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L E T T E R S
ON

DIFFERENT SUBJECTS

IN

PHYSICS AND PHILOSOPHY.

LETTER I.

Continuation of the Subjetf, and of Mißakes in. tbt
Knowledge of 'Truth».

MADAM,

HE three 'claffes of truths which I have now un-
folded, are the only fources of all our know,

ledge ; all being derived from our own experience,
from reafoning, or from the report of others.

It is not eafy to determine which of thefe three
fources contributes moft to the increafe of know-
ledge. Adam and Eve muft have derived theirs
chiefly from the two firft ; God, however, revealed
many things to them, the knowledge of which is to
be referred to the third fource, as neither their own
experience, nor their powers of reafoning, could have
conducted them fo fan

Without recurring to a period fo remote, we are
fufficiently convinced, that if we were determined to
believe nothing of what we hear from others, or read

VOL. II. B in
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in their writings, we ihould be in a ftate of almoft
total ignorance; It is very far, however, from being
our duty to believe every thing that is faid, or that
we read. We ought conftantly to employ our dif-
cerning faculties, not only with refpecl: to truths of
the third clafs, but likewife of the two others.

We are fo liable to fuffer ourfelves to be dazzled
by the fenfes, and to miftake in our reafonings, that
the very fources laid .орел by the Creator for the
difcovery of truth, very frequently plunge us into
error. Notions of the third clafs, therefore, ought
not, in reafon, to fall under fufpicion, any more than
fuch as belong to the other two. We ought, there-
fore, to be equally on our guard againft deception,
whatever be the clafs to which the notion- belongs ;
for we find as many inftances of error in the firil
and fécond clafies as in the third. The fame thing
holds with regard to the certainty of the particular
articles of knowledge which thefe three fources fup-
plv ; and it cannot be affirmed that the truths of
any one order have a furer foundation tha,n thofe of
another. Each clafs is liable to errors, by which we
may be miflcd ; but there are likewife precautions
which, carefully obferved, furniih, us with nearly
the fame degree of conviction. I do not know
whether you are more thoroughly convinced of this
truth, that two triangles which have the fame bafe,
and the fame height, are, equal to one another, than
of this, that the Ruffians have been at Berlin;

the former is founded on a chain of accurate
reafoning,
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reafonîng, whereas the latter depends entirely on the
veracity of your informer.

Refpe&ing the truths, therefore, of each of theib
clafles, we muft reft fatisfied with fuch proofs as
correfpond to their nature ̂  and it would be ridicu-
lous to infift upon á geometrical demonftration of
the truths of experience, or of hiftory. This is ufu-
ially the fault of thofe who make a bad life of their
penetration in intellectual truths, to require mathe-
matical demonftration, in proof of all the truths of
religion, a great part of which belongs to the third
<3afs.

There are perfons determined to believe and ad-
mit nothing but what they fee and touch ; whati
ever you would prove to them by reafoning, be it
ever ft) folid, they are difpofed to fuípec% uníeis you
place it before their eyes. Chymifts, anatomiftSj
and natural philofophers, who employ themferves
wholly in making experiments, are moft chargeable
with this fault. Every thing that the one cannot
melt in his crucible, or the other diflecl with his-
fcalpel, they reject as unfounded. To no purpofe
you would fpeak to them of the qualities and nature
of the foul ; they admit nothing but what ftrikes
the fenfes.

Thus, the particular kind of ftudy to which every
one is addicted, has fuch a powerful influence on his
manner of thinking,'that the natural philofopher-
and chymift will have nothing but experiments, and
the geometrician and logician nothing but argu-.
tnentsj which conftitute, however, proofs entirely

В г different,
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, different, the one attached to the firft clafs, the öthe-f
to the fécond, which ought always to be carefully
diftinguiihed, according to the nature of the objefts.

Butcan'itbe poffible that perfons flwuld exift,
who, wholly abforbed in purfuits pertaining to the
third clafs, call only for proofs derived from that
fource ? I have known fome of this defcription, who,
totally devoted to the ftudy of hiftory ancj antiquity,
would admit nothing as true, but what you could
prove by hiftory, or the authority of fome ancient
author. They perfectly agree with you, refpecling
the truth of the propofitions of Euclid, but merely
on the authority of that author, without paying any
attention to the demonftrations by which he fup-
ports them ; they even imagine that the contrary
of thefe propofitions might be true, if the ancient
geometricians had thought proper to maintain it.

This is a fource of error which retards many in
the purfuit of truth ; but we find it rather among
the learned, than among thofe who are beginning to
apply themfelves to the ftudy of the fciences. We
ought- to have no prédilection in favour of any one
of the three fpecies of proofs which each clafs re-
quires ; and provided they are fufficient, in their
kind, we are bound to admit them.
.. I have f ее n or felt, is the proof of the firft clafs.
I can demonßrate it, is that of the fécond ; we like-
wife fay, / know it is fo. Finally, / receive it on th?
teßimony of perfons worthy of credit, or / believe it on
f olid grounds,is the proof of the third clafs.

1761. . .

LETTER



OBJECTION OF THE PYRRHONISTS.

LETTER II.

Fir/I Clnfs of known Truths. Convifiion that Things,
exiß externally correfponding to the Ideas, reprefented,
by the Senfes. Objection of .the Pyrrhonifts. Reply.

"t"T7"E include in the firft clafs of known truths,
* thofe which we acquire immediately by means

of the fenfes. I have already remarked, that they
not only fupply the foul with certain reprefentations
relative to the changes produced in a part of the
brain ; but that they excite there a conviction of the
real exiftence of things external, correfponding to.
the ideas which the fenfes prefent to us.

The foul is frequently compared to a man fhut up
in a dark room, in which the images of external оЫ
jects are reprefented on the wall by means of a glafs,
This comparifon is tolerably juft, as far as it refpects
the man looking at the images on the wall ; for this,
act is fufficiently fimilar to that of the foul, contem-
plating the impreflions made in the brain ; but the
comparifon appears to me extremely defective, as far
as it refpects the conviction, that the objects, which
occafion thefe images, really exift.

The man in the dark room will immediately fuf.
pect the exiftence of thefe objeits ; and, if he has no
doubt about the matter, it is becaufe he has been out
of doors, and has feén them ; beiides this, knowing
the nature of his glafs, he is affured, that nothing can
be reprefented on the wall but the images of the ob-
jects which are without the chamber before the glafs,

БЗ But
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But this is not the cafe with the foul ; it has never
quitted its place of refidence to contemplate the ob-,
je&s themfelves : and it knows ftill lefs the conftruc-
tion of the fenfitive organs, and the nerves which
terminate in the brain. It is, neverthelefs, much
more powerfully convinced of the real exiftence pi
objects, than our man in the dark room poflibly сад

. be. I am appreheniive of no objection on the fubjecl,
the thing being too clear of itfelf to admit any, though
we do not know the true foundation of it. No one
ever entertained any doubt about it, except certain
vifionaries, who have bewildered themfelves in their
own reveries. Though they fay, that they doubt the
exiftence of external objects, they entertain no fuch
.doubt in faft ;' for Avhy would they have affirmed it,
unlefs they had believed the exiftence of other men,
to whom they wiflied to communicate their extrava-
gant opinions ?

This conviction, refpeítíng the exiftence of the
tilings whofe images the fenfes reprefent, appears not
only in men of every age and condition, but likewife
in all animals. The dog which barks at me has no
doubt of my exiftence, though his foul perceives but
я flight image of my perfon. Hence 1 conclude, that
this conviction is effentially connected with our fen-
iations, and that the truths which the fenfes convey
to us, are as well founded as the mqft undoubted
truths of geometry.

Without this conviftion no human fociety could
ihbfift, for we ihould be continually falling into the
greateft äbfurdities, and the grofieil contradictions.

Were
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Were the peafantry to dream of doubting about
the exiftence of their bailiff, or foldiers about that
of their officers, into what confuíion fliould we be
plunged ! fuch abfurdities are entertained only by
philofophers ; any other giving himfelf up to them,
would be conlidered as having loft his reafon. Let
us, then, acknowledge this conviction as one of the
principal laws of nature, and that it is complete,
though we are abfolutely ignorant of its true reafons,
and very far from being able to explain them in an
intelligible manner.

However important this reflection may be, it is
by no means, however, exempted from difficulties ;
but were they everfo great, and though it might be
impoflible for us to folve them, they do not in the
fmalleft degree affect the truth which I have juft
eftabliihed, and which we ought to confider as the
moil folid foundation-of'human knowledge.

It muft be allowed, that our fenfes fometimes de-
ceive us ; and hence it is that thofe fubtile philofo-
phers, who value themfelves on doubting of every
thing, deduce the confequen'ce, that we ought never
to depend on our fenfes. I have perhaps often er
than once met an unknown perfon in the ilreet,
whom I miftook for an acquaintance : as I was de*
ceived in that inftance, nothing prevents my being
always deceived ; and I am, therefore, never afíurcd,
that the perfon to w.hom I fpeak is in reality the one
I imagine.

Were I to go to Magdeburg, and to prefent my-
felf to your Highnefs, I ought always to be appre-

B 4 henfive
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hcnfive of grofsly miftaking : nay, perhaps, I mould
not be at Magdeburg, for there are inftances of a
man's fometimes taking one city for another. It is,
even pofíible I may never have had the happinefs o£
feeing you, but was always under the power of de-r
lufion, when I thought myfelf to be enjoying that
felicity.

Such arc the natural confequences refulting from
the fentiments of certain philoföphers ; and you mufl;
be abundantly feniible, that they not only lead to
manifeft abfurdity, but have a tendency tp diffolyc
all the bands of fociety.

-jtb April, 1761,

LETTER III.

Another Objection of the Pyrrhonißs againß the Certainty:
of Truths perceived by the Senfes. Reply ; Mid Pre-
cautions for attaining Affuronce offenfible Truths.

rx^HOUGH the objection raifed againft the cer-
-*- tainty of truths perceived by the fenfes, of

which I have been fpeaking, may appear fufficiently
powerful, attempts have been made to give it addi-
tional fupport from thé well-known maxim, that
we ought never to truft him who has once deceived
us. A, fingle example, therefore, of miftake in the
fenfes, is fufficient to deftroy all their credit. If this
objection is well-founded, it muft be admitted, that
human fociety is, of courfe, completely fubverted.

