized parts, blood and

other fluids neceflary for the fupport of life, yet how

infinitely removed are thefe from our infpe&ion

!

Some idea, however, may be formed of the aftonifli-

ing power of matter in this refpeft, from inftances

which are fumilhed by all the rnoft common expe-

riments of philofophy. A pound of even fo grols a

fubftance as cotton, may be Ipun into a thread up-

wards of one hundred miles in length*; and Mr.

Boyle fpeaks of a thread of filk 300 yards in length,

which weighed no more than three grains and a half.

This, however, is ftill furpafled by the amazing

duftility of "dd ; fixteen ounces of which would
J O

* Rcpofitory, vol. Li. p. 52.

completely
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completely gild a wire fufRcient to circumfcribe the

whole globe of the earth, though that quantity of

the metal might be contained in a cube of not more

than an inch and a quarter in diameter. The me-

tallic particles are yet more minutely divided in the

acid folutions. A fmall piece of the fait of filver,

which is filver already divided and united to the ni-

trous acid, not larger than a common pin’s head,

will tinge a quart of water of a milky colour ; and

even the hundredth part of a grain of copper will

impart a fenfible blue to a pint of the fame fluid.

It is well known that camphor, muflc, and other

odoriferous fubftances will emit particles that fhall

powerfully affedt the organs of fcent, and fhall com-

municate their peculiar fragrance to the furrounding

air for a confiderable fpace of time, without any

perceptible decreafe of weight. The extreme rarity

of the^elaftic fluids is a further proof of the divifi-

bility of matter. Gunpowder, when exploded, ex-

pands to 244 times its bulk when in a folid ftate j

and water in the Hate of vapour occupies a fpace 1 800

times greater than in its natural fluid form*. A par-

* This fadl may at any time be proved by an eafy experi-

ment. Take a common flafk, and let it be exadUy weighed

;

fill it with water, and then let it be weighed again—after the

water is emptied, there will neceflarily be a little moiflure ad-

hering to the fides
;
put the flafk before a fire to evaporate the

moiflure, and when the whole of the water difappears, clofe

the flafk, and weigh it again, and you will then have the weight,

and confequently the bulk of vapour, compared with that of

water.

tiqle
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tide of light has been eftimated, on apparently a

well conduced calculation, at — -?

30,831,230,128,000

of a grain *.
,

We fli all indeed ceafe to wonder at fuch a calcu-

lation, when we confider that by means of this fluid

the unparalleled wonders of the microfcopic world are

made cognizable to our fenfes. The fcarf-fkin of the

human body is faid to be compofed of minute fcales

relembling thofe of fillies, two hundred of which may

be covered by a grain of fand j under thefe lcales

there lie concealed a number of pores, or excretory

duds, through which the perfpirable matter is fup-

pofed to iflfue, and one hundred and twenty of fuch

pores in a dired line extend to only one tenth of an

inch. If fuch therefore is the organization of the

human body, what fhall we think of the organized

parts of thofe animals which are themfelves one

thoufand times too fmall to affed the human eye

without the aid of art ? Animalculae, however, have

been difeovered nearly one hundred times fmaller

than thefe, many thoufands of which may dance

upon the point of a fine needle : indeed Lewenhoek

calculates that one thoufand million of fuch animal-

cule as are difeovered in common water would not

equal in magnitude a grain of common fand. When

therefore we confider that fuch animalculse are pof-

fefled of organized parts ; a heart, ftomach, bowels,

mufcles, tendons, nerves, glands, &c. we feem to

* Boudoin on Light. Memoirs of the American Acad. Vol.I.

p. 198.
approach
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approach in idea the infinite divifibiiity of mat-

ter *.

It is, on the other hand, next to an abfolute cer-

tainty, that the particles of. the hardeft and. molt

compaft bodies are not in adtual contadt with each

other, fince all luch bodies are known to contract

with cold ; which could not be the cafe, if their

parts were already as clofe as they could be to each

other.

It would be foreign to the defign of this work to

enter into thofe calculations and demonftrations by

which mathematicians have attempted to prove how

matter may be divided to infinity. Let it fuffice to

fay, that on the
'

principles which have been ad-

vanced in the courfe of this chapter, the fagacity of

Newton has demonftrated, that the lead portion of

matter may be wrought into a body of any affigned

dimenfions, how great foever, and yet the pores of

that body be none of them greater than any the

fmalleft magnitude propofed at pleafure; notwith-

ftanding that the parts of the body fnall fo approxi-

mate, that the body itfelf (hall be hard and folid.

His manner of demonftratio'n is this— fuppofe the

body to be compounded of particles of fuch figures,

that when laid together the pores found between

them fhall be equal in fize to the particles them-

felves ; how this may be effedted, and yet the body

* If the reader wifhes to fatisfy himfelf concerning the

nature and animal fundtions of a variety of thefe wonderful

exigences, I mull refer him to my late much valued friend Mr.
Adams’s excellent Treatife on the Microfcope.

remain

V
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.

remain folid, is not difficult to underftand; and the

pores of fuch a body may be made of any propofed

degree of fmallnefs. But the folid matter of a body

fo framed will take up only half the fpace occupied

by the body; and if each conftituent particle is com-

pofed of other fmaller particles, according to the

fame rule the folid parts of fuch a body will be but

a fourth part of its bulk ; if every one of thefe leffer

particles again are compounded in the fame man-

ner, the folid parts of the whole body will be but

one eighth of its bulk ; and thus by continuing the

compofition, the folid parts of the body may be

made to bear as fmall a proportion to the magni-

tude of the whole body, as ffiall be defired, notwith-

ftanding the body ffiall, by the contiguity of its parts,

be capable of being in any degree folid *.—When
thefe facts are confidered, the hypothefis of the fame

incomparable philofopher, concerning the fmall

quantity of folid matter contained in the univerfe, as

noticed in a preceding chapter, appears lefs incre-

dible.

* Pemberton’s View, 355.

%
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Chap. III.

OF ATTRACTION AND REPULSION.

netic and eletlrical Attraction—Repuljion.

IVE different kinds of attraction have been

enumerated by modem phibfophcrs. 1. The
attraction ofcohefion

; 1 . Of combination, or, as it is

called by chemifts, eledive attraction
; 3. Gravity;

4. The magnetic attraction; and, 5. The attrac-

tion of electricity. Whether the fame principle

aCts in all thefe cafes, or whether each of thefe ef-

fects depends upon a diftinCt caufe, human fagacity

has not been able to difcover; nor is there any in-

ftance in which the principle of attraction feems to

approach to the nature of a general law, except in

that of gravity; and yet even this is not without an

exception ; fince by every experiment that we have

hitherto been able to make, there is no reafon to

believe that the element of fire, or heat, is fubjeCt to

the common laws of gravitation. Unlefs, therefore,

it could be proved that the principle of attraction is

the fame in all thefe cafes that have been enume-
rated, we, perhaps, are fcarcely correCt in confider-

ing it as a general property of matter; and even

Vol. I. C fuppofing

Five Kinds of Attraction—Cohefion— Combination—Cryfalhza-

tion explained—Gravitation—Specific Gravity ,
vobut—Mag~
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fuppofing the caufe to be the fame, it may, after all,

belong rather to fome particular fpecies of matter,

which a&s upon or impels all other bodies, than to

matter in general.

I. The attraction of cohesion may be ob-

served in almoft all the moft common operations

*>f nature, and is exemplified by a variety of eafy

experiments. Two leaden balls, having each a

Smooth fiat furface, if ftrongly comprefifed together,

will cohere almoft as ftrongly as if united by fufionj

and even two plates of glafs, if the Surfaces are even

and dry, will require fome force to Separate them *.

By the fame law of nature, the particles of even

fluid bodies, in which the attraction is neceflarily

weaker than in Solid fubftances, indicate a difpofi-

tion to unite.

The drops of dew that appear in the morning on

the leaves of plants, affume a globular form, from

the mutual attra&ion between the particles of wa-

ter. Small portions of quickfilver, when brought

near to each other, will run together, and affume the

fame globular appearance. Alfo, by the fame law,

a vcficl may be filled with water, mercury, or any

other fluid, above the brim, and the fluid will be

oblerved to rife in a convex form.

To this principle we may very properly refer

what is ufually termed capillary attraction. Thus,

if a fluid is contained in a veffel not full to the brim,

* See the ingenious Dr. Enfield’s Inflitutes of Natural Phi-

lofophy.
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it will always be attracted to the edges of the vef-

fel, and will affume a concave form. Thus, alfo,

if two plates of glafs, at a fmall diftance from each

other, are immerfed perpendicularly in water, the

fluid will rife above its level between the two plates,

and the height to which it rifes will bear a certain

proportion to the diftance of the plates. A capil-

lary tube is a tube with an exceedingly fmall bore,

and by the fame law which raifes the water between

the plates of glafs, a fluid will rife to a confiderable

heighth in one of thefe tubes. Both thele experi-

ments will anfwer equally well in the vacuum of an

air pump, which proves that the effeCt is not owing

to the prefiure of the air. In the fame manner,

alfo, by the fame law, fluids will afcend in the ca-

vity of a fponge, in the interftices of linen cloth, or

any porous body.

II. The attraction of combination, or chemical

or elective attraction, is in many refpeCts analogous

to the attraction of cohefion. Like the latter, it feems

to depend on the minute particles of bodies being

brought nearly into contaCt with each other; and

indeed fo nearly alike are the effeCts of thefe two

fpecies of attraction, that if they are different in

principle, it is difficult to fay which is the moft ef-

fential to the cohefion and folidity of bodies *.

Chemical

* The two fpecies of attraction are well defined by Berg-

man: that which he calls the attraction of aggregation, I clafs

under that of cohefion; that which he calls conipofition, I call

Combination. ‘ When an increafe of mafs only takes place,

C z ‘the
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Chemical attraction may probably be no other than

the attraction of cohefion acting in a free and unrc-

fifting medium, fince its only diftinguilhing cha-

raCteriftic is the difpofition which bodies in folution

indicate to unite with certain fubftances in prefer-

ence to others. To make this clear by an experi-

ment— If a quantity of filver is added to a quantity

of aqua fortis, the cohefion of the particles of the

filver will be deftroyed, and they will unite forcibly

with thofc of the aqua fortis. The fluid will, how-

ever, remain perfectly clear, the particles being fo

extremely minute, that the rays of light will fuffer

no interruption in pafling through them. If, how-

ever, to this* folution of filver a quantity of mer-

cury or quickfllver is added, the aqua fortis will be

attracted by the mercury, and the filver will be

precipitated, or thrown to the bottom of the veflel

in which the fluid is contained ; if, again, copper

is added, it will afllime the place of the quickfilverj

and if to this folution of copper a bright piece of

the nature of the body remaining ftil! the fame, this effeft is

« denominated the attraction of aggregation. But heterogeneous

• fubftances, when mixed together, and left to themfclves to

‘ form combinations, are influenced by difference of quality

« rather than of quantity. This we call attradion of compofition

,

• and when it is exerted in forming a mere union of two or

» more fubftances, it receives the name of attradion offolution

< or fufon ,
according as it is effected either in the ir.oift or dry

« Way. When it takes place between three refpedively, to the

< exclufion of one, it is faid to be a fugle elective attradion , and

< when between two compounds, a double , &c.” Berg, on Elec.

Attr. i.

2 iron
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iron (for rnft would exclude the add from com-

ing in contact with the metal) is introduced, the

acid will immediately quit the copper and feize

upon the iron, a quantity of which being diflolvetf

in the fluid, the copper will be depoflted in its place

on the furface of the bar of iron *. The iron may
afterwards

* ‘ This experiment explains to us, in a very fatisfa&ory

( manner, the nature of that tranfmutation ofiron into copper, which

‘ travellers have been fo much furprifed at. Agricola fpeaks

‘ of waters in the neighbourhood of Nenvfol, in Hungary, which
‘ had the property of tranfmuting the iron which was put into

* them into copper f. In the year 1673, our countryman. Dr.

‘ Brown, villted a famous copper mine at Herrn-Grundt, about

‘ feven Englifh miles from Nevofol\ he informs us that he there

‘ faw two fprings, called the old and new ziment, which turned

* iron into copper. The workmen fhewed him a curious cup

* made of this tranfmuted iron; it was gilt with gold, had a rich

‘ piece of filver ore fattened in the middle, and the following

* infcription engraven on the outfide:

* Eifen 'ware icb, Itupfer bin icb,

* Silver trag icb
,
gold bedeckt inich.

‘ Copper I am, but iron was of old,

f Silver I carry, covered am with gold f.

* It was even at that time, he fays, contended by fome, that

* there was no real tranfmutation of iron into copper, but tha;

‘ the ziment water, containing vitriol of copper, and meeting
* with the iron, depoflted its copper; and it feems as if he would
‘ have acceded to this opinion, could he have told what became
* of the iron. It is now very well underltood what becomes of
‘ the iron ; it is taken up by the water, and remains fufpended

' in it, in the place of the copper ; fo that this tranlmutation is

f Agric. Fof. L. ix. p. 347.

\ Brown's Travels, ed. 1687. p. 69.

C 3
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afterwards be difplaced by the addition of an alkali.

This fpecies of attraction is called combination, be-

caufe the particles of two bodies by thofe means-

become fo intimately united or combined, that they

cannot be feparated but by the addition of a third

body, which has a greater attraction for one of the

component bodies than they have for one another,

and it is called elective attraction and affinity, from

the fuperior tendency in fubftances to unite with

certain bodies in preference of others. In all cafes

of elective attraction it is necefl’ary, that at leafi: one

of the bodies fhould be in a fluid ftate.

It is evident that all folutions muft be the effeft

of an elective attraction. By Jolution I mean the

difperflon of the particles of a folid body in a fluid

in fo equal a manner, that the compound liquor

fliall be perfectly and permanently tranfparent.

Jn this cafe, therefore, it is plain that the particles

of the fluid muft have a ftronger attraction for the

particles of the folid body than they have for one

another. A folid body may indeed, by mere me-

chanical means, be minutely difperfed through a fluid,

but the compound in this cafe will be opake and

muddv, and if fuffe:\_d to remain at refl, a fediment

will immediately be depofited. Thus, if chalk or

clay is incorporated with water, they will impart to

« nothing but a change of place; and as the copper is preopi-

* tated by the iron, fo the iron might be precipitated by pot*

‘ afh, or any other fubflance which has a greater affinity with

‘ the acid of vitriol than iron has.’

Watfon’s Chcm. Effi. p Z3| to 236.

it
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it their peculiar colour, and the fluid will be ren-

dered in lome degree opake ; but if common fait,

or blue or green vitriol is added to water, the fluid

will ftill remain perfectly tranfparent, though tinged

with the peculiar colour of the fait. The former,

therefore, is termed a mixture
,
the latter a Jolution.

When a fluid has received fo much of any folid

body that it will not diflolve a particle more, it is

faid to be Jaturated.

The marks of chemical combination in bodies

have been accurately defined by a correct and in-

genious philofopher. The firfl: is a Jpecific gravity

exceeding that of the heavieji ingredients of the com-

pound. Though he properly obferves, it does not

neceflarily follow, that where fuch denfity is wanting

a chemical union does not exift ; fince the peculiar

itrudture of the compound, which does not admit

water into its vacuities, may prevent this property

from being remarked ;
or a quantity of water may

enter into a compofition naturally heavier than wa-

ter, and yet cannot be always made fenfible.

Secondly, Tranfparency is always a mark of che-

mical combination. Such union, however, i$ alfo
V

fometimes confiftent with opacity, as that effect may
fometimes arife from a mere mechanical arrange-

ment of parts, from the interpofition of lome mat-

ter not properly combined, or from too great thick

-

nefs.

Thirdly, Cryjlalligation proves that the parts

have been very minutely divided, and in general

combined with the menftruum (or fluid in which

C 4 the
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the bodies have been diffolved). Other fubftances,

however, may fometimes intrude themfelves into the

cryltallized bodies, though not chemically combined

with them.

Fourthly, A difficulty of diffolving the compound
body in the menftruum, or fluid, which is a proper

folvent for one or both of the component fub-

ftances *.

It may be proper, before the conclufion of this

feftion, to add a few words concerning one of the

mod curious effe<5ts of the attra&ion of combina-

tion, namely, cryftalligation. The word cryftal is

derived from cryos (froft), and ftello (to contraft);

it was originally confined to a particular diaphanous

Hone refembling clear ice, and was probably after-

wards extended to all bodies which were tranfparent,

and. had their particles difpofed in a regular man-

ner, particularly the different fpecies of falts. It is

now expreffive of that regular order or difpofition,

in which the particles of inert bodies arrange them-

felves on paffing from a fluid to a folid ftate. This

difpofition of the particles is, however, by no means

the fame in all lubftances, but varies almoft infinite-

ly in different bodies. Thus common fait cryflal-

lizes into a cubic form, falt-petre into that ofoblong

pillars with fix fries, cubic nitre into the rhomboidal

form, vitriolated tartar and Glauber’s fait into a mafs

of four or fix fides. Each fpecies of fait preferves

its peculiar form however frequently the procefs of

? Kirwan’s Mineralogy.

diffolving
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diffolving it is repeated, and equally in the fmalleft

mafles which the microlcope renders yifible, and in

the largeft which art or nature have been able to

produce *.

»

* * Ifwhat has been faid relative to cryftallization be not per-

* fe&ly intelligible to the reader, I would advife him to make the

‘ following eafy experiment, which will give him a better no-

« tion of the matter than a thoufand 'words. Into a bafon full of

* boiling water, put as much faltpetre as the water will take up ;

‘ if the faltpetre was purified, the tranfparency of the water will

‘ not be injured, it will ftill appear to be a homogeneous fluid:

* when the water will take up no more faltpetre, then he may
‘ conclude that it is faturated : let it ftand without being ftirred,

‘ till it grows cold. As it cools, a great many cryftals, all of

« the fame Ihape, may be feen fhooting out from the fides and

‘ bottom of the bafon, and increafing in fize till the folution be-

1 comes quite cold. When no more cryftals can be formed by

f that degree of cold which prevails in the apartment where

‘ the experiment is made, pour the liquor from the folid cry-

‘ ftals
;

this liquor is ftill faturated with faltpetre ; and in order

f to make it part with more of its laltpetre, fome of the water

f which keeps it diflolved mull be evaporated: upon the taking

‘ away a part of the water, a correfpondent part of the faltpetre

« lofes the power by which it is fufpended, and ought, upon that

* prefumption, inftantly to fall to the bottom
: yet it muft be

* remembered, that the water from its increafed heat during the

‘ evaporation, is able to fupport more faltpetre than if it was
‘ cold ; and therefore the faltpetre will not begin to cryftallize,

‘ notwithllanding the lofs of part of its menftruum, till the re-

* mainder begins to cool. By repetition of this procefs of eva-

* poration and cryftallization, we may obtain all the faltpetre

* which was at firft diflolved, as no portion of it can be evapo-
‘ rated with that degree of heat which is ufed in evaporating
* the water.’

Watfon’s Chem. Elf. p. 90 to 92.

It
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It would perhaps be no rafh afiertion to fay, that

the whole mineral kingdom appears in a cryf-

tallized date; and this adds greatly to the proba-

bility that chemical combination or affinity is the

great principle which has acted in the formation of

all bodies. The caufes of this peculiar diftribution

of parts are not to be demonftrated, and on fo ab-

ftrufe a fubjefr, all that we are able to perform is

to produce fome probable conjedtures.

The old and fanciful chemiits and alchemifts,

who remarked the curious figures which faline fub-

ftances afiumed during their cryftallization, ima-

gined that the lalts ftill retained the vegetative

powers of the plants from which they were pro-

duced, and even thought they could obferve the

form of the plant in the cryftallized maffes. Later

philofophers have afcribed to the primary parts of

bodies a certain property which they call polarity

(as analogous to that property of the magnetic

needle) and which difpofes them to fhoot out in

certain dire&ions *. A more probable opinion ap-

pears to be, that the minute particles of each cryf-

tallizing body are of fuch a form that the fides,

which approach in contatt, difpofe them in a par-

ticular direcSlion.

From this regular arrangement of the parts it

refults that homogeneous bodies polfefs always an

equal denfity in all their parts; and in moft cafes,

if nature is interrupted in the procefs, the concrete

• Jonei’s Phyfiolog. Difquif. 22.

w'ill
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•will be imperfectly formed. So nice and critical is

the arrangement of the parts in for.orous bodies, that

it is faid the fmalleft vibration of the air occurring

during the operation of calling a bell, or rather

while the metal is fettling in the mould, even the

barking of a dog, will injure the tone *.

III. The attraction of gravitation materially

differs from the two preceding fpecies of attraction,

fince it requires neither the particles of the bodies,

nor the bodies themfelves, to be brought into im-

mediate contaCt, but a&s at confiderable didances,

and in this refpeCt it is analogous to the attraction

of magnetiffn and eleCtricity.

The mod obvious effect of gravitation is the ge-

neral tendency of bodies to the furface, or perhaps to

the center of the earth. It appears to be one of the

great laws of gravitation, that the attraction of bo-

dies is in proportion to the quantity of matter they

contain. The earth, therefore, being fuch an im-

menfe aggregate of matter, is fuppofed to dedroy

the effeCt of this attraction between fmaller bodies,

by forcibly compelling them to itfelf. The attrac-

tion of mountains, however, upon the balls of pen-

dulums has been found, by repeated obfervations, to

be very confiderable f.

The efficient caufe of this fpecies of attraction

is as much a fecret as all the other great principles

of nature. Some philofophers have fuppofed gra-

vity to be one of the inherent properties of matter j

* Jones’s Phyfiol. Difq. 22.

f Nicholfon’s Introd. to Nat. Phi!, V. i. p. 26.

others
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others have afcribed it to the agency of a fubtle

fluid ; while others, with more modeity, and pro-
bably with more truth, have had recourfe to the

immediate agency and interpofition of the divine

power.

V/e are generally on fure ground when we de-

fcribe effedts. Ignorant as we neceffarily arc of
the caufes or inflruments by which the fupreme go-

vernor of the univerfe effedts his purpofes, an at-

tentive ODlervation will commonly furnifh us with

the obvious mode in which they generally take

place. What philofophers term the laws of nature,

are no other than the modes or forms in which her

operations are ufually effected ; and this is pre-

eifeiy the cafe with what are called the laws or

properties of gravitation.

birft, It appears that the gravitating force being

proportioned always to the quantity of matter, all

bodies gravitate from equal diftances with equal

velocity, except prevented or impeded by fome re-

filling medium. Thus, though a guinea and a

feather will not fall to the ground with equal velo-

city in the open air, becaufe of the rcfiftance of that

fluid
;

yet if the air by any means is removed, as

in the vacuum of an air pump, they appear to fall

at the very fame inftant of time : for though the

guinea contains confiderably more of folid matter

than the feather, and confequently requires a more

confiderable force to put it in motion, yet it appears

that the attractive power being proportioned to

the quantity of matter, its velocity is equal to that

of
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of a body which requires lefs force to put it in

motion.

Secondly, The attra&ive force of bodies is re-

ciprocally as the fquares of the diftances. Thus, if

a body is of the weight of one hundred pounds at the

diftance of ten diameters of the earth, at half that dif-

tance it would have four times that weight, or the

force of gravity would be exerted upon, it in a

quadruple ratio, and fo in proportion as it ap-

proaches the body of the earth.

It would perhaps have been more correct to have

fpoken of what is commonly called fpecfic gravity

in treating of the denfities or porofity of bodies,

but the reafon why it was omitted on that occafion

will prefently be apparent. The truth is, we have

no mode of determining the denfity of bodies, but

by the ftrft of thefo laws of gravitation, which have

juft been noticed. For fince the force of attraction

which nature exerts upon all bodies is in proportion

to the quantity of matter which they contain, it

follows of courfe, that if, of two bodies equal in

bulk, the one is heavier than the other, that body

is poffefled of greater denfity, or contains more

matter in the fame compafs.

The Jpecific gravity is therefore the very fame

thing with the denfity of bodies, and has relation to

the quantity of folid matter which different bodies

contain in the fame bulk. It is alfo called relative

or comparative gravity, becaufe we judge of it by

comparing one body with another. If bodies are

equal in buik3 it is evident their fpecilic gravities

mav
J
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may be eafily determined by a common balance,

and hence fluids, or any bodies that may be eafily

reduced to the fame bulk or form may eafily be

weighed and compared. By weighing accurately

a determinate quantity of any fluid, an ounce for

indance, in a phial, and marking precifely the lpace

which it occupies in the phial, the weight of the

lame quantity of any other fluid may eafily be had

and compared with the former.

The fpecific gravity of bodies which are not, nor

can eafily be reduced to air equal bulk, is not to be

obtained by any method equally obvious to unphilo-

fophical perfons. A method, however, has been in-

vented for determining the fpecific gravities of

folid bodies, whatever their figure or dimcnfions.

As it is an obvious principle, that every body when

immerfed in a fluid mud difplace a quantity of the

fluid equal to its own bulk, and the refidance which

it meets with from the fluid will be found exaftly

equivalent to the weight of the fluid l'o difplaced

;

hence if any fluid, as water for indance, is taken as

the ftandard of comparifon, it will be eafy to deter-

mine the fpecific gravity of different lolids by

weighing them firft accurately in air, and afterwards

weighing them in water, and comparing their lofs

of weight in this latter fluid, which will be in exaft

proportion to the fpace which they occupy. To

make this clear by an experiment ;
fuppofe if. was

neceflary to determine the fpecific gravities of any

two metals, lead and tin for inftance, I take a cer-

tain quantity of the former, and weighing it care-
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fully in air, I find its. weight amounts to thirty-four

ounces; on weighing it again in water, I find it

weighs but thirty-one ounces, that is, it has loft

three ounces of its weight, or in other words, the

fame bulk of water would weigh three ounces

;

the fpecific gravity of lead is therefore to that of

water as 34 to 3 or as 1 1 -f
to 1. On weighing a

certain quantity of tin, I find again that it amounts

to fifteen ounces, and on weighing it in water it

appears that it has loft two ounces of its weight.

The fpecific gravity of tin is therefore to that of water

as 1 5 to 2, or as 7 to 1, confcquently the compara-

tive gravities of the two metals are 1 1
-f

to 7 £ *.

In the common tables of fpecific gravities, the

weight of water is eftimated at 1, and that of other

lubftances is exhibited in the fame ratio. To de-

termine therefore the fpecific gravity of any fub-

ftance heavier than water, weigh any given quantity

of that fubftance in air in a common balance, and

afterwards weigh it in water, carefully noting its loft

of weight; divide the whole abfolute gravity, or

weight in air of the fubftance, by its lofs of weight

in water, and you will have its fpecific gravity.

I Vi. The attraction of magnetism only differs'

fom that of gravity in its operations being limited

to particular fubftances. The magnet is an ore of
iron, and its property of attracting certain portions

of that metal at moderate diftances is well known.
Like the attraction of gravitation, that of magnetifni

* Nicholton’s Philofophy, V. ii. p. u.

bears
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bears a proportion to the diftance, and probably to

the quantity of matter (I fhould Jay of magnetic

matter) in the attracting bodies. But the properties

of the magnet are fo curious and important in na-

ture that they well deferve a diftinCt chapter.

V. The attraction of electricity is alfo analo-

gous to that of gravity in the property ofaCting upon

bodies at a certain diJtance; but it differs from it

in its operation being confined to a particular ftate

of thofe bodies, that is, when excited by friCtion.

But this peculiar fpecies of attraction will be more

amply treated of in a fucceeding part of the

work.

There is a property fuppofed to be incidental to

matter, which is oppofite to this of attraction, and

which is therefore denominated repulsion. It is

a maxim of the Newtonian philofophy, that where

the fphere, or power of attraction, terminates, that

of repulfion begins. In the inftance which has

been already adduced of the round drops of dew

upon the leaves of plants it is luppofed not only

that there exifts an attractive force between the

particles of the fluid, but a repulfive force be-

tween them and the leaf on which they are fuf-

pended. That the drops are not in aCtual contaCt

with the leaf is evident from their white or peai ly ap-

pearance; for this appearance refults from the copious

reflection of white light from the flattened part of the

furface contiguous to the plant; and it is well known

that this effeCt could not take place, unlefs there was

a real interval betweeri the under furface of the

drop
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drop, and the contiguous furface of the plant **

The faCt is alfo evident from another circumftance

;

the drop is not found to have the fmalleft adhefion

to the leaf, but rolls off in a compaCt body with the

greatefl: eafe, which it could not do if the fluid was

in aCtual contact with the ieaf; or if there fubflfted

any degree of attraction between them.

In the fame manner needles of ether light me-

tallic bodies will fwim on the furface of a fluid.

Flies walk upon water, and oil obftinately refufes to

mix with that and other fluids. Hence the feathers

of water fowl, which are covered with a chin coating

of fubtile oil, actually repel the furrounding wa-

ter.

This principle of repulfion has, however, been

difputed by fome late philofophersj and all thefe

effeCts have been accounted for by them, by fup-

pofing, not that there exifts a pofitive principle of

repulfion in the water* the oil, &c. but that the at-

traction of the leaf, of the water, &c. for the conti-

guous bodies is not fufficient to deftroy the attrac-

tion which the particles of homogeneous fluids poflefs

for each other.

The repulfion of magnetifm and eleCtricicy will

be treated of in thofe parts of the work which are

appropriated to thefe fubjects.

* Prieftley’s Optics, p. 454.

Vol. i. D C a p»
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Chap. IV

OF MOTION AND REST,

Nevstcnian 'Theory of Motion and Reji.—I'it intftiet.—Lamps

of Motion.

HE doctrines and laws of motion have a

more intimate connection with the mecha-

nical philofophy, than with a work which is ftriCtly

and literally phyfiological. As accidental proper-

ties of matter, however, motion and reft could not

be wholly omitted in an inveftigation of the general

principles of natural philofophy; though it will nor

be neceflary to enter minutely into the detail of

thofe mechanical powers which depend upon what

are uiually termed the laws of motion or of nature.

An attentive and judicious obfervation of the

tifual courfe of nature enabled Sir Ilaac Newton to

reduce the general principles or laws of motion to

the three following axioms. There appears little

necefiity to illuflrate them by particular inftances,

fince they are confirmed by conftant and univerfal

experience; and however the application of thefe

principles to the motions of the heavenly bodies, or

to thofe departments of nature which are out of the

leach of our obfervation, may be cqntefted, their

truth
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truth and utility, with refpefl at leaft to thofe bodies

with which we are belt acquainted and have the moft

intimate connexion, will fcarcely admit of difpute.

<

I. All bodies are perfectly indifferent to motion

and reft. In other words, a body, if once at reft*

will naturally remain fo, unlefs difturbed by fome

power afting tipon it ; and a body in motion will

continue that motion in the fame direftion, and with

the fame velocity, unlefs flopped or impeded by

fome external caufe *.

The firft part of this proportion is evident from

every part of nature, fince no part or portion of in-

animate matter appears capable of giving itfelf any

degree of motion. The latter part of the propofi-

tion, namely, that a body will continue its motion

for ever, unlefs prevented by external force, it is not

fo eafy to illuftrate by experiment, fince we are not

able to produce any fpecies of motion which is not

. in fome degree counteracted by the force of gravi-

tation, or by fome refilling medium. The con-

iclufion, however, appears to be fairly drawn, fince

the lefs the obftruftion which is oppofed to any

Ibody in motion, the longer the motion continues

;

tthus a ball will continue longer in motion on a

fmooth than on an uneven furface, whence we may
rreafonably infer, that if all obftacles were com-

pletely removed, motion once communicated would

mever ceafe f

.

* Pemberton’s View, p. 29.

f See Enfield’s Infiit. Philofophy, p, 11, 12.

D 2 Thig
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This property of refiftance in matter is termed,

in technical language, its vis inertia.

II. The alteration of the ftate of any body, whe-

ther from reft to rrlotion, or from one degree of

motion to another, is always proportional to the

force which is imprefled, and in the dire&ion of that

force.

By this law, the degree of force is fuppofed to be

meafured by the greatnefs of the body which it can

move with a given velocity. Thus a power which

could give to a certain body fuch a degree of cele-

rity in its motion as to enable it to pafs in one hour

the length of one thoufand yards, would give to

another body, half as great as the former, twice the

degree of velocity, and would enable it to pafs in

the fame time the length of two thoufand yards *.

Hence the quantity of motion is always eftimated

by the fwiftnefs of the motion, and the quantity of

matter which is moved. If A and B, bodies of

equal fize, move with equal velocity, their quantity

of motion is equal ; but ifA contains twice as much

folid matter as B, and moves equally fwift, it pof-

fefles a double quantity of motion j.

It follows evidently from the fame law, that if a

new force is imprefled upon a body in motion, in

the diredtion in which it moves, its motion will al-

ways be increafed proportionably to the accefiion of

force, however frequently repeated.

%

• Pemberton’s View, p. 29, 36.

f Elements of Nat. Phil, by Mr. Locke, chap. i.

t

It
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It follows alfo, and may be proved by a very eafy

experiment, that if a new force is imprefled upon a

body not in the direction in which it moves, but in

an oblique direction, the body will take a diredtion

neither exadtly the fame ' as that in which it wac

proceeding, nor yet in the direction of the new force

which is imprefled upon it, but a direction between

both. On this is grounded the commonly received

opinion concerning the motion of the heavenly bo-

dies. The centrifugal force is that which is fup-

pofed to have been imprefled upon them at their

firft formation, and which would carry them forward

in a diredt line j this is Counteracted by the force of

gravitation (or centripetal force) which always in-

clines them to that body round which they revolve;

the confequence of thefe two forces adting in dif-

ferent directions is, that the bodies always move in

a curve, or orbit, which is more or lefs elliptical as

one of thefe forces happens to be predominant.

III. The third law is, that re-adtion is always

equal to adtion *. In plain terms, the refinance of

a body at reft, which is adted or prefled upon, adts

againft a moving body with a certain degree of

power, and produces the fame effects as would

have been produced by a certain degree of adtive

force exerted in a diredtion contrary to that of the

i moving body. Hence it follows, that any one body
: adting upon another adtually lofes as much force as

iit communicates,” as will be evident, if with a fmall

* Pemberton’s View, p. 51.

D J bullet
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bullet fufpended from a firing we {trike another

bullet which is at reft, or from obferving a ball in

motion on a billiard-table (trike another which is at

reft on the table in both which cafes the ftriking

body will lofe half its quantity of motion, and that

quantity of its motion which it lcfes will be com-

municated to the other body *.

This law is an effedt of the vis inertia of matter,

and is extended to all cafes where there is a refitting

body. When a load is drawn by a horfe, the load

re-adts againft the motion of the horfe, and the pro-

greffion of the animal is as much impeded by the

load, as the motion of the load is promoted by the

efforts of the animal. The finger which preffes

againft any folid body is preffed by that body j but?

in clallic fubftances the effedt is mod apparent,

* Enfield’s Inftitutcs, p. 12, 13.

%
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Chap. V.

OF MAGNETISM.

•fUf natural and artificial Magnets.—Magnetic Powers.—Attrac-

tion.—Repuljion.—Polarity.—Declination.—Dipping ofthe Mag-

netic Needle.—Communication of the Magnetic Power.

H E properties of the magnet are illuftrativc

of fo many principles and laws of nature,

that though, perhaps, not ftridtly in order, I have

determined to introduce the fubje£t before the con-

clufion of this preliminary book j as l'ome occafions

may fhortly occur, when a reference to this topic

may probably be ufeful, if not abfolutely necef-

It is well known that every magnet is a ferrugi-

neous body, and that its attractive force is confined

in a great meafure to ferrugineous fubftances.

Magnets are of two kinds, natural and artificial.

The natural magnet or loadftone *, is a bog ore of

iron ; artificial magnets are formed either by being

touched with a natural magnet, or by other different

procefles, which will prefently be explained.

* Load (Sax.) or leading ftone, probably from its being a

guide to mariners .—Adams on Mag. p. 377.

fary.
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The properly magnetic ores are oalciform (r«-

fembling a calx or cinder) and are moftly of a dull

brownifh black *. There are reddifh magnets found

in Arabia ; but moft of thofe in Europe refemble

wrought iron in colour. Their hardnefs is juft fuf-

ficient to afford {parks with a fteel, and they are

with difficulty attacked by a file. They differ con-

fiderably in fpecific gravity, and feem to contain

feveral fubftances befides iron in their compofition,

fuch as argillaceous and filiceous earth. Mr. Kir-

wan is of opinion that fulphur enters into thnr fub-

ftance, as the ore fmells of it when heated red hot

:

probably, alfo, they may fometimes contain nickel,

as that metal, when purified to a certain degree, ac-

quires the properties of the magnet.

Natural magnets are found more or lefs in al-

rmoft every iron-mine, of different fhapes, and of

different fizes. Some old writers mention magnets

that would fwim on water
-f;

thefe were probably

fome light, fpongy, volcanic fubftances, impregnated

with iron. In Virginia there is a magnetic fand,

which contains about one half iron. Tl.ofe mag-

nets which have the fineft grain poffefs the magne-

tic virtue in the higheft perfection, and retail! it

longer than any other J.

The great and well-known properties of the

magnet are, ift, its attractive power j idly, its po-

* Kirwan’s Min.—and Cavallo on Magnetifm.

f They are in general about feven pimes heavier th^n water.

J
Kinvan and Cavallo.

larity*



Chap. 5.] Attractive Power of Magnets, 41

larky, or difpofition to conform to the plane of

the meridian; 3d, the property of dipping or in-

clining to the earth ; and laftly, the power of com-

municating the magnetic virtues to other ferrugi-

neous bodies.

I. Magnets attract clear iron more forcibly than

any other ferrugineous body. The iron ores are

attracted more or lefs forcibly, in proportion as

they are impregnated with the metal, and in pro-

portion as it exifts in a metallic ftate. The force

of the attraction between a magnet and iron will

depend in a great meafure on the weight and form

of the iron ; but art and ebfervation have furnifh-

ed us with no invariable rule in tfrefe refpeCts.

One magnet attracts another magnet in contaCt,

with lefs force than it attracts iron ; but the at-

traction between them begins at a much greater

diftance than between the magnet and iron alone.

As iron is diffufed in greater or lefs quantities

through almoft all the different bodies of which the

univerfe is compofed, it is eafy to fuppofe that the

natural bodies which *re fubjeCt to the magnetic at-

traction are very numerous. The perfeCt metals,

gold, filver, and platina, as well as lead and tin, are

however total exceptions; though their calces 2re

a little attracted. Animal and vegetable fub-

ftances alfo, though they are known to contain fmall

portions of iron, feldom exhibit any difpofition

$0 be attracted before combuftion *
; though it is

• Cav. on Mag.

afferted
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afferted that moft fubftances may be rendered mag.
netic in Tome degree by being expofed to the adtion

of fire.

Iron is attracted with different degrees of force,

according to the different modes in which it exifts.

It is, however, in no ftate quite infenfible to the

magnetic power, even in the pureft calx, or in a

ftate of folution. Soft iron is the moft fubjeCt to a

forcible attraction ; fteel is lefs fo than iron, efpecially

when hardened, and the calces of iron in different

degrees *.

Mufchenbroek, by a feries of experiments, en-

deavoured to afeertain the force with which the

magnet attracts at different diftances. He fulpend-

ed a cylindrical magnet, 2 inches long and 16 drams

in weight, to one fcale of an accurate balance, and

tinder it he placed a cylinder of iron of the fame fhape

and bulk. The following is the force with which it

attracted at different diftances, eftimated by the

number of grains in the oppofite fcalc.

At 6 inches 3 grains.

5 3i-

4 4 £•

3 6 -

.

2 9.

1 18.

In contact —• 87.

This experiment would perhaps have been more

intelligible, if it had been previoufiy remarked that

the attraction between the magnet and the iron

* Cav. on Mag.

IS
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is always fuppofed to be mutual. If a magnet and

a piece of iron are placed fo as to float on the fur-

face of water; the magnet will approach the iron,

as well as the iron the magnet ; or if either of them

are kept fteady, the other will approach towards

it*.

Of natural magnets the fmaller poffefs a greater

attradtive power, in proportion to their fize, than

the larger. There have been natural magnets .of

not more than 20 or 30 grains in weight, which

would lift a piece of iron forty or fifty times heavier

than themlelves; and mention is even made of one

of about 3 grains, which lifted a weight of iron con-

taining 746 grains, or 250 times its own weight f.

What is yet more extraordinary, it not unfrequently

happens, that a loadftone cut off from a large one

will itfelf lift a greater weight than the flone from

which it was cut off. This circumftance may rea-

fonably be attributed to the heterogeneous nature

of the large loadftone j for if we fuppofe that one

part of it, viz. that which is cut off, contains a con-

fiderable portion of magnetic matter, and that the

remainder is impure, of confequence, while they re-

main in an united ftate, the impure part will rather

obftrudt the adtion of the other

The power of magnets is not at all times equally

adtive; they will at one time attradt at a much great-

er diftance than at others. To what this variation is
1

* Adams on Magnetifm, p. 385.

f Cav. on Mag. p. 36. J ib. p. 37.

owing,
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owing, is impoflible to decide, while we remain

fo perfectly ignorant as we are of the caufes of all

the magnetic phenomena: probably it may depend

upon the temperature of the ftone, as the magnetic

power is always diminifhed by heat.

There is in magnets a natural power of repulfion,

as well as of attradtion. Two magnetic bars, for

inftance, will attradb each other if the two extremi-

ties or poles, which correfpond in each, are brought

within the fphere of attradtion; but if the extremi-

ties which do not correfpond are brought into con-

tact, they will be mutually repelled *. This cir-

cumftance will be better underftood when the po-

larity of the magnet has been properly explained.

The power of repulfion is fuppofed by fome ex-

perimentalifts to be weaker than that of attrac-

tion.

II. The fecond diftinguifhing property of the

magnet, is what is termed its polarity. In plain

terms, if a magnet is placed in fuch a fituation that

it fhall have liberty to aflume that direction which is

moft natural to it, for inftance if it is made to float

on water upon a piece of wood or cork, if fufpended

by a (lender ftring, or fupported by a pivot, as is

the needle in the common mariner’s compafs, it

will difpofe itfelf longitudinally nearly in the plane

of the meridian, that is one extremity towards the

north pole of the earth, and the other towards the

fouth. The two extremities which correfpond to

• Adams on Mag. p. 389.

the
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the poles of the earth are called the poles of the

magnet: and at thefe extremities the magnetic vir-

tues feem to exid in their greated force, as a mag-

net will fupport a much more confiderable weight

near the poles than at any other part *.

This property in the magnet has proved the bafis

of an invention the mod ufeful to navigation that

human fagacity ever difcovered; as before this in-

fallible guide was enlided in the fervice of the ma-

riner, the mod adventurous pilot did not prefume

to trud himfelf out of the fight of land ; confe-

quentiy commerce is much facilitated by the dif-

covery, and fhipwreck is a much lefs frequent cala-

mity. It was not till the thirteenth century that

this circumdance was known. Authors are gene-

rally agreed at prefent, that a Neapolitan, of the

name of John de Gioja, if not the inventor of the

mariner’s compafs, was at lead the fird who made
ufe of it in conducting veflels in the Mediterranean f.

Some ridiculous pretences have been made by the

Chinefe to the honour of this, as well a? of other

European inventions; but the fables of that bar-

barous people, as well as of their encomiads, the

jefuits and infidels, are little to.be regarded

Both the properties of attraction and repulfion

have an intimate connexion with this of polarity.

Thus, it is uniformly found to be the cafe, that in

two magnets an attractive force obtains between

- * Adams on Mag. p. 387. f Cav. on Mag.

J See Mr. Adams’s Efl’ay, p. 409.

the
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the oppofite poles, and a repulfive force between the

poles of the fame denomination. If, for inftance, the

north pole of the one is brought near the north

pole of the other, a mutual repulfion will take place

;

but if the fouth pole of the one is applied to the

north pole of the other, they will be mutually at-

tracted. And if, upon the lame principles, a magnet

is cut through the axis, the parts or fegments of the

ftone, which before were united, will now repel and

avoid each other*. If two magnets of a fpherical

form are freely ful'pended, one will conform itfelf

to the other, as to the poles of the earth. This in-

fluence of one magnet over another is termed the

directive power, and this directive power aCts at a

greater diftance than that of attraction. This may

be proved by placing one magnet at the bottom of

a fcale, and holding the other at the fame diftance

at which it acts in altering its direction: in this

Cafe no degree of attraction will be produced f.

If a quantity of iron filings are gently dufted on a

magnet, they will arrange themfelves around it in a

very whimfical manner: this effeCt is only to be ac-

counted for from the directive power of the mag-

net, for the filings by contaCt with the magnet

afliime the magnetic virtue, that is, become each of

them a fmall magnet, and arrange themfelves

according to the polarity of the original mag-

net £.

* A <3 anas on Mag. p. 444. f Cav, p. 98.

J ib.—Nicholfon’s Phil. ii. p. 296.

Neither
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Neither the directive nor the attractive power of

the magnet is diminifhed by the interpdfition of a

foreign body. Steel filings; fcattered on a plate of

metal, or of wood* or of any body not magnetic,

will be affeCted by the motions of % magnet under

the plate; and ferrugineous bodies are attra'Cted with

the fame eafe, and at the fame diftance, in the va-

cuum of an air-pump, as in the open air *.

Natural magnets, are frequently found to have

more than two poles. That is, the poles of ano-

ther magnet of the regular form will frequently be

attracted by different parts of the furface. This

circumftance depends on the form and heteroge-

neous nature of thefe irregular magnets: for a good

loadftone is always qf an uniform texture, and has

only two ,poles, which lie in oppofite points of the

furface, in fuch a manner, that a line drawn from

the one to the other would pals through the center

of the magnet f . When a magnet has more than

two poles of equal ftrength, the fupernumerary poles

may be lb fituated that the magnet will not, in the

technical language, traverfe; in other words, it will

not, when fufpended by a thread, &c. or when float-

ing on water, alfume the ufual direction to the

poles of the earth J.

The magnetic meridian feldom coincides with the

real meridian, but generally is found to vary a few

degrees from the true direction of north and fouth.

* Enfield's Inflit. p. 340. f Cav. p, 40, { ib. p. 43.

This
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This is called the declination of the compafs. The
magnetic needle varies fometimes to the call, and

iometimes to the weft; and it varies not only in

different *Jaces, but even in the fame place at diffe-

rent times. The declination at London is not the

fame now as it was a few years ago *. Nay, fome

• The following table (hews the mean declination of the

needle at different times in Paris and London.
V ear. Paris. Year. Londo<.

1580
0

1 I 30 E. 1576 It 15 E.

1610 8 0 E. 1 634 4 5 E.

1640 3 0 E. 1657 0 0.

1666 0 0. 1665 1 22 w.
1670 1 30 W. l6yt .6 •O w.
1700 8 12 w. 173° to is w.
1728 <4 0 w. 1756 <5 15 w.
1771 9 » 45 W. <774 21 16 w.

1776 21 47 W.
Near the equator, in long. 40° Eaft, the higheft variation,

from the year 1700 to 1756, was 170 15' Weft; and the leaft

30' W. In lat. 1

5

0 N. and long. 6o° W. the variation was

conftantly 5
0 E. In lat. io* South, and long. 60• E. the variation

decreafcd from 17 0 W. to 7
0 15' W. In lat. io° S. and long.

5
0 W. it increafed from 20 15' to 120 45' W. In lat. 15° N. and

long. 20° W. it increased from i° degree W. to 9 W. In the

Indian feas, the irregularities were greater, for in 1700, the weft

variat'ons feem to have decreafcd regularly from long. 50® E.

to long. ioo° E. but in 1756 the variation decreafed fo faft,

that there was eaft variation in long. 8o°, 85*, and 90° E. and

yet, in long. 95° and ICO E. there was weft variation.

In the year 1775, in lat. 58° 17' S. and long. 3^8° 16' E. it

was o° 16' W. In lat. 2 24' N. and long. 32° 12' W. it was
o 14' 45" W. In lat. 50° 6' 30" N. and long. 4“ o' W. it

was 1

9

0
28“ W* Enfield’s Inft. Phil.

8 very
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very nice obfervations feem to determine that the

declination varies at different times of the day *.

The polarity of the magnet has been attempted

to be accounted for, by fuppofing the earth a large

loadftone, or at lead: that a mafs of ferrugineous

matter, equivalent to fuch a loadftone, is contained

within the bowels of the earth, to which all fmaller

magnets muft neceflarily conform. Attempts have

alfo been made to explain the variation or declina-

tion of the compafs upon fimilar principles. If the

mafs of ferrugineous or magnetic matter which the

earth contains is fuppofed to adb upon all magnetic

fubftances, and if this mafs is almoft conftantly va-

rying its pofition and compofition by fubterraneous

fires, it is not very difficult to fuppofe, that the

magnetic needle will be fubjedt to confiderable va-

riations from thefe important movements f

.

The magnetic centre is the point between the two

poles, where the magnet pofleifes neither attradlion

nor repullion. If, however, a part of a magnetic bar

is broken off at either pole, the fragment will ft ill be

a complete magnet, having two poles and a centre*

though it originally might belong to a part of the

magnet which was altogether of a certain polarity

III. Magnets, while they attradl other bodies*

appear themfelves to be fubjedt to the attradtion

of the earth; for a magnet, or magnetic needle*

when placed fo as to be able to adt according to its

* Adams on Mag. p. 415, 416. f Nicholfon’s Phil.

I Cav. 218.

•Vol. I, E native
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native impulfe, inclines one of its poles a little cO

the earth, while the other is proportionally elevated;

this is called the dipping of the needle, and the in-

clination or dipping is found to be different in dif-

ferent latitudes. Near the equator the needle af-

fumes a polition almoft perfectly horizontal
; in the

northern hemifphere the fouth pole is depreiTed of

attradled to the earth ; and in the fouthern latitudes

the north pole of the magnet fuffers a fnnilar de-

prelTion.

This property of the magnet is accounted for

upon the fame principle as the former, namely, by

fuppofing that the earth, from the quantity of fer-

rugineous matter which it contains, a<5ls as an im-

menfe loadftone, which at its poles attracts thofe of

every other magnet fufpended above its furface.

It has more than once been repeated, that magnets

attract each other at the oppofite poles. Thus, if

a fmall magnet, or magnetic needle, is fufpended

by a thread above a larger magnet, while its poles

are at equal diftances from the poles of the larger

magnet, it will remain in a horizontal pofition; but

if it is removed either one way or the other, that is,

if onp pole of the fmaller magnet is moved towards

the contrary pole of the larger, it will be attracted

towards the perpendicular. This is exactly illuftra-

tive of the dipping needle, which upon the equator

remains in an equilibrium, but inclines to the per-

pendicular as it approaches to the poles of the

earth j and what is ftill more agreeable to this

theory is, that the dipping or inclination of the

needle
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needle is greatly increafed as it approaches either

pole*

IV. The magnetic virtue may be communicated

to any ferrugineous body.

1 ft. By contatt with a real magnet: and in this

way artificial magnets are in general prepared. This

property of imparting the magnetic powers is not,

however, confined to the natural magnet, for arti-

ficial magnets are capable of communicating it to

freflh ferrugineous bodies, and that without the leaft

diminution of their own power *
1 and the power

may in this manner be communicated from one

piece of iron to another to infinity. A weak mag-

net may alfo be rendered more powerful by the ap-

plication of a ftronger.

Soft iron acquires magnetifm with more eafe than

hard iron or fteel, but the virtue is not fo perma-

nent. Hard fteel will retain it for many years with-

out diminution.

To make artificial magnets 6f extraordinary

power, fome addrefs is required. A fingle magnet

cannot communicate a greater degree of power than

itfelf pofieftes, but feveral magnets united will im-

part a power equal to their united force f. It will

eafily be imagined, that the power imparted will be

in proportion to the approximation of the iron to

• It is faid indeed that the power of a magnet is increafed

rather than diminifhed by communication.

—

Cav.

f Hence it is evident, that artificial may be made much

ftronger than any natural magnets whatever.—Adams on Mag. 378.

E 2 the
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the magnet. To acquire a very high degree of

magnetifm alfo, the iron ought to remain Tome time

in contact with the magnet.

There are feveral curious phenomena which at-

tend communicated magnetifm. The nature of the

magnetifm communicated will frequently depend

upon the length of the iron bar which is brought

into contadt with the magnet. If, for inftance, the

north pole of a magnet is applied to the extremity

of a long bar of iron, that extremity will of courfe

acquire a contrary virtue, and become a fouth pole ;

at a part of the bar, however, not very diftant, there

will be found £ new north pole ; at fome diflance

again a fouth pole ; and fo alternately, till the power

is totally loft ; the number of thefe fucccfiive poles

depending on the ftrength of the magnetifm, and the

length of the bar. If, however, the bar is of a mode-

rate length, there will be only two regular poles *.

The polarity of a bar of iron may be altered by

gradually moving the pole of a magnet along its

furface. Thus, if the north pole of a magnet is ap-

plied to that extremity of a magnetic bar of iron

which is the fouth pole, and moved gradually along,

the other (that is that which was the north) pole

of the bar will in that cafe be converted into a fouth

pole j\

If a piece of wire which has been rendered mag-

netic is twifted, its virtue will be ltrangely inter-

rupted and confufed. In fome parts it will attraft,

* Ckv. part i. c. 7. f lb.

in
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in other's it will repel ; and even in lome places one

fide of the wire appears to be attradted, and on the

other fide repelled, by the fame pole of a load-

ftone *. This and other phenomena feem to indi-

cate, that much of the magnetic power depends up-

on the texture of the fubdance which retains it.

Every portion of iron is capable of retaining only

a certain degree of the magnetic virtue. If a flrong

magnet is applied to a fmall piece of Heel, the fled,

while within the influence of the magnet, appears

powerfully magnetic ; but if the magnet is removed,

the power fubfides to a certain degree, which may

be termed the point of faturation f. A number of

magnetic bars, however, may be joined together, fo

as to form an exceedingly ftrong compound mag-

net J.

2dly. Iron is rendered magnetic merely by be-

ing kept a confiderable time in a fituation perpen-

dicular to the furface of the earth * and in this he-

mifphere the lower extremity will be the north pole,

and of confequence the contrary effedt will take

place in the fouthern hemiiphere. This phe-

nomenon alfo is explained from the magnetifin of

the earth, which communicates its power to ferru-

gineous bodies, though by almoft imperceptible

degrees. Old iron bars in windows, &c. are fre-

quently found to be ftrongly magnetic §.
%

. .

* Rees’s Cylop. art. Magnet and Adams on Mag. 399,

f Cav. 92. J lb.

§ Lewenhook mentions an iron crofs, which had acquired a
•

very ftrong polarity.

—

Adams, 432.

. E 3 ,
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The mod advantageous fituation of the bar is

however not diredtly perpendicular, but rather in the

direction of the dipping needle; and indeed the

magnetic virtue which it acquires feems to be in

proportion as it approaches that diredtion. Hard

iron or fteel acquires iittle or no magnetifm from

the earth, on account of its greater infenfibility to

the magnetic influence ; but it is well known that

iron hardens by expofure to the atmofphere
;

it has

been faid, therefore, that bars of foft iron, which

have remained for a long time in a magnetic direc-

tion, have acquired as Urong a power as good na-

tural magnets *.

A bar of iron made red hot, and left to cool,

or quenched in water in the pofition of the dipping

needle, acquires a degree of magnetifm propor-

tional to its nature, and the circumftances of its
• » * ..

cooling f.

3<jly. Magnetifm may be imparted to a bar of

iron, by placing it firm in rhe direction of the dip-

ping needle, and rubbing it hard one way with a

polifhed Heel inftrument £.

4thly. Any violent percufTion will impart polarity,

and the other magnetic virtues, to a bar of iron in a

vertical pofition. A few firokes of a hammer will

produce this effect ;
and by hitting firft one end of

the bar, and then the other, the poles may be

changed. If a long piece of wire is twilled feveral

times backwards and forwards, and then broken off
^ T

»
' v

* Cav. f Adams, and Cav. J Nicholfop’s Phil. 292.
* • • 4

*
.

'

§ a?
* *>• »

I
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at the twilled part, the broken end will be mag-

netic *.

5 thly. Even hard iron tools, when heated by any

brifk adtion, as hammering, filing, &c. acquire an

impermanent magnetifm, and, while warm, attradt

thin filings, or fmall portions of iron f. This fadt,

I am inclined to fufpedt, muft depend in a great

meafure on the unequal texture of thofe tools : if we

fuppofe them to be compofed of hard and fofc par-

ticles, the latter will eafily acquire an impermanent

magnetifm.

6thly. Apparently all the three lafl-mentioned

effedts depend upon precifely the fame caufe ; and,

perhaps, we may add to thefe, the magnetifm which

is produced by eledlricity. If a bar is laid hori-

zontally to the magnetic meridian, and fubjedled to

the eledtric fhock, whatever may be the diredtion

in which the fhock enters, that extremity which is

pointed towards the north, will be the north pole

;

and if the bar Hands perpendicular, it will follow

the ufual law of communicated magnetifm, that is,

in this hemifphere, the end which is next to the

earth will be the north pole Lightning is the

mold powerful of all natural agents in producing im-

mediate magnetifm j it will, in an inftant, render

hardened Heel ftrongly magnetic, and will invert

the poles of the magnetic needle

One of the moft fingular properties of the mag-

net is, the increafe of power which may be added to

* Adams on Mag. 444. f ^ees Cyclop, art. Magnet.

4 Cav, § Adams on Mag. 398,

E 4 it
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it by gradually increafing the weight it fuftainsi. and

on the other hand, it will gradually, by difufe, lofe

much of its natural ftrength *. If a magnet is hung

up with a weight of iron, as much as it will for the

prefent fuftain, by adding gradually, fuppofe a few

grains daily, it will at length acquire the power of

attracting near double the weight which it would

have attraded at firft. It. is probable, however,

from what w^is formerly remarked, that this power

has a limit.

If a piece of iron, fomewhat more ponderous than

a magnet will fuftain, is applied to the pole of the

magnet, it is plain that on removing the hand the

iron muft fall. But if another piece of iron is held

at fome little diftance below the firft, the magnet

will be able to fupport it. The reafon is, that both

pieces of iron being rendered magi.etic, the firft

piece is aCtuaily converted into an artificial magnet,

by its contaCt with the original, and its virtue is in-

creafed by the fecond piece of iron, confequently it

is rendered capable of a greater degree of attraction

for the oiiginal magnet f. To make this perfectly

clear, it is neceftary to be obferved, that a piece of

iron, brought within a certain diftance of a magnet,

becomes itfelf poflefted of all the magnetic proper-

ties, and that part of the iron which is neareft the

magnet acquires a contrary polarity. Thus, if a

magnetic chain is compofed offeveral pieces of ir n,

each piece is in itfelf a complete magnet, and they

f Cav. 25. f Cav. 200

1

milr
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1 i 'V. " .

'

mutually ftrengthen the magnetic virtue of each

ctlier*, as ail magnets in ccntadt are known to

do.
‘ '

The magnetic virtue is diminished :

1 ft. By difufe: particularly if the magnet is laid

amongft iron, or permitted to ruft. Magnets will

alfo be injured, unlefs they are kept together with

the oppofite poles correfporiding, the ends being

connedted by pieces of iron ; and they ought never

to touch, except when in this pofttion. The'fouth

pole fhould always be employed in this hemilphere

to lift iron j and a ftrait magnet will be weakened,

unlefs kept with its fbuth pole to the north in the di-

redlion .of the magnetic needle, or downwards in

that of the dipping needle y.

2.dly. Heat weakens the power of a magnet , and

that high degree which is called by chemifts a white

heat, entirely deftroys it On this principle Mr.
Canton endeavoured to account for the daily varia-

tion of the compafs ; as fuppofing it to depend on

the heating and cooling of the magnetic lhbftanees

within the earth. This theory he illuftrated by the

following experiment -.—About E. N. E. from a
compafs he placed a fmall magnet, exadtly at fuch a

diftance, that the power of the magnet at the fouth

pole was juft fufficient to keep the north end of the

needle to the N. E. point, or 45 degrees. He con-

trived to heat the magnet, by putting upon it a brafs
' *

'

- i

* See Cav. p. 30 and 203.

t AtJams on Mag. 397, 443. 1 Cav. 35.

*
veftel.
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vefiel, into which he poured about two ounces of

boiling water, and as the magnet gradually heated,

he obferved, during feven or eight minutes, that the

needle moved about three-quarters of a degree weft-

ward, and became ftationary at 44*
0

j in nine mi-

nutes more it came back a quarter of a degree

;

but it was fome hours before it gained its former

fituation, and ftood at 45° *.

3d. In general the fame means which facilitate

the communication of magnetifm to ferrugineous

bodies not magnetic, tend to deprive thofe which

really are fo of the magnetifm they have ac-

quired. Every kind of violent percuftion weakens

the power of a magnet ; and a very ftrong magnet

has been entirely deprived of its virtue by receiving

feveral fmart ftroke's with a hammer f. This effeft

appears to depend chiefly on the derangement of

the particles in the magnetic bodies. Thus, if a

dry glafs tube is filled with iron filings, magnetifm

may be cpiyjJ^unicated to the tube by touching it

with a loadftone, exadtly as if it was an iron bar j

but the lead agitation which difturbs the fityation

of the filings will prefently expel the magnetic vir-

tue J.

4th. In the fame manner the ele&ric fhock,
-S *

#

which imparts the ftrongeft virtue to iron not pre-

vioufly magnetic, will diminifh, and even deftroy,

the power of a real magnet. Electricity will alfo

fometimes invert the poles of a magnet §.

• Adams on Mag. 417. f lb. 443. % lb. 444.

§ Cav. part i. c. 7 ; and Adams on Mag. 446,

The
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The phenomena of magnetifm Hand alone among

the wonders of philofophy, unlefs we fuppofe the

attraction of gravitation to be a fpecies of general

magnetifm, which indifferently affeCts all the va-

rious bodies of which this univerfe is compofed.

Certain analogies have been traced, or rather ima-

gined, between electricity and magnetifm. Both,

powers are excited by friCtion ; and the magnetic

polarity has been compared to the two flates of pofi-

tive and negative electricity. The analogy is fa-

voured alfo by the poffibility of imparting the mag-

netic virtue to iron by the electric fliock ; and the

Aurora Borealis, which is generally accounted an

eledtrical phenomenon, is fuppofed to have fome

influence on the variation of the magnetic needle.

Thefe powers, neverthelefs, I muft avow, appear tQ

me effentially different. The phenomena of elec-

tricity are not at all times exhibited by eleCtrical

bodies, but merely when thole bodies are in a ftate

of excitation. When the eleCtrical virtue is im-

parted from one body to another, the body that

imparts it lofes proportionably of its own power,

but the magnet rather increafes than diminifhes its

ftrength by communication. The eleCtric matter

is vifible ; whereas the very exiftence of a magnetic

fluid is juftly queftionable ; befides that eleCtricity,

both in its nature and effeCts, bears fo clofe an ana-

logy to another apparently very different power in

nature, that there can be no reafon for referring it

to one with which it appears to have a very flight,

and, moft probably,, only a cafual, agreement.

The



6o *theories cf 'Magnetifui. [Book I.

The polarity of the magnet, as well as the dip-

ping of the rteedle, are in all probability mere effects

of its great property, attraction, fince they appear

to be fairly accounted for, from the ftrong and pe-

culiar attraction which the magnet appears to have

for the earth, or rather for that immenfe mafs of

ferrugineous matter which the earth contains. The

attraction of the magnet is commonly fuppofed to

depend upon the agency of a fubtile fluid which

circulates around it, enters the pores of the magnet

itfelf, and of all the bodies which it attracts. I con-

fefs that the theories which are founded upon this

hypothefis appear to me fo deficient in the only

proof that ought to be admitted in natural philo-

fophy, I mean aCtual oblervation, and I am (fill in-

clined to account the caufe of magnetifm as one of

the undifeovered principles of phiiofophy. I am
not fond of indulging the imagination in its favou-

rite propen fity to create invifible agents in order for

the fabrication of plaufible theories, which fome

flight and cafual experiment may fhortly overturn.

We appear to be equally ignorant of the nature of

gravitation, and of the common attraction of cohe-

fion and combination. It is a trite remark, that

there are certain points at which the human faculties

muft (lop in all our fpeculations. This would be a

dangerous tenet, if it promoted indolence, or dif-

couraged our ardour in the purluit of natural know-

ledge by the only fecure path, I mean that of expe-

riment ; but it is a lalutary maxim when applied to

the imagination, and when it only ferves to refrain
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our ardour for fabricating fyftem's, which have no

other end but to remove for a moment the uneafy

but ufeful fenfation of doubt and curiofity.

I fhall not therefore incumber my work with the

detail of fyftems to which I do not feel inclined to

aflent ; but for a clear, and, I think, corredt, ftate-

ment of the moft plaufible theories concerning the

caufes of magnetifm, fhall content myfelf with re-

ferring my reader to an author to whom I have

many obligations, and whofe lofs, as a friend, I can

never fufficiently lament; and fhall diredt him to

confult the late Mr. Adams’s ingenious Efifay on this

fubjedt *.

* Printed in the fame volume with his EfTay on Ele&ricity.

In the fame EfTay the reader, who wifhes to entertain himfelf

with the practical and experimental part of magnetifm, will find

proper and eafy directions.

Book.
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Book IL

of the nature of fire.

Chap. I.

HISTORY OF THE DISCOVERIES
RELATIVE TO FIRE AND HEAT.

Opinions of the Ancients.—Of Bacon, Boyle, and Newton.—Of
Hombtrg, Sgravefend, and Lemery.—Invention of the Thermo-

meter .—Opinion of Boerhaa ve.—Great Difcovery of Dr. Black.

S
O wonderful is the nature, fo extenfive is the

action, and fo eminent is the power of fire, that

by one of the greateft nations of antiquity * it was

adored, as the embodied prefence of the fupreme

God: and even in countries where the adoration

was lefs palpable and direft, fomething myflerious

was always attributed to this fubtile and aftoniflnng

element j and the rites and myfteries of fire were

celebrated in temples and in groves, from the fhores

of the Hellefpont to the banks of the Tiber.

An opinion feems to have been prevalent among

the early philofophers of Greece, that fire is the

• The Persians.—See Herod. Lib. III. c. 18.
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' only elementary and homogenial principle in nature*

and that from its different modifications all this va-

riety of different bodies is produced *. This idea

is ridiculed by Lucretius, who adopts the fyflem of

Epicurus : and indeed the Epicureans, as well as the

Peripatetics, feem to have confidered fire as a dif-

tind elementary fubftance, capable of combining

with the other elements, but by no means the mat-

ter from which they are originally generated.

The hiftory Of error can afford but little inflruc-

tion, otherwife volumes might be filled with the fan-

taflical opinions which have been from time to time

entertained concerning the element of fire. On the

revival of letters and philofophy, our illuflrious Ba-

con, in a treatife exprefsly written upon the fub-

jed f, endeavours to prove, that heat is no other

than an inteftine motion or vibration in the parts of

bodies j and he was followed by mod of the philo-

fophers of this kingdom during the laft century.

The opinion of Bacon is fupported by a variety of

fads, which are adduced by Mr. Boyle in a differta-

tion on the mechanical origin of heat and cold J; nor

does the fyflem appear repugnant to the fentiments

of Newton ; though he fpeaks of it with that diffi-

dence which is always obfu vable in his writings,

* Lucret. lib. i. 636. f De forma Calidi.

X Mr. Boyle, however, though thus apparently deceived with

refpedt to the caufe of heat, in another eBay reafons juftly with

refpeft to its effefts. He confiders ice not as the preternatural

ftate of water, but water as ice preternaturally thawed by heat.

Boyle tn the nat, and preternal. State of Bodies.

ludance
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when treating of fafts not abfolutely demonftrated

by experiments of his own *.

Notwithftanding the reputation of the Englifh

philosophy, this theory was received with great

reluctance abroad. The celebrated Hornberg,
Sgravefend, and Lemery the younger, afiert, that

fire is a diftinCt fubftance or body, which enters

into combination with all other bodies, pervades all

bodies, and may be again expelled from tnem by

violent motion or comprefiion, though the fire is

certainly not generated by fuch motion f.

One of thefe philofophers (M. Lemery) indeed

carried his lyftem much further, and made a very

near approach to the received doCtrines of the pre-

fent day. He aflerted, that fire is not. only con-

tained in thofe bodies which are inflammable, but

even in water itfelf. Ice he affirmed to be the na-

tural ffate of water; and he added, that the fluidity

of that fubftance is a real fufion, like that of metals

expofed to the fire, only differing as to the quantity

of heat neceflary to preferve it in fufion £.

About the commencement of the lad century in-

ftruments were firft contrived for meafuring the heat

of bodies by the degree of expanfion ;
and this in-

vention feemed to give fome colour to the hypo-

thefis of the German philofophers, fince it is not"

very clear how a mere increafe of motion can in-

* Optics, 318, 3415.

f The rcafons in fupport of each of thefe theories will be

confidered in the following chapter.

J Mem. de I’Acad. Roy. 1709.

creafe:
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Creafe the extent of bodies. It was long obferved,

that all bodies are expanded by an increafe of heat

;

and it was evident that fluid matters were affected

more than folids. The firft fubftance therefore that

was employed, was the very expanfible and elaftic

fluid air ; a quantity of this fluid was inclofed withiri

a fmall tube, with a fmall drop of oil, or fome co-

loured liquor, at the top, which ferved to fhew the

expanfion which the inclofed air underwent from

the increafe of temperature. As this thermometer,

however, was open at the top, it was alfo found to be

affected by the external air
j
tubes hermetically fealed

Were therefore prefently fubftituted, and the coloured

liquors themfelves were found to be fufficiently ex-

panfible to mark the degrees of heat. Spirit of wine

was employed by the Florentine academicians,

and oil was afterwards made ufe of by Sir Ifaac

Newton; who conftituted the points at which water

freezes, and that at which the fame 'fluid boils or

alfumes the form of vapour, as extreme points of his

fcale of heat. Thefe thermometers were however fu-

perfeded, at lead in England and Germany, by the

invention of Olaus Roemer, afterwards improved by

Fahrenheit, who fubftituted mercury in the place of
the other fluids which had previoufly been employed
in the conftru&ion of thermometers.

The lagacious and learned Boerhaave, both by
his own experiments and by his attention to tliofe of
others, contributed greatly to the elucidation of the

do&rine of heat and fire. Me was a ftrenuolis

alferter of the exiftence of fire as a diftinfl demen-
^ ol. I. F tarv
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tary fubftance. Expan fion or rarefaction he confi-

ders as the uniform fign or criterion of its exiftence

in other bodies. The production of fire from the

attrition of two hard bodies, as a flint and fteel, or

two pieces of hard wood, &c. he accounts for, by

fuppofing that the parts of thefe bodies will every

moment be violently compreffed, which will excite

in them, by their re-aCtion, a vibratory motion, and

this will necefiarily excite and expel the fire which

exifted latent in their pores j and as fire is capable

of being produced in this manner by the violent

attrition or motion of all bodies, he infers that it is

prefent through every part of nature
;
yet, fince it is

expelled by the attrition or vibrations of the par-

ticle , he thinks it is clear that it does not penetrate

the integrant or elementary particles of bodies, but

cxifts only in their pores or interfaces. As fire is

fuppofed to exift in all bodies, he proves its exif-

tence in air and water i and agrees in opinion with

the younger Lemery, that ice is the natural Hate of

water, and that it is kept in a fluid (late by a quan-

tity of fire which it abforbs.

There is a period when the minds of men are

prepared for the reception, as well as for the profe-

cution, of great difcoveries in fcience. The hints,

for they are little more, which had been afforded

by thefe philofophers, appear to have made little im-

preffion j and the nature of hear, fire, and fluidity

feeins to have been involved in obfcurity and con-

tradiction, till the genius and induftry of Dr. Black,

of Edinburgh, developed a fyftem, which explains

fatisfaCtorily
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fatisfa&orily a variety of the mod curious and diffi-

cult phenomena in nature. By a number of nice

obfervations, he was enabled to determine that ab-

folute heat or fire was abforbed by all bodies what-

ever, and that it was abforbed in greater quantities

by- fluid than by folid fubftances ; heat therefore he

confidered as the caufe of fluidity. He found further,

that bodies in paffing from a folid to a fluid ftate

abfbrb a quantity of heat without increafing their

temperature or fenfible heat, as manifefted by the

thermometer. Thus, if water with a quantity of

folid ice is fet over the fire, the temperature of the

water will not be increafed, but will continue at the

heat of32 degrees, the freezing point, till every parti-

cle of the ice is diflolved. The reafon is, that fire be-

ing abfolutely neceflary to impart fluidity to any body,

in proportion as the ice becomes fluid the fuper-

fluous fire is abforbed. In the fame manner, when
the fluid is converted into vapour, a quantity of ab-

folute heat or fire is abforbed without any increafe of
temperature above the boiling or vapourific point.

This difcovery Dr. Black was led to by heating

water in a clofe furnace a confiderable degree above
the boiling point

; when on opening the veffel in

which the water was confined, he found that a fmall

quantity of the fluid burft out fuddenly in the form
of vapour, and the temperature both of the vapour
and of the remaining water immediately funk to

the boiling point. It was evident therefore that

the fuperfluous heat was abforbed by the vapour,
and as the quantity of water which was loft by the

F 2 procefs
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procefs was not great, it followed that a confider-

able quantity of the matter of hejit or fire is necef-

fary to keep water in a ftate of vapour. When any

quantity of heat is expelled from a body, in fuch a

manner as to aftedt our touch, it is termed, accord-

ing to Dr. Black’s theory,fenfible heat ; and when it

is abforbed by any body, and exifts in combination

with that body, either in a fluid or vapourific Bate,

it is termed latent heat. It is alfo evident from

what has been ftated that the opinion of thefe later

philofophers is, that heat or fire, which has alfo been

called 'igneous fluid,
matter of heat, and lately by the

French chemifts caloric
, is a diftindt fubftance or

fluid, which has an attraction for all other fub-

flances ; that it pervades mod bodies; that it is the

only permanent fluid in nature, and the caufe of

fluidity in all other bodies. That not only common

fluids, fuch as water, but all claftic fluids, fuch as

vapour and air, owe their exiftence in that ftate to

the prefence of heat; and that it is fubjedt to all the

laws of attraction, and is more forcibly attracted by

feme bodies than by others.

The fchool of Dr. Black feems'to have confidered

iisrht and heat as efientially different ; and Dr.

Scheele, a Swedifh philofopher, has endeavoured to

prove, that light is formed by an union of the

matter of heat with phlogifton or the inflammable

principle : but this theory is now exploded.

Upon the theory of Dr. Black, the late ingenious

Dr. Crawford * has founded a very curious iyftem

concerning

* I cannot mention this truly amiable philofopher, without

a fhort tribute to his memory, though it has apparently little

connexion
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concerning the generation of heat within animal

bodies, which he confiders as derived from the air

we breathe. The air being condenfed on the lungs,

the heat which it contained in a latent ftate is ab-

forbed and difperfed ovtr the animal body.—But

this is a fubjetl which properly belongs to another

part of the work.

conne&ion with the fubjefh No man was ever better calcu-

lated for promoting ufeful fcicnce than Dr. Crawford. In him

indudry and perfeverance were edablilhed habits ; and candour

and caution chara&eridic difpolitions. With all the advantages

of a liberal education, he united great natural fagacity, acute-

nefs, and ingenuity
;
yet the lad: quality was tempered by a cool-

nefs and colle&ednefs of mind, which effe&ually prevented his

too hallily acceding to the ra(h conclufions of plaufible theory.

With all his excellence as a fcientific man, he poflefled the

gentled of tempers, the mod friendly heart.—From his pro-

.mifed revifion of this work, I had flattered myfelf with great

advantages; but what are private lodes, compared with that of

the public ! If, after having ferved his country in a public ca-

pacity, the family of fuch a man fliould be left in indigence, to

what a date is the national fpirit reduced !

F 3 Chap.
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Chap. II.

OF FIRE
( CALORIC )

AND ITS PROPERTIES.

Body.—Application of this DoCtrine.—Analogy between Heat

and L-g^t— Oh/eAions .—Properties of Fire or Caloric
;
Mi-

nut' sejs of Particles ; attracted by all Bodies.—Conducting

Towers of different Bodies— Caife of Fluidity.—Why Heat is

the tnojl elajhc of all Bodies.

\ H F. element of fire is only known by its ef-

fedts ; fo fubtile and evafive indeed is this

wonderful fluid, fo various are the forms which it

affumes in the different departments of nature which

it occupies, that its very exiflence, we have feen,

has been queftioned by fome philofophers.

Heat, fay thefe theories, is nothing more than an

intefline motion of the molt lubtile particles of bo-

dies. Fire is no other than this motion increafed to

a certain degree, in other words, a body heated very

hot

;

and flame is no more than ignited vapour, that

is, vapour, the particles of which are agitated in an

' extraordinary degree.

In fupport of this theory it is alledged, i. That

motion in all cafes is known to generate heat; and if

continued to a certain degree, adtual ignition will be

Inquiry whether Heat or Fire is a Subjlance or Quality.—Fire a

produced by /lacking Lime, and by certain Mixtures of cold Sub-

fances.— Freezing of Water by the Fire Side explained.'—Fire

produced.

t

V
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produced, as the fridtion of two pieces of wood will

firft produce heat, and afterwards fire ; and the mo-

tion of a glafs globe upon an elaftic cufhion will

caufe a ftream of fire to be copioufly emitted, cdly.

Bodies which are moft fufceptible of inteftine mo-

tion, are moft readily heated. 3dly, Motion always

accompanies fire of heat, as is evident on mixing

oil of turpentine and vitriolic acid ; and the heat

feems in moft cafes to bear a proportion to the de-

gree of motion or agitation. In the boiling ofwater,

and in the hifling of heated iron when applied to a

fluid, this motion is evidently manifefted. 4thly,

If the particles of any body are excited to a violent

degree of inteftine motion, by attrition, fermenta-

tion, &c. if they do not adtually emit flames, they

will yet be difpofed to catch fire with the utmcft fa-

cility; as in the diftilladon of fpirits, if the head of

the ftill is removed, the vapours will inftantly be

converted into flame if brought into contadt with a

lighted candle, or any other ignited body. Laftly,

Heated bodies receive no acceftion of weight, which

they apparently ought to do, on another body being

introduced into their pores.

Plaufible as this reafoning appears at firft fight, the

hypothefis which afllgns exiftence to the principle

of fire, as a diftindt elementary principle, is fup-

ported by more numerous fadts, and by more deci-

five reafons
; it accounts better for all the pheno-

mena of nature, and even for thofe very phenomena
which are adduced in fupport of the contrary opi-

nion.

F 4 1 ft. If
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i ft. If it is admitted, as I apprehend it muft, by
the advocates for the contrary opinion, that the in-

ternal motion or agitation, which they fay confitures

heat, is not equally felt by all the component parti-

cles of bodies, but only by the minuter and more
fubtile particles ; and that thefe particles being after-

wards thrown into a projectile fate produce the efr

fed of light ; thefe conceflions will almoft amount to

the eftablifhment of the principle of fire as an eler

mentary principle.

adly. That fire is really a fubftance, and not a qua-

lity, appears from its acting upon other fubftances,

the reality of which has never been doubted. Char-

coal, in its natural ftatc, contains within its pores a

large quantity of air; but if charcoal is heated, this

air is expelled by the fire, which aflumes its place,

and occupies the pores of the charcoal. The burn-

ing of lime alfo, which deprives it of a great part of

its weight by expelling the fixable air, demonftrates

that fire, as a fubftance, enters into the pores of the

lime, and forces out tjiofe other fubftances which

are lead intimately combined with it.

jdly. All the evidence of our fenfes, and many in-

dubitable experiments, prove that light, which many

fuppofe to be fire in a proje&ile ftatc, is a fubftance.

Boerhaaye concentrated the rays of the fun in a very

flrong burnipg-glafs, and by throw1 ing them upon

the needle of a compafs, the needle was put in mo-

tion by the force of the rays, as it would have been

by a blaft of air, or a ftroke from fome other body.

But this experiment wras purfued with ftill fuperior

fuccefsj
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fuccefs, by a late ingenious philofopher *. He con-

ftrudted an indrument, in the form of a fmall vane

or weather- cock. It confided of a very thin plate

of copper, of about one inch fquare, which was at-

tached to one of the fined harpfichord wires, about

ten inches long. To the middle of the wire was

fixed an agate cap, fuch as is ufed for the fmalled

mariners compaffes, after the manner of which it

was intended to turn ; and the copper plate was ba-

lanced on the other fide by a grain of fmall fhot.

The indrument weighed ten grains and to prevent

its being afteded by the vibrations of the air, it was

inclofed in a glafs box. The rays of the fun were

thrown upon the plate of copper from a concave

mirror of two feet in diameter in confequence of

which die vane, or copper plate, moved on repeated

trials with a gradual motion, of about one inch in a

fecond of time. This experiment I think a diffi-

dent demondration, if any demondration was

Wanted, that light at lead is a body. Of the iden-

tity of light, heat, and fire, I ffiall have occafion af-

terwards to treat.
'* • •

4thly. The eledric fire affetls bodies with a true

corporeal percuffion f j and that this effed is not

owing to the vibration of the air, or any medium
but that of fire itfelf, is proved by many experiments

* Mr. Mitchell.—See a fuller defcription of his inflrument

and experiments, in the Phil. Tranf. and PrielUey’s Optics

P . 387.

in

f

f Jones’s Phyfiol. Difq. p. 85.
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in vacuo, &c. Now, if one fpecies of fire is al-

lowed to be material, there feems to be no reafon

why we fhould deny the fame attribute to the

reft. «

5thly. It is not eafy to conceive how a body can

be expanded by motion alone
; and it is much more

natural to fuppofe, that bodies are expanded by the

interpofition of an extremely active and elaftic fub-

ftance between their component particles.

6thly. It is well known that there can be no igni-

tion or combuftion, th^t is, there can be no very

high degree of heat, without a fupply of air; a can-

dle, for inftance, will ceafe to bum in vacuo, or in

air, the pure part of which is deftroyed by burning

or refpiration. This is a fact, which cannot be ac-

counted for on the principle that all heat is no other

than inteftir.e motion ; but is eafily explained if we

fuppofe fire a diftinCt elementary fubftance, which is

contained in pure air, and is yielded by the air to

the force of a fuperior attra&ion.

6 thly. That heat is generally accompanied by

motion, is no proof that heat and motion are the

fame; on the contrary, nothing is more natural

than that the entrance of an exceedingly elaftic fub-

ftance into the pores of another body fhould excite

fome degree of inteftine motion, as well as the

emifiion of the fame fubftance, which muft occafion

fome degree of contraction in the particles of the

body. Heat is indeed excited by the attrition of

two pieces of wood; but why may not the fire in

that cafe be expelled from the wood by the vibra-

tion

/

i
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tion or contraction of its fibres *, or from the air

which occafionally interpofes itfelf? In the fame

manner a piece of lead will become hot by ham-

mering; but lead, and all metals, are known to con-

tain a quantity of fire in a latent or combined ftate,

which indeed occafionally caufes their expanfion or

dilatation; it is then the more probable fuppofition,

that the tire is expelled from the lead by the ham-

mering: and contraction of the metal, and this is

rendered itill more probable, fince the contraction

-or comprefiion of the metal in a vice will produce

the fame effeCt. The inftance taken from the in-

flammability of the fleam of fpirituous liquors will be

perfectly explained when I fpeak of fleam or va-

pour; befides that, thefe liquors are among the moft

inflammable fubftances with which we are acquaint-

ed, and their particles, being in a rarefied ftate, will

be more fubjeCt to thofe natural forces, which in all

ftates are known to act upon them. There is no in-

creafe of gravity in heated bodies, becaufeof die great

elafticity of the matter of fire, which expands the

bodies into which it enters, and confequently ra-

ther diminifhes their fpecific gravities.

7 thly. All the other .phenomena of nature are

more fatisfaCtorily accounted for, on the principle

that fire is a diftinct fubftance, than on that which

fuppofes it a mere quality, depending on the tremor

or inteftine motion of bodies.

* If the parts of a body, containing any fluid, are made to

vibrate ftrongly, they will in general expel a part of the fluid

out of the pores.—Nickolfon, Vol. II, p. 112.

Heat
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Heat and light are the only means by which we

are enabled to difcover the prefence of fire; I con-

clude, therefore, that they are both effects of the

fame caule. The rays of the fun, when concen-

trated to a certain degree, produce intenfe heat

;

and heat, when violently excited by attrition, &c.

if the body in which it is excited is in favour-

able circumftances, will generally terminate in

flame, and confequendy in the emiffion of light.

This hypothefis receives a ftrong confirmation

from an experiment of Mr. Boyle. He .coloured

the furface of a large ’tile, one half white, and the

other black : after fuffering it to lie for fome time,

expofed to the fum trier fun, he found that while

the whited part of the furface, or that part which

reflected back the rays of light, remained quite

cog.1, the black part, which imbibed them, was

grown extremely hot. He occafionally left a part

of the tile of its native red ; and, after expofing

the whole to the fun, found that this part grew hot-

ter than the white, but not quite fo hot as the black

part. He obferves, that rooms hung with black

are not only the darkeft but the warmeft alfo ; and

a virtuofo of unfuIpedted credit aflured him, that

in hot climates he had feen eggs well roafted in a

fhort time, by only blacking the fhells, and expof-

ing them to the fun. This faft was afterwards

completely eftablifhed by Dr. Franklin, who ex-

pofed feveral pieces of cloth of different colours

upon the furface of fnow; he found that the black

funk confide rably beneath the furface, confequendy

that
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that it imbibed a large quantity of heat, whereas

the white, which reflected the greater part of the rays

of light, had imbibed fcarcely any heat whatever.

The only objection of any moment, which has

arifen againft this doftrine is, that there exifb cer-

tain bodies, fuch as what are called the folar phof-

phori, putrefcent fubftances, and rotten wood, which

emit or reflect light, without apparently poflefling

the fmalleft quantity of fenfible heat. If however we
confider the extreme weaknefs of the light which is

emitted by thefe fubftances, the objection will appear

to have little force. The moft concentrated moon-

light, in the focus of a concave mirror, is not more

than the three hundredth part of the intenfity ofcom-
mon funfhine *

; and yet the light from thefe fub-

ftances is not to be compared with that of the

moon. Nay, the analogy between heat and light

receives confirmation from thefe very fubftances
j

for the property which they poflefs of emitting

light, is greatly increafed by an acceflion of heat;

and even phofphori, in which the light has foN
fome fpace of time been dormant, or in which it

is apparently exhaufted, will emit light upon the

application of hear alone f.

1 conceive fire therefore, or caloric, as termed by
the French chemifts, to be the elementary princi-

ple or caufe of heat and light. Fire in a difen-

See a note by the ingenious tranflator of Fourcroy’s Lec-
tures. Vol. I. p. 123.