By way of reply, I remark, that the two othej.1

fources
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foúrces of knowledge are fubject to difficulties of a
fimilar nature, nay perhaps ftill more formidable.
How often are our reafonings erroneous ? I venture
to affirm, that we are much more frequently de.
ceived by thefe, than by our fenfes. But does it
follow, that our reafonings are always fallacious, and
that we can have no dépendance on any truth difco-
vered to us by the underftanding? It muft be a mat-
ter of doubt, then, whether two and two make four,
or whether the .three angles of a triangle be equal to
two right angles ; it would even be ridiculous to pre-
tend that this mould pafs for truth. Though, there-
fore, men may have frequently reafoned inconclu-
fively, it would be moft abfurd to infer, that,there
are not many intellectual truths, of which we have
the moft complete conviction.

The fame remark applies to the third fource of
human knowledge, which is unqueftionably the moft
fubject to error. How often have we been deceived
by a groundlefs rumour, or falfe report refpecting
certain events ? And who would be fo weak as to
believe all that gazetteers and hiftorians have writ-
ten? At the fame time, whoever fliould think of
maintaining that every thing related or written by
others is falfe, would undoubtedly fall into greater
abfurditieSjthan the perfon who believed every thing.
Accordingly, notwithstanding fo many groundlefs
reports and falfe teftimonies, we are perfectly affured
of the truth of numberlefs facts, of which we have
no evidence but teftimony.

There are certain characters which enable us to
diftinguiui
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diftinguifli truth, and each of the three fourcesua*
characters peculiar to itfelf. When my eyes have
deceived me, in miftaking one man for another, I
prefently difcovered my error j it is evident, there-
fore, that precautions may be ufed for the preven-
tion of error. If there were not, it would be im-
poffible ever to perceive that we had been deceived.
Thofe, then, who maintain that we fo often deceive
ourfelves, are obliged to admit, that it is pofltble for
us to perceive we have been deceived, or they muft
acknowledge that they themfelves are deceived when
they charge us with error.

It is remarkable, that truth is fo well eftabliihed,
that the moft violent propenfity to doubt of every
thing, muft come to this, in fpite of itfelf. There-
fore, as logick prefcribcs rules for juft reafoning, the
obfervance of which will fecure us from error, where
intellectual truth is concerned ; there are likewife
certain rules, as well for the firft fource, that of our
fenfes, as for the third, that of belief.

The rules of the firft are fo natural to us, that all
men, the moft ftupid not excepted, underftand and
praclife them much better than the greateft fcholars
are able to defcribe them. Though it may be eafy
fometimes to confound a clown, yet when the hail
deftroys his crop, or the thunder breaks upon his
cottage, the moft ingenious philofopher will never
perfuade him that it was a mere illufion ; and every
man of fenfe muft admit that the country-fellow is
in the right, and that he is not always the dupe of
the fallacioumefs of his fenfes. The philofopher may

2 be
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be able, perhaps, to perplex him to fuch a degree
that he fliall be unable to reply, but he will inwardly
treat all the fine reafonings, which attempted to con-
found him, with the utmoft fcorn, The argument,
that the fenfes fometimes deceive us, will make but
a very flight impreifion on his mind ; and when he
is told, with the greateft eloquence, that every thing
the fenfes reprefent to us has no more reality than the
vifions of the night, it will only provoke laughter.

But if the clown ihould pretend to play the phi-
lofopher,rin his turn, and maintain that the bailiff is
a mere phantom, and that all who còníider him as
fomething real, and fubmit to his authority, are
fools ; this fubiime philofophy would be in a mo-
ment overturned, and the leader of the feft foon
made to feel, to his coft, the force of the proofs which
the bailiff could give him of the reality of his ex-
iftence.

You muft be perfectly fatisfied, then, that there
are certain characters which deftroy every ihadow
of doubt refpecting the reality and truth of what we
know by the fenfes; and thefe fame characters are fo
well known, and fo ftrongly imprefied on our minds,
that we are never deceived when we employ the
precautions necefíary to that effeft. But it is ex-
tremely difficult to make an exaft enumeration of
thefe characters, and to explain their nature. We
commonly fay, that the fenfitive organs ought to be
in a good natural ftate; that the air ought not to be
obfcured by a fog; finally, that we muft employ a
fufficient degree of attention, and endeavour, above

all
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all things,' to examine the fame objeft by two or
more of our fenfes at once. But I am firmly per-
fuaded, that every one knows, and puts in pradice,
itu.es much more folid than any which could be pre-
fcribed to him.

Ilib April, 1761.

LETTER IV.

Of demonßraiive, pbyfical, and particularly of moral,
•Certainty.

HPHERE are, therefore, three fpecies of know-
-•• ledge, which we muft confider as equally cer-

tain, provided we employ the precautions neceflary
to fecure us againft error. And hence, likewife, re-
iult three fpecies of certainty.

The firft is called pbyßcal certainty. When I am
convinced of the truth of any thing, becaufe 1 my-
felf have feen it, I have a phyfical certainty of it j
and, if.I am aíked the reafon, I anfwer, that my own
fenfes give me full aflurance of it, and that I am, or
have been, an eye-witnefs of it. It is thus I know,
that Auftrians have been at Berlin, and that fome
òf them committed great Irregularities there. I
know, in the fame mariner, that fire confumes all
combuftible fubftances; for I niyfelf have feen it, and
I have a phyfical certainty of its truth.

The certainty which we acquire by a procefs of
reafoning, is called hgical or dcmonßrative certainty,
becaufe we are convinced of its truth by- demonftra-

tion«
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tion. The truths of geometry may here be produced
as examples^ and it is logical certainty which gives
us the affurance of them.

, Finally, the certainty which we have of the truth
of what we know only by the report of others, is
called moral certainty, becaufe it is founded on the
credibility of the perfons who make the report. Thus*
you have only a moral certainty that the Ruffians
have been .at Berlin, and the fame thing applies to
all hiftorical fafts. We know with a moral certainty,
that there was formerly at Rome a, Julius Csefar, an
Auguftus, a Nero, &c. and the teftimonies refpeiling
thefe are fo authentic, that we are as fully convinced
of them, as of the truths which we difcover by our

.fenfes, or by a chain of fair reafoning.
We muft take care, however, not to confound

thefe three fpecies of certainty, phyfical, logical, and
moral, each of which is of a nature totally different
from the others. I propofe to treat of each fepa-
rately; and ihall begin with, a more particular expla-
nation of moral certainty, which is the third fpecies.

It is to be attentively remarked, that this third
fource divides into two branches, according as others
iimply relate what they themfelves have feen, or made
full proof of by their fenfes, or as they communicate
to us, together with thefe, their reflections and rea-
fonings upon them. We might add ftill a third
branch, when they relate what they have heard from
others.

As td this third branch, it is generally allowed to
be very liable to error, and that a witnefs is to be

believed
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believed only refpecting what he himfelf has feen ot
experienced. Accordingly, in courts of juftice, when
witnefles are examined, great care is taken to dif*
tinguiih, in their declarations, what they themfelves
have feen and experienced, from what they fre-
quently add of their reflections and reafomngs upon
it. Strefs is laid only on what they themfelves have
feen or experienced; but their reflections, and the
conclufions which they draw, however well founded
they may otherwife be, are entirely fet afide. The
fame maxim is obferved with refpeft to hiftorians,
and we wifh them to relate only what they them-
felves have witnefled, without purfuing the reflec-
tions which they fo frequently annex, though thefe
may be a great ornament to hiftory. Thus we have
a greater dépendance on the truth of what others
have experienced by their own fenfes, than on what
they have difcovered by purfuing their meditations.
Every one wiflies to be mafter of his own judgment,
and unlefs he himfelf feels the foundation and the
demonftration, he is not perfuaded.

Euclid would in vaiu have announced to us the .
moft important truths of geometry -, we fhould ne-
ver have believed him on his word, but have infifted
on profecuting the demonftration ftep by ftep our-
felves. If I were to tell you, that I had feen fuch
or fuch a tiling, fuppoimg my report faithful, you
would without hefitation give credit to it ; nay I
ihould be very much mortified if you were to fuf-
pect me of falihood. But when I inform you, that
in a right-angled triangle, the fquares defcribed on

the
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the two finuier fides are together equal to the fquare
of the greater fide, I do not wifh. to be believed on
my word, though I am as much convinced pf it, as
it is poflible to be of any thing ; and though I could
allege, to the fame purpofe, the authority of the
greateft geniufes who have had the fame conviction,
I fliould rather wi£b you to difcredit my aflertion,
and to withhold your a'flent, till you yourfelf com-
prehended the folidity of the reafonings on which
the demonftration is founded.

It does not follow, however, that phyiical cer-
tainty, or that which the fenfes fupply, is greater
than logical certainty, founded'on reafoning; but,
whenever a truth of this fpecies prefents itfelf, it is
proper that the mind ûiould give clofe application to
it, and become matter of the demonftration. This
is the beft method of cultivating the fciences, and of
carrying them to the higheft degree of perfection.

The truths of the fenfes, and of hiftory, greatly
multiply the particulars of human knowledge; but
the faculties of the mind are put in a&ion only by
reflection or reafoning.

We never ftop at the fimple evidence of the fenfes,
or the fails related by others; but always follow
them up and blend them with reflections of our
own : we infenlibly fupply what feems deficient, by
the addition of caufes and motives, and the deduc-
tion of confequences, It is extremely diflkult, for
this reafon, in courts of juftice, to procure fimple,
unblended teftimony, fuch as contains what the wit-
nefs aftually faw and felt, and no more; for witnefles

ever
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ever will be mingling their own reflections, without
perceiving that they are doing fo.

lufb April, 1761.

LETTER V,

Remarks that the Senfes contribute to the Increafe of
Knowledge; and Precautions for acquiring the Cer-
tainty ofHißorical Truths.

*"ТПНЕ knowledge fupplied by our fenfes is un-
-*- doubtedly the earlieft which we acquire, and

upon this the foul founds the thoughts and reflec-
tions which difcover to it a great variety of intel-
leftual truths. In order the better to comprehend
how the fenfes contribute to the advancement of
knowledge, I begin with remarking, that the fenfes
act only on individual things, which aftually exift
under circumftances determined or limited on all
fides.