- f Prieftley’s Optics, part iv. f. 1.

gaged
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gaged Rate, or in the a<5t of patting from one body

to another, imprettes our organs with the fenfe of

heat; anJ fire, in a rarefied and projectile ftate, pro-

bably conft tutes the matter of light. Conhftently

with thefe principles, the fun may be confidered as

the great fource of fire
;
whence it isdiftributed to all

the different bodies in our folar fyftem. On the

fame ground alfo, cold is univerfally allowed to be

a mere negative quality, and to mean nothing more

than the abfence of heat or fire.

It appears the moft convenient f rm of treating

this important fubject, firft to confider fire in its capa-

city of exciting heat and producing expanfion ; and

fecondly, to dire'dl our attention to the various phe-

nomena which it exhibits in irs combined ftate, as the

efficient caufe of fluidity both in the incomprefiible

and eLftic or aerial fluids. I fhall firft enter into a

brief detail of the pi incipal and known properties of

fire, caloiic, or heat; and fhall afterwards illuftrate

thefe pr perties by its effefts in different inftances.

Firft. The particles of fire appear to be more

minute than thofe of any other fubftancc whatever.

It penetrates all bodies with the utmoft eafe. If

the pores of a body are difpofed in right lines, fo

as to admit the paftage of fire without impeding

its velocity, it will be tranfmitted in the ftate of

light as well as in its ordinary ftate, v/hen it excites

the fenfaticn of heat, as is the cafe with all tranf-

parent or diaphanous bodies. But there is no body,

however denfe, which will not admit this element to

x circulate
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circulate through its pores with the utmoft rapidity.

Apiece ofcharcoal fcrewed up fall in a veffel of iron

will be ignited as effedtualiy as in the naked fire.

Thofe bodies which moft completely exclude the

air, are utterly unable to refill the entrance of fire:

for a thermometer will rile equally in the moft

complete vacuum that can be produced, as in the

open air *.

2dly. The matter of fire is attracted more or lefs

by all bodies. When any heated body comes in

contadl with a cold one, the former lofes a part of

its heat, and both of them become equally warm.

If heated iron is laid upon a ftone, its heat will flow

into the ftone; if thrown into water, the heat will be

diffufed through the water. If a number of diffe-

rent fubftances, as metals, wood, wool. See. are

brought together into a place where there is not a

fire, if they are of different temperatures, that is, of

different degrees of heat, the fire will be attracted

from the hotteft to thofe that are colder, till the per-

fect equilibrium is reftored, or till they have all ac-

quired the fame temperature, as may be proved by

applying the thermometer fuccefiively to each of

them. «•

It does not appear, however, that all bodies have

an equal attradlion for the matter of fire. If a rod

of iron is-put into the fire for a fhort time, the end

which is at a moderate diftance from the fire will

almoft burn the hand; but a rod of wood, of the

* See Jones’s Phyf. Difq. p. 88.

fame
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lame length will be conlumed to allies at the end

which is in the fire before the other end is fulfi-

ciendy heated to burn the hand. A ball of lead

and a ball of wool may be of exactly the fame tem-

perature by the thermometer, but they will not ap-

pear of the fame degree of heat on applying the

hand. If they are of a temperature below that of

our bodies, the lead will appear much colder than

the wool, becaufe it attracts the heat more rapidly

from the hand i if they are of a higher temperature,

the lead will appear much hotter, from the facility

with which it parts with its heat. This property

in bodies is called their conducing power
; and thofe

bodies through which the element of fire moll ra-

pidly circulates, are called good conductors.

The power of conducing the matter of fire feems

to depend upon the texture of bodies, that is, upon

the contaCl of their parts *
, hence the excefiive

flownefs with which heat is communicated to bodies

of a rare and fpongy texture. Thus flannel, wool,

and feathers, are confidered as warm coverings, not

becaufe they poflefs more heat in themfelves (for

they ferve to preferve any cold body in a cool

Bate better than other fcbftances) but becaufe they

prevent the efcape of the animal heat from our bo-

dies. It is a well-known faCt, that ice is generally

y

* This is proved by an eafy experiment:—If a cube and a,

fphere of the fame metal are pat upon a plane intenfely heated,

the heat will flow faller into the cube ; and if the fame bodies

are previoufly heated, and expofed on a cold plane, the cube

will cool fooneft.

s kept
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kept in ice-houles in draw or wool, thofe fubdances,

from the rarity of their parts, preventing the entrance

of the heat. On the fame principle the ground is

kept warm by fnow, that fubdance being of a foft

and lpongy texture. It is true it will not keep the

ground warmer than the freezing point; but that

is warm, when compared with the intenfe cold which

is occafionally experienced in mod northern cli-

mates.

An ingenious and accurate experimentalid has

lately endeavoured to edimate the conducing power

of different bodies. The conducting power of mer-

cury he found to be to that of water as 1,000 to

313. Hence it is plain why mercury appears fo

much hotter or fo much colder to the touch than

water, at a time when they are evidently of the

fame temperature by the thermometer. Common
air is a much better conductor than the Torri-

cellian vacuum*; its conducting power, com-

pared with that of the vacuum, is nearly as 1,000

to 605.

A moid air conducts the matter of fire with

much greater rapidity than a dry air ; but the rarity

or denfity of the air appears to have little effeCt

upon its conducting power.

* Made by filling a tube, clofed at the top, with mercury,

and emptying the upper part of the tube by immerfing the lower'

in a veflel filled with the fame fluid, as is the cafe in the com-
mon barometers. This is the moll perfect vacuum we cari

make.

VOL. I. G The
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The proportion of the concluding power in the

different fubftances which were the objeds of his

experiments, is as follows

:

Mercury - - - - - - _ i j0oo
Moifl: air

Water - -- -- -- 313

Common air, the barom. at 27 inc* 9 lines 80

Rarified air, - barom. at 6 - 1 1 lines 8o xy*
The fame, - barom. at 1 - 2-78

,
The Torricellian vacuum - - - - 55

*

From the different effeds of bodies upon our

feelings, according to their concluding powers, arifes

the diftindion which philofophers have made be-

tween abfolute and fenfible heat. It will be re-

membered, that the fenfation of hot is the entrance

of fire or heat into our bodies, and the fenfation of

cold is its departure from them f. Thefe circum-

flances render the fenfes of animals a very inaccurate

meafure of heat ;
efpecially if we confider further,

that much will alfo depend upon the ftate of the

organ of feeling at the particular time. Water,

at the temperature of 62°, appears cold to a warm

hand ; but it will appear warm to a hand which is

of a lower temperature J. Travellers, therefore,

* Sir Benj. Thompfon’s (now Count Rumford) Experiments

on Heat. Phil. Tranf. vol. lxxvi.

f The fudden and unexpedted application of an extremely

cold fubllance to the human body, produces a fenfation very

fimilar to that of a hot one.

X Crawford on Animal Heat, p. 5. 2d edit.

from
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from a warm to a cold country, will have fenfations

very different from thofe who travel in an oppofite

direction, fhould they happen to meet, as they fre-

quently do, in a temperate climate. It is evident

that the travellers from a cold climate* being de-

prived of lefs heat than ufual, will have the fenfation

of warmth ; and the others, on the contrary, will

experience a degree of cold fufficient to excite con- •

fiderable uneafinefs.

3dly. The matter of fire will exift in a (late of

combination. I do not contend for the term che-

mical combination, in the ftridt and literal fenle of

the word y it is fufficient if it can be proved, that

fire may exift in bodies in a latent (late, or in a

ftate not perceptible to our fenfes. Ir will be found

by obfervation, that every body which exifts con-

tains a quantity of the matter of fire in this fixed or

neutralized ftate, difarmedof all its a&ive, penetrat-

ing, and deftrucftive qualities, like an acid and an al-

kali in combination. If the coldeft bodies with which

we are acquainted are condenfed or brought into a

fmaller compafs, a quantity of fire will be emitted.

If a piece of lead or iron is beaten with a hammer,

or comprefled in a vice, fo as to force it to contradb

its dimenfions, it has been already remarked that

a degree of fenfible heat will be produced.

Fluids, from their very nature and conftitution,

contain a greater quantity of fire in a latent ftate

than folid bodies : indeed it is now univerfally ad-

mitted, and may be eafily proved, that the fluidity

ef all bodies is altogether owing to the quantity of

G 1 fire

I
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fire which they retain in this latent or combined
ftate, the elafticity of which keeps their particles re-

mote from each other, and prevents their fixing

into a folid mafs. All bodies, therefore, in palling

from a fluid to a folid ftate, emit a quantity of fire

or hejat. When water is thrown upon quick-lime,

it is abforbed by the lime, and in this ftate it is ca-

pable of retaining a much fmaller quantity of fire

than in its natural ftate; on the flacking of lime

therefore a very intenfe heat is produced, the fire

which preferved the water fluid being difengaged

and detached. If fpirit of vitriol is added to ftrong

oil of turpentine, they will condenfe into a folid mafs,

and a great quantity of heat will be fenfibly emitted.

If water is expofed to freeze, and a thermometer

applied to it, during the a<ft of freezing, or palling

from a fluid to a folid ftate, it will be found feveral

decrees warmer than the air which furrounds it,

which is owing to the heat or fire emitted by that

part of the water which is converted into ice. This

effedt is ftill more apparent from the condenfation of

the ekiVx fluids, which, from their rarity, contain a

greater proportion of the maLter of fire.

Upon the fame principle it will be found, on the

other hand, that when any body pafies from a folid

to a fluid ftate, the adjacent bodies will be deprived

of a quantity of their natural heat. Thus if a

quantity of aqua-fortis is poured upon folid ice, the

ice immediately liquifies, and an aftonilhing degree

of cold is inftantly produced, even by the fire-

tide : this effett is altogether owing to the quantity

of

%
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of heat which is abforbed by the congealed water

reaffuming its fluid form. This experiment will

ferve to explain the facft that a thaw is generally

colder than the commencement of a froft. Th#
abforption of the matter of fire is further exempli-

fied in the inftance of bodies pafling from the ftate

of a common fluid to that of vapour, or an elaftiq

fluid. If a thermometer is immerfed in fpirit of

wine, in water, or in any fluid that eafily evaporates,

and is afterwards taken out and fufpended in the air,

the thermometer will fink two or three degrees,

though the temperature of the air and water fhould

be exacftly the lame: the fad: is, the fmall quantity

of fluid which remains on the bulb of the thermo-

meter is carried off in vapour, and in that cafe the

mercury wdthin the thermometer is deprived of a

certain portion of its latent fire. If the thermo-

meter is repeatedly dipped in the fluid, the cold

which is produced will be confiderable. If ether,

which is a very volatile fluid, is applied to any part

of our bodies, cold is immediately produced; and
on the fame principle, a man may be frozen tQ

death in very warm weather, by expofing him to

continued evaporation; which may be effected by
throwing repeatedly upon his body a quantity of
ether, of fpirits of wine, or of any other fluid which
is eafily evaporable. It is a common practice in

China to cool wine or other liquors by wrapping
the bottle in a w-et cloth, and hanging it up in

the fun ; the water in the cloth is gradually con-
verted into vapour, to form which the liquor in

G 3 the
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the bottle is deprived of its latent fire. The cele-

brated Mufchenbroek was aftonifhed at the freez-

ing of a wet cloth which was hung up to dry,

when there was no appearance of froft in the at-

mofphere : the folution of the difficulty is, the tem-

perature of the air at the time muft have been

within fome degrees of froft, and the temperature-

of the cloth was fuddenly reduced to the freezing

point by the lofs of a part of its heat from evapora-

tion.

Let it be remembered, that in all thefe inftances

there is an evident actelfion or increafe of the

matter of fire thrown into the bodies which are

rendered fluid, and yet the temperature or obvious

heat of the fluids is net increafed, as mav be proved

by the thermometer; wherefore it is plain that the

fire exifts in thefe fubftances in a latent or combined

fta:e.

4thly. The matter of fire is elaftic, as is proved

evidently from all its tft’ech. There is indeed re,don

to believe that fire is the only fluid in nature which

is permanently elaftic; and tiiat it is the caulc of the

elaftfeity of a}l fluids which are efteemed fo.

prom the elaflicity of this element it rcl'ults that

all natural bodies can only retain a certain quantity

of it, without undergoing an alteration in their ftate

and form. Thus a moderate quantity of fire ad-

mitted into a folid body expands it ; a ftill larger

quantity renders it fiuid; and if the quantity is ftill

increaied, it will be converted into vapour. But this,

and all the other properties of fire, will be better

underftooc}
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underftood from its effects. Let it fuffice to remark

for the prefent, that moft fluids may be converted

into a flate of unufual rarity, by the acceflion of fire.

Vapour is 1800 times lefs denfe than water; and

thofe matters which have a ftronger attraction for

fire may by the fame means be converted into fluids

permanently elaftic. The nitrous acid is wholly

convertible into two fpecies of air, oxygen and

azote, or pure and phlogifticated air; and oils,

refins, charcoal, and other inflammable matters,

will by the application of heat readily alfume the

form of inflammable air.

t
4

Q 4 Chap,
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Chap. Ill,

OF EXPANSION-

Experiments proving the expanfive Force of Fire, or Caloric In-

Jiruments for meafuring Degrees of Heat.—Thermometers.—Dr.

Black's Mode of meafuring high Degrees of Heat.—Mr. ff’edg-

•wood's.
i

i

F IRE, as was intimated in the preceding chap-

ter, expands all bodies which it penetrates,

more or lefs, in proportion to its quantity, and to

the nature of thofe bodies. The expanfion of water,

even previous to its afluming the form of vapour,

may be feen in an eafy experiment. If a quantity

of cold water, contained in a clear flafk, is immerfed

in a vefTel of boiling water ; as the heat enters, the

water in the flaik will be feen to rife in the neck

till it overflows.

An iron rod a foot long being heated red hot, be-

came -Asth longer than before j and a glafs cylin-
• • < j ^ #

der, a fathom long, under the fame circumftances,

gained ^th in length. A metalline ring thus heated

was increafed -pl-zr in its diameter: and a glals

globe became extended part by the heat of the

hand only applied to its furface *.
I. !•

|

> ' '
I

.• • • •-

* Boerhaave’s Chem. by Shaw, Vol. I. p. 299.J 1
< :

y * *

\

%
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It is a well-known practice to im merle razors, or

any inftruments which are required to cut ffnooth,

in warm water; as the whole of the metal expands,

the edge is alfo proportionably expanded, and con-

fequently is rendered fo much finer and fmoother.

An inftrument was invented by Mr. Jones,’ for

meafuring the force of expanfion, which by the

flame of a farthing candle was able to lift a weight

of five hundred pounds, without any affiftance from

the mechanical powers ; and he fhews that the fame

infignificant power, namely, the flame of a fmall

candle, would by the force of expanfion overcome

a weight even of five thoufand pounds, could an

inftrument be conveniently fitted up for the experi-

ment *. Indeed, when we confider that the force of

cohefion in metals is fo immenfe as to enable a gold

wire of one-tenth of an inch diameter to fupport five

hundred pounds weight, and an iron wire of the fame

dimenfions to fupport one thoufand five hundred

pounds, without producing any feparation of the

parts ; what muft be the force of fire, which can

relax and even diffolve the texture of the firmed;

metals f :

It is q. fact univerfally known, that clocks and
time-pieces in general go flower in warm weather,

and fafter in cold ; this effedt is owing entirely to

the expanfion of the pendulum, which being
lengthened by the acceflion of heat or fire in warm
weather, makes a longer vibration, and confe-

quently lofes a proportionate quantity of time j on

f Jones’s Phyf. Difq. p. 99, 100. f lb. p. 98.

x the
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the contrary, the length of the pendulum being

contracted by cold, the vibrations will be propor-
tionably quicker, though the quantity of time gain-

ed or loft in a fingle vibration may be exceedingly

trifling
;

yet as the vibrations are very often repeat-

ed, the effeCt will in a courfe of time be very con-

fiderable. An alteration of one hundred thou-

fandth part in the time of a fingle vibration, will

amount to nearly that of a whole vibration in the

courfe of a day *.

The cafes are fo numerous in philofophy and

the arts, when it is defirable to be informed of the

quantity of heat which exifts in bodies, that it foon

became an objeCt of the utmoft importance, to dis-

cover an accurate method for afeertaining it. The
expanfive property of fire was the property which

moft naturally fuggefted itfelf as likely to furnifh

an eafy method of accomplifhing this objeCl, fince

the evidence of our fenfes afiure us that, at leaf! in

all lower degrees of temperature, the expanfion of

bodies bears fome degree of proportion to the

quantity of the matter of fire which they have im-

bibed.

Air, as was intimated in a preceding chapter,

was the firft fluid which was employed as a meafure

of heat and cold. A fmall tube was prepared, open

at the top, into which a quantity of coloured liquor

was introduced ; a quantity of air was left in the lower

part of the tube, below the liquor, and in propor-

* Jones’s Phyf. Difq. p. 98.

tioa
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tion as this air expanded or contracted, the heat of

the furrounding medium was fuppofed to be in-

creafed or diminifhed. The manifeft inconve-

nience attending this inftrument was, that as the

upper orifice of the tube was neceflfarily left open,

it was liable to be affected by two caufes, by the

natural heat of the medium, and by the weight of

the atmofphere prefling upon the liquor in the upper

part of the tube.

The next fluid that was made ufe of was fpirit

of wine, and this, being incioled in a tube which
(

was exhaufted of air, afforded an inftrument much

more perfect than the former. The principal ob-

jection to this fpecies of thermometer is, that fpi-

rit of wine is incapable of enduring any great de-

gree either of heat or cold, fince it boils in vacuo at

fifty-two degrees. This thermometer is diftinguifhed

by the name of the Florentine thermometer, as it

was invented by fome of the members of that aca-

demy. It was afterwards greatly improved by the

celebrated M. Reaumur, who proportioned the ex-

panfibiliry of the liquor to the fize of his tube, by

diluting it with water, or the contrary ; the generality

therefore of thermometers made with fpirits of wine

are termed Reaumur’s thermometers.

Oil was employed by Sir Ifaac Newton inftead of

fpirit of wine, as being capable of a greater degree

of expanfion, fince that fluid will bear about four

times the heat of boiling water before it boils, and in

general a very great degree of cold is required to

pnake it freeze. The principal objection to New-
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ton'^ thermometer arifes from the vifeidity of the

oil, which occafions it to adhere to the fides of the

vefiel, fo that a confiderable quantity of the fluid

being retained by the glafs, when the thermometer

finks it appears to fink lower at firft than it ought

to do, according to the natural temperature.

Thefe thermometers, therefore, were all of

them fuperfeded by the famous invention of Olaus

Roemur, improved by Farenheit, who fubftituted

mercury inftead of the other fluids. Mercury is

found to be a more homogeneous body than any

other fluid, and more regular in its expanfions, be-

fides that it is capable of exhibiting a more copious

fcale of both heat and cold.

Sir Ifaac Newton, obferving that water uniformly

froze with a certain degree of cold, and as uniformly

boiled when the heat was increafed to a certain de-

gree, took what is called the freezing point for the

commencement of his fcale, and from that to the

boiling point he counted thirty-four degrees, and di-

vided his fcale accordingly. It is evident, however,

that even in this climate we have many degrees of

cold below the freezing point. Reaumur, therefore,

though he commenced his fcale alfo at the freezing

point, yet admits offeveral degrees below it, and pro-

ceeds both ways from o ; the boiling point in his fcale

is at 8 o° above o. The fcale of Farenheit begins

confiderably below the freezing point, at that period

of Cold which is produced by furrounding the bulb

of the thermometer with a mixture of fnow or

pounded ice and fal ammoniac or fea-falt : he di-

* «
' * vided
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vided his fcale into minuter portions than either

Newton or Reaumur, on which account it is well

known that the boiling point in Farenheit’s thermo-

meter is at 212 0
. Sir Ifaac Newton's thermometer

is, I believe, now quite obfolete: Reaumur’s is ftill

ufed bv many of the French, and other experimen-

tali-fts. The degree of heat, however, when noted

on either of thefe inftruments, may eafily be com-

puted, by remembering that 3^° of Newton’s anfwer

to 80 of Reaumur, and to 212 of Farenheitj and
• »

that the freezing point, which is the commencement
of both the other fcales, is in Farenheit’s at 32*

above o.

The graduating a mercurial, or Farenheit’s ther-

mometer, cannot, from what has been obferved, be

a difficult talk. The mercury mult be carefully

purged from air, as that, being a more elaftic fluid,

would create fome irregularity in the expanfions of
the metal, or would collect in the upper part of the

tube, which ought to be the molt perfect vacuum
that can be formed. It is well known that what is

called the Torricellian * vacuum is formed by filling

a glafs tube with mercury, and then inverting the

tube in a yeflTd of the fame fluid, and withdrawing
• _ o
it flowly till the mercury fubfides, by which means’
all that part of the tube which is above the mercury
will be free from air ; on withdrawing the tube out
of the mercury, it is obvious that the orifice mull be
Hopped with the finger or fome other ftopper, to

prevent the air from rufhing in. When by thefe

* from Torricelli, the inventor.

’ mean*
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means a quantity of mercury is included in a glafs

tube with a fma£ bulb, the glafs may be eafily

clofed by applying an ignited charcoal and a blow-

pipe, fuch as the jewellers make ufe of, which melts

the glafs, and enables us to twift it round, in fuch a

manner as completely to clofe it againd the admif-

fion of air; and this operation is called hermetically

fealing it *. In order to graduate the thermometer,

it mud be firll immerfed in a mixture of pounded

ice or fno\V and fal ammoniac, and the point at

which the mercury fettles mud be marked as the

commencement of the fcale, or o. It is next to be

immerfed in boiling water, and that point is to

be marked 21 2°, and the intermediate part of the

thermometer mud be divided into this number of

degrees.

Thermometers with fmall bulbs, and propor-

tionable cylinders, are mod ufeful, fince a large vo-

lume of mercury requires a confiderable time to

heat and cool. It is alfo accounted a favourable

circumdance when that part of the bulb which is

adjoining to' the tube is rather of a conical form.

That the thermometer is a true meafure of heat,

is proved by fome very fatisfa&ory experiments.

If equal quantities of hot and cold water are mixed

together, the heat of the mixture will be nearly as

* It is eafy to prove whether the tube is a perfcdl vacuum

or not, after it is hermetically fealed, by merely inverting it, and

obferving whether any bubble of air remains to refill the mer-

cury’s falling to the bottom of the tube*

$ «he
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the mean heat of the two component parts *. This

fa<5t was afcertained by a ftill more accurate experi-

ment of Dr. Crawford, who contrived a method of

combining the boiling and freezing points together,

and found that the degree of heat communicated to

the thermometer was as nearly as pofiible the arith-

metical mean f.

It is evident, from the nature of expanfion, that

thermometers might be conllru&ed of folid bodies.

Metallic thermometers have indeed occafionally been

made, and graduated for different purpofes ; but

their utility is neceflfarily very limited, fince folid

bodies are expanded with much more difficulty, and

in a lefs degree, than fluids.

Though the mercurial thermometer is fo much
more perfeft, and is capable of exhibiting much
higher degrees of heat than thofe which had been

in ufe before the time of Farenheit; yet as mer-

cury boils at 6oo°, that is, confide rably below the

red heat of iron, and as it is plain that no fluid can

afford any true meafure of heat beyond that point

in which it is itfelf converted into vapour, it is

equally plain, that there muft exift feveral degrees

of heat which cannot poffibly be exhibited by the

mercurial thermometer. Thefe degrees are very

* This experiment was originally made by Dr. Brook Tay-
lor. It was afterwards repeated by M. de Luc, and by Dr.
Crawford ; who, from the impoilibility of conducting the expe-
riment without lofs of time, found the heat of the mixture always
below the arithmetical mean.

Cranford on Beat, p, iS, et feq. xd edit .•

t lb. 47, 48.

* ' inaccurately
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inaccurately defined by the chemifts and artifts, ac-

cording to the appearance, terming them a red and

•white heat, &c. To remedy the inconveniences

refujting from the want of a definite ftandard of

heat above the point of boiling mercury, feveral

methods have been propofed, but there are only two

which I efteem worthy of notice.

Avery eminent philofopher, who may be termed

the father of the modern doCtrines concerning heat,

propofes, in order to afeertain the heat of any given

furnace, for inftance, to heat fome body (the dimen-

fions of which may be eafily taken) in that furnace,

and when heated to plunge it into a quantity of cold

water, and multiply the degree of heat by the pro-

portion which the bulk of the water bears to that

of the body heated. Thus, if a piece of iron is

taken red hoty and thrown into a quantity of water

100 times its bulk, when the heat which was con-

centrated in the iron is diffufed through the whole

quantity of water, it is evident that the temperature

of the water thus heated, multiplied by 100, will

give the heat of the iron when red hot.

Another mode of afeertaining high degrees of

heat has been propofed by the late Mr.Wedgwood,

who by means of a diftinguifhing property in argil-

laceous bodies, namely, that of contracting when

expofed to fire, was enabled to conftruCt a new

thermometer for this purpofe. The fenfible con-

traction of earthen-ware commences at a low red

heat, and proceeds regularly till the clay becomes

vitrified. Mr. Wedgwood’s thermometer, there-

fore.

/
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fore, confifts of a fmall portion of this clay, properly

baked, and fo nicely adapted to a brafs gage, that

the clay is permitted to Hide along the gage in pro-

portion as it is contracted by the fire. He divided

his fcale, from the degree of heat at which the clay

begins to contract, to the greateft degree of heat he

was able to produce, into 1 6o°. By this inftrument

he found, that copper melted at 27°; filver at 2$°;

gold at 3 2
0

j caft iron at 130°.

1

Chap,Vol. I. H
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Chap. IV.

OF FLUIDITY.

Caloric equally the Caufe of Expanfon and Fluidity.-—Phenomena

of Bodies puffing from a folid to a fluid State, and the contrary.

—Intenfe Cold of the Southern Hetnifphere explained.—Diflinc-

tion between Expanfon and Fluidity.—Experiments illuflratinje

of the Doftrine of latent Heat.

I
T was intimated that all bodies are capable-of

containing only a limited quantity of fire, with-

out undergoing an alteration in their external form ;

the fame caufe which produces expanfion, being in-

creafed to a certain degree, produces a total diffo-

lution of the parts of bodies, and reduces them to a

fluid ftate; and a further increafe of the fame power

renders them volatile, or caufes them to be carried

off in the form of an elaftic fluid, fuch as air or va-

pour.

After what has been formerly ftated, it will be no

difficult matter to conceive the caufe of all thefe

effects to be the fame. The fubtile matter of fire,

which appears to be the only fubftance in nature

which is permanently elaftic, or between whofe par-

ticles a natural repulfion exifts, infinuating itfelf be-

tween the particles of bodies, deftroys or rather

counteracts the natural power of attraction or co^

hefion, which impels the particles of bodies to

approach
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approach as nearly in contact to each other as pofli-

ble. When a body is reduced from a folid to a

fluid ftate, a quantity of heat or fire is abforbedfrom

f©me of the furrounding media. The nature of

fluids would therefore be, perhaps, not improperly

defcribed, by fuppofing them to confift of the very

minute particles of the bodies from which they are

produced kept floating in a quantity of fire. To
underftand how fire may exift in this combined ftate,

without exhibiting any of its deftrudtive properties,

let it be remembered, that fire, like every other

body, can be only adtive while in a difengaged ftate.

Fire cannot excite in our organs the fenfation of

heat, unlefs it penetrates thofe organs ; if therefore

it is retained by another body by the force of a fu-

perior attradlion, it is evident it cannot affedt our

organs as it would if in a ftate to be attradbed by

them. In the fame manner the mineral acids (aqua-

fortis for inftance) in a difengaged ftate adb with

violence on almoft every fubftance, and corrode or

ulcerate our flefli, when brought in contadb with

them ; but if united with a body which pofleftes a

ftronger attradbion for them (fuch as an alkali) they

will not leave that body to adb upon any other,

but are perfedbly difarmed of all their noxious qua-

lities : thus the fafe and innocent compound fait*

petre is formed from two violently adbive and cor-

rofive fubftances, a cauftic alkali, and the nitrous

acid, or aqua-fortis; and common fait from the

fame alkali, and the muriatic acid,

H 2 Every

I
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Every body in palling from a folid to a fluid (late,

or from that of a common to a rarer or elaftic fluid,

abforbs a quantity of caloric or fire, and confequently

a degree of cold is always produced by the procefs

;

and on the contrary, every body in palling from a

fluid to a folid ftate, or from that of a rarer to that

of a denfer fluid, emits a quantity of that fire which

kept it in a Bate of fluidity; and by this procefs, on

the other hand, a proportionable degree of fenfible

heat is produced.

A number of phenomena, which were before un-

explained, are now clearly illuftrated by this theory.

What is called the freezing mixture, it is well

known confifts of a quantity of pounded ice or fnow

with aquafortis, or any faline fubftance. The im-

menfe cold which is fuddenly produced by this pro-

cefs, is owing entirely to the Bidden liquefattion of

the ice, in which cafe all the adjacent bodies muff fup-

ply a quantity of caloric or fire, which is abforbed by

the melting ice, and retained by the fluid in a latent

ftate, or ftate of combination. Cold is produced

by evaporation, on the fame principle, the quantity

of elementary fire which is attracted by a fluid

when pafling into a rarer ftate, and which is re-

quired to form atmolpheres of fire round the parti-

cles of the body, fo as to keep them fufpended in

the fluid form, is neceflfarily fupplied from the fur-

rounding bodies, and mull be attended with a de-

gree of cold.

The fouthern hemifphere is remarkably colder

than that of the north, and even in the midft of

fummer



IOSChap. 4.] faffingfrom a/olid to afluidState, iffc.

fummer an exceffive degree of cold has been found

in die regions which lie near the antarctic circle.

To account for thefe phenomena, we muft proba-

bly have recourC' to two caufes. As there is a

greater extent of water in that hemifphere, the eva-

poration is confiderably greater than in that of the

north ; and as the fouthern ocean abounds with a

multitude cf immenfe ice iflands, the continual

melting of the ice abforbs the matter of fire from

all the circumjacent atmofpherej and in fa£t we

are informed by mariners, that the cold is confi-

derably increafed by the approach of one of thefe

floating mountains of ice. Partly for the fame

reafon a thaw is obferved to be much colder than a

fettled froft j
though it is alfo to be remembered,

that the atmolphere is always rather inclined to

damp in a thaw, and a damp air is a much more

powerful conductor of heat than a dry one.

On the contrary, when a fluid body pafles into a

folid Hate, a quantity of fire is neceffarily extricated.

The heat produced by flacking lime has fometimes

been fo great as to fire wood ; in this cafe it has already

been fhewn, that the component particles of the

water being abforbed by the lime, the fire which held

it in fufion is expelled. A mixture of the eflential

oils with fpirit of vitriol produces the fame effect

;

the mixture forms itfelf into a folid mafs, and the

fire which the fluids contained is fuddenly extri-

cated. A quantity of water will often continue

fluid at fome degrees below the freezing point, but

by agitating the water it forms fuddenly into

H 3 ice.
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ice, and the fire which the fluid contained being

let free, the thermometer will rife fome degrees.

The air is often obferved to be peculiarly mild dur-

ing a fall of fnow j the reafon is, that the caloric which

the water of the fnow contained is difcharged by its

pafling into a folid ftate, and fenfible heat is pro-

duced. The union of a cauftic alkali, which con-

tains no fixed air, with an acid, excites great heat, in

the fame manner as when water is thrown upon

quick-lime
; but if the alkali is mild, that is, if it

contains a quantity of fixed air, that fubftance going

off in an aerial form abforbs the matter of fire,

which it carries off with it, and no heat is ge-

nerated *.

It was ftated, that expanfion and fluidity are pro-

duced by the fame caufe : there is, however, this

difTrence in the effedts, that in expanfion there is

a regular increafe or extenflon of bulk, according

to the degree of heat ; whereas the tranfition from

a fluid to a folid ftate, or the contrary, is fudden

;

and below or above a particular point of tempera-

ture, a body always remains fluid or folid. There

are, it is true, fome bodies which appear in an in-

termediate ftate of fluidity, fuch as wax, tallow, &c.

;

yet even in thefe the point at which they become

fluid is a fettled point, though the different ftages

of foftnefs depend upon the degrees of heat.

In expanfion alfo the fenfible heat is increafed in

proportion to the effedt but it is different in flui-

* See Dr. Higgins’s excellent Experiments and Obfervations,

p- 3 iy-

dity 5
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dlty; for when bodies are arrived at the rrtelting

point, or point of fluidity, a large quantity of ele-

mentary fire is abforbed, without producing any

fenfible heat, or altering the temperature of the body.

This abforption of the matter of fire frequently con-

tinues a confiderable time, according to the fupply

from the adjacent bodies. Thus, when a thaw

comes on, the heat is often far above the freezing

point; and though the ice melts flowly, it is conftantly

furrounded by air warmer than itfelf, and conftantly

imbibing the matter of fire from it. On the other

hand, if a quantity of boiling water is thrown upon

ice, it will immediately melt; which proves that

there is no difficulty in feparating the particles of

ice, if a fufficient quantity of heat is fupplied : but

the reafon of thefe fa6ts will be rendered clearer by

the following experiments.

If a pound of water at 32
0

is mixed with an

equal quantity of that fluid at 17 2°, the tempera-

ture of the mixture will be 102°, which is the arith-

metical mean between the heat of the two fluids

;

but if a pound of ice at 32
0

is mixed with a pound
of water at 172

0

, the temperature of the mixture

will be 3 2°. Hence it appears, that in the melting

of the ice one hundred and forty degrees of heat

(that is, fuch a quantity of elementary fire as is ne-
ceflary to produce that heat) are abforbed, or re-

duced to a ftate of combination, fo as not to pro-
duce any effe<ft on the thermometer *.

* Crawford on Animal Heat, p. 7 3,

h 4 The
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The heat which the water abforbs in afiuming

its fluid form is again feparated by congelation.

If a poupd of water at 32” is mixed with an equal

quantity of ice at 4
0

, nearly one- fifth of the water

will be frozen, and the temperature of the mixture

will be 32
0
. In this experiment the ice is railed

from 4
0

to the freezing point. It is therefore evi-

dent, in this experiment, that by the congelation of

one-fifth of the water a quantity of fire is emitted

fufficient to raife the heat of the ice nearly twenty-

eight degrees; by the congelation therefore of a

whole pound of water, a quantity of heat would be

detached fufficient to raife it five times twenty-eight

degrees. The caloric which is extricated by the con-

gelation of the water is therefore precifeiy equal to

that which is abforbed by the melting of ice *.

There were difputes, in the time of Farenheit,

concerning the rarefadtion of ice, whether it de-

pended on the air contained in it during its fluidity.

He imagined, that if he extracted the air from wa-

ter, he cofild produce an ice heavier than water.

He extracted the air therefore from fmall glafs

globes filled with water. After expofing them to

an intenfe cold, they were a long time in freezing*

though cooled greatly below the freezing point;

but upon breaking them to examine them, the air

rufhed in, which, from the fudden fhock, occafioned

the water inftantly to freeze. He afterwards found,

that Ample agitation would produce the fame effect.

* Crawford on Animal Heat, p. 72.

if
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If water which is freed from air, and which is per-

fectly at reft, is expoled to the atmofphere when it

is colder than 3 2
0

,
it will frequently fink eight or

ten degrees below the freezing point, without un-

dergoing any degree of congelation; but if the

veifel is (lightly agitated, a portion of it will imme-

diately become folid, and the mixture of ice and
0

water will be raifed to 32°. The reafon of this

increafe of temperature in the remaining water will

be evident from the preceding experiments. By
the freezing of a part of the water, a quantity of

elementary fire, which exifted in the fluid, is ex-

pelled, by its afluming a folid form ; and this fire,

being diffufed among the remaining water, raifes its

temperature to the freezing point.

Different degrees of heat are required to retain

different bodies in a fluid form. Water, mercury,

and fome other fubflances, are kept fluid by a de-

gree of heat confiderably below the ordinary heat

of the atmofphere ; and fo great is the degree of

cold which the latter endures, that, before the ex-

periments of Profeffor Braun, of Peterfburgh, it

was not fuppoled that it; was capable of being

frozen.

Chap.
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Chap. V.

OF BOILING, VAPOUR, &c.

n » j l .

Elajlie Fluids difiinguijhedfrom common Fluids.—-Specific Gravity

cf Vapour.—In vohat Manner Dr. Black muas led to form his

Theory of latent Heat.—Immenfe Force of Vapaur.—Boiling .

—

All Fluids boil in a lefs Temperature in Vacuo, than under the

Preffurt of the Atmofphere.—Experiments.—Phenomena of Boil-

<ug andEvaporation explained.—IVhy Water extinguishes Flame.

—Spontaneous Evaporation.—Phenomena of Devos, Mifis, &c.

I
F the matter of fire is accumulated to a certain

degree, the fubftance which is expofed to its

action will be converted from the (late of a com-

mon fluid to that of an elaftic or compreflible fluid,

generally tranfparent, and extremely rare and light.

Vapour or fleam, which is water converted into

an elaftic fluid, is of a fpecific gravity one thou-

fand eight hundred times lighter than water;

that is, a given portion of water will, in an elaftic

form, occupy one thoufand eight hundred times

the fpace it did before. The procefs of pafling

from the ftate of a common fluid to that of

vapour, is called boiling j and the degree of heat at

which a fluid begins to boil is called the boiling

point, which, in water, is fixed on Farenheit’s fcale

at 2i2°.

*

When
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When a fluid arrives at the boiling point, and

paifes from its ordinary date to that of vapour, the

fame effed takes place as in the converfion of folid

bodies into fluids, a quantity of caloric or elemen-

tary fire is abforbed without any increafe of tempe-

rature ;
and when an elaftic fluid is condenfed, the

fame fire is conftantly emitted, and fenfible heat is

confequently produced. If we obferve the heating

of water, we (hall find that the heat flows into it

very faft, till it arrives at the boiling or vaporific

point. Suppofe that in the laft five minutes its heat

is increafcd io°, in the next five we fhould exped

that it would at leaft be fix or feven more; but this

is not in reality the cafe, for though very little of

the water is evaporated, yet the remainder is not

fenfibly hotter. In order to prove the time necef-

fary to convert a quantity of water into vapour,

a number of flat-bottomed cylindrical veficls of

iron were conftruded, into which a quantity of

water was put, at the temperature of 54
0

. The
water was heated to the boiling point in four

minutes, but it was not evaporated in lefs than

twenty. Thus it is evident that the water had ac-

quired 158° of heat in the fpace of four minutes;

and confequently, as the heat of the fire continued

the fame, it required five times 158° of heat to con-

vert it into vapour. This immenfe acceflion of

fire is, however, neither fenfible in the water nor in

the vapour, for if a thermometer is applied to the

fleam, it will not be found hotter than the boiling

water, it is therefore really abforbed by the fluid,

which
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which is converted into vapour, and is retained in

the latter in a combined date. When the vapour

is condenfed in the refrigeratory of a Hill, the latent

or combined fire is once more rendered fenfible, for

the refrigeratory is heated much higher than the

fenfible heat of the vapour, as the heat, if accumu-

lated, would raife the thermometer to more than

8oo°.

We are informed by Dr. Crawford, that Dr.

Black, who is certainly the author of the prefent

dieory of heat and fluidity,
( was firft led to the dif- '

j

covery of the abforption of heat by aqueous vapour,

in confequence of an unexpected appearance which

occurred in an experiment made with water at a

high temperature. A quantity of that fluid having

been raifed in Papin’s digefter * to a temperature

many degrees above the boiling point f, was fuf-

fered to communicate with the external air, by

opening a flop-cock,, upon which a part of it was

inftantly converted into vapour, and the water at the

fame moment funk to 21 2 As it appeared how-

ever that only a very fmall quantity of the water had

been carried off by this Hidden evaporation, it was

naturally concluded that the whole of the fuper-

fluous fire which the water had previoufly imbibed

was abforbed by that part which afiumed the form

of vapour.

* Papin’s digefter is an iron veflel, made particularly

ftrong.

f I have been told to 412.

| Crawford on Animal Heat, p. 77.

Ths
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The fa£t is accounted as .eftablifhed by the fame

philofopher from the following experiment. If

eight pounds of the filings of iron at 2 1 2 are mixed

with a pound of water at 32, the temperature of

the mixture will be nearly 122; the iron will be

cooled 90 degrees, and the water heated 90. * But

if eight pounds of iron filings at 300 are mixed

with a pound of water at the boiling point, the

temperature of the mixture will continue at 212,

and a part of the water will be fuddenly carried off

in vapour, which vapour itfelf will be found to re-

tain the fame temperature of 212. In this experi-

ment the temperature of the iron is lowered 88 de-

grees, without any apparent accefTion of heat to the

water; the fair conclufion is therefore that the fuper-

fluous fire is abforbed and carried off by the va-

pour *.

Vapour is an elaftic fluid, that is, it admits of

being comprefied within a compafs proportioned to

the force which comprefles it. Its force in refilling

compreffion, when it is accumulated to a certain de-

gree, is however greater than that of gunpowder, or

of any power with which we are acquainted. Steam

is therefore one ofthe moll potent and moll dangerous

agents in nature. A fmall quantity of water thrown

upon boiling oil, or introduced among metals while in

fufion,produces the moft formidable effects. The wa-

ter finks towards the bottom in the oil, where being

converted into vapour, by the force of its expanfion

* Crawford on Animal Heat, p. 78.
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it caufcs a moft violent ebullition and explolion,

and throws the heated fluid about with incredible

velocity. Hence in calling iron or copper veflfels,

if the fmalleft particle of humidity is contained in

the mold, or if the metal meets with any liquid in

its paflage from the furnace to the mold, it will be

exploded with the utmoft hazard to the workmen
from the burning metal. We have an inftance re-

corded in the Philofophical Tranfaiftions, of the

hurtling of one of Papin’s digeflers containing a pint

of water, which demonftrates the amazing expanflve

force of vapour. The report on the burfting of

the veflel was heard at a confiderable ditlance by a

maid fervant who was milking the cows in an ad-

jacent field, and the fervants within faid it fliook the

houfe ; the veflel flew in a direft line acrofs the

room, and fliivered an inch plank of oak in pieces

:

what is moil extraordinary, no traces of water were

to be found in any part of the room ; the fire was

however completely extinguifhed *.

The force of the common fleam-engine is well

known j-j and an inftance recorded by Mr. Jones in

his Phyfiological Difquifitions, ferves well to mark

its

* Phil. Tr. Abr. vol. viii. p. 465.

•f
In thefe machines, the fteam is conveyed into a large cylinder

or barrel oi'iron, in which a very heavy pifton of the fame metal

is raifcd : when the pifton is to fall, the fteam is fuddenly made to

collapfe by the injeftion of fome cold water, which immediately

condenfes it, and makes a vacuum, fo that the pifton is forced

down again by the preifure of the atmofphere. By thefe alter-

nate

»
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its effedts.
c A workman, who with Tome others

was employed to repair a fire-engine at Chelfea, in-

formed me, that as they were bufy about it in work-

ing it to underftand the defedt, the barrel, which

was of great capacity, and too much worn with long

ufe, burft on a fudden, and a cloud of fleam ruffl-

ing out at the fradlure flruck one of the workmen

who was flanding by, and killed him in a moment
like a blafl of lightning. His fellows ran up as foon

as they could to give him affiftance, but when they

endeavoured to take off his cloaths, the flefh came

away from the bones along with them.’

Though all fluids are rendered elaftic by fire, yet

the quantity of fire neceffary to raife them to a flate

of vapour depends upon different circumflances.

The very nature of an elaftic fluid renders it parti-

cularly liable to be affedted by the weight which is

incumbent upon it. All fluids therefore boil with

a much lefs degree of heat in vacuo, than under the

ordinary preffure of the atmofphere. Thus water

moderately heated, and placed in the receiver of an

air-pump, may be made to boil by withdrawing a

part of the air by which it is compreffed ; and it

will be obferved to ceafe as foon as the air is re-

nate rifings and fallings of the piflon, feveral of which are per-

formed in the fpace of a minute, the machine afts on the work

of a forcing pump, by which the water is raifed, and difcharged

at the proper place. This machine, confidering the vaft force

of it, is one of the fimplefl: in the world; but, like the digefter,

may become extremely dangerous if the fire by any accident

fhould get the power over it.

I

turned.



1

1

2 Boiling in Vacuo. [Book It.

turned, and the preflure reftored*. In the moft

perfect vacuum that we are able to procure water

boils at 90, and fpirit of wine at 52, that is at 122

below the boiling point under the common preflure

of the atmofphcre.

A pleafing experiment is related by that elegant

and ingenious philofopher, the prefent Bifhop of

LandafF, which is illuftrative of the nature of boil-

ing in general, and particularly ofwhat has been juft

advanced. With an intention ofexhibiting a ftriking

inftance of the ihcreafe of dimenfions produced by

heat in fluids, he took a glafs veflfel, not unlike

a thermometer in form ; the bulb contained above

a gallon, the Item had a fmall diameter, and was

about two feet in length. This veil'd be filled with

boiling water to the very top of the ilem, and

corked it clofe with a common cork. The water

and the cork were at firft contiguous, but as the

water cooled it contracted, and funk vifibly in the

Item ; and thus the firft intention of the experiment

was anfwered. But here an unexpected phenome-

non prefented itfelf. The water, though it was re-

moved from the fire, though it was growing cold,

and had for fome time entirely ceafed from boiling,

began to boil very violently. When a hot iron was

applied to that part of the ilem, through which the

water in contracting itfelf had defeended, the ebulli-

tion prefently ceafed ; it was renewed when the iron

was removed i and it became more than ordinarily
f * 1

? ‘ -v • v

• Higgins’s Experiments and Qbfervations, p. 313.

violent,
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violent, when by the application of a cloth dipped

• in cold water that part was cooled. To account

for thefe appearances, it is only neceffuy to recollect

that by the finking of the water in the Item a kind

of vacuum is left between its furface and the cork ;

the' water therefore neceifarily boils with a lower

degree of heat than it would
-
under the prdTure of

the atmofphere. The fpace between the cork and

the water is not however a perfedt vacuum
; it is

occupied either by the vapour of the water, or by a

fmall portion of air, or by both. Heat increafes the

elafticity both of air and vapour and thus augments

the preffure upon tlie furface of the water, hence the

ebullition ceafes upon the application of the hot

iron. Cold, on the contrary, diminifhes the' elaf-

ticity of the air, and condenfes vaoour ; and thus

the preffure upon the furface being leffened by the

application of a cold cloth, the ebullition of the

water became more violent. The heat of the water

when it ceafed boiling was 130° *.

An experiment of another diftinguifhed philofo-

pher affords perhaps a better illuftration of the

whole theory which has been juft advanced. This
gentleman placed a quantity of vitriolic ether under
the receiver of art air-pump, which was fo contrived

that he was able to let down a thermometer at plea-

fure, without admitting the external air. He no
fooner began to extradt the air, than the ether was
thrown into a Violent ebullition, at the fame time

/

* Chem. Effays, vol. iii. p. 162.

VOL. I. I its
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its temperature funk furprizingly. When the ether

was firft put in, its temperature was about 58°, but

it became fo cold when boiling, that a quantity of

water in a veffel contiguous to it was fuddenly

frozen. The manner in which thefe phenomena

may be explained is this:—The weight of the at-

moiphere being removed, the heat which the ether

contained was luiTicient to make it boil. The ele-

mentary fire which the ether loft in boiling was dif-

pofed of in forming a vapour more fubtik than the

ether itfclf; which could not, confidently with the

principles eftabiifhed, be formed without the ab-

forption of a confiderable quantity of the matter of

fire. Now as it appears that water and fpirit of

wine boil in vacuo at 1220 below their ordinary

boiling point, it is natural that ether, which boils

in the open air at about the heat of the human

blood, fhotild boil in vacuo at 24
0 below o, a de-

gree of cold fufficient to freeze any water that

might happen to be in contact with the veffel

which contains the ether.

As the weight of the atmefphere varies fome

degrees at different times, it is evident, from thefe

remarks, that the boiling point of fluids will alfo

occafionally vary. Boerhaave fuppofes, that, ac-

cording to the changes of the atmofphere, as

marked by the barometer, the heat of boiling water

may vary occafionally eight or nine degrees *
5

\

• Boerhaave Chera. quoted by \v atfon. Chcm. Efil vol. iii.

p. 157.
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and we find the opinion confirmed by the accurate

experiments of M. de Luc and Sir George Shuck-

burg, in the courle of which the boiling point was

fometimes dower than 205°, and fo'metimes higher

than 213
0 *.

Some of the phenomena of evaporation and

boiling, not hitherto noticed, will receive a fatisfac-

tory explanation from this theory.— ift, If a fingle

drop of water is heated to the vapourific point, it is

immediately converted into vapour ; but if the

quantity is more confiderable, the phenomenon will

be varied : for, if a quantity of water is thrown into

an iron veflel heated very hot, it will feem to run

* This will be better underllood by exhibiting Mr. Cavaliers

table of the refult of each experiment.

Height

of the

Barometer.

Heat of boiling Water,
' according to

r
—
M. de Luc.

1

Sir G. Shuckburg.

Parts of a Parts of a

Deg. deg. Deg. deg.

26 205,17 204,91
26* 206,07 205,82

27 206,96 206,73
2 7f 207,84 207,63
28 208,69 208,25

209,55 209,41

29 210,38 210,28
29f 210,02 211,15

3° 212 212

3°t 212,79 221,85

3 i 2I 3>57 213,69

Water boiling hot cools in fix hours in the ordinary heat of

the atmofphere.

I 2 about
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about the vefiel like quickfilver, but without touch-

ing the bottom or Tides of the vefiel. The reafoh

is, that the water nearefi: the bottom and Tides is

converted into vapour, which prevents the fluid

Trom corning in contaft with the iron ; and this is

the reaTon alTo that a red-hot piece oTiron dropped

into water continues Tor Tome little time in the Tame

red-hot ftatc, the water nearefi: the iron being Tud-

denly converted into an elaftic vapour, which repels

or keeps off the reft of the fluid.

cdly, The bubbling and hiding of boiling fluids,

or oT fluids upon the point of boiling, was unac-

counted Tor till Dr. Black’s theory elucidated the

point. In the common mode of boiling water it is

' plain, that the bottom of the fluid arrives at the va-

pourific point of heat before the Turface ; a quan-

tity therefore of the fluid which is nearefi: the bot-

tom of the vefiel is converted into vapour, which

forcing its way through the fuperincumbent me-

dium occafions that violent ebullion which always

takes place when a fluid is heated to its vapourific

point. The hiding of kettles and other veflels, pre-

vious to their arriving at the boiling point, is per-

haps to be accounted for from thele vapourific

bubbles in their afcent meeting with the cold wa-

ter, and difcharging their fire, which condenfes the

vapour before it arrives at the Turface, and occa-

fions the feeble found which has been juft mentioned,

without any confiderablc agitation of the fluid, or

emidion of fleam.

jdly, The
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3<dly, The reafon why water, either hot or cold,

immediately extinguiihes flame, will eafily be un-

derftood from what has been 'premifed. When a

quantity of water is thrown upon an ignited body,

it is immediately converted into vapour, and this

procefs fuddenly deprives the burning body of as

much elementary fire as the vapour is naturally dif-

pofed to abforb. If therefore the water is applied in

fufficient quantity, the whole of the fire will be im-

bibed by the evaporation, and the body will be left

totally deftitute of heat. For the fame reafon it is

evident, that water will prevent the melting of me-

tals, or of any fubftances which require a degree of

heat fuperior to the boiling point, to render them

fluid : for the water, being in contact with the other

fubftance, will not permit its temperature to in-

creafe, and all the fuperfluous fire which would heat

it above the boiling point, if the water was not there,

is carried off by the evaporation of that fluid *.

The

* Perhaps it may not be quite unacceptable to the reader

to notice in this place the vulgar paradox : “ Tiiat when w,ater

is boiling in a vefiel, the bottom is cool ; but the moment it

ceales to boil, the bottom becomes hotter.” The whole of the

paradox appears to be founded on an error of the fenfe. When
a perfon applies his finger to the vefiel, though he applies it

for a confiderable time, it is not heated more than he can en-

dure, for the blood in the courfe of its circulation lofes fome of
its heat before it arrives at the extremities ; and till the blood
in the extremities is heated to the fame degree with that of the

heart we feel no pain from burning
; but as foon as this is ef-

fected, the leall degree of heat becomes painful. When the

finger is firlt applied to the bottom of the vefiel after it is taken

I 3 off
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The general procefs which bodies not highly in-

flammable undergo when fubjetfted to the action of

fire, is firft to be reduced to a fluid date, and then

to a flate of vapour. There arc, however, fome

bodies which are converted into vapour without at

all afitiming the fluid form, fuch as camphor, fal

ammoniac, arfenic, &c. Thefe, when expofed to

fire, fly off in vapour, without being melted ; which

vapour, on condenlation, becomes a folid mals'

again. Thefe fubftances may therefore be faid to

have their vapourific point below that of their

fluidity; and the reafon of this appears to be, that

their particles have a ftronger attraction for the

matter of fire than for each other. In faCt, we find

that thefe fubftances may be reduced to a fluid

form by confining them in clofe vefiels, where they

may be forced to endure a greater degree of heat

than under the prefl'ure of the atmofphere. Cam-

phor at lead: has in this manner been rendered

fluid ; and there is no reafon why fal ammoniac,

and all the volatile alkalies, might not be reduced

to the fame ftate ; but from the great clafticity of

the vapour, the procefs has not been completed for

fear of burlting rhe vefiels.

There are fome bodies whicli have never hi-

therto been reduced to a ftate of vapour. Thofe

off the fire, the heat is endured for thefe rcafons. When the

boiling ceafes, it is natural to take the fame finger (for having

dirtied one, people fcldom chufe to take another) and that fin-

ger, being already heated almoft as much as it could bear, now

finds the heat at the bottom of the vefi’el exquifitely painful.

j earthy
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earthy fubftances which have been rendered fluid,

have never, by any degree of heat, been rendered

volatile, and there are fome earths which have never

been even brought into fufion. Some of the me-

tals, particularly gold and filver, were thought for-

merly to be abfolutely fixed. Mr. Boyle expofed

a fmall quantity of each for two months to the heat

of a glafs-houfe furnace, and at the end of that time

he found them not altered ; they have fince, how-

ever, been compelled to emit very fenfible vapours

by the more intenfe heat of a burning-glafs : and as

the diamond itleif has been fubjeCted to evapora-

tion, it is not improbable that by a lufficient quan-

tity of heat every other mineral liibftance might be

fufed and volatilized.

The vapour of water, and moll: other fluids, re-

quiring a degree of heat above that of the atmo-

fphere to keep it in a volatile fiate, /is eafily de-

prived of its fuperfluous fire; and its particles being

no longer kept afunder by a fuperior force, yield to

the ordinary impulfe of attraction, and are con-

denfed into the Hate of a common fluid. There

are, however, permanently elafiic fluids, which are

maintained in their elafiic fiate by the ordinary heat

of this earth
;
and thefe by analogy we may con-

elude* are compoled of particles which have a

weak attraction for each other, and are therefore

preferved in this rare and volatile fiate by a mode-
rate portion of the matter of fire interpofed be-

tween them : of this kind is the air we breathe, and

I 4 fome
1

* 1

f

I
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forre other fluids, of which I Ahull prefently have

occaflon to treat *.

It would be mproper to difmifs this fubjett,

without offering a few remarks on that fpecies of

evaporation which is termed fpontaneous, as I ap-

prehend it not to be efientially different from that

of which we have been treating. It is evident that

a quantity of humidity is continually and infenfibly

emitted by every body which contains any principle

of moifbire. If a glats of cold water, or any cold

body, fuch as fmootii marble, is expofed in a room

when many people are alfembled, its outflde will be

covered with dew; the walls of churches and other

buildings which have not confta.nt fires are covered

with moifture in the lame manner, and this moifture

in both cafes is produced by the cold body (the

glafs of. water, the marble, or the wall) condenfing

the vapour with which the air is charged from the

breath and perfpiration of the company. Similar to

this is the dew on the infide of windows, w hich in

cold weather is frequently frozen, and affumes the

forms of leaves, of trees, and of the mod beautiful

modes.

Water cannot be expoled in open veftels wirh-

» out differing a diminution of its bulk, and indeedm O
in courfe of time the whole will be exhaled. The

vapour however which is thus formed is not fudi-

ciently eladic ro produce any of the common effects

* As the ordinary heat of our atmofphere is fufficient to keep

water and fome other Jubilances fluid ; fo it ferves to keep thefe

bodies in a volatile ftate.

of
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of vapour; for water will remain in bottles corked

up without forcing the corks ; the vapour ftagnating

over the furface of the water, prevents a frefh quan-

tity from rifing : indeed the mere force of gravita-

tion would in general be fufficient to counteract the

force of this fpontaneous evaporation, was it not

that the wind carries off the quantity which is ex-

haled, which would otherwife be fid'pcndedand Mag-

nate over the fluid. This vapour, it is to be ob-

Terved, proceeds always from the furface of bodies;

and the greater the extent of furface, the more co-

pious the exhalation it is obferved, therefore, to

rife more copioufly from a graffy plain, from the

pores of a fpunge, or from loofe earth, than from

any fidgle furface ;
and it is always more or lefs in

quantity, according to the temperature of the atmo-

fphere.

The quantity of vapour which is raifed in this

manner from the earth, has been eftimated by a very

Ample yet apparently accurate experiment of the

Bifhop ofLlandaff. Having provided a large drink-

ing glafs, the area of the mouth of which was twenty

fquare inches, he placed it with its mouth downwards

on a grafs plat which was mown clofe. The fun

fnone bright and hot, and there had been no rain for

upwards of a month. When the glafs had flood on

the grafs plat one quarter of an hour, and had col-

lected a quantity of condenfed vapour, he wiped its

infide with a piece of muflin, the weight of which

he had previoufly afcertained, and as foon as the

glafs was wiped dry the muflin was weighed. The
medium
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medium increafe of weight from various experi-

ments, between twelve and three o’clock, was fix

grains in one quarter of an hour from twenty fquare

inches of earth. At this rate of evaporation, it is

eafy to fee that, computing at feven thoufand grains

troy to one pint of water, and eight pints to a gal-

lon, not lels than one thoufand fix hundred gallon s

of water would be raifed from one acre of ground in

twenty-four hours. It may well be fuppofed that

the quantity will be ftill greater when the ground

has been drenched with rain. In order to prove

this, the fame judicious philofopher made two other

experiments, one of them the day after the ground

had been wetted by a thunder-ihower
j
and to afcer-

tain the circumftnnces more exadtly, he took the

heat of the earth by a thermometer laid on the

grafs, which in the firll experiment was 96°, when

the evaporation was at the rate of one thoufand

nine hundred and feventy-three g-dlons from an

acre in twelve hours. 7die other experiment was

made when there had been no rain for a week, and

when the heat of the earth was t 10': this experi-

ment gave after the rate of two thoufand eight hun-

dred gallons from an acre in twelve hours ; the earth

was hotter than the air, being expofed to the re-

flexion of the fun’s rays from a brick wall *.

It is the vapour which is exhaled in this manner

from the earth which forms thofe mills fo com-

monly obferved in marfhy grounds. II a hole is

* Watfon’s Chem. E flays, vol. iii. EfT. 2.

broken
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broken in ice, we may obferve a mift rife from it;

the water being warmer than the air, emits a vapour,

which the cold condenles and renders vifible. It

is the fame vapour which, when condenfed by the

cold of the night, forms the dew which is obferved

in fmall globules, like pearls, upon the . leaves of

plants*. When the weather has been intenfely

cold, if a thaw fuddenly comes on, the walls of

houfes are all covered with dew

;

for thefe thawing

winds, coming from a hotter part of the world,

bring with them a quantity of vapour, which is

condenfed by the cold fubllances, when it comes

into a more northern climate.

* This beautiful appearance has not efcaped the poets ; the

Hebrew poets in particular have made the bell: advantage of

the beauties of nature. The following is Buchanan’s paraphrafe

of a part of the cxxxiii Pfalm.

“ Ut aura fuavis balfami, quum funditur

Aaronis in facrum caput,

Et imbre la;to proluens barbam & iinus

Limbum pererrat aureum:

Ut ros, tenelia gemmulis argentiis

Pingens Sionis gramina ;

Aut verna dulci inebrians uligine

Hermonis intonfi juga.”

Sweet as the od’rous balfam pour’d

On Aaron’s facred head;

Which o’er his beard and down his brealt

A breathing fragrance Ihed.

As morning dew on Sion’s mount
Beams forth a Jil-ver ray

;

OrJhuis with gems the verdant pomp
That Hermon’s tops difplay.

>

Various
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Various theories have been propofed to account

for the afcent of vapour. One of the mod plaufible

is that which attributes it to 'the attraction of the

air ; but this theory is in a great meafure deftroyed,

by the confideration that vapour will afcend in

vacuo. The eledric fire lias alio been called in

to account for this phenomenon
; but if the eleCtric

fire is no other chan common fire, or fome particu-

lar modification of it, there is no reafon to believe

that the fpontaneous evaporation depends upon any

other principle than that which lias been already

Hated as the caufe of the formation of common va-

pour from boiling water.

The faCl appears to be, that there exifts fuch an

attraction between the particles of fire and thofe of

water, that whenever a portion of the former in a

difengaged Hate meets with any of r.he latter, they

immediately unte. Hence, when water is heated

beyond the temperature of the atmofphere, it na-

turally yields up a quantity of its fuperfluous fire to

reftore the equilibrium, and this fire always carries

with it a quantity of the fluid medium in the form

cf vapour. When thefe vapours firft afcend, they

are in an in vifible flate ; and they muft be in fome

degree condenied to enable them to refleft the folar

rays, fo as to become vifible. This frequently takes

place when they reach the higher and colder regions

of the atmofphere, or if they happen to meet with

cold winds in their progrefs thither: they then ap-

pear to us in the form of cloudst A Hill greater

degree of condenfation renders them too heavy to

be
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be fupported by the atmofphere, and they fall down

in the form of rain, fnow, or hail, according to the

circumftances of their difiolution.

Agreeable to this theory is the common obferva-

tion, that in very cold weather vapour becomes vi-

able almoft as foon as it is formed ; thus in froft

the breath, which is vapour from the lungs, is al-

ways vifible. M. de Maupertuis faw in Lapland the

warm vapour of a room converted into lnow upon

opening the door to the external air; and in a

crowded aflembly at Peterfburgh, the company dif-

fering from the clofenefs of the room, a gentleman

broke a window for relief; the confequence of

which was, that the cold air rufhing in, caufed a

vifible circumagitation of a white fnowy fub-

ftance *.

Agreeably alfo to the lame principles it is evident

that air is a fluid which has a ftronger attraction for

the matter of fire than water, but that by means of

this infenfible evaporation the interflices of the air,

if I may fo exprefs myfelf, are filled with a quantity

of vapour, which being extremely rare, and being

equally diftufed, is invifible to us. If, however, a

ftream of cold air is introduced from any quarter,

the caloric, which is united with the water in the

form of vapour, will flow into the cold air to re-

ftore the equilibrium, and the vapour will be con-

denfed. The cohdenfation will fometimes be only

* Edin. Phil. Tr. Vol. I. p. 48.

<<r Like words congeal'd in northern air.”

. Hudibras.

fufficient
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fufficient to produce the appearance of clouds, but

at fome times it will be fufficient to caufe rain, which

will fall in greater or lefler quantities, in proportion

to the quantity of moifture in the atmofphere, and

the degree of cold in the condenfing medium.

\

l

»

Chap*



/

Chap. 6.] [ 127 ]

Chap. VI.

OF IGNITION AND COMBUSTION.

Ignition, what ; how produced.—Burning of Phofphorus.—In

-

flammable Air.—Culinary Fires.—Lamps, &c.—Why Flame

afcends.—Theory of Argdnd’s Lamp.—Left Form of Grates,

Stoves, life.—Combuflion produced by fome Subflances without a

Communication with the Atmofphere.—Gun-powder, life.— Iron

?nade to burn like a Candle.—Spontaneous Ignition.—Curious

Fads.—Quantity of Heat excited in fuflng different Bodies.—

Scale of Heat. > .

I

}
G N I

T

I O N is that flate of bodies in which

the matter of fire or caloric is rendered adtive,

and obvious to the fight, by the emiflion of light;

in other words, when both light and heat are at

once emitted by any body, it is faid to be ignited.

Ignition does not imply combuflion, as the latter

indicates a change or diffolution of texture in the

inflammable body ; whereas fome of the metals, and

many of the earths, may be ignited without being

confumed.—But this is a fubject which it will be

neceflary to treat more at large when I come to

fpeak of inflammable fubflances.

In all cafes of ignition or inflammation the matter

of fire i's detached from fome body in which it pre-

vioufly exifted in a latent ftate. The fubftance

with which fire is mofl copioufly combined, and

from
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from which it is moft eafily detached, is air.

If therefore any fubftance can be found in nature

which has a greater attraction for the bafe of air

than that has for the matter of fire, the union of

thefe two fubftances will detach a quantity of the

fire which had exifted in a latent or combined

ftate ;
and ignition, and combuftion, will be pro-

duced. Of this nature is the matter of phofpho-

rus, and that very common or almoft univerfal

fubftance, which is diftinguifhed by the name of

hydrogen, or inflammable air. Thus if a quantity

of phofphorus is expofed to the atmofphere, it will

abforb a conflderable quantity of the pure part of

the air, and by the union be converted into phof-

phoric acid. In the mean time the fire will be de-

tached from the air ; and, provided the air is well

charged with heat, ignition or accenfion will be

produced on the furface of the phofphorus.- In-

flammable air (or bodies containing that principle)

has, however, either a weaker attraction for air

than phofphorus has, or its particles have a ftronger

attraction for each other. It is ncceflary therefore

that it fliorld be prefented to the air in a rarer

ftate ;
and a degree of internal agitation, and even

a third attractive po^ver, are required to eflfeCt the

union of the two fubftances, and the detaching of

the fire from them. Thus, for inftarice, if pure

air is mixed with a quantity of inflammable air, the

eleCtric lpark, or a (mail quantity of fire in fome

form or other, muft be introduced to eflfeCt their

accenfion. In this cafe a double attraction takes

n place.
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place. The pure and inflammable airs unite toge-

ther, or are condenled into a fluid, and the mattei

of fire, which is introduced, carries with it the fire

which is detached from the two airs, and thus a

complete ignition is produced. In the ordinary

procefs of burning, when a quantity of inflamma-

ble or combuftible fubftances are heaped together,

and fire introduced among them, by the adtion of

the fire the inflammable part is firft expanded from

its folid ftate into a (late of inflammable vapour or

air, it comes neceflarily into contadf with the pure

air of the atmofphere, and the adtion of the fire ftill

continuing, the matter of fire is detached from the

air, and combuftion enfues in the fame manner as in '

the former cafe, when the pure and inflammable

airs are fired by the eledtric lpark.

Hence there can be no combuftion without a

fupply of pure air ; and from this confideration

moil of the phenomena of combuftion may be ex-

plained. In a common coal fire, if the coals cake

or adhere in fuch a manner that the inflammable

part cannot come in contadt with the external air,

the fire is neceflarily extinguiflied. Flame is ig-

nited vapour ; but as that part only which comes

in contadt with the air can be ignited, that part

of the inflammable vapour, which is not con-

fumed, takes the form of fmoke and foot, and ad-

heres to the fide or top of the place or vefiel which

contains the fire. The flame of a common lamp

or candle may be confidered as a tube of fire, in the

hollow of which die inflammable vapour is in-

Vol. I, K clofed.

i
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clofed. It aflumes a conical form, in confequence

of the gradual confumption of the vapour, which is

lefiened in quantity as it rifes, and confequently is

contrafled in its dimenfions. A confiderable quan-

tity of the vapour, however, fbill efcapes in the form

of fmoke, as muft be evident to any obferver, and

as is decidedly evinced by holding a paper, or any

other covering, over the flame, in which cafe a

quantity of foot will prefently be collected.

If thefe principles are clearly underflood, it will

no longer be a fubjctt of wonder that all flame

naturally afcends. Vapour is confiderably lighter

than air, and flame is no other than ignited vapour.

Thus in lighting a common lamp or candle at an

ignited bar of iron, or any other burning body, the

wick of the candle muft be applied to the lower

furface of the ignited body, and not held above it,

becaufe then the vapour, which the heat extracts

from the candle, comes in contacft with the burning

bodv, and acccnfion takes place. It foVnetimes

indeed may happen, that the lamp or candle may

be lighted by holding it above the ignited bar;

but it is obvious, in that cafe, that a quantity of the

oil or tallow firft drops on the burning body, and

is then converted into vapour and flame, fo that at

the time of the accenfion taking place, the wick is

actually lurrounded with flame, above as well as

below.

To remedy the immenfe wafte of oil, which,

according to the common conftru&ion of lamps,

was difpqfed of, unconfumed, in the form of fmoke

and
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and foot, was the great object of that very inge-

nious invention, the patent lamp of M. Argand.

I recoiled, fome years previous to M. Argand’s

invention, I turned my attention to the procuring

of a vivid flame* without a wafte of oil, or the of-

fenfivenefs of fmoke. I obferved that, the fmaller

the wick of a lamp, the brighter in general was the

flame, and for this plain reafon, that in thefe cafes

a greater furface than ufual, proportionably to the

quantity of vapour, was expofed to the air. My
fcheme was, therefore, to procure a lamp with a

number of very fmall wicks, between each of which

there was to have been an orifice or chimney, which

might introduce a current of air, and keep the flame

proceeding from each wick diftind. M. Argand’s,

I mud confefs, is a great improvement upon this

idea. By means of a thin circular wick, through

the middle of which a current of air is introduced

by a funnel, he produces a very thin flame, and
confequendy expofes a very large furface of. the

oily vapour to the contad of the air. As there is,

however, a ftrong attradion between the particles

of fire, there would be danger of the flame uniting

from all the fides of the lamp, at a certain height

above the funnel, and fo forming a conical flame

like that of a common candle, was it not that this

effed is prevented by a tube of glafs, with which
he furrounds the flame, which, when warmed, coun-
terads the attradion, which the different fides of
the circular flame would have for each other, and

K 2
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fo prefer ves the current of air free, and without in-

terruption.

The fame principles will apply to the conftruc-

tion of common fires. The great objedt fhould

be, to expofe as large a furface of the fuel as pofli-

ble to the air, or rather, if pofiible, to introduce a

ftrong and diftufed current of air through the fire.

On this principle the air furnace is conftrudted. It

is well known that thefe furnaces confiit of an aper-

ture or afh-hole under the fire, and a high vent,

funnel, or chimney above, and that the door, by

which the fuel is introduced, is kept clofed, unlefs

it fliould be occafionally opened for the purpofe of

diminifhing the heat. By means, therefore, of the

high vent or funnel, the air above is rarefied and

rendered lighter, and confequently the air below

preffes in through the afh pit; and if the bottom of

the grate is kept clear, a flrong current of air cir-

culates diredtly through the fire, and fupplies it

conflantly with this neceflary ingredient. On fimi-

lar principles the regifter doves are conftrudled.

In thefe the vent or chimney coming very near the

grate, the air below it is forced through the fuel,

and by enlarging or contracting the vent, the cur-

rent of air is increafed or diminifhed. The bath

and pantheon ftoves are alfo found to produce more

heat in proportion to .
the quantity of . fuel than

common open grates, becaufe they are ufually fet

high, and the afh-pit or aperture below being clofed

on three fldes, a confiderable part of the air which

enters
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enters it is forced up through the fire. The fame

reafons will alio fatisfadlorily account for the effects

of a common bellows, which brings a fupply of

pure air to unite with the inflammable matter con-

tained in the coal.

The inflammable and pure air, which are appa-

rently confumed by the procefs of com bullion, are

in reality, by their union, converted into water, as

will be evinced by fixing an alembic head, or any

good recipient, to the top of Mr. Argand’s lamp,

in which a quantity of water will prefently be

found, but no foot.

There are, however, certain fubflances, fuch as

gunpowder, &c. which will burn though the air

of our atmofphere fhould be excluded, as in the re-

ceiver of an air-pump, when the air has been ex-

haufted. To explain this, it mud be premifed,

that nitre, or fome of the ingredients of fuch com-
pofitions, contains a large quantity of the bafis of

pure air; and it mull be remembered, that air

confifts of a certain matter or bafis, which is ex-

panded by a union with the matter or element of

fire, but which is alfo capable of exifling in a more

condenfed flate. Let it alfo be remembered, that

though air, which is a compound body, will not pe-

netrate glafs, yet the element of fire, or heat, will

penetrate glafs or any other fubllance with which

we are acquainted. One of the ingredients of air,

therefore, is contained in the nitre or gunpowder,

and the other (the fire or heat) cannot be excluded.

When therefore the matter o;
-

elementary part of

K 3 the
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the air, is fet free from the nitre by accenfion,

it immediately meets with the matter of heat or

lire, and becomes embodied into the form of air,

and thus an adtual fupply of that material is gene-

rated, though the air of the atmofphere is totally

excluded *.

According

* Gunpowder is a mixture, which in an hundred parts con-

tains about 75 of nitre, 91 of fulphur, and 15^ of charcoal.

The effects of gunpowder depend on the fuddcn production of

a quantity of air, which takes place from the decompofuion of

the nitre. Nitre is compofed of a fixed alkali and of nitrous

acid, which is itfelf a compound of the bafes of azote and

oxygen. The ingredient firit inflamed is the fulphur, which

fets fire to the charcoal. The nitre is equally difperfed among

all the particles of combuftiblc matter, and as its quantity is

by much the greatefl, each particle of fulphur and charcoal is

furrounded with nitre. When cpmbuftion, therefore, is once

excited in the mafs, the oxygen afforded by the nitre carries

it on with great rapidity. The oxygen, being withdrawn from

the azote, caufes it to aflume an aeriform fbte, and by being

attrafled by the charcoal converts the latter into fixable air.

The fulphur alfo attracting fome of the oxygen, but not Suffi-

cient to reduce it to the llate of a fluid, is partly converted into

volatile vitriolic acid, the fmell of which is very perceptible.

The gunpowder, therefore, is in an inllant converted into three

kinds of air, which occupy the fpace of the folid matter. What

remains after combufdon is a liver of fulphur formed by the

* union of fome portion of that fubftance with the fixed alkali of

the nitre.

The effeCls,' however, of this mixture of nitre, fulphur, and

coal, arc trifling, in comparifon with thofc of another prepara-

tion called fulminating powder. This is made by tiiturating

in a hot marble mortar, with a wooden peftle, three ounces of

pitre, two ounces of very dry fixed fait of tartar, and one ounte

of
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According to the different properties of bodies,

they .ire more or lefs eafily difpofed to ignition.

Iron is ignited with great difficulty; on the con-

trary,

of flowers of fulphur, till the whole is very accurately mixed,

ff a drachm of this powder is expofed to a gentle heat, in an

iron ladle, it melts, and foon aftci* produces a detonation as loud

as the report of a camion. ‘ This phenomenon, which is fo

much the more aflomlhing, becaufe its effeil is produced with-

out inclofing the powder in any inllrument, as is done with

gunpowder, may be explained, by obferving, 1. That it does

not fucceed, but by gradually heating the mixture, fo as to melt

it. 2. That if fulminating powder is thrown on ignited char-

coal, it only detonates like nitre, but with- very little noife.

3. That a mixture of liver of fulphur with nitre, in the pro-

portion of one part of the former, and two of the latter, fulmi-

nates with more rapidity, and produces as loud a report as the

ccmpofition of fqlphur, nitre, and alkali: hence it appears, that

when fulminating powder is heated, liver of fulphur is formed

beiore the detonation takes place; and this fait is fufficient to

explain the whole appearance. When cryftallized nitre and

liver of fulphur are expofed to the action of heat, inflammable

or hepatic gas is difengaged from the latter, while the fait

gives out vital air. Now thefe two, which together are capable

of producing a (Irong inflammation, as we have obferved in

the hiftory of inflammable gas, are fet on. fire by a portion of

the fulphur. But as the thick fluid they are obliged to pafs

through prefents a confiderable cbllacle, and as the whole takes

fire at the fame inflant, they flrike the air with fuch rapidity,

that it refills in the fame manner as the chamber of a mufquet

refills the expaniion of gunpowder. A proof of this is ob-

fervable in the effedl the fulminating powder has on the ladle

in which it explodes. The bottom of this veflel is bulged out-

wards, and the fides bent inwards, in the fame manner as if it

had been ailed on by a force direiled perpendicularly down-
wards, and laterally inwards.’

—

Fourcroy’s Cbem. v. ii. p. 388.

K 4 G0I4
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trarv, not only the* phofphorus of Kunkel, but the

pyrophori, which arc made of three parts of flour,

c: iny vegetable matter convertible into charcoal,

and > of alum, will immediately ignite, on being

expofeci to the air in the ordinary heat of our at-

mofphere. In this cafe the pyrophorus, which

confifts of .a light fpongy texture, prcfents a large

furface containing a quantity of inflammable mat-

ter to the atmofphere, and the union of the two

fubftances immediately fucceeding, the matter of

fire is emitted, and ignition takes place.

Every means, indeed, by which pure air may be

attrafted and condenfed, will produce flame. It was

obferved in the preceding paragraph, that iron wfas

ignited with difficulty
;
yet if a very lmall iron wire

is conveyed into a clofe bottle filled with this air,

with a fmall piece or tinder or any combuftible

matter upon it, to which fire has been communicat-

ed, the wire will be obferved to burn, after the other

combuftible matter is combined, with a clear and

bright flame, and if there is a large quantity of pure

air, the whole of the iron will be converted into a

calx.

Gold precipitated from its folution in aqua regia by means

of volatile alkali, conftitutes a fubftance called fulminating gold,

the effects of which are Hill more tremendous than tlide of the

preceding compofitions. An extremely fmall portion of it is

fuflicient to produce alarming, and even fatal effects; and what

renders it itill more dangerous is, that a mere blow, or a flight

degree of fridlion, are fufficient to ignite it. With refpedt to

the caufe of the explofive power of this jubilance, it will be ex-

plained when I treat of gold itfelf.
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It has been amply demonftrated, that the con-

denfation, not only of pure air, but of every fluid,

is attended with the emiflion of heat or elementary

fire; and even the partial condenfation of a fluid,

or the reduction of it from a rarer to a denfer Hate,

will produce the fame effedf. Thus air and vapour

are rarer fluids than water, and their condenfation

into water always produces fenfible heat; thus fix-

able air is a denfer fluid than atmofpherical or pure

air; and when a quantity of the latter is by any pro-

cefs converted into the former, a quantity of fuper-

fiuous caloric is confequently emitted. This is the

cafe in all fermenting bodies, which abforb a large

quantity of the pure air of the atmofphere, and emit

that denfe acid fluid, which always hangs over their

furface like a vapour, and is univerfally known by

the name of fixable air : and this procefs is always

attended with heat, that is, with the detaching of a

quantity of elementary fire. The accenfion or ig-

nitpon of the mafs depends, however, on the fpeedy

emiflion of the matter of fire, that is, upon the vio-

lence of attradlion between the two fubftances

which occafions the condenfation. When fulphur,

iron-filings, and water, are mixed together and

kneaded up into a pafte, the air is rapidly attradled,

and the mafs becomes fpontaneoufly on fire. Hay-
ricks and other fermenting mafles' are frequently

fired by this kind of fpontaneous procefs.

• If one of the fubftarices contains a large quantity

of the bafis of pure air, and a ftrong general attrac-

tion exifts between the fubftances a fimilar effedt

will
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will enfue. Thus, if aqua fortis or itrong nitrous

acid is poured upon oil of turpentine, the attraction

between the inflammable pajt of the oil and the

pure air, which the nitron acid contains in abun-

dance, will be lo violent, that the whole will be in-

ftantaneoufly converted into flame. The fame ef-

fect is produced from a mixture of black wad (an

ore of manganefe, containing much oxygen or pure

air) with common linfeed oil. if a quantity of ni-

trated copper alfo, or the fait which is formed by

the folution of copper in the nitrous acid, is moift-

ened, and incloted in a piece of tin-foil, the fait melts

or deliquefees, nitrous fumes are emitted, and the

mais fuddenly burfts into a flame. This efleCt is

undoubtedly occafioned by the ftrong attraction of

the tin for the nitrous acid, by which the fire is ex^

tricated in fo rapid a manner as to produce inflam-

mation.

The effeCts of fpontaneous inflammation are

chiefly feen in the mineral world ; and to this caufe

is to be attributed a variety of the molt formidable

phenomena of nature, fuch as volcanoes, earthquakes,

&c.

M. Lavoifier deferibes an apparatus for afcer-

taining the quantities of heat extricated during the

combuftion of different fubftances. This contriv-

ance refts on the propofition, that when a body is

burnt in the center of a hollow iphere of ice, and

fupplied with air at the temperature ol 32 , the

quantity of ice melted from the infide of the fphere

becomes a meafure of the relative quantities of he?,t

difen gaered.
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dilengaged. With this apparatus, phofphorus, char-

coal, and hydrogen gas, gave the following re-

fill ts :

One pound of phofphorus melted one hundred

pounds of ice.

One pound of charcoal melted ninety- fix pounds

eight ounces.

One pound of hydrogen gas melted 295 lbs.

9 ounces, 3I drams.

Asa concrete acid is formed by the combuftion

of phofphorus, it is probable that very little heat or

.caloric remains in the acid, and, conlequentlv, that

the above experiment gives us very nearly the whole

quantity of elementary fire contained in the oxygen

gas.

M. Lavoifier had found, by a former experiment,

that one pound of phofphorus abforbs one pound

eight ounces of oxygen during combuflion
; and

fince, by the fame operation, one hundred pounds of

ice are melted, it follows, that the quantity of calo-

ric contained in one pound of oxygen gas is capable

of melting 66 lbs. 10 ounces, 5 drams, 24 grains of

ice. By the help of this fimple contrivance for mea-

furing quantities or heat, M. Lavoifier has been able

to arrive at the following conclufions:
‘ From the combuftion of phofphorus, as related

in the foregoing experiments, it appears, that one

pound of phofphorus requires 1 lb. 8 oz. of oxy-

gen gas for its combuftion, and that 2 lbs. 8 oz. of

concrete phofphoric acid are produced.

c The
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c The quantity of caloric difengaged by the corn-

bullion of one pound of phofphorus, expre fifed by

the number of pounds of ice melted during that

operation, is - - - 100.00000.

The quantity difengaged from each pound of

oxygen, during the combullion of phofphorus, ex-

prelied in the fame manner, is - 66.66667.

The quantity difengaged during the formation of

one pound of phofphoric acid, 40.00000. The
quantity remaining in each pound of phofphoric

acid, - — — • — 0.00000*.

In the combullion of one pound of charcoal,

<1 lbs. 9 oz. 1 gros 10 grs. of oxygen gas are ab-

lorbed, and 3 lbs. 9 oz. 1 gros 10 grs. of caibonic

acid gas are formed.

Caloric, difengaged during the combullion of

one pound of charcoal, - - 96.50000!.

Caloric difengaged during the combullion of

charcoal, from each pound of oxygen gas abforb-

ed, 37.52823.

Caloric difengaged during the formation of one

pound of carbonic acid gas, - 27,02024,

* We here fuppofe the phofphoric acid not to contain any

caloric, which is not itriftly true; but, as 1 have before ob-

ferved, the quantity it really contains is probably very fmall,

and we have not given it a value, for want of a lufficient data

to go upon.

f All thefe relative quantities of caloric are exprefled by the

number of pounds of icc, and decimal parts, melted during the

fevcral operations.

Caloric

/
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Caloric retained by each pound of oxygen after

I the combuftion - - - 29.1 3 844.

Caloric neceffary for fupporting one pound of

. carbonic acid in the ftate of gas - 20.97960.

In the combuftion of one pound of hydrogen

gas, 5 lbs. 10 oz. 5 gros, 24 grs. of oxygen gas

are abforbed, and 6 libs. 10 oz. 5 gros 24 grs. of

' water are formed.

Caloric from each lb. of hydrogen

gas - - - - 295.58950.

Caloric from each lb. of oxygen

gas, - - - - 52.16280,

Caloric difengaged during the for-

mation of each pound of water, 44.33840.

Caloric retained by each lb. of oxy-

gen after combuftion with hydro-

gen - - - - 14.50386.

Caloric retained by each lb. of wa-

ter at the temperature of Zero

(32°) ~ - - 12.32823.

1 When we combine nitrous gas with oxygen gas,

ifo as to form nitric or nitrous acid, a degree of heat

is produced, which is much lefs confiderable than

what is evolved during the other combinations of

oxygen ; whence it follows that oxygen, when it

1 becomes fixed in nitric acid, retains a great part of

1 the heat which it pofiefied in the ftate of gas. It

iis certainly poflible to determine the quantity of

caloric which is difengaged during the cqmbina-

tion

l
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tion of thcfe two gaffes, and confequently to deter-

mine what quantity remains after the combination

takes place. The firft of thefe quantities might be

afcertained, by making the combination of the two

gaffes in an apparatus furrounded by ice; but, as

the quantity of caloric difengaged is very inconfi-

derable, it would be necefTary to operate upon a

large quantity of the two gaffes in a very trouble-

fome and complicated apparatus. By this confi-

deration, Mr. de la Place and I have hitherto been

prevented from making the attempt. In the mean

time, the place of fuch an experiment may be flip-

plied by calculations, the refults of which cannot be

very far from truth.

* Ml*, de la Place and I deflagrated a convenient

quantity of nitre and charcoal in an ice apparatus,

and found that twelve pounds of ice were melted

by the deflagration of one pound of nitre. We (hall

fee, in the fcquel, that one pound of nitre is com-

pofed, as under, of

Pot-afh 7 oz. 6 gros 51.84 grs. n 4515.84 grs.

Dry acid 8 1 21.16 — 4700.16.

The above quantity of dry acid is cOmpofed of

Oxygen 6 oz. 3 gros 66.34 grs. z= 3738.34 grs.

Azote 1 5 25.82 zz 961.82.
/

c By this we find that, during the above deflagra-

tion, 2 gros 1
l

f gr. of charcoal have fuffered com-

buftion.
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buftion, along with 3738.34 grs. or 6 oz. 3 gros

66.34 grs. of oxygen. Hence, fince 12 lbs. of

ice were melted during the cornbuftion, it follows,

that one pound of oxygen burnt in the fame man-

ner would have melted 29.58320 lbs of ice. To
which the quantity of caloric, retained by a pound

of oxygen after combining with charcoal to form

carbonic acid gas, being added, which was already

afcertained to be capable of melting 29.13844 lbs.

of ice, we have for the total quantity of caloric re-

maining in a pound of oxygen, when combined

with nitrous gas in the nitric acid 58.72164; which

is the number of pounds of ice the caloric remain-

ing in the oxygen in that date is capable of melt-

ing*

f We have before feen that, in the ftate of oxygen

gas, it contained at leaft 66.66667 ; wherefore it

follows that, in combining with azote to form ni-

tric acid, it only lofes 7.94502. Farther experi-

ments upon this fubjedt are necefiary to afeertain

how far the refults of this calculation may agree

with direct fact. This enormous quantity of calo-

ric retained by oxygen in its combination into ni-

.tric acid, explains the caufe of the great difengage-

ment of caloric during the deflagrations of nitre;

or, more ftridtly fpeaking, upon all occafions of the

decompofition of nitric acid.