Let us fuppofe a man fuddenly placed in the world,

pofleiTed of all his faculties, but entirely deftitute of
experience; let a ftone be put in his hand, let him
then open that hand, and obferve that the ftone falls.
This is an experiment limited on all fides, which
gives him no information, except that this ftone be-

ing in the left hand, for example, and dropped, falls
to the ground ; he is by no means abfolutely certain
that the fame .effeft would enfue, were he to take

another ilone, or the fame ílone with his right hand.
It
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It is ftill uncertain whether this: ftoné, linder thá
fame circumftances, would again fall| Or whether it
would have fallen, had it been taken up an. hour
foqner. This experiment alone gives him no light
refpe&ing thefe particulars.

The man in queftion takes another ftone, and ob-
ferveS'that it falls likewife» whether ^dropped-from
the right hand or from' the left; -he repeats the ei>
périment with a third^and a fourth .ftone, a'ad.uni-
formly ôbferves the fame effect. He hence concludes
that ftones have the ^property of'falling when' dropr
ped, or when that which; fupports,; them is with*,
drawn.
•- Here then is'an article" .'of knowledge-which-£he

•maU has derived from the experiments which he has
made. ; He is very far from'having made trial of.
-every ftone, or, fuppofihg him to have done fo, what
•certainty has he that the fame thing would happen,
at all times? He knows nothing as to this, except
what concerns the particular moments when he made
the experhneiits; and what aflurance'has he that the
fame effect would take place in the hands of another
•man? Might he not think, that this quality of
making ftones fall was attached to his hands exclu-

-fively? A thouíànd -other doubts might ftffl be
formed on the fubject.

I have never, for example, made trial of the ftones
which compofe;thei cath'fedral church of Magdeburg,
^and yet I have, not the teaft: doubt, that all of them

; without exception-'are heavy, and that each of them
would fall as foon.a.s..detached; from .the buiHing.

VOL. Ц. С I even
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1 even irafcgine'tbitt experience has fttpp&ed ш wítíí
thb, knowledge, though í bave oeves tried any onç
ef thofe ftpnes.

This example is fajSçignt to &ew, hqw experi-
ments made «a individual objects only, have led
mankind tx> the knowledge QÍ univerjai propofitions ;
but it muft be adtmttcd,, th»fi the underftan,djng and
the other faculties. o£ th,e íòuj, interfere ia % manaçr
whick it •would be extcemdcy diflicult clearly to uar
fold'? and if -\re were, detwroincd to be over fcRupu-
l<jus about every circumftanco, ao progrçfç ia fçience
<oald be made, for we {houid- be ôopped íh.oi:t. ^
every flep»

It muft be alíomèd, that the rulgac difcoiirer^ in
this reíped, much more good: fenfe than thoíe fcrtt-
puloiis philofophers, Sfrh.o are obftiaately de;termiaed
to doubt of every thing. It is. neceffary, at the íàme
time j to be on our guard, againft falling into, the op-
pofite extreme, by negleâáng- to. employ, the necefíary
precautions.

The three- fourcea from which qrar knowledge is
derived, require all of them certain precautions,
which Hftuft be carefolly obíèrved, in order to ac-
quire aííurance of the truth; but it ispcffible, in
each, to a\rry matters too far, and it is always pro-
per to fteer a middle courfe.

The 4hird fource clearly proves this. It would
•Undoubtedly be extreme folly to believe every thing
that is toldusi but exceffive dxflxuft would be -no
lefs blame-worthy» He, who is determined to doubt
of every thing, will never want a pretence : when.a

man
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man fays, or writes, that he has feen fuch or iuch
an action, we may fay at oiice, that is not true, and;

that the man takes amufement in relating things
which may excite furprize; and if his veracity is
beyond fufpicion, it might be faid, that he did not
fee clearly, that his eyes were dazzled; and examples
are to be found in abundance of perfons. deceiving
themfelves, falfely imagining they faw what they did,
not. The rules preferibed, in this refpecl:, lofe all
their weight when you have-to do.witji a wrangler.

Ufually, in order to be afcertained of the truth of a:
recital or hiftory, it is required, that the author ihoukl
have been himfelf a witnefs of what he relates, and
that he fliould have no intefeu in relating it diffe-
rently from the truth. If afterwards two or more
perfons relate the fame thing, with the fame ciireum*
fiances, it is juffly confidered as a ftrong confirma-
tion. Sometimes; however, a coincidence carried
to extreme minutenefs becomes fufpickms. For twa
perfons obferving the fame incident, fee it in diffe-
rent points of VÍÈW, and the one will always difcèrn
certain, little circumftances-which the other muft have
overlooked. A flight difference in two feveral ac-
counts of the; fame event, rather eftabliuies than in-
validates the truth of it.

But it is always extremely .difficult to reafon on
the firft principles of our knowledge, and to attempt
art explanation of the mechanifm and of the moving
powers which thé foul employs* It would be! glo-
rious to fucceed in fttch an attetnpt, as it would elu-
cidate a great variety.of importartt pbiflts refpefting
the nature of the foiat a«d its operations. But we

С 2 feem
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feem deftined rather 'to make ufe of our faculties*
than to trace their nature through all its depths.

iStA ЛргМ, 1761,

LETTER VI.

Whether the Ejjence of Bodies be known by us.

FTER fo many reflections on the nature and
faculties of the foul, you will not, perhaps, be

difpleafed to return to the confideration of body, the
principal properties of which I have already endea-
voured to explain.
. I have remarked that the nature of body necef-
farily contains three things, exten/ton, impenetrability,
and inertia ; fo that a being, in which thefe three
properties do not meet at once, cannot be admitted
into the clafs of bodies ; and reciprocally, when they
are united in any one being, no one will heütate to
acknowledge it for a body.

In thefe three things, then, we are warranted to
conftitute the eflence of body, though there are many
philofophers who pretend that the eflence of bodies
is wholly unknown to us. This is not only the
opinion of the Pyrrhonifts, who doubt of every
thing; but there are other fecb likewife, who mairu
tain, that the eflence of all things is abfolutely un-
known : and no doubt, in certain refpecb they have
truth on their fide : this is but too certain as to all
the individual beings which exift.

You will eafily comprehend, that it would be the
height of abfurdity were I to pretend fo much as to

know



BODIES BE KNOWN BY US. 21

know the effence of the pen which I employ'in writT

ing this letter. If I knew the effence of this pen, (Г
fpeak not of pens in general, but of that one only-
now between my fingers, -which is an individual being,
as it. is called in metaphyfics, and which is diftin^
guiuied from all the other pens in the world;) if I
knew, then, the eflence of this individual pen, Г
fhotild be in a condition to diftínguiíh it from every
other, and,it would be impoffible to change ii with-
out my perceiving the change; I muft knoto its na-
ture thoroughly, the number and the arrangement of
all the parts whereof it is compofed. But how far
am I from having fuch a knowledge ! Were I to rife
but for a moment, one of my children might eaffly
change it, leaving another in its room, without my
perceiving the difference ; and were I even to put á
mark upon it, how eaffly might that mark be coun-
terfeited on another pen? And fuppofing this im-
poffible for my children, it muft always be admitted
as poffible for God to make another pen fo fimilar to
this, that I ihould be unable to difcern any difference.
It would be, however, another pen, really diítín-
guiíhable from mine, and God would undoubtedly
know the difference of them ; in other words, Go.d
perfectly knows the effence of both the one and the
other of thefe two pens: but as to me, who difcern
no difference, it is certain that the effence is altogether
beyond my knowledge.

The fame obfervation is applicable to all other in?
dividual things ; and it may be confidently main-
tained, that God alone can know the effence or na-
ture of each. It were impoffible to fix on any one

С 3 tiling
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thing really exifting, of which we could have a
ledge fo perfect, as to put us beyond the reach of
miftake : this is, if I may ufe the expreffion, the inru
preis of the Creator on all created things, the nature
of which will ever remain a myftery to us.

It is undoubtedly certain, then, that we do not

know the eifence of individual things, or all the cha-
racters whereby each is diftinguiihed from every
other ; but the cafe is different with refpeot to genera
zndfpecies: thefe are general notions Which include
at once an infinite number of individual things.
They are not beings actually exifting, but notions
which we ourfelves form in Our minds, when we
arrange a great many individual things in the fame
clafs, which we denominate a fpecies or genus, ac-
cording as the number of individual things which it

comprehends is greater or lefs.
And to return to the example of the pen, as there

are an infinite number of things to each of which I
give the fame name, though they all differ one from
another ; the potion of pen is a general idea of which
we ourfelves are the creators, and which exifts only
in our own minds. This notion contains but the
common characters which conftitute the effence of
the general notion of a pen ; and this effence muft
be well known to us, as we are in a condition to
diftinguifli all the things which we call pens from
thofe which we do not comprehend under that ap-
pellation.

As foon as we remark in аду thing certain cha-
racters, or certain qualities, we fay it is a pen ; and
we are in a.condition to diuinguHh it from all other

things
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things which are not pens, though we are very far
from being able to diftinguifii it from other pens.

The more general a notion is, the fewer it con-
tains of the characters which conftitute its eflence,
and it is accordingly -cafier alfo .to difcover this
cflence. We comprehend more eafily what is meant.
by ä tree, in general, than by the terra cherry-tree,
pear-tree, or apple-tree ; that is, when we defcend to
the fpecies. When I fay, fuch an object which ï fée
in the garden is a tree, J run little riik of being.mif-
taken ; but it is extremely poifibk I might be wrong,
if I affirmed it was a cherry-tree. It follows then,
that I know much better, the eflence of tree, in ge-
neral, than of the fpecies : I mould not fo eafily con-
found a tree with a ilone, as a cherry-tree with a
plum-tree. .

Now a notion* in general, extends infinitely far-
ther ; its eflence accordingly comprehends only thé
characters which are common to all beings bearing
the name of bodies. It is reduced, therefore, to a very
few particulars, as we muU exclude from it all the
characters which diftiriguiih one body from another.

It is ridiculous then to pretend, with certain phi-
lofophers, that the eflence of bodies* in general, is
unknown to us. If it were fo, we oiould never be
in a condition to affirm with affurahée, .that fuch à
thing is a body, or it is not : and as it is irhpoffible
we ihould be miftaken in this rêfpècT:, it neceflarity
follows, that we know fufficiently the nature or ef-
fence of body in general. Now this knowledge is
reduced to three articles,,extenfion, impenetrability,
-and inertia.

»1/4»«/, 1761. LETTER-
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LETTER" VII.

77Je true Notion of Èxtenfwn.