‘ Having examined feveral cafes of Ample com-
buition, I mean now to give a few examples of a

more complex nature. One pound of wax- taper

being
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being allowed to burn (lowly in an ice apparatus,

melted 133 lbs. 2 oz. 5I gros of ice. According

to my experiments in the Memoirs of the Academy
for 1784, p. 606, one pound of wax-taper confifts

of 13 oz. 1 gros 23 grs. of charcoal, and 2 pz.

6 gros 49 grs. of hydrogen.
c By the foregoing expe-

riments, the above quantity

of charcoal ought to melt 79-39390 lbs. of ice i

and the hydrogen fhould

melt — — - 52.37605
.

In all 131.7699 5 lbs.

c Thus, we fee the quantity of caloric difengaged

from a burning taper, is pretty exactly conformable

to what was obtained by burning feparately a quan-

tity of charcoal and hydrogen, equal to what enters

into its compofition. Thefe experiments with the

taper were feveral times repeated, fo that I have

reafon to believe them accurate *.*

The following is a table of the different degrees

of heat, which certain bodies exhibit in given cir-

cumftances, eftimated according to Fahrenheit’s

fcale, and collected from different authors.

* Lavoifier’s Chemiflry.

A Scale
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A Scale of Heat.

The firft part of this table is taken from Mr. Wedgwood’s

fcale, according to his clay pyrometer.

Extremity of the fcale ofMr.Wedg-

Fahr. Wedg.

wood’s thermometer — — 32277° 240°

Created: heat of his fmall air furnace 21877 160
Cad-iron melts — —
Created: heat of a commoh fmith’s

17977 130

forge — — — 17327 125

Welding heat of iron, greated — 13427 95
I2777 90

Fine gold melts — — 5237 32
Fine filver melts — — 47 H 28

Swedifh copper melts — — 4587 27

Brafs melts — — —
Heat by which his enamel colours

3807 21

are burnt on — — ns 7 6

Iron with a white fparkling heat

Fahr.

2780°

Iron with a heat almod white — — 2080

The heat of live coals without blowing,

perhaps about — — — 1650

Iron with a glowing red by day-light — 1600

Iron jud red-hot by day-light — — 1120

Iron jud red-hot in the dark — — IOOO

Greated heat of lead in fufion —• — 820

Colours of iron are burned off
s

— 800

Yol. I, L Mercury
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Fahr-

Mercury boils, by fume placed at 609 — 700*

Polifhed iron takes a full blue — — 700

Polifhed iron takes a purple — — 66o
Linfeed oil boils, by fome at 600 — 620

Lead melts . — — — 610

Polifhed iron takes a ftraw colour — 605

Oil of vitriol boils — — — 546
Brafs takes a blue colour — — 500
Bifmuth melts — — — 460
Tin-foil and bifmuth melt — — 4)0
Tin melts — — — 408

Equal parts of tin and bifmuth melt — 283

Equal parts of tin, lead, and bifmuth melt 220

Water boils — —
t ' 1

— 212

Brandy boils — — — 190
Rectified fpirit of wine boils — — 175
Serum of blood and white of eggs coagulate

Bees-wax melts — — — 142

Greateft heat of water which the hand can

well bear — — — 1 14
Heat of the Sirocco wind at Palermo;

*
in

Sicily — j — — — 1 12

Violent feverifh heat — — 108

1-Ieat of the Ikin of ducks, geefe, and pid-

c geons — — — — 106

Heat of the fkin of cats, dogs, fheep, &c. 103

Heat of the human body in health — 98

Heat of a hive of bees — — 97

Sultry weather - — — —
7c$

Ordinary fummer heat .* -r*
— 6 5

''
r • «* * \

•Water
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Fahr.
1 <

'

Water juft freezing, or ice juft melting — 32.
0

Milk freezes — — — 30

Vinegar of ordinary ftrength froze at — 27

Strong wines froze at — — 16

A mixture of fnow and fait finks the ther-

mometer to — — — o
v — - • — —. • •

•

Greateft natural cold obferved in England 3

Weak fpirit of wine froze — — 33
Mercury freezes about — — 39

As mercury contracts irregularly on freezing, no

told below this can be obferved by the thermome-

ters now in ufe.

L 1 Book.
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Book III.

Chap. I*

HISTORY OF DISCOVERIES CONCERNING
LIGHT, &c.

Opinions of the Platonics.^-Of Arifotle.—Of Albnoun.—-Of Ro-

ger Bacon.—The In vention of Spectacles.—Treatife of Mauroly-

cus on Vtfion.—Long and Jhort Vifon.—Rcafon that the Sun's

Image appears round, though the Rays pafs through an angular

Aperture.—Invention of the Camera Obfcura.—Conjectures of

Fletcher on the Rainbow.—Invention of the Telefcopc.—Suppofed

to he by Zacharias fanfen.—Galileo.—Kepler.—Invention of the

Microfcope.—Tycho Brahe.—Reformation of diforted Images.

—Snelltus and Hortenfus.—Defcartcs.—Scheiner.—Velocity of

Light difeovered.—Boyle's Difcoveries on Colours.—Grimaldi.—

Gregory.—Newton ; his Difcoveries on Colours.—On Rcfran-

oibility.—Bolognian Static.—Baldwin's Phofphorus, l5c.—Brad-

ley.—Bougutr.—

!

Melville

.

— Dollund.— De la Molte.—Dclar

val.

THE moft ancient hypothefis, which leads to

the true theory of light and colours, Is that of

the Platonics, namely, that l
:

ght, from whatever it

proceeds, is propagated in right lines ; and that

when it is reflected from the furfaces of polilhed

bodies, the angle of incidence is equal to the angle

of
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of reflexion. To this may be added the opinion of

Ariftotle, who fuppofed that rainbows, halos, and

mock funs, were occafioned by the reflexion of the

fun beams in different circumftances. We have

reafon to believe, that the ufe of convex glafles,

both as magnifiers and as burning glaffes, was not

unknown to the ancients, though the theory was not

underftood. The magnifying power of glafles, and

fome other optical phenomena, were alfo largely

treated of by Alhazen, an Arabic philofopher of the

twelfth century. Thefe obfervations -were followed

by thofe of Roger Bacon, who demonftrates by ac-

tual experiment, that a fmali fegment of a glafs

.globe would greatly afiifl: the fight of old perfons

;

and from the hints afforded by thefe two philofo-

phers, it is not unreafonable to conclude, that the

invention of fpe&acles proceeded. Concerning the

adtual author of this ufeful invention, we have no

certain information j we only find, that it was gene-=

rally known about the beginning of the fourteenth

century.

In the year 1575, Maurolycus, a teacher of ma-

thematics at Meflina, publifhed a treatife on optics,

in which he demonfirates, that the cryftalline hu-

mour of the eye is a lens, which colledts the rays of

light proceeding from external objedts, and throws

them on the retina, or optic nerve. From this

principle he was led to difeover the reafon of what is

called fhort and imperfedt fight. In the one cafe, the

rays converge too foon ; in the other, they do not

conyerge foon enough. Hence Ihort-fighted per-

T 3 fbna
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Tons are relieved by a concave glafs, which caufes

the rays to diverge in fome degree before they enter

the eye, and renders it more difficult for them to

converge fo fall as they would have done after en-

tering the cryftalline humour; hence, too, he proves,

that a convex lens is of ufe to perfons who have

weak, but long fight, by caufing the rays to con-

verge fooner, and in a greater quantity, than would

otherwife happen. He was the firft, alfo, that folved

a problem, which had caufed much perplexity in the

ancient fchools, refpecting the fun’s image appear-

ing round, though the rays that form it are tranf-

mitted into a dark room through an angular aper-

ture. He confidered, that as the rays of light are

conftantly proceeding, in every dire&ion, from every

part of the fun’s difk, “ they muft be croH'ng each

other from the extreme part of it in every point of

the aperture ; fo that every fuch point will be the

apex of two cones, of which the bafe of the one is

the fun’s dife, and that of the other his image on

the oppofite wall.” The whole image, therefore,

confifts of a number of images, all of which are cir-

cular; the image of the fun formed of thofe images

muft be circular alfo ;
and it will approach the

nearer a perfect circle, the fmaller the aperture, and

the more diftant the image.

Nearly about the fame tinr^e, Johannes Baptifta

Porta, of Naples, invented the camera obfeura;

and his experiments upon that inftrument convinced

him that light is a body, by the intromiffion of

which into the eye vifion is performed ; for it ought

to
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to he remarked, that before his time the opinion was

pretty general, that vifion depended upon what was

termed vijual rays, proceeding from the eye. In

this the fyftem of Porta corrdponds nearly with that

of Maurolycus; but it, ought to be remarked, that

the difeoveries ofeach of thefe two philofophers were

unknown to the other. Pie lhews, moreover, that

a defect of light is remedied by the dilatation of the

pupil, which contracts involuntarily when expofed

to a ftrong light, and -opens when the light is faint

and languid.

One Fletcher, of Breflau, in 1571, endeavoured

to account for the phenomena of the rainbow, by a

double reflexion and one refraction ; but Antonio

de Dominis, whofe treacife was publifhed in 16 n,
was the fir ft who came near to the true theory. He
deferibes the progrefs of the ray of light through

each drop of the falling rain; he (hews that it enters

the upper part of the drop, where it fuffers one re-

fraction
;

that it is reflected once, and then refraCfc-

ed again, lb as to come directly to the eye of the

fpeCtator; why this refraCtion fhould produce the

different colours was referved for Sir I. Newton to

explain.

The latter end of the fixteenth century was illus-

trious for the invention of telefcopes. It is generally

allowed to have been cafual. That effeCt of refrac-

tion, which caufes the rays oflight, in palling through

a denfe medium thicker in the middle, to con-

verge to a point, and alio that which takes place

; L 4 when
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when they pafs through one thicker at the extre-

mities, had been long obferved ; and the affiftance

which convex and concave glafles afforded to the

fight had brought them into common ufe. The
inventor of the telefcope is not certainly known.

The molt probable account is, that one Zacharias

Janfen, a fpe<5tacle maker of Middleburgh, trying

the effeft of a concave and convex glafs united,

found that, placed at a certain diftance from each

other, they had the property of bringing diftant ob-

jects apparently nearer to the eye. Telefcopes were

greatly improved by Galileo, who made one to mag-

nify thirty-three times, and with this he made all

his wonderful aflronomical difcoveries.

The rationale of telefcopes was, however, not ex-

plained till Kepler, who defcribed the nature and

the degree of reflation, when light pafied through

denfer or rarer mediums, the furfaces of which are

convex or concave, namely, that it correfponds to

the diameter of the circle of which the convexity or

concavity are portions of arches. He fuggeftcd

fome improvements in the conftru<5tion of telefcopes,

which, however, were left to others to put in prac-

tice.

To the Janfens we are alfo indebted for the dif-

covery of the microfcope j an inftrument depending

upon exactly the fame principles as the former. In

fa£t, it is not improbable that the double lens was

jfirft applied to the obfervation of near but minute

objefts, and afterwards, on the fame principles, to

obje&s
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ebjeds which appeared minute on account of their

diftance.

Much attention was given by Kepler to the in-

veftigation of the law of refraction ; but he was

able to advance no nearer the truth than the obfer-

vation, that when the incident ray does not make an

angle of more than thirty degrees with the perpen-

dicular, the refraded ray proceeds in an angle which

is about two-thirds of it. Many difputes arofe

about the time of Kepler (1600) upon this fubjed,

but it appears that little was effected by them in the

caufe of truth.

Kepler was more fuccefsful in purfuing the dif-

coveries of Maurolycus and B. Porta. Pie de-

monftrated that images of external objeds were

formed upon the optic nerve by the foci of rays

coming from every part of the objed ; he alfo ob-

i'erved, that thefe images are inverted ; but this cir-

cumftance, he lays, is redified by the mind, which,

when an impreflion is made on the lower part of

the retina, confiders it as made by rays proceeding

from the higher parts of the objed. Habit is fup-

pofed to reconcile us to this deception, and to teach

11% to dired our hands to thofe parts of objeds

from which the rays proceed. Tycho Brahe,

obferving the apparent diminution of the moon’s

dilk in folar ecliples, imagined that there was a

real diminution of the dilk by the force of the

fun’s rays; but Kepler faid, that the dilk of the

moon does not appear lefs in confequence of being

unenlightened, but rather that it appears at other

times
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times larger than it really is, in confequence of it3

being enlightened. For pencils of rays from fuch

diltant objedts generally come to their foci before

they reach the retina, and confequently diverge and

fpread when they reach it. For this reafon, he adds,

different perfons may imagine the difk to be of dif-

ferent magnitudes, according to the relative geod-

nefs of their fight.

In the fixteenth century alfo many improvements

were made in perfpedtive
;

the ingenious device, in

particular, of the reformation of dirtorted images by

concave or convex fpeculums was invented, but it

is uncertain by whom.

The true law of refradtion was difcovered by

Snellius, the mathematical profeffor at Leyden ; but

not living to complete it, the dilcovery was pub-

lished and explained by Frofcffor Hortenfius. Some
difcoveries of leffer importance were made at this

time, among others by Defcartes, who very clearly

explained the nature and caufe of the figure of the

rainbow, though he was able to give no account of

the colours ; he however confidered the fmall portion

of water, at which the ray iffues, as having the effedt

of a prifm, which was known to have the property

of rendering the light, which was tranfmitted through

it, coloured.

In 1625, the curious difcovery of Scheiner was

exhibited at Rome, which afcertains the fact, that

vifion depends upon the images of external objects,

upon the retina. For taking the eye of an animal,

and cutting away the coats of die back part, and

prefenting
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preferring different objedts before it, he difpiayed
-

their images diftindtly painted on the naked retina
‘

or optic nerve. The fame philofopher demon

-

ftrated by experiment, that the pupil of the eyejs

enlarged in order to view remote objects, and con-

tracted when we view thofe which are near. He
fnewed, that the rays proceeding from any objedt,

and palling through a fmall hole in a pafteboard,-

crofs one another before they enter the eye , for if

the edge of a knife is held on the fide next the eye,

and is moved along till it in
7
part covers the hole, it

will firft conceal from the eye that part of the object

which is fituated on the oppofite fide of the hole.

Towards the middle of the feventeenth century

the veiocity of light was difcovered by fome mem-
bers of the Royal Academy of Sciences at Paris,

particularly Cafini and Roemer, by obferving the

eclipfes of Jupiter’s fatellites. About the fame time

Mr. Boyle made his experiments on colours. Pie

proved that fnow did not affedt the eye by a native

but reflected light, a circumftance which, however,

at this day, we fhould lcarcely believe was ever ne-

ceffary to be proved by experiment. By admitting

alfo a ray of light into a dark room, and letting it

fall on a fheet of paper, he demonftrated, that white

reflected much more light than any other colour;

and to prove that white bodies refledl the rays out-

wards, he adds, that common burning-glaffes will

not, for a long while, burn or difcolour white paper

;

on the contrary, a concave mirror of black marble

did not refledt the rays of the fun with near fo much'

power



156 Grimaldi
, Gregory, and Newton. [Book III.

power as a common concave mirror. The fame
efFe<5t was verified by a tile, one half of the furface

of which was white, and the other black.

Some experiments were made about this time on

the difference of the refraftive pow-ers of bodies

;

and the firfl advance to the great difeoveries by

means of the prifm was made by Grimaldi, who ob-

ferved, that a beam of the Inn’s light, tranfmitted

through a prifm, inflead of appearing round on the

oppofue Avail, exhibited an oblong image of the fun.

Towards the clofe of this century the re Hefting te-

lefcope was invented by our countryman James

Gregory.

The reader will foon perceive how very imper-

feft all the preceding difeoveries were in compan-

ion with thofe of Sir I. Newton. Before his time,

little or nothing was knowm concerning colours

;

even the remark of Grimaldi refpefting the oblong

figure of the fun, made by tranfmitting the rays

through a prifm, was unknown to our great philo-

fopher, having been publifhed only the year before.

This, however, it appears, was the firfl circumflance

which direfted the attention of Newton to the in-

vefligation of the theory of colours. Upon meafiir-

ing the coloured image, which was made by the

light admitted into a dark chamber through a

prifm, he found that its length was five times

greater than its breadth. So unaccountable a cir-

cumflance induced him to try the effeft of two

prifms ; and he found that the light, which by the

firfl prifm was diffufed into an oblong, was by the

f'econd
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fecond reduced to a circular form, as regularly as if

it had pafied through neither of them. After many

conjectures and experiments relating to the caufe

of thefe phenomena, he at length applied to them

what he calls the experimentum crucis. He took

two boards, and placed one of them clofe to the

window, fo that the light might be admitted

through a fmall hole made in it, and after parting

through a prifm might fall on the other board,

which was placed at about twelve feet diflance, and

in which there was alio a fmall aperture, in order

that fome of the incident light might pafs through

it. Behind this hole, in the fecond board, lie alfo

placed a prifm, fo that the light, after parting both

the boards, might fuffer a fecond refraCtion before

it reached the wall. He then moved the firft prifm

in fuch a manner as to make the feveral parts of the

image cart; upon the fecond board pafs fuccertively

through the hole in it, that he might obferve to

what places on the wall the fecond prifm would

refraCt them. The confequence was, that the co-

loured light, which formed one end of the image,

fuffered a refraction conrtderably greater than that

at the other end j in other words, rays of light of

one colour were more refrangible than thofe of anoT

ther. The true caufe, therefore, of the length of

the image was evident, fince it was proved by the

experiment, that light was not homogenial, but

confifted of different particles or rays, which were

capable of different degrees of refrangibility, and ac-

cording to which they are tranfmitted through the

prifm
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prifm to the opposite wall. It was further evident

from thefe experiments, that as the rays of light

differ in refrangibilky, fo they alfo differ in exhibit-

ing particular colours, fome rays producing the

colour red, others that of yellow, blue, &c. and of

thefe different-coloured rays, Separated by means of

the prifm according to their different degrees of re-

frangibility, the oblong figure on the wall was com-
pofed. But to relate the great variety of experi-

ments, by which he ilemondrated thefe principles,

or the ex’tenfive application of them, would lead me
too much into detail , let it fufhee to fay, that he

applied his principles to the fatisfa&ory explanation

of the colours of natural bodies, of the rainbow, and

of mod of the phenomena of nature, where light

and colour are concerned ; and that almoft every

thing which we at prefent know upon thefe fubjects

was laid open by his experiments.

His obfervations on the different refractive powers

of different fubftances are curious and profound

;

but chemiftry was at that period fcarcely in a date

fufficiently advanced to warrant all his conclufions^

The general refult is, that all bodies feem to have

their refraCtive powers proportional to their denfi-

ties, excepting fo far as they partake more or lefs

of fulphureous or oily particles.

The difeovery of the different refrangibility of the

component rays of light fuggeded defeats in the

conftruCtion of telefcopes, which were before un-

thought of, and in the creative hand of a Newton

Jed to fome no lefs extraordinary improvements in

them.
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them. If is evident, that fince the rays of light are

of different refrangibilities, the more refrangible will

converge to a focus much fooner than the lefs re-

frangible, consequently that the whole beam cannot

be brought to a focus in any one point, fo that the

focus of every objeft-glafs will be a circular fpace of

-confiderable diameter, namely, about one fifty-fifth

of the aperture of the telefcope. To remedy this, he

adopted Gregory’s idea of a reflector, with fuc’n im-

provements as have been the bafis of all the prefenc

inftruments of this kind.

When a fcience has been carried to a certain de-

gree of perfection, fubfequent difcoveries are too

apt to be confidered as of little importance. The
real philofopher will not, however, regard the dif-

coveries on light and colours, fince the time of

Newton, as unworthy his attention. By a mere

accident, a very extraordinary property, in fome

bodies of imbibing light, and afterwards emitting

it in the dark, was obferved. A fhoemaker of

Bolognia, being in quell; of fome chemical Secret,

calcined, among other things, fome Hones of a par-

ticular kind, which he found at the bottom of

Mount Peterus, and cafually obferved, that when
thefe Hones were carried into a dark place after

having been expofed to the light, they pofiefied 3

felf-illuminating power. Accident afterwards dis-

covered the fame property in other fubftances.

Baldwin of Mifnia, diffolving chalk in aqua-fortis,

found that the refiduum, after difiillation, exactly

refembled the Bplognian Hone in retaining and

c ' emitting



Bradley and Bouguer. [Book Ilf.

emitting light, whence it now has the name of
Baldwin’s phofphorus ; and M. Du Fay obferved

the fame property in all fubftances that could be

reduced to a calx by burning only, or after folution

in nitrous acid. Thefe facts feem to eftablifh the

materiality of light.

Some very accurate calculations were made about

the year 1725 by Dr. Bradley, which afforded a

more convincing proof of the velocity of light, and

the motion of the earth in its orbit. Nor muft we
forget M. Bouguer’s very curious and accurate ex-

periments for afeertaining the quantity of light

which was loft by reflexion, the moft decifive of

which was by admitting into a darkened chamber

two rays of light, one of w'hich he contrived fhould

be reflected, and the other fall direct on the oppofitc

wall , then by comparing the fize of the apertures,

by which the light was admitted (that through

which the dire<5t ray proceeded being much lmaller

than that through which the reflected ray wasfufFered

to pafs, and the illumination on the wall being equal

in both) he was enabled to form an exadt eftimate

of the quantity of light which was loft. To prove

jhe fame effedt: with candles, he placed himfelf in a

room perfectly dark, with a book in his hand, and

having a candle lighted in the next, room, he had it

brought nearer to him till he could juft fee the

letters, which were- then twenty-four feet from the

candle. He then received the light of the candle

refiedted by a looking-glafs upon the book, and he

found the whole diftance of. the book from the

fource
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fource of the light (including the diftance from the

book to the looking-glafs) to be only fifteen feet

;

whence he concluded, that the quantity' of diredt

light is to that of refledted as 576 to 225

;

and

fimilar methods were purfued by him for meafuring

the proportions of light in general *.

The fpeculations of Mr. Melville, concerning the

blue fhadows which appear from opake bodies in

the morning and evening, when the' atmofphere is

ferene, are far from uninterefiing. Thefe pheno-

mena he attributes to the power which the atmo-

fphere poffeffes of refledting the fainter and more

refrangible rays of light, the blue, violet, &c. and

upon this principle he alfo explained the blue co-

lour of the fky, and fome other phenomena.

The fame period produced Mr. Dollond’s great

improvement in the conftrudtion of telefcopes. It

confifts in ufing three glaffes of different refradtive

powers, crown and flint glafs, which corredt each

other. The great difperfion of the rays which the

flint-glafs produces, is the effedt of the lead, and is

in proportion to the quantity of that metal, which

is ufed in its compofition. Mr. Martin found the

refradtive powers of different glaffes to be in pro-

portion to their fpecific gravity.

Several difcoveries and improvements have been

made fince the time of Newton in that branch of

optics which relates more immediately to vihon;
•

* See an accurate defcription of M. Bouguer’s inftruments,

Prieftley’s Hijl. of Optics, Per. vi. f. 7.

Vol. I. M but
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but thefe, being rather foreign to the chief fubjedt of-

this chapter, I fhall not detail. One difcovery only

I fhall mention, becaufe it not only is curious in

itfelf, but becaufe it led to the explanation of feveral

circumftances relating to vifion. M. De la Motte,

a phyfician of Dantzick, was endeavouring to verify

an experiment of Scheiner, in which a diftant object

appeared multiplied when viewed through feveral

holes made with the point of a pin in a card, not

further diftant from one another than the diameter

of the pupil of the eye ; but notwithftanding all his

labour, he was unable to fucceed, till a friend hap-

pening to call upon him, he defired him to make

the trial, and it anfwered perfectly. This friend

was lliort- fighted ; and when he applied a concave

glafs clofe to the card, the object, which feemed

multiplied before, now appeared but one.

The laft, though not leaft fuccefsful adventurer

in this branch of fcience, is Mr. Delaval, who, in a

paper read before the Philofophical Society of

Manchcfter in 17S4, has endeavoured, with great

ingenuity, to explain the permanent colours of

opake bodies. The majority of thofe philofophers,

who have treated of light and colours, have, he ob-

ferves, fuppofed that certain bodies or furfaces

refiedted only one kind of rays, and therefore ex-

hibited the phenomena of colours ;
on the con-

trary, Mr. Delaval, by a variety ©f well conducted

experiments, evinced, that colours are exhibited,

not by refiedled, but by tranfmitted light. 1 his he

proved by covering coloured glafles and other

tranfparent
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tranfparent coloured media, on the further furface,

with fome fubftance perfectly opake, when he found

they reflected no colour, but appeared perfedtly

black. He concludes, therefore, as the fibres or

bafes of all vegetable, mineral, and animal fubftances

are found, when cleared of heterogeneous matters*

to be perfectly white, that the rays of light are in

fa£t reflected from thefe white particles, through

coloured media, with which they are covered ; that

thefe media ferve to intercept and impede certain

rays in their pafiage through them, while, a free

paflfage being left to others, they exhibit, according

to thefe circumftances, different colours. This he

illuftrates by the fa£t remarked by Dr. Halley, who,

in diving deep into the fea, found that the upper

part of his hand, when extended into the water from

the diving bell, reflected a deep red colour, while

the under part appeared perfectly green. The con-

clufion is, that the more refrangible rays were inter-

cepted and reflected by particles contained in the

lea-water, and were confequently reflected back by

the under part of the hand; while the red rays, which

were permitted to pafs through the water, were in

the fame manner reflected by the upper part of the

hand, which therefore appeared of a red rofe colour.

Thofe media, our author thinks, tranfmit coloured

light with the greateft ftrength which have the

ftrongeft refractive power.

M2 Chap.
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Chap. II.

OF THE NATURE OF LIGHT.

Various Opinions on the Action of Light .——Theory of a vibrating

Medium
;
Jupported by Defcartes, Uc.—Objections to this Theory.

— Light confjls of infinitely minute Tarticles projected from

the luminous Body.—Inquiry refpeCling the Identity of Light

and Fire.—Experiments of Mr. Boyle.—Why Light is not al-

ways accompanied with Heat.—Velocity of Light.—Light always

moves in Right Lines.—Rarity of Light.—Force or Momentum

of Light.—Mitchell's Experiment.— Inquiry hew far the Sun's

Magnitude is diminijhed by the EmiJJlon of Light.—Light fubjeCt

to tht ordinary Laws of Nature.—Light attracted by the Bolog-

nian Phofphori.—Thefame Property in Diamonds, and other Pre-

cious Stones.—Refraction of Light.—Reflexion.—Theory of Co-

lours.

N UMEROUS opinions have fucceflively

been adopted concerning this wonderful

fluid. It has been femetimes confidered as a dif-

tin<5t fubftance, fometimes as a quality, fometimes

as a caufe, frequently as an effedt ; by fome regarded

as a compound, and by others as a Ample fubftance.

Des Cartes and other philofophers of high repute

have imagined that the fenfation which we receive

from light is to be attributed entirely to the vibra-

tions of a fubtile medium, or fluid, which is diffufed

throughout the univerfe, and which is put into ac-

tion by the impulfe of the fun. In this view they

confider
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confider light as analogous to found, which is known

to depend entirely on the pulfations of the air upon

the auditory nerves ; and in fupport of this opinion,

it has been even lately urged*, ift. That fome

diamonds, on being rubbed or chafed, are luminous

in the dark. 2d. That an eleCtric fpark, not larger,

but much brighter, than the flame of a candle, may

be produced, and yet that no part of the eleCtric

fluid is known to efcape, in fuch a cafe, to diftant

places, but the whole proceeds in the direction to

which it is deftined by the hand of the operator.

Weaker or ftronger fparks of this fluid are alfo

known to differ in colour ; the ftrongeft are white

and the weakeft red, &c.

To this opinion, however, there are many prefling

and, indeed, infurmountable objections. 1 ft, The ve-

locity of found bears a very fmall proportion to that

of light. Light travels, in the fpace of eight minutes,

a diftance in which found could not be communi-

cated in feventeen years ; and even our fenfes may
convince us, if we attend to the explofion of gun-

powder, &c. of the almoft infinite velocity of the

one compared with that of the other. 2dly, If

light depended altogether on the vibrations of a

fluid, no folid reafon can be afligned why this

fluid tliould ceafe to vibrate in the night, fince the

fun muft always affect fome part of the circumam-

bient fluid, and produce a perpetual day. 3dly, The
/

* See Dr. Franklin’s works; and Profefior Boudoin’s Me-
moir. Tranfacliom of American Academy, Vol. i.

M3 artifice
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artifice of candles, lamps, &rc. would be wholly un-

neceffary upon this hypothefis, fince, by a quick mo-
tion of the hand, or of a machine contrived for this

purpofe, light might on all occafions be eafily pro-

duced. 4thly, Would not a ray of light, admitted

through a fmall aperture, put in motion, according

to this theory, the whole fluid contained in a cham-

ber. In fa6t, we know that light is propagated only

in right lines, whereas found, which depends upon

vibration, is propagated in every dire&ion. 5 thly>

The feparation or extenfion of the rays, by means of

the prifm, can never be accounted for by the theory

of a vibrating medium. 6thly, The texture of many

bodies is aftually changed by expofure to the light.

The juice of a certain fhell-fifb contracts, it is well

known, a very fine purple colour, when permitted

to imbibe the rays of the fun ; and the ftronger the

light is the more perfect the colour. Pieces of

cloth wetted with this fluid become purple, even

though inclofed in glafs, if the folar light only is ad-

mitted ;
but the effect is totally excluded by the in-

tervention of the thinned plates of metal, which ex-

clude the light. Some of the preparations of filver

alfo, fuch as luna cornea, will remain perfectly

white, if covered from the light, but contract a

dark purple colour when expofed to it; and even

the colour of plants is derived from the light, fince

a plant which vegetates in darknefs will be perfectly

white. As colour is imparted by light, fo it is alio

deftroyed by it. It muft have fallen within the ob-

fervation of every reader, that filks, and other fluffs
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of delicate colours, are greatly affedled by the adtion

of light. Experiments have been made upon the

fame (luffs by expofing them to both heat and

moifture in the dark, and alfo by expofing them to

the light in the vacuum of an air pump, and it was

found by all rhefe experiments, that the change of

colour was to be afcribed to the adtion of light *.

ythly. With refpedt to the emiffion of light by dia-

monds and other ftones, it is eafily accounted for

upon other principles ; and the arguments founded

upon the eledtric (park not being fenfibly dimini(hed

will meet with a fatisfadtory folution by confidering

the extreme rarity of light, and the minutenefs of

its particles.

It is, therefore, almoft univerfally agreed by the

moderns, that light confifts of a number of extremely

minute particles, which are adtually projected from

the luminous body, and adt by their projedtile force

upon our optic nerve. Concerning the nature of'

thefe particles, or rather of the matter of which they

confift, there is lefs unanimity in the philofophical

world.

It is an opinion fupported by the mod refpedlable

names, that light is a lubftance perfectly diftinct

from the matter of (ire, and which excites ignition

* “ It was conjectured by fome, that the rays of the fun dif-

perfed thofe parts of the bodies on which colours depended; but

Bonzius obferved, that when ribbons were expofed on white

paper, the colours vaniflied from both their fides, but that no-

thing could be found near the places where they had lain.”

Priejlley's Optics, 381.

m 4 when
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when concentrated by a burning glafs, merely by its

mechanical force upon the matter of heat. Others

of equal eminence have contended, that light is no

other than fire in a projeCtile ftate. Fire, according

to thefe philofophers, is produced by the accumula-

tion or concentration of the particles; light is the

effect of the rapid projeCtile motion of the fame par-

ticles. Fire or heat may therefore exift to a con-

fiderable degree, as it is found to do occafionally in

metallic bars, without being fufficiently dilengaged

to aflfume the projectile ftate, and to be forcibly

emitted or projected from the burning body. The
fame matter may alfo exift in its aCtive and pro-

jeCtile ftate, or, in other words, in the form of light,

but too much diffufed to produce the fenfation of

burning, or to effeCt the diffolution of any body, or

the reparation of its parts by combuftion. To the

great elafticity of the matter of fire, fo obvious in all

the phenomena of fluidity, both thefe effeCts are

aferibed. When a quantity of this matter is intro-

duced into any folid body, the repulfion which

exifts between its particles will occalion the difiblu-

tion of that body; and when it becomes perfectly

free and difengaged, the fame repulfion will caufe a

quantity of its particles to be emitted with a rapid

projeCtile force, and will produce the effeCts of

light *. The light of the fun is confidered as <c the

fame matter propelled by the fame powers, in

greater

* * When we conflder that the elafiicity of aeriform fluids, is

©win? to the matter of fire ; that a cannon ball is propelled

only
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greater quantity and with greater vigour*.” The

atmofphere through which light has to pafs in pro-

ceeding from the fun to us is in all probability of

infinitely greater purity than ours, and confequently,

according to the Jaws of motion, the projectile

force of the rays of light is very little diminifhed in

their pafiage from the great fource of both light and

fire.

The theory which is here advanced appears to

reft chiefly on the great faCt of the fun’s rays, when

concentrated by a burning glafs, producing all the

phenomena and effeCts of elementary fire. There

are, however, other faCts which countenance the

opinion. Sir Ifaac Newton obferves, that all bodies,

when heated beyond a certain degree, emit light,

and fhine. Light alfo accompanies the eleCtric fire,

whenever it exifts in a difengaged or projectile ftate.

only by the excefs of the repellant powers of parts of this matter,

above the forces with which they are attra&ed by the grofs parts

of gunpowder, or of the airs emitted during the deflagration of

it ; that the velocity of the ball is incomparably lefs than it

would be if it were ihot through an unrefifting medium; and

that even this latter velocity would be an inadequate reprefen-

tation of that, with which the parts of the fiery matter are fhot

forth, in the firfl: inftant of their liberation from the combuflible

body which held them clofely approximated ; we find the natu-

ral powers already defcribed, fufncient in themfelves, for the

projedlion of thefe parts, with all the velocity experienced in

the light of flaming bodies on earth, and to every diftance at

which it has been perceived.’

Higgins's Experiments a?td Obfervations

,

p. 338.

* Higgins’s Experiments and Obfervations, p. 339,

The
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The abforption of light by the darker colours is alfo

found to have an extraordinary effect id the pro-

duction of heat j but the experiments to this effeCt

have been already related *.

That light (or more properly according to this

theory, the matter of fire) does not always produce

aCtual heat, is accounted for from the minutenefs of

the particles, and the extreme rarity which, from its

repulfive principle, the fluid is enabled to affume. It

was before dated that light mult be exceedingly con-

centrated to produce ignition. A plane mirror re-

flects the light in too diffufed a ftate ; but a concave

mirror collects and converges the particles to a

point, and is therefore capable of producing igni-

tion ; and yet we have feen that the light of the

moon will not, in the molt condenfed ftate, produce

the lead; degree of heat, though the molt delicate

thermometers Ihould be employed. The light

which is emitted by putrefeent fubftances, by the

glow-worm, and fome other infeCts, is analogous to

the light of the moon in this refpeCt; it is of too faint

and rare a nature to produce heat or ignition. In

the fame manner, when the rays of light pafs through

a tranlparent medium, they lucceed each other at

an immenfe diftance f. If, therefore, the rays con-

centrated by the mod: powerful burning glafs are

made to pafs through a phial containing fpirits of

wine, or through any other tranfparent inflammable

fubftancc, the latter will not be fet on fire ; but if

f «.

-fr
That of J,ooo miles.

there

* Sec p. 76.
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there is any opake body (as a fpoon or other velTel)

placed under the fpirit or the tranfparent body, which

by abforbing may ferve to accumulate the particles

of light, the fpirit or inflammable matter will be im-

mediately inflamed. Conformably to thefe princi-

ples iris found, that the atmofphere is not warmed

by the mere paflfage of the fun’s rays through it, but

chiefly by the heat which is collected by the earth,

and which is thence imparted to the air. Thus

the air, at the fummits of high mountains, is always

cold, becaufe they are too much elevated above the

general. furface of the earth to derive any confider-

able advantage from this circumftance.

When thefe fa<fts are fairly confidered, the fyftem

which fuppofes light to be a modification of the

matter of fire, or a combination of that element

with fome unknown principle, mult be allowed to

be at lead: probable. It has however been cuftomary

to confider diftindtly the properties of light, without

a reference to its analogy with the matter of fire, and

in this mode it will be necelfary, on the prefent oc-

cafion, to proceed.

The firft remarkable property of light is its

amazing velocity. In the fhort fpace of one

Jecond a particle of light traverfes an extent of one

hundred and Jeventy thovfand miles *, which is fo

much fwifter than the progrefs of a cannon ball,

that the light is enabled to pafs a fpace in about

eight minutes, which could not be paflfed with the

* NkholfonVPhil. voL i, p. 258.

ordinary

-
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ordinary velocity of a cannon ball in lefs than thirty-

two years *. The velocity of light is alfo found

to be uniform, whether it is original, as from the

ftars, or reflected only, as from the planets.

The mode of calculating the velocity of light is

a branch of aftronomy rather than of natural hif-

tory. It will fuffice therefore in this place to re-

mark, that by mathematical obfervations made upon

the tranfits of Venus in 1761 and 1769, the diame-

ter of the earth’s orbit was found to be about

163,636,800 geographical miles. When, therefore,

the earth happens to be on that fide of her orbit

which is oppofite to Jupiter, an ecliple of his fatel-

lites, or any other appearance in that planet, is ob-

ferved to take place fifteen or fixteen feconds later

than it would have done if the earth had been on

that fide of her orbit which is neareft to Jupiter f.

From the very accurate obfervations of Dr. Bradley,

it appears that the light of the fun pafies from that

luminary to the earth in eight minutes and twelve

feconds.

The next property of light, to which it is pro-

per to advert, is, that it is detached from every

luminous or vifible body in all directions, and con-

stantly moves in right lines. It is evident that

the particles of light move continually in right

lines, fince they will not pafs through a bended

* Nicholfon’s Phil. vol. i. p. 257.

f See Newton’s Optics, 1 . ii. p. 3. prop. 11. Prieilley’s

Optics, p. 140. Nicholfon’s PhiL vol. i. p. 136.

tub®.
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tube, and fince if a beam of light is in part inter-

cepted by any intervening body, the fhadow of that

body will be bounded by right lines paflmg from

the luminous body, and meeting the lines which

terminate the interceding body. This being granted,

it is obvious, that the rays of light muft be emitted

from luminous bodies in every dire&ion, fince,

whatever may be the diftance at which a fpe&ator

is placed from any vifible object, every point of

the lurface which is turned towards him is vifible

to him, which could not be upon any other prin-

ciple.

The rarity of light, and the minutenefs of its

particles, are not lefs remarkable than its velocity.

If indeed the Creator had not formed its particles

infinitely fmall, their excefiive velocity would be

deftrudtive in the higheft degree. It was demon-

ftrated, that light moves about two million of times

as faft as a cannon ball*. The force with which

moving bodies ftrike, is in proportion to their

maffes multiplied by their velocities; and confe-

quently if the particles of light were equal in bulk

to the two millioneth part of a grain of fand, we
fhould be no more able to endure their impulfe

than that of fand fhot point blank from the mouth

* A cannon ball flies with a velocity of about a mile in

eight feconds. Nicholfon’s Phil. vol. i. p. 257. During the

late Cege of Gibraltar, there were two boys, who ufed to be fla-

tioned on the works, and whofe quick fight enabled them to

give notice to the workmen of the approach of a ball from the

enemy’s works.

—

Drinkwater’s Gib.

of
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of a cannon *. 1'he minutenefs of the rays of light

is alfo demonftrable from the facility with which they

penetrate glafs, cryftal, and other folid bodies, which

have their pores in a redilinear direction, and that

wichout the fmalleft diminution of their velocity,

as well as from the circumftance of their not being

able to remove the fmalleft particle of microfcopic

duft or matter which they encounter in their pro-

grefs. A further proof might be added, that if a

candle is lighted, and there is no obftacle to ob-

ftrud its rays, it will fill the whole fpace within two

miles around it almoft inftantaneoufiy, and before it

has loft the leaft fenfible part of its fubftance f.

To the velocity with which the particles of light

are known to move may, in a great meafure, be

attributed the extreme rarity and tenuity of that

fluid. It is a well-known fad, that the eftcd of

light upon the eye is not inftantaneous, but conti-

nues for a confiderable time J. Now we can fcarcely

conceive a more minute divifion of time than the

one hundred and fiftiethpart of a fccond. If, there-

fore, one lucid point of the fun’s furface emits one

hundred and fifty particles of light in one lecond,

we may conclude that this will be fufficient to af-

ford light to the eye without any feeming inter-

miffion i and yet, fuch is the velocity with which

light proceeds, that ftill thefe particles will be at

* Nicholfon’s Phil. vol. i. p. 257.

f Enfield’s Phil. 131.

J Nicholfon’s Phil. vol. i. p. 258.

lead
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leaft one thoufand miles diftant from each other*.

If it was not indeed for this extreme tenuity of the

fluid, it would be impoflible that the particles fbould

pafs, as we know they do, in all directions without

interfering with each other. In all probability the

fplendour of all vifible objects may be in proportion

to the greater or lefs number of particles, which are

emitted or reflected from their furface in a given

fpace of time; and if we even fuppofe three hundred

particles emitted fucceffively from die fun’s furface

in a Angle fecond, ftill thefe particles will follow

each other at th'e immenfe diftance of above five

hundred miles.

That light is, however, not deftitute of Force or

Momentum, has been proved by the experiment of

Mr. Mitchel, already mentioned j\ On that experi-

ment the following calculation is grounded. If the

inftrument weighed ten grains, and the velocity with

which it moved was one inch in a fecond, the quan-

tity of matter contained in the rays which fell upon

the inftrument in that time was equal to the twelve

hundred millioneth part of a grain ; the velocity of

light exceeding the velocity with which the inftru-

ment moved in that proportion. The light in this

experiment was collected from a furface of about

three fquare feet, which reflecting only half what
falls upon it, the quantity of matter contained in the

rays of the fun incident upon a fquare foot and half

of furface is no more than one twelve hundred mil-

* Prieftlcy’s Optics, p. 385. f See p. 73.

lioneth
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i
lioneth part of a grain. But the denfity of the rays

of light at the furface of the fun is greater than at

the earth in the proportion of 45,000 to 1. There
ought therefore to iflue from one fquare foot of

the fun’s furface in one fecond o-th part of a

grain of matter to fupply the confumption of light j

that is at the rate of a little more than two grains

a day, or about 4,752,000 grains, or 670 pounds

in 6,000 years, which would have fhortened the

fun’s diameter about ten feet, if it was formed of

matter of the denfity of water only *.

Thus we fee there are little grounds for any rca-

fonable apprehenfions concerning the body of the

fun becoming exhaufted by the confumption or

waile of the matter of light, if the immenfity of his

diameter (878,808 Englifh miles) is confidered..

It is, however, not impoflible that there are

means by which the fun may be enabled to receive

back again a part of that light or fire which he is

continually emitting; it is not impofiible that this

world, and the other planets, may have a power of

refledting back a certain portion of their light with-

in the fphere of the fun’s attradlion, or that the fixed

ftars or funs may have fome power of replenifhing

one another. After all, we have no right to fuppofe

our world, or the fyftem of which it makes a part,

defigned for an eternal duration ; its exiftence is

doubtlefs proportioned to the ends which were in-

tended to be accomplifhed in it ; but with refpedt to

* Prieflley’s Optics, p. 389.

the
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the period of its termination, there is no chain of

moral or phyfical reafonitlg which appears to conduct

to any fatisfa&ory conclufion.

Notwithftanding the minutenefs of the particles

of light, and the amazing velocity with which they

are projeded, they are found, by a variety of expe-

riments, to be fubjed to the fame laws of attrac-

tion and repulfion that govern all other bodies.

On this principle the majority of philofophers have

explained the phenomena of the Bolognian flonc,

and what are called the folar phofphori.

The difcovery of the Bolognian phofphorus, as

related by Mr. Lemery, has already been detailed.

The property of'imbibing and emitting light is not,

however, confined to one fpecies, but is common to

all the varieties of that mineral, which is called pon-

derous fpar.

The light which they emit bears an analogy to

that which they have imbibed. In general, the illu-

minated phofphorus is red ; but when a weak light

has been admitted to it, or when it has been re-

ceived through pieces of white paper, the emitted

light is of a pale white *.

It has been already remarked f, that an artificial

phofphorus may be obtained from all fubftances

which can be reduced to a calx by burning only, or

by folution in the nitrous acid. Some diamonds,

however, as well as emeralds and other precious

ftones, are found to have the fame property without

* Prieftley’s Optics, p. 363, 364. 4 See Chap. 1.

Vol. I. N any
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any chemical preparation
; and a diamond has been

known to retain its virtue of emitting light, after

being buried in wax fix hours*. In fad, Beccaria

lias obfervedj that almoft all natural bodies have the

power of imbibing light, and of emitting it in the

dark. To metals an i water, however, he could not

communicate the (lighted degree of this property;

but he found that although water in its fluid date

could not be made to dune in the dark, ice and

fnow had this property in a remarkable degree j-

.

The light which is emitted from putrid fubdances

and rotten wood, alfo that of ignes fatui, and other

fimilar meteors, proceeds from a different caufe,

and will be explained in another part of this work,

to which the iubjeCt more properly appertains.

To the principle of attraction Newton has alfo

referred one of the mod extraordinary phenomena

of light ;
that on w hich the fcience of optics, driCtly

{peaking, principally depends, and on which mod

of the optical indruments in ufe are condruCted

;

I (peak of what is called the Retraction of light,

or that deviation or bending which its rays fuffer in

palling obliquely out of one medium into another,

Rich as out of air into water, glafs, See . ; but this

refraction can be obferved in palling through trans-

parent mediums only. Thefe mediums, whether

* Prieflley’s Optics, p. 367.

f Prieftlcy’s Optics, p. 368, 369, 370. The nature of thefe

phofpbori will be explained more at large under their proper

head, in Book VI. Chap. 35.

folid
t
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folid or fluid, mud be confidered as mafles whofe

pores, placed in right lines in all directions, are

either full of the matter of light, according to the

opinions of Defcartes and Huyghens, or they are fo

conftruCted as to permit the light to pals in right

lines, according to Newton.

There are two circumftances to be confidered in

the paftage of the rays of light out of one medium

into another : Firft, the nature of the medium

;

fecondly, the obliquity of the rays to the plane

which feparates the two mediums.

1. The denfer the refracting medium, or that

into which the ray paflfes, is, the greater will be its

refraCting power ; and of two refraCting mediums

of the fame denfity, that which is of a fat or inflam-

mable nature will have a greater refraCting power

than the other.

1. The angle of refraCtion depends'on the obli-

quity of the rays falling on the refraCting furface

being fuch always that the fine of the incident angle

is to the fine of the refraCtcd angle in a given pro-

portion.

The incident angle is the angle made by a ray of

light, and a line drawn perpendicular to the refraCt-

ing furface at the point where the light enters 'the

furface $ and the refraCted angle is the angle made
by the ray in the refraCting medium with the fame

perpendicular produced. The fine of the angle is a

line which ferves to meafure the angle, being drawn

from a point in one leg perpendicular to the other.
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In paffing from a rare into a denfe medium, or

from one denfe medium into a denier medium, a

ray of light is refraCted towards the perpendicular;

on the contrary, in palling from a denfe medium into

a rare medium, or from one rare medium into a rarer,

a ray of light is refracted from the perpendicular.

If the eye, therefore, is placed in a rarer medium,

an objeCt fcen in a denfer medium, by a ray re-

fracted in a plane furface, will appear larger than it

really is, as things feem larger under water, to an

eye in the air, than they do out of it, and the con-

trary *. v
To thefe laws of refra&ion is to be attributed

the difference between the real and the apparent

rifing of the fun, mopn, and liars, above the horizon.

The horizontal refraction is a little more than half

a degree, whence the fun and moon appear above

the horizon when they are entirely below it. From
the horizon the refraCtion continually decreafes to

the zenith. Refraction is increafed by the denfity

of the air, and confequently it is greater in cold

countries than in hot ; and it is alfo alfeCted by the

degree of cold or heat in the fame country.

On thq principle of the refraCtion of light all

dioptrical f inftruments are conltruCted. As the

greater the obliquity with which a ray ftrikes a

* “ As things feem large which we through milts defery,

“ Dulnefs is ever apt to magnify.
1”

' Poff.

f Ai a, (dia> “ through”) Gr. and oTflepcti, (optomai

)

“ to

fee.”

denfe
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denfe tranfparent body the greater the refraction,

it is evident that when a collection of rays pafs in a

ftrait line, and enter a body of any form approach-

ing to that of a globe or fphere, only one, viz. that

which enters at its center, will enter in a direCt line ;

all the reft will ftrike it more or leis obliquely, and

will all confequently undergo a proportionable de-

gree of refraction. As in a denfe body of fuch a form

the rays will be all refraCted, converged, or bent in-

wards towards the centrical ray,- there will be a

point where they muft all meet, and this point is

called the focus. In this point they will therefore

crofs each other, and diverge again in the fame pro-

portion, as it is the property of light conftantly to

proceed in a ftrait line, whatever direction it takes.

In paftlng through a glafs or lens, which is equally

convex on both fides, the focus or point where the

rays meet will be equal to the femidiameter of the

glafs’s convexity, that is, half the diameter of that

circle of which the convexity of the lens is an arch.

As the rays crofs each other after they pafs the fo-

cus, it is evident that any image feen through a lens,

beyond the focal diftance, will be inverted, as may
be proved by an eafy experiment, viz. by holding

a lens or magnifying glafs between a candle and a

fheet of paper fufpended on the wall, at a proper

diftance,When the image of the candle will appear

on the paper inverted ; and the reafon of this is ex-

tremely clear, for it is evident that the upper rays,

after refraction, are thofe which proceeded from the

under part of the luminous body, and the under rays

-N 3 are

«
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are thofe which come from its top. The rays are

therefore only inverted, and the image remains un-

impaired.

Upon the fame principles, if parallel rays pafs di-

rectly through a glafs which is concave, they will

diverge, or be bent outwards by the rerradtive

power, exaCtly in proportion to the concavity, that

is, in proportion to the obliquity with which they

ftrike on the glafs ; and the point of divergence, or

negative or virtual focus, will be in the fame pro-

portion to the concavity of the glafs as in the pre-

ceding inftance. Converging rays, palling through a

concave glafs, will all'o be proportionally bent out

of their courfe, and will not come to a point or fo-

cus fo foon as they would otherwife have done.

In the middle part of the human eye, behind the

pupil, there is placed a perfeCl convex lens, of a

clear, tranfparent,jelly-like matter, w'hich.is called the

cryftaliine humour ; by this the rays of light are made

to converge to a point, and crofs each other fo as to

form a fmall inverted image of the objeCt on the

optic nerve, which is expanded on the back part of

the eye, and called the retina. The apparent mag-

nitude of objeCts will confcquently depend upon the

fize of the inverted image, or, in other words, upon

the angle which the rays of light form by entering

the eye from the extremities ot any objeCt hence

convex lenfes magnify, beeaufc the rays proceed--

ing from any objeCt, and palling through the lens,

being-made to converge fooner than they otherwile

would, the angle is greater, and the objeCt appa-

rently
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rently larger, or nearer, than when viewed by the

naked eye ; hence too a concave lens makes an

objedt appear fmaller, or more diftant, becaufe by its

caufing the rays of light to diverge, the vifual angle

is proportionably diminilhed.

Light is not only fubjedt to the law of attradlion,

but to that of repulfion alfo ; in other words, it is

repelled, or reflected, from all bodies which are

not tran (parent. In refledtion, light is ftill obferv-

ed to proceed in ftrait lines, and the angle of re-

fledtion is equal to the angle of incidence ; that is,

when a ray of light ftrikes obliquely upon a mirror,

it will be regularly returned with the fame degree

of obliquity with which it came ; hence, when light

is refledted from fpherical bodies, the rays will con-

verge or diverge as when it paffes through bodies

of a fimilar form, only that the effedt will be re-

verfed ; hence rays reflected ,from a concave mir-

ror, or foeculum, will converge to a focus, the dis-

tance of which is in proportion to the concavity of

the mirror.

By concentrating the rays of light, or, more pro-

perly fpeaking, by caufing them to converge to a

focus, heat is produced ; hence every convex lens,

and every concave mirror, is a burning glafs, and

the focal point is that in which the heat is mod
powerful.

Light is, however, not fo Ample a fubftance as it

may be fuppofed upon fuperficially confidering its

general effects ; it is indeed found to con Aft of par-

ticles which are differently refrangible, that is, fome

N 4 .
of
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of them may be refraXed more than others in patt-

ing through certain mediums, whence they are fup-

pofed by philofophers to be different in fize. The
common optical inftrument, called a prifm, is a tri-

angular piece of glafs, through which, if a pencil or

colleXion of rays is made to pafs, it is found that the

rays do not proceed parallel to each other on their

emergence, but produce on an oppofite wall, or any

plain furface that receives them, an oblong fpec-

trum, which is varioufly coloured, and it confe-

quently follows, that fome of the rays or particles

are more refrangible than others.

The fpeXrum thus formed is, perhaps, the moft

beautiful object which any of the experiments of

philofophy prefent to our view. The lower part,

which confifts of the leaft refrangible rays, is of a

lively red, which, higher up, by infenfible grada-

tions, becomes an orange ; the orange, in the fame

manner, is fucceeded by a yellow ; the yellow, by a

green ;
the green, by a blue ; after which follows a

deep blue or indigo ; and laftly, a faint violet.

In the fucceeding chapters I lhall treat of the re-

flexion and refraXion of light in a more particular

and fcientific manner ; but as the fubjeX is fome-

what abftrufe, thefe preliminary cbfervations ap-

peared neceffary, in order to render it more eafy and

infplljgible to the general reader.
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Chap. III.

OF THE REFLECTION OF LIGHT.
%

Angle of RefleXion equal to the Angle of Incidence.— RefleXicnfrom

plane Surfaces.—From fpherical Surfaces.—Explanation of tht

Phenomena of concave Mirrors.—Of the projecting Figure which

appears from them bfore the Glafs .— Ufe of convex Minos to

Pcavellers.

T has been already proved, that the rays of light

proceeding from any luminous body always move

in Jlrait lines, unlefs this direction or motion is

changed or deftroyed by certain circttmftances *,

which are now more particularly to be confidered.

The direction is changed by reflection, refraction,

and inflection ; the motion is deftroyed by abforp-

tion. It will be moft confident with a lucid order,

firft to examine the nature of reflection.

A common experiment of children with a piece

of glafs oppofed to the lun, and cafting the light

into various places at will, fnews that the rays of

light may be reflected by certain bodies, and by

more accurate experiments it is found, that when ^

* This is the principle on which all the reafoning with re-

fpett to optics depends, and it is upon this principle that all

the lines and figures referred to in the following pages are

drawn.

ray
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ray of light is reflected by any furface, the angle of

incidence is equal to the angle of reflexion. By the

anfete of incidence is meant, the angle made by the

ray of light with a perpendicular to the reflecting

furface at the point on which the ray fails ; arid by

the angle of reflexion, the angle which the ray

makes with the fame perpendicular on the other

fide. Thus, let Q^, Plate I. Fig. i, be a point

from which rays diverging fall on the reflecting fur-

face A B, and- let QJD, QJE be two incident rays.

At D, E draw the perpendiculars DC, EF to

AB, and make the angles C D G, HEF equal

to QJl) C, QJL F, and the rays QJ), QE will be

reflected by the furface in the directions D G,

EH.
Since no furface has hitherto been found fo per-

fectly fmooth, that it has not fome inequalities in it

to be difcovered by a microfcope, and yet thefe in-

equalities do not afleCt the law thus difcovered for re-

flected rays, it is generally concluded, that the power

which produces this change in the direction of the

rays, aCts at fome fmall diftance from the furface.

The point Q, from which the rays diverge, is call-

ed the focus of diverging rays ; and as, after reflec-

tion, the rays appear to have diverged from a point

behind the furface, that point is called the focus of

reflected rays. To find this point, produce the

lines G D, HE tiil they meet the perpendicular

drawn from on the reflecting furface produ-

ced, if neceflary. Let QJvl q be this perpendicu-

lar, which G D meets in q
, then, flnee QJD C is

equal
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equal to GDC, QJDM is equal to GD B but

GDB is equal to M D 7; in the two triangles

QJD M, M D 7, there are two angles in the one

equal to two angles in the other, and one fide

MD common to both, therefore QJM will be

equal to M q. The fame may be proved alfo of

the interfedlion of the lines H E q and QJVI 7.

Therefore the focus of rays refledted by a plane fur-

face is at the fame diftance behind the furface, as

the focus of diverging rays is before it *.

If, inftead of rays diverging from one point they

diverge from feveral, the correfponding foci will

be found in the fame manner. Let QJt, Fig. 2,

be a furface, from every point of which draw per-

pendiculars to the refledting furface as before, and

qr will be the image of QJR, or all the rays di-

verging from QJR. will, after refledtion, appear to

have diverged from 7 r.

Every .objedt placed before a refledting furface

has its correfponding image. If the objedt is a

plane furface, the image will alfo be a fimilar plane

furface ; if the objedt is a curvilinear furface, the

image will correfpond to it; and in all cafes it is

found in this manner, by perpendiculars drawn from

the objedt to the refledting furface, or the refledting

furface produced.

* To the general reader, who has no previous acquaintance

with philofbphy, a part of this chapter will appear intricate and

difficult. Let it be remembered, however, that it embraces fome

of. the mod difficult problems in natural fcience, which, how-
ever, could net be omitted, and they are rendered as plain as

the nature of the fubjeft would admit.

To
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To fee any objed, the eye muft be fo placed that

fome of the rays of light diverging from the objed

may fall upon the eye ; and if, by looking upon a re-

fleding furfacewe fee an image, we fhould,if our judg-

ment had not been correded by experience, conceive

an objed to be placed behind the furface from which

thefe rays diverged. Now, as an objed may be

placed in fuch a fituation before the receding fur-

face that no rays can be refleded to our eyes, we

{hall not always fee an objed by refledion, and the

places of the objed, the fpedator, and the refleding

furface, mull be taken into confideration. Let QJ<.

be an objed before the refleding furface A B, qr

its image, as before, Fig. 2, and O the place of the

fpedator. Join O A, O B, and produce the lines

O A, O B indefinitely to T and P, unlefs the image

lies within the lines A T, B P die objed will not

be feen by refledion. Letfg without this fpace be

the image of F G, and join O/Og, and fince thefe

two lines do not any where cut the refleding fur-

face, it is evident that by looking on the furface we

{hall not fee the objed. We {hall fee part of QJL
becaufe part of qr lies within the fpace abovemen-

tioned, and to find the part of Q_R which is vi-

able by refledion from the point j, where O P cuts

q r
,
draw s S perpendicular to A B produced. Then

the ray S B will be refleded in the diredion B O.

Now join O q
cutting A B in D, and join QJD.

Tfe ray QD will be refleded in the diredion

D O, and the part of the objed vifible by reflec-

tion will be feen in part of the refleding furface

only
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only D B. All the reft being fuperfluous as to this

objedt. Thus we can always find by what rays,

and by what part of a reflecting furface, an objedt is

feen. The limits of the fpace in which an objedt

mu ft be placed to appear vifible by reflection are,

on thefe principles, eafily determined. Join OB,
O A, and make the angles IB K, LAE equal to

OBI, O A L, then every object placed within the

lines B K, A E indefinitely produced, will be vifible

at O by refledtion.

Thus, when we are placed before a looking-glafs

in a room, part of the room only is vifible; as we

walk backwards and forwards other parts appear

and difappear in fuccefflon, and fome parts of the

room are never feen in the glafs.

When a perfon ftands before a looking-glafs of

the fame dimenlions with himfelf, his image appears /

to occupy the half of it, or, in other words, a look-

ing-glafs of half his dimenfions is capable of fhewing

him the whole of his figure. Let A B, Fig. 3. be an

objedt placed before.the refledting furface g h i of. the

plane mirror CD; and let the eye be at 0. Let

A h be a ray of light flowing from the top A of the

objedt, and falling upon the mirror at h: and hm be

a perpendicular to the furface of the mirror at h,

the ray A h will be reflected from the mirror to the

eye at 0, making an angle mho equal to the angle

A h m

:

then will the top of the image E appear to

die eye in the diredtion of the reflected ray oh pro-
duced to E, where the right line Ap E, from the top

of the objedt, cuts the right line oh E, at E. Let B i

be



1 90 Reflexionfrom plane Mirrors. [Book III.

be a ray of light proceeding from the foot of the

objedt at B to the mirror at i, and ni a perpendi-

cular to the mirror from the point t, where the ray

B i falls upon it: this ray will be refledted in the

line i 0, making an angle n i 0, equal to the angle B i n

,

with that perpendicular, and entering the eye at 0:

then will the foot I" of the image appear in the direc-

tion of the refledted ray 0 i, produced to F, where the

right line B F cuts the refledted ray produced to F.

All the other rays that flow from the intermediate

points of the objedt A B, and fall upon the mirror

between h and i, will be reflected to the eye at 0;

and all the intermediate points of the image E F
will appear to the eye in the diredtion-line of thefc

refledted rays produced. But all the rays that flow

from the objedt, and fall upon the mirror above h,

will be refledted back above the eye at 0 and all,

the rays that flow from the object, and fall upon the

mirror below i, will be refledted back" below the

eye at 0: fo that none of the rays that fall above h ,

or below i, can be refledted to the eye at 0; and

the diltance between h and i is equal to half the

length of the objedt A B, if the eye, or 0, is in the

line AB produced* for then Ah will be equal to

h 0, and A h is equal to h E. Therefore j&E is equal

to oh, and oh is one half of 0 E, and confcquently

ih (from fimilar triangles) is equal to one half of

EF or AB.
In rooms where looking-glafies are placed paral-

lel and oppofite to each other, a perfon looking

into one lees feveral images of himfelfj for rays

a will
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will be reflected from one glafs to the other, and

each image becomes an objeCt to the other glafs.

If, inftead cf being parallel, the glades were placed

oppofite to each other, but making an acute angle,

there will be feveral images of the fame objeCt ap-

pearing to be placed in a circle, whofe centre is the

vertex of the acute angle, and radius the diftance of

the objeCt from that vertex. Let MNOP rlate II.

(Fig. 4.) two furfaces produced, meet in by and let

Q^be an cojeCt, and q, c its images in the refpeCtive

glades. J oin b q y
b Q, and the triangles Qji b,

qaby having two fides and an angle .refpeCtively

equal, the third fide Q b is equal to q b. So be

is equal to b Qj and in the fame manner the images

of q ,
and c found in the oppofite glades, will be

equidiftant from b.

1 he places of images, made by the reflexion of

the rays of light from plane furfaces, are eafily deter-

mined : but when rays are reflected by curvilinear

furfaces, the difficulty of determining the place of

the image is confiderably increafed. 1 fnall endea-

vour to fhew the manner of inveftigating this fub-

jeCt in the fimplelt cafes.

Let AB (Fig. 5.) be a fpherical furface, of

which C is the centre, reflecting the rays of light

both on the concave and convex fide ; and let

QJL a ray of light parallel to the radius C D, be

incident on the furface at E. After reflection on
the concave fide, the ray will proceed in the di-

rection E^, making the angle q EC equal to

QJE C j but the ray QJs reflected by the convex

furface

\
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furface will proceed in the direction E K, making
the angle KEI equal to the angle QE I. The
greater the diftance of E, the point of incidence, is

from D, the vertex of the furface, the farther will

the interieflion of the redefied ray of radius C D
be from the center of the furface. Since QJE is

parallel to C D, the angle QJi C is equal to the

angle ECy; therefore the angles jEC, q C E
arc equal to each other, and confequently q C is

s
equal to q E. If E is very near to D, q D and q E
will be very nearly equal to each other, and the

point q will then be very near to T, the point bi-

fefling the radius of the furface. The parallel rays

tnen falling upon the concave furface very near to

D will converge, after refleflion, very nearly to the

point T, and that point may be confidered, and is

confidered, as the focus after refleflion of thofe rays

;

the aberration of every other ray, or the diftance

q T Tall be afterwards confidered. The parallel

rays falling on the convex fide will aifo, after re-

fleflion, appear to have diverged from this point,

T, without any very material error. We may lay

'it down, therefore, as a principle, that rays falling

upon a reflecting furface will, by the concave fide,,

be made to converge to a point bifefting a radius

drawn parallel to them, and by the convey fide will

be reflected fo as to appear to diverge from a
'

point bifefting the radius drawn parallel to them.

This point, T, is called die focus; becaufe, if the

reflector is cf fuftkient magnitude, an inflammable

objefl placed in that point may be let on fire by

tbs
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the reflected rays of the fun from the concave fur-

face ; and it is fuppofed that a degree of heat may

be excited by a concave reflector and the fun’s rays,

greater than by any known application of artificial

fire.

Let now (Fig. 6.) the rays diverging from a cer-

tain point be intercepted by a fpherical reflecting

furface, and let QJ>e that point, and A B the furface

of which C is the center; and let q E be the re-

flected ray. Draw C m parallel to q E, and C n pa-

rallel to QJE. By the principle above mentioned a

fay diverging from the point in will, after reflection,

tut the parallel radius C n in n
)
bifeCting the radiiiS

in that point; and, if a ray diverged from it will,

after reflection, cut the parallel radius C m in m, bi-

leCting that radius ; therefore C m3 Cn, C T are

equal. Since the triangles Q mC, Cnq are fimi-

lar, Qjn i m C, or C T : : C or C T : n q. The
nearer E is to D, the nearer will the points m and

ii be to T
;
Qjn will be nearly equal to QJT, and

)qn to q T. Therefore the focus of rays, after re-

flection, will be found, without very material error,

by faying, as QJT : C T : : C T : T q. Calling

therefore T the principal focus, its diftanCe from the

centre of the furface will be .a mean proportional

between its diftances from the foci of diverging and
reflected rays.

In Plate III. Fig. 7. the propofition is in the fame
manner demonftrated, by faying, that rays appearing

to diverge from my were reflected by the furface in-

tercepting rays converging to n3 and vice verfa.

Vol, I. O The
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The foci of diverging and refledtcd rays are al-

ways on the fame fide of the principal focus. The
greater the diftance of from T, the lefs is the

diftance of q from T j as (^approaches to T, q re-

moves from it ; they meet together when rays are

reflected by a concave furface in the center. When
the focus of diverging rays is between the center

and the principal focus, the focus of refledted rays is

on the other fide of the center. When Q^is in T,
the refledted rays are parallel j when QJs between

T and the furface, the rays appear to diverge from

a point on the other fide of the furface. When
rays are refledted by the convex furface, the focus

of the refledted rays is always between the principal

focus and the furface.

Having found the focus of refledted rays for a

fingle point, we can, as before, find the fituation of

the image of any objedt, by confidering the objedt

as made up of innumerable foci of diverging rays.

Let QJl (Fig. 8 .) reprefent an objedt before a

fpherical refledtor, then join QJC D, and in the line

QJD find the point the focus of rays after reflec-

tion. by the proportion laid down in the preceding

inftance. In the fame manner find the point r> and,

if neceffary, find the correlponding foci to other

points in the objedt QJR, then q r is its image.

This image will be either eredt or inverted, accord-

ing to the nature of the refledtor, and the pofition of

the objedt. Firft, if the refledtor is a fpherical con-

cave, as in Fig. 8 , and the diftance of the objedt

from the furface is greater than half the radius of

8 the
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the reflebtor, the image will be inverted, and on the

fame fide of the reflebtor with the object. If the

diftahce of the object from the redebtor is lefs than

half the radius, the image will be erebt, but on the

other fide of the reflebtor. This is feen in Fig. 9,

where q r reprefents an objebt in the fituation above-

mentioned, and QJR is its image. adly, The
image of an objebt before a convex fpherical re-

fiebtor Is always erebt, as may be feen in Fig. 9.

In plane reflebtors images correfpond, and are

fimilar to their objebts. It is not fo in fpherical

reflebtors, by which an image is made fometimes

greater, fometimes fmaller than the objebt. The
concave reflebtor has the power of diminifhing and

ftiagnifying. When the diftance of the objebt from

the reflebtor is greater that the radius, the image is

always lefs than the objebt, for q r : QJR : : C q :

C Qj and in that cafe C q being lefs than C q r

mult be lefs than QJR. When the objebt is between

the center and the principal focus, the image is greater

than the objebt, for now q r being the objebt, QJR. is

its image, and C q being lefs than C Q, the objebt

muft be lefs than its image. When the objebt is

between the principal focus and the reflebtor, the

image is greater than the objebt ; for fuppoiing
q r

(Fig. 9.) to be the objebt, and QJR. the image,

q r : QJR : : T q : T Qj but T q being lefs than

1 Qj q v muft be lefs than QR. When an objebt

is placed before a convex fpherical reflebtor, the

image is lefs than its objebt; for (Fig. 9.) TQ.
being greater than T q , QJR muft be greater than

qr.
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To find whether an object may be Teen in a re-

flector by a fpe&ator in any fituation, we draw lines

from the eye to the image, and, if thefe lines are

cut by the reflecting furface, the image is vifible,

and the part of the reflecting furface intercepted

between thefe lines is that part which reflects the

rays to the eye. Let O be the eye of the fpeCtator,

Fig. 8 ;
join O <7, Or, and produce them, if ne-

ceflary, till they cut the reflecting furface in m and

w, then m n is the part of the reflecting furface in

which the image is feen ; and the rays Q m, R ny

reflected in the direction m O, n O, are thofe by

which the extreme parts of the objeCt are feen.

This would be ftriCtly true in all cafes, if rays

proceeding from an objeCt made it always vifible

and clear ; but we are accuftomed from our infancy

to determine on the nature and pofition of objeCt9

by rays diverging from them. To fee, therefore,

by reflected rays, they mult appear to the eye to

diverge from the image, which will not be the cafe

when the eye is at a lefs diltance from a concave

relleCtor than the image. In that cafe our vifion is

confufed, the image is behind us, and we can form

no conception of it. But this wiil be farther ex-

plained when I come to treat on the nature of

vifion.

Upon the principles now laid down, we fee the

reafon of thofe beautiful and deformed images

made by objeCts placed before fpherical refleCtors,

as alfo the changes produced in them by their va-

rious pofitions with refpeCt to the refleCtor. When
a perfon
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a perfon is at a greater diftance from a concave

fpherical reflector than the radius, he perceives an

image, for inftance, of himfelf, much diminifhed.

Handing upon its head before the refleding furface

in the air j as he walks towards the center, the

image walks towards him, increafing in magnitude

;

as he walks from the center to the principal focus,

his image appears confufed, and he cannot afcer-

tain any of its parts ; as he walks from the principal

focus to the furface, the image is again clearly vifi-

ble, ered, greater than himfelf, but walking towards

him, and diminifhing conftantiy, till both objed

and image meet together in the refleding furface.

From this property of the concave refledor to

form the image of an objed, in certain cafes, before

the refledor, many deceptions have been produced,

to the great lurprize of the ignorant fpedator. He
is made to fee a bottle half full of water inverted in

the air without lofing a drop of its contents ; as he

advances into a room, he is tempted to exclaim

with Macbeth, <f
Is this a dagger that I fee before

me !” and when he attempts to grafp it, it vanifhes

into the air.

A variety of fimilar appearances may be repre-

fented, which are all produced by means of a con-

cave refledor, having an objed before it ftrongly

illuminated, care being taken that only the rays of

light refleded from the objed fhall fall upon the

concave refledor, placed in fuch a manner that the

image fhall be in the middle of the adjoining room;

or, if in the fame room with the objed and refledor,'

O 3 a fcrecn
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a fereen muft be placed fo as to prevent the fpec-

tator from difeovering them. A hole is then made

in the partition between the two rooms, or in the

fereen, through which the rays pafs, by which the

image is formed. The fpectator then, when he calls

his eyes upon the partition or the fereen, will, in cer-

tain filiations, receive the rays coming through this

frnall aperture. He will fee the image formed in

the air ; he will have no idea, if not previoufly ac-

quainted with optics, of the nature of the decep-

tion ; and may either be amufed, according to the

inclination of his friends, with tempting fruit, or be

terrified at the fight of a ghaftly apparition.

The phenomena of convex fpeculums are diffe-

rent, and in moft refpects oppofite, to thofe of the

concave fpeculum. When a perfon looks in a convex

fpherical reflector, he fees an image of himfelf, erect,

but'diminiihed. As he walks towards the reflector,

the image appears to walk towards him,.constantly

increafing in magnitude, till they touch each other

in the reflecting furface.

From this property of diminishing objects, fphe-

rical refietors are in great requeft with all lovers

of piturefque feenery. Small convex reflectors are

made in the Shops for the ufe of travellers, who,

when fatigued by ftretching the eye to alps tower-

ing on alps, can by their mirror bring thefe fublime

objects into a narrow compafs, and gratify the

fight by pictures which the art of man in vain at-*

tempts to imitate.

Chap,
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Chap. IV.

OF REFRACTION.

Refra3ion, what.—Lazv of Refraction.—Ratio of RefraCiion with

refptci to different Subftances.—How the Situation of Objects is

determined upon, fen through different Mediums.—How far the

Situation of Objects is apparently altered by the Refratiion of com-

mon Window Glafs.—RefraSion by fpherical Surfaces.

BY experience we difeovered that rays of light

are reflefled by many fubftances, and that the

angle of reflection is equal to the angle of incidence:

by experience, alfo, it has been difeovered, that the

direction of the rays of light is changed by their

paffage from one medium into another, and that this

change of direction follows a determinate law. The
fpace in which a ray of light moves, whether empty

fpace, or fpace occupied by a peculiar fubftance, is

called a medium ; and in palTing from pure fpace

into any other medium whatever, or from any me-

dium into a denfer medium, a ray of light is bent

towards the perpendicular on the furface feparating

the two mediums; in paffing from a denfe into a

rarer medium, or from any medium into pure fpace,

a ray of light is bent from this perpendicular; but a

ray of light will only, in certain directions, pafs out

of a denfe into a rarer medium ; for when the angle

O 4 is
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is of a certain magnitude, determined by the nature

of the mediums, the ray, inftead of being refradted,

will be refledted back into its onginal medium.

The law of refraction is, that the fine of incidence

is to the fine of refradlion in a given ratio, and this

ratio is difeovered by experience. Thus, when a

ray pafles out of air into water, the ratio is as

4 t0 3 *

out of water into air, as 3 to 4.

air into glafs, as 3 to 2.

glafs into air, as 2 to 3.

air into diamond, as 5 to 2.

diamond into air, as 2 to 5.

Let H F be a ray of light incident on the furface

AB, (Plate IV. Fig. 10.) of a denfe medium AB
C D, fuppofe it to be glafs furrounded by air.

Draw E F M perpendicular to A B, and make G
F M fuch an angle, that the fine of H F E fhall

be to the fine of MFG :: 3 : 2, and the ray H F

will in the glafs move in the direction G F. When
the ray comes to G it fufters another change in its

diredtion by moving into air, and to find this direc-

tion, draw IGN perpendicular to C D, and make

L G N fuch an angle, that the fine of F G I fhaJl

be to the fine of NGL :: 2:3, then the ray will

paove in the diredtion G L. Thus the whole pro-

grefs of the ray is found to be in the diredtion

pi F G L, and by the fame rule its progrels through

any number of mediums might be found.

The

#
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The direction G L is parallel to the direction

HFj for the angles MFG, F G I, N G K, are

equal ;
and fince the fine of M F G : fine 01'

M FI : : fine of N G K : fine of NGL, the an-

gles NGL, M F I, are equal, and confequently

the angles NGL, N I O, are equal. Therefor^

the lines HO, G L, are parallel.

Let FG (Fig. 10.) be a ray in a denfe me-

dium incident on G, and its direction after

emergence be G L. The greater the angle F G I

is, the greater will be the angle NGL. Sup-

pofe N G L to be a right angle, then the fine

of F G I : radius 1 : fine of incidence : fine of re-

fradlion, and according to the law of refradtion for

the given medium, the limiting angle of incidence

will be found for a ray to emerge. When the

angle of incidence is greater than this angle thus

found, the incident ray will be reflected back, as

ale.

Let rays diverging from a point Q^(Fig. it,

12.) after refradtion, move in the medium

ABCD. To a perfon in this medium they will

not appear to have diverged from Q^, but from a

point nearer to or farther off from him, according

as the medium, in which he is, is denfer, or rarer

than the medium in which the point of diverging

rays is fituated. Let QJ be an incident ray pro-

ceeding after refradtion in the diredtion I M, cut-

ting QO a perpendicular to the furface A B in y,

y
will be the point from which the rays appear to

diverge. In the triangle QJ y, QJ : I y : : line of

IyO
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} qO : fine of I QO
; that is, fince QjO is parallel

to I P : : fine of refraction : fine of incidence.

If I is very near to O, the lines QJ, q I, will be

very nearly equal to and q O, and a pcrfon

being placed in the direction QJD produced will

conceive that the rays diverged from y, when

QJ3 : q O : : fine of refraction : fine of inci-

dence. "

Upon this principle we can find the aCtual fitu-

ation of any object feen in a medium different

from that in which we arc, or feen through differ-

ent mediums. Let Q_R (Fig. iq, 14.) be any

objeCt feen by a perfon in the medium A BCD.
Then make QJF : q E and R F : r F : : fine of re-

fraCtion to the fine of incidence, and the objcCt will

appear to be at q r nearly, if the pcrfon was in the

direction QJE produced. Let O be the place of

the perfon’s eye in any other fituation, and join O r,

O q , then the object: is feen by rays refraCted within

tue furfacc tnn3 and Qyn O, R »0 , are the direc-

tions nearly of the extreme rays by which the objeCfc

is vifible.

plepce we perceive the rcafon why the bottom of

a river appears to us nearer than it really is ; and

why an oar, partly in and partly out of the water,

Lems broken. Let Qjna (Fig. 15.) reprefent

an oar, the part being out of, and the part

}» a being in the water, the rays diverging from

a will appear to diverge from h nearer to the iur-

face of the water, every point in m a will be found

nearer to the furface than its real place, and the

part
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part m a will appear to make an angle with the

part Q m.

On the fame principle a common experiment is

explained. Put a Shilling into a bafon, and walk,

back from it till the {hilling is juft obfcured by the

fide of the bafon
;
then by pouring water into the

bafon, the fhilling appears inftantly
j for by what

has been laid above, the objedh, being now in a

denfer medium, is made to appear nearer to its fur-

face. ^

As we are accuftomed to fee objects frequently

through thin panes of glafs, it may, to prevent mif-

apprehenfions on this fubjeeft, be neceftary to fhew

, what changes take place in the apparent fttuation

of thefe objects from the intervention of fuch a

medium.

Let ABCD (Fig. 15.) be a pane of glafs,

QR an objedl feen through it, whofe apparent

place, found by the preceding rules, is xr
, and let

Qjnop reprefent the progrefs of one of the rays

diverging from Then, from what has been be-

fore obferved, x p is parallel to Qj;z. Therefore

q m : m 0 : : Q q : Qjc j that is, w'hen m is very

near to E,

q E : E F ; : Qj :
Qx ;

or, q E : Qj : : E F : Q*.
But fuppofing I : R to reprefent the ratio of the

fines of incidence and refraction of a ray palling into

the glafs,

q E : Qjq : : I : I— R,

EF" : Qx : : I ; I—R j

that
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that is, the interval between the furfaces of the pane

is to the diflance between the real and apparent

places of the objetft as the fine of incidence to the

difference between the fines of incidence and refrac-

tion. For glafs this ratio is nearly that of 3 :

therefore I : I— R :
: 3 : 1, and Qjc will be there-

fore one third of EF ; if the pane of glafs is a tenth

of an inch thick, an object ieen through it will not

appear to be a thirtieth part of an inch out of its

real place ; a change which is too fmall to be taken

notice of in common life.

A ray paffing through a medium bound by plane

furfaces inclined to each other, is bent towards the

thicker or thinner part of the medium, according as

tire medium is denier or rarer than that by which it

is furrounded, and the place in which an object will

appear to be is found by a very eafy conftrudtion.

Let ABC (Plate V. Fig. 16.) be a glafs prifm,

QR an object feen through it by an obferver at

O. From Q^draw QJI perpendicular to the firft

furface AC, and let q be the focus of rays refracted

by that furface ; from q draw q E perpendicular on

A B, the fecond furface produced, if necefiary, and

iuppofing q then to be the focus of diverging rays

falling on A B, let / be the focus of rays after re-

fradlion found by the proportion before laid down,

or by joining FI E, and drawing Qj parallel to it.

In the fame manner the apparent place of R will

be found, and a perfon at O will fee the objedt

QJR apparently in t x. The point Q^he fees by

tho
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the ray QJF G O, and the point R by the ray

RLMO.
When the furfaces are fpherical, a change is

made in the apparent places of objects no lefs re-

markable than that which we have obferved in ob-

jects placed before convex or concave mirrors. To
understand the reafon of thefe appearances, it is ne-

celfary to examine the progrefs of a ray in the

fimpleft cafes, and thence to go on to the more

difficult.

Let ABFD (Fig. 17, iS.) reprefent a me-

dium rarer or denier than the furrounding me-

dium, and bounded by a fpherical Surface AEB,
and let the ray G FI parallel to I E a ray paffing

through the center of the arch AEB be refracted

at H, to or from the perpendicular, according to

the nature of the medium. The fine of the angle

C H G is to the fine of the angle CHI in a given

ratio, but Cl : IH : : S. CHI : S. CHG,
therefore I FI : I C in the given ratio of the fine

of incidence to the fine of refradtion depending on

the nature of the mediums. The nearer FI is to

E the nearer will the ratio of I H to I C be to that

of I E : I C, and confeque-ntly by finding a point I

in the line C E produced, jfiich that I E may be

to I C in the given ratio of the fine of incidence

to the fine of refradtion, all the rays parallel to I E,
which are refradted by the convex furface AEB
(Fig. 17.) will after refradtion converge to I, or

a final! lpace very near it. The greater the dis-

tance of FI from E, the greater will be the distance

of
1
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of the interfcCtion of the refraCted ray and line

IC from the points I and M. This point I is called

the focus of refraCted parallel rays.

In the fame manner M is the focus of rays com-
ing out of the denfe medium, and CM : EM : :

fine R : fine I.

Parallel rays incident on the convex furface of a

denfer medium, or the concave furface of a rarer

medium (Fig. 17.) converge after refraction; and

on the contrary, if they fall on the convex furface of

a rarer, or the concave furface of a denfer medium

(Fig. 18.) they appear to diverge after refraCtion.

The focus of parallel rays thus found is called the

principal focus.

Let now (Plate VI. Fig. 19.) be the focus

of diverging rays incident on the furface A B of

a denfer medium; to find the focus after refraction

draw Qj an incident ray, and fuppofe T to be the

focus of rays parallel to C incident on the con-

cave furface IEB, and make CP equal to C T,

from I draw I q parallel to C P, and q will be the

focus of refraCted rays. Let / be the focus of rays

parallel to QC incident on the convex furface,

and make C p equal to C/. T. hen fince a ray pa-

rallel to Cp incident on the concave furface would

after refraCtion converge to P, a ray diverging from

P will after refraction go parallel to C P. Now

the courfe of the ray QJ is the fame, whether it

is confidered as diverging from Q_ or P 3
therefore

the direction of one of the rays diverging from

Q^vill be in the line QJ?- Suppole now the ray
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q I to be turned back, its progrefs will be the fame

as if it had diverged from p ;
but all rays diverging

from p, and incident on the concave furface, move

after refraCtion parallel to C p, p being the focus

of parallel rays incident on the other furface, there-

fore the ray pi mult after refraction move paral-

lel to Cp) but its direction mult neceffarily be I

therefore I is parallel to Cp. We have hence

two fimilar triangles QJ? C, Cpq and QP : PC
: : Cp : pq. Now if I is very near to E, QP, P C,

Cp, pq will be very nearly equal to QftT, T C, C /,

tq, and by making as QT to TC, lo C / to tq, we

lEall find a point q near to which all the rays di-

verging from Qjvill by refraCtion be made to con-

verge.

Hence QT varies inverfely as tq that is, the

greater the diflance of Q^from T, the lefs will be

that of q from /, for C T and C /, remain inva-

riable in the proportion, however the pofition of

may be varied.

The points Qjmd q are always on oppofite fides

of T and t.

if the point Qpvas at fuch a difiance, that the

rays diverging from it might be confidered as

parallel,
q and t would coincide. As Qjvas brought

nearer to T, q would recede from /; when Qand T
coincide, little q will be no longer in the line E 7,

but the refraCted rays will now be parallel. As Q^
moves from T to E, q appears at a great diftance

from E on the fame fide of the furface with Qjmd
overtakes it at E.

Diverging
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Diverging rays incident on the convex furface of

a denfer medium, or the concave furface of a rarer

medium, are made to converge or diverge according

to the fituation of their foci with refpedt to the

principal focus. When they are incident on the

convex furface of a rarer medium, or the concave

furface of a denfer medium, their progrefs may be

feen in Figures 20, 21.

The ray QJ diverging from Q^will be affected

in the fame manner as if it was fuppolcd to con-

verge to P the principal focus of rays incident on

the concave furface
; but a ray converging to P,

v/ill by refradlion of the convex furface be made to

proceed in a direction parallel to C P, therefore q I

will be parallel to C P. Again, a ray incident orl

concave furface converging to y, may be confidered

as converging to p, the focus of parallel rays on the

convex furface, and therefore by refradlion of the

concave furface, it will be made to proceed in a di-

redlion parallel to C p. Hence as before the triangles

QPC, qp G are fimilar, and the fame proportion

is deduced Q_T : T C : : / C : t q.

Rays therefore diverging from any point, and in-^

tercepted by the convex furface of a rarer or con-

cave furface of a denfer medium will by refradlion

be made always to diverge more. Upon the fame

principles, and in the fame manner, the effedls of

fpherical furfaces on converging rays is fhewn,

which are exadlly oppofite to thofe of diverging rays,

and a learner may profitably exercife himfelr by

trying the effedl on paper on rays converging or

divereina
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diverging* refraCted by the convex or concave fur-

face of different mediums.

Having thus difcovered the progrefs of rays of

light diverging from any point, and intercepted by

a refracting fpherical furface, we fhall find no diffi-

culty in accounting for the apparent places of ob-

jects feen in different mediums bounded by fpherical

furfaces. .