Т HAVE already demonftrated, that the general
-*• notion of: ..body neceflariiy comprehends thefe
ihree quaAities,.extenfion, impenetrability,and inertia,
.without :wh.ich no being can bei ranked in. the clafs of
bodies. Even the .moil fciiupúlous muft allow the
nepeflity of thefe three,qualities, in order to confti-
tute a body ; bjat .the .doubt with fome is, Are thefe
three characters fufficient ? Perhaps^ fay they, there
may be feveral other characters, \yhich are'equally
neceflary.to-thç eiTen.ce of body.

But I aik : were God to create a being divefted of
thçfe other unknown characters, and that it.pofíeíTed
only Jhe three above mentioned, Would they he-fir
täte to_ give the иаще of bpd.y to fuch. a being ? Is1 oa

afluredly; for, if they had the leaft doubt on thç
fubjeu, they^could not -fay with certainty, that the
ilones in the ftreet are bodies, becaufe they are no.t
fure whether the pretended unknown characters, are
to be found in them or no.

Some imagine, that gravity is an .çfíential property
of all bodies, as all thofe which wekn'qw are heavy;
but were God to diveft them of gravity, would they
therefore, ceafe to be bodies ? Let them coniider the
heavenly bodies, which do not fall downward ; as
muft be the cafe, if they were heavy as the bodies
which we touch, yet they give them the fame name.

And
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And even on the! fuppioíition^íhat all bodies wer<?
beavy,it w,ould not follow that gravity is a,property'
eflential to them, for a body would uill remain.a
body, though its gravity were to be deftroyed by a
fniracle.
'.- But this rçáfomng does not; apply to the three ef?
iential properties. above mentioned. Were God to
annihilate the exteniion o£ a body, it. would certainly
be no longer a body ; and a body divefted of impe-
netrability would no longerbe body ; it .would be a
/pectre,, a phantom : the fame holds as to inertia.
, You know that exteniion is the proper object of

geometry, which c.oniiders bodies only in fo far as
they are extended, abftractedly from impenetrability
and inertia ; the object of geometry, therefore, is a
pption much more general than that of body, as it
comprehends not only bodies, but all beings fimply
extended without impenetrability, if any fuch there
be. Hence it follows, that all the properties, deduced
in geometry from the notion of extenfion muilliker

wife take place in bodies, in as much as they are ex^
tended ; for whatever is applicable to a more general
notion, to that pf a tree, for example, muft likewjfe
be applicable to the notion of an oak, an aih,.an elm,
&C- and this principle is 'even the foundation of all
the r.eafonipgs in virtue of which we always affirm
and deny of the fpecies, and of individuals, every
thing that we. affirm and deny of ;

rhe genus.
There are however philosophers, particularly .among

our contemporaries, who boldly deny, that the pro-
perties applicable to extenfion, in general, that is,

according
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according as we confider them in geometry, take
place in bodies really exifting. They allege that geo-
metrical extenflon is an abftraft being, from the pro-
perties of which it is impoßible to draw any conclu*
fion? with refpeil to real objecb : thus, when I have
demonftrated that the three angles of a triangle are
together equal to two right angles, this is a property
belonging only to an abftraa triangle, and not at all
to one really exifting.

But thefe philofophers are not aware of the per-
plexing confequences which naturally refult from
the difference which they-eftablub between objects
formed by abftraclion, and real objefts ; and if it-
were not permitted to conclude from the firft to the
laft, no conclufion, and no reafoning whatever could
fubfift, as we always conclude from general notions
to particular.

Now al} general notions are as much abftraft beings
as geometrical extenfion ; and a-tree, in general, or
the general notion of trees, is formed only by ab-
ftraétion, and no more exifts out of .our mind than
geometrical extenfion does. The notipn of man in
general is of the fame kind, and man in general no
where exifts : all men who exift are individual beings,
and correfpond to individual notions. The general
idea which comprehends all, is formed only by kb-
ftraftion.

The fault which thefe philofophers are ever find-
ing with geometricians, for employing themfelves
about abftractions merely, is therefore groundlefs, as
all other fciences principally turn on general notions,

2 which
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which are no more real than the objefts of geometry.
The patient, in general, whom the phyfician has in
view, and the idea of whom contains all patients
really exifting, is only an abftracï idea j nay the very
merit of each fcienceis fo much the greater, as it ex-
tends to notions more general, that is to fay, more
pbftraft.

"I fliall endeavour, by next poft, to point out the
tendency of the cenfures pronounced by thefe phi-
lofophers upon geometricians ; and the reafons why
they are unwilling that we ihould afcribe to real,
extended beings, that is, to exifting bodies, the pro-
perties applicable to exteniion in general, or to ab-
ftrafted extenfion. They are afraid left their meta.
phyfical principles ihould fuffer in the caufe.

April, 1761.

LETTER VIII,

Divißbility-of Exten/ton in infinitum.

FT^HE controverfy between modern philofophers
Д. and geometricians to which I have alluded,

turns on the divifibility of body. This property is
undoubtedly founded on extenfion, and it is only in
fo far as bodies are extended that they are divifible,
and capable of being reduced to parts.

You will recoiled! that in geometry it is always
poffible to divide a line, however fmall, into two
equal parts. We are likewise, by that fcience, in-

ftruued
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{Iructed in the method of dividing a fmall Нде,,аа
a i, into any number of equal parts at pleafure, and
the conftraction ofthisdivifion is there demonftrated
beypnd the pQÍíibility of doubting its accuracy. -

You-have only to draw {plate II. fíg. 33.) a Jine
A I.parallel to a i of any length, and at any diftance
you pieafe, and to divide it into as many equal parts
AB, BC, CD, -DE, &e. as the fraall line given,is to
have divifions,fay eight/ -Draw afterwards, through
the extremities AJ a, and I, /, the ftraight lines A a
Or I i О, till they, meet in the point О : and from О
draw toward .the points of di'vifion B, C, D, E, &c.
the üraightlines OB, ОС, OD, OE,&c. whichfliall
Hkewife cut the fmall line..ai into eight equal parts.

This operation may be performed, however fmall
the given line at, and however great the number of ,
parts into which you propqfe to divide it.. True it
is, that in execution we are not permitted to go too
far ; the lines which we draw always have fome
breadth, whereby they are at length confounded, as
may be feen in the figure near the point О ; but the
queftion is not what may be poffible for us to execute,
but what is poffible in itfelf. Now in geometry lines
have no. breadth, and confequently can never be con-
founded. Hence it follows that fuch divifion is il-
limitable. •

If it is once admitted that a line may be divided
into a thoufand parts, by dividing each part into two
it will be diviíibíe into two thoufand parts, and for
the fame reafon into four thoufand, and into eight
thoufand, without ever arriving at parts indiviiible.

However
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However fma-Il a line may be fuppofed, it is ftill di-
viiible into halves, and each -half again into two, and
each of thefe again in like manner,' and fo on to in-
finity.

What I have fa id of a line is eafily applicable to a
furface, and, with greater ftrength of reafoning, to a
folid endowed with three dimenfions, length, breadth^
and 'thicknefs. Hence it is affirmed that all;exten-
fion is divifible to infinity, and this property.is deno-
minated divijtbiliiy in infinitum.

Whoever is difpofed to deny this property of ex-
tenfion, is under the neceflity of maintaining, that it
is poffible to arrive at laft at parts fo minute as to be
unfufceptible of any farther divifion, becaufe they
ceafed to have any extenfion. Neverthelefs all thefe
particles taken together muft reproduce the whole,
by the divifion of which you acquired them ; and as
the 'quantity of each would be a nothing or cypher o,
a combination of cyphers would produce quantity,
which is manifeftly abfurd. For you know perfectly
well, that in arithmetic, two or more cyphers joined
never produce any thing.

This opinion that in the divifion'of extenfion, or
of any quantity whatever, we may come,at iail to
particles fo .minute as to be no longer divifible, be-
caufe they are fo fmall, or becaufe quantity no longer
exifts, is, therefore, a pofition abfolutely untenable...

In order to render the abfurdity of it more fen-
iible, let us fuppofe a line of an inch long, divided into
a thoufand parts, and that thefe parts are fo fmall as

to
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to admit of no farther divifion j each part, then,
would no longer have any length, for if it had any,
it would be full divifible. Each particle, then, would
of confequence be a nothing. But if thefe thoufand
particles together conftituted the length of an inch,
the thoufandth part of an inch would, of confequence,
be a nothing ; which is equally abfurd with main-
taining, that the half of any quantity whatever is
nothing. And if it be abfurd to affirm, that the half
of any quantity is nothing, it is equally ib to affirm,
that the half of a half, or that the fourth part of the
iame quantity, is nothing ; and what muft be granted
as to the fourth, muft likewife be granted with re-
fpeâ: to the thoufandth, and the millionth part. Fi-
nally, however far you may have already carried, in
imagination, the diviûon of an inch, it is always
poffible to carry it ftffl farther ; and never will you
be able to carry on your fubdivifion fo far, as that
the laft parts fliall be abfolutely indivifible. Thefe
parts will undoubtedly always become fmaller, and
their magnitude will approach nearer and nearer to o,
but can never reach it.

The geometricianrtherefore, is warranted in affirm-
ing, that every magnitude is divifible to infinity ;
and that you cannot proceed fo far in your divifion,
as that all farther divifion fliall be impoffible. But
it is always neceflary to diftinguifh between what is
poffible in itfelf, and what we are in a condition to
perform. Our execution is indeed extremely limited.
After having, for example, divided an inch into a

thoufand
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tboufand parts, thefe parts are fo fault as fccvefcape
our fenfes, and a farther diyifion would to us, no
doubt, be impoffible.

But you have only to look at this thouiandth part
of ад inch through' a good microfcope, which: magr
nilifis, for. example, a thoufand times, and each par-
ticle. wijl; appear as large as an inch to the naked eye ;
ajnd you wijl be çonyioced of the poffibility of di-
viding each of' thefe particles again into a thoufand
parts: the &me reafoning may always be carried forv
wajfd,, without lirait and without end.

It is. therefore an indubitable, truth-, that all mag?-
iwtîidé isi divifible in infinitttm, and that this takes
place not only with refpect to extenfion, which 15
t&e objeclE; of geometpy, but likewife with refped to
«very, other fpecijes. of quantity, fucb as tinie aod

ß/A April, 1 761.

LETTER IX.

Whether this Diviftbiliiy in yifinitum takes place in
exifîing Bodies?

"liT is, then» a completely euablifhed truth, that e&-
A tenfion is drvifible to infinity, and that it is ira-
poffible to conceive parts; fo ftnall as-to,be unfufcep-
tible of farther dháfion. Philõfophers accordingly
do not impugn this truth itfelf, but. deny that it
takes place im exifting bodies» They allege, that ex-
teouon, the diyifibility of which.to infinity has been

demon-
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demonftrated, is merely'a chimerical object, formecl
by abftracYion; and that fimple extehfión, as сопи-»
dered in geometry, can have no real exiftence.

Here they are in the right; and extenfion is un-
doubtedly a general idea, formed in the fame man*
ner as that of man, or of tree in general, by abftrac-
tion; and as- man or tree in general ездЛз not, no
•more does extenfion in general exift.- You are per-
fectly fenfible, that individual being's alone exift, and
that general notions are to be found only in the
mind; but it cannot therefore be maintained that
thefe general -notions are chimerical; they contain,
on the contrary, the foundation of all our know-
ledge.

Whatever applies to á general notion, and all the
properties attached to-it, of neéeiïky take place in
all the individuals comprehended under that general
notion. When it is affirmed that the general notion
of man contains an underftanding 4and a will, it is
undoubtedly meant, that every individual man is
endowed with thqfe faculties. And how many pro-
perties do thefe very philofophers boaft of having
demonftrated as belonging to fubftance in general,
which is furely an idea as abftract as that of exten-
fion; and yet they, maintain, that all thefe properties
apply .to all individual ' fubftances, which, are all .ex-

. tended. If, in eft'ect, fuch a fubftance hud not thefe
properties, it would be falfe that .they belonged to
fubftance in general.

. If then bodies, which. infallibly are extended be-
ings, or endowed with extenfion, were not divifible

to
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to infinity, it would be likewife falfe, that divifibi-
lity in infinitum is a property of exteniion. Now
thofe philofophers readily admit that this property
belongs to extenfion j but they Infift that it cannot
take place in extended beings. This is the fame
thing with affirming, that the underftanding and will
are indeed attributes of the notion of man in gene-
ral-, but that they can have no place in individual
men actually exifting.
. Hence you will readily draw this concluiion : if

divifibility in infinitum is a property of extenfion in
general, it muft of neceffity likewife belong to all
individual extended beings ; or if real extended be-
ings are not divifible to infinity, it is falfe that divb
libility in infinitum can be a proper-ty of extenfion
in general.

It is impoflible to deny the one or the other of
thefe confequences without fubvertjng the moil fo-
lid principles of all knowledge ; and the philofophers
who refufe to admit divifibility in infinitum in real
extended beings, ought as little to admit it with
refpeft to extenfion in general; but as they grant
this laff, they fall into a glaring contradiction. '

You need not to be furprized at this; it is a failing
from which the greateft men are not exempt. But
what is rather furprizing, thefe philofophers, in order
to get rid of their embarraflment, have thought pro-
per-to deny that body is extended. They fay, that
it is only an appearance of extenfion which is per-
ceived in bodies, but that real extenfion by no mean*
belongs to them.
- VOL. Ц, D
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You fee dearly that this is merely a wretched cavil,
by which the principal, and the m oft evident pro-
perty of body is denied. It is an extravagance fimi-
lar to that formerly imputed to the Epicurean phi-
lofophers, who maintained that every thing which
exifts in the univerfe is material, without even ex-
cepting the gods whofe exiftence they admitted. But
as they faw that thefe corporeal gods would be fub-
jefted to the greateft difficulties, they invented a
fubterfuge fimilar to that of our modern philofo-
phers, alleging, That the gods had not bodies, but
as it were bodies, (quaß corpora,} and that they had
not fenfes, but fenfes as it were; and fo pf all the
members. The other philofophical feits of antiquity
made themfelyes abundantly merry with thefe quaß-
corpora and quaß-fenfus ; and they would have equal
reafon, in modern times, to laugh at the quafi-extcn-

fwn which our philofophers afcribe to body; this
term quafi-extenfion feems perfectly well to exprefs that
appearance of extenfion, without being fo in reality.

Geometricians, if they meant to confound them,
have only to fay, that the objefts whofe divifibility
in infmitum they have demonftrated, were likewife
only as it were extended, and that accordingly all
bodies.extended at it were, were neceffarily divifible
in infmitum. But nothing is to be gained with them;
they are refolute to maintain the greateft abfurdities
rather than acknowledge a miftake. You muft have-
remarked, that this is the character of almoft aü
fcholars.

•^d May, 1761.

LETTER.
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L E T T E R X.

Of Monads.

"TITTHEN we talk, in company, on philofophical
» » fubjects, the converfation ufualiy turns cm

fuch articles as have excited violent difputes among
philofophers.

The divifibility of body is one of them, refpeftirig
which the fentiments of the learned are greatly di*
vided» Some maintainj that this divifibility goes on
to infinity, without the poffibility of ever arriving at
particles fo fmall as to be fufceptible of no farther
diyifion. But others infill, that this divifion ex-
tends only to a certain point, and that you may come
at length to particles fo minute, that, having no
magnitude, they are no longer diviiible. Theie ul-
timate particles, which enter into the cornpofition of
bodies, they denominate fimple beings., and monads.

There was a. time when the difpute refpe£ting mo-
nads employed fuch general attention, and was con-
ducted with fo much warmth, that it forced its way
into company of every defcription, that of the.guard-
toom not excepted. There was fcarce a lady at court
who did not take a decided part in favour of mo-
nads or, againft them. In a word, all converfatioa
Was -engrofled by monads, no other fubject could
find admiflion.

The Royal Academy of Berlin took up the con-
troverfy, and being accuftomed annually to proppfe

Da a queftion
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a queftion for difcuffion, and to beftow a gold medal
of the value of fifty ducats on the perfon who in the
judgment of the Academy has given thé moft inge-
.nious folution, the queftion reipeffing monads was
felected for the year 1748. A great variety of eflays
on the fubject were accordingly produced. /The
prefident, Mr, de Maupertuis, named a committee
to examine them, under the direction of the late
Count JDohna, great chamberlain to the .queen; who,
being an impartial, judge, examined, with all imagi-
nable attention, the arguments adduced both for and
againft the exiftence of monads. Upon the whole,
it was found that thofe which went to the éftabliíh-
ment of their exiftence were fo feeble, and fo chi-
merical, that they tended to the fubverfion of all the
principles of human knowledge. The queftion was,
therefore, determined in favour of the oppofite opi-
nion, and the prize adjudged to Mr. Jufti, whofe
piece was deemed the moft complete refutation of
the monadifts.

- You may eafily imagine how violently this deci-
fion of the Academy muft irritate the partifans of

- monads, at the head of whom flood the celebrated
Mr. Wolff. His followers, who were then much
more numerous, and more formidable than at pre-
ient, exclaimed in high terms againft the partiality
and injuftice of the Academy; and their chief had
well nigh proceeded to launch the thunder of a phi-
lofophical anathema againft it. I do Jnot now recol-
lect to'whom we are indebted for the care of avert-
ing this difafter.

As'
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As this controverfy has made a great deal of noife,

:you will not be difpleafed,.undoubtedly, if I dwell a
little ирод it. The whole is reduced to this fimple
queftion, Is body divifible to infinity? or, in other
words, Has the divifibility of bodies any bound, or
has it not? I have already remarked as to this, that
çxtenfion, geometrically coniidered, is on all hands
.avowed .to be divifible in irifinitum; becaufe, how-
'.cver fmaU a magnitude may be, it is poftlble, to con-
ceive the half of it, and again the half, of that half,
and fo on to infinity.

This notion' .of extenfíon is very abftracT:, as are
thofe of all genera, fuch as that of man, of horfe, of
tree,.&c. as far as they are not applied to an indivi-
dual and determinate being. Again, it is the. moft
.certain principle of all our knowledge, that whatever
.can be truly affirmed of the genus, muft be true of
.all the individuals comprehended under it. If there-
fore all bodies are extended, all the properties be-
longing to extenfion muft belong to each body in
particular. Now all bodies are extended ; and ex-
tenfion is divifible to infinity; therefore everybody
muft be fo likewife. This is a fyllogifm of the beft
form; and as the firft propofition is indubitable, all
.that remains, is to be aflured that the fécond is true,
.that is, whether it be true or not, that bodies are
.extended.
: The partifans of monads, in maintaining their
.^pinion, are obliged to affirm, that bodies are not
•Extended, but have only an appearance of extenfion.
They imagine that by this they have fubverted the

D 3 argument
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argument adduced in fupport of the divifibility in in.
finitum. But if body is not extended, I ihould be
glad to know, from whence we derived the idea of
extenfion ; for, if body is not extended, nothing in
the world is, as fpirits are ftill lefs fo. Our idea of

. extenfion, therefore, would be altogether imaginary
and chimerical.

Geometry would accordingly be a fpeculation en»
tirely ufelefe and illufory, and never could admit of
any application to things really exifting. In effect,
if no one thing is extended, to what purpofe invef-
tigate the properties of extenfion? But ae geometry
is, beyond contradiction, one of the moft ufeful of
fciences, its objeft cannot poffibly be a mere chi-,

mera.
There is a neceffity,then,of admitting,that the оЫ

jecl: of geometry is at leaft the fame apparent exten*
fion which thofe philofophers allow to body; but
this very objeft is divifible to infinity : therefore ex*
ifting beings, endowed with this apparent extenfion,
muft neceflarily be extended.

Finally, let thofe philofophers turn themfelves
which way foever they will in fupport of their mo-
nads, or thofe ultimate and minute particles, divefted
of all magnitude, of which, according to them, all

bodies are compofed, they ftill plunge into difficult
ties, out of which they cannot extricate themfelves,
They are right in faying, that it is a proof of dulnefs
to be incapable of relHhing their fublime docbine ;
it may however be remarked, that here the greateft
ftupidity is the moft fucceuful.

1761. 3LJ1TTER
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LETTER XI.

Reflections on Di-uifibility in infinitum, and on
Monads.

TN fpeaking of the divifibility of body, we muft
•*• carefully diftinguifli what is in our power, from
what is poffible..in itfelf. In the firft fenfe, it cannot
be denied, that fuch a divilion of body as we are
capable of, muft be very limited.