Let QJVl (Plate VII. Fig. 22.) be an objeCt in a

glafs medium, and q the focus of refraCted rays di-

verging from Qj m the focus of refraCted rays di-

verging from M. Then qm will be the image of

QJVL Let O be the place of the fpeCtator, and

join 0^,0 m, then r s is the part of the glafs through

which he fees the objeCt, and Qg O, MjO are

the extreme rays by which it is feen. Let a denfe

medium be now bounded by a convex furface,

fig. 23. and an objeCt QJVl be at luch a diftance

from it, that its image fhall be q »/, and the place of

the fpeCtator O. He will fee only part of the ob-

jeCt correfponding to u w, and through the part of

the furface A s} and the objeCt will appear to him

inverted.

If the eye Is placed nearer the furface than the

image is, the objeCt will appear confufed 5 for the

rays ftriking the eye will then be converging to a

place behind it: but as I have been rather prolix

on this fubjeCt in the cafe of objects before reflect-

ing mirrors, it will not be neceffary to purfue it

farther, as on the fame principles the reader will

witheafe determine the part of an objeCt feen in

Vot. I. P anv
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any medium, bounded by a fpherical furface, the

part of the furface through which it is feen, and the

rays by which it is feen. The truth of fume of thefe

principles may be experimentally fhewn by objedts

placed in glafs veffcls, with concave or convex

furfaces, filled with water, but as we cannot form a

medium rarer than that in which we live, the cafes

pf objects placed in a rarer medium muff remain

eftablifhed on the fixed bafis of mathematical truth

here laid down. If we were indeed to rarify the air

in a hollow glafs globe, we might obferve, perhaps,

the changes made in the apparent places of an objedt,

according to the fuccefiive degrees of rarefadtion

;

but ftill the objedt would be feen through one me-

dium much denfer than the furrounding atmofphere,

and before we can examine the apparent fituation of

an objedt placed in one medium, which is feparated

from another by a medium of a different denfity

from cither, and bounded by a concave and convex

furface, we mud endeavour to account for the ap-

pearances which arc daily before our eyes, namely,

the changes made in the apparent places of objedts

by the interpofition of a denfe fubflance bounded by

fpherical furfaces.

Chap.

r
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Chap. V.

9 \

OF LENSES.

Glcffes uftd to correft and afjijl the Sight.—Different Forms of

Lenfes.—Effects refulting from thefe different Forms.—Double

convex and concave Lenfes.—Plano-convex and concave Lenfes.

—Hovj to determine the Focus of a Lens.—Focus of Rays di-

. verging fro?n a Point, and intercepted by a Lens.—Focus of a

Sphere.

'T N common life, perfons whofe fight is bad make

ufe of glafies to corredt the defedt in their eyes,

and thefe are in general thin pieces of glafs, the fur-

faces of which are both concave, or both convex, and

equal fegments of a fphere. Such a glafs, we have

already feen, is called a lens, which is not, however,

confined to thefe two fhapes; for fome have one fur-

face plane and the other concave, fome have one fur-

face plane and the other convex, others have one

furfaqe concave and the other convex; but the pro-

perties of all thefe glafies will be eafily underftood

by any perfon who has duly confidered the effedt of

a fingle fpherical refradting furface on the rays of

light.

1 1 is necefiary to premife, however, that in invef-

tigating the properties of a lens, we confider its

thicknefs as very inconfiderable, and that in every

P 2 fpecies
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fpecies there is a point, through which if a line is

drawn in any direction, and interfered by the fur-

faces of the lens, a ray refraCted by one furface into

this line will, after the fecond refraCtion, emerge pa-

rallel to its firft direction.

Let A I o B n (Plate VII. Fig. 24, 25.) reprefent

a convex or concave lens, the radii of w'hofe furfaces

are equal, and draw C I, C z from the centers C, r,

parallel to each other, and join I i. Suppofe now I i

to be a ray of light within the lens refraCted by both

lurfaces at I and i. Since the radii are parallel, the

angles of incidence are equal, and confequently the

angles of refraCtion are.equal, and the refracted rays

mult make equal angles with the incident ray I /,

that is, they mult be parallel to each other. A ray,

therefore, incident on I, and proceeding in the direc-

tion I /, will, after refraction at i, proceed in a di-

rection parallel to its firft direction. In the fame

manner any other ray incident on one furface, and

proceeding in the line joining two parallel radii,

will, after refraCtion at the fecond furface, emerge

parallel to its firft direction. But the line joining

two parallel radii will always pafs through the fame

point m\ therefore all rays pafting through this

point m Will, after refraCtion at the fecond furface,

proceed parallel to the direction, which they had

before the firft refraCtion. This point m is the

center of the lens, and in the two cafes before us it

bifeCts the thicknefs of the lens ; for fince the tri-

angles Clm, cim are fimilar, C I : ci : : Cm : cm

and as C I and ci are equal C m and cm are equal,

and
1
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and confequently n m and mo are equal. If the

radii were not equal, the center of the lens is neareft

to that furface whofe radius is the lead/ and its place

may be accurately found by the preceding pro-

portion.

In Plate VIII. Fig. 26, 27. reprefcnt two lenfes,

the one with a plane and a convex furface, the other

with a plane and a concave furface. In both cafes

the center of the lens will be at n in the fpherical

furface, for the point may be confidered as in the

tangent to the circle at «, which is parallel to A I B,

therefore the ray I i makes equal angles of incidence

at the points I and /, and confequently the angles of

refraction will be equal. From the proportion alfo

difcovered in convex or concave lenfes, the fame

truth is evident 3 for as we increafe the radius of

A I B, the point m approaches nearer to n 3 and as

this radius may be increafed without limit, the

diftance of m n may be decreafed without limit, fo

that evidently the nearer the circle approaches to a

plane figure, the nearer will be the approach of
m to n,

Plate VIII. Fig. 28. reprefents a lens with one

furface concave the other convex, in which cafe the

point m will be without the lens.

Having found the centre of a lens, we are next to

find its principal focus or point, from which parallel

rays, after refraftion, appear to diverge, or to which
they converge. Let A B (Plates VIII. IX. Fig. 29,

3 °> 3 L 32, 33, 34) reprefent a lens,whofe center is E,
and the centers of the furfaces R and r3 and let q E G

P 3 be



2 1 4 How to find the Focus of a Lens. [Book III.

be drawn parallel to the incident rays; then as the

diredions before and after refradion of a ray palling

through the center of a lens are parallel, ? EG will

reprefent the courie of one of the incident rays with-

out fenfible error. Parallel to EG draw BR,
and in B R produced find the focus V of parallel

rays incident on the furface B ; therefore by the

fii'ft re fradion the parallel rays are made to ftrike

the fecond furface A, converging to the point V.

Join r V. Then one of the rays, which after the

firft refradion moved within the glafs in the direc-

tion r A, will pafs through the fecond furface A,
without any refradion, in the diredion AV, fince rA
is perpendicular to the fecond furface. But E G is

the courfe of another ray alio after the fecond re-

fradion, and G, the point cf interfedion of thefe two

rays, will be the focus of the lens, near to which all

the other rays will interfed each other. For all

the rays incident on the fecond furface converging to

the point V, by what has been proved of rays re-

fraded by a fingle fpherical furface, will be made to

converge to a point between A and V. We have

found the point G, as above, for a double convex

lens, but the fame mode of reafoning applies to

other lenfes, and a fingle infpedion of the figure

will fhew whether the rays converge or diverge after

the firft refradion.

With E as a center, and E G as radius, dcfcribe

the arc G F. Then if the diredion of the parallel

rays is changed, die focus will always be in the arc

G F, and if the incident rays are parallel to r R,

* . the
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the axis of the lens, the principal focus is in F. A
double convex and plane convex lens make parallel

rays to converge; a double concave and plane con-

cave make them diverge. A lens with a concave

and convex furface make them converge or di-

verse, according as the furfaces do or do not inter-

'

fe<5t each other, or in general it may be faid of all

thefe lenfes, that the parallel rays converge or di-

verge after refradtion according as the middle of

the glafs is thicker or thinner than its extremities.

Upon the fame principles alfo may be found the

foci of lenfes, luppofing them to be compofed of

fubftances rarer inftead of denfer than the furround-

ing medium.

Having found the principal focus of a lens, we

fhall with the fame eafe find the focus of rays di-

verging from a point, and intercepted by a lens, as

we did when they were intercepted by a fingle

furface. Let Q^(Plate IX. Fig. 35.) be the focus of

diverging rays incident on the lens A B, and let F,

f be the principal foci of rays incident on the fur-

faces B or A, in a contrary diredlion, and let QJ
repreient an incident ray. With E as a center,

and E F radius, defcribe the arc F G interfering

QJ in G, join E G, and draw A q parallel to E G,

then with E as a center, and Ef radius, defcribe

the arcfg interfering iq in g, and join E q. The
ray Qj will be affected in the fame manner, whe-

ther it is confidered as diverging from Q^orG;
but fince rays parallel to E G, incident on the fur-

face B, are by the refrarion of the lens made to

P 4 converge
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converge to G, a ray diverging from G will, after

die refradtion of the lens, move parallel to EGj
therefore the ray QJ will be made by the lens to

move in the direction A q. Again, if the ray was

turned back, it might be confidered as diverging

from g, and by the lens it would be made to move
in the direction /‘Q, parallel to E^. Hence we

have two triangles, QG E, E G <7, fimilar to each

other, and QJj : GE : ; Eg : gq-t that is, the

nearer i is to E, the nearer will this proportion be

to that of QF : F E : : E/ : fqy a proportion

fimilar to that which we found before with fingle

furfaces.

The points Q^and q will be on the oppofite fides

of their refpedtive foci. The greater QJF is, the

lefs will be qf, and vice verfa and the apparent

places of objedls viewed through thefe glaffes will

be found in the fame manner as with fingle furfaces.

It will be fufficient therefore only to refer the rea-

der to Plates IX. X. Fig. 36, 37. which he will

eafily underfland without farther explanation.

The principal focus of a fphere is found with the

fame facility as that of a lens. Let M (Plate X.

Fig. 38.) be the principal focus of rays incident on

the convex furface A O, then bifedt M D, in I,

and I will be the principal focus of the fphere.

For let the ray G A be refradted by the convex fur-

face to B, and at B by the concave furface to I,

and let IB, G A produced meet each other in K-

Now luppofe that the ray A B within the fphere

emerged at both places A and B, then fince the

$
' angles
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angles of incidence CAB, C B A are equal, the

angles of refraction, and the difference between the

angles of incidence and refraCtion, will be equal;

therefore K A B is equal to K B A, and K A equal

to KB] but the triangle B I M is fimilar to the tri-

angle K B A, therefore I B is equal to I Mj and as

B approaches to D, the nearer will I B be equal to

I D, that is, I D to I M, and confeque.ntly the prin-

cipal focus will bifeCt D M, or the lead diftance of

the principal focus of rays refracted by the convex

furface from the fphere.

Having thus found the principal focus of the

jjphere, I fhall leave the reader to find the apparent

places of objefts feen through it, as the mode to be

purfucd has already been diffidently defcribed, and

the proportion is fimilar to that difcovered in tliQ

confide ration of lenfes.

I

Chap*
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Chap. VI.

OF VISION AND OPTICAL GLASSES.

The Eye defcribed as an optical Infrument. —Defers of the Eye .

—

Short and --weak Sight .— The former remedied by double concave,

and the latter by double convex. Glajfcs .

—

Hovj the Faculty offee-

ing corredly is acquired.—Apparent Magnitude depends on the

Difance of Qbjeds .— Vifual Angle.—In vjhat Manner Glafes

ajff the Sight.

\ *

T H E ftrudture of the eye will be confi-

dered in another place *; it will be lufficient

therefore at prefent to treat it as a fimple lens,

which has the power of refradting the rays of light,

incident upon it, on the retina, whence we derive

all our ideas of fight, and by repeated experience

corredt the errors which by that organ alone might

have been produced. Let AB (Plate X. Fig. 39.)

reprefent a fedtion of the eye, M N being the pu-

pil, A q p B the retina or optic nerve expanded over

the internal furface of the eye, and let qp be the

image of QJP made by the lens M N. The adtion

produced on the part of the retina qp occafions a

fenfation, from which we derive by the fight our

knowledge of external objedts.

* See Book IX. Chap. 41. Senfe of Sight.

/ Now
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Now if the lens MN was fixed, the image of

two objedts at different diftances from the eye

would not fall on the retina, and therefore it is

wifely provided by our Creator, that we fhould

have the power of adapting the lens to the diftance

of the objeft, lb that its image fhould be always

upon the retina. This is the cafe with the gene-

rality of mankind ; but all perfons have not this

power; for the eyes of fome are fo conflrudted,

that the rays of light either converge too foon or

too late; that is, the image is made in fome place

between the jetina and the pupil, or it would be

made behind the retina, if the retina was removed;

hence thefe perfons cannot fee objects diflindtly,

and to remedy thefe defedts glaffes are ufed, which

in the one cafe make the rays diverge, and in the

other cafe make them converge. Thus for fhort-

fighted perfons as they are called, double concave

glaffes, for long-fighted perfons, double convex

glaffes are ufed. By means of the concave glaffes,

the rays incident on the eye are made to diverge

more ; and confequently the eye, which before

made them converge too foon, will now be able to

form the image on the retina. By the convex

glaffes the rays are made to converge, and confe-

quently the image, which would otherwise have

been behind the retina, is now formed in its proper

place on the retina.

It is a long time, probably, before the child is

able to ufe all the mufcles by which the pupil is

contracted or expanded, fo that the image fhould

fall
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fall exadtly upon the retina, and then the ideas

formed by the fight muft be exceedingly inaccu-

rate. At firft all objects will appear equally to

touch the eye, and the apparent magnitude of the

object will depend on the part of the retina covered

by the image. By degrees thefe ideas are corredted,

,
and the hands inftrudt, after iome difficult experi.

ments, the eye. The child difcovers that objefts

are at a diftance from its body, and that fuch as

make the fame angle at the pupil are not always of

the fame real magnitude
; hence it learns by de-

grees to combine together the angle under which an

objedt is feen and the diftance, and, according to

its future employments in life, thefe ideas will be

N
combined together with greater or lefs accuracy.

The judgment of one perfon, accuftomed to diftant

objedts, will be very corredt, while a perfon em-

ployed in the nicer works of art will be continually

deceived in looking at the fame diftant objects, and

the contrary.

An object will aftedt us differently, I have faid,

according to the angle under which it is feen, and its

diftance. Firft, if feveral objedts are feen under the

fame angle, they would, to a perfon whofe judg-

ment was not better informed, appear to be of the

fame fize, for they would make the fame image

upon the retina.

Again, if feveral objedts were at the fime dif-

tance from the eye, the magnitude of the vifual

angles, and the fmall images on the retinas, would

depend on the magnitude of the objedts.

Hence
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Hence the real magnitude varies as the diftance,

when the vifual angle is the fame ; and it varies as

the vifual angle, when the diftance is the fame

;

therefore the real magnitude of an objedt varies as

the vifual angle, or apparent magnitude multiplied

into the diftance.

By repeated experiments the fight of every perfon

might be much improved. Suppofe a' yard to be

placed at a certain diftance from the eye, and the

apparent magnitude of the yard and the diftance to

be fo imprefted on the fpedlator’s mind, that on

fetting it up in any place he could walk back and

fix exactly on the fpot which fhould be at the firft

given diftance from his eye to the yard, he might,

by degrees, accuftom himfelf to meafure objects fo

accurately, as to be very little liable to miftakes in

any of his calculations. What he could do by ob-

lervation, we do by theory. Thus when the dif-

tance of an object and the angle under which it is

feen are given, we can very nearly tell its real

magnitude. Let QJ
3 (Fig. 40.) be the objedt,

O the place of the fpedtator, at the diftance of one

hundred rods, and the angle under which it is feen

thirty degrees. Then fuppofe R S to be a pole, ex-

actly a rod high, eredted perpendicularly at a rod’s

diftance from O <7, and note the angle under which

it is feen. Then QJ
3

: R S : : QO P X O
: : RO S X OR; let R O S zz a, .*. QJP : one

rod : :
30° X 100 : a .*. QP — ^— IQQ

^ a

By the fame proportion from the real and appa-

rent
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rent magnitudes we can find the diftance, or from
the real magnitude and the diftance find the appa-
rent magnitude.

For fince QJP : R S : : QO P x O Q : R O S
x OR, QP : r : : QO P x O Qj a O
- QP

a ^ ^ r, _ ^ OP
- qjj p

and QO P - q -^-

1 o fee any objeft it has been obferved (Fig. 39.)
that an impreffion muft be made upon the re-

tina; but to the eye, as to the other fenfes, it

happens, that an impreffion does not always pro-

duce a fenfation. There is an angle qMp of a

determinate magnitude *, which varies indeed in

the eyes of different perfons, but is fuch that any

objedl making a lefs angle ip the pupil does not

produce a fenfation on the retina of fuch a nature

that a perfon can have a determinate idea of the

objeift. This angle is in general about half a mi-

nute ; and each perfon may difeover the ftrength of

his fight by taking an object of a determinate length.

* If the dillar.ee of any objeft from the eye is fufliciently

great for the rays to fall nearly parallel on the pupil, the fame

objefl is feen more enlarged and diftintt the nearer it is brought

to the eye, becaufe the image of any bbjeft on the retina will

be greater or lefs in proportion to its apparent magnitude:

when the object is too near the eye it continues to be enlarged,

but is confufed. The leaft diftance is about fix inches.

The eye is capable of diftinguiftiing objetts that iubtend an

angle of half a minute of a degree, in which cafe the image on

the retina is lefs in breadth than the part of an inch, and*

the object, fuppofmg it fix inches diltant, 'about the -—^15 Part

of an inch broad. And all fnialler objects are invifible to the

naked eye.

and
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and removing it to fuch a diftance that it fhall juft

ceaie to be vifible, or appear only as a point. Let

QJP (Fig. 40.) be carried to that diftance, then

meafure O Q^, and lay, as O Q^: QJP : : radius :

tangent of QO P, and the angle QJD P will be

found, or the lead; angle under which an objedt is

feen.
/

When objedts are beyond that diftance, they con-

iequently are invifible to us j and if by any art we

can make them appear as if they were within this

diftance, they will then appear to us as other objects

feen under the fame angle, and at the fame diftance.

Upon this principle depend many of the effects

produced by glafies and telefcopes, which I {hall

confider firft in the fimpleft cafes.

A perfon at O (Fig. 40.) can fee diftindtly,

we will fuppofe, an objedt placed at the diftance

Oq, but it it is removed beyond that diftance

his vifion is confufed. Let an objedt be placed

at the diftance O Q^, by means of a double con-

cave glafs, which makes, the rays diverging from

Q^to appear to diverge from q , the objedt will be

feen diftindtly. On the other hand, if a perfon can

fee diftindtly all objedts at the diftance QJh but

none within that diftance, by means of a double

convex glafs, which makes the rays diverging from

qp to appear to diverge from QJP, he will fee the

objedt q

p

diftindtly. To find then by what fort

of lens an objedt is to be feen at any diftance, we
muft take into confideration the diftance of the

objedt, and the diftance of diftindt vifion, from

4 which

1
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which it will be eafy to find a lens of fuch a focal

length as will make the objedt appear at the diftance

required.

For in Plate XI. Fig. 41, 42, the triangles Q^A q,

TLgq, are fimilar ; therefore,

QA : Q^q : : E g : E y, or

QE : Qj : : E / : E q j

. F f
-Q.E x E q

That is, the focal length of the glafs is equal to the

redtangle under the diftances of diftindt vifion and

the given objedt divided by the difference of thefe

diftances.

If in the cafe of fhort-fighted perfons the objedt

is at fuch a diftance that the rays coming from it to

the eye may be confidered as parallel, QE and

Q^q may be confidered as equal without any mate-

rial error, and the focal length of the glafs will then

be equal to the diftance of diftindt vifion.

By want of attention in the choice of glaffes, a

defedt in fight may be confiderably increafed, for

the eye may be ftrained to an accommodation witli

the glafs. Short-fighted perfons, as they advance

in years, are often found to improve in fight ; long--

fighted perfons, on the contrary, find their fight im-

paired by age. For the convexity in the pupil of

both diminifhes with years *
j in one cafe it was too

great,

* This is the generally received opinion, but from fome ob-

fervations lately communicated to the world in the Philofophi-

cal Tranfadtions, by Dr. Hofack, there is reafon to believe, that

the
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great, and confequently the diminution was benefi-

cial ; in the other cafe it was already too fmall, and

the diminution muft be confequently prejudicial.

With a fingle glafs the defedts in fight, with re-

fpedt to many objedts either too near or at too great

a diftance, for the perfons labouring under them, are

remedied j but it has been before obferved, that there

is a certain angle to every perfon, which limits his

fight, and confequently objedts making an angle lefs

than that to his eye muft be indiftindtly perceived.
__ t

The art of man has difcovered a remedy, in a great

degree, to this imperfection, and by means of a

combination of glafifes has opened a wide field for

his refearches into the wonders of nature j he can

now trace the limbs of an infedt invifible to the

naked eye, or he can make the celeftial objedts

appear to him as if their diftance had been on a fud-

den diminifhed by many millions of miles.

the convexity and concavity are not changed, as was generally

imagined, but that the mufcles of the eye grow weaker, like

other mufcles, by age, and confequently are not able, as in early

life, to vary the diftance between the retina and anterior furface

of the eye, fo as to make it correfpond to the diftance of the

objeft. This queftion will doubtlefs occupy the attention of the

anatoraift and philofopher.

Voi. I. Q. Chap.
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Chap. VII.

VISION THROUGH TELESCOPES AND
MICROSCOPES.

Principles on which thefc Injl^uments are conJhufled.—DefeSls

Teilefccpe of Galileo.—Microfcope— Reflecting Telefcope.—Camera

Obfcura.—Magic Lanthorn.

s
• !

LEI' QJP ( Plate XI. Fig. 43.) reprefent a very

diftant obje£t, and let die rays coming from

it, before they fill upon the eye, be intercepted by

two convex lenl'es, placed at a diftance from each

other equal to the fum of the focal lengths. The
lens A B is called the obje<5t-glaft, from its being

oppofed to the objedt
; C D the eye-glafs, from its

being neareft to the eye. Since the object is at a

very great diftance, the image made by refradlion,

q p}
will be made at a diftance from the objedt-glafs

equal to its focal length, and confcquently the image

is diftant from the other glafs exaflly its focal

length, and the rays diverging from any point of

the image will, after refra<5tion by the eye-glafs,

move parallel to the line drawn from that point

through the center of the glafs. The progrefs of

the rays then, by which the objedt is feen, is eafily

traced. A ray P b will be refradled by the objeft-

glafs in the direction PA^D, and by the eye-glafs

* - in



Chap. 7.] Principle of the Pelefcope. 227

in the direction d O parallel to p E. The angle,

therefore, under which the image is feen, is equal

to qfcp, and the angle by which the objedt would

have been l'een by the naked eye is equal to q F p ;

confequenrly the magnitude of the objedt feen by

the naked eye is to its magnitude, feen through the

glades, as q F p to yEp, that is, as^E : ^ F, or

as the focal length of the eye-glafs to the focal

length of the objedt-glafs.

By this fimple combination of glafies an objedt

appears inverted ; but this is of no confequence to

aflronomers, and for objects on land feveral con-

trivances are ufed to redtify this appearance.

The quantity of the objedt vifible depends upon

the magnitude of the eye-glafs. Let A p reprefent

an extreme ray refradied by the objedt-glafs ; if the

eye-glafs is of fuch a magnitude as to intercept it,

the whole of the objedt will be feen ; if the eye-

glafs is too fmall for this purpofe, join DA, C B,

the* extremities of the lenfes, and the part of the

image cut off by thefe lines will lhew the propor-

tional part of the objedt which is invifible.

Since the focal lengths of two lenfes are fufcepti-

ble of any proportion whatever, it might feem that

nothing more was necefiary than to take two lenfes

of determinate focal lengths to make us intimately

acquainted with the moft diftant of the heavenly

bodies j but after a certain length the difficulty of

managing thefe glaffies becomes infurmountable

;

and for diftant objedts on the earth, when the mag-

0^2 nifying
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nifying power is more than a hundred, the vapours

on the earth would render vifion obfcure.

The breadth of the objed-glafs is of no confe-

quence as to the magnifying power, for whatever it

may be, the image will be equally formed at the dif-

tance of its focal length ; but the brilliancy of the

image will be increafed by the breadth, as a greater

number of rays will then diverge from every given

point of the image.

To make the image appear ered, two other con-

vex lenfes are required, of equal focal lengths. The

rays emerging from the eye-glafs are intercepted by

the firft of thefe lenfes, and are made to converge

to points at the diftance of its focal length ; thence

they diverge, and being intercepted by the other

lens at the diftance of its focal length, they are made

to proceed parallel to the lines drawn from each

point through the center of the lens. Thus the

firft image of QJ* (Fig. 44.) is y p, the fecond K I.

The apparent magnitude of the objed is not changed

by thefe glaftes, and depends, as before, on the focal

lengths of the objed-glafs and lens neareft to it. The

brilliancy of the objed, however, will be diminifhed,

fince feveral rays will be loft in their paftage through

the two additional glaftes.

An inftrument made with glaftes combined toge-

ther in this manner, and inferred in a tube, is called

a refrading telefcope ;
the latter word implying,

according to its fignification in the Greek language,

the property of feeing objeds at a diftance. In

placing
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placing the gTaffes in this tube, care muft be taken

that the axes of the lenfes coincide, or, as it is evi- .

dent from our principles, indiftindt vifion only will

be produced.

Inftead of the two additional glafles, Galileo

changed the convex eye-glafs into a concave one,

by which, as to the magnifying power, the fame

effedl was produced. Thus (Fig. 45.) qp being

the image of QJ
5
, by placing a double concave

lens between this image and the objedl- glafs, the

rays converging to p appeared to diverge from R,

and I R, the image feen by the eye at O, was made

eredt. In this cafe, the nearer the eye is placed to

the glafs, and the greater the pupil, the more of

the objedl will be feen.

A microfcope, or an inftrument formed to infpedt

minute objedts, is conftructed exadlly ons the fame

principles. A globe of glafs, or double convex

lens, will, from what has been faid, anfwer the pur-

pofe; or, a minute objedl, feen through two convex

lenfes, will be magnified in the proportion of the

focal length of the objedl-glafs to that of the eye-

glafs *. In all cafes, in whatever manner we com-

bine

«•* Microfcopes are conftrudted in two different modes.

The one is, by the interpofition of a convex lens between

the objett and the eye, to render it diftintt at a lefs diftance

than fix inches, by which means its apparent magnitude in-

creafes as the diftance is diminifhed; and the other is, by plac-

ing the object fo with refpedl to a convex lens, that its focal

image may be much greater than itfelf, and contemplating

that image inftead of the objeft. The firft are called ftmple or

0~3 fingle
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bine our glalTes to difcover the magnifying power,

it is neceflary only to compare together the angles

under which the objedt is feen through the eye-

glafc,

fingle microfcopes, and the latter compound or double. The
former is conftru&ed in this manner: fuppofe a I’mall object

fituate very near the eye, fo that the angle of its apparent mag-

nitude may be large; then its image on the retina will alfo

be large; but becaufe the pencils of rays are too divergent to

be collected into their foci on the retina, it will be very con-

futed and indiltindt. Then let a convex lens be interpofed, lb

that the diltance between it and the objedl may be equal to the

focal length at which parallel rays would unite, and the rays

which diverge from the objedt, and pafs through the lens, will

afterwards proceed, and confequently enter the eye, parallel;

they will therefore unite, and form a diilindt image on the re-

tina, and the ohjedt will be clearly feen, though if removed to

the diftance of fix inches, its fmallnefs would render it invifible.

The moft convex lenfes, having the Ihorteft focal dillance of

parallel rays, mult magnify the molt; for they permit the ob-

ject to approach nearer the eye than thofe do which are flat-

ter.

A drop of water is a hind of microfcope, from its convex

lurface; for, if a fmall hole is made in a plate of metal, or other

thin fuoftance, and carefully filled with a drop of water, fmall

objects may be feen through it very dillindt, and much magni-

fied.

In the compound microfcope, the image is contemplated in-

flead of the object; it is of two kinds, the folar and the com-

mon double microfcope; in the latter, the image is viewed

through a fingle lens in the fame manner as the ohjett in a fingle

microfcope. The folar microfcope is conltrudted by placing a

convex lens oppefite a hole in a darkened chamber, and placing

the objedt at a proper diftance from the lens, the pencil of light

will converge to a focus on a fereen, and the pencil which pro-

ceeds from the other point will converge to another focus, and

the
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glafs, and that under which it would have been feen

by the naked eye.

Inftead of ienfes only,.for reafons hereafter to be

mentioned, a combination has been formed of re-

riedting furfaces and Ienfes, and from the names of

the inventors, thofe of the greateft ufe are now called

the Newtonian, Gregorian *, and Herfchelian tele-

fcopes. The reflefting telefcope on the Gregorian

principle, which is the molt common, as it is found

to be the mod: convenient, is conftrudled in the fol-

lowing manner.

At the bottom of the great tube (Plate XII. Fig.

46.) TTTT is placed a large concave mirror

D U V F, whofe principal focus is at and in the

middle of this mirror is a round hole P, oppofite to

which is placed the fmall mirror L, concave toward

the great one, and fo fixed to a ftrong wire M, that it

may be removed further from the great mirror, or

nearer to it, by ineans of a long fcrew on the infide

of the tube, keeping its axis ftill in the fame line

the intermediate points of the objeft will be formed into a pic-

ture, which will be as much larger than the objedt in proportion

as the diftance of the fereen exceeds that of the image from the

lens.

* The difference between the Newtonian and Gregorian

telefcope is, that in the former the fpectator looks in at the fide

through an aperture upon a plane mirror, by which the rays re-

flected from the concave mirror are reflected to the eye-glafs,

whereas in the latter, the reader will fee that he looks through.,

the common eye glafs, which is in general more convenient, and

therefore that is the telefcope which is novr in the molt univer-

fal repute.

0.4 P m n
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P mn with that of the great one. Now, fince in

viewing a very remote objeCt, we can fcarcely fee a

point of it, but what is, at leaft, as broad as the

great mirror, we may confider the rays of each

pencil, which flow from every point of the objeCt,

to be parallel to each other, and to ccvef- the w'hole

reflecting furface D U V F. But to avoid confu-

lion in the figure, we fhall only draw two rays of a

pencil flowing from each extremity of the objeCt

into the great tube, and trace their progrefs through

all their reflexions and refractions to the eve / at

the end of the fmall tube //, which is joined to the

great one.

Let us then fuppofe the objeCt A B to be at fuch

a diflance, that the rays C may flow from its lower

extremity B, and the rays E from its upper extre-

mity A ; then the ray.? C falling parallel upon the

great mirror at D, will be thence reflected converg-

ing in the direction D G, and by crofling at I in

the principal focus of the mirror, they will form the

upper extremity I of the inverted image I K, fimi-

lar to the lower extremity B of the objeCt A B, and

pafling on to the concave mirror L (whole focus

is at n

)

they will fall upon it at g, and be thence

reflected, converging in the direction g N, becaufe

g m is longer than gny and pafling through the hole

P in the large mirror, they would meet fomewhere

about r, and from the lower extremity b of the ereCt

image a b, fimilar to the lower extremity B of the

objeCt AB. But by pafling through the plano-con-

yex glafs R in their way, they form that extremity

of
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of the image at b. In the fame manner the rays E,

which come from the top of the objecfl: At ,
and fall

parallel upon the great mirror at F, are thence re-

flected, converging to its focus, where they form the

lower extremity K of the inverted image I K flmilar

to the upper extremity A of the ob;e£t A B, and

thence palling on to the fmall mirror L, and falling

upon it at h
i
they are thence reflected in the con-

verging ftate h O; and going on through the hole P
of the great mirror, they would meet fomewhere

about <7, and form there the upper extremity a of the

erect image ab> flmilar to the upper extremity A of

the object A B; but by palflng through the convex

glafs R in their way, they meet and crofs fooner, as

at a ,
where that point of the erect image is formed.

The like being underflood of all thefe rays which

flow from the intermediate points of the object be-

tween A and B, and enter the tube T T, all the in-

termediate points of the image between a and b

will be formed
; and the rays paffing on from the

image through the eye-glafs S, and through a fmall

hole e in the end of the lefler tube t !> they enter

the eye /, which f^es the image a b (by means of the

.eye-glafs) under the large angle c e d, and magni-

fied in length under that angle from c to d.

In the beft reflecting teiefcopes, the focus of the

fmall mirror is never coincident with the focus m of
the great one, where the firft image I K is formed,

but a little beyond it (with refpedt to the eye) as

at n
; the confequenee of which is, that the rays

pf the pegcil? will not be parallel after reflexion

, from
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from the fmall mirror, but converge fo as to meet

in points about q> e
y
r, where they would form a

larger upright image than a b, if the glafs R was

not in their way, and this image might be viewed

by means of a fingle eye-glafs properly placed be-

tween the image and the eye ; but then the field of

view would be lefs, and confequently not fo pjeafant;

for that reafon the glafs R is Hill retained to enlarge

the fcope or area of the field.

To find the magnifying power of this telefcope,

multiply the focal diflance of the great mirror by the

diftance of the fmall mirror from the image next

the eye, and multiply the focal diftance of the fmall

mirror by the focal diftance of the eye-glafs; then

divide the produ6t of the former multiplication by

that of the latter, and the quotient will exprefs the

magnifying power*.

The immenfely powerful tclefcopes of Dr. Herf-

chcl are on a different conftruction. This aifiduous

aftronomer has made feveral fpeculums, which are

fo perfect as to bear a magnifying power of more

than fix thoufand times in diameter on a diftant ob-

ject t. The object is refle<5ted by a mirror as in

the Gregorian telefcope, and the rays are intercepted

by a lens at a proper diftance, fo that the obferver

has his back to the objedt, and looks through the

lens at the mirror. The magnifying power will

* Fergui'on’s Lefturcs, p. 235.

| Sec Pldl. Tranf, 1784*
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in this cafe be the fame as in the Newtonian tele-

fcope, but there not being a fecond refledor, the

brtghtnefs of the object viewed in the Herlchelian is

greater than that in the Newtonian telefcope.

There are feveral amufing optical deceptions,

which are effeded by a proper combination of

plane or convex glaffes. My limits will not admit

of my noticing more than two of the amufing kind,

namely, the magic lanthorn and the camera ob-

fcura. The former is a micro fcope upon the fame

principles as the folar microfcope, and may be

ufed with good effed for magnifying fmall tranf-

parent objects; but in general it is applied to the

purpofe of amufement, by calling the fpecies or

image of a fmall tranfparent painting on glafs upon

a white wall or fcreen, at a focal diftance from the

inftrument.

Let a candle or lamp C (Fig. 47.) be placed in the

infide of a box, fo that the light may pafs through the

plano-convex lens N N, and ftrongly illuminate the

cbjed OB, which is a tranfparent painting on glafs,

inverted and moveable before NN, by means of

a Hiding piece in which the glafs is fet or fixed.

This illumination is ftill more increafed by the re-'

fiedion of light from a concave mirror S S, placed

at the other end of the box, that caufes the light to

fall upon the lens N N, as reprefented in the figure.

Laftly a lens LL, fixed in a Hiding tube, is brought

to the requifite diftance from the objed OB, and a

large ered image IM is formed upon the oppofite

• wall.

The
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The camera obfcura has the fame relation to the

telefcope, as the folar microfcope has to the com-

mon double microfcope, and is thus conftructed

:

Let C D (Fig. 48.) reprefent a darkened chamber

perforated at L, where a convex lens is fixed, the cur-

vity of which is fuch, that the focus of parallel rays

falls upon the oppofite wall. Then ifA B be an ob-

ject at fuch a diftance, that the rays which pro-

ceed from any given point of its furface to the

lens L may be efteemed parallel, an inverted pic-

ture will be formed on the oppofite wall j for the

pencil which proceeds from A will converge to a,

and the pencil which proceeds from B will con-

verge to by and the intermediate points of the ob-

jedl will be depicted between a and b*.

* Nicholfon’s Natural Philof. vol. i. p. 547.

Ciiap.
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Chap. VIII.

OF THE DIFFERENT REFR ANGIB 1 L IT Y
OF THE RAYS OF LIGHT, AND OF CO-
LOURS *.

Errors and Inconveniencies in optical Injlruments from the Refrac-

tion of Light.—Newton, while attempting to remedy thefe, difco-

•vers a new Property in Light,—Phenomena and Caufe of Colours.

—Achromatic Telefcope.—The Eye an achromatic optical Injlru-

vient.—Experiments on Colours.——Caufe of the permanent Colour

of opake. Bodies.

I
N the preceding chapters we have feen, that in

finding the foci, fome errors naturally arife by

refradtion from every furface whatever, and by re-

flexion from all fpherical furfaces. When parallel

rays are refradted by a lens (as in Plate XII.

Fig. 49.) the farther the ray is from its center, the

greater will be its deviation from the point F
which we called the focus. This deviation MF
is called the longitudinal aberration, and F N its

latitudinal aberration; and as we fee on a piece of

paper a fmall circle formed by the rays of the fun

* This fubjett has been partly anticipated in the 1 ft and 2d

chapters of this book, in which it was neceflary to give a fuper-

ficial account of the difeoveries concerning light, and of its ge-

neral properties. The reader will, however, have no caufe to

regret a little repetition, as the fubjedl is not very clear to a

learner, and cannot be too forcibly imprdTed on the mind.

intercepted
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intercepted by a convex lens, its magnitude de-

pends on its radius, or the latitudinal aberration

FN. This aberration depends on the aperture of

the glafs A B, and it does not increafe in the fim-

p)e proportion, but the triplicate of the femi-aper-

ture*. Thus, if P V and y>V reprefent the fame

glafs

* LetK<7,L£, (Plate XII. Fig. 59.) be two parallel rays

very near to each other, incident on the concave reflating fur-

face A C B at a, b, it is required to find m, the interfedion of

the rays after refradion. Draw El, EH the fines of inci-

dence and refradion; and from the point H draw II G per-

pendicular to the radius E b, and from G draw G m parallel to

the incident rays, and cutting the refraded ray bf in m, m is the

point required.

For A a E—rt m c -f-/7 c m— a m r+ r E b -f cb E .*. ArtE—

-

c £E m c-\-c E^=Increment of the angle of refradion, and

c E 4= increment of the angle of incidence increment of the

angle of incidence : increment of refradion : : a E b : a E b -fr-

a m b.

aEi: a mb : : increment of incidence : increment of re-

fradion — increment of incidence.

But when the fines cf angles are to each other in a given ra-

tio, the increments of the angles vary as their tangents.

aEb : am b : : tangent of incidence : tangent of refradion—
tangent of incidence.

But H G is the tangent of refradion, lib G and O G is the

tangent of incidence O b G.

a E b : a m b : : O G : H O.

With m as center, and m b radius,

p , 1 a b b d
ar.b-.ambw : —

.

bm

deferibe the arc b d, then

Now a b : b d : : E b : £ H. •

Hence ^M:^H::OG:HO, and G m joining the points

C and m is parallel to the incident rays, and ccnfequently by

drawing
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glafs with different apertures PH, p E, the latitudi-

nal aberration N F in the firft cafe will be to that

of n F in the lecond as the cube of P H to the

cube of pE. ..
'

.

Philofophers,

drawing from G a parallel to the incident rays, the point of in-

terfeflion of the refrafttd rays is determined.

Hence, fince £H=£EXCof. of E Hd, the radius being

unitv, the diftance of the interfeftion from the point of inci-

dence is found, by making as the difference of the tangents of

incidence and rsfraftion to the tangent of incidence fo is ra-

dius of the furface multiplied into the cof. of refratf ion, to the

diflance of the point of interfeftion from the point of incidence.

The diflance m of the interfettion mg from the axis C F, va-

ries as the cube of the femi-aperture of the fpherical fur-

face.

For mg=D G=E G x Sin. GED=EGxS,EH
EG=HEx

C

os. HEG=HExS. H£E.

HE= EixS. H£E.

... «£=eaxs7hTe: 4 xS.e

*

r.

butS.H^E varies, as S.E^I and E b is a conftant quan-

tity.

... m g varies as sTeTTI 3
, that '13 as IIT; 3

, that is as

bcim-aperturch.

If the line mg be now fuppoled to move parallel to itfelf on

the axis C F, and to be made proportional in every place to the

cube of the femi-aperture, a curve will be formed to which the

refrafled rays will be tangents, and as the adjacent rays crofs

each other in the points m, or the extremities of the ordinate

;

the light in thefe points will be fironger than within its area

;

and the curve thus formed which experiment fhews to us, in

various inflances, is called a cauftick.

All the rays incident on the furface b C will pafs within the

fpace mg, and confequently if the rays of the fun are refrafted

by a concave furface, and received by an opaque body perpen-

dicular to the axis at the diftance Cg, z circle of light will be

formed.
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Philofophers, confidering the errors to which they

were thus expofed by the fpherical form of their

glafles, employed their thoughts a long time on

various modes to bring the rays of light more accu-

rately to a focus. The greateft of philofophers,

Newton himfelf, was endeavouring to make a re-

flector of a parabolical form, which, if he had fuc-

ceeded in his attempt, would manifeftly have obvi-

ated this inconvenience, when his thoughts were

turned into another channel by a difcovery, which

taught him that the errors arifing from the fpheri-

cal form of his glafles were trifling, compared with

what mult arife from his newly difcovered property

of the rays of light. Each ray,- nocwithltanding

the exceeding minutenefs of Its breadth, was now

found to be compounded of feven other rays, from

formed, whofe denfity is greater at the circumference and leaft

at its canter. But though all the refradted rays will pafs through

the area of a circle at the diftance C^, whofe diameter is mi,

they will, at a greater diftance from the furface, pafs through a

much fmaller circle np , which, when it is the leaft, is called the

circle of lead diffufion, and in this circle the denfity of rays,

and confequently the heat, is the greateft. In this circle the

denfuy of the rays will be the greateft in the center, and it de-

creafes between the center and the circumference to a place

where it is a minimum, and consequently increafes again to the

circumference. The inveftigation of this property would carry

us too far into the abftrufe mathematics; but what has been faid

fufRciently (hews the nature of the diffufion of the rays of light

from the figure of the furface, which is now known to occafion

a much greater error, in proportion to that arifing from refran-

gibility, vhan was fuppofed by our firft philofophcr.

whofe
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whofe various combinations all the beautiful colours

in nature originate.

The experiment on which this difcovery is found-

ed is thus deferibed by Newton himfelf.

‘ In a very dark chamber, at a round hole F (Plate

XIII. Fig. 50.) about one-third of an inch broad,

made in the fhut of a window, I placed a glafs prifm

ABC, whereby the beam of the fun’s light, S F,

which came in at that hole, might be refraCted up-

wards, toward the oppofite wall of the chamber,

and there form a coloured image of the fun, re-

prefented at PT. The axis of the prifm (that is,

the line paffing through the middle of the prifm,

from one end of it to the other end, parallel to the

edge of the refracting angle) was in this and the fol-

lowing experiments perpendicular to the incident

rays. About this axis I turned the prifm flowly,

and faw the refrafted light on the wall, or coloured

image of the fun, firft to defeend, and then to

afeend. Between the defeent and afeent, when the

image feemed ftationary, I flopped the prifm and

fixed it in that pofture.

1 Then I let the refrafted light fall perpendicu-

larly upon a fheet of white paper, MN, placed at

the oppofite wall of the chamber, and obferved the

figure and dimenfions of the folar image, PT,
formed on the paper by that light. This image was

oblong, and not oval, but terminated by two recti-

linear and parallel fides and two femicircular ends.

On its Tides it was bounded pretty diftinCllyj but

on its ends very confufedly and indiftinCHy, the light

Vol. I. R there
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0 there decaying and vanilhing by degrees. At the

diftance of i S feet from the prifm, the breadth of

the image was about inches, but its length was

about i o£ inches, and the length of its redi linear

fides about eight inches ; and A C B, the refrad-

ing angle of the prifm, whereby lo great a length

was made, was 64 degrees. With a lels angle

the length of the image was lefs, the breadth re-

maining the fame. It is farther to be obferved,

that the rays went on in llrait lines from the prifm

to the image, and therefore at their going out of

the prifm, had all that inclination to one another

from which the length of the. image proceeded.

This image P T was. coloured, and the more emi

nent colours lay in this order Horn the bottom at

1 ’ to the top ac P i red, orange, yellow, green, blue,

indigo, violet, together with all their intermedi-

ate degrees, in a continual fuccellion, perpetually

varying.’

Our phiiofopher continued his experiments, and

by making the rays thus decompounded pafs

through a f.cond prilm, he found that they did

not admit of farther decompofition, and that objects

placed in the rays producing one colour always

appeared to be of that colour. He then examined

the ratio between the lines of incidence and refrac-

tion of thefe decompounded rays, and found that

each of the levcn primary colour-making rays, a .

they may be called, had certain limits within which

they were confined. Thus, let the fine of incidence

in glals be divided into fifty equal parts, the fine of

refraction.
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refra&ion into air of the lead and mod refrangible

rays will contain refpedtively 77 and 78 filch parts.

The fines of refra&ion of all the degrees of red

will have the intermediate degrees of magnitude,

from 77 to 774, orange from 77^ to 774, yellow

from 77-i to 77I, green from 774. to 77 1, blue

from 77 £ to 7 7 indigo from 77^ to 774-, and

violet from 774- to 78.

According to the properties of bodies in refloat-

ing or abforbing thefe rays, the colours which we

fee in them are formed. If every ray falling upon

an objetfl was refle&ed to our eyes, it would appear

white ; if every ray was abforbed it would appear

black; between thefe two appearances innumera-

ble fpecies of colours may be formed by reflection

or tranfmiflion of the various combinations of the

colour making rays *. If the rays alfo of light

• were

* The original or component rays of light are fepatable

from each other, not only by refraCtion, or by varying the

angle of incidence on a reflecting furface, but are likewife at

like incidences more or lefs refleCtible, according to the thick-

nefs or diflance between the two farfaces of the medium on

which they fall. They are alfo liable to be turned out of their

direft courfe by approaching within a certain diflance from a

body, by which means a reparation enfues, the rqys being more

or lefs deflected as they differ in colour. Of thefe circilmflances

it will be prdper to give fome account.

If a convex glafs or lens, or a portion of a fphere, is laid

upon another plane glafs, it is evident that it will reft or touch

at one particular point only ; and, therefore, that at all other

places between the adjacent furfaces will be interpofed a thin

plate of air, the thicknefs of which will increafe in a certain

R 2 ratio.
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were not thus compounded, every objcdl would

appear of the lame colour, and an irkfome unifor-

mity would prevail over the face of nature.

We have feen that when rays of light were re-

fracted by any furface, the focus after refraClion de-

pended on the ratio between the fines of incidence

and refraCtion, and that this focus was not a mathe-

matical point. The reader will naturally infer,

that the aberration mult be confiderably increafed,

when for each order of colour-making ravs a dif-

ferent ratio between thefe fines mult be afilimed.

Common obfervers, without underftanding the

caufe, may be made fcnfible of this by noticing

ratio, according to the diftance from the point of contact. Light

incident upon fuch a plate of air is difpofed to be tranfmitti.d

or reflefted according to its thickncfs; thus, at the center of

contatt, the light is tranfmitted, and a black circular fpot ap-

pears ; this fpot is environed by a circle, the colours of which,

reckoning from the internal part, arc blue, white, yellow, red;

then follows another circular ferics, viz. violet, blue, green,

yellow, red ; then purple, blue, green, yellow, red
;
green, red ;

greenilh blue, red ; greenifh blue, pale red; greenilh blue, red-

difh white.

Thefe are the colours which appear by rffledlion. By the

tranfmitted light the following feries are feen. At the center,

white, then yellowifh red, black, violet, blue, white, yellow,

red, & c. ; fo that the tranfmitted light at any thicknefs, initead

of white, appears of the compounded colour which it ought to

have after the fubtra&ion of fome of the conftituent colours by

reflection; after which feries, the colours become too faint and

diluted to be difeerned. It is curious to obferve, that the glafles

will not come into contact without a confiderable degree of pref-

1 tire. JsUhdjtn't Phile/ophj, vol. i. p. 282.

the
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the colours of objects leen through a telefcope; and

from the difficulty of the fubjedt it might feem im-

poffible that any remedy ffiould be applied to the

inconvenience. Yet who ffiall fet bounds to the

fagacity of man ? Mathematicians could point out

certain combinations of forms and refrangible

powers by which the rays might come colourlefs, as

the white making rays are commonly called, to the

eye; and a celebrated optician of our own times, Mr.

Dollond, has had the merit of realizing, in great mea-

fure, their theories. By making a compound lens of

three different fubftances of different refrangible

powers, the rays of light, which were difperfed too

much by one convex lens, are brought nearer to an

union with each other, and the telefcopes made with

an objedt glals of this kind are now commonly ufed,

and well known by the name of achromatic tele-

fcopes; the word achromatic being ufed by that pe-

dantry which infedts raoft of our philofophers, who
love to give a Greek word, unintelligible to the

greater part of their readers, inflead of the equally

fignificant term in our own language, colourlefs.

( The objedt-glaffes of Mr. Dollond’s telefcopes

are compofed of three diftindt lenfes, two convex

and one concave; of which the concave one is

placed in the middle, as is reprefented in Fig. 51.

where a and c Ihow the two convex lenfes, and b b

the concave one, which is by the Britifh artifts

placed in the middle. The two convex ones are

made of London crown glafs, and the middle one of

white flint glafs ; and they are all ground to fpheres

R 3 of
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of different radii, according to the lefra&ive powers

of the different kinds of glafs, and the intended focal

diftance of the objeft- glafs of the telefcope. Ac-
cording to Bofcovich, the focal diftance of the pa-

rallel rays for the concave lens is one -half, and for

the convex glafs one-third of the combined focus.

When put together, they refract the rays in the fol-

lowing manner. Let ah, nb (Fig. 52.) be two

red rays of the fun’s light falling parallel on the firft

convex lens c. Suppofing there was no other lens

prefent but that one, they would then be converged

into the lines he
,
be, and at laft meet in the focus

q. Let the lines gh y gh, reprefent two violet rays

falling on the furface of the lens. Thefe are alfo

refracted, and will meet in a focus ; but as they have

a greater degree of refrangibility than the red rays,

they muft ofconfequence converge more by the fame

power of refraction in the glafs, and meet fooner in

a focus, fuppofe at r.— Let now the concave lens

d d be placed in fuch a manner as to intercept all

the rays before they come to their focus. If this

lens was made of the fame materials, and ground to

the fame radius with the convex one, it would have

the fame pow-er to caufe the rays to diverge that

the former had to make them converge. In this

cafe, the red rays would become parallel, and move

on in the line 00, 00: but the concave lens, being

made of flint glafs, and upon a ft) orter radius, has

a greater refraClivc power, and therefore they di-

- verge a little after they come out of it ; and if no

third lens was interpofed, they would proceed di-

verging
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verging in the lines opt, opt

,

but, by the inter-

pofition of the third lens 0 v 0, they are again made

to converge, and meet in a focus fomevvhat more0
| _

diftant than the former, as at x'. By the concave

lens the violent rays are alfo refradted, and made to

diverge: but having a greater degree of refrangibi-

lity, the fame power of re fraftion makes them- di-

verge fomewhat more than the red ones ; and thus,

if no .third lens was interpofed, they would proceed

in fuch lines as /m n , / m n. Now as the differently

coloured rays fall upon the third lens with different

degrees of divergence, it is plain, that the fame power

of refradtion in that lens will operate upon them in

fuch a manner as to bring them all together to a

focus very nearly at the fame point. The red rays,

it is true, require the greateft power of refradtion to

bring them to a focus ; but they fall upon the lens

with the leaft degree of divergence. The violet

rays, though they require the leaft power of refrac-

tion, yet have the greateft degree of divergence

;

and thus all meet together at the point x, or very

nearly fo *.*

The more we inveftigate the works of nature,

the greater reafon have we to admire the wifdom of

its author, and that wonderful adaptation of our

organs, in the minuteft particulars, to the general

laws which pervade the univerfe. The fubjedt be-

fore us affords a flriking inftance to corroborate this

remark. We have hitherto "fuppofed the eye to be

a lens capable only of enlarging and contradting,

* Encyclop. Brit. vol. xiii, p. 354.

R 4 and
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and conlequently, from the defcription now given

of the rays of light, it muft be incapable of obviat-

ing the confufion which muft arife from their diffe-

rent degrees of refrangibility. But here the ufe of

that wonderful ftrufture of parts, and the different

fluids in the eye, is clearly feen. The eye is, in

fa<5t, a complex lens. Each fluid has its proper de-

gree of refrangible power. The fhape of the lenfc$

i* altered at will, according to the diftance of the

objeft i and the three fubftances having the proper

powers of refrangibility, the effetfts of an achroma-

tick glafs are without difficulty performed by the

eyt?, whofe mechanical ftrudture and judicious ar-

rangement of fubftances it is in vain for the art of

man to imitate.

From what has been ftated, the principal pheno-

mena of colours may, without much difficulty, be

explained. »

If all the different-coloured rays which the prifm

affords are re-united by means of a concave mirror,

the produce will be white
;

yet thefe fame rays,

which, taken together, form white, give, after the

point of their re-union, that is, beyond the point

where they crofs each other, the fame colours as

thofe which departed from the prifm, but in a re-

verfed order, by the crofting of the rays; the reafon

of which is clear ; for the ray being white before it

was divided by the prifm, muft neceffarily become

fo by the re-union of its parts, which the difference

of refrangibility had feparated, and this re-union

cannot in any manner tend to alter or deftroy the

nature

1
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nature of the colours ; it follows then that they muft

appear again beyond the point of eroding.

In the fame manner, if we mix a certain propor-

tion of red colour with orange, yellow, green, blue,

indigo, and violet, a colour will be produced which

refembles that which is made by mixing a little

black with white, and which would be entirely white

if fome of the rays were not loft or abforbed by the

groffneis of the colouring matter.

A colour nearly approaching to white is alfo

formed by colouring a piece of round pafteboard

with the different prifmatic colours, and caufing it

to be turned round fo rapidly that no particular

colour can be perceived.

If to a fingle ray of the fun divided by the prifm,

which will then form an oblong- coloured fpeeftrum,

a thick glafs deeply coloured with one of the primi-

tive colours is applied, for example red, the light

which pafles through will appear red only, and will

form a round image.

If two thick glafles, the one red and the other

green, are placed one upon another, they will pro-

duce a perfeeft opacity, though each of them, taken

feparately, is tranfparent, becaufe the one permits

the red rays only to pafs through it, and the other

only green ones, therefore when thefe two glaffes

are united, neither of thofe kind of rays can reach

the eye, becaufe the firft permits only red rays to

pafs, whereas the fecond receives only green ones,

which are the only rays it can tranfmit.

If the rays of the fun are made to fall very ob-

liquely
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liquely upon the interior furface of a prifm, the vio-

let-coloured rays will be reflected, and the red, &c.

•will be tranfmitted
; if the obliquity of incidence is

augmented, the blue will be alio reflected, and the

other tranfmitted
; the reafon of which is, that the

rays which have the mod: refrangibility are alfo

thofe which are the eafieft reflected *.

In whatever manner we examine the colour of a

fingle prifmatic ray, we fhall always find, that nei-

ther refra&ion, reflexion, nor any other means, can

make it forego its natural hue ; but if we examine

the artificial colouring of bodies by a microfcope,

it will appear a rude heap of colours, unequally

mixed. If we mix a blue and yellow to make a

common green, it will appear moderately beautiful

to the naked eye ; . but when we regard it with mi-

crofcopic attention, it feems a confufed mafs of yel-

low and blue parts, each particle reflecting but one

feparate colour.

To determine the caufe of the permanent colours

of opake bodies, a feries of experiments was infti-

tuted by Mr. Delaval, as noticed in the hiftorical

part of this book. He prepared a great variety of

coloured fluids, which he put in phial bottles of a

fquare form. The backs of thefe phials he coated

over with an opake fubftance, leaving the front of

the phial uncovered, and the whole of the neck. On
expofing them to the incident light, he found, that

from the parts of the phials which were covered at

the back no light whatever was refle£ted, but it was

* BrilTon, Traite Elem. de Phyfique, tom. ii. page 361.

perfectly
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perfectly black,while the light tranfmitted through the

uncoated parts of the phials was of different colours.

The fame fluids, fpread thinly on a white ground,

exhibited their proper colours ; the light indeed

being in this cafe reflected from the white ground,

and tranfmitted through a coloured medium. It is

almoff: unneceflary to add, that when fpread upon a

black ground they afforded no colour.

The fame experiments were repeated with glafs

tinged of various colours, and the refult was per-

fedlly the fame. When thefe glaffes are of fuch a

thinnefs, and are tinged fo dilutely that light is

tranfmitted through them, they appear vividly co-

loured j when in larger mafles, and the tinging mat-

ter more denfely diffufed through them, they are

black
j when the tranfmitted light, in the tranfparent

plates of thefe glaffes, was intercepted by covering

the further furface, they appeared black.

From thefe different phenomena Mr. Delaval

clearly deduces thefe remarks — iff, That the co-

louring particles do not reflect any light, adly, That

a medium, fuch as Sir Ifaac Newton has defcribed,

is diffufed over the anterior and further furfaces of

the plates, whereby objects are reflected equally and

regularly as in a mirror.

When a lighted candle is placed near one of thefe

coloured plates, the flame is reflected by the me-
dium diffufed over the anterior furface; the image

thus reflected refemblcs the flame in fize and co-

lour, for it is fcarcely fenfibly diminifhed, and is not

at all tinged with colours : if the plate is not very

mafiy.
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maffy, or too deeply tinged, there appears a fecon-

dary image of the flame, reflected from the further

furface of the glafs, and as the light, thus refledted,

pafles back through the coloured glafs, it is vividly

tinged.

The fecondary image is lefs than that which is

reflected from the anterior furface. This diminu-

tion is occafioned by the lofs of that part of the

light which is abforbed in pafTing through the co-

loured glafs.
f

The next object of this ingenious philofopher

was to obtain the colouring particles pure and un-

mixed with other media. To this end he reduced

feveral tranfparent coloured liquors to a folid con-

fiftence by evaporation, and in this ftate the co-

louring particles reflected no light, but were en-

tirely black.

To determine the principle on which opakc bo-

dies appear coloured, it is therefore only necefiary,

in the firft place, to recolledt, that all the coloured

liquors appeared fuch only by tranlmitted light;

and odly, that thefe liquors, fpread thinly upon a

white ground, exhibited their refpedtive colours;

he therefore concludes, that all coloured bodies,

whic-li are not tranfparent, confift of a fub-ftratum of

fome white fubftance, which is thinly covered with

the colouring particles.

On extracting carefully the colouring matter from

the leaves, wood, and other parts of vegetables, he

found that the bafis was a fubflance perfectly white.

He alfo extracted the colouring matter from diffe-

rent
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rent animal fubftances ; from flefh, feathers, &c.

whence the fame conclufion was diredtly proved.

Flelh confifts of fibrous veffels, containing blood,

and is perfe&ly white when diverted of the blood

by ablution ;
and the florid red colour of the flefh

proceeds from the light which is reflected from the

white fibrous fubftance, through the red tranfparent

covering formed by the blood.

The refult was the fame from an examination of

the mineral kingdom.

Some portions of light are reflected from every

lurface of a body, or from every different medium

into which it enters. Thus, tranfparent bodies re-

duced to powder appear white, which is no other

than a copious refleftion of the light from all the

furfaces of the minute parts, and from the air which

is interpofed between thefe particles.

The general appearance of a ftrong infufion of

cochineal is black ; but when agitated, its furface is

covered with a red froth. The reafon is, that the

light is reflected from the globules of air inclofed

in each of the bubbles which conftitute the froth,

and is tranfmitted through the films of red liquor

which cover them. Several vitreous fubftances in

like manner appear black in a felid mafs, but when

powdered, of a different colour. The adtion of

thefe powders on the rays of light is the 'effect of

the difcontinuance of their parrs, and the air being

admitted into the interfaces, the light is tranfmitted

. through the thin tranfparent particles of the glafs,

which give it that tinge which the powder exhibits.

7 If
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If oil, inftead of air, intercedes the interftices of

powdered fubftances, in proportion as it approaches

to the denfity of the fubftances themfelves, and as it

exceeds air in this refpedt, it renders the colour pro-

portionably darker. “ Thus when indigo, and

other tranfparent paints, are united with oil, the air

is expelled from their interftices, and the oil which

is admitted in its ftead, from the nearnefs of its

denfity to that of the powder, reflects no fenfible

jight, fo that the mafs, which confifts of fuch uni-

formly denfe media, is black.” <£ When fmooth

furfaces of dark-coloured marble or flate, or any

other polilhed fubftance, are fcratched, the air enters

into the interftices which are opened by this opera-

tion, and according to the excefs of its rarity over

that of the maflfes which it intercedes, it refledts a

whiter or lighter-coloured hue. By polifhing the

furface alfo, the air is removed from them, and the

dark hue is reftored.”

From thefe experiments he concludes, “ that

vegetable, animal, and mineral coloured matter is

tranfparent j that it does not refledt colours, but

only exhibits them by tranfmiflion j that opake co-

loured bodies confift of tranfparent matter covering

opake white particles, and transmitting the light

which is refledted from them.”

With refpedt to the l'emi pellucid fubftances, fuch

as the folution of lignum nephriticum, &c. whicli

appear of one colour by incident and another by

tranfmitted light, he fays, “ they confift of pellucid

media, through which white or colourlefs opake

2 particles

I

I
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particles are diffufed. Thefe white particles, he

adds, are difpofed at luch diffmces from each other,

that fome of the incident rays of light are capable of

palfing through the intervals which intercede them,

and thus are tranfmitted through the femi-pellucid

mafs. Some forts of rays penetrate through the

maffes, whilft other forts, which differ from them

in refr.ingibilitv, are refradted by the white or co-

lourlefs particles. Thus, when pellucid colourlels

glafs is melted with arfenic; the arfenic is thereby-

divided into minute opake particles, which are

equally diffufed through the glafs. If only a fmall

quantity of arfenic is ufed in this compound, the

white particles are thinly diffeminated in it. When
glafs of this compofition is held between the win-

dow and the eye, it exhibits a yellow or orange

tinge; when viewed by incident light it is blue.

The yellow or orange arifes from the lefs refrangi-

ble rays, from the mixture of which that colour re-

l’ults. The more refrangible are reHcdfed back by

the white particles.

C H A P.
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Chap. IX.

OF THE RAINBOW, AND OTHER REMARK-
ABLE PHENOMENA OF LIGHT.

•

Of the primary andftcondary Rainbow.—Why the Phenomenon af-

fumei the Form of an Arch.—At what Angles the different Co-

lours are apparent.—Lunar Rainbow.—Marine Bow.—Coloured

Bonosfeen on the Ground.— Halo or Corona.—Curious Phenomena

J'een on the Top of the CordileraS.—Similar Appearance in Scotr

land.—Parhelia, or Mock Suns.—Singular Lunar Phenomenon.—

Blue Colour of the Atmnfphere.—Rcd Colour of the Morning and

Evening Clouds.—Colour of the Sea.

S
INCE the rays of light are found to be de-

compounded by refracting furfaces, we can no

longer be furprifed at the changes produced in any

objeCl by the intervention of another. The vivid

colours, which gild the rifing or the fetting fun,

mult neceffarily differ from thofe, which adorn its

i¥>on day fplendor. There mull be the greateft

variety which the livelieft fancy can imagine. The

clouds will affume the moft fantaftic forms, or

will lower with the darkeft hues, according to the

different rays which are reflected to our eyes, or

the quantity abforbed by the vapours in the air.

The ignorant multitude will neceffarily be alarmed

by the fights in the heavens, by the appearance at

one time qf three, at another of five funs, of cir-

cles
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cles of various magnitudes round the fun or moon,

and thence conceive that fome^fatal change muft

take place in the phyfical or the moral world, fome

fall of empires or tremendous earthquakes, while

the optician contemplates them merely as the natu-

ral and beautiful effedts produced by clouds or va-
v..

pour in various maffes upon the rays of light.

One of the moft beautiful and common of thefe

appearances deferves particular inveftigation, as,

when this fubjedt is well underftood, there will be

little difficulty in accounting for others of a fimilar

nature, dependant on the different refrangibility of

the rays of light. Frequently, when our backs are

turned to the fun, and there is a fhower either

around us or at fome diftance before us, a Ipe-

eies of bow is feen in the air, adorned with the fe-

ven primary colours. The appearance of this bow,

in poetical language called the iris, and in common
language the rainbow, was an inexplicable myftery

to the antients; and, though now well underftood,

continues to be the fubjedt of admiration to the pea-

fant and the philofopher.

We are indebted to Sir Ifaac Newton for the ex-

planation of this appearance, and ‘by various eafy ex-

periments we may convince any man that ais theory

is founded on truth. If a glafs globe is fufpended

in the llrong light of the fun, it will be found to re-

fledt the different prifmatic colours exadtly in pro-
portion to the pofition in which it is placed

;

in other words, agreeably to the angle which it

forms with the fpedlator’s eye and the incidence of
Vol. I. . S the
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the rays of light. The fadt is, that innumerable

pencils of light fall upon the furface of the globe,

and each of thefe is feparated as by a prifm. To
make this matter ftill clearer, let us fuppofe the

circle BOW (Plate XIV. Fig. 53.) to reprefent

the globe, or a drop of rain, for each drop may
be confidered as a fmall globe of water. The red

rays, it is well known, are leaf!: refrangible; they will

therefore be refracted, agreeably to their angle of in-

cidence, to a certain point O in the mod diftant part

of the globe ; the yellow, the green, the blue, and

the purple rays will each be refradted to another

point. A part of the light, as refracted, will be

tranfmitted, but a part will alfo be refledled ; the

red rays at the point O, and the others at certain

other points, agreeably to their angle of refradtion.

It is very evident, that if the lpedtator’s eye is

placed in the diredtion of 1V1 W, or the courfc

of the red making rays, he will only diftinguifh

the red colour ; if in another ftation, he will

lee only by the yellow rays; in another, by the

blue, &c. : but as in a fhower of rain there are

drops at all heights and all diftances, all thofe that

are in a certain pofition with refpedt to the fpedla-

tor will refledt the red rays, all thole in the next fta-

tion the orange, thole in the next the green,

&c.

To avoid confufion let us for the prefent ima-

gine only three drops of rain, and three degrees of

colours in the feel ion of a bow (Fig. 54.) It is

evident that the angle C D F. is lefs than the angle

BDE,
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B D E, and that the angle A D E is the greateft of

the three. This largeft angle then is formed by the

red rays, the middle one conflfts of the green, and

the fmalleft is the purple. All the drops of rain,

therefore, that happen to be in a certain pofition to

the eye ofthe fpectator, will reflect the red rays, and

form a band or lemicircle of red ; - thofe again in a

certain pofition will prefent a band of green, &c.

If he alters his ftation, the fpectator will (till fee a

bow, though not the fame bow as before ; and if

there are many .
lpectators they will each fee a dif-

ferent bow, though it appears to be the fame.

There are fometimes feen two bows, one formed

as has been defcribed, the other appearing exter-

nally to embrace the primary bow, and which is

fometimes called a fecondary or falfe bow, becaule

it is fainter than the other ; and what is moft re-

markable is, that in the falfe bow the order of the

colours appears always reverfed.

In the true or primary bow, we have feen that

the rays of light arrive at the fpectator’s eye after

two refractions and one reflection; in the fecon-

dary bow, on the other hand, the rays are fent

to our eyes after two refractions and two reflections,

and the order of the colours is reverfed, becaule in

this latter cafe the light enters at the inferior part

of the drop, and is tranfmitted through the fu-

perior. Thus (Fig. 55.) the ray of light which

enters at B is refracted to O, whence it is reflected

to P, and again reflected to W, where, filtering ano-

S 2 ther
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ther refraCtion, it is fent to the eye of the fpeCtator.

The colours of this outer bow are fainter than thofe

of the other, becaufe, the drop being tranfparent,

a part of the light i-s tranfmitted, and confequently

loft, at each reflexion.

The phenomenon aflurrtes a femicircular appear-

ance, becaufe it is only at certain angles that the -re-

fracted rays are vifible to our eyes. The lead refran-

gible, or red rays, make an angle of forty-two de-

grees two minutes, and the moft refrangible or vio-

let rays an angle of forty degrees feventeen minutes.

Now if a line is drawn horizontally from the fpeCla-

tor
T

s eye, it is evident that angles formed with this

line, of a certain dimenlion in every direction, will

produce a circle, as will be evident by only attach-

ing a cord ofa given length to a certain point, round

which it may turn as round its axis, and in every

point will defcribe an angle with the horizontal line

of a certain and determinate extent.

Let HO, for inftance (Fig. 53.) reprefentthe ho-

rizon, B W a drop of rain at any altitude, S B a line

drawn from the fun to the drop, which will be pa-

rallel to a line S M drawn from the eye of the fpec-

tator to the fun. The cotirfe of part of the decom-

pownded ray S B may be firft by refraCtion from B to

O, then by reflection from O toW, laftly by refraCtion

from W to M. Now all drops, which are in fuch

a fituation that the incident and emergent rays S B,

MW produced through them make the fame angle,

SNM will be the means of exciting in the fpefta-

tors
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tors the fame idea of colour *. Let M W turn upon

H O as an axis till W meets the horizon on both

Tides, and the point W will defcribe the arc of a

circle, and all the drops placed in its circumference

will have the property we have mentioned, of tranf-

mitting to the eye a particular colour. When the

plane HMWO is perpendicular to the horizon,

the

* Half the angle between the incident and emergent rays is

equal to the difference between m times the angle of refrac-

tion and the angle of incidence ; m being equal to the number

of reflections added to unity. BCL=CBN-f C.N B, and alfo

B CK=C OB + CBO= 2. CBO.
.-. CBN + CNB = 2. CBO.
CNB= 2. CBO—CBN,

C N B is half the angle between the incident and emergent

rays, and 2 —m, there being in this cafe only one reflection

;

and by purfuing the enquiry in the fame manner when the num r

ber of reflections is increafed, it will appear that CNB always

equals m. CBO— CBN.
This angle C N B, if the angle of incidence increafes from no*

thing, firlt increafes and then decreafes, therefore m C B O—
CBN will in fome place be a maximum ; that is, where m tiroes

the fluxion of CBO, is equal to the fluxion of C B N.

Let C B 0=A and C B N= B.
• • •

A : B : : 1 : m
and radius being equal to upity

SA SB
. .

SA
.

SB
cof. A '

cof. B
*

' cof. A ’
col. B

but tang. A : tang B •
S - A

.
S - B

cof. A ’
cof. B.

.•. Tang. A : tang. B ; : 1 : m

S 3 Hence
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the line M W is directed to the vertex of the bow,

and W K is its altitude.

This
(

Hence the problem is reduced to a queftion to find two

angles whole fines and tangents lhall be to each other in a

given ratio.

Let x=cof. of A.

_y
= cof. of B.

,
V I— x‘

y/ x —

.

fine A, and

y
/1 —y — line B,

1

—

y

T A.

T B

I x R* :
1*

x*

: l

R* : I*

mx R*j*

m

1*

-K J

, — **=
-Ji

...

IaT ma R^r : X —y : : R*

h— r*j,*=r*—K*y
r—r*=«* R*j*—R*y

i : y :

:

R X y/ — i :

Hence the cofine of one angle being found, its fine is given,

and from thence the fine of the other angle, fince they are in a

given ratio to each other.

Thus, according to the nature of the bow, whether primary,

fecondary, &c. the greateft angle between the incident and

emergent rays is found ; but in this cafe the rays entering juft

above or below the point where the incident ray makes the

greateft angle between the incident and emergent rays muft,

after emerging from the drop, proceed nearly parallel to each

other, and confequently a number of rays of one colour will

fall
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This altitude depends on two things, the angle

between the incident and emergent rays, and the

height of the fun above the horizon; for fince

S M is parallel to S N, the angle S NM is equal

to N M I, but S M H, the altitude of the fun, is

equal to K M I, therefore the altitude of the bow

W M K, which is equal to the difference between

WM I and K M I, is equal to the difference between

the angles made by the incident and emergent rays

and the altitude of the fun.

The angle between the incident and emergent

rays is different for the different colours, as was al-

ready intimated ; for the red or lead: refrangible

rays it is equal to 42® 2'
; for the violet, or mod re-

frangible, it is equal to 40° \f-t confequently when

the fun is more than 42° 2! above the horizon, the

red colour cannot be feen ;
when it is above 40° 17',

the violet colour cannot be feen.

The fecondary bow, as I have faid, is made in

a fimilar manner, but the fun’s rays fuffer, in this

cafe, two reflections within the drop. The ray

S B is decompounded at B and one part is refra£ted

to O, thence reflected to P, and from P reflect-

ed to W, where it is refracted to M. The an-

gle between the incident and emergent rays S NM
is equal as before to N M I, and N M K, the

height of the bow, is equal to the difference be-

fall upon the eye, diverging from the point where the angle

between the incident and emergent rays i9 the greateft, and
produce the appearance of that colour at the thus determined
height in the &ies.

S 4 tween
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tween the angle made by the incident and emergent
rays and the height of the fun. In this cafe the

angle SNM, for the red rays, is equal to 50° 7',

and for the violet rays it is equal to 54
0

7'; confe-

quently the upper part of the fecondary bow will

be feen only when the fun is above, 54° 7' above
the horizon, and the lower part of the bow will be

feen only when the fun is 50° 7' above the hori-

zon.

In the fame manner bows might be formed with-

out end by a greater number of reflections within

the drops; but as the fecondary is fo much fainter

than the primary, that all the colours in it are

feldom feen, for the fame reafon a bow made with

three reflections would be fainter ftill, and in gene-

ral altogether imperceptible. Since the rays of

light, by various reflections and refractions, are thus

capable of forming, by means of drops of rain, the

bows which we fo frequently fee in the heavens,

it is evident that there will be not only folar and lunar

bows, but that many ftriking appearances of colours

will be made by drops upon the ground, or air on the

agitated furface of the water. Thus a lunar bow

will be formed by rays from the moon afFeCted by

drops of rain, but as its light is very faint in compa-

rifon with that of the fun, fuch a bow will very fel-

dom be feen, and the colours of it, when feen, will be

faint and dim. I was once a fpeClator of a lunar

bow, in the courfe of a pedeftrian expedition by

moonlight in the autumnal feafon. The night was

uncommonly light, though Ihowery, and the co-

lours
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lours much more vivid than I could have conceived

;

indeed I have feen rainbows by day not more con-

fpicuous. There were not, however, fo many co-

lours diftinguifhable as in the folar bow.

The marine or Tea bow is a phenomenon

fometimes obferved in a much agitated fea; when
/

the wind, fweeping part of the tops of the waves,

carries them aloft, fo that the fun’s rays, falling

upon them, are refraCted, &c. as in a common
fhower, and paint the colours of the bow.

Rohault mentions coloured bows on the graft,

formed by the refraction of the lun’s rays in the

morning dew.

Dr. Langwith, indeed, once faw a bow lying on

the ground, the colours of which were almofl as

lively as thofe of the common rainbow. It was ex-

tended feveral hundred yards. It was not round,

but oblong, being, as he conceived, the portion of

an hyperbola. The colours took up lei's fpace, and

were much more lively in thofe parts of the bow

which were near him than in thofe which were at a

diftance.

The drops of rain defeend in a globular form,

and thence we can eafily acount for the effeCts pro-

duced by them on the rays of light; but in different

ftates of the air, inftead of drops of rain vapour falls

to the earth in different forms* of fleet, fnow, and

hail. In the two latter ftates there cannot be a re-

fradtion of the rays of light, but in the former ftate,

whpn a drop is partly in a congealed and partly in

4 fluid form, the rays of light will be differently af-

fected.

1
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fefted, both from the form of the drop and its vari-

ous refracting powers. Hence we may expeCt a

variety of curious appearances in the heavens, and

to thefe drops, in different dates, we may attribute

the formation of halos, parhelia, and many other

phenomena, derailed in thephilofophical tranfaCtions,

or in the hiftories of every country.

The halo or corona, is a luminous circle fur-

rounding the fun, the moon, a planet, or a fixed

ftar. It is fometimes quite white, and fometimes

coloured like the rainbow. Thofe which have

been obferved round the moon or dars are but of a

very final! diameter ; thofe round the fun are of dif-

ferent magnitudes, and fometimes immenfcly great.

When coloured, the colours are fainter than thofe of

the rainbow, and appear in a different order, ac-

cording to their fize. In thofe which Sir Ilaac

Newton obferved in 1692, the order of the colours,

from the infide next the fun, was in the innermoft,

blue, white, red j in the middle, purple, blue, green,

yellow, pale red; in the outermoft, pale blue and

pale red. Hugens obferved one red next the fun,

and pale blue at the extremity. Mr. Weidler has

given an account of one yellow on the infide and

white on the outfide. In France one was obferved,

in which the order of the colours was, white, red,

blue, green, and a bright red on the outfide *.

Artificial coronas may be made in cold weather,

by placing a lighted candle in the midft of a cloud

• Prieftley’s Hitt, of Opt. p. 597.

of
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of fteam ; or if a glafs window is breathed upon,

and the flame of a candle placed at fome diftance

from the window, while the operator is alfo at the

diftance of fome feet from another part of the

window, the flame will be furrounded with a co-

loured halo.

I was once witnefs to a very pleafing phenome-

non. The full moon was partly obfcured behind

the fkirt of a very thin white cloud, which, as it

grew thinjier towards the edge, had the full effedt of

a prifm in feparating the rays of light, and exhi-

bited the colours of the rainbow in their proper gra-

dations.

When M. Bouguer was on the top of mount

Pichinea, in the Cordilleras, he and fome gentlemen

who accompanied him, obferved a moft remarkable

phenomenon. When the fun' was juft riflng be-

hind them, and a white cloud was about thirty

paces from them, each of them obferved his own

fhadow (and no other) projedted upon it. All the

parts of the fhadow were diftindt, and the head

was adorned with a kind of glory, confiding of three

or four concentric crowns, of a very lively colour,

each exhibiting all the varieties of the primary rain-

bow, and having the circle red on the outfide.

Similar to this appearance was one which oc-

curred to Dr. PvTFait, in Scotland. This gentle-

man obferved a rainbow round his fhadow in a

mift, when he was fituated on an eminence above

it. In this fituation the whole country appeared to

be immerfed in a vaft deluge, and nothing but the

7 tops
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tops of hills appeared here and there above the

flood ; at another time he obferved a double range

of colours round his fhadow *.

The parhelia, or mock funs, are the-moft fplendid

phenomena of this kind. We find thefe appear-

ances frequently adverted to by the ancients, who
generally confidered them as formidable omens.

Four mock funs were feen at once by Scheiner at

Rome, and by Mufchenbroeck at Utrecht; and

feven were obferved by Ilevelius at Sedan, in

1 66 1 f-1 % *

The parhelia generally appear about the fize of

the true fun, not quite fo bright, though they are

faid fometimes to rival their parent luminary in

fplendor. When there are a number of them they

are not equal to each other in brightnefs. Exter-

nally they arc tinged with colours like the rainbow.

They are not always round, and have fometimes a

long fiery tail oppofite the fun, but paler towards

the extremity. Dr. Halley obferved one with tails

extending both ways. Mr. Weidler faw a par-

helion with one tail pointing up and another down-

wards, a little crooked; the limb which was fartheft

from the fun being of a purple colour, the other

tinged with the colours of the rainbow J.

Coronas generally accompany parhelia, fome co-

loured and others white. There is alfo in general

a very large white circle, parallel to the horizon,

* Prieftley’s Opt. p. 6oo,

\ Prieilley’s Hilt. Opt. p. 613. J lb. p. 614.

which
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which pafies through all the parhelia j and, if it was

entire, would go through the center of the fun j

fometimes there are arches of fmaller circles con-

centric to this, and touching the coloured circles

which furround the fun; they are alfo tinged with

colours, and contain other parhelia.

One of the molt remarkable appearances of this

kind was that which was obferved at Rome by

Scheiner, as intimated above, and this may ferve as a

fufficient inftance of the parhelion.

This celebrated phenomenon is reprefented in

PI. XV. Fig. 56. in which A is the place of the

obferver, B his zenith, C the true fun, AB a plane

palTing through the obferver’s eye, the true fun, and

the zenith. About the fun C, there appeared two

concentric rings, not compleat, but diverfified with

colours. The leiTer of them, D E F, was fuller,

and more perfect ; and though it was open from

D to F, yet thofe ends were perpetually endeavour-

ing to unite, and fometimes they did fo. The outer

of thefe rings was much fainter, fo as fcarcely to be

difcernible. It had, however, a variety of colours,

but was very inconftant. The third circle, KLM N,

was very large, and all over white, palling through

the middle of the fun, and every where parallel to

the horizon. At firft this circle was entire , but to-

wards the end of the phenomenon it was weak and

ragged, fo as hardly to be perceived from M to-

wards N.

In the interfeftion of this circle, and the outward

iris G K I, there broke out two parhelia, or mock
funs.
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funs, N and K, not quite perfect, K being rather

weak, but N fhone brighter and ftronger. The
brightnefs of the middle of them was fomething like

that of the fun, but towards the edges they were

tinged with colours like thofe of the rainbow, and

they were uneven and ragged, The parhelion N
was a little wavering, and lent out a fpiked tail N P,

of a colour fomewhat fiery, the length of which was

continually changing.

The parhelia at L and M, in the horizontal ring,

were not fo bright as the former, but were rounder,

and white, like the circle in which they were placed.

The parhelion N jiifappeared before K,- and while

M grew fainter, K grew brighter, and vanifhed the

laft of all.

1 1 is to be obferved farther, that the order of the

colours in the circles DEF, GKN was the fame

as in the common halo’s, namely red next the fun,

and the diameter of the inner circle was alfo about

45 degrees; which is the ufual fize of a halo.

Parhelia have been feen for one, two, three, and

four hours together; and in North America they are

faid to continue fome days, and to be vifible from fun

rife to fun let. When they djfappear, it fometimes

rains, or fnow falls in the form of oblong fpiculae *.

Mr. Wales fays, that at Churchhill, in Hudfon’s

Bay, the rifing of the fun is always preceded by

two long ftreams of red light. Thefe rife as the

fun rifes; and as they grow longer begin to bend

• Pricftlcy’s Hill. Opt. p. 614 to 617.

towards
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towards each other, till they meet diredtly over the

fun, forming there a kind of parhelion or mock

fun.

Thefe two ftreams of light, he fays, feem to have

their fource in two other parhelia, which rife with

the true fun j and in the winter feafon, when the

fun never rifes above the haze or fog, which he

fays is conftantly found near the horizon, all thefe

accompany him the whole day, and fet with him

in the fame manner as they rife. Once or twice

he faw a fourth parhelion under the true fun, but

this, he adds, is not common.*

The caufe of thefe is apparently the refledtion of

the fun’s light and image from the thick and frozen

clouds in the northern atmofphere, accompanied

alfo with fome degree of refradtion. To enter

upon a mathematical analyfis of thefe phenomena

would be only tedious, and very foreign to our pur- .

pofe. From what has been faid upon this fubjedt

it is evident, that all the phenomena of colours de-

pend upon two properties of light, the refrangibi-

lity and reflexibility of its rays.

The blue colour of the atmofphere has been beau-

tifully accounted for by Mr. Delaval, in the expe-

riments already noticed. The atmofphere he con-

fiders as a femi-pellucid medium, which abounds in

volatile and evaporable particles, difengaged from

natural bodies by levcral operations, as fermentation,

eflervefcence, putrefaction, &c, Thefe particles

t

* Fiieftley’s Hift. Opt. p. 617.

differ
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differ greatly in denfity, &c. from the air, and, as

they reflect a white light, may be confidered as fa

many white particles diffufed through the pellueid

colourkfs air. In this refpecl the atmofphere is

limilar to the femi-pellucid medium, which is form-

ed by a mixture of arfenic with glafs. In both thefe

fubffances, whilft the white particles are rarely diffe-

minated through the tranfparent medium, the lefs

refrangible rays are tranfmitted through th-e intervals

which intercede the particles*, but the more re-

frangible rays are intercepted and reflected by the

particles, and the mixture of thofe rays produces a

blue colour.

In air, as well as in the folid femi-pellucid me-

dia, when the white particles are more denfely ar-

ranged, the intervals which intercede them are

diminifhed, and in this Hate of the atmofphere a

great proportion of all the rays are reflected, fo as

to produce the effedt of perfedt whi tends, or at leaft

an approach towards it. Thus, when the- part of

the atmofphere, which is near the furface of the

earth, is occupied by grofs vapours, -this mixture of

air with aqueous or other particles is white: fuch is

the common appearance of fogs. When fuch va-

pours are elevated high in the atmofphere, and form

* On this account, diilant mountains covered with fnow

(which it is well known relkft all the rays of the fun) appear,

when the air is thick, and the fun nearly oppofite them, of a

warmer colour than they otherwife would, and more approach-

ing to yellow or orange.

4 clouds,
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clouds, they reflect the white light of the fun, and

appear white, whenever its incident rays fall on

them entire and undivided ; and as the reflecting

particles are not equally diffufed through every

part of the pellucid air, of which the atmofphere

principally confifts, it frequently happens that large

tradls of air are only furnilhed with fuch a portion

as qualify them to reflect a blue colour, while others

are fo denfely ftored as. to form clouds.

Of the red and vivid colour of the morning and

evening clouds Mr. Melville has fuggelted a caufe

upon fimilar principles, which we mull at leaft allow

is ingenious and probable. He fuppofes, as well as

Mr. Delaval, that a reparation of the rays is made

in pafling through the horizontal atmofphere, and

that the clouds reflect and tranfmit the fun’s light,

as any half tranfparent colourlefs body would do;

for as the atmofphere reflects a greater quantity of

blue and violet rays than of the reft, the fun’s light

tranfmitted through it inclines towards yellow, orange,

or red, efpecially when it paffes through a long tradt

of air; and in this manner the fun’s horizontal

light is tinctured with a deep orange, and even red,

and the colour becomes ftill deeper after fun-fet;

hence he concludes, that the clouds, according

to their different altitudes, may affume all the variety

of colours at fun riling and fetting, by barely re-

flecting the fun’s incident light as they receive it.

The green colour of the fea may alfo be ac-

counted -for in the fame manner. Sir Ifaac New-
ton, and others, have liippofed that this effedt was

Vol. I. T •

, produced
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produced by the reflective power bf the water; but

that this is not the cafe is manifeft; for when fea

water is admitted into a refervoir, which does not

exceed a few inches in depth, it appears pellucid and

colourlels.