By pounding a ftone we can eafily reduce it to
powder; and if it were poffible to reckon all the
little grains which form that powder, their number
would undoubtedly be fo great, thaj it would be
matter of furprize, to have divided the ftone into fo
many parts. But thefe very grains will be almoft
indivifible with refpeft to us, as no infiniment we
could employ will be, able to lay hold of them. But
it cannot with truth be affirmed that they are indi-
vifible in themfejves. You have only to view them
with a good microfcope, and each will appear itfelf
a. coniiderable ftone, on which are 'diftinguiihable a
great many points and inequalities; which denion-
ûràtes the poffibility of a farther divifion, though
We are not in a condition to execute it. For where-
ever we can diíHnguifli feveral points in any object,
it muft be diviiible into fo many parts.

We fpeak not, therefore, of a divifion practicable
by our ftrength and Ikill, but of that which is pof-

in itfelf, and which the Divine Omnipotence is
to accomplifli.

D 4 It
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It is in this fenfe, accordingly, that philofophers.
ufe the word 'divifibility:* fo that if there were a
ftone fo hard that no force could break it, it might
be without 'heiitation affirmed as divifible in its own
nature, as the moft brittle, of the fame magnitude.
And how many bodies are there on which we can»
Hot lay any hold, and of whofe divifibility we can
entertain not the fmalleft doubt?, No one doubts
that the moon is a divifible body, though he is in-
capable of detaching the fmalleft particle from it r
and the fimple reafon for its divifibility, is its being
extended..

Wherever we remark extenfion, we are under the
neceffity of acknowledging divifibility, fo that diviib
bility is an infeparable property of extenfion. But
experience likewife demonftrates that the divifion o£
bodies extends very far. I fhall not infift at great
length on the inftance ufually produced of a ducat :
the artifan can beat it out into a leaf fo fine, as to
cover a very large furface, and the ducat may be db
vided into as ma'ny parts as that furface i$ capable of
being divided. Our own body furniib.es an example
much more furprizing. Only confider the delicate
veins and nerves with which it is filled, and the fluids
which circulate through them. The fubtilty there
difcoverable far furpafles imagination.

The fmalleft infects, fuch as are fcarcely vifible to,
the naked eye, have all their members, and legs on
which they walk with amazing velocity. Hence we
fee that each limb has its mufcles compofed of a great
pumber of fibres; that they'have veins, and nerves,.



AWD ON MONADS. 4t-

and a; fluid - ftill much more fubtile which flows
through their whole extent.
: On viewing.with a good microfcope a fingle drop
of water, it has the appearance of a fea ; we. fée
thoufands of living creatures fwimming in it, each of
which is neceflarily compofed of an infinite number
of mufcular and. nervous fibres, whofe marvellous
ftrufture ought to excite our admiration. And
though thefe creatures may perhaps be the fmalleft
which we are capable of difcovering by the help of
the microfcope, undoubtedly they are not the fmalleft
which the Creator has produced. Animalcules pro--
bably exiít as fmall relatively to. them, as they are
relatively to us. And thefe after all are not yet the
unalleß:, but may. be followed by an infinity of new
clafles, each of which contains creatures incomparably-
fmaller than thofe of the preceding clafs.

- We ought in this to acknowledge the omnipotence
and infinite wifdom of the Creator, as in objects of
the greateft magnitude. It appears to me, that the
confideration of thefe minute fpecies, each of which
is followed by another inconceivably more minute,
ought to mate the livelieft impreffion on our minds,
and infpire us with the moft fublime ideas of the
works of the Almighty, whofe power knows no
bounds, whether as .to great objecb or fmall.

To imagine that after having divided a body into
a great number of parts, we arrive, at length, at
particles fo fmall as to defy all farther divifion, is
therefore the indication of a very contracted mind.
|îut fuppofing it poflible to defcend to particles fo

minute,



42. REFLECTIONS ON DIVISIBILITY, &C.

minute as to be, in their own nature,, no longer 'di-
viiible, as in the cafe of the fuppofed monads ; be-
fore coming to this point, we ihall have a particle
compofed of only two monads, and this particle
will be of a certain magnitude or extenfioh, other-
wife it could not have been divifible into thefe two
monads. Let us farther fuppofe, that this particle,
as it has fome extenfion, may be the thõufandth part
of an inch, or ftill fmaller if you will ; for it is of no
importance, what I fay of the thõufandth part of an
inch may be faid with equal truth of every fmaller
part.- This thõufandth part of an inch, then, is com-
pofed of two monads, and confequently two monads
together would be the thõufandth part of an inch,
and two thoufand times nothing, a whole inch j th&
abfurdity ftrikes at firft fight.

The partifans of the fyftem of monads accordingly
{brink from the force of this argument, and are re-
duced to a terrible nonplus when aiked how many
monads are requifite to conftitute ah extenfion. Two,
they apprehend, would appear infufficient, they there-«
fore allow that more muft be necefíary. But, if two
monads cannot conftitute extenfion, as each of the
two has none ; neither three, nor four, por any
number whatever will produce it; and this con>
pletely fubverts the fyftem of monads.

yb May, .1761.

LETTER
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LETTER ХП.

Reply tojhe Qbje&îons of the Monadt/is to Dsvi/îbllity
in infinitum.

ГТ"ЧЗЕ partifans of monads *re far from fubmittmg
-*- to the arguments adduced to eftabliih the di-

vifibility of body to infinity. "Without attacking
them direffly, they allege that divifibility in infinitum
is a'chimera of geometricians, and that it is involved
in contradiction. 'For, if each body is divifible to
infinity, it would contain an infinite number of parts,
the fmalleft bodies as well as the greateft : the number
of thefe particles to which divifibility in infinitum
would lead, that is to fay, the moft minute of which
bodies are compofed, will then be as great in the
fmalleft body as in the largeft, this number being in-
ßnite in both ; and hence the partifans of monads
triumph in their reafoning as invincible. For, if the
number of ultimate particles of which two bodies
are compofed is the fame in both, it muft follow, fay '
they, that the bodies are perfectly equal to each other.

Now this goes on the fuppofition, that the ulti-
mate particles are all perfecHy equal to each other;
for if fome were greater than others, it would not be
furprizing that one of the two bodies mould be much
greater than the other. But it is abfolutely necefiary,
iay they, that the ultimate particles of all bodies
ihould be equal to each other, as they no longer have

extenfion, and their magnitude abfolutely va-
niíhes,
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nifhes, or becomes nothing. They even form a new
objection, by alleging that all bodies would be com-
pofed of an infinite number of nothings, which is a
ftill greater abfurdity.

I readily admit this ; but I remark at the fame
time, that it ill becomes them to raife fuch an ob-
jection, feeing .they maintain, that all bodies arc
compofed of a certain number of monads, though,
relatively to magnitude,-they are abfolute nothings :
fo that by their own confeffion, feveral nothings are
^capable of producing a body. They are right, in
faying their monads are not nothings, but beings en-
dowed with an excellent quality, on which the na-
ture of the bodies which they compofe is.founded.
Now, the only queftion here is refpefting extenfionj
and as they are under the neceffity of admitting that
their monads have none, feveral nothings, according
to them, would always be fomething.

But I fliall pufli this argument againft the fyftem
of monads no farther; my object being to make a
direct reply to the objection founded on the ultimate
particles of bodies, raifed by the monadifts in Jfupport
of their fyftem, by which they flatter themfelves in
the confidence of a complete victory over the parti-
iimS of divifibility in infinitum.
: I ihould be glad to know, in the firft place, what
they mean by the ultimate particles of bodies. In
their fyftern, according to which every body is com»
poied of a certain number of monads, I dearly com-
prehend that the ultimate particles of a body, are the
monads themfelves which conftitute it ; but in the

fyftem
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fyftem of drvifibility in infinitum, the term -ultimate
particle is abfolutely unintelligible.

They are right in. faying, that thefe are the par-
ticles at which we arrive from the divifion of bodies,
after having continued it to infinity. But this is
j 4ft the fame thing with faying, after having finiihed
a divifion which never comes to an end. For diyi-
fibility in infinitum means nothing elfe but the pof-
fibility of always carrying on the divifion, without
€ver arriving at thé point where it would be neceflary
to ftop. He who maintains divifibility in infinitum,
boldly denies, therefore, the exiftence of the ultimate
particles of body ; and it is a manifeft contradiction,
to fuppofe at once ultimate particles and divifibility
in infinitum.

I ceply, then, to the partifans of the fyftem of
monads, that their objection to the divifibility of
tody to infinity would be a very folid one, did that
fyftem admit of ultimate particles ; but being ex-
prefsly excluded from it, all this reafoning, of courfe,
falls to the ground.

. It is falfe, therefore, that in the fyftem of divifibi-
«ty in infinitum, bodies are compofed of an infinity
°f particles. However clofely connected thefe two
propositions may appear to the partifans of monads,
they manifeftly contradict each other ; for whoever
Jfiair tains that body is divifible in infinitum, or with-
out end, abfolutely denies the exiftence of ultimate
Particles, and confequently has no concern in the
4ueftion. The term can only mean fuch particles as

no longer divifible, an idea totally inconfiftent
with
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•with the fyftein of divifibility in infinitum. This;
formidable attack, then, is completely repelled.

l2tb May, 1/ÓI.

LETTER XIII.

Principle of the fatisfying Reafon, tbeßronge/l Support
of the Monadißs.

"\:rOU rnuft be perfe'etly fenlible that one of the
•*• two fyftems, which have undergone fuch ample

difcuffion, is ricceflarily true, and the other falfe, fee-
ing they are contradictory.

It is admitted on both fides, that bodies are divi-
fible : the only queftion is, Whether this divifibility
is limited ? or Whether it may always be carried
farther, without the poffibility of ever arriving at
indivifible particles ?

The fyftem of monads is eftabliflied in the former
cafe, fince after having divided a body into indivifible
particles, thefe very particles are monads, and there
would be reafon for faying that all bodies are com-
pofed of them, and each of a certain determinate
number. Whoever denies the fyftem of monads,
muft likewife, then, deny that the divifibility of bo-
dies is limited. He is under tíie necefiity of main-
taining, that it is always poffible to carry this divifi-
bility farther, without ever being obliged to ftop j
and this is the cafe of divifibility in infinitum, on
which fyftem we abfolutely deny theexiftence of ul-
timate particles : consequently the difficulties refult-
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ing from their infinite number fall to the ground of
- themfelves. In denying monads, it is impoflible to
talk any longer of ultimate particles, and Hill lefs of
the number of them which enters into the compo-
fition of each body.

You muft have remarked, that what I have hitherto
produced in fupport of the fyftem of monads is defti-
tute of folidity. I now proceed to inform you that
its fupporters reft their caufe chiefly on the great
principle of the fitfficient reafon, which they know-
how to employ fo dexteroufly, that by means of it
they are in a condition to demonftrate whatever
fuits their purpofe, and to demolifli whatever makes
againft them. The bleffed difcovery made, then, is
this, That nothing can be without a fujjicicnt reafon;
and to modern philofophers we ftand indebted for it.

In order to give you an idea of this principle, you
have only to coniider, that in every thing prefented
to you, it may always be aiked, Why it is fuch ? And

the anfwer is what they call the fitfficient reafon, fup-
pofing it really to correfpond with the queftion.pro-
pofed. Wherever the why can take place, the pof-
ubility of a fatisfadory anfwer is taken for granted,

which {hall, of courfe, contain the fufficient reafon of
the thing.

This is very far, however, from being a myftery
modern difcovery. Men in every age have aiked

; an inconteftable proof of their conviction that
every thing muft have д fatisfying reafon of its exift-
cnce. This principle, that nothing is without a caufe,
Was very well known to ancient philofophers ; but

unhappily
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unhappily this caufe is for the moft part concealed
from ud. To little purpofe do we alk why : no one
is qualified to affign the reafon. It is not a matter of
doubt, that every thing has its caufe ; but a progrefs
thus far hardly deferves the name ; and fo long as it
remains concealed, we have not advanced a fingle
ilep in real knowledge.

You may perhaps imagine, that modern philofo-
phers, who make fuch a boaft of the principle of a
fatisfying reafon, have actually difcovered that of all
tilings, and are in a condition to anfwer every why
that can be propofed to them ; which would un-
doubtedly be the very fummit of human knowledge^
but, in this refpeft, they are juft as ignorant as their
neighbours : their whole merit amounts to no more
than a prétention to have demonftrated, that where-
ever it is poííible to aikthe queftion why, there muft
be a fatisfying anfwer to it, though conceakd from usl

They readily admit, that the ancients had a know-
ledge of this principle, but a knowledge very obfcure ;
whereas they pretend to have placed it in its cleareft
light, and to have demonftrated the truth of it : and
therefore it is that they know how to turn it moft to
their account, and that this principle puts them in a
condition to prove, that bodies are compofed of
monads.

Bodies, fay they, muft have .their fufficient reafon
fomewhere ; but if they were divilible to infinity^
fuch reafon could not take place: and hence they
conclude, with an air altogether philofophic, that, as
every thing muß have its fujfident reafon, -it is abfolutely

б neceffarj
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neteffary that all bodies foould be tompofed of monads .*
which was to .be demonftrated. This» I muft admit,
is a demonftration not to be refifted.

It were greatly to be wiflled that a reafoning fo
flight could elucidate to us queftions of this import-
ance ; but I frankly confeiSj I comprehend nothing
of the matter. They talk of the fufficient reafon of
bodies, by which they mean to reply to a certain
wherefore, which remains unexplained. But it would
be proper., undoubtedly, clearly to underftand, and
carefully to examine a queftion, before a reply is at-
tempted; in the prefent cafe, the anfwer is given
before the queftion is formed. '

Is it aiked, Why do bodies exift ? It would be ri-
diculous, in my opinion, to reply, Becaufe they are
compofed of monads ; as if they contained the caufe
of that exiftence. Monads have not created bodies :
and when I aik, Why fuch a being exifts ? I fee no
other reafon that can be given but this, Becaufe the
Creator has given it exiftence ; and as to the manner
*Q which creation is performed, philofophers, I think,
^ould do well honeftly to acknowledge their igno-
*ance..

But they maintain, that God could not have pro-
duced bodies, without having created monads, which
^ere neceflary to form the compoiition of them.
*his manifeftly fuppofes, that bodies are compofed
°f monads, the point which they meant to prove by
this reafoning. And you are abundantly fenfible,

it is not fair reafoning to take for granted the
of a propofition which you are bound to prove

VOL. II. E by
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by reafoning. It is a fophifm known in logic by the
name of a. petitio principii, or, begging the queftion.

• ibtbMaj, 1761.

LETTER XIV.

Another Argument of the Monadi/ls, derived from tie
Principle / the fufficieut Reaifon. Abfurdities re*
fulttngfrom It.

'"PHE partifans of monads likewife derive their
grand argument from the principle of the ia-

tisfying reafon, by alleging that they could not even
comprehend the poflibility of bodies, if they were
divifible to infinity, as there would be nothing in
them capable of checking imagination : they muft
have ultimate particles or elements, the compofition
of which muft ferve to explain the compofition of
bodies.

But do they pretend to vmderftand the poflibility
of all the things which exift ? This would favour too
much of pride ; nothing is more common among
philofophers than this kind of reafoning : I cannot
comprehend the" poffibility of this, unlefs it is fuch
as I imagine it to be : therefore.it neceflarily muft be
iuchi .

' You clearly comprehend the frivolouihefs of fucb
reafoning ; and that in order to arrive at truth, re-
fearch much more profound muft be employed. Ig-
norance can never become an argument to conduct
us to the knowledge of truth, and the one in queftioi»

is
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Is evidently founded on ignorance of the different
manners which may render the thing poffible.

But on the fuppofition that nothing exifts but
that whofe poflibility they are able to comprehend,
is it poffible for them to explain how bodies would
be compófed of monads ? Monads, having no exten-
fion, muft be conlidered as points in geometry, or as
we reprefent tö ourfelves fpirits and fouls» Now4 it
is well known that many geometrical points, let the
number be fuppofed ever fo great) never can pro-
duce a line^ and confequently fíill lefs a furface, or a
body. If a thoufand points were fufficient to cön-
ftitute the thoùiàndth part of an inch, each of thefe
muft,neceflarily have an extenfion, which, taken a
thoufand times, would become equal to the thou-
fandth. part of an inch. Finally, it is an inconteftable
truths that take any number of points you will, they
never can produce extenfion. I fpeak,,here of points
fuch as we conceive in geometry, without any length,
breadth or thicknefs, and which in that refpeft, are
abfolutely nothing.

Our philofophers accordingly admit that no ex-
tenfion can be produced by geometrical points, and
they folemnly proteft that their monads ought not
to be confounded with thefe points. They have no

extenfion than points, fay they; but they are
with admirable qualities, Uich as reprèfent-

lng to them the whole univerfe by ideas, though ex-
tremely obfcure ; and thefe qualities render them
Proper to produce the phenomenon of extenfion, or
tather that apparent extenfion which I formerly

E 2 mentioned.
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jnentioned." The fame idea, then, ought 1оЪе formed
of-monadá as of fpirits^and fouls, with this difference,
that the faculties of monads are much more imper-
fect.

The difficulty appears to me by this greatly in-
çreafed, and I flatter myfelf you will be of my opi-
nion, that two or more fpirits' cannot poffibly be
joined fo as to form exteqfton. Several fpirits may
very well forrn an affembly, or a council, but never

.ЯП extenfipn ; abftraftion made of the body of each
.counfellor, which contributes nothing to the delibe-
ration going forward j for this is the production of
Spirits only ; a council is nothing elfe but an aûembly
.pf fpirits or fouls: but could fuch an aiTembly.re-
.prefent an ^extenfion ? Hence it follows, that monads
are ftill lefs proper .to produce extenfion than geo-

. metrical points are.
: The partifans of the fyftem, accordingly, are not
agreed as to this point. Some allege, that monads
are aftual parts of bodies ; and that after having di-
vided a body as far as poffible, you then arrive at
the monads which conftitute it.

Others abfolutely deny that monads can be con-
;fidered as conftituent parts of bodies; according to
them, they contain only the fufficient reafon : while
the body is in motion, the monads ftir not, but they
contain the fufficient reafon of motion * Finally»
.they cannot touch each other ; thus, when my hand
touches a body, no one monad of my hand touches
a monad of the body.

What is it then, you will alk, that touches in this
cafe»
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tafe, if it is not the monads wiiich compofe the hand
and the body? The a-nfwer muft be;, that two no-'
things touch each other j or rather it muft be denied
that there is a real contact, It is a mere illufion defti^
tute of all foundation. They are under the neceffity
of affirming the fame thing of all bodies, which ao
cording to thefe philofophers are only phantoms
formed by the imagination, reprefenting to itfeíf
very cohfufedly the monads which contain the fuf-
ficient reafon of all that we denominate body.

In this philofophy every thing is fpirit, phantom
and illufion ; and when we cannot comprehend thefe
inyfteries, it is our ftupidity that keeps up an attach-
inent to the grofs notions of the vulgar.

The greàteft ímgularity in the cafe is, that thefe
philofophers j with a defigii to invéftigate and explain
the nature of bodies and of extenfion, are at laft re-
duced to deriy their exiftencé. This „is undoubtedly
the füreft way to fiicceed in explaining the pheno-
ftiena of nature j you have only to deny them, and
to allege,- in proof,- the principle of the fufficient

Into fuch extravagancies will philofophers
, rather than acknowledge their ignorance.

1761.

LETTER XV.

Reßcfiions on, the Syßem of Monads.

T T would be a great pity, however, that this inge-
nious fyftem of monads mould crumble into ruins.

" has made too much noife, it has coft its partifans
E too
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too many fublime and profound ^peculations, to be
permitted to fink into total oblivion. It will ever
remain a ftriking monument of the extravagance
into which the fpirit of philofophizing may run. It
is well worth while, then, to prefent you with a
more particular account of it.

It is nficefiary, firft of all, to banifh from the- mind
every thing corporeal, all exteniion, all motion, all
time and fpace, for all thefe are mere illufion. No-
thing exifts in the world but monads, the number of
which »undoubtedly is prodigious. No one monad
is to be found in connection with others ; and it is
demonftrated by the principle of the fufficient rea-
fon, that monads can in no manner whatever act
upon each other. They are indeed invefted with
powers, but thefe exerted only within' themfelveSj
without having the leaft influence externally.