Dr. Halley, in the diving-bell *, obfervcd, that

when he was funk many fathoms deep into the fea,

the upper part ofhis hand, on which the fun flione di-

rectly through the water, was red, and the lower part

a blueifh green. On thefe phenomena Mr. Delaval

©bferves, that the fea water abounds with heterogene-

ous particles, many of which approach fo near in

denfity to the water itfelf, that their refleCtive power

muft be very weak, though, as they are not quite of

the fame denfity, they ftill mult have fome degree

of refleCtive power. Although thefe, therefore,

may be invifible when feparatcly viewed, yet when

the forces, of a great number of fuch minute bodies

are united, their aCtion on the rays of light be-

comes perceptible, fome rays being reflected by

them, whilft others are tranfmitted through their

intervals, according to the quantity of refleCtive

matter which the rays arrive at in the internal parts

of the water.

The opacity of the fea, caufed by the numerous

reflections from its internal parts, is fo confiderable,,

that it is not near fo tranlparent as other water;,

the refleCtive particles, therefore,, which aredifperfed

through the mals of fea water, have confequently a

* No rton’s Opt. 1. i. Part 2 d.

t

greater:
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greater refleCtive power than thofe which are dif-

perfed through the atmofphere. Inftead, therefore,

of reflecting a delicate blue, fuch as that of the fky,

the fea water, by aCting upon a greater portion of

the more refrangible rays, exhibits a green colour,

which we know to be a middle colour produced by

the mixture of blue rays with fome of the lefs re-

frangible, as the yellow or orange.

With refpeCt to the phenomena remarked by

Dr. Halley, it is eafy to conceive that the light,

when ftripped of all the more refrangible rays, fhould

produce a rofe colour, fuch as that he obferved on

the upper part of his hand ; on the contrary, that

which illuminated the lower part of his hand con-

fifted partly of rays reflected from the ground, and

partly of thofe which were reflected from the in-

ternal parts of the fea water, which, we have feen,

are chiefly blue and violet; and the mixture of thcfe

produced the greenifh tinge which the DoCtor re-

marked*, and which common experience fhews is

the predominant colour of the ocean.

* Delaval on the caufas of colours in opake bodies, v. ii.

Manch. Mem.

T £ Chap,

t
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Chap. X.

OF THE INFLECTION OF LIGHT.

RetrofpeSl of the Doctrine of Reflexion,-— Nature of InfitElion -

Newton s Experiments.—Analogy between this Property and

Refraction.—Curious Ejectsfrom this Property.

THE direction of the rays of light is changed,

as we have feen, in their approach to certain

bodies, by reflection and refraction, and confequently

we mult admit that there is feme power in thefe

bodies by which fuch effeCts are univerfally pro-

duced. If reflection was produced Amply by the

impinging of particles of light on hard or elaftic

bodies, or if they were in themfelves elaftic, the

fame effeCts would follow as in the impulfe of other

elaftic bodies; but the angle of incidence could

not be equal to the angle of reflection, unlels the

particles of light were perfectly elaftic, or the bodies

on which they impinged were perfectly elaftic.

Now we know that the bodies on which thefe

particles impinge are not perfectly elaftic, and alfo

that if the particles of light were perfectly elaftic,

the diffuflon of light from the reflecting bodies would

be very different from its prefent appearance; for

as no body can be perfectly polifhed, the particles

of light which are io inconceivably fmall would be

- reflected
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reflected back by the inequalities on the furface in

every direction ;
confequendy we are led to this

conclufion, that the refle&ing bodies have a power

which atts at fome little diftance from their fur-

faces.

If this reafoning is allowed to be juft, it neceflarily

follows, that if a ray of light, inftead of impinging

on a body, fhould pafs fo near to it as to be within

the fphere of that power which the body poflefles, it

mud neceflarily fuffer a change in its diredion.

Adual experiments confirm the truth of this pofi-

tion, and to the change in the diredion of a particle

of light, owing to its nearnefs to a body, we give the

name of infiedion.

From one of thefe experiments, made by Sir Ifaac

Newton, the whole of this fubjed will be eafily

underftood. At the diftance of two or three feet

from the window of a darkened room, in which

was a hole three-fourths of an inch broad, to ad-

mit the light, he placed a black fheet of pafteboard,

having in the middle a hole about a quarter of
1

an inch fquare, and behind the hole the blade of a

fharp knife, to intercept a fmall part of the light

which would otherwife have pafled through the

hole. The planes of the pafteboard and blade were

parallel to each other, and when the pafteboard was

removed at fuch a diftance from the window, as

that all the light coming into the ‘ room muft pals

through the hole in the pafteboard, he received

what came through this hole on a piece of paper

fwo or three feet beyond the knife, and perceived

T 3 two
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two dreams of faint light fhooting out both ways
from the beam of light into the fhadow. As the

brightnefs of the diredt rays obfcured the fainter

light, by making a hole in his paper lie let them
pafs through, and had thus an opportunity of at-

tending clofely to the two dreams, which were
nearly equal in length, breadth, and quantity of
light. That part which was neared to the fun’s

diredt light was pretty drong for the fpace of
about a quarter of an inch, decrealing gradually till

it became imperceptible, and at the edge of the

knife it fubtended an angle of about twelve or at

mod: fourteen degrees.

Another knife was then placed oppodte to the

former, and he oblerved, that when the didance of

their edges was about the four hundredth part of an

inch, the dream divided in the middle, and left a

lhadow between the two parts, which was fo dark,

that all light pading between the knives deemed to

be bent afide to one knife or the other j as the

knives were brought nearer to each other, this

diadow grew broader, till upon the contadt of the

knives the whole light disappeared,

Purfuing his obfervations upon this appearance,

he perceived fringes, as they may be termed, of dif-

ferent coloured light, three made on one lide by

the edge of one knife, and three on the other fide

by the edge of the other, and thence concluded,

that as in refraction the rays of light are differently

, adted upon, fb are they at a diffance from bodies by

infledtion ; and by many other experiments of the

'
'

‘ fame
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fame kind he fupported his pofition, which is con-

firmed by all fubfequent experiments.

We may naturally conclude, that from this pro-

perty of inflexion fome curious changes will be

produced in the appearances of external objects.

If we take a piece of wire of a lefs diameter than

-the pupil of the eye and place it 'between the eye

and a diftant objeft, the latter will appear magni-

fied (Fig. 57.) Let A be a church fteeple, B the

eye, C the wire. The rays by which the fteeple

would have been otherwife feen are intercepted by the

wire, and it is now feen by infle'dled rays, which make

a greater angle than the direft rays, andeonfequently

the fteeple will be magnified.

In nearly fhutting the eyes, and looking at a

candle, there appear rays of light extending from it

in various direflions, like comets’ tails ; for the light,

in pafling through the eye-lafhes, is inflefled, and

confequently rpany feparate beams will be formed,

diverging from the luminous objefl. The power

of bodies to in fie fl the rays of light- pafling near

to them will produce different effefls, according to

the nature of the rays acted upon ; confequently a

feparation will take place in the differently re-

frangible rays, and thole fringes, which were taken

notice of by Sir Ifaac Newton, will appear in other

objefts which are feen by the means of inflefled

rays. From confidering thus the aflion of bodies

upon light, we come to this general conclufion,

£br which we are indebted to our great philofopher,

T ^ thafc
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that light, as well as all other matter, is adted upon

at a diftance; and that reflexion, refradlion, and

inflexion, are owing to certain general laws in the

particles of matter, which are equally neceflary for

the prefervation of the beautiful harmony in the

objedts neareft to us, as to produce by their joint

adtion that great law by which the greater bodies

in their fyftem are retained in their refpcdlive

orbits.

. \

/

Book
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Book IV.
$

OF ELECTRICITY.

Chap. I.
V.

HISTORY OF DISCOVERIES RELATIVE TO
ELECTRICITY.

Origin of the Name.—How far EleCtricity was known to tbt

Ancients .— Mr. Boyle.— Otto Guericke.— Dr. Wall.— Mr.

HayxjkJbee.—Mr. Grey's Difcoveries.—M. Du Fay's.—Subfe~

quent Difcoveries of Mr. Grey.—Improvements of German Philo-

fpiers.—Leyden Phial.—Electrical Battery.—Spirits fred by

Electricity conducted through the RiverTbames .

—

Two Species of

Electricity difcovered.—Dr. Franklin's great Dfcoveries.
•

T H E attra&ive power which amber, and other

eledhic bodies, acquire by fridtion, was long

known to philofophers ; and it is unnccefiary to re-

mark, that this branch of fcience derives its name
' < 1

from sXtxjpov (electron) the Greek word for amber.

The other eledtric properties were (lowly difcovered.

Mr. Boyle \tfas the firft who had a glimple of the

eledtric light ; as he remarked, after rubbing fome

diamonds in order to give them the power of attrac-

tion, that they afforded light in the dark.

Otto
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Otto Guericke, burgomafter of Madgeburg,
made an eleCtric globe of fulphur, and by whirling

it about in a wooden frame, and rubbing it at the

fame time with his hand, he performed various

electrical experiments. He added to the flock of

knowledge the difcovery, that a body once attracted

by an excited eleCtric was repelled by it, and not at-

tracted again till it had touched fome other body.

Thus he was able to keep a feather fufpended in

the air over his globe of fulphur
; but he obferved,

if he drove it near a linen thread, or the flame of a

candle, it inflantly recovered its propenfity (if i

may ufe the expreflion) for approaching the globe

again. The hilling noife, and the gleam of light

which his globe afforded, bc?th attracted his no-

tice.

Thefe circumflances were, however, afterwards

accurately remarked by Dr. Wall, who, by rubbing

amber upon a woollen fubitance in the dark, found

alfo that light was produced in .confiderable quanti-

ties, accompanied with a crackling noife ; and what

is (till more extraordinary, he adds, “ this light and

crackling feems, in fome degree, to reprefent thun-

der and lightning.”

Mr. Hawkfbee firfl obferved the great eleCtric

power of glafs. He conftruCted a wooden ma-

chine, which enabled him conveniently to put a glafs

globe in motion. He confirmed all the experi-

ments of Dr. Wall. He obferved, that the light

emitted by- the friction of eleCtric bodies, befides

the crackling noife, was accompanied by an acute

fenfe
\ \
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fenfe of feeling when applied to his hand. He
fays, that all the powers of electricity were im-

proved by warmth, anddiminifhed by moifture.

Hitherto the diftinCtion between thofe bodies

which are capable of being excited to electricity

and thofe which are only capable of receiving it

from the others, appears fcarcely to have been fuf-

peCted. About the year 1729, this great difcovery

was made by Mr. Grey, a penfioner of the Char-

ter-Houfe. After fome fruitlefs attempts to make
metals attractive by heating, rubbing, and ham-

mering, he conceived a fufpicion, that as a glafs

tube, when rubbed in the dark, communicated its

light to various bodies, it might polfibly £t the

fame time communicate its power of attraction to

them. In order to put this to the trial, he pro-

vided himfelf with a tube three feet five inches

long, and near an inch and one fifth in dia-

meter the ends of the tube were flopped by

cork ; and he found that when the tube was ex-

cited, a down feather was attracted as powerfully

by the cork as by the tube itfelf. To convince

himfelf more completely, he procured a fmall

ivory ball, which he fixed at firffc to a flick of fir

four inches long, which was thrufl into the cork,

and found that it attracted and repelled the feather

even with more vigour than the cork itfelf. He
afterwards fixed the ball upon long flicks, and upon
pieces of brafs and iron wire, with the fame fuccefs ;

and laflly, attached it to a long piece of packthread,

and hung it from a high balcony, in which flate he

found.

\ \



I

2S4 Difcoveries of Mr, Grey. [Book IV'.

found, that by rubbing the tube the ball was con-

ftantly enabled to attract light bodies in the court

below.

His next attempt was to prove, whether this

power could be conveyed horizontally as well as

perpendicularly; with this view he fixed a cord to

a nail which was in one of the beams of the ceil-

ing, and making a loop at that end which hung

down, he inferted his packthread, with the ball

which was at the end of it, through the loop of the

cord, and retired with the tube to the other end of

the room; but in this ftate he found that his ball

had totally loft the power of attraction. Upon
mentioning his difappointed efforts to a friend, it

was fuggefted, that the cord which he had ufed to

fupport his packthread might be fo coarfe as to in-

tercept the eleCtric powers, and they accordingly

attempted to remedy this evil by employing a filk

firing, which was much ftronger in proportion than a

hempen cord. With this apparatus the experiment

fucceeded far beyond their expectations. Encou-

raged by this fuccefs, and attributing it wholly to

the finenefs of the filk, they proceeded to fupport

the packthread, to which the ball W3s attached, by

very fine brafs and iron wire, but, to their utter

aftonifhmenr, found the effeCt cxaCtly the fame as

when they ufed the hempen cord; the eleClrical

virtue utterly paffed away; while on the other

hand, when the packthread was fupported by a

filken cord, they were able to convey the eleCtric

virtue feven hundred and fixty- five feet.

\

It
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It was evident, therefore, that thefe effects de-

pended upon fome peculiar quality in the filk, which

dilabled it from conducting away the electrical

power, as the hempen cord and the wire had done.

This, probably, immediately led to the difeovery of

other non -conducting bodies, and hair, rofini glajs

,

&c. were prefently made ufe of to infulate the bo-

dies which were electrified. The next obvious

improvement was to electrify feparate bodies, by

placing them upon non-conductors; and in this

manner Mr. Grey and his friend Mr. Wheeler elec-

trified a large map, a table cloth, &c. &c. In the

latter end of the fame fummer, Mr. Grey found

that he could electrify a rod as well as a packthread,

without inferting any part into his excited tube, and

that it only required to be placed nearly in contact

with the apparatus.

Mr. Grey proceeded to try the effects of electri-

city upon animal bodies. He lufpended a boy on

hair lines in a horizontal pofition, and bringing the

excited tube near his feet, he found that leaf brafs

was attracted very vigoroufly by the head of the

boy. He found alfo, that he could communicate

electricity to fluid bodies, by initiating them upon

a cake of rofin; and obferved, that when an ex-

cited tube was held over a cup of water, the water

was prefently attracted, in a conical form, towards

the tube; that the electric matter palled from the

rube to the water with a flight flafli and a crackling

^noife ; and that the fluid lubfided with a tremulous

and waving motion.

After
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After this period the fpirit of philofophy in this

branch was no longer confined to England. M.
Du Fay, intendant of the French king’s gardens, ad-

ded to the ftock of difeoveries. He found that all

bodies, except metallic, foft, and fluid ones, might

be made eledtric by firfl: heating them, and then^

rubbing them on any fort of cloth. Fie alfo ex-

cepts thofe lubftances which grow .foft by heat, as

gums, or which difiolve in water, as glue. In pur-

fuing Mr. Grey’s experiments with a packthread,

&c. he perceived that they fucceeded better by wet-

ting the line. To prove the effedts of this won-

derful agent on the animal body, he fufpended him-

felf.by filk cords, as Mr. Grey had fufpended the

boy, and in this fituation he obferved, that as foon

as he was eledlrified, if another perfon approached

him, and brought his hand, or a metal rod, within

an inch of his body, there immediately ifiiied from it

one or more prickling fhoots, attended with a Flap-

ping noife ; and he adds, that this experiment oc-

cafioncd a fimilar fenfation in the perfon who placed

his hand near him : in the dark he obferved, that

thefe fnappings were occafioncd by fo many fparks

of fire.

Mr. Grey, on refuming his experiments, imme-

diately concluded from that of M. Du Fay, in

which a piece of metal drew fparks from the perfon

eledtrified, and fufpended on filk lines, that if the

perfon and the metal changed places the effedt

would be the fame. lie accordingly fufpended a

piece of metal by filk threads near his excited tube,

and
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and found he drew fparks from it at pleafure. This

was the origin of metallic conductors. Mr. Grey

fufpected that the eleCtric fire might be of the fame

nature with thunder and lightning.

To the philofophers of Germany we are indebt-

ed for moft of the improvements in the eleCtrical

apparatus. They revived the ufe of the globe,

which had been invented by Mr. Hawkfbee, which

was afterwards fuperfeded by a cylinder, and to

which they imparted a circular motion by means of

wheels, and ufied a woollen rubber inftead of the

hand. By the great force alfo of their machines,

they were able to fire fome of the moft inflamma-

ble fubflances, fuch as highly rectified fpirits, by the

eleCtric Ipark.

But the moft furprizing difeovery was that which

immediately followed thefe attempts, in the years

1745-6; I mean the method of accumulating the

eleCtric power by the Leyden phial. M. Von
Kleift, dean of the cathedral of Camnin, was the

firft who found that a nail or brafs wire, confined in

an apothecary’s phial, and expofed to the eleCtri-

fying glafs or prime conductor, had a power of col-

lecting the eleCtric virtue fo as to produce the moft

remarkable effeCts; he foon found that a fmall quan-

tity of fluid added to it increafed the power; and

fucceflive electricians found, that fluid matter, or any

conducting body confined in a glafs veflel, had this

power of accumulating and condenfing (if I may
ufe the exprefllon) the eleCtric virtue. The lhock

which an eleCtrician is enabled to give by means of

4- the
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the Leyden phial is well known ; and this was foon

followed by another improvement, that of forming

what is called the eledtric battery, by increafing the

number of phials, by which means the force is pro-

portionably increafed. By thefe means the eledtric

fhock was tried upon the brute creation, and prov-

ed fatal to many of the fmaller animals, which ap-

peared as if killed by lightning. By thefe means

alfo the eledtric matter was conveyed to great dif-

tances ; by the French philofophers, for near three

miles; and by Dr. Watfon, and fome other mem-
bers of the Royal Society, it was conveyed, by a

wire, over the river Thames, and back again

through the river, and fpirits were kindled by the

eledtric fire which had palled through the river.

In another experiment by the fame gentleman, it

was found that the eledtric matter made a circuit

of about four miles almoft inftantaneoufly.

The next difcovery refpedts the nature, or ra-

ther the origin, of the eledtric matter. Dr. Wat-

fon was firft induced to fufpedt that the giafs tubes

and globes did not contain the eledtric power in

themfelves, by obferving, that upon rubbing the

giafs tube while he was (landing on cakes of wax

(in order to prevent, as he expedted, any of the

eledtric matter from difcharging itfelf through

his body on the floor) the power was fo much

leffened that no fnapping could be obferved upon

another perfon’s touching any part of his body;

but that if a perfon not electrized held his hand

near the tube while it was rubbed, the fnapping was

very
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very fen fible. The event was the fame when the

globe was whirled in fimilar circumftances ; for

if the man who turned the wheel, and who, toge-

ther with the machine, was fufpended upon filk,

touched the floor with one foot, the fire appeared

upon the conductor ; but if he kept himlelf free

from any communication with the floor, no fire

was produced. From theie and other decifive ex-

periments Dr. Watfon concludes, that thefe globes

and tubes are no more than the firfl movers or

determiners of the eleCtric power.

M. Du Fay had made a diftinCtion of two dif-

ferent fpecies of eleCtricity, one of which he called

the vitreous, and the other the refinous electricity
j

and foon after the difcovery of the Leyden phial, it

was found, that by coating the outfide of the phial

with a conducing fubftance, which communicated

by a wire with the perfon who difeharged the phial,

the {hock was immenfely increafed; and indeed it

appeared, that the phial could not be charged unlefs

fome conducting fubftance was in contaCt with the

outfide. Dr. Franklin, however, was the firft

who explained thefe phenomena. He {hewed

that the furplus of eleCtricity, which was received

by one of the coated furfaces of the phial, was

actually taken from the other; and that one was

poffefled of lefs than its natural fhare of the elec-

tric matter, while the other had a fuperabundance.

Thefe two different ftates of bodies, with refpeCt to

their portion of eleCtricity, he diftinguifhed by the

Vol. I. U terms



Dr. Franklin.290 [Book IV.

terms plus or pofitive, and minus or negative; and it

was inferred from the appearances, that bodies which

exhibited what M. Du Fay called the refinous

electricity, were in the (late of minus ,
that is, in the

ftate of attracting the eleCtric matter from other

bodies, while thofe which were pofiefled of die

vitreous electricity were bodies electrified plus, or

in a ftate capable of imparting electricity to other

bodies. By this difeovery Dr. Franklin was ena-

bled to increafe the eleCtric power almoft at plea-

llire, namely, by connecting the outfide of one

phial with the infide of another, in fuch a manner

that the fluid which was driven out of the firft

would be received by the fecond, and what was

driven out of the fecond would be received by the
t

third, &c. and this conftitutes what we now call

an eleCtrical batter)'.

But the moft aftonifhing difeovery which Frank-

lin, or 1 might fay any other perlon, ever made in

this branch of fcience, was the demonftration of

what had been nightly fufpeCted by others, the per-

fect flmilarity, or rather identity, of lightning and

electricity. The DoCtor was led to this difeovery by

comparing the efFeCts of lightning with thofe of

eleCtricity, and by reflecting, that if two gun-

barrels electrified will ftrike at two inches, and

make a loud report, what muft be the effeCt of

ten thoufand acres of electrified cloud. Not latis-

fled, however, with fpeculation, he conftruCted a

kite with a pointed wire fixed upon it, which,

during a thunder ftorm, he contrived to tend

UP
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up into an eleCtrical cloud. The wire in the

kite attracted the lightning from the cloud, and it

defcended along the hempen ftring, and was re-

ceived by a key tied to the extremity of it, that

part of the ftring which he held in his hand being

of (ilk, that the eleCtric virtue might ftop when

it came to the key. At this key he charged phials,

and from the fire thus obtained he kindled fpirits,

and performed all the common eleCtrical experi-

ments.

Dr. Franklin, after this difcovery, conftruCted an

infulated rod to draw the lightning from the atmo-

fphere into his houfe, in order to enable him to make
experiments upon it; he all'o connected with it two

bells, which gave him notice by their ringing when

his rod was electrified. This was the origin of the

metallic conductors now in general ufe.

Mr. Canton afterwards difcovered, that the pofi-

tive and negative eleCtricity, which were fuppofed

to depend upon the nature of the excited body, and

therefore had obtained the names of refinous and

vitreous, depended chiefly upon the nature of the

furface; for that a glafs tube, when the polifhed

furface was deftroyed, exhibited proofs of negative

eleCtricity as much as fulphur or fealing wax, and

drew fparks from the knuckle when applied to it,

inftead of giving fire from its own body ; when the

tube was greafed, and a rubber with a rough fur-

face was applied to it, its pofitive power was re-

ftored, and the contrary, when the rubber became

fmooth by friCtion.

U % At
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At this period it may not be improper to clofe

my fketch of the diicoveries relating to eledricity

;

fince the foie objed of thefe narratives, in this work,

is to condud the reader to a more ready apprehcn-

fion of the fcience, it would be ufelefs to lead him

into the minutiae of it before he was made properly

acquainted with the general principles.

Chap.
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Chap. II.

GENERAL PRINCIPLES OF ELECTRICITY.

Analogy between Caloric, or Fire, and the eledrical Fluid.—The

Arguments on the contrary Side. —Conjedures concerning the

Nature of this Fluid,—-Means of producing eledrical Phenomena.

— Condudors and Non-condudors.— Infruments employed in

Eledricity.

Jj'ROM the brief account, which has been given,

in the preceding chapter, of difcoveries rela-

tive to this extraordinary fluid, the reader will be

in a confiderable degree prepared to infer, that elec-

tricity is the aftion of a body put in a ftate to at-

tract or repel light bodies placed at a certain dis-

tance; to give a flight fenfation to the fkin, refem-

bling in fome meafure that which we experience in

meeting with a cobweb in the air; to fpread an

odour like the phofphorus of Kunkell; to dart pen-

cils of light from the furface, attended with a' flap-

ping noife, on the approach of certain fubftances ;

laftly, that the body put in this ftate is capable of

communicating to other bodies the power ofproduc-

ing the fame effefts during a certain time.

The eledtric power is indubitably the effect of

fome matter put in motion, either within or round

U 3 the
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the eleftrified body, fince if vve place either our

hands or face before an excited tube of glafs, or .

before an infulated conductor which is electrified,

we fhall perceive emanations fenfible to the touch,

and if we approach nearer, we fhall feel it diftinCtly,

and hear a weak noife; in the dark we perceive

fparks of vivid light, efpecially from angular

points; we fee emitted pencils of rays, or fmall

flafhes of divergent flame ; it is certain, therefore,

that fome fubtle matter put in motion is alone ca-

pable of making thefe impreffions upon our fenfes

;

and we may conclude, that every electrified body

is encompafled by fome matter in motion, which is,

without doubt, the immediate caufe of all the eleCtri-

cal phenomena, and which we term the eleCtric

matter or fluid.

Thus far, and no farther, are we warranted in

affirming, on the only evidence to be admitted in

philofophy, that of experiment, faCt, and obferva-

tion. There is, however, in man, a curiofity that

prompts us to look beyond eflfeCts, and a difpofition

that leads us to theorize, even on the mod: difficult

fubjeCts. Let us, however, do it with diffidence and

caution. What then is this eleCtric matter? or

whence does it derive its origin ? It apparently pro-

ceeds not from the eleCtrified body, for that fuf-

fers no fenfible diminution. It depends not on any

property inherent in the air of the atmofphere, for

three obvious reafons ; firft, that eleCtrical pheno-

mena may be produced in a fpace from which

the air has been mod carefully exhaufted. Second*

iy>
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ly, Becaufe the electrical matter has qualities which

are not inherent in air j it penetrates certain bodies

impervious to air, fuch as metals ; it has a fenfible

odour; it appears kfelf inflamed; it is capable of

inflaming other bodies, and of melting metals ; effects

which air cannot produce. Thirdly, It tranfmits its

motions with confiderably more rapidity than that of

found, which is a motion of the air the molt rapid

that we are acquainted with.

It is generally agreed, that the eleCtric matter has

a ftrong analogy with the matter of heat and light.

It appears indeed, that nature, who is fo very ceco-

nomical in the production of principles, whilft fhe

multiplies their properties fo liberally, has in no cafe

eftablifhed two caufes for one effeCt. We may ap-

ply this remark to the eleCtric matter; and the

more we inquire into the properties of the eleCtric

matter, and thofe of the matter of heat and light,

the more fhall we difcover of this analogy between

them, and the more probable will it appear, that

fire, light, and eleCtricity depend upon the fame

principle, and that they are only three different

effeCts from the fame matter or effence.

1 ft. Of all the means neceffary to excite the mat-

ter of heat, there is none more efficacious than that

which is moft neceffary to produce eleCtricity,

namely, friction, adly. As fire, or caloric, extends

itfelf with more facility in metals and humid bodies

than in any other fpecies of bodies, fo metals and

Water are conductors of eleCtricity in the fame

manner as they are of heat, and, in general, the fame

U 4 ' conductors
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conductors are found equally good' for both. 3dly.

Fire, or caloric, is the molt elaftic of all bodies, and

is confidered by moft philofophers as the principal

caufe of that repulfion which takes place between

the particles of bodies, of which the ftrongeft in-

Itance has already been given in explaining the

caufe of fluidity; and to a fimilar caufe the elec-

tric repulfion may be referred. 4thly. The pulfe

and perfpiration of animals are increafed by electri-

city as by the aCtual application of heat, and the

growth of vegetables is promoted by it *.
5 thly.

ACtual ignition is produced by the electric fluid :

thus it is a common experiment to fire fpirit of

wine by the electric fpark ; inflammable air is fet on

fire by the lame means in the common eleCtrical

piftol; -and even gunpowder may be exploded by

a fpark from a powerful conductor. 6thly. Metals

are melted by eleCtricity, and molt inflammable fub-

Itances are affeCted by it as by common fire, but in

a weaker degree, f 7 thly. The light emitted by the

* Sir Benj. Thomfon’s experiments, Phil. Tranf. vol. Ixxvi.

f Mr. Kinnerfley made a large cafe of bottles explode at

once through a fine iron wire ; the wire at fit ft appeared red

hot, and then fell into drops, which burned themfelves into die

table and floor, and cooled in a fpherical form like fmall fliot.

Artificial lightning, from a cafe of about thirty-five bottles, will

entirely deftroy brafs wire of one part in three hundred and

thirty of an inch. Metals may alfo be revived by the eleftric

fliock ; and Sig. Beccaria melted borax and glals by it. Pricft-

lev’s 1 ft. Eled. vi. 341—343. Seed* of plubmois (l)copo-

dium) were fired by it; alfo aurum fulminans, .b. 343.

eleCtrical
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electrical apparatus has all the properties of that

which is emitted from the fun, the cofnpofition

differing in fome refpeCts, according to circum-

fiances, as to the predominancy of certain rays,

the light in different inftances inclining to blue,

red, white, &c. according to its intenfity. 8thly.

The motion of light is exceedingly rapid, whether

it is reflected or refraCted ; in the fame manner the

eleCtric fluid is found to move with almoft infinite

velocity, for it has been proved by experiments,

that a cord twelve hundred feet long has become

inftantly eleCtric in its whole extent *. The Abbe
Nollet has communicated the eleCtric fhock to two

hundred perfons at the fame time, or at the leafl

perceptible inftant.

Notwithstanding thefe confiderations, it mufl be

confeffed that there are fome facts which feem to in-

dicate that the eleCtric fluid is not purely and limply

the matter of heat or light unmixed with other fub-

ftancesj for ill, we have obferved, that the electric

matter has the property of affeCting the organs of

feent, which belongs neither to light nor heat.

2dly. It is well known alfo, that an accumulation of

the matter of fire or heat increafes the fluidity of all

bodies, and prevents them from congealing, whereas

congealed fluids may be highly charged with elec-

tricity ; nor does it appear to have the fmalieft effeCt

in increaflng their fluidity.

# Memoires del’Acad. des Sci. 1733, P* Z47.

3d. Fieat



298 Difference between Heat and Elefiricity. [Book IV.

jdly. Heat fpreads in every diredlion, whereas the

eledlrical fluid may be arrefted in its progrefs by

certain bodies, which, on that account, have obtained

the name of non-condudtors. The Torricellian

vacuum, on the contrary, affords a ready paffage

to the eledlric fluid, but is a bad condudlor of

heat *.

4thly. Whenever the matter of heat penetrates

bodies, it warms as well as expands them. The
eledlric fluid does not produce thefe effedls

j bodies,

however long they may be electrified, become

neither hotter to the touch, nor more extended in

dimenfions.

5thly. The Angular property of adhering to certain

conductors, without diffufing itfelf to others, which

may be even in contadl with them, fo obfervable in

the eledtrical fluid, is a property not common to

caloric, or elementary fire. Thus we have feen

that fpirits were fired by an eledtric fpark drawn by

a wire through the water of the Thames, and large

pieces of iron wire have been heated red hot, while

immerfed in water, by an eledlrical explofion f.

6thly. With refpedl to the identity of light and

eledlricity, it fhould alfo be recolledled, that light

pervades glafs with the greateft facility, whereas that

fubflance is penetrated by the eledlrical fluid only

in certain circumflances, and with the utmoft diffi-

culty , if, therefore, it fhould be admitted that the

* Sir Benj. Thomfon’s experiments above quoted.

f Ibid.

bafis
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bafis of the eledtric matter is radically the fame with

the matter of heat or light, it mud alfo be ad-

mitted, that it retains fome other matter in combina-

tion with it, of the nature of which we are as yet

uninformed; and it is probably this combination of

foreign matter which difables it, in ordinary cafes,

from penetrating glafs. Let it, however, be care-

fully remembered, that all this is fpeculation and

conjedture, and that we at prefent know nothing of

a certainty concerning the eledtrical fluid, but fome

of its efledts.

Eledtrical phenomena are produced by fridtion,

and by communication. In general, bodies which

eledtrify the bell by fridtion eledtrify the word by

communication (except glafs in certain circum-

ftances) and on the contrary, fubdances which elec-

trify the belt by communication eledtrify the word

by fridtion. I fhall begin with thofe experiments

which gave rife to the principal technical terms

made ufe of in this fcience.

If a dry glafs tube is rubbed with a piece of dry

filk, and light bodies, as feathers, pith balls, &c. are

prelented to it, they will be fird attradted, and then

repelled. The bed rubber for a fmooth glafs tube

is a piece of black or oiled filk, ^on which a little

amalgam has been placed ; fealing wax, rubbed with

new and foft flannel, will produce the fame effedt.

By this fridtion an agent or power is put in adtion,

and this power is called the eledtrical fluid ; a certain

quantity of this fluid is fuppofed to exid latent in all

bodies.

/
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bodies, in which ftate it makes no impreflion on

our fenfes, but when by the powers of nature or of

art, this equilibrium is deftroyed, and the agency

of the fluid is rendered perceptible to the fenfes,

then thofe effeCts are produced which are termed

electrical, and the body is faid to be eleCtrified.

If a homogenous body is prefented to the excited

tube, fo as to receive eleCtricity from it, and the

eleCtricity remains at or near the end or part pre-

fented, without being communicated to the reft of

the body, it is called a non conductor or eieCtric;

but if, on the contrary, the eleCtricity is communi-

cated to every part, the body is called a conductor,

or non -eieCtric. A body is faid to be injulatedvfhzn

it communicates with nothing but eleCtrics.

A conductor cannot be eleCtrified while it com-

municates with the earth, either by direCt contaCt

or by the interpofition of other conductors, becaufc

the eleCtricity is immediately conveyed away to the

earth.

A mutual attraction is exerted between a body

in a ftate of eleCtricity and all non-electric bodies,

which, if not large and heavy, will pafs rapidly

through the air to the eleCtrified body, where they

remain till they have, by communication, acquired

the fame ftate, when they will be repelled. If an

unin fulated conductor is at hand, it will attraCt the

fmall body when eleCtrified, and deprive it of its

eleCtricity, fo that it will be again attracted by the

eleCtrified body, and repelled as before, and will

2 continue



Chap. 2.] Conductors and Non-conductors, 301

continue to pafs ard repafs between the two, till

the electric date is entirely deftr yed.

The following fubftances are reckoned among

the principal condudtors of the eledtric fluid:

Stony fubftances in general,

Time-ftone, marbles,

Oil of vitriol, *

Allum,

Black pyrites,

Black lead in a pencil.

Charcoal,

All kinds of metals and ores,

. The fluids of animal bodies,

All fluids, except air and oils.

Eledtric bodies, or thofe fubftances which emit

this fluid, are the following

:

Amber, jet, fulphur,

Glafs, and all precious ftones.

All reftnous compounds,

All dry animal fubftances, as filk, hair, wool,

paper, &c.

M. Achard, of Berlin, has proved bv experiment,

that certain circumftances will caufe a body to con-

dudt eledtricity, which before was a non-condudtor.

The principal of thefe circun fiances are the de-

grees of heat to which the body is fubjedted. This

gentleman agrees in opinion with M. Y uler, chat the

principal difference between condudtors and non-

condudtors confifts in the fize of the pores of the

conftituent parts of the body.

It
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It muft be obferved, that cleCtrics and non-

cleCtrics are not fo ftrongly marked by nature as to

be defined with precifion; for the fame fubftance

has been differently claffed by different writers;

befides, the eleCtric properties of the fame fubftance

vary according to changes of circumftances; thus a

piece of green wood is a conductor, and the fame

piece, after it has been baked, becomes a non-

conductor; when it is formed into charcoal it again

conducts the eleCtric matter; but when reduced to

afhes is impervious to it. Indeed, it might perhaps

be generally faid, that every fubftance is in a certain

degree a conductor of this fluid, though fomc

conduCt it with much more facility than others.

The inftruments ufed in eleCtricity are of five

kinds; firft, tubes of glafs, or cylinders of fealing

wax ; the fecond confift ofa Angle winch or of a mul-

tiplying wheel, by means of which, globes, cylin-

ders, and plates of glafs, of fulphur, or of fealing

wax, are made to turn round ; thirdly, metallic

conductors, or fubftances charged with humidity

;

fourthly, eleCtric bottles, commonly called Leyden

phials ; fifthly, eleCtric batteries.

The firft eleCtrical machine made ufe of was a

tube of glafs, which, being eleCtrified by friction,

was then put in a ftate to communicate eleCtricity to

other bodies. The belt glafs for this purpofe is the

fine white Englifh cryftal. The molt convenient di-

menfionsfor thefe tubes are about three feet of length,

twelve or fifteen lines of diameter, and quite a line

of thicknefs. It is of little importance whether the

tube
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tube is open or clofed at the extremities j
yet it is

neceffary that the air within fhould be in the fame

ftate as that without ; for this reafon the tube fhould

at leaft be open at one end; but care mult be taken

left dirt fhould be admitted into the infide, for

that would confiderably impede its effects. If,

notwithftanding thefe precautions, the tube re-

ceives either dirt or moifture, fome dry and fine

fand fhould be introduced into the infide, and it

fhould be afterwards cleaned out with fine dry

cotton.

When it is intended to eledtrify a tube, it is only

neceflary to take the end in one hand, and to con-

tinue to rub the tube with the other hand from

one end to the other until it affords marks of its

being fufficiently charged with the electric fluid.

This fridlion may be performed with the naked hand

when it is dry and clean, otherwife with a piece of

brown paper, or waxed taffeta. When the tube has

been rubbed in this manner, the circumambient air

being dry, if light fubftances are prefented to it,

they will be firft attracted towards it and immedi-

ately afterwards repelled.

The eledtric fluid may be excited in nearly a

fimilar manner, by rubbing a flick of fulphur or

fealing wax.

Thefe tubes being but fmall, the eledtric fluid

produced by thefe means is but feeble in its effedls.

We have feen that a method was contrived to turn

a globe of glafs upon its axis, by means of a ma-

chine with a winch or multiplying wheel ; this me-

thod
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thod admitted of a larger furface, and the fri£tion

was performed with greater cafe, by means of

a rubber being placed clofe to the revolving globe.

To conftrudl a. machine fufficiently large for all

the purpofes ofeledtrical experiments, M. Briffon di-

rects that the wheel KO (fee Plate XVI. Fig. 1.)

fhould be at leaft four feet in diameter, and be

turned round in a ftrong and folid frame HI CD,
&c. lie diredls further, that there Ihould be two

handles M, m, fo that two men may be em-

ployed at once in certain cafes, to give a fufheient

friction to the globe, to augment the effedts. The
globe S ought to be carried round between two

fmall polls N, which ought to be fo placed that

they may be drawn farther from or nearer to the

wheel, in order to admit the cord to be moved

commodioufly whenever it is contradled or extended.

It is alfo neceffary that one of thefe fmall pods

fhould be moveable, that it may be placed either

nearer to or farther from the other, fo that globes

of different diameters may be placed in the ma-

chine j the cord of the wheel R O Ihould commu-

nicate immediately with the pulley P of the

globe S.

When this machine is ufed for the purpofes of

eledlricity, the globe S Ihould be turned according

to the order of the cyphers 1 2 3, and its equator

rubbed with a leathern culhion fluffed with horfc

hair, this may alfo be done by the hands when they

are clean and dry. A bar of iron (A B, Fig. 2.) in-

flated with the cords of filk s,Sj is placed over

the
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the globe S, this bar ferves as a conductor to the

electric fluid *.

A machine cf a fimpler conftruCtion has been in-

vented in this country, and is reprefented in Plate

XVII. Fig. i. In this mftrument a circular plate of

glafs is employed inftead of a globe. The plate,

Pp, is bored through the center, and mounted on

an axis, a a, of copper or hard wood, to which is

fixed the handle, ah. The axis is liipported by

two vertical polls of wood, m, n, to which are

appended four cufhions, i i, formed according to

the preceding directions, and which ferve by their

friCtion to excite the plate.

Before the plate a metal conductor, E D, is

placed horizontally, having two arms or branches,

A B, alfo of metal, each terminating in a fmall

globe or knob, which may be brought within a con-

venient diftance of the place to receive the eleCtrical,

fluid. The conductor itfelf is infulated by two

glafs pillars, F G.

The advantages of this machine are, that it may
be made portable, and is of fo fimple a conftruc-

tion, that any gentleman in the country, after pro-

curing a plate of a reafonable thicknefs from a

glafs-houfe, may, by the aid of a common cabinet-

maker, conflruCl one for his own ufej the con-

ductor may be equally infulated by rofin, wax, filk,

or any other eleCtric or non-conduCting fubftance.

* Briflon, Traite elementaire de Phyf. tom. iii. p. 305.

Vol. I, X This

/



306 Elcfirical [Book IV.

This machine is, however, feeble in its operations,

compared with thofe conftru<5ted with globes or cy-

linders. The moil; powerful, and yet the mod
fimple, of thefe that I have feen, are thofe defcribed

by my late valuable friend, Mr. Adams, in his trea-

tife of electricity.

Fig. i. and 2, Plate XVIII. reprefent two electrical

machines of the mod approved conftruCtion ; the

only difference between them is, the mechanifm by

which the cylinder is put in motion.

The cylinder of die machine, Fig. 2. is turned

round by two wheels, ab
,
c d, which a6t on each

other by a catgut band, part of which is feen at

c and /.

The cylinder in Fig. 1. is put in motion by a

fimple winch, which is lefs complicated than that

with a multiplying wheel (Fig. 2.) : as, however,

both machines are fo nearly fimilar, the lame letters

of reference are ufed in deferibing them both.

ABC reprefent the bottom board of the machine,

' D and E the two perpendicular fupports, which

fuftain the glafs cylinder F G I I I. The axis of the

cap K paffes through the fupport D ;
on the ex-

tremity of this axis either a fimple winch is fixed,

as in Fig. 1. or a pulley, as in Fig. 2 *. The axis

* Mr. Adams, in Ins Leisures on Nat. Philosophy, obferves,

that machines turned bv a fimple winch are lefs liable to be out

of order than thofe which are turned by a multiplying wheel,

and may alfo be excited more powerfully. Adams's LcA. vol. iv.

p. 311.

of
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of the, other cap runs in a fmall hole, which is made

in the top of the fupporter E.

O P is the glafs pillar to which the cuflnion is

fixed ; T a brafs fcrew at the bottom of this pillar,

which is to regulate the preffure of the cufhion

againft the cylinder. This adjufting fcrew is pecu-

liarly advantageous : by it the operator is enabled

to leffen or increafe gradually the preffure of the

cufhion, which it effects in a much neater manner

than it is poffible to do when the infulating pillar is

fixed on a Hiding board. '

„

On the top of the pillar OP is’

a

conductor,

which is connected with the cuffion, and this is

called the negative conductor. In both figures this

condudor is fuppoied to be fixed dole to the

cufhion, and to lie parallel to the glafs cylinder. In

Fig. 1. it is brought forwards, or placed too near

the handle, in order that more of it may be in fight,

as at R S j in Fig. 2. the end R S only is leen.

Y Z (Fig. 1. and 2.) reprefents the pofitive

prime conductor, or that which takes the eledric •

fluid immediately from the cylinder, L M the glafs

pillar by which it is fupported and in fulated, and

V X a wooden foot or bafe for the glafs pillar. In

Fig. 1. this condudor is placed in a diredion pa-

rallel to the glafs cylinder
; in Fig. 2. it Hands at

right angles to the cylinder : it may be placed in

either pofition occafionally, as is molt convenient to

the operator.

Previous to relating feveral circumflances, by

which a large quantity of the eledric fluid may be

X 2 excited.
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excited, it may be necefiary to premife, that the re«

fiftance of the air feems to be leflened, or a kind of

vacuum is produced, where the cufhion is in clofe

contatt with the cylinder; and that the eleftric

matter, agreeably to the law obferved by all other

elaftic fluids, is prefled towards that part where it

finds lead refiftance ; the fame inftant, therefore,

that the cylinder is feparated from the cufhion, the

fire iflfues forth in abundance, becaufe the refiftance

made to it by the action of the atmofphere is leflened

at that part : the effect which arifes from the de-

finition of the attraction or cohefion between the

cylinder and the cufhion is a further proof of the

truth of this hypothefls. The more perfect the

continuity is made, and the quicker the folution of

it, the greater is the quantity which will proceed

from the cufhion.

To excite, therefore, an electrical machine effec-

tually, we mull firft find out thole parts of the

cufhion which are preffed by the glafs cylinder, then

the amalgam muft be applied to thofe parts only.

The line of contact between the cylinder and

cufhion muft be made as perfect as poflible, and

the fire which is collected muft be prevented from

efcaping. The breadth of the cufhion fhould not

be great, and it fhould be placed in fuch a manner

that it may be eafily railed or lowered.

In order to find the line of contact between the

cylinder and cufhion, place a line of whiting, which

has been diffolved in fpirits of wine, on the cylin-

der j on turning this round, the whiting is depofited

+ ' on
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on the cu(hion> and marks thofe parts ofit which

bear or rub againft the cylinder. The amalgam is

to be put on thofe parts only which are thus

marked by the whiting.

Whenever the electricity of the cylinder grows

lefs powerful, it is eafily renewed by turning back

the filk which lies over it, and then rubbing the

cylinder with the amalgamated leather, or by alter-

ing the prelfure of the adjufting ferew.

A fmall quantity of tallow placed over the amal-

gam is obferved to give more force to the eleCtric

powers of the cylinder j or the fame end may be

effected by rubbing the cylinder with a coarfe cloth,

which has been a little greafed, and afterwards wip-

ing the fame with a clean cloth.

As air not only refills the emiflion of the eleCtric

fluid, but alfo diflipates what is collected, on ac-

count of the conducting fubltances which are float-

ing in it, a piece of black or oiled filk fhould be

placed from the line of contaCt to the collecting

points of the prime conductor, and thefe points

fhould be placed within its atmofphere.

Sometimes the filk will adhere fo ftrongly to the

cylinder, when zinc amalgam is ufed, as to render it

very difficult to turn ; this may be obviated by rub-

bing a fmall quantity of aurum mufivum, or a little

whiting, over the filk, when it is wiped clean *.

There
• The following dire&ions of Mr. Adams, relative to excit-

ing the machine, will be ufeful to the experimentalift :

‘ To excite your machine, clean the cylinder, and wipe the

Pc,
x 3

* Greafe
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• Chap. III.

OF THE VITREOUS AND RESINOUS,
OR POSITIVE AND NEGATIVE ELEC-
TRICITY.

DiffinCiion in the attractive Powers of certain Electrics.—Theft

Effects found to defend not on the Nature ofthe Suhjlanee, but the

Roughnefs or Smoothnefs of the Surface.—Theory ofTwo difinCl

Fluids.—Franklin's Theory.—Difficulties attending it.

t

I
N a very early (tage of the fcience, we have

Teen, that a diftinction was obferved with re-

fpeCt to the attractive and repnlfive powers of cer-

tain eleCtric bodies. Thus if we eleftrify with the

fame fubftance, for inftance, either with excited glafs

or with fealing wax, two cork balls in an infulatcd

(late, that is, fufpended by filk lines about fix

inches long, the balls will feparate and repel each

other; but if we elcCtrify one of the balls with

glafs, and the other with fealing wax, they will be

mutually attracted. This circumftance gave rife to

the opinion, that two different fpecies of electricity

exifted, and the one was termed the vitreous elec-

tricity, or that produced from glafs ; and the other,

which was produced from fealing wax, refinous

fubftances, and fulphur, was termed the refinous

eleChicity.

Subfcquent

I
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Subfequent experiments ferved to fhew, that in

the common eleCtrical machine, the rubber exhi-

bited the appearances of the refinous eleftricity,

and the cylinder, that of the vitreous, while the for-

mer was connected with the earth. A divergent

.cone or brufn of electrical light was obferved to

be the obvious mark of the vitreous eledtricity,

and a fingle globular mafs of light diftinguifhed the

refinous kind. The hand or body alfo, which ap-

proached the vitreous or glafiy fubftance, when ex-

cited, appeared to receive the matter from the elec-

tric; but when one of the refinous kind was ex-

cited, the electrical matter appeared to proceed

from the hand or other approaching body.

Notwithftanding, however, the names by which

thefe different forms of eledlricity were diftinguifh-

ed, as the vitreous and refinous, it was at length

difcovered, that the different phenomena depended

rather upon the furface, than upon the nature and

compofition of the electric; for a glafs tube, when

the polifhed furface was deftroyed, by being ground

with emery, and being rubbed , with a fmooth

body, exhibited all the proofs of the refinous elec-

tricity, as much as fulphur or fealing wax; yet af-

terwards, when it was greafed and rubbed with a

rough furface, it refumed its former property. It

feems, therefore, to be a rule, that the fmootheft of

two bodies, upon friction, exhibits the phenomena of

the vitreous electricity, for baked wooden cylinders

with a fmooth rubber are refinoufly electrified, but

with a rubber of coarfe flannel exhibit the appear-

ances
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anccs of the vitreous kind; and even polifhed glafs

will produce the phenomena of the refinous elec-

tricity, if rubbed with the fmooth hair of a cat’s

fkin. *

Amidfl this embarraffing variety of experiments,

thofe philofophers who applied to this branch of

fcience, were eagerly employed in inventing theo-

ries to account for thefc phenomena, and electri-

cians are ftill divided with refpeCt to the caufe.

The old theory of vitreous and refinous electri-

city, or two diftinCt, pc fitive, and aCtive powers,

which equally and ftrongly attraCt and condenfe

each other, has ftill its fupporters; among the ablcft:

of its defenders was my late friend Mr. Adams,

who, it mud be confefted, upon this theory, has in-

gcnioufly accounted for the molt remarkable elec-

trical phenomena *.

The theory of Franklin, however, though not

without its d.feCts, has more ftmplicity, and ac-

counts for facts in a more eafy and more natural

manner. The principles of this diftinguiftied philo-

fopher may be refolded into the following axioms:

1 ft. The eleCbric matter is one and the fame in

all bodies, and is not of two diftinCt kinds.

2d. All terreftrial bodies contain a quantity of

this matter.

3d. The eleCtric matter violently repels itfelf,

but attrads all other matter.

* See Mr. Adames Lectures on Nat. Phil. vol. iv.

4th.
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4th. Glafs and other fubftances, denominated

eleCtrics, contain a large portion of this matter, but

are impermeable by it.

5th. Conducting fubftances are permeable by it,

and do not conduct it merely over their furface.

6th. A body may contain a fuperfluous quantity

of the eleftrical fluid, when it is faid, according to

this theory, to be in a pofttive Hate, or electrified

plus-, and when it contains lei's than its proper fhare

it is faid to be negative, or eleCtrified minus,

7th. By exciting an eleCtric, the equilibrium of

the fluid is broken, and the one body becomes

overloaded with ele&rity, while the other is depriv-

ed of its natural fhare.
,

Thus, according to the Franklinean theory, that

electricity, which was before called vitreous, is now
called pofitive eleCtricity; and that which was term-

ed the refimus , is now denominated negative elec-

tricity.

It is evident, that it is only in pairing from one

body to another, that the efFeCts of the electrical

fluid are apparent. When all the adjacent bodies

therefore’ are equally charged with eleCtricity, no

effeCts whatever will appear. The equilibrium

mull, according to the principles of Dr. Franklin,

be deftroyed, that is, the fluid mult be made rarer

in fome one part, before any of the phenomena

will be exhibited. In that cafe the denfe fluid rulh-

ing in to fupply the deficiency in that part where it

is rarer, produces the flafh of light, the crackling

noife, and the other effeCts of eleCtricity.

The

1
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The different effects on rough and fmooth bo-

dies, when excited, have been previously noticed.

The Franklinean theory is, if a rough and fmooth

body are rubbed together, the fmooth body will ge-

nerally be eledbrified plus, and that with a rough

uneven Surface, minus. Thus, in the ordinary ope-

ration of the common machine, the cylinder is po-

sitively eledtrified, or plus, and the rubber negative,

or minus. The redundance of die pofitive electri-

city is fent from the cylinder to the prime conduc-

tor, and may be communicated from it to any

condudting body. If, however, the prime conduc-

tor is made to communicate with the earth, which

has a great attradtion for the electrical matter (and

w^tich, being one great mafs of condudting fub-

ftances, will not permit the accumulation of the fluid

in a particular part) and if at the fame time the

rubber is in an infulated (late, fupported for in-

stance by glafs or any eledtric, thefe effedts vvill be

reverfed, for the prime condudtor will then be ne-

gatively eledtrified, and the rubber will be plus or

pofitive.

This theory is, it muft be confeffed, not without

its difficulties, and it is much to be feared, that we

have as yet no complete theory of electricity. The

fadt molt difficult to be explained on the Frankli-

nean fyltem is, that of two bodies negatively elec-

trified repelling each other, for if the repulfion in

the cafe of pofitive eled' ricity is caufed entirely, as

there is realon to believe it is, by the eledtric mat-

ter, how Should a deficiency of that matter produce
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the fame effedt ? Attempts have been made to ex-

plain the fadt by having recourfe to the electricity

of the air, which (when not charged with moifture)

is certainly an eledtric or non-condudting fubftance,

and in all cafes is an imperfedt eledtric. The cork

balls, or other light fubftances, which are eledtrified

negatively, are therefore fuppofed to be adted upon

by the pofitive eledtricity of the air, which produces

an efifedt adequate to their being pofitively eledtri-

fied. This folution, however, is not quite fatisfac-

tory
;
though it is perhaps unphilofophical to rejedt

an hypothefis, which explains fome fadts greatly to

our fatisfadtion, merely becaufe it has not as yet

explained every thing.

Dr. Franklin fuppofed that the eledtric fluid is

colledled from the earth, and this hypothefis he

fupported by the following experiments.

Let one perfon {land on wax (or be infulated)

and rub a glafs tube, and let another perfon on wax

take the fire from the fir ft, they will both of them

(provided they do not touch each other) appear to

be eledtrified to a perfon ftanding on the floor; that

is, he will perceive a fpark on approaching either of

them with his knuckle dr finger ; but if they touch

each other during the excitation of the tube, nei-

ther of them will appear to be eledtrified. If they

touch one another after exciting the tube, and draw

die fire as before, there will be a ftronger fpark be-

tween them than was between either of them and

the perfon on the floor. After fuch a ftrong fpark

neither of them difcover any electricity.

He
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He accounts for thefe appearances by fuppofing

the electric fluid to be a common dement, of which

each of the three perlons has his equal fhare before

any operation is begun with the tube.

A, who Hands upon wax and rubs the tube, col-

lects the electrical fire from himfelf into the giafs,

and his communication with the common Hock be-

ing cut off by the wax, his body is not again im-

mediately fupplied.

B, who alfo Hands upon wax, palling his knuckle

along the tube, receives the fire which was collected

from A, and being infulated, he retains this addi-

tional quantity.

To the third perfon, who Hands upon the floor,

both appear electrified > for he, having only the

middle quantity of eleCtrical fire, receives a fpark

on approaching B, who has an over quantity, but

gives one to A, who lias an under quantity.

If A and B approach to touch each other, the

fpark is flrongcr, becaufe the difference between

them is greater. After this touch there is no fpark

between either of them and C, becaufe the electrical

fluid in all is reduced to the original equality. If

they touch while electrifying, the equality is never

defiroyed, the fire is only circulating ; lienee we fay

that B is electrified pofitively, A negatively *.

* Mr. Adams on Electricity, p. 43.

Chap.
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I
N order to underftand properly the nature of

what is called the Leyden phial, or eledbrical jar,

it will be neceffary to revert to what has been faid

both in the introdudbion and in the preceding chap-

ter on pofitive and negative eledbricity. If a piece

of glafs is coated with any condudbing fubftance, it

may be made to accumulate the eledbrical matter to

a furprifing degree. In this cafe one fide of the

glafs, if it does not exceed a given thicknefs, will be

pofitively electrified, and the other negatively. The
form of the glafs is of no confequence in this expe-

riment ; it may be either flat, cylindrical, or other-

wife.

The objedb of the philofopher being, therefore, on

many occafions, to colledt a large quantity of elec-

tricity, by means of the furfaces of eledbrics, and.
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as flat plates are neither neceflary nor convenient

for this purpofe, he accommodates himfelf with a

fufflcient number of prepared jars. Thefe are made

of various fhapes and magnitudes, but the moft

ufeful are thin cylindrical glafs veifels, about four

inches in diameter, and fourteen in height, coated

within and without (except about two inches from

the top) with tinfoil, or any other conducting fub-

ftance.

If one fide ’of this jar is electrified, while the

other fide communicates with the earth, it is faid to

be charged.

When a communication is formed from one fide

of the jar to the other by a conducting fubftance,

after it has been charged, an explofion will take

place, and this is called difeharging the jar. This

phial is incapable of being charged when it is infu-

lated ; that is, when neither fide communicates with

the earth. When it is charged, the two fides are

in contrary ftates, the one being pofitively, the

other negatively electrified.

A jar is faid to be pofitively eleCtrified when the

infide receives the fluid from the conductor, and the

outfide is connected with the earth. It is negatively

eleCtrified when the outfide receives the fluid from

the conductor, and the infide communicates with

the earth ; but it is neceflary that the jar charging

negatively fliould be infulated, becaufe the fluid is,

in the firft inftance, conveyed to the coating, and

would be immediately carried to the earth if it was

not infulated.

The
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1

The moft 'ufual forms of the Leyden phial are re-

prefented in Fig. 3. and 5. Plate XVII. and its

nature may be exemplified by the following experi-

ment :

Place the phial (Fig. 5.) on an infulated Hand

;

bring the coating in contail with the conductor;

turn the machine flowly, and after a fevv turns

remove the phial from the conductor ; then form

a communication between the outfide and the

infide of the phial, by placing one end of the

difeharging rod firft upon the coating, and then

bringing /“the other end of the rod to the brafs

ball of the bottle , in this cafe there will be no

explofion, becaufe, both fides being infulated, the

bottle was not charged ; but if a chain is fufpended

from the brafs ball of the phial to the table, and

the coating brought in contact with the conductor,

after a few turns of the machine remove the phi^al

as before j then if the difeharger is applied, an ex-

plofion will be heard, and the bottle will be dif-

chargedj becaufe, in this cafe, the infulation of the

infide is deftroyed by the chain, and the phial

becomes capable of receiving a charge.

That the charge of a coated jar refides in the

glafs, and not in the coating, is proved in the fol-

lowing manner: place a plate of glafs between two

metallic plates, about two inches in diameter, fmaller

than the plate of glafs j charge the plate of glafs,

and then remove the upper metallic plate by an

infulated handle ; take up the glafs plate, and

place it between two other plates of metal unelec-

Vol. I. Y trifled
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trifled and infulated, and the plate of glafs thus

coated afrefh will ftill be charged. The following

experiments are further illuftrative of the nature of

the Leyden phial.

A cork ball, or an artificial fpider made of burnt

cork, with legs of linen thread, fufpended by filk,

will play between the knobs of two bottles, one of

which is charged pofitively, the other negatively,

and will in a little time difeharge them.

A ball fufpended on filk, and placed between two

brafs balls, one proceeding from the outfide, the

other from the infide of a Leyden jar,' when the

bottle is charged, will fly from one knob to the

other, and by thus conveying the fire from the

infide to the outfide of the bottle will foon dif-

eharge it.

An infulated cork ball, after having received a

fpark, will not play between, but be equally repelled

by two bottles, which are charged with the fame

power.

A wire is fometimes fixed to the under part

of the infulated coated phial (Fig. 5.) and be is

another wire fitted to, and at right angles with

the former ; a brafs fly (Fig. 4.) is placed on

the point of this wire ; charge the bottle, and all

the time the bottle is charging the fly will turn

round when it is charged the needle will flop.

If the top of the bottle is touched with the finger,

or any other conducing fubftance, the fly will turn

again till the bottle is difeharged. The fly will

eledtrify a pair of balls pofitively while the bottle

is
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is charging, and negatively, when it is difcharg-

ing *.

When a Leyden phial positively charged is in-

fulated, it will give a (park from its knob to an ex-

cited (tick of wax, but not a fpark will pafs at that

time between it and an excited glafs tube.

An additional quantity of the fluid may be thrown

on one fide of the jar, if by any contrivance an

equal quantity may be made to elcape from the

other, and not otherwife.

Electricians, in order to increafe the force of the

electric explofion, connect feveral Leyden phials

together in a box ; and this collection they call an

electrical battery.

In this apparatus the bottom of the box (Plate

XVII. Fig. 2.) is covered with tin-foil, to connect

the exterior coatings ; the infide coatings of the jars

are connected by the wires tf, b, c} d, <?,/, which meet

in the large ball A ; C is a hook at the bottom of the

box, by which any fubflance may be connected with

the outflde coating of the jars 5 a ball, B, proceeds

from the infide, by which the circuit may be con-

veniently completed. Mr. Adams gives the fol-

lowing precautions to thofe who make ufe of an

electrical battery

The top and uncoated part of the jar fhould be

kept dry and free from dull; and after the explo-

fion has taken place, a wire from the hook is to

be connected to the ball, and left there till the bat-

\ /

* Mr. Adams’s EfTay on Elett. p. 131. f Ibid. p. 147.

Y 2 tery
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tery is to be charged again, by which means the

inconveniences arifing from the frequent refiduum

of a charged will be obviated.

Every broken jar in a battery mull be taken

away, before it is poflible to charge the reft.

It has been recommended, not to difcharge a

battery through a good conductor, if the circuit is

not at lead five feet long; but it muft be obferved,

that in proportion to the lengthening of the circuit

the force of the fhock will be lefiened.

Jars made of the green glafs, manufactured at

Newcaftle, are faid to endure an explofion without a

probability of breaking.

If the fpaik from the explofion is concentrated,

by caufing it to pals through fmall circuits of non-

conducting fubftances, the force of the battery will

be confideiably increafed. For this purpofe, caufe

the fpark to pals through a hole in a plate of glafs

one twelfth or one-fixth of an inch diameter, by

which means it will be more compaCt and powerful.

By wetting the part round the hole, the fpark, by

converting this into vapour, may be conveyed to a

greater diftance, with an increafe of rapidity, attend-

ed with a 1 aider noife than common. Mr. Morgan,

by attending to thefe and lbme other circumftances,

has melted wires, &c. by the means of fmall bottles.

If the charge of a ftrong battery is paiTed through

two or three inches of fmall wire, the latter will

fometimes appear red hot, firft at the pofitive

fide; and the rednefs will proceed towards the other

end.

If
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If a battery is difcharged through a fmall fteel

needle, it will, if the charge is ftrong, communi-

cate magnetifm to the needle.

If the difcharge of a battery palfes through a

fmall magnetic needle, it will deftroy the polarity of

the needle, and fometimes invert the poles; but it

is often neceflary to repeat this feveral times.

Dr. Prieftley could melt nine inches of fmall iron

wire at the diftance of fifteen feet, but at the dif-

tance of twenty feet he could only make fix inches

of it red hot, fo that we may infer from this, that

notwithftanding their conducting power, ftill metals

refill in fome degree the paffage of the eleCtric

fluid, and therefore in eftimating the conducting

powers of different fubftances, their, length muff

not be forgotten.

If a {lender wire is inclofed in a glafs tube, and a

battery difcharged through this wire, it will be

thrown into globules of different fizes, which may
.be collected from the inner furface of the tube

;

they are often hollow, and little more than the fcoria

or drofs of the metal.

Dr. .Watfon and fome other gentlemen made
feveral curious experiments to afcertain the diftance

to which the eleCtric Ihock might be conveyed,

and the velocity of its motion, which were briefly

noticed in the firft chapter. In the firft experi-

ment, the Ihock was given, and fpirits fired by the

eleCtric matter which had been conveyed through

the river Thames. In another experiment, the

eJeCjtric fluid was made to pafs through a circuit of

T 3 two
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two miles, eroding the New River twice, going over

feveral gravel pits and a large field, and afterwards

conveyed through a circuit of four miles. This

motion was fo inftantaneoufly performed by the

electric fluid, that an obferver, in the middle of a

circuit of two miles, felt himfelf fhocked at the

fame inftant that he faw the phial difeharged.

Notwithstanding this furprifing velocity, it is

certain, however, that both Tides of a charged phial

may be touched fo quickly, even by the beft con-

ductors, that all the eleCtric fluid has not time to

make the circuit, and the phial will remain but

half difeharged ; and there are feveral inltances where

the motion appears flow, and not eafily reconcileable

with the amazing velocity we have obferved in the

inflar.ee above: indeed it is certain, that this fluid is

refifted in fome degree in itspaflfage through or over

every fubrtance.

There is another part of an eleCtrical apparatus,

originally of German invention, which, before the

conclufion of that which may be called the me-

chanical part of electricity, it will be proper to

notice. It is chiefly illuftrative ofthe eleCtrical attrac-

tion. This apparatus confifts of three fmall bells,

fulpended from a narrow plate of metal
; the two

outermofl: by chains, and that in the middle, from

which a chain pafles to the floor, by a filken firing.

Two fmall knobs of brafs are alfo hung, by filken

firings, on each fide of the bell in the middle,

which ferve for clappers. When this apparatus is

connected with an electrified conductor, the outer-

* mod
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moft bells, fufpended by the chains, will be charged,

attraCt the clappers, and be (truck by them. '1 he

clappers, becoming electrified likewife, will be re-

pelled by thefe bells, and attracted by the middle

bell, and will dilcharge themfelves upon it by

means of the chain extending to the floor. After

this they will be again attracted by the outermofl:

bells, and thus, by linking the bells alternately,

occaflon a ringing, which may be continued at

pleafure. Flafhes of light will alfo be feen in the

dark between the bells and the clappers; and if the

eleCtricity is ftrong, the difeharge will be made

without aCtual contaCt, and the ringing will

eeafe.
. c

If an apparatus of this kind is joined to one of

thofe conducting rods, ere.Cled to proteCt build-

ings from the efteCts of lightning, it will ferve to

give notice of the approach and paflage of an elec-

trical cloud.

It is remarkable,, that in certain cafes bodies

electrified will retain their eleCtric power for almoft

any length of time, and on this principle a very

ingenious inftrument has been conftruCted, called

an eleCtrophorus. This machine confifts merely

of a mafs of refinous matter, contained in a box

for the convenience of carriage, and a plate of me-

tal fitted to communicate with it, which is lifted

by a handle of glafs, or fome non-conduCting fub-

ftance. The refinous mafs being rubbed with a

flannel, ,or even with the hand, and the plate of

metal being applied to it, the metal will become

Y 4 charged./
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charged, and give out (parks very freely to any

conducting body; and this property of communi-

cating eleCtricity the refinous mafs will retain for

a length of time, without any frefh application what-

ever.

To explain thefe phenomena it will be again

necefl'ary to recur to what has been faid concerning

negative and pofitive eledricity
; it will be necef-

fary alfo to recoiled, that the negative eledricity

was originally termed the refinous , becaufe it was

at firft thought to be peculiar to thofe fubftances.

In the eledrophorus, therefore, the lower plate, or

refinous mafs, being negatively eledriflcd, the matter

is takes from the metal plate, and this becoming

alfo negatively eledrified, the fluid is attraded from

any body which is prefented to it.

Several inftruments have been invented for mea-

furing the quantity of eledricity contained in any

body. Thefe generally are formed upon the prin-

ciple of the eledric attradion, and confift of a

(mail pith ball, or other light body, fufpended on

a moveable arm, with a kind of femi-dial to mark

the degrees. Mr. Adams recommends Mr. Hen-

ley’s quadrant eledrometer for this purpofe,

which he deferibes as follows: “ It conflfts (Fig.

3. Plate XVI.) of a perpendicular (tern formed

at top like a ball, and furnifhed at its lower end with

a brafs ferrule and pin, by which it may be fixed in

one of the holes of the condudor, as at Fig. 4. or at

the top of a Leyden bottle. To the upper part

of the Item, a graduated ivory femicircle is fixed,

I
about
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about the middle of which is a brafs arm or

cock, to fupport the axis of the index. The in-

dex confifts of a very (lender (tick, which reaches

from the center of the graduated arch to the brals

ferrule; and to it’s lower extremity is fattened a fmall

pith ball nicely turned in the lathe. When this

electrometer is in a perpendicular pofition, and not

eleCtriffed, the index hangs parallel to the pillar;

but when it is electrified, the index recedes more or

Jefs, according to the quantity of electricity.”
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Ciiap. V.

GENERAL EFFECTS OF ELECTRICITY.

i

Phenomena of Attrafiion and Refrdfon.—Eledrical Atmfphere .

—

Different Ejj'eds on different Subfiances*—Electrical Cohefiou .

—

Experiments on Silk Stockings.-—On the Evaporation of Fluids.

—Vegetation.—Animal Pcrfpiration.—Infanimation ofSpirits.—

Animals killed by Electricity.—Curious Phenomena in vacuo .

—

Recapitulation of Principles,

H E various phenomena of electricity may,

for the fake of perfpicuity, be divided into

two clafles ; the firfc of which may be included un-

der the general head of attraction and repulfion

;

and under the fecond may be ranged all thofe phe-

nomena winch are accompanied with the luminous

appearances, and that effeft on the animal frame

which is termed the electrical fhock. Though

fome of thefe may appear at firft to have very little

analogy with the former clafs, yet we fhall have

frequent opportunities of inferring, that they are

only neceffary efteCts from one common caufe, and

rather differ in their circumftances than in their na-

ture. The atmofpherical phenomena will demand

a. diftinCt chapter.

It follows, from what has been already flated, that

every body electrified, whether by friction, or by

communication ;
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communication ; whether by the means of glafs, or

any refinous fubftance ; is furrounded by a kind of

atmofphere of that fluid which is called the eleftrical

matter.

The proof on which this hypothecs refts is, that

light bodies-are actually lifted up, and carried to or

from the eledtrified body, which, the fupporters of

this theory alledge, could only be effedted by their

being enveloped in fome fluid medium. Thus,

when the hairs on the head of a perfon eledtrified

ftand eredt, or the fibres of a foft feather fpread out,

as if to meet or recede from the condudtor, accord-

ing to .circumftances, every particular hair or fibre

is fuppofed to be furrounded with an eledtrical at-

mofphere.

It is demonflrated by Earl Stanhope, in his inge-

nious treatife on electricity, that the denflty of the

eledtrical atmofphere diminifhes exadtly in propor-

tion to the fquares of its diftance from the center

of the eledtrified body.

Thofe attradlions and repulfions, which we have

feen take place when light bodies are brought near /

to eledtrified fubftances, are, agreeably to the notions

of fome philofophers, caufed by two currents of the

eledtric fluid , the current which departs from the

bodies brought near to the eledtrified fubftance

caufes thofe bodies to appear to be attradted, and

the current which departs from the eledtrified fub-

ftance repels them : thefe twro eftedts taking place

in the fame inftant, we may infer that thele two

currents are flmultaneous,
\

A body

\
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A body repelled by an ele&rified fubftance will

be attracted by this fubftance as foon as it has

touched any non-eleCtric body.

An electrified fubftance, if it is left free to move,

is attracted by a non-eleCtric body not electrified.

Thus a fmall thin plate of metal, electrified and

fufpended by a thread of filk, is attracted either by

a man’s hand, a piece of green wood, or by a metal

tod prefented to it.

All fubftances are not attracted with equal force

by electrified bodies ; in general thofe, which are in

their texture the denfeft and molt compaCt, are more

readily attracted and repelled, and are fubjeCt to

the influence of eleCtricity at a greater diftance

than thofe which are loofer and more porous in

their confiftence. A ribband or thread, when waxed

or gummed, becomes more fubjeCt to this attrac-

tion and repulfion than it was in its original fiate.

Of all fubftances, gold leaf appears the molt ealily

affeCted by eleCtrical attraction.

EleCtrified bodies adhere fo clofely together, that

the circumftance has given occafion to a new term

in philofophy, and it has bCen called the eleCtrical

cchefion. This faCt was pleafantly illuftrated by

fome experiments on filk ftockings, communicated

to the Royal Society by Mr. Robert Symner a few

years, ago. Two filk ftockings, the one black and

the other white, had been for fome time upon one

leg, and were then rubbed with the hand, and both

pulled off together ;
it appears that in this calc the

two ftockings will adhere together in fuch a manner

as

S



333Chap. 5.] Experiment on Silk Stockings

•

as to require a confiderable force to feparate them.

M. BrifTon, who repeated the experiment, obferves,

that after he had feparated the white from the

black (locking another phenomenon occurred ; for

while he held them, one in each hand, fufpended in

the air, they fwelled and puffed up as wide as if the

leg had remained in them ; when they were brought

within ten or twelve inches of each other, they

rufhed precipitately upon one another, and adhered

forcibly together; but this adhefion was not fo

great as that which took place while the (lockings

were one within the other. Mr. Symnerfuppofed,

that the fuccefs of this experiment depended upon

the contrail between the black and white colour

;

but M. Briifon proves this hypothefis to be without,

foundation, having made the experiment by fub-

llituting for the black (locking another of a different

colour, and even a white one ; but he confefles, that

when the experiment was made with two white

filk (lockings the effects were weak.

Electrical attraction appears not to be equally

ftrong in vacuo as in the open air. From feveral

experiments of Beccaria’s we learn, that if the air is

thoroughly exhaufted out of a glafs receiver, the

attraction and repulfion of electrified light bodies

within the receiver becomes languid, and foon

ceafes altogether.

Electricity augments the natural evaporation of

fluids, and efpecially of thofe fluids which are mod
fubject to evaporation of themfelves

; and it has

alfo a great effect on fluids, when the veflels contain-
%
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ing them are non-eleCtrics. If a humid body, a

fponge for inftance, is placed upon a conductor po-

fitively eleCtrified, the evaporation will go on much
more rapidly, and it will be much fooner dry, than

a fimilar body differently circumftanced.

Dr. Prieftley alfo gives us reafon to fuppofe, that

plants, when electrified, vegetate earlier and more
vigoroufly than rhofe which have not been fubjeCted

to this influence.

That eleCtricity increafes the in fen Able perfpira-

tion of animals may be inferred from the circum-

ftance that eleCtrified animals are always lighter than

thofe which arc not.

The ftream of ele&rical fluid has no fenfible heat,

but even appears cold to the touch
;

yet we have

ieen that the more inflammable bodies, and particu-

larly fpirit of wine, may be ignited by it. This ex-

periment may be eafily made by a fpark from a

common machine. Let a perfon infulated, and com-

municating with a charged conductor, hold in his

hand a quantity of rectified fpirit in a metal fpoon.

If the fpirit has been a little warmed over a candle

previoufly, the experiment will be more certain to

lucceed. Let another perfon then, not inlulated,

but communicating with the floor, prefent his finger

to the fpirit, a fpark will immediately pal's between

the fpoon and the finger, and the lpirit will be in-

flamed. This phenomena might pafs for an exer-

tion of magic in an ignorant country, or an igno-

rant age.

By
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By a fmart fhock of electricity from a charged

phial, or a battery, fmall animals may be killed ;

but I have not underftood that human art has yet

been able to conftruCt a battery large' enough to

kill an animal above the fize of a fheep or a dog.

The immediate or proximate caufe of the death of

animals by eleCtricity, or by lightning, which is na-

tural eleftricity, has not yet been afcertained* It

was once fuppoled that the living principle was ex-

tinguifhed by the burfting of fome blood vefTel,

from the violence of the fhock ; but a dog, which

was killed by lightning, was carefully diffeCted, and

none of the veffels found in the lead injured. Bec-

caria recovered fome perfons apparently {truck

dead by lightning; and when queftioned with re-

fpeCt to the pain or differing which they endured,

they only complained of an unufual numbnefs or

wearinefs in their limbs. The fiefh of animals

killed by electricity is rendered extremely tender,

and is recommended by Dr. Franklin as an article

of luxury. It Will alfo putrify in a much fhorter

time than the fiefh of thofe which are killed in any

ordinary way.

The luminous effeCts of eleCtricity are not pre-

cifely the fame in vacuo as in the open air ; and

indeed a very curious phenomenon has been pro-

duced by injecting the eleCtric light in a vacuum.

If a wire with a round end is fattened in an ex-

haufted receiver, and prefented to a conductor of

an eleCtrical machine, every fpark will pals through

the vacuum in a broad dream of light, vifible the

whole
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whole length of the receiver, moving with regu-

larity (unlefs it is turned back by fome non-eledtric)

and then dividing itfelf into a variety of beautiful

rivulets, which are continually feparating and unit-

ing in a pleafing manner. When the veflel is

grafped by the hand, a puliation is perceived like

that of an artery, and the fire inclines towards the

hand. A fmall quantity of air is, however, neceflary

to occafion the greateft luminous effect.

The following is a recapitulation of what M.
Brifion confiders as fundamental principles, con-

firmed, he fays, by his own experiments, feconded

by thole of other philofophers *.

The eleCtric fluid is the fame in eflence with that

of light and heat, but combined with a fubftance

which affedts the organs of lcent.

When bodies are electrified by glafs, they furnifh

tufts or pencils of light; but if eledtrified by ful-

phur or refinous fubftances, they only produce points

or fparks of light; bodies prefented to thofe elec-

trified by ghfs produce only luminous points,

while thofe which are prefented to bodies which are

eledtrified by fulphur produce beautiful pencils or

tufts of light.

To eledtrify bodies by communication, it is ne-

ceflary to infulate them; the fubftances the moft

proper for this purpofe are thofe which eledtrify the

belt by fridtion.

Glafs, though it eledtrifies very well by fridtion,

eledtrifies alio by communication, even without an/

• Traite Element, de Phyf. Tom. iii. p. 435*

preliminary
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preliminary preparation ;
yet it is very proper to

infulate.

Eledtrical phenomena are not produced entirely

from the bodies upon which the eledtrifying ma-

chine adts ; the adjacent bodies or lubftances con-

tribute towards their produdtion.

The energy of the eledtric virtue is augmented,

in condudtors, more by an increafe of furface, than

by an augmentation of the mafs.

Eledtrified bodies adhere one to another* fo that

they cannot be feparated without a confiderable

effort, as was exemplified in the cafe of two filk

ftockings of various colours.

Eledtricity accelerates the evaporation of liquors,

and the perfpiration of animals.

The pencils or tufts of light, which are feen at

the extremities or angles of eledtrified bodies, are

always compofed of divergent rays when they pals

in the air ; but if a ?ion-eleCiric or condudting body

is prefented to them, they lofe a great deal of their

divergency; their rays fometimes become even con-

vergent, in order that they may approach towards

that body which is more permeable than the air; and

if they are made to pafs into a vacuum, they will

affume the form of a large branch of light nearly

cylindrical, or in the form of a fpindle.

The fpark which fhines between two bodies is

capable of fetting combuftible matters on fire.

VOL. I. Z Chap.
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Chap. VI.

OF THUNDER AND LIGHTNING, ME-
TEORS, WATER-SPOUTS, Ac.

Theory cf Lightning.—Defcripticn of a Thunder Storm.—Obfcrea-

tions relative to the Electricity of the Atmofpbere.—Melting of

Metals by the Cold Fufon a vulgar Error.—-Conductors of

Lightning.—How to befafe in a Thunder Storm.—Application of

EleCiricity to other atrnofpherical Phenomena.—Rain.—•Hail.

—

Snow.—Meteors.—Water -fpeuts.

I
T no longer remains a doubt among philofo-

phers, that the caufe which produces the effedts

of thunder is the fame with that which produces

the ordinary phenomena of electricity ; the refem-

blance between them is indeed fo great, that we can-

not believe thunder itfelf to be any other than a

grander fpecies of electricity, naturally excited with-

out the feeble efforts of human art. This fluid, pro-

bably, is diffufed through the whole atmofphere at

all times, either in a fmaller or greater degree, and

is occafionally perceptible to our fenfes, according to

the concurrence of natural circumftances.

The cloud which produces the thunder and

lightning may be confidered as a great electrified

body ;
but how has the cloud acquired its eledtric

virtue ? is the rational requeft of an inquifitive

mind : and to fatisfy this enquiry it will be necef-

fary
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fary to refer to what has been before obferved, that

this power is' produced in bodies in two modes,

by fridtion, and by communication. Bodies elec-

trified by fridtion communicate their virtue to

other bodies which are fufceptible of it, being

infulated, and at a convenient diftance. As air,

therefore, is an idio-eledtric body, it is not unphilo-

fophical to fuppofe, that in ftormy weather efpe-

cially, when it is common to obferve the clouds and

the wind take contrary courfes, a part of the at-

mofphere, rufhing by the other, may caufe the air to

be eledtrified by the -fridtion of its own particles, or

by rubbing againft terreftrial objedts which it meets

in its pafiage, or perhaps againft the clouds them-

felves. It is probable alfo, that the inflammable

lubftances, which arife and accumulate in the cloudy

regions, contribute to increafe the effedts, not only

of themfelves, but, perhaps, ftill more, by the elec-

tric matter which they carry along with them.

Another circumftance, which further inclines me to

make this inference is, that thunder ftorms are

more frequent and tremendous in thofe times and

places-) when and where we have reafon to conclude

that thefe exhalations are in the greateft abundance

in the atmofphere, as in warm feafons and climates,

as well as in thofe places where the earth is filled

with fubftances capable of furnifhing a large quan-
tity of thefe exhalations, and in particular in the

neighbourhood of volcanoes.

A cloud in a thunder ftorm may be confidered

as a great condudtor, adtually infulated and.elec-

Z a trifiedj
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trified
; and it may be fuppofed to have the fame

effeft upon thole non-eleftrics which it meets with

in its courfe, as our common conductors have upon

thofe which are prefented to them. If a cloud of this

kind meets wirh another which is not electrified, or

lefs fo than itfelf, the elettric matter flies off from

all parts towards this cloud ; hence proceed fiafhes

of lightning, and the formidable report of thunder.
* Thunder dorms,’ fays Beccaria, ‘ generally

happen when there is little or no wind, and their firlt

appearance is marked by one denfe cloud, or more,

increaflng very fait in fize, and l ifing into the higher

regions of the air ; the lower furface black, and

nearly level, but the upper finely arched, and well

defined. Many of thefe clouds feem frequently

piled one upon another, all arched in the fame man-

ner ; but they keep continually uniting, fwelling,

and extending their arches.

‘ At the time of the l ifing of this cloud, the at-

mofphere is generally full of a great number of fe-

parate clouds, motionlefs, and of odd and whimfical

Ihapes. All thefe, upon the appearance of the

thunder cloud, draw towards it, and become more

uniform in their fhapes as they approach, till com-

ing very near the thunder cloud, their limbs mutu-

ally ftretch towards one another; they immediately

coaiefce, and together make one uniform mafs.

But fometimes the thunder cloud will fwell, and

Tncreafe very fall, without the conjunction of any

of thefe adfcititicus clouds, the vapours of the

attnolphere forming themfelves into clouds where-

* ever
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ever it palfes. Some of the adfcititious clouds ap-

pear like white fringes at the fkirts of the thunder

cloud, but thefe keep continually growing darker

and darker as they approach or unite with it.

‘ When the thunder cloud is grown to a great

fize, its lower furface is often ragged, particular

parts being detached towards the earth, but ftill

connected with the reft. Sometimes the lower fur-

face fwclls into various large protuberances, bend-

ing uniformly towards the earth. When the eye is

under the thunder cloud, after it is grown larger,

and well formed, it is feen to fink lower, and to

darken prodigioufty, at the fame time that a num-

ber of fmall adfc ititious clouds (the origin of which

can never be perceived) are feen in a rapid motion,

driving about in very uncertain directions under it.

While thefe clouds are agitated with the moft rapid

motions, the rain generally fails in the greateft

plenty, and if the agitation is exceedingly great, it

commonly hails.

* While the thunder cloud is fwelling, and ex-

tending its branches over a large tract of country,

the lightning is feen to dart from one part of it to

another, and often to illuminate its whole mafs.

When the cloud has acquired a fufficient extent, the-

lightning (trikes, between the cloud and the earth,

in two oppofite places, the path of the lightning

lying through the whole body of the cloud and

its branches. The longer this lightning continues,

the rarer the cloud grows, and the lefs dark is its

Z 3 appearance.
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appearance, till at length it breaks in different

places, and diiplays a clear Iky.’

It is the opinion of the fame author, that the

clouds ferve as conductors to convey the cleCtric

fluid from thofe places of the earth which are over-

loaded with it, to thofe which are exhaufted of it.

To prove that the earth is often pofitively

charged with refpeCt to the clouds in one part

while it is negative in another, he adverts to the

fall of great quantities of fand, and other light iub-

ftances, which are often carried into the air, and

fcattered uniformly over a large traCl of country,

when there was no wind to effeCt this phenomenon,

and even when there was, they have been carried

againft the wind j he therefore fuppofes, that thefe

light bodies are raifed by a large quantity of elec-

trical matter iffuing out of the earth.

This comparatively rare phenomenon, he thinks,

exhibits both a perfect image and demonftration of

the manner in which the vapours of the atmofphere

are railed to form thunder clouds. The lame elec-

tric matter, wherever it iffues, attradls to it, and

carries into the higher regions of the air, the watery

particles difperfed in the atmofphere. The eleCtric

tnatter afeends, being folicited by the lefs refinance

it finds there than in the common mafs of the earth,

which at thofe times is generally very dry, and con-

fequently highly eleCtric. The uniformity with

which thunder clouds Ipread themfelves, and fwell

into arches, muft be owing to their being affe&ed by

fomc
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fome caufe, which, like the eledric matter, diffufes

itfelf uniformly wherever it ads, and to the refiftance

they meet with in afcending through the air.

The fame caufe, which firft raifed a cloud from

vapours difperfed in the atmofphere, draws to it

thofe already formed, "and continues to form new

ones, till the whole collected mafs extends fo far as

to reach a part of the earth where there is a defi-

ciency of eledric fluid ; thither alfo they will be at-

traded, and thus the mafs ferves as a condudor.

When the clouds are attraded in their paflage by

thofe parts of the earth, where there is a deficiency

of the fluid, thofe detached fragments are formed,

and alfo thofe uniform depending protuberances,

which are probably the caufe of water-ipouts.

A wind always blows from the place whence a

thunder cloud proceeds, and the wind is more or

lefs violent in proportion to the fudden appear-

ance of the thunder cloud, the rapidity of its ex-

panfion, and the velocity with which the adfciti-

tious clouds join it. The fudden condenlation of

fiich a prodigious quantity of vapour muft difplace

the air, and agitate it on all fides.

In three ftates of the air, fays the author above

quoted, I could find no eledricity in it. 1 ft. in -

windy weather. 2d. When the Iky was covered

with diftind and black clouds, which had a flow

motion. 3d. In moift weather not actually rain-

ing.

In rainy weather, without lightning, his apparatus

was always eledrified a little time before the rain

Z 4 fell,
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fell, and during the time of rain, but ceafed a little

before the rain was over.

The higher his rods reached, or his kites flew,

the ftronger figns they gave of being ele&rified.

1 he clouds are fometimes pofitivcly, and fome-
times negatively eleftrified. In the latter cafe the

lightning is fuppoled, upon the Franklinian theory,

to proceed from the earth to the cloud. The gene-

ral effects of lightning are precifely the fame with

thofe of the eledtric fhock, only greatly magnified.

It may not be improper in this place to notice an

old error, namely, the melting of metals by lightning,

by what has been called the cold Jufion. The error

is found to reft upon certain ill attefted relations of

fwords being melted in the fcabbard by lightning,

and money in the bag, without injuring the fcabbard.

or the bag. A variety of experiments have been

accurately made to determine the fa£l ; the refults of

which have been, that the thin edge of the fword, or
• • i * i 1

of the money, might have been inftantaneoufly

melted, and yet fo inftantaneoufly cooled, as neither

to afife# the fcabbard nor the bag. A very fmall

wire will inftantly melt and inftantly cool in the

flame of a common candle.

Mr. Kinnefley inclofed a fmall wire in a goofe quill

filled with loofe grains of gunpowder, which took fire

as readily as if they had been touched by a red hot

poker; tinder was kindled when tied to a piece of the

fame wire ; but no fuch efifedts could be produced

•with a wire twice as large* Hence it appears, as

Mr. Kinnefley remarks, that though the ele&rical
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fire has no fenfible heat when in a ftate of reft, it

will, in paffing through bodies, ^produce heat in

them, provided they are proportionally fmall.

Thus, in palling through the fmall wire, the par-

ticles are confined to a narrower palfage, and, crowd-

ing clofe together, aft with a more condenfed force,

and produce fenfible heat*.

The difcovery of Dr. Franklin, which eftablifhed

the identity of lightning with the electrical fluid,

fuggefted an invention, for which we are indebted to

the fame philofopher, for fecuring buildings from

this molt formidable enemy. The reader will per-

ceive that I allude to that of metallic conductors.

Suppofe Fig. 4. Plate XVI. to reprefent the gable

endofahoufe, fixed vertically on the horizontal board

FG;a fquare hole is made in the gable end at h /, into

whicn a piece of wood is fixed ; a wire is inferted

in the diagonal of this little piece ; two wires are

alfo fitted to the gable end j the lower end of one ,

wire terminating at the upper corner of the fquare

hole, the top of the other wire is fixed to its lower

corner j the brafs ball on the wire may be taken

off, in order that the pointed end may be occa-

fionally expofed to receive the explofion.

Experiment.—Place ajar with its knob in con-

tact with the condu£tor, connect the bottom of the

jar with the hook H, then charge the jar, and bring

the ball under the conductor, and the jar will be

diicharged by an explofion from the conductor to

* Prieftley’s Hift. of Eled. p.,394.

the

1
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the ball of the houfe. The wires and chain being

all in connexion, the fire will be conveyed to the

outfide of the jar without affecting the houfe ; but

if the fquare piece of wood is placed fo that the

wires are not connected, but the communication

cut off, the electric fluid, in pafling to the outfide of

the bottle, will throw out the little piece of wood to

a confiderable diftance, by the lateral force of the

explofion.

Unfcrew the ball, and let the point which is un-

derneath be prefented to the conductor, and then

you will not be able to charge the jar ; for the fliarp

point draws the fire filently from the conductor, and

conveys it to the coating on the outfide of the

jar.

The prime conductor in this experiment is fup-

pofed to reprefent a thunder cloud difeharging its

contents on a weather-cock, or any other metal,

at the top of a building ; and it may be inferred

from this experiment, that if there is a connexion

of metal to conduct the electric fluid down to the

earth, the building will receive no damage; but

where the connection is imperfect, it will ftrike

from one part to another, and thus endanger the

whole building.

El^ated conductors, applied to buildings to lecure

them from lightning, will in this manner difeharge the

electricity from a cloud that pafles over them, and a

greater quantity of the difeharge will pafs through a

pointed conductor, than through one which termi-

nates with a ball ; but whether the difeharge will be

made
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made by a gradual current, or by explofion, will depend

upon the fuddennefs of the difcharge, on the nearnefs

and motion ofthe cloud, and the quantity of the elec-

tricity contained in it. If a frnall cloud hangs fuf-

pended under a large one loaded with eleCtric

matter, pointed conductors on a building under-

neath will receive the difcharge by explofion, in

preference to thofe terminated by balls, the frnall

cloud forming an interruption, which allows only

an inftant of time for the difcharge *.

Vifcount Mahon (now Earl Stanhope) has

communicated to the public, in a treatife on this

fubjeCt f, fome effentials to be obferved in the

ereCcion of conductors to buildings j he advifes,

that the upper fifteen or twenty inches of the

rod fhould be compofed of copper, and not of

iron, as the latter, being expofed to the weather,

will ruft, and ruft does not conduCt eleCtricity

;

that the iron part of the rod fhould be painted,

but not the upper part of it, becaufe paint is no

conductor. He further advifes, that the upper

extremity of a conducting rod fhould not only

be accurately pointed and finely tapered, but that

it fhould be extremely prominent, about ten or fif-

teen feet above all the parts of the building which

are the neareft it. It may be added, that a con-

ductor fhould always be carried in the earth fomc

feet beyond the foundation of the building, and

fhould, if poflible, terminate in v/ater.

* Mr. Adams’s EfTay on Eleft. p. 186,

v f Principles of EleCtricity, p.205.

The
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The fafed place during a thunder dorm is rhc

cellar; for when a perlon is below the' furfacc of

the earth, the lightning mud (trike it before it can

reach him, and will of courfe, in all probability, be

expended on ic. Dr. Franklin advifes perfons ap-

prehensive of lightning to fit in the middle of a

room, not under a metal luftre, or any other con-

ductor, and to lay their feet up upon another chair.

It will be (till fafer, he adds, to lay two or three

beds or mattredes in the middle of the room, and,

folding them double, to place the chairs upon them.

A hammock fufpended by (ilk cords would be an

improvement upon this apparatus. Perfons in

fields (hould prefer the open parts to the vicinity

of trees, &c. The distance of a thunder dorm,

and confequently the danger, is not difficult to be

eftimated. As light traveis at the rate of 72,420

leagues in a fecond of time, its e deeds may be con-

fidered as indantaneous within any moderate dif-

tance. Sound, on the contrary, is tranfmitted only

at the rate of 1,142 feet, or about 380 yards in a

fecond. By accurately obferving therefore the time

which intervenes between the fialh and the noife

of thunder which follows it, a very near calculation

mav be made of its didance, and I know no better

means of removing unnecedary appreherfions.

The dfccefs of Dr. Franklin, in ascertaining the

cade of thunder and lightning, induced fucceeding

philofophers to apply the lame theory to the expla-

nation of the other atmofpherical phenomena. From

a number of obfervations, the indefatigable Becca-

ru
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ria endeavours to account for the riling of vapours

and the fall of rain, upon eleftrical principles; and,

it muft be confefied, that if it is not a primary

agent in thefe effects, it would be rafhnefs entirely

to deny its influence. This philofopher fuppofes,

that previous to rain a quantity of electric matter

efcapes from the earth, and in its afcent to the

higher regions of the air collects and conducts into

its path a great quantity of vapours.. The fame

caufe that collects will condenfe them more and

more, till in the places of the neared: intervals

they come almoft into contact, lb as to form ImaU

drops, which, uniting with others as they fall, come

down in rain. The rain he fuppofes to fall heavier

in proportion as the electricity is more vigorous.

Hail, he fuppofes to be formed in the higher

regions of air, where the cold is inteafe, and where

the cleCtric matter is very copious. In thefe cir-

cumftances, a great number of particles of water

are brought near together, where they are frozen,

and in their defcent collect other particles; fo that

the denfitv of the fubftance of the hail-ftone grows

lefs and lefs from the center, this being formed firft

in the higher regions, and the furface being col-

lected in the lower. Agreeably to this, it is ob-

ferved, that on mountains, hail-ftones as well as

drops of rain are very l'mall, there being but, a

final! fpace through which they can fall.

Clouds of fnow differ in nothing from clouds of
* .

i

0
rain, but in the circumftance of the cold which

freezes them. Both the regular diffuffon of fnow*

, ..and
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and the regularity of the parts of which it confifts,

fhew the clouds of fnow to he actuated by fome
uniform caufe like electricity *.

Confident with this theory is the faCt, that va-

pours never rife to a great height without produc-

ing meteors. Almofl all volcanic productions are

accompanied with lightning. The column of va-

pour, which proceeds from the bowels of a volcano,

is continually traverfed by lightning, which fome-

times feems to proceed from the higher regions,

fometimes from the column itfelf. Thefe light-

nings were obferved by the younger Pliny, in the

eruption which killed his uncle; and Sir William

Hamilton has obferved them feveral times. The
aurora borealis is alfo generally fuppofed to be

eleCtrical ; its light feems to be produced by the

eleCtric fluid, while it is condenfed in palling in the

columns of elevated vapourf.

It

• Prieftley’s Hilt. Eleft. vol. i.

•f-
Mr. Adams’s defcription of this meteor, in his Lec-

tures, is as follows: * The appearances of the aurora come

under four different dcfcriptions. id, A horizontal light,

like the morning aurora, or break of day. zdlv. Fine, (lender,

luminous beams, well defined, and of denfe light. Thefe

often continue a quarter, an half, or a whole minute, ap-

parently at reft, but oftener with a quick lateral motion.

3dly, Flafhes pointing upward, or in the fame direction as the

beams, which they always fucceed. Thefe are only momen-

tary, and have no lateral motion; but they are generally re-

peated many times in a minute. They appear much broader,

more diffufe, and of a weaker light than the beams: they grow

gradually fainter till they difappear; and fometimes continue

for
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It was intimated that water-fpouts were among the

phenomena, which fome philofophers have attempted

• to explain on elettrical principles. A water-fpeut is a

mod

for hours, fialhing at intervals. 4 thly. Arches, nearly in the

form- of a rainbow: thefe,when complete, go quite acrofs the

heavens, from one point of the horizon to the oppofite point.

< When an aurora happens, thefe appearances fecm to fuc-

ceed each other in the following order: 1. the faint rainbdw- „

like arches; z. the beams; and, 3. the flalhes. As for the

northern horizontal light, it appears to conftft of an abundance of

flalhes, or beams, blended together by the fituation of the ob-

ferver.

< The beams of the aurora borealis appear at all places to be

arches of great circles of the fphere, with the eye in the center;

and thefe arches, if prolonged upwards, would all meet in one

point.

‘ The rainbow-like arches all crofs the magnetic meridian at

right-angles. When two or more appear at once, they are con-

centric, and tend to the eaft and well ; alfo the broad arch of

the horizontal light tends to the magnetic eall and weft, and

is bifedted by the magnetic meridian; and when the aurora ex-

tends over any part of the hemifphere, whether great or fmal!,

the line feparating the illuminated part of the hemifphere from

the clear part, is half the circumference of a great circle croft-

ing the magnetic meridian at right-angles, and terminating in

the eaft and weft : moreover, the beamsj perpendicular to the

horizon are only thofe on the magnetic meridian.

* That point in the heavens to which the beams of the au-

rora appear to converge, at any place, is the fame as that to

which the fouth pole of the dipping needle points at that place.

* The beams appear to rife above each other in fucceftion
; fo

that of any two beams, that which has the higher bafe has alfo

the higher fummit.

1 Every beam appears broadeft at or near the bafe, and to

grow narrower as it afeends ; fo that the continuation of the

bounding
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mod formidable phenomenon, and is Indeed capable

of caufmg great ravages. It common.'y begins by a

cloud, which appears very fmall, and which mariners-

call the fquall, wliich augments in a little time into

an enormous cloud of a cylindrical form, or that of

a reverfed cone, and produces a noife like an agi-

tated fea, fometimes emitting thunder and lightning,

and alfo large quantities of rain or hail, iufficient

to inundate large vefiels, overfet trees and houfes,

and every thing which oppofes its violent impe-

tuofity.

Thefe water-fpouts are more frequent at fea than

by land, and failors are lo convinced of their dan-

gerous confequences, that when they perceive their

approach, they frequently endeavour to break them

by firing a cannon before they approach too near

the ffiip. They have alfo been known to have

committed the greateft devaluations by land;

though, where there is no water near, they generally

affiime the harmlefs form of a whirlwind.

In accounting for thefe phenomena upon electri-

cal principles, it is oblerved, that the effluent matter

proceeds from a body actually electrified towards

one which is not fo; and the affluent matter pro-

ceeds from a body not eleCtrified towards one

wliich is actually fo. Thefe two currents occafion

bounding lines would meet in the common center to which the

beam tends.

< The height of the rainbow-like arches of the aurora are

eltimated by Mr. Dalton to be above the earth’s furface about

150. Englilh miles.’ Adams’s Lectures, vol. iv. p, 542.
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two motions analagous to the eleftrical attra<5tiont

and repulfion. If the current of the effluent

matter is more powerful than the affluent mat-

ter, which in this cafe is compofed of particles

exhaled from the earth, the particles of vapours,

which compofe the cloud, are attra&ed by this ef-

fluent matter, and form the cylindrical column,

> called the defending water-Jpout j
if, on the con-

* trary, the affluent matter is the ftrongeft, it at-

tra£h a fufficient quantity of aqueous particles to

form gradually into a cloud, and this is commonly

termed the ajcending water-Jpout.

A different explanation of thefe phenomena has

been, however, given by other philofophers, and to

this it will be proper to advert in the fucceeding

book, which treats of the nature and properties of

air *. In the mean time I fhall add a fhort defcrip-

. tion

* Mr. Nicholfon, who has given both theories, has the fol-

lowing obfervations, which greatly ftrengthen the hypothefis

which afcribes thefe phenomena to eledlricity:— * It was ob-

ferved of water-fpouts, that the convergence of winds, and their

confequent whirling motion, was a principal caufe in producing

that effedt ; but there are appearances, which can hardly be folved

by fuppofing that to be the only caufe. They often vanifli, and

prefently appear again in the fame place : whitifh or yellowilh

flames have fometimes been feen moving with prodigious fwifc-

nefs about them, and whirlwinds are obferved to eledlrify the

apparatus very ftrongly. The time of their appearance is ge-

nerally thofe months which are peculiarlyfubjedt to thunder-

florms, and they are commonly preceded, accompanied, or fol-

lowed by lightning, the previous ftate of the air being alike in

both cafes. And the long eftablifhed cuftom, which the failors

Vol. I. A a have.



354 Defeription of [Book IV.

tion o/ one of theft wonderful appearances, as given

by the celebrated M. Tournefort in his Voyage to

the Levant.

“ The firft of thefe/’ fays this traveller, “ that

we favv, was about a mufket-fhot from our fhip.

There we perceived the water began to boil, and to

rife about a foot above its level. The water was

agitated and whitifhj and above its furface there

feemed to Hand a fmoke, fuch as might be ima-

gined to come from wet draw before it begins to

blaze. It made a fort of a murmuring found, like

that of a torrent heard at a diftance, mixed, at the

fame time, with an luffing noife, like that of a

ferpent: fhortly afeer we perceived a column of

this fmoke rife up to the clouds, at the fame time

whirling about with great rapidity. It appeared to

be as thick as one's finger; and the former found

Hill continued. When this difappeared, after laHing

for about eight minutes, upon turning to the oppo-

fite quarter of the fky, we perceived another,

which began in the manner of the former; prefcntly

after a third appeared in the weH; and inHantly

befide it Hill another arofe. The moH diltant of

have, of prefenting fharp fwords to difperfe them, is no inconft-

derable cireamfiance in favour of the fuppofitioa of their being

cle&rical phenomena. Perhaps the afeending motion of the

air, by which the whirling is produced, may be the current

known to iffue from eleilrified points , as the form of the protu-

berance in the fea is fomewhat pointed; and the eleftrified drop

ef water may afford confiderable light in explaining this ap-

pearance.’

—

Kichcljbn's Pbilofophy, vol. vi. p.

9
thefe
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thefe three could not be above a mulket-fhot from

the (hip. They all continued like fo many heaps

of wet ftraw fet on fire, thai continued to frnoke,

and to make the fame noife as before. We foon

after perceived each, with its refpe&ive canal,

mounting up in the clouds, and fpreading, where

it touched the cloud, like the mouth of a trum-

pet, making a figure, to exprefs it intelligibly, as if

the tail of an animal were pulled at one end by a

weight. Thefe canals were of a whitifh colour,

and fo tinged, as I luppofe, by the water which was

contained in them; for, previous to this, they were

apparendy empty, and of the colour of tranfpaient

glafs. Thefe canals were not ftrait, but bent in

fome parts, and far from being perpendicular, but

rifing in their clouds with a very inclined afcent.

But what is very particular, the cloud to which one

of them w.as pointed happening to be driven by the

wind, the fpout ft ill continued to follow its motion,

without being broken; and paffing behind one of

the others, the fpouts crofted each other, in the

form of a St. Andrew’s crofs. In the beginning

they were all about as thick as one’s finger, except

at the top, where they were broader, and two of

them difappeared ; but fhortly after, the laft of the

three increafed confiderably ; and its canal, which

was at firft fo fmall, foon became as thick as a

man’s arm, then as his leg, and at laft thicker than

his whole body. We faw diftinftlv, through this

tranfparent body, the water, which role up with a

kind of lpirai motion ; and it fometimes diminifhed

A a 2 a little
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a little of its thicknefs, and again refumcd the

fame; fometimes widening at top, and fometimes

at bottom; cxattly refembling a gut filled with

water, prefled with the fingers, to make the fluid

rife, or fall ; and I am well convinced, that this

alteration in the fpout was caufed by the wind,

which prefled the cloud, and impelled it to give

up its contents. After fome time its bulk was fo

diminifhed as to be no thicker than a man’s arm

again; and thus, fwelling and diminifhing, it at laft;

became very frriall. In the end, I obferved the fea

which was raifed about it to refume its level by de-

grees, and the end of the canal that touched it to

become as fmall as if it had been tied round with a

cord; and this
v continued till the light, ftriking

through the cloud, took away the view. I ftill,

however, continued to look, expe&ing that its

parts would join again, as I had before feen in one

of the others, in which the fpout was more than

once broken, and yet again came together; but I

was difappointed, for the fpout appeared no more.”

Chap.
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Chap. VII.

MEDICAL ELECTRICITY.

Declaration of the Abbe Nollet on this Subject.—Mr. Adams an Ad-

vocate for Medical Electricity.—-Mode of Application.—Difeafts

to which it may be applied.—Apparatus tncf proper for Medical

Purpofes.

T H E declaration of Abbe Nollet, that he re-

ceived more pleafure from difcovering that

the mption of fluids in capillary tubes, and the in-

fenfible perfpiration of animated bodies, were aug-

mented by eledlricity, than from any other difco-

very he had made, refledts the higheft honour upon

his charadter as a friend of mankind.

Mr. Adams, who was not inferior in humanity and

philanthropy to the French philofopher, ftrongly

contends for the medicinal effedts of eledtricity,

and brings to aid his arguments the acknowledged

property in the eledtric fluid, to accelerate the ve-

getation of plants. We may indeed be convinced,

by a variety of experiments, that the eledtric fluid

is materially connedted with the human frame, and

is continually exerting its influence upon it. As
the natural equilibrium of this fluid is eafily de-

stroyed in the human body, we may fafely infer, that

any alteration in the quantity or intenflty of the ac-

A a 3 tion
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tion of this powerful fluid will produce correfpond-

ing changes in the habit or health of the body.

The following experiment proves the eftedt of this

fluid upon organized bodies.

Let the charge of a large jar or battery pafs

from the head to the back of a moufe; if the fhock

is fufficiently ftrong, it will kill the animal. If the

difcharge is made in the fame manner after its

death, the fluid will pafs vifibly over the body, and

not through it ; from which circumftance we may
infer, that the power or medium which tranf-

mitted the fhock through the animal is loft with its

life.

The late Dr. Cullen was of opinion, that elec-

tricity, when properly applied, is one of the moft

powerful ftimulants that can be employed to add

upon the nervous fyftem of animals.

Mr. Adams, therefore, infers, from various ex-

periments, that eledtricity is applicable to palfics,

rheumatifms, intermittents; to fpafm, obftrudlion,

and inflammation. Infurgery alfo, he adds, it has

confiderable effedh The gout, the fcrophula, or

king’s evil, are ranked among thofe difeafes to

which this remedy is applicable j and there is reafon

to fuppofe, that in the beginning of thefe difeafes

its application has been very fuccefsful.

Modern eledlricians have contrived various

modes for applying the eledtric fluid to the remedy

of difeafes.

The ftream of this fluid may, without a fhock,

be made to pafs through any part of the body; it

may
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may alfo be thrown upon, or extracted from,

any part; and its adion in each cafe may be

varied, by caufing the fluid to pafs through ma-

terials which refill its pafiage in different degrees

;

it may be applied to the naked integuments, or

to the fkin covered with different refilling fub-

flances; and its power may be ratified or con-

denfed, confined to one fpot, or more diffufed,

as the difcretion of the operator may dired him.

The apparatus the mod proper for thefe medici-

nal operations are, an eledrical machine with an

infiilated culhion, properly conftruded to afford

a continued and ftrong dream of the eledrical

fluid.

Mr. Adams has not only given a defcription and

reprefentation of this apparatus, but has alfo con-

ftruded them forpublic utility *, upon a plan re-

commended by Mr. Birch in his ledures to medi-

cal praditioners.

The total want of experimental knowledge upon

this fubjed utterly difables me from deciding upon

the efficacy of this remedy. It is certainly a

powerful agent in nature, but its effeds are tran-

fient, and the eafe with which the fluid is tranfmitted

through the human body will probably operate

againft its producing a permanent effed. Thus
far, however, may with truth be advanced, that it

is a fafe and eafy remedy, and therefore fhould ne-

ver be omitted where there is a chance of its doing

»

* Adams’s Eflay, p. 313.

A a 4 good.
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good. Medical men are, however, the only proper

judges when it ought to be applied; and it fhould

be a maxim, that the fafeft and moft innoxious me-

dicines may have the moft fatal confequences in

unlkilful hands.
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Book V.-

OF AIR.

Chapter I.

HISTORY OF DISCOVERIES RELATIVE
TO AIR.

Fague Notions of the early Chemifts—Van Helmont .—Choak and

Fire Damp.—Mr. Boyle.—Difcoz/eries of Dr. Hales .

—

Of Dr.

Black.—Of Dr. Briefley.—Of Mr. Cavendijh .

—

Of Lanjoiftr.

Vital or dephlogificated Air difcovered by Dr. Priefiley.-Com-,

po/ition of Water and of Nitrous Acid difcovered by Mr. Cauen-

dijh.

THOSE aerial fluids, which in their nature

and effects are different from the air of our

atmofphere, did not efcape the notice of the early

chemifts ; but they paid little attention to the nature

of them, contenting themfelves with giving them a

name which meant nothing, denominating them, in

general, JpiritusJylve/iris.

Van Helmont diftinguilhed them by the name
of gas, which he defined to be a fpirit or incoer-

cible vapour, as the word gas
, or rather ghoajly

in the Dutch language, fignifies. Ele fuppofes

the gas to have been retained by the fubftances

from
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from which it is extracted, in a fixed or concrete

form. He afferts, that fixty-two pounds of char-

coal contain fixty-one of gas, and only one of
earth, and attributes the fatal cffedts which work-
men experience occauonally in mines to the eman-
cipation of this fpirit. On the fame principle he

accounts for the erudtations from the ltomach and

bowels, and for the floating of drowned bodies; and

he concludes by determining, that this gas is a fluid

of a nature quite different from that of our com-
mon air.

The exigence of two different kinds of vapour,

or elaftic fluids, had been prcvioufly oblcrved in

mines and coal-works: the one was obferved to

affedt animals with a fenl'e of fuffocation, and to

extinguifh life, and it therefore obtained the name

of the choak-damp
; the other, from the dangerous

property of catching fire when a candle or any

ignited body was brought in contadt with it, was

termed the fire-damp.

A fpecimen of the fire-damp, or inflammable

air, was collected from a coal-mine of Sir James

Lowther, in Cumberland, and brought up in blad-

ders to be exhibited to the Royal Society at Lon-

don, in the year 1733; and in the year 1736 Mr.

John Maud procured, from the folution of iron in

oil of vitriol, a quantity of the very fame fpecies of

inflammable air, and demonftrate'd that the fan e

might be procured from molt of the metals in cer-

tain citcumffances.

The
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The experiments of Van Helmont were greatly

improved upon by the fagacious Boyle. He changed

the name of gas to that of artificial air
; he demon-

ftrated, that this artificial air was not always the

fame; for inftance, that the air produced by fer-

mentation is eflentially different from that which is

formed from the explofion of gunpowder. He was,

I believe, the firft who perceived that the volume

of air was diminilhed by the combultion of certain'

fubftances.

This laft obfervation of Mr. Boyle feems parti-

cularly to have attracted the attention of the inde-

fatigable Dr. Hales, and he invented infti umerits

for determining the quantities both of the air, which

was on fome occafions produced, and on other cc-

cafions abforbed, by different fubftances. Thefe

experiments delerve the attention of every philofo-

pher, and for accuracy or ingenuity have never been

exceeded *.
1

Among other circumftances, which were particu-

larly remarked by Dr. Hales, was the great quan-

tity of air contained in the acidulated mineral waters;

and to this air he fufpefted they were indebted for

their fparkling and brightnefs, and fome other of

their peculiar qualities. In obferving the abforp-

tion of air by bodies in combuftion, he. faw that this

abforption had its limits: he remarked alfo, in fome

cafes, the alternate production and abforption of

air, as for inftance in refpett to the air which he

* See Haleb’s Vegetable Statics, faflim.

produced
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produced from the burning of nitre, which air, he

obferved, was very foon diminifhed in bulk, though

he did not perceive that the abforption was owing

to the water, which he always ufed in his experi-

ments. The produffion of an air capable of in-

flammation from the diftillation of certain fubftances

did not efcape his obfervation ; and he has advanced,

that the augmentation of weight in the metallic

calces was in feme degree owing to the air which

they imbibed. That the phofphorus of Homberg
diminifhes the air in which it is burned ; that nitre

cannot explode in vacuo; and that air is in general

nccefTary to the cryflallization of falts, are among

the faffs which are noticed by this philofopher.

From the uncertainty, however, of Dr. Hales and

his predeceflors, with regard to feveral material cir-

cumftances, of which they appear to have had fome

cafual glimptes, and from their total ignorance of

others, the dodtrine of the aerial fluids was but in a

hate of infancy, till the decifive experiments of Dr.

Black, Mr. Cavendilh, and Dr. Prieftley, furnifhed

us with a new fyftem in this important department

of natural hi (lory.

The firft of thefe philofcphers obferved, that lime

and magnefia, in their mild ftate, confift of an union

of a certain aerial fluid with the earthy bafe ; that

this aerial matter is affuallv extraffed by the ope-

ration of burning, which reduces ordinary calcareous

earth to the flate of quick-lime ;
and that it is af-

terwards re-abforbed by the quick-lime when ex-

pofed to the air. On this principle lie was able,

not
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not only to account for the lofs of weight by the

burning of lime-ftone, but to eftimate to the greateft

nicety the additional weight which it could acquire

from the atmofphere. He extrafted the gas, to

which he gave the name of fixed or fixable air, alfo

by another procefs, namely, by difTolving the cal-

careous earth in acids ; he found that the caufticity

of lime depended upon its violently attracting from

vegetable and animal matter a portion of that air

of which it had been deprived, and that upon this

principle he was enabled to render cauftic the alka-

line falts.

To Mr. Cavendifh the fecond place in the order

of this hiftory belongs. He purfued the experi-

ments of Dr. Black, and afcertained the quantity of

fixed air which could be retained by the fixed and

volatile alkalis. He accounted for the nature of

acidulated waters, by the fixable air which they

contained. He procured a fpecies of inflammable

air from folutions of iron and zinc in vitriolic acid

;

and he was the firft who remarked, that a folution

of copper in fpirit of fait, inflead of yielding in-

flammable air, like that of iron or zinc, afforded a

particular fpecies of air, which loft its elafticity by

coming in contact with water.

Dr. Prieftley commenced his philofophical ca-

reer by fome experiments upon fixable air; and the

firft of his communications to the public related to

the impregnating of water with this air, by means of
chalk and oil of vitriol, a method firft hinted by
Dr. Brownrigg of Whitehaven, and now commonly

t ' pra&ifed
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pra&ifed in the imitations of the acidulated mineral

waters. The Doftor tried the power of fixable air

upon animal and vegetabl e life, and found it fatal

to both ; and he made feveral other valuable expe-

riments, the fubftance of which will be related in

the chapter on fixed air.

The indefatigable mind of Dr. Prieftley was nor,

however, to be fatisfied with the inveftigation of

a fingle obje<5t. lie next turned his attention to

the nature of atmofpheric air. He obferved, after

Dr. Hales, its diminution by different proceffes, as

by combuftion, &c. but differs as to the eaufe.

Dr. Hales fuppofed the fpecific gravity of the air

to be increafed ; but Dr. Prieftley judged, that the

denfer part of the air is precipitated, and that the

remainder is actually made lighter. The dilcovery

that the atmofpheric air is purified by vegetation is

alfo Dr. Prieftley’s.

On purfuing the experiments of Mr. Cavendifh

on inflammable air, the Dodtor found that it was

not only producible from iron and zinc, but from

every inflammable fubftance whatever.

Dr. Prieftley difeovered the eaufe that air, which

has been refpired, becomes fatal to animal life, to

be, that it becomes impregnated with fomething

ftimulating to the lungs, for they are affefted in

the fame manner as when expofed to any other kind

of noxious air. His experiments on the means of

reftoring falubrity to air are highly interefting and

entertaining, and afford a pleafing inftance of well-

directed afliduity. But one of the moft linking

difeoveries
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difeoveries of this philofopher is, that the nitrous

air, which he procured from the folution of certain

metals in the nitrous acid, had the property of dimi-

nifhing a quantity of the pureft part of the common

air, the remainder being by this procefs rendered

noxious and unfit for combuftion ; and upon this

principle nitrous air was for a long time received

as a teft of the purity of the atmofphere, though it

will afterwards appear that this teft is imperfect.

Dr. Prieftley alfo purfued the laft mentioned expe-

riment of Mr. Cavendiih, and found that a fimple

acid, or alkali, might be made to aflume the form

of a permanently elaftic fluid ; and thefe fluids he

diftinguifhed by the title of add and alkaline airs.

But to fpecify all Dr. Prieftley ’s difeoveries, even in

this very concife manner, would greatly exceed my
limits ; 1 muft therefore be content with only cur-

forily mentioning the moft remarkable.

The publication of thefe experiments of the

Englifh philofophers excited the attention of feveraf

ingenious foreigners ; but the only difeoveries wor-

thy of notice in this place are thofe of M. La-

voider. The experiments of this philofopher, as-

certaining the precife quantity of water and elaftic

fluid, which are contained in flaked lime and mild

alkali, alfo thole upon the burning of phofphorus,

are the neateft and moft complete that have ever

been publifhed. The only new difeovery of any

note, which we can attribute to him, was, demon-
ftrating that the reduction of metals is owing to the

abforption of a certain elaftic fluid
$ but he did not

at
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at firft perceive that this fluid was in any refpeft

different from the fixable air produced by effervef-

cing mixtures. In a memoir, however, which he

read, after the publication of his effays, before the

French Academy, he is of opinion, that the air which

is abforbed by the calcination of metals is common
air, but that it is of the very pureft kind, and more

combuftible and refpirable than that in which we
exift.

This opinion verges fo clofely upon the dephlo-

gifticated, vital, or empyreal air of Dr. Prieftley,

that were we not informed by good authority, that

M. Lavoifier firft received from our Englifh philo*

fopher * the hint of extrafling air from mercurius

calcinatus, the circumflance would in fome meafure

affeft the priority of his claim to that great difeo-

very. Dr. Prieftley confeffes, that accident, rather

than a preconcerted plan, was his guide upon this

occafion. Pie had been employed in extrafling air

from different fubftarices, and in particular in the

converfion of the different acids into fluids perma-

nently elaftic. Among the fubftances from whicff_

he endeavoured to extrafl air was calcined mercury,

which afforded it in considerable quantities; and

upon applying the different tells, he found this air

of a purer nature than the common atmofpheric air.

The air v’hich was produced from red precipitate

was equally pure vith that which was afforded by

the mercurius calciualus per Je. A fimilar produfl

• Prieftley on Air, vol. ii. p. 36, and 320.

was
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was procured from red and white lead, from a

variety of fubftances moiflened with fpirit of nitre ;

laftly, from common nitre itfelf, from fedative fait,

and Roman vitriol. I omit noticing a number of

erroneous opinions, which were flatted in the in-

fancy of the fcience, as my prefent bufinefs is only to

trace the fleps by which our knowledge has been

gradually improved in this department of nature.

Dr. Prieilley continued his experiments on inr-

fiammable air, and found that all the metals which

yield it when diffolved in acids, yielded it by means

of heat alone ; his mode of extradling it was by

fubjedling the filings of the different metals in vacuo

to the adtion of a burning glafs.

The next remarkable, and perhaps the mofl

important difcovery, was that of Mr. Caven-

difh, which has explained to us the nature and

compofition of water. Mr. Cavendilh was led to

this great difcovery by the experiment of Mr. Wnrl-

tire, related by Dr. Prieilley, in which it was found,

that on firing a mixture of common and inflamma-

ble air by the eledlric fpark, a lofs of weight always

enfued, and that the infide of the veffel in which

it was fired became always moifl or dewy, though

ever fo carefully dried before. On repeating the

experiment, Mr. Cavendifh did not perceive the

diminution of weight which Mr. Warltire fuppofed

to take place, but the latter effedt was completely

exemplified. In prolecuting the experiment, it

appeared, that it was only the pure or empyreal pait,

that is about one-fourth, of the common air which

Vol. L B b was
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was confumed, and the water produced was per-

fectly taftelefs and pure j on mixing empyreal air

with the inflammable in a due proportion, the

whole portion loft its elafticity, and was condcnfed

into water.

Mr. Cavendifli purfued his experiments with re-

markable fuccefs, to afeertain the conftituent prin-

ciples of phlogifticated air, or that which confti-

tutes the impure and unrefpirable portion of the

atmofpheric air, and by pafting the eleCtric fpark

through common air, and through a certain mix-

ture of empyreal and phlogifticated airs, he was able

totally to condenfe the latter, and to afeertain its

conftituent principle to be the fame with that of ni-

trous acid, with (as he then thought) a fmall por-

tion of inflammable matter. In this latter opinion, ,

however, he has fince been corrected by Lavoifier,

and other modern chymifts, who have proved that

azote, or phlogifticated air (as it is called by the

Englifh chemifts) is no other than the balls of the

nitrous acid *.

On thefe experiments and difeoveries the whole

of the modern fyftem of chemiftry and phyfiology

is funded; but their importance will be more

completely proved, in treating more at large of the

different fpecies of air, and of the Succeeding lub-

jeCts, in thefe volumes.

* In Mr. Cavendifh’s Experiment, as lie probably ufed air

which had been rendered impure by cotnbylUon, ionic fmall

portion ot charcoal or other inflammable matter might be con-

tained in the air.

Chap.
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Chap. II.

©F OXYGEN GAS, OR PURE, VITAL,
EMPYREAL, OR D EP HLO G I S TI C AT ED
AIR.

Explanation of 'Terms.-—Reafons for the different Names affigned to

this Fluid.

—

Hoik) procured.—From Calces of Metals.—By V%-

gelation.—From Water.—Properties of Oxygen.—A powerful

Agent in the Syjlem of Nature.—How effential to Flame and

Life.—Various Modes provided hy Natureforfurnijbiug a Supply

of this Fluid.

I
T has been already intimated that gas, figriifying

fpirit or ebullition, was a term employed by

Van Helmortt, and other Dutch and German

chemifts, to defcribe thofe elaftic fluids, which ap-

peared in their nature different from common or

atmofpheric air. From the preceding hiffory of

fire or caloric, the reader will be at no lofs to under-

ftand, that every aeriform fluid ccnfifts of a hafts, or

matter peculiar to itfclf combined with the matter of

heat, which is indeed the real efficient caufe of all

fluidity whatever. The word gas has therefore been

employed by the French chemifts to denote an

aeriform fluid compofed of a certain bafls, which
gives it its peculiar character, combined with the

matter of heat or fire. It will be allb proper to

remember, that of thofe fluids which are termed,

B b 2 elaftic.
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claftic, feme are permanently elaftic, as the aeriform

fluids, others, fuch as common vapour from water,

are condcnfible by cold
; and that it is only of the

former kind that we have now to treat.

The fluid under our immediate confideration

was originally termed depblogijlicated air, a name
given it by Dr. Prieftley from fuppofing it free

from phlogifton or inflammable matter; when it

was found eflential to animal life, it obtained the

name ofpure or vital air
;
and when it was found to

contribute efientially to ignition, and the other phe-

nomena of fire, it was termed empyreal air; but the

French chemifts, having difeovered that it is the

fubflance which imparts the acid character to all

the mineral and vegetable acids, have diftinguiflied

it by the name of oxygen * gas.

Oxygen, or the bafe of oxygen gas, is naturally or

artificially combined with a great variety of i'ub-

ltances. From feme of thefe it may be detached

by the Ample application of heat, fince it has a re-

markable attraction for the matter of fire, with

which, when it unites, it becomes expanded, and af-

fumes the form of gas or air.

The fubftances from which it may be molt eafily

extracted, by means of heat, are red lead, calcined

mercury, nitre, and mangartefe. Dr. Prieftley cx-

polcd a quantity of red lead in the focus of a burn-

ing glafs twelve inches in diameter. A quantity of

* Promote? (oxus) “ fharp or acid,” and yuvoy.cu (gtno-

mai) “ to beget or produce.”—Oxygen is then literally*the

principle or fubllar.ee producing acids.

fixed
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fixed air, or carbonic acid gas, as it is now called,

was always produced at firft; but after that was fe-

parated, the remainder was found to fupport flame,

and to fuflain animal life much more vigoroully than

common air, and to have all the characters of de-

phlogifticated air, or oxygen gas.

By various fucceeding experiments of Dr. Prieftley

and others it however appears, that dephlogifticated

air, or oxygen, may be obtained not only by means .

o1 heat, but alfo by the addon of the vitriolic and

nitrous acids upon a variety of mineral and.metallic

fubftances.

In a fmall phial A B (Plate XIX. Fig. 1.) to the

mouth of which is fixed a bent tube C D, put an

ounce of the oxid of mercury, or hydrargyrus cal-

cinatus; put into heat over the chaffing diffi R;
and after the atmofpheric air, which filled the phial,

is exhaufted, place the extremity D of the bene

tube under a long narrow glafs veflel (Fig. 2.) filled

with the fluid in the pneumatic apparatus or tub

(Fig. 3.) and place this veflel upon the board EF
nbove the aperture c or d *.

As the mercury revives and becomes liquid, a

compreffibie, elaftic, transparent fluid may be ob-

ferved to difengage itfelf, and pafs into that narrow

glafs veflel ; this is air of the pureft kind that we
art able to procure, namely, vital air or oxygen

gas.

This kind of air may alfo be obtained by the

* Traite Elem. de Phyf. tom. ii. p. 24.

B b 3 fame

Li
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fame proceis, from the native oxid or calx of

manganefe, or from minium or red lead, which, it is

well known, is an oxid of lead united with nitrous

acid.

The better to underftand thefe efteCts it mull: be

recollected, as was obferved in the beginning of this

chapter, that this fluid is not found in thefe fub-

ftances in an entire ftate; they only contain the bafis

of it, which is the oxygen ; for metals neither calcine

nor burn but in confequence of their combination

with oxygen, which by that means becomes folid,

and joins its weight with theirs. This oxygen is then

expelled by the heat or calorie, which, combining

with it, caufes it to pafs into the ftate of an elaftie

fluid; during this procefs, the metal, loftng the

oxygen which had reduced it to the ftate of an oxid

or calx, aflumes its metallic properties, and lol'es the

weight which it had acquired in becoming oxi-

dated *.

There is, however, a method by which oxygen

gas may be obtained with lefs heat and greater

facility, and it is as follows
;
put feme red lead into

a bottle, together with fome good ftrong oil of

vitriol, but without any water. Let the red lead

fill about a quarter of the bottle, and the vitriolic

acid be about the fame quantity, or very little lefs

;

then apply the bent tube to the bottle by inferting

it through a cork, and having inverted another

bottle filled with water in a bafon about half-*

* Britton, tom. ii. p. 25.

filled
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filled alfo with water, diredt the other end of the

crooked tube into the bottle inverted in the water.

In this ftage of the procefs we muft obferve, that

without heat this mixture of red lead and vitriolic

acid will not afford any oxygen air, or a very in-

confiderable quantity; it is neceffary, therefore, to

apply the flame of a candle or wax taper to the

bottle containing the ingredients, while the crooked

tube opens a communication between this bottle

and that inverted in the water. In this manner the

red lead will yield a quantity of elaftic fluid, which

will pafs through the crooked tube into the inverted

bottle, and as the quantity of dephlogifticated air

increafes in the inverted bottle, the water in it will

be feen to fubfide ; this air will not be all pure,

becaufe a confiderable quantity of fixed air enters

with it. In order to feparate the fixed from the pure

air, the inverted bottle, when filled with the com-

pound of both, muft be agitated in a bafon of lime

water, by which means the lime water will abforb

$he whole quantity of fixed air, and leave the de-

phlogifticated air or oxygen gas by itfelf.

Oxygen gas may alfo be obtained in confiderable

quantities from water, efpecially from pump water,

which, when expofed to the fun, emits air flowly
j

but after it has remained fo for a confiderable time,

jl green matter adheres to the bottom and fides of

the glafs velfel in which it remained; afterwards it

emits pure air in great quantities, and continues to

do fo for a long time after the green matter has

exhibited fymptoms of decay by turning yellow.

B b 4 Dr.
# t *
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Dr. Ingenhoufz rightly fuppofed this green mat-

ter to b. long to the vegetable kingdom, and pro-

cured pure air by putting the leaves of plants into

water, and expofing them to the fun. He ob-

ferves, that of land vegetables the fitted for this

purpofe are the poifonous plants, fuch as hyofcya-

fnus, lauro-cerafus, night-fhade, &c. But he ex-

tracted the pureft air from fome aquatic .vegetables,

and from turpentine trees, but efpecially from the

green matter he collected from a fcone trough, which

had been kept filled with water from a fpring near

the high road.

While Dr. Prieftley was engaged in a feries of

experiments to enable him to purify contaminated

air, he difcovered that vegetables aniwered this pur-

pofe mod effectually. The experiment by which

lie illudrates his aiu rtion was this ; having rendered

a quantity of air very npxious, by mice breathing

and dying in
:

t, he divided it into two receivers in-

verted in water, introducing a fprig of mint into

one of them, and keeping the other receiver with

the contaminated air in it alone. He found, aboyt

eight or nine days after, that the air of the receiver,

into which he had introduced the fprig of mint,

had become refpirable; for a mould lived very

well in this, but died immediately upon being in-

troduced into the ether receiver, containing the con-

taminated air alone.

It has fince been obferved, that feveral animal

fubftances, as well as vegetables, have a power xA

jeparating dephlogifticated air, or oxygen gas/ from

water,
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water, when expofed to the acftion of the fun for a

confiderable time.

The ingenious count Rumford obferves, that raw

filk has a remarkable power of producing pure air.

He found, that by introducing thirty grains of this

fubftance, firft wafhed in water,.into a thin glafs globe

four inches and a half in diameter, having a cylindri-

cal neck three-fourths of an inch wide and twelve

inches long, inverting the globe into a jar filled

with the fame kind of water, and expofing it to

the a6tion of the lun in the window, in lefs than

ten minutes the filk became coveied with an infi-

nite number of air bubbles, gradually increafing in

fize, till at the end of two hours the filk was

buoyed up, by their means, to the top of the wa-

ter. They feparated themfelves by degrees, and

formed a collection of air in the upper part of the

globe, which, when examined by the eftablifhed

reft, appeared to be very pure. In three days he

collected three and three-fourths of a cubic inch of

pure air, into which a wax taper being introduced,

that had juft before been blown out, the wick only

remaining -red, it inftantly took fire, and burned

with a bright and enlarged flame. The water in

the globe had acquired the fmell of raw filk, it

loft fomething of its tranlparency, and affirmed a

faint greenifh caft.

It has been obferved, that when this experiment

was made in the dark, only a few inconfiderable

bubbles were formed, which remained attached to the

filk |
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filk i nor was it otherwife when the glafs globe was

removed into a German ftove. In the latter cafe,

indeed, fome Tingle bubbles had detached them-

felves from the filk, and afeended to the top, but

the air was in too fmall a quantity to be either mea-

fured or proved.

In thefe experiments it is probable that the oxy-

gen or pure air was extracted by an aCtual de.com-

pofition of a part of the water, by means of a ca-

pillary attraction, aided by the lolar influence; and

in effeCt the fame phjlofoph.er was enabled to ex-

tract it, though in a fmaller quantity, by means of

a number of very minute glafs tubes immerfed in

water and expofed to the fun.

The properties or functions of this fluid are fome

of the moft important in nature ; nor, except ca-

loric or heat, is there apy natural agent more uni-

verfal or more aCtive.

lit. It is effential to combuflion ; nor do w

g

know of any procefs by which flame can be fup-

ported without a fupply of oxygen gas, or empyrea}

air.

sdly. In certain proportions it is abfolutely ne-

cenary to fuftain animal life; fo that the whole ani-

mal creation may be faid to depend upon this fluid

for their exigence.

3dly. It is what gives the acid character to all

mineral and vegetable falts, the bafes of which are

found to be entirely infipid till combined with

oxygen.

4thly.
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4thly. The calcination of metals is altogether

effetted by their union with oxygen. Thus for molt

of the mineral pigments, and a very numerous clafs

of medicines, we are indebted to this ufeful element.

5thly. It forms a conflituent part of that necef-

fary fluid, water, which confifts of 85 parts of

oxygen, and 15 of hydrogen, or the bafi§ inflam-

mable air.

Oxygen gas, or air, is more elaftic than com-

mon air ; it exceeds it alfo in fpecific gravity, for

the proportion between pure and common air is as

160 to 152.

On introducing a lighted candle into pure or de-

phlogifticated air, the flame becomes larger and

brighter; and whenever the air is very pure, the

candle burns with a crackling noife, as if the air

contained fome combuftible matter, while the tallow

pr wax waftes, or is confumed, incredibly fall:.

Philofophers have proved by various experi-

ments, that common air is not diminifhed by burn-

ing; in all thefe experiments the quantity of va-

pour produced was equal to that abforbed, or other-

wife made to difappear, during the operation. But

the cafe is different with oxygen or dephlogifticated

air ; for if a burning candle is introduced into a

glafs jar filled with this kind of air, an iptenfe heat

will take place, which will at firft expel a fmall

quantity of the air ; afterwards, when the candle is

extinguifhed, it will be found that two-thirds of

the bulk of air employed will be converted into

fixed air. When the fixed air is taken up by

t cauftic

1
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cauftic alkali, the fmall remainder will be as pure

as before.

In common procefTes, not more than one-tenth

of the air employed is converted into fixed air.

It is probable, that in thefe experiments fome dimi-

nution in the volume of air muft take place, from

the fuperior gravity of fixed air, and the confe-

quent condenfation of the other.

If live coals are introduced into a veffel filled

with dephlogifticated air, it will be found to be di-

rninifhed one-fourth of its quantity. When this

experiment is repeated with fulpluir, the flame will

become larger and more vivid than in common

air, and three fourths of the quantity will be loft.

If a piece of phofphorus is put into a feven ounce

meafure of this kind of air, the mouth of the bottle

being corked, and the phofphorus being fet on fire

within it, the phial will. break in pieces, as foon as

the flame is extinguifhed, by the preflure of the

external air.

The purity of vital air is afcertained by its de-

gree of diminution with nitrous air, or gas ob-

tained from nitrous acid, and this procefs is to be

confidered'as a fpecies of combuftion, efpecialiy as

a confiderable degree of heat is generated by it.

Very great differences, however, are perceived in

this refpedt; and according to the quantity of di-

minution, the air is faid to be two, three, or four

times better than common air. Dr. Prieftley men-

tions fome extracted from red-lead five times as

pure as common air.

Pure



Chaj). 2.] Whypure Air is ejfential to Life. 381

Eure or oxygen air is not abforbed by water,

nor foluble in it ; but it may, as was juft intimated,

be almoft entirely condenied by nitrous gas, with

which it combines, as will be proved when treating

of that fubftance; and this combination is foluble
1* if ' *

in water, and forms nitrous acid; for this acid is

.cojppofed of the bafts of nitrous gas combined with

oxygen, the whole being diflolved in water.

. T-he reafon that pure air is the moft eftential of

all the fluids to the fupport of life is, probably, be-

papfe-.a great quantity of heat is neceftary for this

jpurpofe, and beeaide this fluid contains it in great

quantity, and parts with it very freely when it meets

with any fubftance with which it -has an affinity.

But as its bafts (oxygen) combines itfelf very eafily

with the bafts of coal which is found in the blood

•and lungs, and, during this combination, lofes part

of its caloric or heat, which goes to the fupport of

life, the remainder of the caloric and oxygen, com-
bined with the coal, form the acid carbonic gas or

nxabie air, which. is always found to exift in a larger

quantity in air which has been refpired, than in at-

mofpherical air which has not been fubfervient to

that fundion. Of this a very eafy experiment af-

fords fufficient proof; it is founded on the property

which the carbonic gas has of rendering lime water

turbid. A crooked tube open at. both ends is

partly filled with lime-water ; a perfon applies

his mouth to one end of the tube, and infpires, by

drawing the air through the lime-water contained

in it. By this the tranfparency of the lime-water

, "is
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is not affeCted ; but it becomes turbid as foon as

the perfon exp :

res, which is owing to the carbd-

nic acid formed in the lungs. It is therefore the

great attraction which exifts between the matter of

coal and the bafis of pure air which renders this

fluid fo proper for breathing. The pure air which

we breathe performs two functions equally necef-

l’ary to our prefervation j it carries off from the

blood that matter of coal, the fuperabundance of

which would be pernicious, and the heat which

this combination depofits in the lungs repairs the

continual Iofs of heat which we experience from

furrounding bodies. According to Dr. Prieftley

and others, the bafis of oxygen gas is alfo abforbed

by the blood.

Since, therefore, a great quantity of heat is difen-

gaged from pure air in refpiration, it follows, that

this fluid muft be very pernicious to animals who

breathe this air alone for a confiderable time 5 which

is confonant with the obfervations of phyficians, who

have attempted to cure phthifis by the refpiration

of vital air.

The bafis of this empyreal or pure air, or oxy-

gen, as the French chemifts term it, is one of the

conftituer.t parts of water. It has been mentioned,

that it is alfo the matter which gives the acid cha-

racter to all the adds ;
fulphur, for inftance, is a

very innoxious, infipid body, till by burning, thjat

is by abforbing oxygen, it becomes vitriolic acid-

Whether rhe bafis of this empyreal air is a Ample

or compound fubfiance* vye are unable to deter-

mine ;

1
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mine ; in the prefent flate, however, of philofophi-

cal knowledge, we are juftified in confidering it as

a Ample elementary body, for it has never yet been

decompofed.

If the limits of this work permitted, or if the re-

fearches of philofophers had furnifhed us with fufli-

cient materials, it would be a moft pleafing fpecu-

lation to trace the wifdom of Providence in the very

ample means which he has provided for fupplying

us with this necefiary fluid. It is evident, that im-

menfe quantities of it are, by the various proceffes

of combuftion, deftroyed, or, to fpcak more philo-

fophically, condenfed, and by its union with inflam-

mable matter formed into water. This water is

again raifed into the atmofphere in the form of

vapour ; it falls in dew or rain upon the leaves

of plants, and there, by the genial adtion of the

folar rays, a new decompolition again takes place,

and every branch, every leaf, every blade of grate,

is occupied in the beneficial function of again im-

pregnating the atmofphere with this falutary fluid.

The quantities too, which are abforbed by the calces

of metals, muft be immenfe ; but by the various

proceffes for the fmelting and redu&ion of thefe

metals, the oxygen is again fet free, and a frefh

fupply is produced. Even the air, which is injured

by refpiration, is doubtlefs again, by a variety of

modes, the greater part concealed from our view,

purified, and rendered once more fit for ufe, fince

fixed air, in a dilengaged ftate, is, comparatively

fpeaking, but a rare fubflance in nature, and fince

there
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there is reafon to fuppofe that many of the carbonic

bodies may be recruited alfo by its decompofition.

Ignorance of nature is proverbially the foie fource

of atheifm ; and who can contemplate this aftonifh-

ing revolution, this circulation of benefits, and not

fmile at the extreme folly of the man, who can fup-

pofe thefe appointments eftablifhed without intelli-

gence or defign.
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Chap. III.

AZOTIC* GAS, OR P HL OGISTICATED
AIR.

Azotic Gas is the unrefpirable Part of the Atmofphere.—How pro

-

cured.-—Air Bladders of Fijhesfilled with it.—Its Properties.—

Azote the Bafis of nitrous Acid.

H E azotic gas is called by Lavoifier mofete.

and by Dr. Prieftley phlogifticated air. It

conftitutes about three-fourths of the atmofphere,

but is not refpirable by itfelf ; whence it derives the

name of azote, as being unfit for the fupport of ani-

mal life. Philofophers have proved, that this fluid

is completely formed in the atmofphere, and that it

may be procured by merely abforbing or deftroying

the pure air^ or oxygen, with which it is united in

atmofpheric air.

Azotic gas, therefore, is always found to remain

after a quantity of common air has undergone the

refpiration of animals, the combuftion of bodies, or

putrefaction j becaufe in all thefe cafes the pure air

* Or “ air which takes away life,” from the Greek priva-

tive particle a. and (zoe) “ life.” Dr. Prieftley called it

phlogifticated air, from fuppofing it chiefly compofed of an ima-

ginary fubftance, which Scheele and his followers termed phlo-

gifton (or the food of fire) ; this appellation is now found to be

erroneous.

Vol. I. C c is

l



386 General Properties [Book y*.

is abforbed or condcnfed. Azotic gas is equally in-

vifible with common air, and fomething more elaf-

tic. Mr. Kirwan procured Tome air, by means of a

mixture of iron-filings and fulphur, fo perfectly free

from vital air, that it was not in the leaft diminifhed

by the teft of nitrous air. When this kind of air

is fo produced and dried, by introducing dry filter-

ing paper under the jar that contains it, its weight

will be found to be to that of common air as 985

to 1000, the barometer Handing at 30.46, and the

thermometer at 6o°.

Various fubftances alio are produdtive of this air

;

and M. Fourcroy has difeovered, that the air blad-

ders of fillies, and particularly of the carp, are full

of it; and that it may be collected by breaking

them under glafs veffels inverted in water. The

air, however, which is contained in the bladders of

marine plants, is found to be confiderably purer than

atmofpheric air.

In fpeaking of the properties of this fluid it is

proper to remark, ift. That azotic gas affords no

fign of acidity, not being capable of turning the

blue colours of vegetables red*.

2d. It does not precipitate lime diffolved in wa-

ter ;
for if a fmall quantity of lime water is put into

a tube filled with this gas, it will remain clear and

* The common teft of chemifts, to prove whether any fluid

contains an acid. They commonly drop a fmall portion of the

fluid into a clear phial containing fyrup of violets ;
but the

moft delicate teft is, a paper ftained with tin&ure of turnfole or

litmus, to which the acid is applied by a feather.

limpid >

/
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limpid ; there will be neither lime precipitated, nor

chalk formed, which evinces that it is radically dif-

ferent from fixed or carbonic acid air.

3dly. Another property of this gas is that of fud-

denly extinguishing fubftances on fire, and killing

animals which are plunged into it. This may be

proved by introducing an animal, or a burning can-

dle, into a vefiel full of this gas ; the animal will be

fuddenly fuffocated, and the candle ihftantly extin-

guifhed.

4thly. Azotic gas is rendered refpirable by vege-

tables, which, in certain circumftances, furnifh vital

air. This property is probably owing to their re-

taining the hydrogen of the water which they ab-

fiorb, while they part with the oxygen. There is

no doubt that azotic gas is really a conftituent

principle of the atmofphere ; for if feventy-three

parts of it are mixed with twenty-feven of pure air,

an air will be produced refembling that of the at-

mofphere, and refpirable as that is *.

5 thly. It is now a well eftablifbed fa£t, that the

azote, or bafis of phlogifticated air, is literally the

bafis of the nitrous acid f ; for being mixed in pro-

per proportions with oxygen or pure air, which is

* BrilTon, tom. ii. p. 35.

f It is almoft unneceflary to inform the reader, that nitrous

acid is that fubftance commonly fold in the Ihops under the

name of aquafortis. It may feem furpriiing to be told, that the

air which we are commonly breathing is eflentially aqua fortis

—But though that extremely corrofive and deadly fluid is really

compofed of azote and oxygen, yet they are then in a ftate of

combination, whereas in atmofpheric air they are only mixed.

C c 1 neceflary
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necefiary to give to thefe bales the acid chara&er,

and fet on fire by palling through them an ele&ric

Ipark, nitrous acid is uniformly produced, as is evi-

dent from the experiments of Mr. Cavendilh.

6thly. Late difcoveries have alfo evinced, that

the volatile alkali is formed from a union of this

gas with hydrogen, or inflammable air.

The further ufes and properties of this air will

be better explained when I come to treat of the

atmofphere.
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Chap. IV.

/

FIXED OR FIXABLE * AIR, OR CARBONIC
ACID GAS.

The Bafts of this Air is the elementary Matter of Charcoal.—Com-

bined with Oxygen.—Modes of producing it.—Fermentation

Quantity contained in different Kinds of Wines.—Choak Damp.

—Properties of Fixed Air.—Great fpecific Gravity.—May be

poured out of a Veffel like Water.—Reffs Putrefaction.

I
N enumerating the principles of bodies f, it will

be recolle6ted, that coal, or carbon (according

to the French chemifts) was confidered as a fimple

elementary fubftance. Carbonic acid gas, however,

is by no means entitled to this character. It re-

ceives the name of carbonic, becaufe its adtual balls

is the matter of coal, or, more properly, charcoal.

It is called acid,
becaufe a quantity of oxygen enters

into its compofition. It is denominated a gast from

the matter of fire which gives it the charafter of a

permanently elaftic or aeriform fluid. The propor-

tion of the materials which enter into this kind of

air is about eighteen parts of oxygen and feven

* So called at firft from its fuppofed quality of exifting in a

fixed ftate in certain bodies, as in lime, chalk. See.

f Book I. chap. 2.

c c 3 parts
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parts of that matter which the French philofophers

denominate carbon, or coal.

II, for example, charcoal is burnt in a clofe vefTel

with oxygen gas, the air which remains after com-
buftion is this carbonic acid gas. By the experi-

ments of Lavoifier and De la Place it appeared,

that one ounce of charcoal required for its com-
buftion three ounces and one third of vital air, and

produced three ounces and an half of fixable air.

There are feveral methods of procuring fixed or

fixable air, or carbonic acid gas; firft, by the fermen-

tation of liquors, in which operation its formation is

owing to the combination of the carbon of the fac-

charine matter with the oxygen of the water.

It is evident that a great quantity of fixed air is

produced, when vegetable or animal fubftances (es-

pecially, the former) are in a ftate of vinous fermen-

tation. In breweries there is always a ftratum of

fixed air on the furface of the fermenting liquor,

reaching as high as the edge ofi the vats ; and it is

owing to the production and elafticity of fixed air,

that fermenting liquors, when put into clofe veftels,

often are known to burft them with great vio-

lence.

Dr Prieftley, in order to determine the quantity

of fixed air contained in feveral fpecies of wine, took

a glafs phial (fitted with a ground Hopple and tube)

capable of containing an ounce and half meafure.

This he filled with wine, plunging it into a veflel of

water. The whole was then put over a fire, and the

water in which the phial was plunged fufFered to

boil.
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boil. The end of the tube in the {topple being

placed under the mouth of an inverted receiver

filled with quickfilver, the heat expelled the fixed

air from the wine, which, entering into the receiver,

afcended in bubbles through the quickfilver to the

top,; removing in its pafiage a part of the metal,

and affuming its place in the receiver. The refill

t

of the Doctor’s experiment may be interefting to

fome readers, and to others it may at leaft afford en-

tertainment.

i £ oz. of Madeira produced of an oz. meaf. of

. fixed air.

Port 6 years old - ~
w

Hock of 5 years - ~
Barrelled claret -

Tockay of 16 years

Champagne of z years - z oz. meafures.

Bottled Cyder of 12 years 3 |

Fixed air may be eafily obtained by mixing to-

gether equal parts of brown fugar and good yeaft of

beer, and adding about twice the quantity of water.

This mixture being put into a phial, to which a

bent tube with a cork or {topple may be adapted,

will immediately ferment, and yield a confiderable

quantity of fixed air, which may be received into a

phial filled with qyickfilver or water.

adly. Fixed air is produced by the refpiration of

animals ; in which cafe the oxygen of the air in-

fpired furnifhes part of its heat to the fupport of

life, and combines with the carbonaceous or coaly

C c 4 matter.
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matter, which is difengaged from the blood in the

lungs.

3dly. From what has been p.revioufly dated it is

evident, that fixed air may be pro iuced by the com-

bliftion of any carbonaceous or coaily matter.

4thly. Fixed air is alfo extricated in large quaq-

tities by the a<5lion of acids on calcareous earth.

Fill a phial or a glafs receiver with water, and

invert it (in the fame manner as defcribed in the

chapter on dephlogifticated air) in a bafon half

filled with water. Then put fome chalk or mar-

ble grofsly powdered into another bottle, fo as to

fill about a fourth or fifth part of it, and pour water

upon it until the chalk is covered, then add fome

vitriolic acid to it, in quantity about the fourth or

fifth part of the water, and apply a cork with a

tube as before to the bottle, fo that the extremity

of the tube may pafs through the water of the ba-

fon into the neck of the other bottle which is in-

verted in the water. The mixture of chalk and oil

of vitriol will then begin to effervefce, and heat is

produced, which may be felt fry applying the hand

to the outfide of the vefiel. Fixed air is copioufly

emitted from this mixture, and, palling through the

bent tube, will proceed into the bottle inverted in the

water, and afcend to the top of it. By thefe means

the inverted bottle may be filled with fixed air, and

being corked under water, may be removed from

the bafon, . nd kept for ufe.

5 thly. Fixed air is alfo expelled in large quan-

tities, by the application of heat only, from lime,

.
• " chalk,
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chalk, magnefia, or alkaline bodies, in what is called

their mild ftate, oppofed to cauftic ; and by the ex-

periments of Dr. Black it was found, that this fub-

ftance conftituted nearly one- third of the weight

of thofe bodies. The alkalies and calcareous earths

have confequently a very powerful attradlion for

this fluid in their cauftic ftate ; and it is therefore

eafily condenfed by agitation with lime water, as

has been already intimated.

This gas was long known to miners by the name

of choak damp, fo called from its fatal fuffbeating

effedts; and its properties may be enumerated in

few words, ift. It exdnguifhes flame. 2d. It is

fatal to animal life. 3d. It is heavier than com-

mon air. 4th. From its acid charadter it refills

putrefadlion. 5th. It renders alkalies, &c. mild.

6th. Water, under the common preffure of the at-

mofphere, and at a low temperature, abforbs fome-

what more than its bulk of this gas, and in that

ftate conftitutes a weak acid rather agreeable to the

tafte, whence fixed air is a conftituent principle in

moft mineral waters; indeed the water of fprings

- and rivers is feldom free from it. 7th. It is alfo a

conftituent principle of all fermented liquors.

If a lighted wax taper is let down into a bottle

filled with fixed air, the flame will be inftantly ex-

tinguifhed, and an animal inclofed in a vefifel which

contains it will immediately expire.

This fixed air will be found to be much heavier

than common air; its fpecific gravity being to that

of common air as 15 1 is to ioo.

From
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From the greater weight of this gas it always falls

to the bottom of the veflfel in which it is contained.

An animal introduced into a ftratum of this air im-

mediately expires j and it is owing to the prefence

of this fluid that the Grotto del Cani in Italy is fatal

to animals whole organs of refpiration are placed

below the level of the mouth of that cavern. This

gas may be poured out of one veflel into another

like water, or may be poured on a candle, which

it will extinguilh as effectually as that fluid.

Among the moil ufeful properties of fixed air, it

has been remarked, that water impregnated with it

becomes a powerful antifeptic. Molt of the fa-

mous mineral waters may be imitated by impreg-

nating water with fixed air, and then adding that

quantity of fait or metal, chiefly iron, which thole

mineral waters, by analyfis, are known to contain.

It is from this property of preventing putrefaction,

that fixed air, and vegetables, fugar, and other fub-

Itanccs, which abound with that principle, are fup-

pofed to be powerful remedies in putrid difeafes.

Fixable air not only preferves fruit, but meat alio,

from putrefaction, and that for a very confiderable

time, and even in the hotceft weather.

r

C H A P,
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Chap. V-

1
*

INFLAMMABLE AIR OR HYDROGEN
G A S, *.

1This Gas forms the Bafis of Water.— Proportion of Hydrogen and

Oxygen which enter into the Compofetion of Water.—Modes of

procuring inflammable Air.—Ignes Fatui.—Fire Damp in Mines.

—Lightefl of all Fluids.—Remarkable Properties.— Uj'e in Air

Balloons.—Curious aerial Fire Works.
f.' <

* ' • ’ • •
•

TO that fluid, which we term inflammable air,

the French chemifts have given the name of

hydrogen gas, becaufe its bafis is the peculiar con- »

ftituent part of water ;
but what this bafis may be

in its nature, whether fimple or compound, is at

prefent unknown, becaufe it cannot be feparated

from the heat or caloric which gives it the aerial

form, without fixing it in another fubftance.

According to M. Lavoifier, water is compofed of

eighty-five parts of oxygen and fifteen parts of hy-

drogen. This philofopher has inftrudted us in the

following ntethod of obtaining this gas by heat

only f.

Let water pafs drop by drop through the bar-

rel of a gun, while it remains red hot amidft burn-

* Y$up (hydor) “ water” and yenapxi (geinomai) “ to

produce.”

f Briflon, tom. ii. p. 73,

* i°g
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ing coals; let a crooked tube placed at the end of
this iron, and bent fo that it may be pafled into a

glafs vefiel full of water inverted in the pneumatic
apparatus. There will then pafs into the glafs

veil'd an aeriform fluid, which is inflammable air

or hydrogen gas. In this proccfs the water flatters

a decompofidon, and while the hydrogen pafles into

the glafs receiver, the oxygen unites with the fub-

flance of the gun barrel, and oxydates or rufts its

internal furface.

By means of acids, however, inflammable air may
be obtained in greater abundance, and with more

facility. When iron, zinc, or tin, are aded upon by

diluted vitriolic, or marine acid, confiderable quan-

tities of this gas are extricated. In this cafe alfo the

water is decompofcd, as is plain from the concen-

trated vitriolic acid not anlwering the fame ends as

the diluted, cither in furnUhing the air or diflfolving

tlae iron, &c.

The apparatus for procuring this gas is the fame

as that which has been defcribed for producing

fixed air, only employing, inftead of chalk, iron

filings, fmall nails, fmall pieces of iron-wire, or

grofsly powdered zinc. To thefe materials fome

oil of vitriol and water mufl: be added in the fame

proportion as in the procefs for producing fixed air.

The electric fpark, taken in any fpecies of oil,

produces hydrogen or inflammable air, this fubftance

being a conflitifent part of all the oils. The fame

may be (aid of ether, and alcohol or fpiritsof wine,

which contain a great proportion of hydrogen.

Mr.
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Mr. Cavallo informs us, that he has procured

this kind of air from the ponds about London, in

the following manner. Fill a wide mouthed bot-

tle with pond-water, and keep it inverted in it;

then with a ftick ftir the mud at the bottom of the

pond juft under the inverted bottle, fo as to per-

mit the bubbles of' air which rife to be received ia

the inverted bottle; and this air will be found to

be inflammable.

The ignes fatui are fuppofed to proceed from

the inflammable air which abounds in marfhy

grounds, and to be fet on fire by eledtric fparks.

This gas, as well as fixed air, was long known to

miners before it was noticed by philofophers ; and

among the colliers and other workmen of that daft,

it obtained the name of the fire damp. It is how-

ever feldom found pure in mines or coal works,

but is generally combined with fulphureous matter,

or what is called hepatic gas, or with carbonic acid

air; and this admixture varies its fpecific gravity,

and in general renders it fomething heavier than

pure inflammable air. The fire damp generally

forms a whitifh cloud in the upper part of the mine,

and appears in fomething of a globular form ; from

its levity it will not mix with the atmofpberic air,

unlefs lbme agitation takes place; and it is difpofed

to lodge in any little cavity in the fuperior part or roof

of the mine. When it appears in this form, the

miners generally fet fire to it with a candle, lying

at the fame time flat on their faces to efcape the

violence of the fhock. It will not, however, take

fire

l
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fire unlcfs in contact with atmofpheric air, for the

obvious reafon, that a mixture of oxygen gas is ne-

ccfiary to its inflammation. The danger arifes en-

tirely from its inflammability on the approach of

any ignited body, for when the fire damp confifts

of pure inflammable air, the explofion is like that

of gunpowder ; but when it is mixed with carbonic

acid, it burns with a lambent flame. The eafieft

and fafeft method, therefore, of clearing the mine

from this formidable fluid is by leading a long

pipe through the lhaft of the mine to the afh-pit of

a furnace, when the inflammable vapour will be con-

ftantly attra&ed to feed the fire.

Dr. Prieftley has fufficiently proved by experi-

ments, that there is no acid contained in inflamma-

ble air. He alfo aflerts that charcoal, by the heat

of a burning lens, may be almoft totally converted

into this kind of air, but that fome moifture is ne-

cefiary in the procefs. The neceflity of moifture,

however, to the fuccefs of this experiment, fuffi-

ciently evinces the fallacy of the conclufion which

has been drawn from it. Perfectly pure charcoal,

abftratted from every other body, is indeftruclible

by heat. Where, however, there is moifture there

is water. In this cafe the oxygen of the water is

attracted by the carbon, forming with it carbonic

acid, and the hydrogen, the other conftituent part

of water, rifes to the top of the receiver. Pure hy-

drogen gas is the lighted: of all elaftic fluids, its

fpecific gravity is to that of common air as 8,04

is to 100,00*.

* Briflon, tom. ii. p. 77.

The
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The moil remarkable properties of this gas are,

1 ft, its great inflammability, which arifes from its

propenfity to unite with oxygen and form water,

edly. Its extraordinary levity, as already noticed,

jdly. Metals are very eafily revived or reduced from

a calx or oxyd to the metallic ftate when heated in a

receiver filled with this air. This alfo arifes from its

attradlion for oxygen, which in this cafe is expelled

from the calx, and, uniting with the hydrogen in the

receiver, leaves the metal pure, and in its natural

ftate. 4thly. Plants vegetate in this fluid without

impairing its inflammability. 5thly. Water will

imbibe about one- thirteenth of its bulk of this gas,

which may be again expelled by heat, and will

then be equally inflammable as before. 6 thly. Hy-
drogen gas, or inflammable air, is fatal to animal life

;

in proof of which Mr. Cavallo relates, that the Abbe
Fontana, having filled in his prefence a large blad-

der with inflammable air, began to breathe it, after

having made a violent expiration. The firft in-

fpiration produced a painful oppreflion on his lungs

;

the fecond caufed him to look pale ; and the third

was fcarcely accomplifhed, when he fell on his

knees through weaknefs. Small animals are alfo'

killed by a very few infpirations of this noxious

fluid. 7 thly, This gas is faid to have a fmaller

fhare of refratftive power than common air.

It is on account of its lightnefs that hydrogen
gas has been moft frequently employed in aerofta-

tion. The method of filling a balloon is only enlarg-

ing the procefs which has been defcribed for pro-

ducing inflammable air on a fmall fcale.

Very

I
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Very pleafing fireworks may be made from this

gas, by filling bladders with it, and fixing brafs cocks

to them, by means of which the gas may be difperfed

into any number of glafs tubes bent in various fhapes,

and with fmall holes iri various parts of them; then

by preffing the bladders more or lefs, as occafion may
require, the gas will pafs into the tubes, and iffue out

of the fmall holes, to which a lighted taper may be

applied ; by thefe means the air will take fire, and will

continue to burn until the courfe of it is Hopped by

fhutting the cock at the neck of the bladder. Thefe

aerial fireworks may be made to reprefent different

figures, either moveable or immovable, and may be

ornamented with different colours. The white co-

loured flame is produced by hydrogen gas procured

from common coal; again, by mixing an equal

quantity of this air with atmofpheric air, a flame of

a blue colour will be produced; the pure hy-

drogen from metals furnifhes a red flame ; and if

by breathing, fome carbonic acid gas or fixable air

is added, the flame will appear beautifully tinged

with purple *.

•See Briflon, tom. ii. p. 81.

Chap.
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NITROUS A iR. OR GAS.
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' IT ROUS gas ought properly to be confi-

dered as an intermediate frate of that elemen-

tary fujaftance which is the bafis both of azotic gas

and nitrous acid. Azote} perfectly fatilrated with

oxygen, forms pale nitrous acid ; with a fmaller

portion, it conftitutes the ordinary orange-coloured

and fuming nitrous acid ;
with ftill lefs, it becomes

nitrous gasj and when wholly uncombined with

oxygen, is denominated azotic gas. In the ftate of

azotic gas it is infoluble , but in proportion to the

quantity of oxygen with which it is combined, its

difpoiicion to affume an aeriform date is diminifhed,

and its attraction for water increafed.

In order to produce nitrous air, put copper, brafs,'

or mercury, firft into the bottle (with the fame ap-

paratus as for the other airs) fo as to fill about one

third of it, then pour a quantity of water into it, fo

as juft to cover the metai filings 3 and, laftly, add

the nitrous acid, in quantity about one half or one

Vol. I. D d third*
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third, according to the ftrength which is required.

Nitrous air contains, in ioo grains, 68 of oxygen,

and 32 of azote.

On its relation to the nitrous acid the diftinguifh-

ing properties of this gas will be found to depend.

1 ft. Nitrous air is as invifiblc and tranfparent as

common air ; in its fmell it refembles nitrous acid.

Though this kind of air extinguifhes flame, it may,

by certain proceffts, be brought to fuch a (late,

that a candle will burn in it with an enlarged flame,

and it then becomes what Dr. Prieftley calls depblo-

gijlicated nitrous air. Its lupporting flame in this

inftance evidently depends on the large quantity of

oxygen which enters into its compofition.

2d. When oxygen or empyreal air is added to

nitrous a;r, it imparts to it the acid character, and

it becomes true nitrous acid. Mr. Cavendilh im-

pregnated fifty ounces of diftillcd water with fifty-

two ounce mealures of nitrous air, mixed with

as much common air as was necefiary to decom-

•pound it. The water thus impregnated was fenfi-

bly acid, and being diftilled, the firft runnings were

very acid, and fine It pungent : what came next had

no tafte or fmell ;
but the laft runnings were very

weak nitrous acid *.

3d. Of all the different fpecies of air, this fecms

die molt noxious to animal life. Infedts, which

can bear azotic and inflammable air, will die imme-

Phil. Tranf. for 1784.

diately
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diately upon their being immerfed in this. Eve$

fifties will not live in water impregnated with it.

It may feem extraordinary that nitrous gas, which

is of fo deleterious a nature, and fo oppofite in

its qualities to common air, fhould yet fubftantially

confift of the fame principles, differing, however, in

the proportions. To remove the difficulty, it will

be neceffary to recoiled! what has been more than

once intimated concerning the difference between

mixture and combination. In fimple mixture the two

bodies ftill retain their own diftindl properties ; but

in chemical combination a third fubftance is formed

from the two, entirely different from both in its na-

ture and properties. Thus, from marine acid or

fpirit of fait, and cauftic alkali, both extremely cor-

rofive, is formed that innocent and wholefome fub-

ftance, common fait ; and from two fubftances in-

noxious to the human frame, fulphur and oxygen,

vitriolic acid, or fpirit of vitriol, is formed. In com-

mon air, azote and oxygen are indeed in a ftate of

mixture, but they are not combined ; for to make
them enter into a ffate of combination, the operation

of a ftrong agent, fuch as fire from the elecftric fpark,

is necelTary, and without this, azote appears to have

little or no attra&ion for oxygen. In the ordinary

procefs of refpiration the mixed fubftances are in-

haled ; and it is probable that they are foon again

feparated in this procefs, and each differendy dif-

pofed of. In nitrous gas, the azote and oxygen are

in a ftate of chemical combination, and it is a third

fubftance different in qualities from both ; it is,

D d 2 indeed.
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indeed, an imperfeCt nitrous acid in an aerial form

;

though azote, therefore, in its fimple uncombined

ftate, has no attraction for oxygen, it is different when

by combination it becomes an acid ; it has then a

itrong attraction for that fubftance which is necef-

fary to give it the true acid character, and it will

abforb it till it arrives at what the chernifts call the

point of faturation, that is, till it is made a perfeCt

acid ; and this is the reafon that it fo rapidly at-

tracts and condcnfes the pure part of the atmo-

fphere.

4th. Nitrous air pnfieffes the property of pre-

ferving animal fubftances from putrefaction, and of

reftoring thole already putrid, in a Hill greater de-

gree dun fixed air, and on this the antifeptic

power of nitre may, perhaps, chiefly depend. On

putting two mice, the one juft killed, the other

puti id and f ft, into a jar of nitrous air, and letting

them continue in it twenty-five days, in the months

of July and Auguft, there was little or no change

in the quantity of air; both mice were perfectly

fweet; the full quire firm, the fiefh of the fecund

ftill fo ft, but not in the leaft putrid. From thefe

experiments Dr. Prieftlcy recommends nitrous air

as an antifeptic. Unfortunately, however, though

animal fubftances may be prclerved from putre-

faction for fevcral months by nitrous gas, yet they

become dry, diftorted, and offenflve to the palate,

lb as 10 render the d'icovery of little public utility.

5 tli. The f. ecific gravity of nitrous air is to

that of the atmofphere as 1195 to 1000.

6th. One
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6th. One of the mod remarkable ^properties of

this air is, that it condenfes or diminifhes in bulk
1

with oxygen or dephlogilticated air, by which

means it becomes a teft with refpedt to the quan-

tity of that pure element contained in the atmo-

fphere. With pure dephlogifticated air the dimi-

nution is almoft to nothing, at the fame time that

nitrous acid in fome quantity is reproduced by the

decompofition of the nitrous air ; but as our atmo-

fphere is always mixed with a ccnfiderable quantity

of azotic or phlogifticated air, on which nitrous

air has noeftedt, the diminution in this cafe is never

fo ccnfiderable. Upon this principle the eudio-

meter for meafuring the purity of air is formed.

To underftand the nature of this inltrument, let a

glafs tube (Fig. 4.) of about nine inches long,

clofed at one end, and of about three- fourths of an

inch diameter, be filled with and inverted in water;

then take a phial of about half ap ounce meafure,

filled with common air, and plunging it under the

water contained in the fame bafon with the inverted

tube, let that quantity of air enter into the tube ; it

will then rife to the top of the tube while the water

fubfides. Let a mark be made on the tube at the

height of the water in it, to fhow how much of the

tube is filled by that meafure of air. In the fame

manner injedt four or five meafurcs of common air,

marking the height of the water at every one re-

ipedtively. After this procefs, if three meafures of

either nitrous or common air are introduced into

the tube, they will caufe the water to fubfide to the

* D d 3 third
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third mark ; but if two meafures of common air

and one meafure of nitrous air, or one meafure of

the common and two of the nitrous air, are put

into the tube, they will fill a fpace much fhort of

the third mark. When thefe two kinds of air

come firfl: in contact, a reddifh appearance is per-

ceived, which foon vanilhes, and the water, which

at firfl: nearly reached the third mark, rifes gradu-

ally into the tube, and becomes nearly flationary

after about two or three minutes, by which it ap-

pears, that the diminution takes place gradually.

Nitrous air is neither foluble in water nor pof-

feflfes any figns of acidity ; for it has not the power

of changing the blue colour of vegetables red, unlefs

it is mixed with common or dephlogifticated air,

by which it acquires the true acid chara&er *.

f Briflbn, tom. ii. p. 59.
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Chap. VII.

OF HEPATIC GAS.

Nature of this Gas.-—Means of producing it.—Its Properties.—

A

Black.—Hozu decompofed, &c.

Gengembrc, who has made an analyfis of

0 this kind of air, regards it as proceeding

from pure hydrogen and fulphur. The mod proper

method of obtaining this air is by pouring marine

acid on liver of fulphur *, which extricates it in

confiderable quantities. It is equally produced

from all livers of lulphur, whether they are made

with alkalis or earths. By various experiments,

however, it now feems to be afcertained, that as
'

hepatic gas is compofed of fulphur and hydrogen

in certain proportions, it cannot be produced except

water is prefent, the decompofition of which affords

the hydrogen. Thus, if marine acid air is applied

to very dry liver of fulphur, fcarcely any hepatic gas

is produced, from the defedt of humidity. Liver of

* A fubftance ufually formed from fixed alkali, or fait of tar-

tar, and fulphur combined by heat.

chief Conjliiuent of Sulphureous Mineral Waters.—Turns Metals

D d 4 fulphur.
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fulphur, when heated, affords hepatic gas with the

addition of mere water without acid. In this cafe,

alfo the water is decompofed ; its hydrogen unites

with part of the fulphur to form hepatic gas, while

the oxygen of the water uniting with another part,

produces vitriolic acid, and this with the alkali

forms a neutral fait which may be eafily obtain-

ed.

iff. Hepatic gas is very foluble in water, which it

converts into a ftate perfectly refembling that of ful-

phureous mineral waters, id. It detonates with vi-

tal air when fet on fire. 3d. It is not clearly afeer-

tained in what manner fulphur is fufpended in hepatic

gas. Sulphur melted by a burning glafs, in inflam-

mable air over mercury, produces a iluid which has

the properties of hepatic gas ; and if inflammable

air is paffed through fulphur in fufion it is converted

into hepatic gas. 4th. The frnell of this air is very

unpleafant, and its vapour has a very difagreeable

effect, upon many metallic fubftances, particularly

filver, lead, copper, &c. dellroying their colour, and

rendering them almoft black. 5th. It is extremely

pernicious in refpiration. 6th. It may be decom-

pofed by vitriolic and nitrous air, by vital air, and

by the contact of atmofpheric air, in which cafe it

depofits fome fulphur. Its great attra&ion for fome

of the metals and their calces makes it the bafis of

fome fympathetic inks.

The volatile alkali, and moft of the acids, may

be made to aflume an aerial form, and have been

diftinguifhed
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diftinguifhed under the appellation of alkaline and

acid airs ; it is unneceflary, however, to introduce

the fubjedt in this place, and it will be better under-

flood when the acids and alkalies are treated of, as

they will be in the fucceeding book.
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Chap. VIII.

OF ATMOSPHERIC AIR.

Atmofphere compofed chiefly of T<wi Kinds of Air .—Contains alfo

Fixed Airy aud occaflonally other Sulflances.—Ejfeils of this Mix-
ture on Metals and Purple Dyes.—Means of purifying the Atmo-

fphere from Fixed Air, andputrid Vapours.—Ejfeds of Moiflurc

contained in Air.—The Hydrometer.-—Cold in the higher Regions

of the Atmofphere.—Caufe.

WHATEVER has been hitherto ftated re-

lative to the different fpecies of elaftic

fluids is chiefly important, becaufe the knowledge

of thefe fluids is neceffary to enable us to compre-

hend the nature of that atmofphere in which we

exift, and which is indeed of itfelf one of the prin-

cipal agents of our exiftence.

In treating feparately ofthe different kinds of air,

it was neceflary in fome meafure to anticipate the

prefent fubjedl, and to intimate that the air of our

atmofphere is not, as was formerly fuppofed, a

Ample homogeneous fluid, but that in reality it is

compofed of two different fluids, which have been

defcribed under the appellations of azotic and oxy-

gen gas, or phlogifticated and vital air.

In one hundred parts of atmofpheric air there

are contained about feventy-two parts of azotic gas

to
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1

to twenty-feven of oxygen, befides one part of car-

bonic acid gas or fixed air, which is generally found

united with them, or to fpeak in round numbers,

in order to be better underftood, we may fay that

the air of our atmofphere contains rather better than

one fourth of pure or refpirable air, and that the

remaining three fourths are unfit for relpiration, and

equally unfit for combuftion, fince the fame fluid

which fupports flame is found equally to contribute

to the fupport of animal life.

By the combuftion of any inflammable fubftance

in a clofe vefiel filled with atmofpheric air, it will

be found that about a fourth part of the whole

bulk of the air will difappcar, and that the com-

buftion will gradually ceafe in proportion as that

fluid is diminifhed which is neceflary to its fup-

port.

The fame quantity is deftroyed by the procefs

of refpiration. Putrefaction alfo feparates the pure

air* and the power of feparating, and alfo of re-

uniting the two fluids, which laft may be done,

when both are produced by artificial means, very

fofficiently proves them diftindt in their nature and

properties, and alfo that they are united in the air

of our atmofphere.

Azotic gas being fpecifically lighter than oxygen,

it might naturally be fuppofed, that fince they only

exift in the atmofphere in a mixed ftate, and not in

a ftate of chemical combination, a lpontaneous fe-

paration would take place, and that the azote would

occupy the higher regions of the atmofphere ;

whereas ,
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whereas it is found by experiments with the eudio-

meter, that the upper regions of the air actually

contain a greater proportion of oxygen than thole

nearer the furface of the eaith. Whether this is

to be attributed to the attraction which azote may
have for the earth, or to lome unknown property

in the oxygen, we cannot now determine, and can

only take the fadt as it ftands, without attempting its

explanation *.

From the great confumption ofoxygen by various

natural and artificial procefies, it might be expected

that a deficiency of this fluid in the atmofphere might

fometimes occur; but the wifdom of Providence is

evident in this, as well as in every other infiance; for

we have already feen that the procefles in nature

which deftroy this air ate nearly balanced by thole

which produce it. A feries of experiments w'ere made

at Stockholm by the indefatigable Scheele, to afeer-

tain the goodnefs of the air during every day in the

courfe of a year. He found diat the diminution by

the eudiometer never exceeded one- third, nor

was lefs than eight thirty-thirds. The quantity of

vital air was lead in March, November, and Decem-

ber, and in general lefs in the w'inter than in the

fummer months, which may be attributed to the

redundant fupply of this matter by the copious ve-

getation which takes place at that period. The air

\

* A mixture of empyreal and inflammable airs remaining all

night, was found the next morning in the mold perfedd Hate of

mixture, and the ele£dric fpark pafled through them with the

ufual elfcdd. Pritftley's Experiments. Vol. vi. p. 27.

at
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at Tea. is generally found in a purer Hate than at

inland places.

Extraordinary as this mixture of fluids in the

atmofphere may appear, it is eflential to our health,

and even our exigence, and demonftrates no lefs

the wifdom and goodnels of Providence, than all

his other beneficial appointments. This pure vital

air, fays Brifion, fo wholefome, fo neceflary in a mo-

derate quantity ; like fpirituous liquors, or falutary

medicines, mult be ufed with precaution, and would

be fatal in the excefs. If we were indeed to breath

pure or oxygen air without any mixture or alloy,

we fhould infallibly perilh by the unnatural and fatal

accumulation of heat in our bodies ; if, again, the

whole atmofphere was compofed only of vital air,

combuftion would not proceed in that gradual and

moderate manner which is neceflary to the purpofes

of life and of l'ociety ;
and even iron, and the metals

themfelves, would blaze with a rapidity which would

carry deftruiStion through the whole expanfe of

nature.

The air of our atmofphere is, however, not fo

Ample a fubftance as to be formed only of two in-

gredients. Befldes the fmall portion of carbonic

gas or fixed air which it contains, equal to one

hundredth part, as was intimated in the beginning

of this chapter, it is alfo well known that a large

portion of water is ufually held in the atmofphere,

fometimes in a ftatc of perfeft folution, or entirely

invifible, and fometimes vifible in the form of mills

and clouds. The atmofphere is alfo the general

e recipient
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recipient of all thofe fubftanccs which are fubjedt to

evaporation, and which preferve their aeriform ftate

under its ordinary heat and preflure.

From the mixed nature of the mafs, and parti-

cularly from the mixture of carbonic acid gas or

fixed air, feveral effects are produced, and fome of

them it may be proper to notice. Fixed air being

in reality an imperfedt acid, contributes to ruft

metals, and to change the colour of fuch purple

dyes as arc produced from vegetable fubftances.

This is an effedt which moll perfons have noticed,

though the caufe has not been underftood; and the

delicate nature of thefe colours has been almoft

an invariable objection againft their ufc.

The air of the atmofphere is molt generally in-

jured by the deftrudtion of the pure part, and the

generation of carbonic acid gas, as in mod of the

procefies of combuftion, and in that of refpiration.

When it is neceflary to purify the air from the car-

bonic acid, which may be too abundant in it, any

contrivance for bringing it into contadl with lime-

water will fufficiently anfwer this purpofe. A cloth

dipped in that liquor, and fulpended near the floor,

will generally purify the air of a room from any

contamination of fixed air.

Combuftion or refpiration are, however, not the

only means by which atmofpheric air is injured.

Phofphorus of every kind, liver of fulphur, oil of

turpentine, cements of wax, oils of mint, cinna-

mon, &c. nitrous acid, and even nitrous aether,

at once diminifh and deprave it,

1 The
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The air is alfo rendered unwholefome by the

abforption of putrid* or inflammable vapours,

the explofion of gunpowder, by oil paints, by the

volatile fpirit of fal ammoniac, by fpirits of wine,

by every kind of perfumery or artificial fcents, by

the vapour of new plaiftered walls, by all putrid fub-

ftances, and efpecially by ftagnate water j thefe fub-

Itances all diffufe a quantity of inflammable air or va-

pour through the furroundirig atmofphere, and fome

of them confume the pure or vital part. Even the

vapour of pure water in ccnfiderable quantities is

pernicious to animal life ; Mufchenbroek obferved,

that it threw a bird into great anxiety ; that the va-

pour of vinegar had a fimilar effedl j that the va-

pour of fpirit of wine killed a bird ; and that feve-

ral others were fatal to life f.

From thele fafts it is manifefl: that the burying of

the dead in populous towns is a wretched and dan-

gerous mockery of police. I know a certain great

town where, in burial places in the very middle of

the town, the dead are buried not fix inches below

the furface; and in London, notwithstanding the

a& of parliament, what with the prefent evafion of

* A quantity of corrupted fifh were once thought to have

occafioned a violent epidemic fever at Venice. The fame ef-

fect was produced at Delft, by the corruption of vegetables.

The Arabs, when defirous of injuring the Turks at Baflora,

break down the banks of the river near that, city, fo as to per-

mit it to overflow a great traft of land
; a violent fever is gene-

rally the confequence of the putrid mud, &c. which is left be-

hind after the water is evaporated.—-Cav. on Air, 457.

| Cavallo on Air, p. 447.

that
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that aft, the depofiting in vaults, and the frequent

breaking up of the ground, and removing putrid

bodies, the cafe is not much better; and indeed

much might yet be done to render the air of Lon-

don more falubrious than it is.

I have taken no notice of the accounts which fome

ingenious men have afforded us of the falubrity of

the air in different places, convinced that we are not

as yet poffeffed of a complete teft of the falubrity

of air; and till this can be procured our only guide

muft be experience.

By agitating putrid and inflammable air in dif-

tilled water, or water from which the air has been

expelled by boiling, a confiderable diminution will

take place, fometimes above a third of the bulk,

and the air will be confiderably purified. Thus

the agitation of the fea, and oflarge lakes, has proba-

bly the happieft effedt in purifying the atmofphere.

Dr. Hales found that air might be breathed

much longer, when in the aft of refpiration it was

made to pals through feveral folds of cloth dipped

in vinegar, a foluticn of fea fait, or oil of tartar,

than when no fuch contrivance was ufed ; the reafon

of which is briefly, that thefe lubftances abforb the

fixable air which comes from the lungs *.

Putrid air was alfo reftored by a mixture of car-

bonic acid air. The experiment was, however, in

fome meafure rendered doubtful by the air having

been paffed through a veffel of water in order to

its admixture. If, however, the fact is well found-

* Hale’s EfT. p. 266.

ed,
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ed; lime kilns in the vicinity of populous cities

may poffibly not be fo unwaolefome as is generally

imagined, as in thofe places the putrid air and va-

pours abound more than the carbonic acid.

The eudiometer is a good tell of air as far as re-

gards the diminution of the oxygenous part; but it

is on the whole an imperfeCt inftrument, as it af-

fords no means of diftinguifhing the deleterious va-

pours with which the atmofphere may occafionally

be charged.

Befides their deleterious properties, the mixture

of watery particles and vapour in air has alfo con-

fiderable effeCt with refpeCt to its power of con-

ducting heat from our bodies. The rarity or

denfity of air feems to have little effect with refpeCt

to its conducting power, which indeed appears en-

tirely to depend on the quantity of moifture it con-

tains. A moift air conduCts heat with much greater

rapidity than a dry air. Whence (fays the ingenious

Count Rumford) (
I cannot help obferving with

what infinite wifdomandgoodnefs, Divine Providence

appears to have guarded us againft the evil effects

of excefiive heat and cold in the atmofphere; for

were it poffible for the air to be equally damp
during the fevere cold of the winter months, as it

fometimes is in fummer, its conducting power, and

confequently it$ apparent coldnefs, when applied

to our bodies, would be fo much increafed by fuch

an additional degree of moifture, that it would be-

come quite intolerable; but, happily for us, its

power to hold water in folution is diminifhed, and

Vol, I. E, e with

1
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with it its power to rob us of our animal heat, in

proportion as its coldnefs is incrcafed. Every body

knows how very difagreeable a very moderate de-

gree of cold is when it is very damp; and hence it

appears, why the thermometer is not always a juft

meafure of the apparent or fenfible heat of the at-

mcfphere. If colds or catarrhs are occafioned by

our bodies being robbed of cur animal heat, the

reafon is plain why thofe diforders prevail mofl

during the cold autumnal rains, and upon the

breaking up of frofl in the fpring. It is likewife

plain, whence it is that fleeping in damp beds and

inhabiting damp houfes is fo very dangerous, and

why the evening air is fo pernicious in fummer

and autumn, and why it is not fo in the hard frofts

of winter. It has puzzled many to account for the

manner in which fu. h an extraordinary degree, or

rather quantity, of heat is generated, which an animal

body is luppofed to loic if expofed to the cold of

winter, which it communicates to the furrounding

atmofphere in warm fum er weather; but is it

not more than probable, that the difference of the

quantities of heat adlually loft or confumed, is

infinitely lefs than what they have imagined *?’

Various inftruments have been invented under

the general name of hygrometers f, for afeertain-

Ing the quantity of moifture contained in the at-

* Tlicmpfon’s Experiments. Phil. Tranf. Vol. lxxvi.

t 'Tyo;, (hygros) « moillure;” and Milpov, (metron) « a

meafure.”

mofphere.
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mofphere. Moft bodies attract moifture, and arc

expanded by it. Wood and other folid bodies are

fwelled by the moifture infinuating itfelf between

the fibres, and confequendy a piece of wood cut

tranfverfely, will be extended in length by the ab-

forption ofdamp or wet. Cord, catgut, &c. the fi-

bres ofwhich extend longitudinally, will increafe in

thicknefs, but will contraft in length on the ap-

plication of moifture. On this laft principle the

common weather-houfe is conftrufted, which is

no bad hygrometer for general purpofes; the con-

traction of the firing by wet forces the man out of

the door, and when by the return of fine weather

the firing or catgut is difpofed to refume its natu-

ral length, an elaftic wire afts upon it, and the wo-

man appears. The firft regular and graduated hygro-

meter that deferves to be mentioned, as made in this

country, wasthatof the late ingenious Mr. Smeaton.

He employed in its conftruftion a flaxen firing of

three threads, commonly ufed in making nets,

which, in order to make it attraft the moifture rea-

dily, he fteeped in fait and water. This he extend-

ed along a board properly graduated, and to one

part contrived to attach an index, which ferved to

fhew its variations. M. SaufTure employed a hair

for the fame purpofe, which he fufpended by a

weight of three grains, and contrived it to aft upon
an index pointing to a graduated fcale; and this

was found to be a very delicate and accurate inftru-

ment.

M. de Luc, however, conceived that a folid

E e 2 body
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body would afford the mod accurate and fteady

meafurc of damp or drynefs, and was lefs likely

to be out of order than fibrous and twifted fub-

ftances. He fucceffively employed ivory, box-

wood, and whalebone; but after feveral trials pre-

ferred the latter, becaufe of its great power of

expanfion, which fometimes exceeded one-eighth of

its length, and becaufe of its ftcadinefs, in always

coming to the fame point in extreme moifture.

His hygrometer therefore confifts of a very thin

flip of whalebone, about 12 inches in length, and

a line in breadth, cut tranfverfely to the dire&ion

of the fibres. This he extends by a fmall fpring,

and the variations may be either meafured by a

mark on the whalebone or by an index. This is

at prefcnt the mod perfect hygrometer, and
%
that

which is in mod general ufe.

In the higher regions of the atmofphere the cold

is found to be intcnfe, and yet the moifture is ge-

nerally faid to be lefs abundant, than in thofe nearer

the furface of the earth. This was experienced by

all the adventurers in air balloons, as well as by

thofe travellers who have afcended to the tops of

high mountains. It is well known that the fummirs

of the alps and other great elevations are ufually co-

vered with fnow. There is indeed always a certain

height of the atmofphere where water will be found

at the freezing point, and this has been called by

philofophers the line of perpetual i'now. The line,

however, varies according to climate and circum-

ftanccs. On the peak of Tenerif it commences at
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the height of about two miles and a half, and in

England it is generally found at the height of a mile,

or a mile and a half. Some botanifts have aflerted,

that the variation of climate in afcending moun-

tains, was difcernible from the vegetables found

upon them, the plants which required a mild tem-

perature, being commonly found near the bottoms,

and the hardier, and more northern vegetables to-

wards the fummit.

Different opinions have been entertained con-

cerning the cold in elevated fituations. It was for

a confiderable time imagined, that it depended

altogether on the rarity of the atmofphere in

thole regions, which is very confiderable but it

has been remarked, on the authority of Count

Rumford, that the rarity or denfiry of the air

appears to have little effeCl on its conducting

power. Some have fuppofed, that as the air is

lb much rarer in the upper regions, lefs fire or

caloric is required to keep it in a ftate of fluidity,

and confequently that there is a real deficiency of

that element. The hypothefis of M. Bouguer*,

however, comes recommended by its fimplicity,

and by its agreement with moft of the other phe-

nomena of heat, and I fh3.ll therefore adopt it with

only l'ome flight variations.

Without entering into the controverfy concern-

ing the identity of fire and light, it is only neceflary

jo affume as a principle the well known circum-

* Reafons for the cold on the top of the Andes.

Ee d fiance.
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ftance, that the a&ion oflight is capable of produc-
ing heat in bodies ; and the equally well eftablilhed

fadly that the action or light upon a tranfparent

medium, through which it is eafily tranfmitted, is

extremely feeble. This may be proved by the

eafieft of all poflible experiments. If highly rec-

tified fpirits are inclofed in a pure glafs phial, or

any perfectly tranfparent veflel, the rays of light

concentrated by the moft powerful burning glafs,

will not inflame them ; if, however, the fpirits are

placed in a fpoon, or if that part of the tranfparent

veflel which is not oppofed to the burning glafs, is

coated with paint or any fubftance, which inter-

cepts tire rays of light, imbibes or condenfes them,

the fpirits will be inftantly fet in a blaze. The
earth is therefore the great receptacle of heat, where

it is abforbed and kept as in a ftore-houfe; but the

furface of earth which is exp< fed to the fun on the

tops of mountains is but very fmaii, uiid cannot

. imbibe much of the fun’s heat. The rays from

the fun can indeed only ftrike the different fides of

the mountain for a fhert period in evuy day, and

in fome days, and in fome parts, not at all. “ A
horizontal plain alfo when the day is clear, is ex-

pofed at mid day to the perpendicular and undimi-

nifhed aftion of the fun’s rays, while they fall ob-

liquely on a plain which is much incline:!, or on a

pile of rocks.” In thefe elevated fituations, there-

fore, the majority of the fun’s rays pafs through a

tranfparent medium, as through the fpirits inclofed

in a clear glafs veflel j and there is no mafs of

8 v opake
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opake matter to collect or condenfe the heat. The

atmofphere, therefore, in thofe regions is necefiarily

colder than in thofe which approach nearer the lur-

face of the earth.

The cold in thefe higher regions of the atmo-

fphere, may be one caufe why vapours are not col-

lected fo plentifully there as nearer the earth. The
clouds are feldom more than a mile in height, and

they do not often attain that degree of elevation.

From the fummit of a high mountain, therefore,

the profpeCt is inexpreffibly grand. The clouds

roll beneath the fpeCtator’s feet like the vaft

waves of a troubled ocean; and the forked light-

nings play between thofe immenfe mafies in various

directions; while the great body of air in the vallies

beneath (clear and tranfparent as it appears to thofe

who inhale it, but in reality charged with vapours)

appears like the water of a ltagnant lake, involving

moft of the objects in total darknefs, and partially

revealing others, which feem as if intended to adorn

the margin of the flood, and ferve to enliven and

diverfify the fcene.
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Chap. DC*

>

OF THE WEIGHT, ELASTICITY, AND
OTHER GENERAL PROPERTIES OF
THE AIR.

• . I

J

General Properties of Air.— C<zk/3 y />/ Elaficity.—Opinions cf

the Ancients .—Torricellian Experiment .—Barometer,—Tbe Air

Picrnp.— Weight and fpecific Gravity of Air.—Immenfc Pref'ure

qf the Atmofphere.—Compatibility of Air.-—Cupping Glqfes.—

Ejfcfts cf the Air's Elaficity.—Air Guns , ifc.—Motion of Parti-

cles in Bodies,—Nature if the Atmofphere.—Its probable Height.

T\ H F, air, confidercd as a fluid, without any

refpedt to its component principles, has alfo

feme properties which are of the utmolt importance

in the fyftem of nature ; and the confideration of

thefe properties will ferve to illuftrate and explain

the nature of all other elaftic fluids.

Atmofpheric air, confidered in itfelf, is a pon-

derous, compreflible, elaftic, tranfparent body, with-

out colour, inviflble, and incondenfable by any

degree of cold that can be produced in the tempe-

rature of this earth. It never becomes the confti-

tuent part of any bodyj though its bafes, that is,

oxygen and azote, enter into the compofltion of

many.

The fluidity of the air is caufed by the matter

of fire or heat, which produces in it a degree of

elafticity



Chap, q ] Vague Notions of the Ancients. 425

elafticity which always tends to dilare the mafs, and

which preferves the morbn of its parts. It the air

was not elaftic, it might be formed into a hard

body, like lnow, when its particles are prelTed for-

cioly together.

It is eafy to prove that air adheres, with a confi-

derabie degree of force, to the furface of bodies j

for when water is put into a vefTel and heated, the

ftratum of air which adheres to the Tides of the

veflel, and which occupies a fituation between the

water and the fides, foon becomes perceptible there

in the form of bubbles, in confequence of the rare^

faction which is caufed by the heat. It becomes

fenfible in the fame manner in vacuo, in confe-

quence of the dilation occafioned by the preflure

being removed *.

The ancients knew air to be a fluid, but their

imperfect knowledge of thofe fubftances in general,

appears to have difabled them from ufing thofe

means which the moderns have employed for draw-

ing off and expelling this fluid from a certain fpace.

They were, indeed, utterly unacquainted with the

fadt, that air is a ponderous fluid. They admitted

that there were two kinds of bodies in nature

;

heavy bodies, fuch as ftones, metals, and in general

all bodies which, being left to themfelves, had a

propenfity to defeend j and light bodies, fuch as air,

flame, vapours, becaufc thefe bodies appeared to

them to afeend fpontaneoully into the upper regions of

the atmolphere. They luppofed, therefore, agreeably

* BrifTon, Tom. ii. p. 93.

to
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to this fend merit, that air was endued with abfolutc

levity ; and that all the effedls which the moderns
attribute to the principle of gravitation, were to be

afcribed to the horror which nature had, accord-

ing to them, for a vacuum . It was, therefore, a

long prevailing opinion, that air was deflitutc of

weight j and it is not above a hundred and fifty

years fince philofophers have been convinced of

this error. The engineers of the Count de Medici,

Great Duke of Florence, having received orders to

raife forne water fifty or fixty feet by means of a

common pump, perceived, when they made the

attempt, that water would mount only to a certain

height, after which it appeared to them, by the void

fpace which they found, that nature was reconciled

to a vacuum, cr at leaft buffered this defedb without

thofe terrible effects which ancient writers had pre-

dicted from it. This apparent caprice, on the part

of nature, was communicated by the engineers to

Galileo, who paid fome attention to it; though,

previous to this accident, he, as well as all others,

had latisfied himlelf with the common opinion of

the horror which nature was fuppofed to entertain

for a vacuum. Fie was at length convinced, by

reiterated experiments, that water would rife only to

about thirty-two feet perpendicular in pumps, and

,
that the remainder of the pipe or tube;, if it was

longer, would be empty. He could then no longer

retain the opinion refpeCting the horror of a va-

cuum, but began to conceive that this horror had

x • its



Chap, 9.3 ‘Torricellian Experiment. 427

its limits, and that thefe phenomena might proceed

from a phyfical caule very different from that to

which they had hitherto been attributed. What he

had fufpeded, Toricelli, his difciple, proved by

dired experiment. He firfl made it appear in the

year 1645, that a column of air, as it exifts in the

atmofphere, may be placed in equipoife with a

column of another fluid, which has the fame bafe

;

at length, to avoid the inconvenience of a long pipe,

inflead of water he made ufe of mercury. He took

a glafs tube (Fig. 5.) of two or three inches dia-

meter, hermetically fealed * at one end, and open

at the other ; he filled it with pure mercury, and

having flopped the orifice with his finger, he re-

verfed the tube, and placed the open end in a veffel

full of the fame mercury. He had no fooner re-

moved his finger than the column of mercury,

which was about thirty-fix inches long, was re-

duced to the length of about twenty-eight inches.

Now, if we compare the experiment of Galileo with

that of Toriceili, we fhall find that fluids ad in

counterpoife to each other, exadly in proportion to

their relptdive denfitiesj and that the fame caufe

(the preffure of the air) which elevates water to

the height of thirty two feet, cannot fuftaina column

of mercury above the height of twenty-eight or thirty

inches.

Pafchal added confiderably to the proofs of this

• Clofed by melting the glafs, and confolidating it.

dodrine
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dottrine which Torricelli had afforded, and he rea-

foned in this manner:— If, faid he, the air is the

caufe of this phenomenon, it is becaufe it has pon-

dcrance and fluidity ; it muff prefs, therefore, in

the lame manner as liquids, and its preffure muff:

be greater or lefs according to its height; and every

column of whatever fluid is placed in counterpoife

with it, will always be longer or fhorter in propor-

tion to its denfity. Hence he proceeded to prove,

that a column of a:r mull produce a preffure

greater or lels, and was capable of fuftaining a co-

lumn of any fluid higher or lower in proportion to

its own height, and confequently that a column of

water or mercury, at the bottom of a mountain,

would rife higher in the Torricellian vacuum than

at the fummit. M. Pafchal next prevailed upon

his brother-in-law, M. Perrier, who was at Cler-

mont in Auvergne, to make the following experi-

ment at the bale and fummit of the mountain,

known by the name of Puy de Dome.

M. Perrier placed a tube of Torricelli’s upon a

perpendicular plank (fee Fig. 5 .) graduated into

inches and lines ; and having obferved to what height

the mercury was raifed in the tube at the foot of the

mountain, he found that it fell gradually in propor-

tion as he afeended towards the fummit; and alfo,

on the contrary, that it rofe again in the fame pro-

portion as he defeended : the difference was found

to be three inches and one line between the height

of the mercury at the fummit and the bafe. This

experiment, fuggefted by Pajchal, and repeated fe-

veral
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veral times, always produced the fame refult ; whence

it was concluded, that mercury was fuftained above

its level in the Torricellian tube, by the preffure of

the atmofphere upon the refervoir, fince the mer-

cury in the tube was obferved to fall, when the co-

lumn of air which had the refervoir for its bafe was

diminiflied in height. Thefe experiments, in prov-

ing incontrovertibly the weight of air, have au-

thentically reftored to this fluid a gre^t number of

natural properties and effefts, which were before

attributed to a caufe merely chimerical.

M. Pafchal afterwards repeated the lame experi-

ment with water, wine, oil, &c. and the heights of

the columns of thefe liquors were always found to

be proportional to their denfities ; an evident proof

that they were counterpoifed by a weight, which

could in thole cafes be no other than the preffure of

the' air.

Many philofophers afterwards, having procured

‘Torricellian tubes, placed them according to the

manner of M. Perrier, upon a fcale graduated into

inches and lines, and by frequent obfervations they

perceived, that the height of the mercury in the

tube often varied. They concluded, therefore, that

the preffure of the air, which was the caufe of the

fufpenfion of the column of mercury, was fome-

times greater and fometimes lefs, and confequently

that it afted more or lefs forcibly upon the human
frame. From thefe caufes and effects the idea was

fuggefted, of making from the Torricellian tube a

new meteorological inflrument, the fame which is

now
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now commonly known by the name of a barome-

ter *.
* \

Air a<5ts upon barometers in two modes, by its

weight and by its elafticity. The variation, there-

fore, of the prefllire upon the refervoir is produced

by two caufes, by the variation in the weight of the

* *' To fill a barometer tube, (fays Mr. Adams) I take a clean

glafs tube about thirty-three Inches long, and pour quickfilver

into it by means of a fmall paper funnel
;
you obferve, that as

the quickfilver rifes in the tube, there are bubbles of air left

behind in feveral parts; I continue pouring the quickfdver till

it fills the tube within about half an inch of the top. I then

apply my finger hard and clofe upon the top of the tube, and

invert it; by which means the air that was on the top, now ri-

ling through all the quickfilver, gathers every bubble in its way,

1 revert the tube or turn it up again, and the bubble of air re-

afeends, and if there are any fmall bubbles left, carries them

away ; if, however, any remain, the operation mud be repeated,

1 now fill the tube to the top, and placing my finger on the

open end of the tube, plunge that end into this bafon of quick-

lilver; when the end of the tube is perfectly fubmerged in the

quickfilver, I take my finger away, and you fee the quickfilver

remains fufpended in the tube, leaving a vacuum at top. The

column of quickfilver is about thirty inches in height; now you

will obferve that there can be no air in the fpace between the

quickfilver and the top of the tube, for till the finger that clofed

the orifice in the bafon was taken away, that fpace was filled

with quickfilver, and the quickfilver, which was thirty-three

inches high, funk in the tubd, and left that Ipacc free from air,

for no air could g t into the tube, Uriels i could force its way

through the quickliiver in the bafon, and the thirty inches in

the tube; or penetrate hrough the fealed end of the tube: but

as neither of thofe can be done, it follows, that in the part of

the tube which the quickfilver leaves, there mull be a vacuum.”

uidams's Lttture:. Vol. i, p. 32.

by
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incumbent air, and by that of its elafticity. The

weight of air varies according to its denfity, and its

intermixture with other fubftances which are foluble

by it; its elafticity varies according to its denfity,

and the quantity of heat with which it is charged.

The greater part of foreign fubftances which inter-

mix with air only, under the form of elaftic fluids,

diminifh the weight of the column of air, becaufe

they are lighter than it ; but thofe fubftances which

are foluble in air augment its denfity, and confe-

quently .its weight, in the fame manner that fak

diflblved in water increafes its weight and denfity.

The barometer has, therefore, another property,

not lels ufeful to philofophers than that which has

been already mentioned. It points out the changes

of the weather, efpecially when they are likely to

be confiderable.

From the numerous obfervations and experiments,

which have been made from time to time upon

barometers, the feven following propofltions have

been eftablifhed by M. Briflon. <f
Firft, That the

mean height of mercury in France is twenty-feven

French inches and an half. Secondly, That the

variations from this height feldom exceed three

inches, that is, that its leaft elevation is twenty-

fix inches, and its greateft twenty- nine. Thirdly,

That thefe variations become leis towards the equa-

tor, and greater in the northern dimares. Fourthly,

That when the mercury falls in the barometer it

announces rain or wind, or in general what is called

bad weather. Fifthly, On the contrary, when

the
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the mercury rifes it announces fine wearher.

Sixthly, That thefe predictions fail fometimes, efpe-

cially if the variations in the height of the mer-

cury are very How and inconftderable. Seventhly,

That the predictions are almoft infallible, when the

mercury afcends or defcends confiderably in a fhort

time; as for example, about one third of an inch

(or three or four lines) in the courfe of a few

hours *.

Thus in relating the difcovery of the barometer,

we have feen that philofophers were convinced that

an actual vacuum might be formed. The air pump,

however, was not difcovered till 1654. For the

firlt invention of this, the world is indebted to Otto

Gueric, a German ; but it was our countryman

Boyle who converted it to real ufes, it was he who

improved it, and applied it to philofophical pur-

pofcs. In the hands of Gueiic it was a mechanical

inftrumcnt ; in thofe of Boyle it was a truly philo-

fophical machine. By this machine we can with

eafe empty a glafs veffel of its air, and put what

bodies into it we think fit. Thus comparing the

changes wrought upon bodies by being kept from

air, with the fame bodies when expofed to air, we

come to a knowledge of the effects of air upon

bodies in general.

As the air-pump is a machine very generally

known, I fhall not attempt a new defcription

of it ; but for the fake of thofe readers who are

* Brifi'on. Vol. i.

but
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but little acquainted with philofophical apparatus,

take the defcription of it from one of the moft po-

pular writers on thefe fubjefts, in order that its con-

ftruftion may be the more eafily underftood.

Having put a wet leather on the plate L L (fee

Plate XX. Fig. 1.) place the large glafs velfel or

receiver M with its mouth downwards upon the

leather, fo that the hole i in the plate may be

within the glafs. Then turning the handle F back-

ward and forward, the air will be pumped out of

the receiver by the contrivance of the mechanilm

below. As the handle F, reprefented more at

large (Fig. 1.) is turned backwards, it raifes the

fucker or pifton d e in the hollow barrel B K by

means of the toothed wheel E engraining in the

toothed rack D d

:

and as the pifton or fucker is

leathered fo tight as to fit the barrel exactly, no air

can get between this pifton and the barrel, and

therefore all the air above d in the barrel is lifted
4

up towards B, and a vacuum made in the barrel

from e to b

:

upon which part of the air in the

glafs M (Fig. 1.) by its fpring rufhes through the

hole i in the brafs plate L L along the pipe G G,
which communicates with both barrels by the hol-

low trunk I I I K, and pufhing up the valve b (a

valve is a bit cf leather that covers a hole as the

flapper of a bellows, admitting the air in, but fuf-

fering none to go back) the air then raifing the valve

enters into the vacuity be of the barrel B K. For

the air will naturally prefs into thofe places where

it is leaft refilled. All this is done by drawing the

Vol. I. F f handle
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handle towards D.—Next turning the handle for-

ward the contrary way towards C, the pifton de
is deprdled in the barrel, and as the air which had

got into the barrel cannot be pufhed back through

the valve /;, for the valve clofcs like the flapper of
a bellows, and will not let the air back the way it

came, the air muft therefore alcend through an hole

in the pifton, and efcapes through a valve at d\ and

is hindered by that valve from returning into the

barrel when the pifton is again raifed. At the next

raiflng of the pifton, a vacuum is again made in

the fame manner as before, between b and e, upon

which more of the air which was left in the glafs

receiver M gets out thence, and runs into the more

empty barrel B K through the valve b. The fame

thing is effected with regard to the other barrel

A I, and as the handle F is turned backwards and

forwards, it alternately raifes and deprelTes the pif-

icns in their barrels, always raiflng one while it

depreflfes the other. And as there is a vacuum

made in each barrel when its pifton is raifed, every

particle of air in the receiver M pufhes out ano-

ther through the hole i and pipe G G into the

barrels, until at laft the air in the glafs receiver

comes to be lb much rarefied that it can no longer

get through the valves, and then no more can be

taken out of the receiver. From wliich it appears,

there is no fuch thing as making a perfect vacuum

in the receiver ;
for die air that leaves the receiver is

driven out by that which remains behind, and there

muft therefore fome portion remain behind at laft.

This
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This is the conftruftion and nature of the air-

pump. Some inftruments at firft contrived only

for explaining fcience, become at laft, by frequent

ufe, a part of the fcience itfelf, arid demand an equal

explanation. Such is the cafe with this ; and the

reader mud pardon fome prolixity in the defcription.

There is a cock k below the plate LL, which

being turned lets air into the receiver again. There

is a glafs tube Imn open at both ends; and about

thirty-four inches long, the upper end communi-

cating with the hole in the pump plate, and the

lower end immerfed in quickfilver at n in the veflel

N. To this tube is fitted a wooden ruler ?nm>

divided into inches and parts of an inch from the

bottom at ??, where it is upon a level with the fur-

face of the quickfilver* and continued up to the

top, a little below /, to thirty or thirty-one inches.

_Now the quickfilver in this tube riles as the air

is exhaufted in the receiver, for it opens into the

receiver through the plate L L. And the more

the air is exhaufted, the more will the quickfilver

rife, fc that by this means the quantity of air

pumped out of the receiver may be very exaflly

! mealured *.
\

From all the preceding fa£ts, and efpecially from

itHe experiment of Torricelli, it appears, that air is

.a ponderous fluid
j in other words, that it pofteffes

;

gravity, and its weight may be eafily afcertained.

From a large phial (or rather from a flafk, or

:any glafs veflel of a globular form, for reafons that

* Goldfmitli’s Philofophy, vol. ii. p. 56.

Ff 2
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will
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will afterwards appear) to the neck of which is an-

nexed a flop-cock, the air may he exhaufted either

by means of the air-pump, or by filling the flafk

with mercury, and emptying it gradually in a vtfiel

containing a quantity of that fluid, and turning the

cock before the neck is entirely extricated, which

produces a more perfect vacuum than that made by

the air-pump. The veil'd thus emptied of its air

may be weighed by a nice balance
;
and this done,

re-admit the air by turning the cock, when it will

rufli in with confiderable violence ; and though the

llafk was balanced before, it will now become hea-

vier, and preponderate. The air contained in a

quart flafk will by this experiment be found to

weigh about fourteen grains and a half.

To find the fpeciflc gravity of the air, the flafk muff

be filled with pure water, and again weighed. The

weight of a cubic foot of pure diftilled water is about

i,coo ounces avoirdupois, and of a cubic inch 253
grains and not quite one-fifth *. Dividing the weight

of the water contained in the flafk, therefore, by this

number of grains, will give the number of its cubic

inches ; and as this furnifhes us with the number

of cubic inches of air as wdl as of water, their rela-

tive gravity is eafily known. By feveral very ac-

curate experiments, Mr. Haukfbee fixed the fpeciflc

gravity of air to that of water to be in proportion

as 1 to 8 S 5.

* 2 5 3 1 8 graifis. Decimal arithmetic fhould always be em-

ployed in philofo^'hical calculations, for the fake of accuracy.

By

\

I
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By means of its gravity, the atmofphere prefies

with great force upon all bodies, according to the

extent of their furface. According to M. Pafcal,

the quantity of this prefibre is not lefs than 2232

pounds upon every fquare foot of furface, or up-

wards of fifteen pounds upon every fquare inch.

Computing, therefore, the furface of a man’s body

at 15 fquare feet, the whole prefiure, which each

perfon fuftains, will be nearly equal to 33,480

pounds. By this enormous prefiure we fhould un-

doubtedly be crufhed in a moment, if every part

of our body was not filled with aifi, or fome other

elaftic fluid, the fpring of which is fufficient to

counteract the prefiure.

—

cc We are fearfully and
u wonderfully made!”

The whole quantity of prefiure upon the earth

muft thus Be immenfe, and has been computed

equal to that of a globe of lead of fixty miles in

diameter.

It is the gravity of the air which caufes that

ftrong prefiure upon the hand, when it is placed

upon the mouth of a receiver open at the top, in

which a vacuum has been made by an air pump;
for as foon as the air in the receiver has been rare-

fied by the action of the machine, it is no longer

capable of fufiaining the exterior prefiure of the

air, as it would have been if its denfity had not

been altered. It is, therefore, the preponderance of

the weight of the exterior air, which prefies the

hand with fuch force to the edges of the receiver

;

and this prefiure is according to the fize of the

F f 3 aperture
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aperture of the receiver, becaufe the column of air

is enlarged in proportion to the diameter of the

aperture.

Our furprife is excited by obferving, that not-

wichtlanding this great preffure upon a glafs re-

ceiver, when a vacuum is obtained, the glafs is not

dafhed to pieces as might be expended. Its prefer-

vation is in a great meafure owing to the rotundity

of its figure, and to the excefs of the exterior furface

over the interior > for the fubltance which compofes

the body of the vefTcl refembles, in this cafe, the fub-

ftance which compofes an arch in a bridge. We
may be convinced of the truth of this obfcrvation

by taking a receiver of another form, that is open

at both ends, and covered with a bladder at the

top, and beginning to exhaull the air, when the

bladder will infallibly be burll by the preffure of the

exterior atmofpheric air.

This gravity of the atmofphere accompli flies

many ufcful purpofes in nature, fuch as preventing

the blood veffels of animals, and the fap veffels

of plants, from being too much diflended by the ex-

panfive power, which has a perpetual tendency to

fwell them out. On this account we fee, that in the

operation of cupping, where the preffure of the

air is taken off from a particular part, the expan-

five force inllantly afts, and fwells out the veffels to a

great degree. This is alfo the reafon why the bodies

of animals Iwell when they are put into an air pump.

It is owing to the gravity of air that fubftances

remain liquid, which would become aeriform in

vacuo.
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vacuo. Salts and oils remain united in ait, but fe-

parate as foon as that fluid is extracted! When
hot water is put under an exhauffed receiver, it

boils violently ; becaufe the preflure of the air be-

ing now taken off', there is nothing to prevent it

from affirming the ffate of vapour.

‘ This preflure of the atmofphere,’ fays Lavoifier,

f caufes water to remain in a liquid ffate till it is

raifed to 21
2° of Fahrenheit’s thermometer, the

quantity of heat which it receives in a lower

temperature being infufficient to overcome the

preflure of the atmofphere. Whence it appears,

that without this preflure we fhould not have any

permanent liquid, and fhould only be able to fee

bodies in that ffate of exiftence in the very inftant

of melting, as the fmalleft additional heat would

inftantly feparate their particles, and diflipate them

through the lurrounding medium. Befides, with-

out this atmofpheric preflure, we fhould not even

have any aeriform fluids, ftridtly fpeaking, becaufe

the moment the force of attraction is overcome by

the repulfive power of the heat, the particles would

feparate therpfelves indefinitely, having nothing to

limit their expanfion, unlefs their own gravity

might colleft them together, fo as to form an at-

mofphere

Air, being an elaftic fluid, is confequently com-
pressible, as the very word implies

; the weight,

therefore, of the atmofphere corpprefles its lower

parts, for in low vallies it is more comprefied, and

* Lavoifier’s Elem. of Chemift, p. 8.

F f 4
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has
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has more denfity than upon high mountains j but

this is not the cafe with water, which not being elaf-

tic in its ordinary ftate,is hardly compreflible at all;

fo that the different portions of the fame mafs ofwater

have nearly the fame denfity throughout its whole

depth.

M. Amontons contends, that there is no fixing

any bounds to the condenfation of air. Dr. Halley

has afferted, in the Philofophical Tranfadtions, that,

from the experiments made at London and Flo-

rence, it might be fafely concluded, that no force

whatever is able to reduce air into 800 times lefs

fpace than that which it naturally poffeffes on the

furface of our earth.

It has been proved by various experiments, that

a column of compreffed air is diminilhed in propor-

tion to the augmentation of the preffure by which

it is condenfed.

The fimpleft of thefe experiments is, to pour

a quantity of quick filver into the tube ABC
(Plate XIX. Fig. 6.) clofed at A, and open

at C. When the tube is filled with quickfilver to

E, then the air inclofed in the leg AB, will prevent

its riling higher than D, and the column DB will

be in equilibrio with FB; confequently the quick-

filver contained between FD will not at all prefs on

the air between A and D ; but the column EF, adting

with its whole weight on the quickfilver between

F and D, caufes it to prefs on the air at D, and

condenfe it. By increaftng the quantity of quick-

filver the condenfation is increafed , and it is found,

that
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that the fpaces into which the air is condenfed by

different weights are inverfely as thofe weights, or

its denfity is as the preffure it bears.

It is however, very probable, after all, that this

compreffion does not take place in an extreme de-

gree, for we know of no body which can be com-

preffed ad infinitum.

From all that has been ftated, and particularly

from the experiment of Torricelli, it will be evi-

dent, that the common notion of fudlion is a vul-

gar error; and that when a fluid rufhes fpontane-

ouflv into a given fpace, it is in confequence of

the air being expelled, or made thinner in that fpace,

than in that which is contiguous to it, when the

preffure of the atmofphere a£ts upon the fluid, and

forces it to occupy the fpace from which the air is

either entirely or partially expelled. This is the

principle on which the common pump is conftrudt-

ed ; for a vacuum being made in the tube by the

rifing of the pifton, the weight of the atmofphere

preffes upon the circumadjacent water, and forces

it up into the body of the pump : but this engine will

be more particularly defcribed in treating of hy-

draulics.

The elafticity of the air is now generally fup-

pofed to depend upon the latent heat or fire, which

retains it in its fluid form. If we take a blad-

der well clofed at the neck, and containing but a

fmall quantity of air; while this bladder is expofed

to the preffure of the atmofphere it will remain in

its primitive ftate, as when the fmall quantity of

air was admitted ; but if it is placed under the re-

9 ceiver
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ceiver of an air pump, and die machine fet in mo-
tion to exhauft the air furrounding the bladder, it

will begin to open and fwell, and that in proportion

to the diminution of the denfity of the air in the

receiver *.

Phiiofophers have doubted whether this elaftic

power of the air is capable of being deftroyed or

diminifhed. Mr. Boyle endeavoured to difcover

how long air would retain its fpring after having

affumed the greateft degree of expanfion his air

pump could give it; but he never obferved any

fenfible diminution. Defaguliers fays^ that air,

which had been inclofed half a year in a wind gun,

had loft none of its elafticity; and Roberval af-

ferts, that he has prefcrved air in the fame manner

for fixteen years ; and that after that period he ob-

ferved, that its expanfive proje&ile force was the

fame as if it had been newly condenfed. Dr. Hales

and Mr. Haukfbee on the contrary conclude, from

other experiments, that the elafticity of the air is

capable of being impaired and diminilhed by a

variety of caufes.

M. Lavoifier, however, has folved thefe diffi-

culties, by proving, that the elafticity of all gaffes or

elaftic fluids depends upon that of caloric, which

feems to be the moft eminently elaftic body in na-

ture. Nothing, fays he, is more readily conceived,

than that one body fliould become elaftic by enter-

ing into combination with another body pofteffed of

that quality. ‘ We muft allow that this is only

an explanation of elafticity, by an alfumption of

• Brifion, tom. ii. p. 103.

elafticity

;
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elafticity ;
and that we thus only remove' the diffi-

culty one ftep farther j and that the nature of

elafticity, and the reafon for caloric being elaftic,

remain ftill unexplained V
On the elafticity and compreffibility of air de-

pend the ftrudture and ufes of the air gun. In thefe

inftruments a quantity of air is condenfed by various

contrivances, in fuch a manner that the condenfing

force being removed, a bullet will be fent to a con-

fiderable diftance with little or no noife, but with,

great force. ‘ The common air gun is made of

brafs, and has two barrels. The middle barrel K A
(fee Plate XX. Fig. 3.) from which the bullets are

ftiot, and the larger outfide barrel, clofed up at the

end C D, and in this the air is driven and kept con-

denfed, by means of a fyringe M, which drives

the air in, but fuffers none to go back. This

fyringe having been worked for fome time, the air

is accumulated in great quantities in the external

barrel, and this -air may be made to ftrike upon the

ball K by means of the trigger O, which pulls back

the fpiral R, and this fpiral opens a valve behind

the ball. When the valve is open, the air con-

denfed in the outward barrel rufhes in behind thi

ball, and drives it out with great violence, fo great,

that at twenty- fix yards diftance it would drive

through an oak board half an inch thick. If the

valve behind K is fhut fuddenly, one charge of

condenfed air may make feveral difeharges of bul-

lets. The little pellet guns, in the hands of children,

fnew alfo the force and fpring of the air; for one

* E!em. of Chem. p. 22.

pellet



\

444 The Air Gun. [Book V.

pellet (lopping the mouth of the gun at one end,

and another being driven in at the oppofite end,

the air contained in the bore of the gun between

each pellet is continually condenfmg, as the hinder

pellet is driven towards the foremoft, till at lad the

fpring becomes fo great as to drive the foremoft

pellet forward with fome noife and violence. In

the large air-gun, however, the noife is by no means
fo great: upon its dilcharge nothing is heard but a

fort of a rufhing wind; and it is very poffible,

that what we are vulgarly told of fome men killing

others by loading their piftols with dumb powder,

might have proceeded from the filcnt effefts of the

air-gun V
The air gun defcribed by the author from whom

the above is quoted has been in a great meafure

fuperfeded by one of a more fimple conftru&ion,

originally invented by the late ingenious Benjamin

Martin. It is formed like a common gun, with a

fingle barrel, and the condenfed air is contained in a

brafs ball, which fcrews on below the lock. The
ball is charged with a ftrong fyringc, and is fur-

niftied with a ftop cock, and fcrews on the end of

the fyringe to be charged, and then, when the cock

is turned, it may be fcrewed on to the gun. The

bullet is made to fit the barrel very exactly, and is

rammed in as the ball of a mufket. Each gun is

generally furnifhed with two brafs balls, which will

contain fufficient air for about twenty difcharges

;

and that which is not in prefent ufe may be carried

# Goldfmith’s Philosophy, Vol. II. p. 96.

in
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in the pocket. The gun is charged by turning

the cock, which fills a fmall chamber at the butt

end of the barrel with condenfed air, when the cock

may be turned again to fave the reft for further dif-

charges. The pulling of the trigger opens a valve,

and the fpring of the air forces out the bullet, as in

the inftrument already deferibed.

The elafticity of the air produces alfo confiderable

effects in the natural world ; for by infinuating

itfelf into the pores of bodies, and poflefiing this

power of expanding, which is fo eafily excited, it

muft neceflarily put the particles of bodies into

which it infinuates itfelf into a ftate of almoft per-

petual ofcillation. The truth of this obfervation

is evinced particularly in the air vefiels of plants,

which perform the office of lungs ; for the contained

air, expanding and contracting alternately, accord-

ing to the increafe or decreale of the heat, preftes

the vefiels, and cafes them again alternately, thus

keeping up a continual circulation in the fluids.

Even entire columns of marble have been known to

cleave, from the increafed elafticity of fome fmail

bubbles of air contained in them.

Putrefaction and fermentation are procefles de-

pending entirely on the action of the air ; for we

know by numerous experiments, that neither of thefe

changes will take place in vacuo, even in fubjects

the moft favourably difpofed to them.

In Ipeakingof theterreftrial atmofphereit has been

intimated, that it is found to be nearly the fame as to

compofition in all climates and in all places, as well

upon
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upon the tops of high mountains as in.the vallies

below, but that it is confidcrably lefs denfe in pro-

portion to the height. The whole globe of the

earth is entirely enveloped with it; the whole ar-

mofphere is carried along with the terreftrial orb,

both in its diurnal and annual motion, and is a

principal operator in the mechanifm of nature.

Various means have been devifed for alcertaining

the height of the atmofphere. c Thefe attempts/

fays Mr. Adams, c commenced foon after it was dif-

covcred, by means of the Torricellian tube, that air

is a gravitating fubrtance. Thus it alfo became

known that a column of air, whole bafe is a fquare

inch, and the height that of the whole atmofphere,

weighs fifteen pounds ; and that the weight of air is

to that of mercury, as 1 to 10,800: whence it fol-

lows, that if the weight of the atmofphere is fuf-

ficiem to raife a column of mercury to the height

of thirty inches, the height of the aerial column mud
be ten thoufand eight hundred times as much,

and confequently a little more than five miles

high.

‘ It was not, however, at any time fuppofed, that

this calculation could be juft; for as the air is an

elaftic fluid, the upper parts muft expand to an im-

menfe bulk, and thus render the calculation above

{elated exceedingly erroneous. By experiments

made in different countries, it has been found that

the fpaces, which any portion of air takes up, are

reciprocally proportional to the weight with which

it is comprelfed. Allowances were therefore to be

made
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made in calculating the height of the atmofphere.

If we fuppofe the height of the whole divided into

innumerable equal parts, the denfity of each of

which is as its quantity, and the weight of the

whole incumbent atmofphere being alfo as its

quantity, it is evident, that the weight of the in-

cumbent air is every where as the quantity con-

tained in the fubjacent part, which makes a dif-

ference between the weights of each two contiguous

parts of air. By a theorem in geometry, where

the differences of magnitudes are geometrically

proportional to the magnitudes themfelves, it ap-

pears that thefe magnitudes are in continual arith-

metical proportion ;
therefore if, according to the

fuppofition, the altitudes of the air, by the addition

of new parts into which it is divided, do continually

increafe in arithmetical proportion, its denfity will

be diminifhed, or (which is the fame thing) its

gravity decreafed in continual geometrical propor-

tion.

‘ It is now eafy, from fuch a feries, by making

two or three barometrical obfervations, and deter-

mining the denfity of the atmofphere at two or

three different ftations, to determine its abfolute

height, or its rarity at any affignablc height. Cal-

culations accordingly were made upon this plan;

but it having been found that the barometrical ob-

fervations by no means correfponded with the den-

fity which, by other experiments, the air ought to

have had, it was fufpedted that i;he upper parts of

the atmofpherical regions were not fubjedl to the

x fame
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fame laws with the lower ones. Philofophers, there-

fore, had rccourfe to another method for determin-

ing the altitude of the atmofphere, viz. by a calcu-

lation of the height from which the light of the fun

is refradlcd, fo as to become vifibje to us before he

himfelf is feen in the heavens. By this method it

was determined, that at the height of forty- five

miles the atmofphere had no power of refraction

;

and confequently beyond that diftance was either a

mere vacuum, or the next thing to it, and not to

be regarded.

‘ This theory foon became very generally received,

and the height of the atmofphere was fpoken of as

familiarly as the height of a mountain, and reckoned

to be as well afeertained, if not more fo, than the

heights of molt mountains are. Very great ob-

jedtions, however, which have never yet been re-

moved, arile from the appearances of fome meteors,

like large globes of fire, not unfrequently to be feen

at vaft heights above the earth. A very remark-

able one of this kind was obferved by Dr. Halley

in the month of March 1719, whole altitude he

computed to have been between fixty-nine and

feventy-three and a half Englilh miles; its diameter

two thoufand eight hundred yards, or upwards of a

mile and a half, and its velocity about three hun-

dred and fifty miles in a minute. Others, appa-

rently of the fame kind, but whofe altitude and

velocity were (till greater, have been obferved, par-

ticularly that very remarkable one, Auguft 1 8th,

1 7 S3, whole difiance from the earth could not be

lei's
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lefs than- ninety miles, and its diameter not lefs

than the former, at the fame time that its velocity

was certainly not lefs than one thoufand miles in a

minute. Fire-balls, in appearance fimilar to thefe,

though vaftly inferior in fize, have been fornetimes

obferved at the furface of the earth. Of this kind,

one was feen on board the Montague, 4th Novem-

ber, 1749, which appeared as big as a large mill-

ftone; it broke with a violent explofion.

f From analogical reafoning, it feems very pro-

bable that the meteors, which appear at fuch great

heights in the air, are not effentially different from

thofe which, like the fire-ball juft mentioned, are

met with on the furface of the earth. The per-

plexing circumftances with regard to the former

are, that at the great heights above-mentioned, the

atmofphere ought not to have any denfity fufficient to

fupport flame> or to propagatefound

;

yet thefe meteors

are commonly fucceeded by one or more explofions,

nay, are fornetimes faid to be accompanied with a

luffing noife as they pafs over our heads. The
meteor of 1719 was not only very blight, infomuch

that for a fhort fpace it turned night into day, but

was attended with an explofion, heard over all the

ifland of Britain, occafioning a violent concuffion in

the atmofphere, and feeming to fhake the earth

itfelf. That of 1783 alfo, though much higher than

the former, was fucceeded by explofions
; and, ac-

cording to the teftimony of feveral people, a hiffing

noife was heard as it paffed. Dr. Halley acknow-

ledged, that he was unable to reconcile thefe cir-r

Vol. I. G g cumitances,



450 Suppofed Height' of [Book V.

cumftances with the received theory of the height

of the atmofphere; as, in the regions in which this

meteor moved, the air ought to have been three

hundred thoufand times more rare than what we
breathe, and the next thing to a perfeCt vacuum.

1 In the meteor of 1783, the difficulty is ftill

greater, as it appears to have been twenty miles

farther up in the air. Dr. Halley offers a conjec-

ture, indeed, that the vaft magnitude of fuch bodies

might compeniate for the thinnefs of the medium

in which they moved; whether or not this was

the cafe, cannot indeed be afeertained, as we have

fo few data to go upon
; but the greateft difficulty

is to account for the brightnefs of the light. Ap-

pearances of this kind a*e, indeed, with great proba-

bility, attributed to electricity, but the difficulty is

not thus removed ; though the eleCtrical fire per-

vades with great cafe the vacuum of a common
air-pump, yet 'it does not in that cafe appear in

bright well defined fparks as in the open air, but

rather in long ftreams refembling the aurora bo-

realis. From fome late experiments, Mr. Morgan

concludes that the eleCtrical fluid cannot pene-

trate a perleCt vacuum. If this fhould be the cafe,

it fhews that the regions we fpeak of are not fuch

a perfeCt vacuum as can be artificially made ; but

whether they are or not, the extreme brightnefs of

the light fhews that a fluid was prefent in thofe

regions, capable of confining and condenling the

eleCtric matter as much as -the air does at the fur-

face of the ground ; for the brightnefs of thefe

a * * meteors.
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meteors, confidering their diftance, cannot be fup-

pofed inferior to that of the brighteft flafhes of

lightning.

f
It appears, therefore, that the abfolute height of

the atmofphere is not yet determined. The be-

ginning and ending of twilight, indeed, {hew, that

the height at which the atmofphere begins to re-

fract the fun’s light is about forty-four or forty- five

Englifh miles. But this may, not improbably, be

only the height to which the aqueous vapours are

carried ; for it cannot be thought any unrealonable

fuppofition, that light is refradted only by means of

"the aqueous vapour contained in the atmofphere

:

and where this ceafes, it is flill capable of fupport-

ing the eledtric fire at leaft as bright and Itrong as at

the furface. That it does extend much higher,

is evident from the meteors already mentioned;

for all thefe are undoubtedly carried along with

the atmofphere; otherwife that of 1783, which

was feen for about a minute, mud have been left

one thoufand miles to the weftward, by the earth

flying out below it in it’s annual courfe round the

JimV
* Adams’s Lectures, vol. i. p. 52.

t/g a Gha?,
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Chap. X.

OF SOUND.
. /

%

Sound confidered in Three Point} of Vieve Caufed by a Vibration

in the Parts of Bodies.—Propagated by an undulatory Motion of

the jdir.—This proved by Experiment.—GlaJJes broken by an Ef-

fort of the Voice.—Elaftic Fluids not the only Means of tradmit-

ting Sound.—Water or folid Bodies convey it.—Velocity of Sound.

— Experiments on this Subject.— Echoes,— Wbifpering Gal-

lery.

THERE is another property of air, which

could not fo conveniently be introduced into

the preceding chapter* I mean the power of trans-

mitting founds.

Sound is produced by a vibrating motion, excited

in a fonorous body by a blow or a fhock from ano-

ther body, and the fame motion is communicated

by this fonorous body to the fluid which furrounds

it, and tranfmitted by this fluid to the ear, which is

an organ admirably adapted to receive its impref-

fion.

From this definition it follows, that found fhould

be confidered in three different views; firft, with

relpedt to the fonorous body which produces it

;

fecondly, as to the medium which tranfmits it;

and, thirdly, as to the organ which receives the

impreffion.

n OV- Thofe
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Thofe bodies are properly called fonorous which

afford a found diftindt, and of fome duration, fuch

as bells, the firings of a violin, &c. and not thofe

which caufe only a confufed noife, fuch as a ftone

produces when it falls upon a pavement. When
bodies are, ftridtly fpeaking, fonorous, they are ne-

ceffarily elaftic, as will be afterwards proved j and

their found, as to its force and duration, is propor-

tionate to their vibrations.

Suppofe, for example, the bell of a clock to be

ftruck by any folid body, a kind of undulating or

tremulous motion is imparted to the minute parti-

cles ; and this motion may be even perceived by

the hand or fingers when applied to the bell.

To underftand this more completely, let us con-

ceive that a bell is compofed of a feries of circular

zones, decreafing in diameter all the way to its top,

each of which may be confidered as a flat ring,

compofed of as many concentric circles as its thick-

nefs will admit of. If this ring is ftruck at the

point a (Plate XX. Fig. 4.) the part fo ftruck

tends towards g, and at the fame time the parts b

and d tend towards i and m, and this adtion in thefc

parts neceffarily caufes the point c to approach to-

wards e

;

by their elaftic power, however, thefe

parts prefently regain the po tion in which they

were before the bell was ftruck ; but as they return

with an accelerated force, they generally go beyond

the point where they ought to reft. The part a,

therefore, after having returned from g to a} tends

towards f the part c towards hy and the parts b

G g j and
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and d towards k and /; whence it happens that

the bell, at firft of a circular form, really becomes
alternately oval in two different direflions ; it fol-

lows then, that in thofe parts where the curvature

is the greateft, their exterior points depart from
each other.

The fame circumftance happens to the mufical

cord ot a harp, or other (fringed inftrument, when
it is touched; for, in order to become angular, as

BCD or BED (big. 5.) it is neceffary that the

firing fhould beflretched or lengthened, and confe-

quently its particles be in forne meafure removed

from the point of contatl.

There are then two vibrations which take place

in fonorous bodies ; the general vibration, which

changes the fbrm of the body, and the particular

vibrari m, which affe<5ls the minute particles, in con-

fequence of the former. M. de la Hire has proved *>

that the found is not owing to the general vibration>

but rather to the vibration of the particles; for when-

ever the two vibrations can be feparated, it is found

that the former produces no found ; but when the

general vibration is accompanied with a vibration

of the particles, the latter it is that regulates the

duration, the force, and the modulation of the

found : if, on the contrary, thefe vibrations are-

flopped or interrupted by touching the fonorous

body, the found immediately ceafes. On this ac-

count clock-makers attach to the hammer,- which

* Mem. de I’.Acid. 1716, p. 26p
firikes
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(trikes the bell of the clock, a (mail fpring, which

elevates it again the moment it has (truck, and pre-

vents it from remaining upon the bell, which would

Confiderably deaden or deftroy the found.

Acute founds are produced, when the vibrations

of the founding body are more frequent
;
grave or

deep founds, when they are lefs fo : no medium be-

tween acute and grave founds can be found. So-

norous bodies are faid to be in unifon when they

vibrate with the fame frequency ; when one vibrates

twice as faft as the other, they differ by an oftave

;

and other ratios, with refpeft to the quicknefs of vi-

bration, are diftinguifhed by other names. Cords,

which are fhort and tightly ftretched, produce acute

founds ; thofe which are long and lax, grave founds.

The motion or vibration of bodies at a diftance

from us would not affe£t our fenfe of hearing with-

out the medium of lome other body, which receives

an impulfe from this motion, and communicates

the vibrations to our organs. Thus a hard blow

upon an anvil or upon a bell could not be heard by

us, even at a very fmall diftance, if there was not a

medium between thofe objefts and us capable of

tranfmitting the vibrations to our auditory nerves.

Elaftic fluids are the moft effe£tive mediums for

this purpofe, and confequently the air is the moft

common vehicle of found, which is very eaflly

proved by ringing a bell under the receiver of

an air-pump, the found it affords being found

gradually to diminifh as the air becomes exhaufted,

till at length it ceafes to be heard at all. That

G g 4
' the
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the air is capable of being agitated with great force

appears from the violent concuflions produced by
explofions of gunpowder, as well as from the

power, which fome perfons are known to pofiefs, of
breaking drinking-glafles by means of their voice,

when founded in unifon with the note which the

glafs would have produced when (truck. The tre-

mulous motion excited in the air by founding bodies

has been fuppofed analogous to the fucceflive rings

which are produced by difturbing the furface of

water. This hypothetic, however, was disproved

by the obfervation that founds, whether weak or

loud, always travel with the fame velocity, which

does not hold true widi icfpedt to the rings on the

furface of water, lince thefe move fader or flower

according to the force of the caufe which excited

them.

Every found is rendered ftronger or weaker, and

may be heard at a greater or lefs diflance, according

to the denflty * or rarity of that elaftic fluid, by

which it is propagated. According to Mr.

Haukfbec, who has made deep relearches into this

branch of philofophy, when air has acquired twice

its common denfity it tranfmits found twice as far

as common air j whence he reafonably concludes,

that found increafes, not only in direft proportion

* That fomc degree of denfity is necefiary in a fluid, to en-

able it to convey founds, is evident from this fadl, that lig.hr,

which is a fluid extremely rare, is totally deilitute of this

povrer.— Elan, dt Phyjique, tom. ii. p. 1 6:.

to
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to the denfity of the air, but in proportion to the

fquare of this denfity.

If found was propagated in an elaftic fluid more

denie than the air, it would be carried proportion-

ably farther. I have proved this, fays M. Brif-

fon *, by putting a fonorous body into carbonic

acid gas or fixable air, the denfity ofwhich is about

one- third more than that of atmofpherical air j

the confequence was, that at that time, and in

that fituation, the found was very confiderably in-

creafed. For the fame reafon, the drynefs of the

air, which increafes its denfity, has a confidera-

ble effedl in rendering found louder and more

audible. Sound is alfo much increaled by the re-

verberation of the pulfes of the air from thofe fur-

rounding bodies againft which they firike, whence

it happens that mufic is fo much louder in a clofe

apartment than in the open air.

Elaftic fluids are, however, not the only mediums

through which found may be tranfmitted ; for it

may be propagated by means of water and other

liquors, which may be proved by immerfing a fo-

norous body in water ; but it muft be obferved, that

in this cafe the found will be lefs perceptible, and

will not extend to fo great a diftance 5 the caufe of

this diminution is, becaufe mediums for the tranf-

miffion of found fhould be elaftic, and that is a

property which water and other liquors poffels

only in a very reftridted degree.

• Elem, de Phyfique, tom. ii. p. 164.

Sound
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Sound is alfo tranfmitted by folid bodies, pro-

,

vided they pofiefs a fufficient degree of elafticity to,-

produce this effeCt.

Light, we have already feen, is projected or re-

flected with incredible velocity
j
but iound is tranf-

mitted much more flowly >r and its, progreQion is

very perceptible to our fenfes. The flafli from a

cannon, or even a mulket, may be feen fome fe-
)

conds before the found reaches our ears. As the

motion of light, therefore, is inflant^neous with

refpeCt to any moderate diftance, this has been the.

common means employed for afeertaining the pro-

grefs of found. Sir I lilac Newton ojaferves, that

<c
all founding bodies propagate their motions on.

all fides by fuccefilve condeniations and relaxa-

tions ; that is, by an alternate progrelfion and return

of the particles and thele vibrations, when com-

municated to the air, are termed pulfes of found.

All pulfes move equally fall. This is proved by

experiment; and it is found that they pafs about one

thoufand one hundred and forty-two feet in a lecond,

whether the found is loud or low, grave or acute *.

Some

* That we labour under a deception with regard to tones,

and that they become higher as they come from a greater dif-

tance, may be inferred from mufical coinpofition. The grealeft

jnafters in this art, when they would imitate a diftant echo, ge-

nerally take the founds an odtave higher. A few years ago, a

fellow exhibited in Weftminfler the art of imitating founds at

any diftance whatever. I remarked, that whenever he defigned

to imitate a voice coming from a great diftance, he not only

piade the found more low and inuiftind, but raifed the tone fc~

veral
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Some curious experiments were made, relative to

\ the propagation of found, by Mefiieurs de Thury,

Maraldi, and de la Cattle, upon a line fourteen

rthouland fix hundred and thirty-fix fathoms in

length, having the tower of Mount Lheri at one

: end, and the pyramid of Montmartre at the other

c extremity of that diftance: their obfervatory was

j
placed between thofe two objects. The refult of

! their obfervations were thefe, ift. That found moves

'one hundred and feventy-three fathoms French in

*» fecond, when the air is calm. 2d. That found

vveral pitches higher than that ufed in his nearer imitations. A
few obfervations fince made upon founds, induce me to believe,

:that they become higher as they come from a diftance more re-

rmote ; while, on the contrary, that they deepen the more the

tyibrations approach the labyrinth of the ear. The following

teafy and common experiment, I think, will prove it. Take any

tthing whatever, capable of giving a found ; let it be a common

jpoker for inftance, and tying on a garter at top, fo as that both

;ends of the garter are left at liberty ; thefe ends muft.be rolled

round the firll finger of each hand, and then with thefe fingers

.flopping the ears clofe, ftrike the poker thus fufpended againft

any body whatfoever. • The depth of the tone which this new

mufical inftrument returns will be amazing. The deepeft and

llargeft bell will not equal it. Whence is this, unlefs from the

cclofe approach of the founding body, whofe vibrations are im-

mediately communicated to the internal parts of the ear. I am
:fenfible that many objections may be made to this laft opinion-;

fucceeding experience mull, however, determine whether it be

juft or not: butfuch as make them mull be particularly careful

mot to let their former experience correfl their immediate fen-

ifations. This alteration of tone, with diftance, however, mult

diminish but by great intervals. Goldfmith's Philofopby, vol. it.

p. 195, 1.96.

moves
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moves with the fame degree of fwiftnefs whether it

is ftrong or weak ; for thefe gentlemen obferved,

that the difeharge of a box of half a pound of gun-

powder exploded at Mountmartre was heard at

Mount Lheri in the lame fpace of time as the

report of a great gun charged with nearly fix pounds

of powder. 3d. That the motion of found is

uniform; that its velocity neither accelerates nor di-

minifhes through all the intervals of its progrefs,

as is the cafe with almoft “every other fpecies of mo-

tion. 4th. That the velocity of found is the fame,

whether a cannon is placed towards the perfon who

hears its report, or turned a contrary way ; in other

words, a great gun fired from the Tower of London

eaftward, would be heard at Weftminfter in the

fame interval of time as if it was difeharged towards

the latter place. And if the gun was difeharged in

a direction perpendicular to the horizon, it would be

heard as foon as if difeharged in a right line towards

the hearer. J3y other experiments, however, the

progrefs of found appears to be impeded by a ftrong

wind, fo that it travels at the rate of about one mile

flower in a minute againft a ftrong wind than

with it.

A knowledge of the progrefiion of found is not

an article of mere fterile curiofity, but in feveral

inftances ufeful ; for by this we are enabled

to determine the diftance of fhips or other mov-

ing bodies. Suppofe, for example, a veffel fires

a gun, the found of which is heard five feconds

after the flafh is feen ; as found moves 1 142 Eng-

lifh

t

I
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lifh feet in one fecond, this number multiplied by

5 gives the diftance of 5710 feet. The fame prin-

ciple has been already noticed as applied to dorms

of lightning and thunder.

The waves or pulfes of found being reflexible in

their courfe when they meet with an extended folid

body of a regular furface, an ear placed in the paf-

fage of thefe reflected waves will perceive a found

fimilar to the original found, but which will feem to

proceed from a body fituated in a fimilar pofition

and didance behind the plane of refledtion, as the

real founding body is before it. This refledled

found is commonly called an echo, which, however,

cannot take place at lefs than fifty-five feet; be-

caufe it is necefiary that the didance fhould be fuch,

and the reverberated or refledled found fo long in

arriving, that the ear may didinguifii clearly be-

tween that and the original found *.

Reflected

• “ It is in general known, that caverns, grottoes, moun-

tains, and ruined buildings return this image of found. Image

we may call it, for in every refpedt it refembles the image of a

vifible objedt refledted from a polifhed furface. Our figures are

often reprefented in a mirror without feeing them ourfelves,

while thofe {landing on one fide are alone fenfible of the reflec-

tion. To be capable of feeing the refledted image of ourfelves,

we mud be diredtly in a line with the image. Juft fo is it in

an echo; we mull {land in the line in which the found is re-

fledted, or the repetition will be loft to us, while it may, at the

fame time, be diftindtly heard by others who ftand at a fmall

diftance to one fide of us. I remember a very extraordinary

echo, at a ruined fortrefs near Louvain, in Flanders. If a per-

fon fung, he only heard his own voice, without any repetition

;

on
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Refie&ed found may be magnified by much the

fame contrivances as are ufed in optics refpedting

%

on the contrary, thofe who flood at fome diftance, heard the

echo but not the voice; but then they heard it with furprifing

variations, fometimes louder, fometimes fofter, now more near,

then more diftant. There is an account, in the memoirs of the

French academy, of a fimilar echo near Rouen. The building

&hich returns it is a feraicircular court- yard; yet all buildings

of the fame form do not produce the fame effedls. We find

fome mufic halls excellently adapted for founds, while others,

built upon the fame plan, in a different place, are found to mix

the tones, inftead of enlarging them, in a very difagreeable

manner.

“ As we know the diftance of places by the length of time a

found takes to travel from them, fo we may judge of the dif-

tance of an echo, by the length of the interval between our

voice and its repetition. The moft deliberate echoes, as they

are called, are ever the moft diftant; while, on the contrary,

thofe that are very near, return their founds fo very quick as to

have the interval almoft imperceptible ; when this is the cafe,

and the echo is fo very near, the voice is faid to be incrcafed

and not echoed; however, in fatt, the increafe is only made by

the fwiftly purfuing repetition. Our theatres and concert rooms

are beft fitted for mufic or fpeaking, when they enlarge the

found to the greateft pitch at the fmalleft interval : for a repe-

tition which does not begin the word till the fpeakerhas finifii-

cd it, throws all the founds into confuiion. Thus the theatre at

the Hay-market enlarges the found very much; but then at a

long interval after the finger or fpeaker. The theatre at Drury-

lar.e, before it was altered, enlarged the found but in a fmall

degree; but then the repetition was extremely quick in its pur-

fuit, and the founds, when heard, were therefore heard diftinft-

ly. Dcrgolife, the great mufical compofcr, ufed to fay, that an

echo was the beft fchool-miftrefs ; for let a man’s own mufic be

ever fo good, by playing to an echo fhe would teach him to

improve it.” GoJJfinitb’s Pbilo/opby, vol. ii. p. 201—204.

light i
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light : hence it follows, that founds uttered in one

focus of an elliptical cavity are heard much magni-

fied in the other focus. The whifpering gallery at

St. Paul’s cathedral in London is of this defcription j

a whifper uttered at one fide of the dome is re-

flected to the other, and may be very diftindtly

heard. The fpeaking and ear trumpets are con-

ftruCted on this principle. The belt form for thefe

inftruments is a hollow parabolic conoid, with a

fmall orifice at the top or apex, to which the mouth

is applied when the found is to be magnified, or

the ear when the hearing is to be facilitated.
'

The flruCture of the ear is one of the molt com-

plicated and difficult fiibjedts of phyfiology, and it

could fcarcely be comprehended without fome pre-

vious knowledge of the conftituent parts of the ani-

mal frame 3 for this reafon it will be necefiary to

defer the confideration of the manner in which we

receive ideas of found, till I come to treat of that

part of the animal ceconomy which refpeCts the

fen fe of hearing.

Chap,
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Chap. XI

winds.
Different Opinions concerning the general Caufe of Winds.—.OfGe-

neral or Trade Winds.—Of Monfoons.— Of Sea and Lana

Breezes.—Caufes of thcfe.—Variable Winds.—Siorms .—Hurri-

canes.—The Harmaitan.—The Sirocco Wind.—The Samiel.—

Moving Pillars of Sand.—The Simoom.—Whirlwinds Water-

fronts.—Tcrnadces.

H E opinions of philofophers have varied

much refpeCting the caufe of winds, and

many of their theories are little more than mere

conjectures ; buc it muft be confefled, that electri-

city and a chemical knowledge of air have latterly

in fome degree improved our imperfeCt acquain-

tance with thcfe aerial currents.

It has been already obferved, that air is expanded

by heat, and its fpring confequently increafed ; and

it is well known alfo that its elasticity is weakened by

cold or freezing mixtures. From experiments which

have been made for the illuftration of thefe proper-

ties of air, we are enabled to point out the caufes of

many phenomena that occur in the atmofphere.

When a fire is made in the open air, the rare-

fied part of that fluid will afeend in a current,

and die cooler and denfer air will rufli in on all

Tides, in confequence of which a wind is generated.

which
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which blows conftantly towards the fire. The

wind produced in this manner will be too in-

confiderable to be perceived at any great diftance ;

but the rarefactions which arife from natural

caufes may be fuch as to agitate our atmofphere

lufficiently to produce thofe torrents of air which

have always a powerful effeCl in nature, and which

lometimcs overwhelm and deftroy the faireft pro-

ductions of human art. v

M. Briffon is inclined to believe, that electricity

is the firft and general caufe of all variable winds:
c Thunder and water-fpouts fays he, f are now
acknowledged to be electrical phenomena, and thefe

are frequently accompanied with formidable winds.

Why may not the caufe which produces thefe phe-

nomena be alfo that of the winds which accompany

them ? If eleCtricity is the caufe of thefe winds, why

may it not be the caufe of the others j;
?’

Winds are commonly divided into three dalles,

viz. general, periodical, and variable winds.

General or permanent winds blow always nearly

in the fame direction. In the Atlantic and Pacific

Oceans, under the equator, the wind is almoft

always eafterly; it blows, indeed, in this direc-

tion, on both fides of the equator to the latitude of 28°.

More to the northward of the equator, the wind ge-

nerally blows between the north and eaft, and the far-

\

* Of the latter I entertain many doubts, at leaft: as to elec-

tricity being the proximate or efficient caufe. See the latter

part of this chapter.

f Briffon, Traite E!em. de Phvfique, tom. ii. p. 180.

Vol. I. H h ther
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ther north we proceed, vve find the wind to blow in

a more northern diredion; more to the ibuthward

of the equator it blows between the fouth and eaft,

and the farther to the fouth, the more it comes in

that direction.

> Between the parallels of 28° and 40° fouth lat.

in that trad which extends from 30° weft to ioo°

caft longitude from London, the wind is varia-

ble, but it moft frequently blows from between
the N. W. and S. W. fo that the outward bound
Eaft India fhips generally run down their eafting on

the parallel of 36° fouth *.

Navigators have given the appellation of trade-

winds to thefe general winds.

Thofe winds, which blow in a certain direction

for a time, and at certain ftated feafons change and

blow for an equal fpace of time from the oppofite

point of the compals, are called monjoons. Dur-

ing the months of April, May, June, July, Au-
guft, and September, the wind blows from the

fouthward over the whole length of the Indian

Ocean; viz. between the parallels of 28° N. and

28° S. lat. and between the eaftern coaft of Africa

and the meridian which pafies through the weftern

part of Japan ; but in the other months, Odober,

November, December, January, February, and

March, the winds in all the northern parts of the

Indian Ocean fhift round, and blow diredly con-

trary to the courfe they held in the former fix

months. For fome days before and after the change.

* See Nicholfon’s Phil. vol. ii. p. 56.

there
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there are calms, variable winds, and tremendous

ftorms, with thunder, &c.

Philosophers differ in their opinions refpedting

the caufe of thefe periodical winds ; but a moil pro-

bable theory of the general trade-winds is, that they

are occafioned by the heat of the fun in the regions

about the equator, where the air is heated to a greater

degree, and confequently rarefied more than in

the more northern parts of the globe. From this

expanfion of the air in thefe tropical regions, the

denier air, in higher latitudes, rufhes violently to-,

wards the equator from both fides of the globe.

By this conflux of the denfer air, without any

other circumffanccs intervening, a diredt northerly

wind would be produced in the northern tropic,

and a fouthern one in the other tropic ; but as the

earth’s diurnal motion varies the diredt influ-

ence of the fun over the Surface of the earth,

and as by that motion this influence is communi-

cated from eaft to well, an eafterly wind would be

produced, if this influence alone prevailed. On ac-

count of the co-operation of thefe two caufies at

the fame time, the trade-winds blow naturally from

the N. E. on the north, and from the S. E. on the

l'outh of the line, throughout the whole year; but

as the fun approaches nearer the tropic of Cancer in

our fummer feafon, the point towards which thefe

winds are directed will not be invariably the fame,

but they will incline more towards the north in that

feafon, and more towards the fouth in our winter.

The land and Jea breezes in the tropical climates

may be confidered as partial interruptions of the ge-

ld h 2 jieral
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neral trade winds, and the caufe of thefe it is not very

difficult to explain. From water being a better con-

duftor of heat than earth, the water is always of

a more even temperature. During the day, there-

fore, the land becomes confiderably heated, the air

rarefied, and confequently in the afternoon a breeze

tfets in from the fea, which is lefs heated at that time

than the land. On the other hand, during the

night the earth lofes its furplus heat, while the fea

continues more even in its temperature. Towards

morning, therefore, a breeze regularly proceeds from

the land towards the ocean, where the air is warmer,

and confequently more rarefied than on ffiore.

The caufe of the monfoons is not fo well under-

ftood as that of the general trade winds ; but what

has been juft remarked, fuggefts, at leaft, a probable

theory on the fubjeft. It is well known, that at the

equator the changes of heat and cold are occafioned

by the diurnal motion of the earth, and that the dif-

ference between the heat of the day and the night is

almoft all that is perceived in thofe tropical regions;

whereas in the polar regions the great viciffitudes of

heat and cold are occafioned by the annual motion of

the globe, which produces the fenfible changes of

•winter and Jummer ; confequently, if the heat of the

fun was the only caufe of the variation of the winds,

the changes, if any, that would be produced by thofe

means in equatorial regions, ought to be diurnal only,

.but the changes about the foie fhould be experienced

only once in fix months. As the effects arifing from

•the heat of the fun upon the air muft be greater at

the equator than at the poles, the changes of the

wind
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wind arifing from the expanfion of the air by the

fun’s rays muft be more fteady in equatorial than

in polar regions. The incontrovertible evidence of

navigators proves this truth, that winds are more

variable towards the pole's, and more constant to-

wards the equator. But in fummer, the conti-

nual heat, even in high latitudes, comes to be fen-

fibly felt, and produces changes on the wind,

which are diftincftly perceptible. In our own cold re-

gion, the eftedts of the fun on the wind are felt

during the fummer months ; for while the weather

in that feafon of the year is fine, the wind generally

becomes ftronger as the time of the day advances,

and dies away towards the evening, and affumes

that pleafing ferenity fo delightful to our feelings.

Such are the diurnal changes of the wind in north-

ern climates. The annual revolution of the fun

produces ftill more fenfible effedts. The prevalence

of the weftern winds during fummer, we may at-

tribute to this caufe, which is (till more perceptible

in France and Spain; becaufe the continent of

land to the eaftward, being heated more than the

waters of the Atlantic Ocean, the air is drawn,

during that feafon, towards the eaft, and confe-

quendy produces a weftern wind.

But thefe effedls are much more perceptible

in countries near the tropics than with us. For
when the fun approaches the tropic of Cancer,

the foil of Perfia, Bengal, China, and the ad-

joining countries, becomes fo much more heat-

ed than the fea to the fouthward of thofe coun-

tries, that the current of the general trade wind is

H h 3 interrupted,
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interrupted, fo as to blow, at that feafon, from the

fouth to the north, contrary to what it would do

if no land was there. But as the high mountains

of Africa, during all the year, are extremely cold,

the low countries of India, to the eaflward of it,

become hotter than Africa in fummer, and the air

is naturally drawn thence to the eaftward. From
the fame caufe it follows, that the trade wind, in

the Indian Ocean, from April till Odtober, blows

in a north-eaft direction, contrary to that of the

general trade wind, in open leas, in the fame lati-

tude ; but when the fun retires towards the tro-

pic of Capricorn, thefe northern parts become

cooler, and the general trade wind aflumes its na-

tural diredtion.

Having given the mod obvious caufes of the

periodical monfoons in the Indian leas, it is necef-

fafy to obferve, that no monfoon takes place to the

fouthward of the equator, except in that part of the

ocean adjoining to New Holland. There the fame

caufes concur to produce a monfoon as in the nor-

thern tropic, and fimilar appearances take place.

From Odtober till April the monfoon fets in from

the N. W. to S. E. oppofite to the general courfe

of the trade wind on the other fide of the line; and

here alfo the general trade wind relumes its ufual

courfe during the other months, which conftitute

the winter feafon in thefe regions. It may not be

improper to conclude this account of the tropical

winds, by enumerating fome of the principal inflec-

tions of the monfoons.

Between
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Between the months of April and OCfober the

wind blows conftantly from W. S. W. in all that part

* of the Indian ocean which lies between Madagafcar

and Cape Commorin, and in the contrary direction

from October till April, with fome linall variation

in different places; but in the bay of Bengal thefe

winds are neither fo {Irons nor fo conftant as in the

Indian ocean. It mult alfo be remarked, that the

S. W. winds in thofe feas are more foutherly on

the African fide, and more wefteriy on the fide of

India; but thefe variations are not fo great as to be

repugnant to the general theory. The caufe of this

variation is, as was before intimated, that the moun-

tainous lands ofAfrica are colder than the flatter re-

gions of Arabia and India, confequently the wind

naturally blows from thefe cold mountains, in the

fummer leafon, towards the warmer lands of Afia,

which occafions thofe inflections of the wind to the

eaftward during the fummer months. The peninfula

of India, lying fo much farther to the fouth than

the kingdoms of Arabia and Perfia, adds greatly to

this efFeCt, becaufe the wind naturally draws towards

them, and produces that eafterly variation of the

monfoon which takes place in this part ofthe ocean,

while the fandy deferts of Arabia draw the winds

more direCtly northward, near the African coaft. A
fimilar chain of reafoning will ferve to explain any

other inflexions or variations that may occur in the

perufal of books of travels, &c.

The variable winds, which take place in thefe

climates, depend upon different caufes ; but I am in-

clined to agree with M. Brilfon in attributing them

H h 4 chiefly
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chiefly to electricity. It is to be remembered, that

whatever deftroys the equilibrium of the air, in other

words, any caufe which produces a iudden rare-

faction in any part of the atmofphere, produces a

current of wind towards the part where the rarefac-

tion takes place; winds are, therefore, net only pro-

duced by the earth being heated in a particular part,

but by thunder florins or other electrical phenomena.

The rays of the lun are alfo feme times ooftrudled

by clouds or mills in particular places, and one part

of the world, or even of a particular country, will

confcquently be lefs heated than another; in that

cafe there will always be a current of air from the

cold to the warm region. Befides this, the falling

of rain, or other circumftances, produce occaflonal

alterations in the temperature; and whenever thefc

take place in any country, they nuift be attended

w ith wind. The great Bacon was the fit ft who at-

tempted a theory of the wind ; and it is to be la-

mented that his plan has not been purfued' by fuc-

ceeding phiiofophers. The following is a fketch

of his geneial principles, with a few additions by

modern obfervers.

* At lea the winds are more regular than at

land ;
for there nothing oppoles their progrels, or

alters the fun’s influence.

‘ The air at ftais more equable, as w ell as more

ccnftsnt: at land it blows in fits of force and inter-

mifiion ; but at lea the current is fliong, fieady, and

even.

‘ Jn general, at fea, on this fide the equator, the

caft and north winds are meft violent and boifler-

ous

:
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ous: on the contrary, at land, the weft and fouth

winds are moft fubjedt to produce hurricanes and

tempefts.

c The air is often feen to move in two contrary

currents, and this almoft ever previous to thunder.

The clouds, in fuch a cafe, are feen to move one

way, while the weathercock points another.

‘ The winds are more violent at certain heights

than upon the plain, and the higher we afcend lofty

mountains, the greater is the force of the wind,

till we get above the ordinary height of the clouds.

Above this the fky is ufually ferene and clear.

The reafon is, that the wind, at the furface of the

earth, is continually interrupted by hills and rifings:

lb that, on the plain, between any two of thefe,

the inhabitants are in a kind of fhelter; but when

once the interpofition of fmall hills no longer flops

the wind’s courfe, it then becomes ftronger, as

the interruptions it meets with are fewer. At the

tops of the higher mountains its interruptions are

leaft of all but it does not blow with violence

there 5 for its denfity is fo much diminiflied by the

height, that its force is fcarcely perceptible, and the

ftorm falls midway below. What is commonly called

a high wind moves at the rate of about thirty-five

miles an hour.

c A current ofair always augments in force in pro-

portion as the pafiage through which it runs is di-

miniflied. The law of this augmentation is, that

the air’s force is compounded of its fwiftnefs and

denfity, and as thefe are increafed, fo will the force

of the wind. T any quantity of wind moves with

twice
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twice the fwiftnefs of a fimilar quantity, it will have

twice its forcej but if, at the Tame time that it is

twice as fwift, it moves through twice a, fmaller

tube, and the fides of the canal give no refinance to

its motion, it will have four times the foree. This,

however, is not entirely the cafe; for the fides of

the tube give a refinance, and retard its motion, in

a proportion that is not eafily calculated. From
this increafe of the wind’s denfity in blowing through

narrow pafiages, it is that we fee the itorms fo very

violent that fometime blow between two neioh-O
bourlng hills. It is from this, that when caught in

long arcades opening at one end, the wind blows

with great force along them. From this increafed

denfity it is, that we meet with fuch cold blafts at the

corners of ftreets. In fhort, whatever dirninifhes

its bulk, without taking entirely away from its mo-
tion, increafes the vehemence of the wind. This

alfo is the reafon why the air reflected back from

the fide of a mountain is often more violent than

the air which firft flruck its fide; for it is by this

means condenfed, and its force augmented. The

countrymen and farmers have a diftindtion which is

not without its foundation ; for they make a differ-

ence between a fwift and an heavy florm: the fwift

florm is loud, boiflcrous, and . inoffenfive ; the

heavy florm more boiflerous and alfo more dan-

gerous. This fhews the infufticiency of thofe irj-

flruments made for meafuring winds, by mealuring

the rapidity only with which they moveV
* Goldfmuh’s Philofophy, vol. ii. p. 143.

It
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It would be happy indeed for fcience and for man-

kind if thefe refearch.es could have been carried fur-

ther. To predid an eclipfe, fays a late writer, is an

objed merely of curiofity; to predid an approach-

ing ftorm would be of inconceivable benefit. What

is ftill unaccomplifhed with refped to our own

climate, has however been attempted with refped

to thofe alarming ftorijis which happen in the Weft

Indies, which are commonly denominated hurri-

canes.

Thefe .dreadful convulfions of nature. Dr. Perkins

fuppofes to be caufed by fome occafional obftrudion

in the ufual and natural prpgrefs of the equatorial

trade winds. The reafon he affigns for this con-

jedure is, the more than ufual calm which com-

monly precedes them. In the natural courfe of

the trade winds, the air rifes up in the line, and

paffes off towards the poles, and, in the more

contraded degrees cf the higher latitudes, takes

the courfe of the weft trade winds, fo that could

their afcent be prevented through the whole circle

of the zone, there would be no more weft winds

in thofe latitudes than in any other. Very violent

rains and cold, however, tend to check the afcent of

air out of this circle, rather caufing it to defcend.

Great clouds and vapour generate cold and wet,

while rain beats down the air ; and as thefe prevent

the rifing of the air out of the line, fo they hinder

its ufual progrefs from the tropics on both fides;

hence the calms which ufually precede hurricanes.

Calms, in thefe tropical regions, are caufed by the

5 afcent
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afcent of the air into the higher part of the atmo-

fphere, indead of its remaining near the line: the ac-

cumulation of air above then becomes heavier by

the cold which it meets in thole regions, and de-

fcends into the more rarefied region below. Thefc

heavy gales, therefore, will continue to defccnd till
0

the upper regions are entirely exonerated.

In Mr. Beckford’s hiftory of Jamaica there is a

very detailed and driking account of the dreadful

hurricane which defolated the iflands in the year

1780, but it is too long for infertion as an extract,

and in an abridged date the description would lofe

its force. c
It is in the rainy fealbn (fays Mr.

Adams) principally in the month of Augud, that

they are afiaulted by hurricanes, which deftroy at a

fbroke the labours of many years, and preftrate the

mod exalted hopes of the planter, and that, often

when he thinks himfelf out of the reach of fortune.

It is a hidden and violent dorm of wind, rain, thun-

der, and lightning, attended with a furious Swelling

of the feas, and Sometimes with an earthquake; in

fhort, with every circumdance which the elements

can afiemble, that is terrible and dedrudtive. Fird,

they fee, as a prelude to the enfuing havock, whole

fields of Sugar canes whirled into the air, and Scat-

tered over the face of the country. The dronged

trees of the fored are torn up by the roots, and

driven about like dubble; their wind-mills are Swept

away in a moment; their works, the fixtures, the

ponderous copper- boilers, and dills of Several hun-

dred weight, are wrenched from the ground and

battered
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battered to pieces; their houfes are no prote&ion;

their roofs are torn off at one blaft, whilft the rain,

which in an hour rifes five feet, ruffes in upon

them with irrefiflible violence.

There are' figns by which the Indians of thefe

iilands taught our planters to prognofticate the ap-

proach of an hurricane. The hurricane comes on

either in the quarter or at the full change of the

moon. If it comes on at the full, then, at the pre-

ceding change, the fky is troubled, the fun more

red than ufual; there is a dead calm below, and the

mountain tops are free from thofe miffs which

ufually hover about them. In the caverns of the

earth, and in wells, you hear a hollow rumbling

found, like the ruffling of a great wind. At night

the ftars feem much larger than ufual, and fur-

rounded with a fort of burs; the north-weft fky

has a black and menacing appearance ; the fea

emits a ftrong ftnell, and rifes into vaft waves often

without any wind. The wind itfelf now forfakes

its ufual fteady eafterly ftream, and ffifts about to

the weft; whence it fometimes, with intermif-

fions, blows violently and irregularly about two

hours at a time. You have the fame figns at the

full moon: the moon herfelf is furrounded with a

great bur, and fometimes the fun has the fame ap-

pearance

The harmattan is a very fmgular wind, which

blows periodically from the interior parts of Africa

towards the Atlantic Ocean. The feafon in which

it prevails is during the months of December, Ja-

* Adams’s Lectures, vol. iv. p. 540.

nuary.
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nuary, and February; it comes on indifcriminately

at any hour of the day, at any timfe of the tide, or

at any period of the moon, dnd continues fometimes

only a day or two, fometimes five or fix days, and

it has been known to laft fifteen and fixteen days.

There are generally three or four returns of it every

feafon. It blows with a moderate force, but not

quite fo ftrong as the lea breeze.

A fog or haze is one of the peculiarities which
always accompany the harmattan. The Englifh,

French, and Portuguefe forts at Whydah, are not

quite a quarter of a mile afunder, yet are frequently

quite invifible to each other; the fun, concealed the

greateft part of the day, appears only about a few

hours at noon, and then of a mild red, exciting no

painful fenfation on the eye. The particles which

conftitute this fog are depofited on the leaves of

trees, on the fkins of the negroes, &c. and make
them appear whitilh.

Extreme drynefs makes another extraordinary

property of this wind ; no dew falls during its

continuance ; vegetables are withered, and the

grafs becomes dry like hay. The natives take this

opportunity to clear the land, by letting fire to the

trees and plants while in that dry and exhaufted

ftate. The drynefs is fo extreme, that the covers

of books, even clofely Ihut up in a trunk, are bent

as if expofed to the fire. Iloulhold furniture is

much damaged; the pannels of wainfcots fplit, and

fineered work flies to pieces. The joints of a well-

laid floor of feafoned wood open fufhciently to ad-

mit

>
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mit the breadth of a finger between them; but be-

come as clofe as before on the ceafing of the har-

mattan. The human body does not efcape the

parching effects of this wind ; the eyes, noftrils,

lips, and palate, are rendered dry and uneafy ; the

lips and nofe become fore, and though the air is

cool, there is a troublefome fenfation of pricking

heat on the fkin. If the harmattan continues four

or five days, the fcarf-fkin peels off, firft from the

hands and face, and afterwards from the reft of the

body.

Though this wind is fo fatal to vegetable life,

and occafions thefe troublefome effects to the hu-

man fpecies, it is neverthelefs highly conducive to

health ; it flops the progrefs of epidemics, and

relieves the patients labouring under fluxes and in-

termittent fevers. Infection is not eafy at that

time to be communicated, even by inoculation. It

is alfo remarkable for the cure of ulcers and cu-

taneous difeafes *.

The firocco (fo called by the Italians becaufe it

is fuppofed to blow from Syria, and in the South

of France, the Levant wind) refembles infome of its

effects the harmattan, but it differs from it in being

extremely infalubrious. It fometimes blows for

feveral days together, to the great annoyance of the

whole vegetable and animal creation ; its medium
heat is calculated at 1 12 degrees; it is fatal to vege-

tation and deftruclive to mankind, and efpecially to

* Dobf. Account, Phil. Tranf. vol. lxxi. part 1.

ffrangers

;
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Grangers ;
it deprefles the fpirits in an unufual de-

gree; it fufpends the powers of digeftion, fo that

thofe who venture to eat a heavy (upper while this

wind prevails are commonly found dead in their

beds the next morning, of what is called an indi-

geftion. The fick, at that afflicting period, com-

monly fink under the preflure of their difeafes; and

it is cuttomary in the morning, after this wind has

continued a whole night, to inquire who is dead *.

‘ An
i

* 1 The evil mod to be dreaded in traverfing thefc regions

is, perhaps, the fnocc, or fouth wind, which it is imagined

blows from the burning deferts of Africa, and is fometimes pro-

ductive of dangerous confequences to thofe who are expofed to

its fury. During the continuance of this wind all nature ap-

pears to languifli, vegetation withers and dies, the beads of the

field droop, the animal fpirits feem too much exhaulled to admit

of the lead: bodily exertion, and the fpring and elailicity of the

air appear to be loll. The heat exceeds that of the mod fervid

weather in Spain or Malta, and is felt with peculiar violence in

the city and neighbourhood of Palermo.

* The fenfation occadoned by the firocc wind is very drik-

ing and wonderful. In a moment the air becomes heated to an

excefiive degree, and the whole atmofphere feels as if it were

inflamed, the pores of the body feem at ones opened, and all the

fibres relaxed. During its continuance the inhabitants of Pa-

lermo (hut their doors and windows to exclude the air, and

where there are no window fhutters, wet blankets are hung on

the infide of the winda.v, and the fervants are kept continually

employed in fprinklirg the apartments with water. No crea-

ture, whofe neceffities do not compel hirn to the exertion, is to

be feen while this tremendous wind continues to blow, and the

flreets and avenues of the city appear to be nearly aeferted.

‘ The firocc generally continues fo fliort a time in Sicily,

that it fcldom produces thofe complaints which are the conse-

quence
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c An extraordinary blading wind is felt occa-

fionally at Falklands Blands. Happily its duration

is fhort: it feldom continues above twenty-four

hours. It cuts the herbage down as if fires had

been made under them; the leaves are parched up,

and crumble into dud. Fowls are feized with

cramps fo as never to recover. Men are oppreffed

with a dopped perfpiration, heavinefs at the bread,

and fore throat; but recover with care.

1 But beyond all others in its dreadful effefts, is

the famiel, or mortifying wind, of the defarts near

quence of the duration of its fcorching heats in feveral parts of

Italy, though its violence in thofe countries is much inferior to

what is felt in this ifland. Here it feldom endures longer than

thirty-fix or forty hours, a time not fufficient to heat the ground,

or the walls of the houfes, in a very intenfe continued degree.

It is commonly fucceeded by the tramontane, or north wind,

which in a (hart time reftores the exhaufted powers of animal

and vegetable life, and nature foon a(fumes her former appear-

ance. The caufe of the firocc wind has been frequently at-

tempted to be explained, but the different hypothefes are per-

haps more to be admired for their ingenuity and fancy than for

being very fatisfa&orily explained. The fuperior intenfenefs

of this fcorching wind at Palermo, may probably be accounted

for from the fituation of that city, which is almoft furrounded

by lofty mountains, the ravines and valleys of which are parch-

ed and almoft burnt up in fummer. The numberlefs fprings of
warm water mull alfo greatly increafe the heat of the air, and
the pra&ice of burning brufh wood and heath on the neigh-

bouring mountains, during the warm feafon, mull undoubtedly

tend to increafe the heat of the wind in palling over the coun-
try of Sicily, though it had previouflv been difarmed of part of
its violence by travelling over the fea which divides Sicily from
Africa.” Prefent State of Sicily and Malta, p, 189.

Vol. I. I i Bagdad,
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Bagdad. The camels, either by inftindt or experi-

ence, have notice of its approach, and are fo well

aware of it, that they are laid to make an unufual

noife, and cover up their nofes in the land. To
clcape" its elfedts, travellers throw themfelves as

dole as pofiible to the ground, and wait till it has

palled by, which is commonly in a few minutes.

As foon as they who have life dare to rife again,

they examine how it fares with their companions,

by plucking at their arms or leg:;; for if they are

deftroyed by the wind, their limbs are abfolutcdv

mortified, and will come afunder. It is laid cf this

wind, that if it happens to meet with a fhower of

rain in its courfe, and blows acrofs it, it is at once

deprived of its noxious quality, and becomes mild

and innocent. It is alfo laid, that it was never

known to pals the walls of a city

This account of the famiel is extratted from the

travels of Mr. Ives over land to the Eaft Indies.

Whether this wind is identically the fame with that

which is delcribed by Mr. Bruce under the name of

the fimoom, I cannot determine. The fadts in

both accounts have a very clofe agreement, and the

climate and lituation where .they occur are not ma-

terially different. In the fame defert Mr. Bruce ob-

ferved the aftonifhing phenomenon of moving pillars

©f fand f , which are probably the effedts of a

number

* See Adams’s Ledtures, vol. itf. p. 541.

f “ So where oar wide Numidian waltes extend.

Sudden th* impetuous hurricanes defcer.d.

‘Wheel
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number of whirlwinds in thofe torrid regions. As

the defcription of thefe pillars is in fome cegree

blended with that of the fimoom, I fhall extraft the

•whole paflage. In relating the particulars of his jour-

ney acrofs a certain part of the deferts of Africa, Mr.

Bruce obferves c We were here at once furprifed and

terrified by a fight lurely one of the moft magnificent

in the world. In that vail expanfe of defert, from

weft and to north weft of us, we faw a number of

prodigious pillars of land at different diftances, at

times moving with great celerity, at others ftalking

on with a majeftic fiownefis; at intervals we thought

they were coming in a very few minutes to over-

whelm us; and fmall quantities of fand * ’id adftuaily

more than once reach us. Again they would retreat

fo as to be aimoft out of light, their tops reaching

to the very clouds. There the tops often feparated

from the bodies; and thefe, once disjoined, dif-

perfed in the air, and did not appear more. Some-

times they were broken near the middle, as if ftruck

with a large cannon (hot. Aoout noon they began

to advance with confiuerable Iwiftnefs upon us, the

wind being very ftrong at north. Eleven of them

ranged alongfide of us about the diftance of three

miles. The greateft diameter of the largeft ap-

Whccl through the air, in circling eddies play.

Tear up the fands, and fvvecp whole plains away?

Th’ affrighted traveller, wi.h wild furprife,

Se f s the dry defert all around him rife.

And, fmsther’d in the dufly whirlwind, dies.”

Addifon’s Cato.

pearedI i 2
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peared to me at that diftanc.e, as if it would meafure

ten feet. They retired from us with a wind at fouth

eaft ;
leaving an imprefTion upon my mind to which

I can give no name, though furely one ingredient in

it was fear, with a confiderable deal of wonder and

aflonifhment It was in vain to think of flying;

the fvvifteft horfe, or faftefl failing flhip, could be of

no ufe to carry us out of this danger
; and the full

perfuafion of this rivetted me as if to the fpot where

I flood, and let the camels gain on me fo much in

my flate of lamenefs, that it was with fome diffi-

culty I could overtake them.’

The fame phenomena again occurred in the

courfe of a few days. * The fame appeararlce of

moving pillars of fand prefented themfelves to us

this day, in form and difpofition like thofe we had

feen at Waadi Halboub, only they feemed to be

more in number, and lefs in fize. They came

feveral times in a direction clofe upon us; that is,

1 believe, within lefs than two miles. They began

immediately after fun-rife, like a thick wood, and

almoft darkened the fun : his rays fhining through

them for near an hour, gave them an appearance of

pillars of fire. Our people now became dcfperate:

the Greeks f .ricked out, and faid it was the day of

judgment. Ifmael pronounced it to be hell, and

the Tucorories, that the world was on fire. I afked

Idris if ever he had before feen fuch a fight ? he faid

he had often feen them as terrible, though never

worfe; but what he feared molt was that extreme

rednefs in the air, which was a fure prefage of the

corning
- ©
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coming of the fimoom. I begged and intreated

Idris that he would not fay one word of that in the
*

hearing of the people, for tii'cy had already felt it- at

Imhanfara, in their way from Ras el Feel to Teawa,

and again at the Acaba of Gerri, before we came to.

Cliendi, and they were already nearly diftradled at

the apprehenfion of finding it here.

c At half paid four o’clock in the afternoon, we

left Waadi Del Aned, our courfe a little more to

the weftward than the direction of Syene. The

fands which had difappeared yelterday fcarcely

ihew'ed themfelves at all this day, and at a great dif-

tance from the horizon. This was, however, a
- /

comfort but of fhort duration. I obferved Idris

took no part in it, but only warned me and the

fervants, that, upon the coming of the fimoom, we*

lhould fall upon our faces, with our mouths upon

the earth, fo as not to partake of the outward air

as long as we could hold our breath. We alighted

at fix o’clock at a fmall rock in the finely ground,

without trees or herbage, fo that our camels failed

all that night. This place is called Ras el Sheah,

or, by the Bifhareen, El Mout, which fignifies death,

a name of bad omen.
c On the 1 6th, at halfpaid ten in the forenoon, wc

left El Maut, {landing in the diredtion clofe upon
Syene. Our men, if not gay, were, however, in better

fpirits than I had feen them fince we left Gooz. One
of our Barbarins had even attempted a fong; but

Hagi Ifmael very gravely reproved him, by telling

him, that Tinging in fiich a fituation was a tempting

I 1 3
‘ of
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of Providence. There is, indeed, nothing more

different than aftive and paffive courage. I lagi

Ifmael would fight, but he had not ftrength of mind

to fuffer. Ar eleven o’clock, while wc contemplated

with great pleafure the rugged top of Chiggre, to

which we were faff approaching, and where we
were to folace ourfelves with plenty of good water,

I ris cried out, with a loud voice, Fall upon your

faces, for here is the fimoom. I faw from the

fouth eaft a haze come, in colour like the purple

part of the rainbow, but not fo compreffed or thick.

It did not occupy twenty yards in breadth, and was

about twelve feet high from the ground. It was a

kind of blufh upon the air, and it moved very

rapidly, for I fcarce could turn to fall upon the

ground with my head to the northward, when I felt

the heat of its current plainly upon my face. We
all lay fiat on the ground, as if dead, till Idris told

us it was blown over. The meteor, or purple

haze, which I faw, was indeed paffed, but the light

air that ftill blew was of heat to threaten fuffocation.

For my part, I found diffin&ly in my breaff, that I

had imbibed a part of it; nor was I free of an

afthmatic fenfation till 1 had been fome months in

Italy, at the baths of Poretta, near two years after-

wards

Whirlwinds and water-fpouts have by many

philofophers been confidered as entirely ele&rical

phenomena, while others have attributed them to a

• Bruce's Travels. Vol. iv. p. 553, 555.

" different
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different caufe, and accounted for them upon the

principles of hydroftatics. It is poffible, however,

that there may really be two kinds of water-fpouts,

the one the effect of the electrical attraction, as de-

fcribed in Book iv. c. 6. and the other cauled by a

vacuum, or extreme and Hidden rarefaction of the air.

The whirlwinds at leaft, which I have obferved in this

country, were, I am perfuaded, of the latter kind

;

at leaft whatever was the original caufe, the circum-

agitation or fpiral motion of the air muft have conti-

nued long after every eleCtrical power had ceafed to

aCt.

It is well known that even a common fire pro-

duces a kind of circulation of the air in a room, but

in a different form. It is therefore not difficult to

conceive, that when any part of the column of air

upon the furface of the earth or water is fuddenly

rarified, either by eleClricity or any other caufe, a

vacuum, at leaft comparatively to the reft of the air,

will immediately take place, and, the circumambient

air rufhing in at once from every quarter to fill the

void, a conflict of winds enfues, and confe-

quently a circular motion, by which light bodies will

be taken up and turned round with confiderable

velocity ; this violent ruffling of the air on all fides

into the vacuum then forms what is commonly called

at land a whirlwind.

When this vacuum takes place at fea, from the

nature of fluids, the water will rife to a certain

height by the preffure of the atmofphere, as in a

common pump , but as the vacuum is not quite

I i 4 perfeCl,
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perfect, the water will he divided into drops, and

as thefe vacuums are generally caufed by heat, it

will be rniefied when it reaches the upper regions

of the atmofphere, and aflame the appearance of a

cloud. „

Mr. Oliver *, whofe theory I have adopted with

little variation, illuftrates the phenomenon by a very

eafy experiment. In a ft iff paper card he made a

hole juft large enough to infrrt a goofe quill; after

cutting the quill off fqmre at both ends, he laid the

card upon the mouth of a wine glafs, filled with water

to within a fifth or fixth . art of an inch from the

lower orifice of the qn 11 j then applying his mouth

to the upper p..w, he drew the air out of the quill,

and in one draught of his breath drew in about a

fpoonful of water ; and this he was able to repeat,

the quill remaining as before. The water, he

adds, did not afeend to his mouth in a ftream, as

it would have done had the quill reached the water,

but broken, and confufedly mixed with the air

which afcencfed with it. The ufual phenomena of

water-fpouts are exactly agreeable to this theory.

They appear at a diftance like an inverted cone, or

the point of a? 1word, which is owing to the water

rifing in large drops at the firft, and being expand-

ed as it afeends; and a cloud is generally fufpended

over the body of the phenomenon. The water which

is taken up is undoubtedly fait at the firft, but

by the rarefaction in the fupericr regions, it un-

• Philad. Tranf. vol. ii.

dergoes
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dergoes a kind of natural diftillation, and lofes

all the heavy faline particles with which it was

charged. Water-fpouts have been obferved at

land, of which two very remarkable inftances are

recorded in the Philofophicai Tranfadtions. Other

phenomena have been remarked, which can be

explained upon thefe principles only. Accounts

have been given of red and yellow rain, of frogs

and tadpoles, and even fmall hikes, having been

rained upon the tops of houfes. The red and yel-

low rain was, I apprehend, compofed of the blof-

Ibms of vegetables, or of infedts, taken up by one

of thefe aerial tubes; and the frogs and filhes were

probably a part of the contents of fome pond, in

which the water-fpout originated, or over which it;

might have palfed in its perambulation.

The point or cone of the water-fpout is generally

oblique, depending on the force and diredhon of

, the wind which drives it along.

Dr. Perkins, of Bolton, whom I had occafion

to mention, when treating of hurricanes, in a pa-

per publifhed in the fame volume of American
Tranfadtions, is dilpofed to adopt a different theory

of water-fpouts. Captain Melling informed him,

that in a voyage from the Weft India Illands to

Bofton, a water-fpout came acrols the Item of the

veflfel where he then was, a flood of water fell

upon him with fuch violence as almoft to beat him
down, and the fpout immediately palled off with

a roaring noife into the lea. The water from the

fpout, he remarked, was perfectly frelh.

Dr.
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Dr. Perkins adds feveral other inftances, on the

teftimony of mariners, who all affirmed, that they

Jaw the water dejeend from the cloud through the

water- fpout into the lea, contrary to the opinion of

Mr. Oliver, that it always alcends.

A whirlwind, therefore, in the opinion of Dr.

Perkins, cannot be the caufe of a water- fpout; nor

can both of thefe phenomena proceed from the

fame caufe. A whirlwind, he fuppofes to be pro-

duced by the afeent of tnc heated or rarefied air

into or through the colder regions of the atmo-

fphere above. Now, Dr. Arbuthnot fays, that the

rarefaction of the hottefc day renders the air but

one-tenth lighter than it is in the coldeft.

This roaring noife alfo, as remarked by Captain

Moiling, does not agree with the theory of the

afeent of water in the fpout, as it is not very clear

why fuch a noife fironld accompany the fimple

alccnt of water.

To determine the matter, it is to be vifhed, that

future obfervers would be careful to remark, i ft.

The incipient Hate of a water- fpout, and in par-

ticular, whether any cloud is feen hovering over

the part in which it commences ; and 2diy, whether

the conical part feems gradually to defeend from

the body of the cloud *•

A tornado feems to partake much of the nature

of the two preceding phenomena, but is more vio-

t .

* Philad. Tranf. vol. ii.

lent
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lent in its effe&s. It commences very fuddenly,

feveral clouds being previoufly drawn together,

when a fpout of wind, proceeding from them,

ftrikes the ground in a round fpot of a few rods or

perches diameter, in the courfe of the wind of the

day, and proceeds thus half a mile or a mile. The

pronenefs of its defcent makes it rebound from the

earth, throwing fuch things as are moveable before

it, but fome Tideways or in a lateral direction from

it. A vapour, mift, or rain defcends with it, by

which the path of it is marked with wet.

The gentleman, who furnifhes the above general

defcription, gives an account of one which hap-

pened a few years fince at Leicefter, about fifty

miles from Bofton, in New England, f
Jt hap-

pened in July, on a hot day, about four o’clock

in the afternoon. A few clouds having gathered

weftward, and coming over head, a fudden motion:

of their running together in a point being obferved,

immediately a fpout of wind ftruck the ground at

the weft end of a houfe, and immediately carried

it away with a negro man in it, who was afterwards

found dead in the path of it. Two men and a wo-

man, by the breach of the floor, fell into the cellar

;

and one man was driven forcibly up into the chim-

.ney-corner. Thefe were preferved, though much
bruifed i they were wet with a vapour or mift,' as

were the remains of the floor, and the whole path

of the fpout. This w'ind raifed boards, timbers,

,&c. A joift was found on one end, driven near

,
three

i

V \
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three feet into the ground. The fpout probably

took it in its elevated ftate, and drove it forcibly

down. The tornado moved with the celerity of a

middling wind, and conltandy declined in ftrength

till it entirely geafed.’

Chav.
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Chap. XII.

OF THE HEAT OF THE ATMOSPHERE AND
IGNEOUS VAPOURS.

Objects of Meteorology as a Science.—Partly anticipated.—Tempera-

ture—Heat of the Earth.—Effcfis of the Sun's Rays ou different

Mediums.—Difference with refpett to Temperature between Land

and Water.—Effetts of Clouds on the Temperature.—Of Evapo-

ration.—Uhufual Cold, how produced in Summer and Winter .

—

Aqueous Meteors.—Igneous Meteors.—Fire Balls.—Shooting

Stars.— Igties Fatui.

t

METEOROLO G Y, in its moft extenfivc

fenfe, would embrace a large fcope of fei-

ence. It includes every thing that concerns our

atmofphere, climate, temperature, vapours, fogs,

dew, rain, hail, fnow, the igneous vapours, as pro-

ceeding from inflammable air, and even thunder

and lightning, and all thofe phenomena which are

produced by what is termed nat irr.l electricity.

The arrangement adopted in thefe volumes,

which was the cleareft that fuggefted itfelf to my
mind, neceffarily excludes many of thefe fubjeCts.

The electrical phenomena have been already treated

of, and the theory of rain, fnow, &c. as adopted

by the electrical philofophers, has been briefly ex-

plained ; and what remains to be faid on aqueous

meteors will be more properly introduced in the

. book



454 Temperature of the [Book V.

book which is dedicated to the fubjeft of water

,

and will be better undcrllood when the properties of

that fluid are more fully explained.

The phenomena, which prefent themfelves for

our immediate confideration, will therefore be thofe

which are, ftridtly fpeaking, aerial or ar.mofpheri-

cal. The temperature of the atmofphere will

therefore, with propriety, be confidered, and the ig-

neous meteors with which it is occafionally charged,

and of which the air appears not only to be the ve-

hicle but the pabulum.

The variations of temperature which we expe-

rience are chiefly produced in the atmofphere, or at

no great diltance from the lurface of the earth.

This is evident from a Ample and well known faff*

that the earth, at a certain depth beneath the furface,

always preferves nearly the fame temperature, and

the degree of heat at thofe depths generally ap-

proaches the mean annual heat of the climate.

Even where there is a communication with the ex-

ternal air, the earth, at the depth of 80 or 90 feet,

commonly varies but little in its temperature; and

where there is no fuch communication the variation

mud be Hill more inconfiderable. Thus the tempe-

rature of fprings does not vary with the feafon ; and

thus the cave of the obfeivatory at Paris, which is

abqut ninety feet below the pavement, preferves the

confbant temperature of about 53 degrees, never

varying above half a degree in the coldeft years.

Van Swinden has remarked, that the moll extreme

cold, even exceeding o in Fahrenheit’s fcale, if it

2 endures
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endures for only a few days, penetrates no further

than twenty inches, even when the ground is not co-

vered with fnow, and not more than ten inches when

there is a coat of fnow on the furface of the earth.

The earth may, therefore, be confidered as the

great repofitory of heat ; but when its furface is

rapidly cooled, the interior parts experience a di-

minution of their heat in feme meafure proportion-

able, as the heat is in that cafe drawn off towards

the furface. Hence in Switzerland it has been re-

marked, that the fnow generally begins to melt at

the bottom; and if the heat of the fun is not ftrong,
t

the fame thing may be obferved in the progrefs of a

thaw in this country.

The furface of the earth is capable of receiving

a great acceffion of heat from the fun’s rays. But

it has been before remarked, that light has not the

fame effeT on a tranfparent medium, for thefe

mediums afford a free paffage to the rays of the

fun, which appear to aft only as fire, when accu-

mulated and confined within the minuted: inter-

faces of bodies. Hence the tops of high moun-

tains are always, even under the equator, covered

with fnow ; and hence at a certain height, which

varies in almoft every latitude, it freezes during the

night in every feafon, as was fated in a preceding

chapter*

Heat is obferved to diminifi as we afeend into

the atmofphere, nearly in an arithmetical propor-

tion. In the vicinity of Paris, lat. 48° 50' the

temperature of the earth being 47°, at the efimatecl

height-

t
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height of 1 1,084 feet, it was found by M. Charles,

the aeroftatical adventurer, to be at 2 1° or 1 i
u

be-

low congelation; near Dijon, lat. 47
0 on the 25th

of April, the temperature near the earth was 56°,

but at the height of 10,63 1' feet, 1C was found by M.
Morveau to be 26°

; and Lord Mulgrave, at the

bottom of Hacklyt Hill, lat. 8o°, found the tem-
perature of the lower air 50"; but on the fummit
of the hill, 1 503 feet, only 42

0
.

Water refembles air in being little affedted by

the paffage of the fun’s rays ; but the bottom of

every fea or lake, being opake, the heat is Hill

capable of being excited and collected there. Be-

tween water and»earth there is, however, this differ-

ence, that land or earth (particularly if dry) re-

ceives heat very readily from the rays of the fun,

but condudls it through its own fubftance very

flowly to any great depth; whereas water, from

its tranfparency, receives heat from lig
1
1 but (lowly;

but the heat is diffuled through the whole mafs

with great rapidity. Dr. Hales relates, that in

Auguft, 1724, when the air and the furface of the

earth were both at 88, a thermometer, placed at

only two inches depth in the ground, flood at 85,

another at fixteen inches at 70, and another at

twenty- four inches at 68. The two lad preferved

the fame temperature day and night to the end of

the month, and then only fell to 63. On the 26th

of Odlober, a thermometer expofed to the air by

the fame philofopher, Hood at 35
0

5, but one

funk two inches in the earth was heated to 43
0
85,

another
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another funk fixteen inches reached 48° 8., and

one at twenty-four inches 50°. He even found,

that between the ift and 2d of November, when

the external air was at 27
0

, a thermometer at

twenty-four inches depth flood at 43° 8 j
but from

March to September, the following year, the ex-

ternal air was much warmer than the earth at

fixteen inches or two feet ; but the feafon was rainy,

and the evaporation being confiderabie, prevented
• 1

the earth near the furface from being confiderably

warmed.
;• * f * ' • ...
From thefe experiments it appears, that the fur-

face of the earth may be confiderably heated, and

yet that the heat fhall not penetrate to any confi-

derabie depth ; it appears alfo, that the earth parts

with its heat with difficulty to the air, and will re-

tain its natural temperature, which is between 40®

and 50% at a very fmall depth beneath the furface*

even when the air is below the freezing point. In

water, on the contrary, the heat is not accumulated

in a particular part, but is equally diffufed through

the 'CVhole mafs, and the temperature, if the furface

is extenfive, will be more in agreement with that of

the atmofphere than with that of the earth. Near

Marfeilles, Dr. Raymond found the fand frequently

heated to 160% but never found the fea hotter than

77% and even this degree of heat it appeared to

receive chiefly by its communication with the land,

for on the 19th of July, 1765, he found that part

of the bay, which was • next the land, heated to

74% while the middle was 72% and the entrance

\ ol. L K k only
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only 70°. In winter, he obferved the earth cooled

down frequently to 14
0
or 15% but the fea never

lower than 44
0
or 45°.

It is by the temperature of the atmofphere that

we always judge when we term the weather cold

or hot ; but the atmofphere derives the greater part

of its heat from its communication with land or

wafer. The rigours, therefore, of the winter’s cold

are tempered by the heat imparted from the earth

itfelfj yet as the earth parts but (lowly with its

heat, and as the furface is found to be extremely

cool, while the interior parts are heated to the de-

gree of 40 or 50, and as the heat of water is more

equally diffufed, and more readily parted with, it

follows that the portion of air, which is incumbent

on the fea, will be of a warmer temperature in the

extreme cold of winter than that which is incum-

bent upon the land.

I (lands are more temperate than continents, becaufe

they participate more of the temperature of the fea.

With refpedt to thofe countries alfo, which border

on the ocean, thofe which lie fouth of the fea, at

lead in our hemifphere, will be warmer than thofe

which have the fea to the fouth of them, becaufe

the winds which would cool them in winter, if they

blew over-land, are tempered by patting over the

lea, whereas thofe which lie north of the fea are

Pooled in'fummer by the breezes that iffue from

it.

Every habitable latitude mud enjoy a heat of

6o° at lead for two months in the year, in order

' 4 to
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to produce and bring to maturity corn and the

other vegetable productions. The quiclcnefs with

W'hich vegetation proceeds in high latitudes is

chiefly owing to the long duration of the fun above

the horizon during their lummer. Dr. Halley,

indeed, has proved, that, abftraCting from the inter-

vention of fogs, mifts, and mountains of ice, the

hotteft weather might take place, even under the

poles, the duration of the fun’s light compenlating

for the obliquity of its direction.

Among the caufes of the changes of weather

in thefe climates, efpecially with refpeCt to heat

or cold, We mult account the circumftance of

the air being charged with vapour. The air,

when cloudy, is capable of receiving and retain-

ing more of the fun’s heat, than when clear, for the

obvious reafon, that a tranfparent medium per-

mits thofe rays to pafs through it, which are inter-

cepted if the medium is thicker and lefs pellucid.

Hence a cloudy air is frequently found warmer than

the earth, on which it is incumbent. The air is

alfo warmed by the condenfation of vapour, and

hence the origin of hail, which is rain condenfed

by palling through air which is colder thin that

which produced it.

A continuance, however, of cloudy or ^ifty

weather will intercept the fun’s rays from reach-

ing the earth, which will therefore be prevented

from receiving its due portion of heat. The
winter of the year 1783-4 was unufually feverej

and it is to be remarked, that during leveral of the

K k 2 fammer
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fummer months which preceded it, where the ef-

fect of the fun’s rays to heat the earth fhould have

been the greateft, the whole continent of Europe

was covered with a kind of fog, fuppofed to pro-

ceed from the fmoke of fome volcanoes, neat

Mount Hecla, in Iceland. This fog was of a dry-

kind, and confequently the fun’s rays were incapa-

ble of difiipating it ;
and they were fo faint, that in

palling through it, when collected in the focus of a

burning glafs, they would lcarcely kindle brown
*

paper *.

A principal caufe of the varieties and changes

of temperature, and a mod powerful agent in pro-

ducing cold, is evaporation. On this fubjedt it

is remarked, firft, that in our climates the evapo-

ration is about four times as great between the

vernal and autumnal equinox as in the reft of the

year. adly. Other circumftances equal, it is in-

creafed in proportion to the difference between the

temperature of the air and the evaporating furface;

it is confequently lealt when they are nearly of

equal temperature. The former part of this pro-

pofition muft be underftood with fome rcftridtion ;

for if the air Ls more than 15
0
colder than die eva-

porating furface, there is feldom any evaporation at

all, and the air will more frequently, in that cafe,

depofit moifture than receive it. 3dly. The de-

gree of cold produced by evaporation is much

greater when the air is warmer chan the evaporat-

* See Dr. Fraaklin’s Meteorological Conje&ures.

ing
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ing furface, than when the latter is the warmer of

the two ; for in the firft cafe the dilation of the

vapour is increafed, and in the lecond, it is check-

ed. The more vapour is dilated, the more fire or

heat it abforbs ; and hence it is coldeft in an ex-

haufted receiver, where it abforbs moft. Hence
warm winds, as the harmattan, lirocco, 8zc. are

more deficcatory than cold winds. 5 thly. Evapo-

ration is always increafed greatly by a current of

air flowing over the evaporating furface. Hence a

calm day is always better than one in which there is

a ftrong wind *.

From thefe fads, and from what was previoufly

remarked on the fubjed of evaporation in the fe-

cond book, it is plain, that trads of land which

are covered with trees or luxuriant vegetables are

much colder than thofe where there is a lefs furface

of vegetable matter, fuch grounds emitting one

third more vapour, according to fome experiments

of Mr. Williams, than the fame fpace would if ac-

tually covered with water f .
' Hence too, a reafon

will evidently be found for that ^mazing change

of climate which a country undergoes by being

cleared and cultivated. America is not the fame

country at prefent, either with fefped to tempe-

rature or falubrity, as when it >vas covered with

woods.
' . \

,
From the whole of what has been ftated, it will

follow, that a wet fummer will generally be fuc-

* Kirwan on Climate, c, i,

*}- Philad. Tranf. vol. ii. p. 150.

K k 3 ceeded
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celected by a fevere winter, becaufe the cloudinefs

of the feafon will prevent the earth from receiving

a due portion of heat, and becaufe the increafed

evaporation will contribute to leflen the quantity al-

ready lodged there. Much will, however, depend

upon other circumftances, and particularly upon the

courfe of the wind.

UnufuaJ cold in fummer is produced— ift. From
the long continuance of eafterly or northerly

winds.

idly. From frequent and heavy rains, which are

followed by a confide rable evaporation.

3dly. From a long continuance of cloudy wea-

ther, which prevents the earth from receiving a pro-

per portion of heat from the fun.
‘

Unufual cold in winter commonly happens

—

1 ft. From unufual cold or wet in the preceding

fummer. In January 1709, the weather was un-

commonly cold, and it was remarked, that in the

preceding June the thermometer was near the freez-

ing point, and the rain confiderable *.

idly. From the immediate efFed of heavy rains,

followed by eafterly or northern winds. This ftate

of things produces cold in any feafon from the in-

creafed evaporation.

3dly. From wefteidy or foutherly currents in the

upper regions of the atmofphere, white ealt or

north winds prevail nearer the furface of the earth.

4thly,

* Dcrham’s Phyfic. Theol. I. i. c. 3.
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4thly. From the arrival of Siberian or North

American winds. It has been calculated, that wes-

terly winds may arrive in a few days from Ame-

rica ; and if the ocean has been previoufly cooled

by northern gales, even thefe will feem cold to us.

The Siberian winds will, if they originate from a

lower latitude, feem to us to come from the fouth-

eaft ; and if they originate in a higher latitude, they

will appear north-eaft, becaufe they will be defledt-

ed to the fouth.

5thly. From the defcent of a Superior Stratum

of the atmofphere. This happens when a cold

wind in the upper regions paffes over a country

where the lower Strata of the atmofphere are Spe-

cifically lighter.—Hence a low ftate of the baro-

meter generally precedes extraordinary cold which

is produced from this caufe *.

On the ftate of the atmofphere with refpedt to

heat and cold, and ftili more on the degree of eva-

poration, all the phenomena of the aqueous me-
teors of rain, hail, Snow, &c. will be found to de-

pend ; but thefe will be treated of with more pro-

priety in another part of thefe volumes. The ig-

neous vapours are alfo connected with the fame

caufes, and are in a considerable degree the efFedts

of evaporation ; but their materials are different, as

well as their efFedts, though, from their evanefcent

nature, they are Scarcely at prefent Sufficiently un-
derftood.

1

* Kirvvan on Climate, c. 15.

K k 4 As
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As the phenomena which arc ftri&ly ele&rical

have been already treated of, the only meteors of

the igneeus kind, which remain to be confidered*

may be reduced to three dalles, viz. fire-balls, fall-

ing-ftars, and ignes fatui.

It has been already ftated, that the atmofphere

is the general relervoir of thofe particles which are

exhaled from every body which is volatile, or fub-

jedt to evaporation. In fpealung of the fire damp
in mines it has been fhewn, that inflammable, air

will rife in large quantities, and to a confiderable

height in the atmofphere. There are alfo fome

pholphoric matters, which will alfo occafionally be

rendered volatile, and thefe particles are fipplied

in great abundance from all putrefeent fubftauces,

whether animal or vegetable. It has been fhewn,

that hydrogen or inflammable air readily combines

with fulphur. and forms what is called hepatic gas;

it will afterwards appear alfo, that it will combine

with phofphorus, and the phofpho'rated hydrogen

gas thus formed is remarkable for the property of

fpontaneoufly inflaming when it comes into cpntadt

with atmofpherical air. Thus we are furnifhed

with fufficient materials for the formation of all the

different appearances that have juft been enume-

rated : and though the matter of the meteors them-

felves has, for the reafon affigned, never heen chemi-

cally analized, yet from analogy it is not difficult to

judge of their nature and properties.

Thofe phenomena, which are claffed together

under the general appellation of fire-balls, were di-

vided
j ,

*
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vided by the ancients into feveral fpecies, accord-

ing to the externa] form or appearance which they

^Turned. They were alfo regarded by them in a

much more formidable light than they are by us,

as the certain prognoses of great and awful events

in the moral and political world. Even the philo-

fophic Cicero fpe.aks of the “ ab occidente faces,”

as the certain harbingers or indications of thofe

bloody fcenes which in his time conyulfed "and de-

flated the Roman commonwealth.

Under the general name of comets, Pliny enume-

rates a variety of thefe phenomena. If the fire

commences at one extremity of the meteor, and

burns by degrees, he terms it, from its form and

appearance, a lamp,' or torch if an extended mafs of

fire pafies longitudinally through the atmofphere,

he calls it a dart ; and if its length and magnitude

are confiderable, and it maintains its ftation for any

fp$ce of time, it- is a beam ; if the clouds feem to

part, and emit a quantity of fire, he terms it a

chajm *
; but thjs lg.ll appears to be, itridtly lpeak-

ing, an electrical phenomenon, indeed only a fitrong

and vivid flafih of lightning.

Several inftances of thefe meteors are recorded

by the fame author. During the fpedtacle of gla-

diators exhibited by Germanicus, one of them palled

rapidly by the faces of the fpeCtators at noon-day.

A meteor of that fpecies which he calls a beam, he

* Lampades, faces, bolides, trabes,

JPlin. Nat. Hift. 1 . ii. c. 2y, 26.

and chafma cceli. See

adds.

\
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adds, was fccn when the Lacedemonians were de-

feated at fea, in that memorable engagement which

loft them the empire of the fea *. He alfo men-

tions a fanguineous kind of meteor, a flame as red

as blood, which fell from heaven about the 107th

Olympiad, when Philip of Macedon was concerting

his wicked plan for enflaving the republics of

Greece f. He relates, that when he was himfelf

on the watch during the night in the Roman camp,

he was a fpeeftator of a fimilar appearance—

a

number of refplendent lights fixed upon the palifa-

does of the camp, fimilar, he fays, to thofe which

mariners fpeak of as attaching themfelves to the

mafts and yards of a fhip

In tropical climates thefe meteors are more com-

mon and more fhipendous than in thefe more tem-

perate regions. 1 As I was riding in Jamaica,*

fays Mr. Barbham, 4 one morning from my habi-

tation, fituated about three miles north-weft from

St. Jago de la Vega, I faw a ball of fire, appearing

to me about the bignefs of a bomb, fwiftly falling

down with a great blaze. At firft I thought it fell

into the town ; but when I came nearer, I faw

many people gathered together, a little to the fouth-

ward, in the Savannah, to whom I rode up, to in-

quire the caufe of their meeting : they were ad-

miring, as I found, the ground’s being ftrangely

* Plin. Nat. Hill. 1. ii. c. 25, 26. f lb. c. 27.

I lb. c. 37.

broken
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broken up and ploughed by a ball of fire ; which,

as they faid, fell down there. I obferved there

were many holes in the ground ; one in the middle,

of the bignefs of a man’s head, and five or fix

fmaller round about it, of the bignefs of one’s fill,

and fo deep as not to be fathomed by fuch imple-

ments as were at hand. It was obferved, alfo, that

all the green herbage was burnt up near the holes

;

and there continued a ftrong fmell of fulphur near

the place for l'ome time after .

7

Ulloa gives an account of one of a fimilar kind

at Quito *. c About nine at night,’ fays he, £ a

globe of fire appeared to rife from the fide of the

mountain Pichinca, and fo large, that it fpread a

light over all the part of the city facing that moun-

tain. The houfe where I lodged looking that way,

I was furprifed with an extraordinary light, darting

through the crevices of the window-ihutters. On
this appearance, and the buflle of the people in the

ftreet, I haftened to the window, and came time

enough to fee it, in the middle of its career, which

continued from weft to fouth, till I loft fight of it,

being intercepted by a mountain that lay between

me and it. It was round, and its apparent diame-

ter about a foot. I obferved it to rife from the

fides of Pichinca, although, to judge from its

courfe, it was behind that mountain where this

congeries of inflammable matter was kindled. In

the firft half of its viflble courfe it emitted a prodi-

f Ulloa, vol. i. p. 41.

gious

1
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gious effulgence, then it began gradually to grow

dim; fo that, upon its difappearing behind the in-

tervening mountain, its light was very faint.’

1 Meteors of this kind are very frequently feen

between the tropics ; but they fometimes, alfo, vifit

the more temperate regions of Europe. We have

the defeription of a very extraordinary one, given

11s by Montanari, that ferves to fhew to what great

heights, in our atmofphere, thefe vapours are found

to afeend. In the year 1676, a great globe of fire

was feen at Bononia, in Italy, about three quarters

of an hour after fun-fet. It palled weftward, with

a moll rapid courfe, and at the rate of not lefs

than a hundred and fixty miles in a minute,

which is much fwifter than the force of a cannon-

ball, and at laft Hood over the Adriatic fea. In

its courfe it crolfed over all Italy ; and, by com-

putation, it could not have been lefs than thirty-

eight miles above the furface of the earth. In the

whole line of its courfe, wherever it approached,

the inhabitants below could diftindtly hear it, with a

hilling noife, refembling that of a fire-work. Hav-

ing palled away to fea, towards Corfica, it was

heard at laft to go off with a molt violent explofion,

much louder than that of a cannon ; and, immedi^

ately after, another noife was heard, like the rattling

of a great cart upon a ftony pavement, which

was, probably, nothing more than the echo of the

former found. Its magnitude, when at Bononia,

appeared twice as long as the moon one way, and

as broad the other ; fo that, confidering its height,

it
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it could not have been lefs than a mile long and

half a mile broad. From the height at which this

was feen, and there being no volcano on that quar-

ter of the world from whence it came, it is more

than probable that this terrible globe was kindled

on fome part of the contrary fide of the globe, in

thofe regions of vapours which we have been juft;

defcribing, and thus, rifing above the air, and

pafting in a courfe oppofite to that of the earth’s

motion, in this manner it acquired its amazing ra-

pidity V
Two of thefe meteors appeared in this country in

the year 1783, of which a molt particular and truly

philofophical account, and ingenious folution, by Dr.

Blagden, is publifhed in the Philofophical Tranfac-

tions of the following year ; and as his account

will apply to many phenomena of the kind, I

cannot take any better method to elucidate this part

of the fubjeft, than by prefenting my readers wnth a

Ihortabftrad of this very curious and learned memoir.

The firlt of the two meteors in queftion was feen

on the 1 8th of Augufl, and was, in appearance, a

luminous ball, which rofe in the N.N. W. nearly

round ; it, however, foon became elliptical, and

gradually aftumed a tail as it afcended, and, in a

certain part of its courfe, feemed to undergo a

remarkable change, compared to burfting
; after

which it proceeded no longer as an entire mafs, but

was apparently divided into a duller of balls of

different magnitudes, and all carrying or leaving a

* Goldfmith’s Hill. Earth, Vol. I. p. 382,

train
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train behind, till, having paffed the eaft, and verging

confiderably to the fouth, it gradually defeended,

and was loft out of fight. The time of its appear-

ance was about fixteen minutes paft nine in the

evening, and it was vifible about half a minute. It

was feen in all parts of Great Britain, at Paris, at

Nuits in Burgundy, and even at Rome, and is

fuppofed to have deferibed a tradt of one thoufand

miles at leaft over the furface of the earth. It

appears to have burft and re- united feveral times ;

and the firft burfting of it which was noticed feems

to have been fomewhere over Lincolnfhire, perhaps

near the commencement of the fens. This change

in the meteor correfponds with the period in which

it fuffered a deviation from its courfe. If indeed,

the explofton was any kind of effort, we cannot won-

der that the body fhould be diverted by it from its

direct line; and, on the other hand, it ieems equally

probable, that if it was forced by any caufe to

change its direction; the confequence would natu-

rally be a feparation of its parts.

The illumination of thefe meteors is often fo great

as totally to obliterate the ftars, to make the moon

look dull, and even to aftedt the fpedtators like the

fun itfelf. When this meteor was obferved at Bruf-

fels, the moon appeared quite red, but when it was

palfed, recovered its natural light. This effedt, the

Dodtor remarks, muft have depended on the con-

trail; of colour, and fhews how large a proportion of

the blue rays enters into that light which could

even make thefiher moon appear to have an excefs

of
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of red. The body of the fire-ball, even before it

burft, did not appear of an uniform brightnels, but

confided of lucid and dull parts, which were con-

ftantly changing their refpe&ive pofitions, fo that

the whole effect was to fome eyes like an internal

agitation or boiling of the matter. By the belt ac-

counts that could be procured concerning the height

of the meteor, it feems to have varied from fifty-

five to flxty miles. In thefe two lafh particulars it

feems to have wonderfully correfponded with fome

other phenomena of the fame kind.

A report was heard fome time after the meteor

difappeared* and this report was loudeft in Lin-

colnfhire and the adjacent parts, and again in the

eaftern parts of Kent ; the report we may therefore

fuppofe to be the effe£t of the two explofions of

the body, firft over Lincolnlhire, and afterwards

when it entered the continent ; a hiding found was

faid alfo to have accompanied the progrefs of the

meteor. Judging from the height of the meteor,

its bulk is conjeftured to have been not lefs than

half a mile in diameter ; and when we confider this

bulk* its velocity cannot fail to aftonilh us, which is

fuppofed to be at the rate of more than forty miles

in a fecond.

The other meteor, which appeared on the 4th of

October* at forty-three minutes pad fix in the even-

ing, was much fmaller than the former, and of -a

much fhorter duration. It was firft perceived to

the northward, as a ftream of fire, like the common
(hooting ftars, but large ; but presently burft out

* into
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into that intenfely bright bluifh flame, which is pe-

culiar to fuch meteors. It left behind it a dufky

red ftreak of fire, and, except this, had no tail, but

was nearly globular. After moving not lefs than

ten degrees in this bright ftate, it became fuddenly

extinCt without any explofion. The height of the

meteor mull have been between forty and fifty

miles ; and its duration was not more than three

feconris.

The DoCtor is of opinion, that the general caufe

of thefe phenomena is electricity, which opinion he

grounds upon the following circumftances :— ift;

The velocity of thefe meteors, in which they cor-

refpond with no other body, in nature but the elec-

trical fluid, edly, The eleCtrical phenomena at-

tending meteors, the lambent flames, and the fparks

proceeding from them, which have fometimes da-

maged fliips and houfes in the manner of lightning

;

nnd, added to thefe, the hifling found, relembling

that of electricity palling from a conductor. As a

third argument in favour of this hypochefis, the

DoCtor remarks the connection of meteors with the

northern lights. Inftances are recorded, where

northern lights have been feen to join, and form lu-

minous balls, darting about with great velocity,-

and even leaving a train like fire-balls. The au-

rora borealis appears to occupy as high, if not a

higher, region above the furface of the earth, as

may be concluded from the very diftant countries

to which it has been vifible at the fame time. 4thly,-

Tbe^ molt remarkable analogy, the DoCtor thinksy

is
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is the courfe of at leaft all the larger meteors, which

feems to be conftantly from or towards the north or

north-weft quarter of the heavens. Of above forty

different fire-balls defcribed in the Philofophical

Tranfaftions, twenty are fo defcribed, that it is

certain their courfe was in that direction ; only

three or four feem to have moved the contrary

way ; and with refpe£t to the remainder, it is left

doubtful, from the imperfect ftate of the relations.

Notwithftanding the Doctor’s ingenious argu-

ments, I cannot, on my own part, fubfcribe to

the opinion, that thefe phenomena are altogether

electrical. The duration of the fire-ball, the une-

qual confiftency of the mafs, and feveral other points

in the narration, feem to indicate that its materials

were of a lefs rare and evanefcent nature than the

eleCtric fire. The union of pholphorus and hydro-

gen in the atmofphere, will fufficiently account for

the inflammation of thefe mafles of volatile matter,

and their colour will depend on the nature of the

compofition, as is plain from what has been faid

upon the fubjetft of the fire-works produced from in-

flammable air *.

One inftance more of this kind of phenomena I

fhall beg leave to mention, particularly as it differs

in many refpeCts from the preceding j and from its

duration, and the ftrong fmell which attended the

explofion, it feems not to have been the effcCt of

eleCtricity.

VOL. I.

* See Chap. V.

LI On
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On board the Montague, under the command of

Admiral Chambers, in lat. 42
0
48'. long 9

0
3'. on

the 4th of November 1749, about ten minutes be-

fore twelve, as the author, Mr. Chalmers, was tak-

ing an obfervation, one of the quarter- mafters

defired he would look to the windward. On di-

retting his eye that way, he obferved a large ball of

blue fire about three miles diftance from them;

they immediately lowered the topfails, but it came

fo faft upon them, that before they could raife the

main-tack, they obferved the ball rife almoft per-

pendicularly, and not above forty or fifty yards

from the main chains, when it went off with an ex-

plofion as great as if hundreds of cannon had been

difeharged at the fame time, leaving behind it a

ftrong fulphureous fmell. By this explofion the

main-top mail was fhattered in pieces, and the

main- mart fent quite down to the keel. Five men

were knocked down, and one of them was greatly

bruifed, and feme other damage of lefs importance

was done to the fhip. Juft before the explofion,

the ball feemed to be of the fize of a large mill-

ftone.

The fhooting or falling ftar is a common pheno-

menon, but though fo frequently obferved, the great

diftance, and the tranfient nature of thefe meteors,

added to the entire confumption of their materials*,

have

* It is a vulgar notion, that the fmall mafles of white jelly,

which are fometimes found in the fields, are produced from the

falling ftars, and it is called liar jelly. This jelly, however, is

the

\
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have hitherto fruftrated every attempt to afcertain

their caufe. It is, however, reafonable to fuppofe,

that they are intrinfically the fame with the larger

meteors, as in moft of their properties they perfectly

correfpond with them. If the larger meteors are

formed from any mixture or combination of inflam-

mable air with phofphorus, or any other fubftance,

the fhooting ftars are probably the fame. If, on

the contrary, the larger meteors are electrical, there

is equal reafon for fuppofing the fmaller ones to

proceed from the fame caufe. Some philofophers,

indeed, reprefent both as maffes of electricity, at fo

great a diftance that their angular velocity is not

fufficient to prevent the eye from difcerning their

fhape. There are, however, three reafons which

operate againft this hypothefis. ift, The height of

thefe meteors is frequently above that to which

clouds afcend, and clouds are the common atmofphe-

rical conductors of electricity. adly, They do not

proceed from a cloud, as flafhes oflightning uniformly

do. And, 3dly, There is no noife refembling that

of thunder at their firft emiflion or appearance ;

the noife in the large meteors only takes place

when the mafs feparates or goes off like a fky-

rocket, and in this cafe the effeCt is flmilar to that

of gunpowder, or any difploding body.

* Concerning the nature and compofition of the

ignisfatuuSj or will-o’-the-wifp, there is left difpute;

the excrement of the heron, bittern, or fome animal of the crane

kind, which feed on aquatic animals, and have peculiar organs

of digeftion.

LI 2 the
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the generality of philofophers being agreed, that it

is caufed by fome volatile vapour of the phofphoric

kind, probably the phofphoric hydrogen gas. The
light from putrefcent fiibflances *, particularly pu-

trid filh, and thofe fparks emitted from the fea, or

lea-water when agitated in the dark, correfpond in

appearance with this meteor. Sir Ifaac Newton
defines the ignis fatuus to be “ a vapour fhining

without heat and it is ufually vifible in damp
places, about dunghills, burying grounds, and other

fituations, which are likely to abound with phof-

phoric matter.

A remarkable ignis faluus was obferved by Mr.

Derham, in fome boggy ground, between two rocky

hills. He was fo fortunate as to be able to ap-

proach it within two or three yards. It moved
with a brifk and defultory motion about a dead

thiftle, till a flight agitation of the air, occa-

fioned, as he fuppofed, by his near approach to it,

occafioned it to jump to another place; and as he

approached, it kept flying before him. He was

near enough to fatisfy himlelf, that it could not be

the fliining of glow-worms or other infers— it was

one uniform body of light.

M. Beccaria mentions two of thefe luminous ap-

pearances, which were frequently obferved in the

neighbourhood of Bologna, and which emitted alight

equal to that of an ordinary fcggot. Their mo-

tions were unequal, fometimes rifing, and fome-

* This fubjeft will be more amply treated of in the fucceed-

ing Book, under the title Phofphorus, Book VIII.

times
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times finking towards the earth j fometimes totally

dif'ppearing, though in general they continued ho-

vering about fix feet from the ground. They differed

in fize and figure ; and, indeed, the form of each

was fluctuating, fometimes floating like waves, and

dropping fparks of fire. He was allured there

was not a dark night in the whole year in which

they did not appear ; nor was their appearance at

all affected by the weather; whether cold or hot,

fnow or rain. They have been known to change

their colour from red to yellow j and generally

grew fainter as any perlon approached, vanifhing

entirely when the obferver came very near to them,

and appearing again at fome diftance.

Dr. Shaw alfo defcribes a Angular ignis fatuus ,

which he faw in the Holy Land. It was fometimes

globular, or in the form of the flame ofa candle ; and

immediately afterwards fpread itfelf fo much, as to

involve the whole company in a pale inoffenfive

light, and then was pbferved to contract itfelf again,

and fuddenly difappear. In lefs than a minute, how-

ever, it would become vifible as before, and run along

from one place to another ; or would expand itfelf

over more than three acres ofthe adjacent mountains.

The atmofphere at this time, he adds, was thick and

hazy.

In a fuperftitious age we cannot wonder that

thefe phenomena have all been attributed to fuper-

natural agency
;

it is one of the nobleft purpofes of

philofophy, to releafe the mind from the bondage of

• L 1 3 imaginary
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imaginary terrors ; and by explaining the modes in

which the Divine Providence difpofes the different

powers of nature, to elevate our thoughts to the

one firft caufe j to teach us to fee c< God in all, and

all in God.”

#

4

Chap.
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Chap. ^XIII.

I

OF THE PROGNOSTICS OF THE
WEATHER.

Imperfedl State of this Branch of Science.—Prognoflics ofWrather

from the previous State of the Seafon.—From the Undulations of

the Atmofphere.— From the Barometer.— From Fogs.—From

Clouds.-—From Profpefts.—From the De-iv.—From the Sky .

—

From the Moon.—From the Wind.—Remarks on Water and

Wood.

A METHODICAL arrangement ofmeteorolo-

gical phenomena, by which more certain

prognoflics of the weather might be procured, is a

great defideratum in the fcale of ufeful knowledge.

That philofophers have already a conficlerable ac-

quaintance with the nature of heat, water, and air,

their numerous and ingenious experiments fuffici-

ently prove ; but when thefe three ingredients of

nature are in a compound ftate floating round our

globe, and producing all thofe various agitations

and combinations, known under the general deno-

mination of weather, then their knowledgeTeems to

be without fyftem, without certainty, and contrary

fo the very end of true philofophy, almoft without

L 1 4 utility.
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utility. From the combination of air and water

with heat, from their circulation and their decom-
pofition, arifes all that variety of weather of which

the atmofphere of all countries, and particularly

that of iflands, is fo fufceptible. It is well known,

that water exhales from the furface of the earth in

the form of a rare, invifible, expanded vapour, and

that after it has been difperfed in the air, and fuf-

pended in it for fome time in that Hate, it is after-

wards condenfed into mills and clouds, and after-

wards, when collefled into drops, it defeends in rain,

hail, or fnow, to the earth whence it originally

proceeded, to be there re evaporated and circulated

again through the atmofphere.

The atmofphere itfelf is influenced and modified

by the variations of its denfity; by its humidity
i

by the precipitation of the aqueous particles into

rain ; by the wind ; by the power of eleflricity j

and by the agency of heat and cold, as remarked in

the preceding chapter.

Though the fcience of predifling the weather is

at prefent vague and imperfefl, becaufe it is but

lately that accurate obfervations have been made on

the changes of the weather, yet from what we may

colleft from the works of De Luc, De Sauflure,

Marfhall, and Kirwan, we are authorized to expeft

fomc fuccefs in thofe inquiries. But it can hardly be

fuppofed that their obfervations, in the prefent Hate

of fcience, will be fufficient to form a perfeft theory,

till feconded by thofe of fucceeding times. For this

falutary
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falutary end it will be neceflary to make as many

obfervations on the different figns of the weather as

pofftble, fince it is only by their combination and

concurrence, that uncertainty can be removed.

The principal means of predicting the changes of

weather, and particularly with refpeCt to rain or

drought, may be reduced to feven, viz. ift. From

the preceding ftate of the weather. 2d. From the

undulations of the atmofphere. 3d. From the

barometer. 4th. From the appearance of the

clouds. 5th. From the colour of the fky. 6th.

From the wind. 7th. From the moon.

I. As the caufes ofevery change of weather muft

have preceded for fome time the effeCt, it is in

general by an attention to its previous ftate, that

we are enabled to form the moft accurate judgment

of what weather is to be in future expected ; from

a feries of obfervations made from 1677 to 1789,

Mr. Kirwan lays down the following rules or prin-

ciples.

1 ft. When there has been no ftorm before or

after the vernal equinox, the enfuing fummer is

generally dry, at leaft five times in fix.

2d. When a ftorm happens from an eafterly

point either on the 19th, 20th, or 21ft of March,

the fucceeding fummer is dry, four times in five.

3d. When a ftorm arifes on the 25th, 26th, or

27th, of March, and not before, in any point, the

fucceeding fummer is generally dry, four times in

five.

4th.
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4th. If there fliould be a ftorm at S. W. or

W. S. W. on the 19th, 20th, or 22d, the fucceeding

fummer is generally wet, five times in fix.

Mr. Kirwan adds, that it rains lefs in March than

in November, in the proportion of ftven to twelve.

It generally rains lefs in April than in October, in

the proportion of one to two; lefs in May than

September, in the proportion of three to four.

When it rains plentifully in May, it generally rains

but little in September ; and the contrary. A week

is accounted wet w'hen it contains four wet days, or

more ; a month, when it contains three wet weeks;

and a feafon, or quarter of a year, when it contains

two wet months. He terms that a wet day in

which rain falls to the amount of one pound troy,

in the fpace of a fquare foot.

In any given year, the probability of a dry fpring

is in the proportion of twenty-two to fix wet, and

thirteen variable. Of a wet fummer it is twenty to

fixteen dry, and five variable. Of a variable autumn,

nineteen to eleven of wet or dry. That is, out of

forty-one years the fpring in twenty-two will be dry,

&c. ; and fo in proportion *.

II. Among the various means of prognofticating

the weather, remarked by the late Mr. Adams f,

one of the mod important, in his opinion, feems to

be that undulating motion, or diurnal tumult in the

air, which is kept up by the heat of the fun. The

* Mem. Royal Irifh Acad. Vol. v.

| Dilll-rtation on the Barometer.
‘

• humidify
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humidity raifed from the earth by the heat of the

fun, is fuftained in the atmofphere by its heat, and

the agitation of the air. Though this motion is

not always vifible to the naked eye, yet by the help

of a good telefcope it becomes eminently confpi-

cuous j every objedl appears to be in violent agita-

tion, and the boundary line of the fenfible horizon,

which would otherwife be clear and well defined, is

waved like a field of corn agitated by the wind, or

the fuffece of the fea in a frefh gale. While thefe

tmdulations continue in the air, the vapours remain

there ; but when the fun departs, and they fubfide,

thefe aqueous particles become condenfed, and de-

scend to the ground during the night, and in the

morning affume the appearance of dew.

III. The greateft acquifition, perhaps, that ever

was made to natural philofophy, with refpefr to

afeertaining the changes of the weather, was the

difeovery of the Barometer. The nature and ufes

of this inftrument have been previoufly deferibed *.

It is evident, that when the mercury rifes in the

tube, the preflure, weight, or denfity of the air muft

be augmented j but the relation that exifts between

this preflure and the change of weather, which does

not take place fometimes till ten or twelve hours

afterwards, ftill remains to be explained.

The preflure of the air upon the refervoir of the

barometer proceeds in general from its weight, and

Sometimes from its elafticity. It has been proved.

• See this Bock, Chap. IX.

that



524 Signs of Weather [Book V.

that thcfc two properties of air fometimes vary, and,

confequently, the preffure which they produce.

Whenever the air difiblves a great quantity of wa-

ter, its fpecific gravity is increafed ; the column of

air which refts upon the refer voir of the barometer

becomes heavier, and the mercury rifes. If the fo-

lution is not perfect, the tranfparency of the air will

be difturbed ; hence a kind of mift will be pro-

ducer^*, which will generally caufe the mercury in the

barometer to rife; but if the folution is perfed, the

tranfparency of the air will be complete, and fine wea-

ther return, as the mercury in the barometer predicted

by its alcent. While certain caufes determine this

water, which is held in folution, to delcend into the

lower region of the atmofphere, before it is fufficiently

condenfed to be regularly formed into rain, there

is another part of it which will have previoufly ar-

rived at the furface of the earth. As a proof of

this, it is obfervable, that when the weather is about

to change to rain, all bodies which are impenetra-

ble to water, fuch as bars of iron, hard ftones, &c.

are found to be moift or wet. The column of air

which prefl’cs upon the refervoir of the barometer,

will become, therefore, lighter by the lofs of that

portion of water already arrived at the earth ; and

the barometer will detcend, and predid the rain,

which will come in a fhort time after, being formed

by the remainder of the water, which will then have

had time to be formed into regular drops *.

It muft be confefied, that there are fome appear-

ances which feem to contradid this explanation.

* Britton. Vo!, i.

It*
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It fometimes happens, that the barometer riles even

during rain, while the air difcharges itlelf of the

water which it held in folution : it alfo happens fre-

quently, efpecially in the winter, that, during whole

months, every time that the mercury rifes in the

barometer, rain continues to fall 3
and every time

that it defeends, fine weather returns. Still this may
be reconciled to what has been dated ; for as (as

has been already obferved) it is the great quantity

of water diflolved in the air which augments its

weight, if, therefore, during rain, a new folution of

water fhould by any means be effected in greater

abundance than the quantity which falls (and this

we know may happen from various caufes) the

barometer will rife. If the water fo diflolved re-

mains in the lower region, this rife of the barome-

ter will predict a frefh fall of rain, which often

happens in fuch cafes. In Ihort, if the air difiblves a

great quantity of water, and at the fame time cold,

or fome other caufe, fhould impede that water from

diflolving perfectly, and rifing to a great height, it

will augment the weight of the air in a proportionate

degree, and will caufe the barometer to rife ; and

in the mean time it will be ready to be collected

into drops, and formed into rain, which will foon

after take place. While this rain continues to fall,

if there is no new folution effe£ted, the air will be-

come lighter; the barometer will fall; and, not-

withstanding that, it will predi6t fine weather, which,

according to this rule, ought to happen. That kind

of relation which appears to fubfifl; between the

weight



526 Prognojiics of Weather [Book V;

weight of air and the change of weather, according

to circumftances, may be accounted for, therefore,

in this manner. Fine weather may happen, not-

withftanding the diminution of the weight of air,

when fome other elaft'c fluid, lighter than it, be-

comes intermixed with it, without taking away the

tranfparency. In fhort, the elafticity of air, the

force of which may vary from different caufes, will

Hill contribute to vary its prefture. This elafticity

acts fometimes in conjunction with the weight, fo as

to increafe the efteCt of it ; at other times it aCts in

a contrary way, and may alfo diminifh, or even

counterbalance, the effeCt of the augmentation of

weight. It follows, then, that fine or bad weather

may continue, however high the mercury may be

in the barometer 3 and ftill this does not weaken the

explanation which has before been given of this

fact.

Obfervation, however, in thefe cafes is always

preferable to theory 3 and from long and attentive

obfervation, and from a careful infpeCtion of thofe

of other philofophers, Mr. Adams was enabled to

lay down the following principles in his uleful trea-

dle on this inftrument.

1. It generally happens, that, when the mercury

in the tube falls, the air being lighter, it will depofit

its vapour, and produce rain : but when it rifes, the

air being heavier, the vapours will be fupported, and

fine weather is the ufual confequence.

2. When the mercury falls in frofty weather,

cither fnow or a thaw may be expeCted ; but if it

riles
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riles in the winter with a north or eaft wind, it ge-

nerally forebodes a froft.

3. It is neceffary to attend to the progrefs of the

rife and fall ; thus, if it finks flowly, the rain may be

expected to be of fome continuance. In the fame

manner, when the mercury rifes gradually, we may

be inclined to believe, that the fine weather will be

lafting.

4. When the barometer is fluctuating, rifing and

falling fuddenly, the weather may be expefted to be

like it, changeable.

5. When it falls very low, there will be much rain*

6. But if its fall is low and fudden, a high wind

frequently follows.

7. When an extraordinary fall of the mercury hap-

pens, without any remarkable change near at hand,

there is fome probability of a ftorm at a diftance.

8. The barometer will defcend fometimes as an

indication of wind only j nor is its rife always a cer-

tain fign of fair weather, particularly if the wind is

to the north or the eaft.

9. A north-eaft wind generally caufes the baro-

meter in England to rife, and it is generally lowell:

with a fouth-weft wind.

If the air in foggy weather becomes hotter by

the adtion of the fun alone, the fog generally difli-

pates, and the air remains ferene ; but if the baro-

meter falls, and the change of temperature is from

a fouth or fouth-weft wind, the fog rifes and forms

into clouds, and its afcent is generally a fign of

rain.

1 u We
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<c We have,” lays Mr. Adams, " at prefent no
certain data from obfervations, whereby certain con-

clufions may be formed relative to fogs, and their

connexion with rain.”

In winter, when the cold decreafes fuddenly, rain

may be expeded ; but in fummer, a fudden increafe

of heat forebodes rain.

IV. Several prognoftic flgns of the weather may
be collected from the various appearances of the

clouds ; when they appear to diflblve fuddenly into

air, and become invifible, it may be confidered as a

ftrong indication of fair weather j but, on the con-

trary, when they feem to form themfelves into mafles

from the furrounding air, and to increafe in dcnfity

and magnitude, rain may reafonably be predicted.

Upon the approach of heavy rain every cloud

rifes larger than the preceding one, efp.ecially fo

when a thunder- ftorm is near, when fmall fragments

of clouds colle6t, and in a little time cover the

whole face of the fky. Fifhermen, by this rule,

frequently prognofticate a ftorm, from a fmall point

of a cloud appearing on the vifiblc horizon at fea.

When the clouds appear like fleeces, deep and

denfe towards the middle, and white at the edge

with a bright blue fky about them, either hafty

fhowers of rain, hail, or fnow, may be expeded.

Mr. Jones, in his philofophical difquifitions, fays,

that he predided a high wind forty hours before it

^>egan, from the complexion of a Angle cloud, with

white edges, and dark diverging lines from it ;
after

4 this
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this appearance there was a great dorm, which

la-fted for two days and two nights.

When the clouds, as they come forward, appear

to diverge from a point in the horizon, a wind may

be predicted, either from that or the oppofite

quarter.

When the fky is covered with clouds above, and

there are fmall black fragments of clouds, like

fmoke, flying ynderneath, rain is generally near,

and frequently lading.

The mod certain fign of rain is two different

currents of clouds, efpecially if the lower current

flies fad before the wind -

}
when two fuch currents

appear in hot weather, they forebode a thunder-

dorm.

The inhabitants of the Alps, when didant objedts

appear didin£t and well defined, and when the fky

appears of a deep blue, fuppofe it a decifive fign of

rain, though no other fign of it may appear. The
blue colour of the fky in any country is certainly

cccafioned by a quantity of vapour equally diffufed

through the air at the time.

Mr. Adams obferves of the dew, that, when it

appears plentifully upon the grafs after a fair day,

another fair day may be expected ; but if after fuch

a fair day there is no dew upon the ground, and no

wind dirring, it is a fign that the vapours afcend,

and that there will be an accumulation above,

which mud terminate in rain. When the dew, or

hoar frod, abounds at an unufual feafon, and the

barometer is low, it is in general a fign of rain,

Vol. I. Mm V. As
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V. As the fky indicates the ftate of the vapours

in the atmofphere, its colour may be confidered as

an index to the weather.

When the vapours, which appear red in the

evening, are difperfed, the fky in the morning in

general becomes clear ; but when they continue to

float in the atmofphere, the morning Iky becomes

red alfo, and rain frequently follows.

When a lowring rednefs fpreads far upwards from

the horizon, whether in the morning or evening, it

is fucceeded frequently by either rain or wind, fome-

times by both.

When a rednefs in the fky extends towards the

zenith in the evening, the wind may be expe&ed to

proceed from the weft, or fouth-weft, accompanied

with rain in confiderable quantity. Perhaps one

of the moft certain figns of fine weather is the lofti-

nefs of the canopy of the fky.

As the rays of light which pafs from the fun,

moon, or ftars, to the earth, are certainly affected

in their colour by the ftate of the vapours through

which they pafs, thofe colours may be confidered as

indications of the quantity and nature of thofe va-

pours.

When the clouds in the eaft, about fun-rife, ap-

pear of a gay orange colour, it is generally, and

not improperly, fuppofed to be a fign of rain.

VI. The firft of Roman poets, and not the laft

of natural philofophers, Virgil, obferves, that a pale

moon is a fign of rain j that a red one forebodes

7 * winds
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wind ; and that when Ihe wears her own natural

whitenefs, with a ferene Iky, it is a fign of fair

weather.

Mr. Jones, in his phyfiological difquifitions, fays,

that when it rains during a moon, the following

change will probably produce clear weather for a

few days, and then a continuation of rain ; but on

the contrary, when it has been fair throughout, and

it rains at the change, the fair weather will proba-

bly be reftored about the fourth or fifth day of the

moon, and continue as before. This gentleman

adds confiderable weight to this oblervation, by af-

ferting, that he has made hay after thefe prognoses

for twenty years, without having once had the mor-

tification to fee it damaged by rain. I mult, how-

ever, confefs, that the reafon of the fadt is not clear

to my mind , and I therefore give it folely upon

his authority, and recommend it to future obfervers

to confute or confirm it by accurate obfervations.
»

* •

VII. A whiffling, howling wind has been ge-

nerally efteemed almoft an infallible fign of rain.

Mr. Adams, in the differtation which has been

quoted, has prefented us with fome uleful obferva-

tions on warm and cold weather. Living vegeta-

bles, fays he, have a confiderable effedt in alcering

climates and affedting the weather. Woody coun-

tries are much colder than thofe that are open and

cultivated. As a proof of this hypothefis, Guiana is

commonly adduced, of which only a part has been

cleared from wood fince the beginning of this cen-

M m 2, tury.i
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tury
; the heat in that part is already become ex-

ceffive^ whereas, in the woody parts of the fame

country the inhabitants are obliged to light a fire

every night.

It is alfo juftly obferved, that water abounds mod
in woody countries j that the pureft fprings are ge-

nerally found beneath the friendly fhelter of a grove;

and that in proportion as the woodlands in any

country are cleared, the watercourfes are dimi-

nifhed.

Hence may be inferred the necefiity of preferv-

ing trees about thofe places whence water-fprings

difeharge their currents, if it is an object to preferve

them ; and alfo of improving fmall fprings, by

planting trees around them, and efpecially oaks.

And hence, alfo, it is a fair conclufion, that in

this climate, where the cold certainly predominates,

woody fituations cannot be wholefome ; and that,

adjacent to houfes efpecially, the land fhould be

laid open.

t
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Chap. XIV.

AEROSTATION.

Hiflory of Aeroflation.—Difoamy of Air Balloons by M. M. Mont-

golfier.—Firfit Balloon exhibited at Annonay.—Balloon filled with

inflammable Air exhibited at Paris.—Pilatre de Rosier afcends

in a Balloon.—Firfl Balloon exhibited in England.— Afient of

M. Lunardi.—Voyage of M. Blanchard and Dr. fejfcries acrofs

the Channel.—Unfortunate Cataflrcphe of M. M. de Rozier and

Romain.-—Mr. Baldwin's Defiription of the Profpettfrom a Bal-

loon.—Principles of Aeroflation.—Modes offilling Balloons.— Ufe

to which they have been applied.

WHEN the principles of natural philofophy

are confined to theory only, they may
a-mufe and inftruft the inquiring few, without excite

kig either the curiofity or admiration of the multi-

tude i but when thofe theories are reduced to practice,

and illuftrated by experiments, it becomes then more

generally interefting, and attracts the attention of

the moll uninformed minds. Perhaps the princi-

ples upon which the air balloons are conftrudted

might be among the amufing fpeculations of a

Boyle or of a Newton, but the adtual exhibition of

thofe aerial machines was referved to awake the cu-

riofity, and excite the aftonifhment, of the prefent

a£e *•
Mr.

* Boyle and Newton were certainly fo far acquainted with

the general properties of air, as to obferve, that fmoke and heat-

ed air would afcend^ and w.e have already obferved, in treating

Mm3 of
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The Hon. Henry Cavendifh, in the year 1766,
difcovcred that inflammable air was at lcaft lcven

times lighter than common air. Soon after this it

occurred to Dr. Black, that if a bladder, fufliciently

light and thin, was filled with this air, as the mafs

would be fpecifically lighter than the fame bulk of
common air, it would necefiarily rife in that fluid.

A few years afterwards Mr. Cavallo made foine.

experiments on this fubjeCt, and to him belongs the

honour of bringing the fuggeftion of Dr. Black

firfl: into public notice, in a paper which was read

to the Royal Society on the 20th of June 1782.

He found that the thinneft bladders were too heavy,

and that China paper was permeable to the inflam-

mable air ; he proceeded therefore no further than

blowing up loap-bubbles with inflammable air,,

which afccnded rapidly to the ceiling of a room, and

broke againft it, and thefe may be termed the firfl:

inflammable air balloons which were ever exhibited.

Wr.ile the art of aeroftation was thus on the

point of being dilcovered in Britain, M. M. Stephen

and Jofeph Montgolfier, paper manufacturers at

Annonay, in France, diftinguifhed themfelves by-

exhibiting an aeroftatic machine of confiderable

magnitude *.

After

of the difcovcries made upon air, that Van Helmont, a difciple

pf Paracelfus, gave the name of gas JylveJlre, to that fpecies of

air which was feparated from terreilrial bodies by means of fer-

mentation, Sc c.

* The principle upon which the aerial machines of Meflrs.

Montgolfier were conftrudted v/as that of air rarefied by heat,

by
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After various inferior experiments, a grand one

was made at Annonay, on the 5th of June, 1783,

before a great multitude of fpe&ators. A flaccid

bag was fufpended on a pole thirty- five feet high j

itraw and chopped wool were burnt under the

opening at the bottom ; the vapour, or rather fmoke,

foon inflated the bag fo as to diftend it in all its

parts, and this immenfe mafs afcended in the air

with fuch rapidity, that in lefs than ten minutes it

reached the height of fix thoufand feet. It was

_ -carried in a horizontal diredtion to the diftance of

feven thoufand fix hundred and flxty- eight feet, and

then defcended gently on the ground.

The true caufe of the afcent of thefe machines is,

the air being rarified and expanded within them by

-the application of heat.

Thefe experiments were no fooner communi-

cated to the philofophers of Paris, than it occurred

to them, that as the weight of inflammable air was

not more than the eighth or tenth part of that of

common air, a balloon might be inflated with this

light air, which would anfwer all the purpofes of

thofe of M. Montgolfier, with feveral additional

advantages. They conftrudled a globe of luteftring,

which was made impervious to the inclofed air by

a varnifh of elaftic gum diffolved in fpirits or efien-

by which it became expanded, and therefore difpofed to afcend

into the common air. As in various other philofophical expe-

riments, fo in this of the two brothers, accident offered her pre-

carious aid, and they had the judgment to make a proper appli-

cation of a cafual difcovery.

tialM m 4
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tial oil. On the 23d of Auguft, 1783, they began

to fill a globe of thirteen feet diameter with inflam-,

mable air; on the 27th of the fame month it was

carried to the Champs de Mars, and being difen-

gaged from the cords, it arofe in two minutes

to the height of three thoufand one hundred and

twenty-three feet. When this balloon went up, its

weight was thirty- five pounds lefs than the fame

bulk of common air.

The firftperfon who afeended into the atmofphere

in one of thefe machines was M. Pilatre de Rozier.

On the 15th of O&ober, 1783, this adventurer went

up from a garden in the Fauxbourg St. Antoine in

Paris, in a balloon of the Montgolfier kind, or

thofe inflated by heat or rarefied air ; its diameter

was about forty-eight feet, and its height about

feventy four; he afeended from arnidlt an allonifhed

multitude to the height of eighty-four feet from

the ground, and there kept the machine afloat dur-

ing four hours and twenty-five minutes by repeat-

edly throwing ftraw and wool upon the fire. It

then defee nded to the ground, and the intrepid ad-r

venturer allured the fpeftators, that he had not re-

ceived the leaff inconvenience during his aerial

excurfion.

The firfl balloon was exhibited in England on

the 25th November, 1783, in the Artillery-ground,

London, by Count Zambeccari, an ingenious

Italian. It was launched from that place at one

o’clock in the afternoon, and at half paft three was

taken up near Petworth, in Sulfex, forty-eight miles

' from
• • 0
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from London. It therefore went nearly at the rate

of twenty miles an hour, and its defcent was occa-

fioned by a rent fuppofed to be the effeft of the

rarefaction of the inflammable air, when the bal-

loon afcended to the rarer part of the atmo-

fphere.

The firft aerial navigator, however, who amufed

the intelligent, and aftonifhed the uninformed, of

this country, was Vincent Lunardi, a native of Italy;

his balloon was about thirty-five feet diameter 3 the

air for filling it was produced from zinc, by means

of a diluted vitriolic acid. He afcended from the

Artillery-ground at two o’clock, on* the 15th of

September, 1784. His balloon firft took the di-

rection of north weft by weft, but it foon fell into a

current of air which carried it nearly north. At
ten minutes paft four he defcended on a meadow
pear Ware, in Hertford (hire ; during the courfe of

his voyage the thermometer was as low as 29% and

the drops of water which adhered to the balloon

were frozen.

I was myfelf a fpecftator ofthe flight ofM. Lunardi,

and I muft confefs I never was prefent at a fight fo

interefting and fublime. The beauty of the gradual

afcent, united with a fentiment of terror on ac-

count of the danger of the man, and the novelty and

grandeur of the whole appearance, are more than

words can exprefs. A delicate woman was fo over-

come with the ipectacle, that Ihe died upon the fpot

as the balloon afcended
3 feveral fainted 3 and the

filent
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filent admiration of the anxious multitude was be-

yond any thing I had ever beheld.

The mod daring of all aerial voyages, however,

was that performed on the 7 th of January, 1785,

by M. Blanchard and Dr. Jeffries, acrofs the

Straits of Dover to France. At about one o’clock,

the balloon was launched near the high cliff' in that

vicinity; the ballad was all thrown out except

three bags of ten pounds each; there being but little

wind their progrels was very flow ; they deferibed

the profpedt which they had of the fouthern coad of

England as extremely delightful
; and they were able

to count thirty-feven villages. Perceiving the ma-

chine to defeend, they threw out at feveral times

all their ballad, books, &c. and at about twenty-

five minutes pad two, they had a mod enchanting

profpeft of the French coad. ‘We threw away,*

fays Dr. Jeffries,
c our only bottle, which, in its

defeent, cad out a deam like fmoke, with a ruffl-

ing noife, and when it druck the water, we heard

and felt the fhock very perceptibly on our car and

on the balloon.* At length they palfed over the

high lands between Cape Blanc and Calais, when

the machine rofe to a greater height than it had

reached during the whole voyage. They defend-

ed in fafety among fume trees in the fored of

Guiennes. In confequence of this voyage, the

king of France prefented M. Blanchard with a

purfe of 1 2,000 livres, and granted him a penfion

of 1,200 livres a year.

The
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The art of navigating through the air made lb

rapid a progrefs, that within two years from its firft

difeovery more than forty different perfons per-

formed the experiment without any material injury;

and it may be juftly queftioned, fays M. Cavallo,

whether the firft forty perfons who trufted them-

felves to the fea in boats or veftels efcaped fo fafe.

We muftj however, conclude this account of aerial

travellers by a melancholy fa<ft, the fate of the

gallant Rozier (who had been the firft aerial na-

vigator) and of his companion, M. Romain.

This unfortunate experiment was undertaken with

a view of difeovering a method of raifing or lower-

ing aeroftatic machines at pleafure. For this pur-

pofe a fmall balloon with rarefied air was attached

to the larger one, which was filled with inflammable

air. The fmall montgolfier was placed at a pro-

per diftance beneath the larger one, and it was

fuppofed, that by increafing or diminiftiing the fire

in the lower machine, the abfolure weight of the

whole would be proportionally diminilhed or aug-

mented.

On the 14th of June, 1785, thefe gentlemen

afeended in the machine, prepared as has been re-

lated. They had not been long in the air, when
the balloon, filled witli inflammable air, was feen

to fwell very confiderably, and the aeronauts ap-

peared very anxious to open the valves, and faci-

litate their deicent, by letting the inflammable air

elcape. The whole machine was fhortly after ob-
feryed to be on fire, at the height of about three

quarters
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quarters of a mile from the ground. The Aik,

which compofed the inflammable balloon, was about

a minute after perceived to collapfe, and the appa-

ratus defcended with fuch rapidity that both of the

gentlemen were killed. M. P. de Rozier appeared

quite dead when he reached the ground; M. Ro-

main was found with fome figns of life, but ex-

pired almod immediately after.

This dreadful catadrophe fecms to have con-

tributed to put an end to thefe experiments. Mr.

Baldwin, of Cheder, however, afcended from that

city in the month of September, in the fame year,

and has publilhed a very accurate and curious ac-

count of his obfervations during his voyage. In

his afcent he obferved, that the lowed bed of va-

pour neared the earth appeared like pure white

clouds in detached pieces, Which feemed to increafe

as he rofe. They prefently coalefced, and formed,

as he fays,
4 a fea of cotton, tufting here and there

by the aCtion of the air in the undidurbed part of

the clouds/ The whole foon became an extended

white floor of cloud ; above which, at great and

unequal didances, he obferved a vad aflemblage of

thunder clouds, each parcel confiding of whole

acres in the denfed form; he compares their form

and appearance to the fmoke of cannon, only den-

fer, and fomewhat refembling vad mafies of fnow.

Some clouds had motions in flow and various di-

rections, forming a fcene upon the whole truly

(tupendous and majedic.

/ The
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The principles on which balloons afcend in the

atmofphere will, after what has been {fated, be

eafily underftood. It itf a well known rule in hy-

droftatics, that when a body is immerfed in any

fluid, if its weight is lefs than an equal bulk of that

fluid, it will rife to the furface, but if heavier it

will fink, and if equal it will remain in the place

where it is firft ftationed. On this principle, fmoke

or vapour afcends in the atmofphere, and heated

air in that which is colder. That heated air will

afcend is eafily proved, by bringing a red-hot iron

under a fcale of a balance, which will inftantly

afcend, becaufe the hot air, being lighter than that

which is colder, afcends, and {trikes the bottom,

and impels it upwards ;
but as the denfity of the

atmofphere decreales, on account of the diminifhed

preflure of the fuperincumbent air, and the elaftic

property which it poffefles, at different elevations

above the earth, an air balloon can rife only to a

height in which the furrounding air will be of the

fame fpecific gravity with itfelf. When it is in this

fituation, it will either float, or be carried in a di-

rection with the wind or current of air which it

may happen to encounter in thofe upper regions.

The whole theory of aeroftation depends upon

this principle ; for the fame effeCt is produced,

whether we make the air lighter, by introducing

heat into it, or inclofing a quantity of gas lighter

than the common air ;
both will afcend on the fame

principle. Philofophers have found by experi-

ments, that a cubic foot of air weighs about five

hundred
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hundred and fifty-four grains, and that it is ex-

panded by every degree of heat marked on Fah-

renheit’s thermometer, abaut one five-hundredth

part of the whole ; by heating, therefore, a quan-

tity of air to five hundred degrees, we double its

bulk when the thermometer (lands at 54
0
in the

open air, and confequently its weight will be dimi-

nifhed in the fame proportion.

With refpedt to the mode of inflating a balloon

with heated air, nothing more is necefiary than the

inje6lion of heat into the machine, by burning com-

budibles under it. The air for filling the inflam-

mable air-balloons may be (plained in leveral

ways ; but the bed methods are, by applying acids

to certain metals, or by expofing a quantity of water

with certain mineral fubdances, in a clofe veflel, to a

llrong fire. M. Lavoifier, for this purpofe, made

the (learn of boiling water pafs through the barrel

of a gun kept red-hot by burning coals. Dr.

Prieftley recommends a tube of red-hot brafs, filled

with fmall pieces of iron. By this method inflam-

mable air is produced, the fpecific gravity of which

is to that of common air as 1 to 13.

The bed varnidi for coating the (ilk of the bal-

loon, in order to retain the inflammable air, is that

ufed by M. Blanchard, which confids of eladic

gum, or caoutchouc, cut fmall, and boiled in five

times its weight of oil of turpentine, the folution

being afterwards boiled for a few minutes with dry-

ing linfeed oil. This varnidi mud be ufed warm.

An aperture, with a valve, to which is attached

a cord.
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a cord, muff: be left in the top of the balloon, to

prevent its burfling, by too great inflation, in the

higher regions, where the air is lefs denfe.

The only practical ufe hitherto difcovered for

balloons, is that to which the French engineers

have applied them in the prefent war, which is, by

railing them to a convenient height, to enable the

engineer to reconnoitre the camp of the enemy, or

a fortified place, fo that he can diredt the attack to

that part which is moil eafily affailed.

That fo curious an invention lhould, however,

terminate here, it is not eafy to believe. The
curiofity of the public has for the prefent been la-

riated , and the few accidents which have happened

have diminifhed the fpirit of adventure. The dif-

ficulty, indeed, of regulating the courfe of thefe

aerial machines feems an almofl irrfurmountable bar

to their general utility. But who will prefume to

fet bounds to the ingenuity and courage of man ?

The firfl: mortal, who committed himfelf to the

waves on a mifhapen raft, had probably no fufpicion

of even thofe trivial improvements which were foon

to fucceed ; and the art of navigation was long

known, before the mariners compafs enabled the

daring but fcientific genius of a Columbus to tra-

verfe the vaft expanfe of the Atlantic ocean.

END OF THE FIRST VOLUME,
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