Thefe powers, with which each monad is endowed,
have a .tendency only to be continually changing
their own ftate,, and conflit in the reprefentation of
all other monads. My foul,' for example, is a mo,-
nad, and contains in itfelf ideas of the ftate of all
other monads. Thefe ideas are for the mpft part
very obfcure; but the powers of my foul are conti-
nually employed in their farther elucidation, and in
carrying them to a higher degree of clearneis.
Other monads have, in this refpeft, a fufficient re-
femblance to my foul ; each is replete with a prodi-
gious quantity of obfcure ideas of all other monads,
and of their ftate; and they are continually exert-
ing themfelyes with more or leis fuccefs in unfolding

thefe
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thefe Ideas, and in carrying them tq a higher degree
of clearnefs.

Such monads as have fucceeded better than I have
done are fpirits more perfect ; but the greater part
ftill remain in a ftate of ftagnation, in the greateft
obfcurity of their ideas; and when they are the ob-,
jeél of the ideas of my foul, they produce in it the
illufory and chimerical idea of extenfion, and of
body. As often as my foul thinly of bodies and of
motion, this proves that a great quantity of other
трпаф are ftill buried in their obfcurity j it is like-
wife when I think of them, that my foul forms with-
in itfelf the idea of fome extenfion, which is confe-
quently nothing but mere illulion.

The more monads there are plunged in the abyfs
of the obfcurity of their ideas, the more is my foul
dazzled with the idea of extenfion ; but when they
come to clear up their obfcure ideas, extenfion feems
to me to dirninifli, and this produces in my foul the
illufory idea of motion.

You will aflc, no doubt, How my foul perceives
that other monads fucceed in developing their ob-
fcure ideas, feeing there is no connection between
them and me? The partifans of the fyftem of mo-
nads are ready with this reply, that it takes place
conformably to the perfect harmony which the Cre-
ator (who is himfelf only a monad,) has eftabliihed
between monads, by which each perceives in itfelf,
as in a mirror, every developement produced in
others, without any manner of connection between
them.

E 4 It
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It is to be hoped,, then, that all monads may at
length become fo happy as to dear up their obfcure
ideas, and then we mould lofe all ideas of body and
of motion; and the iilufion, ariftng merely from the
obfcurity of ideas, would entirely ceafe.

But there is little appearance of the arrival of thia
bleffed ftate; moil monads, after having acquired
the capacity of clearing up their obfcure ideas, fud-
denly relapfe. When flmt up in my chamber, I per-;
ceive, myfelf but of fmall exteniion, becaufe feveral
monads have then unfolded their ideas: but as foon
as I walk abroad, and contemplate the vaft expanfe
of heaven, they muft all have relapfed into theif
ftate of dulnefs.

There is no change of place or of motion ; all
that is iilufion merely : my foul remains almoft al-
ways in the fame place, juft as all other monads.
But, when it begins to unfold fome ideas, which be-
fore were but very obïcure, it appears to me then
that bam approaching the object which they repre-
fent to me, or rather that which the monads of fuch
idea excite in me : and this is thcTeal explanation
of the phenomenon, when it appears to us that we
are approaching to certain objefts.

It happens but too frequently that the elucidations
we had acquired are again loft; then it appears to
us that we are removing from the fame object. And
here we müft look for the true folution of our jour-
neyings. My idea, for example, of the city of Mag-
deburg is produced by certain monads, of which at
prefcnt I have but very obfcure ideas ; and this is

the
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the reafon why I confider myfelf as at a diftance from
Magdeburg. Laft year, thefe fame ideas fuddenly
became clear, and then I imagined I was travelling
to Magdeburg, and that I remained thei'e feveral
days. This journey, however, was an illufiòn merely,
for my foul never ftirs from its place. It is.likewife
an illuiion when you imagine yourfelf abfent from
Berlin, becaufe the confufed reprefentation-of certain
monads excites an obfcure idea of Berlin, which you
have only to clear up', and that inftant you are at
Berlin. Nothing more is neceflary. What we call
journeys, and on which we expend fo much money,
is mere illuiion. Such is the real plan of the fyftem
of monads.

You will aik, Is it poffible there ever mould have
been perfons of good fenfe, who ferioufly maintained
thefe extravagances ? I reply, there have been but
too many, that I know feveral of them, that there
are fome at Berlin, nay perhaps at Magdeburg.

Z3</ May, 1761.

LETTER XVI.

Continuation.

fyftem of monads, fuch as I have been de-
fcribing it, is a neceflary confequence from the

principle, that bodies are compounded of limple be-
togs. The moment this principle is admitted, you
are obliged to acknowledge the juftnefs of all the
other confequences, which refult from it fo naturally,

that
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that it is impoffible to rejeft any one, however ab-
favd and contradictory.

Firft, thefe fimple beings, which muu enter into
the compofition of bodies, being monads which have
no extenfion, neither can their compounds, that is
bodies, have anyj and all thefe exténuons become
illufion, chimera, it being certain, that parts defti-
tute of extenfion are incapable of producing a real
extenfion ; it can be, at moft, an appearance, or a
phantom which dazzles by a'fallacious idea of ex-
tenfion. In a word, every thing becomes illufion,
and upon this is founded the fyftem of pre-eftabliihed
harmony, the difficulties of which I have already
pointed out.

, It is neceflary then to take care that we be not en-
tangled in'this labyrinth of abfurdities. If you make
a fingle falfe ftep over the threfliold, you are1 in-
volved beyond the power of efcaping. Every thing
depends on the firft ideas formed of extenfion ; and
the manner in which the partiians of the fyftem of
monad/ endeavour to eftabliih it, is extremely fe-
duftive.

, Thefe philofophers love not to fpeak of the ex-
tcniion of bodies, becaufe they clearly forefee, that
it muft become fatal to them in the fequel ; but in-
ftead of faying, that bodies are extended, they der
nominate them compound beings, which no one can
deny, as extenfion necefíarily fuppofes divifibility,
and confequently a combination of parts which con-
ftitute bodies. But they prefently make a wrong
uie of this notion^of a coiTipound being. For, fay

they,
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they, a being can be compounded-only Го far as it is
made up of fimple beings ; and hence they conclude,
that every body is compounded .of fimple beings.
As foon as you grant them this conclufion, you are
caught, beyond the power of retreating; for you are
under the neceffity of admitting, that thefe fimple

beings, not being compounded, are not extended.
This captious argument is exceedingly feductive.

If you permit yourfelf to be dazzled with it, they
have gained their point. Only admit this propofi-
tion, bodies are compounded of fimple beings, that
is, of parts which have no extenfion, and you are
entangled. With all your might, then, refift this
aflertion : every compound being is made up of fimple
beings ; and though you may not be able direftly to
prove the fallacy, the abfurd confequences which
immediately refult, would be fufficient to over-
throw it.

In effect, they admit that bodies are extended;
from this point the partifans of the fyftem of mo-
nads fet -out, to eftablifh the propofition that they
are compound beings; and having hence deduced,
that bodies are compounded of fimple beings, they
are obliged to allow, that fimple beings are incapable
of producing real extenfion, and confequently, that
the extenfion of bodies is mere illufion. ;

• An argument whofe conclufion is a direcT: contra-
diction of the premifes is fingularly ftrange: this
reafoning fets out with advancing that bodies are ex-
tended ; for, if they were not, how could it be
known that theyxare compound beings, and then

comes
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conies the conclufion, that they are not fo. Never
was a fallacious argument, in my opinion,.more com*
pletely refuted than this has been. The queftion
was, Why are bodies extended? And, after a little
turning and winding, it is anfwered, Becaufe they
are notfo. Were I to be alked, Why has a triangle
three fides ? and I ihould reply, that it is a mere il*
lufion, would fuch a reply be deemed fatisfacbory ?

It is therefore certain, thä t this propofi tion, * Every
compound being is necefíarily made up 'of fimple be*
ings,' leads to a falfe conclufion,hdwever well-founded
it may appear to the partifans of monads, who even
pretend "to rank it among the axioms, or firft prin-
ciples of human knowledge. The abfurdity in which
it immediately iflues, is fufficient to overturn'it, were
there no other reafons for calling it in queftion.

But as a compound being here means the fame
thing as an extended being, it is juft as if it weíré
aíEímed, < Every extended being is compounded of
beings which are not fo.' Arid this is precifely thé
queftion. It is aiked, Whether, on dividing a body j
you arrive at length at parts unfufceptible of any
farther divif.on, for want of extension ; or, Whether
vou never arrive at particles fuch as that the divifi-
bility ihould be unbounded ?

In order to determine this important queftion,
for the fake of argument let it be fuppofed, that
every.-body is compounded of parts without exteji-
ikra. Certain fpecious reafonings may eafily be em-
ployed, drawn from the noted principle oi the fuf-
ticicnt ï e.tfon ; and it will be laid, that a compound

2 being
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feeing can have its fufficient reafon only in the fimplc
beings .which compofe it ; which might be true, if
the Compound being were in fact made up of fimplç
beings, the very point in queftion; and whenever
this cornpofition-is denied, the fufficient reafon be-

. comes totally inapplicable.
But it is dangerous to enter the lifts with perfons

who believe -in. monads; for, befides that there is
frothing to be gained j they IpudJy exclaim-that you
are attacking the principle of the fuffiçient reafqn,.
which is the ba.fis of all certainty, even of the exjft-
çnce of GoçL Accprding tp them, whoever rçfuíè»
to admit monads, and rejecb the magnificent fabric,
in which every thing is illufion, is an infidel and ад
atheift, Sure I am that fuch a frivolous imputatioa
will not make the flighteft impreffion on your mind,
but that you will' perceive the wild .extravagancies
info which men are driven, when they embrace the
fyftem of monads, a fyftem too abfurd to need a
refutation in detail ; their foundation being abfo-
lutely reduced to a wretched abufe of the principle
-of! the fuificient reafon.

V.bth May, I / G l .

LETTER XVII.

Condufton of Reßefliom on this Syßem.

ТД7Е are under the néceffity of acknowledging
..the divifibility of bodies in infinitum, or of

admitting the fyftem of monads with all the extrava-
gancies
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gancies refulting from it; there is no other choices
an alternative which fupplies the partifans of that
fyftem with another formidable argument in fupport
of it.

They pretend that, by divifibility in infinitum, we
are obliged to afcribe to bodies an infinite quality-;
whereas it is certain that God alone is infinite.

The partifahs of the fyftem of monads are very
dangerous perfons ; they accufed us of athelfin j and
now they charge us with polytheifm, alleging that
we afcribe to all bodies infinite perfections. Thus
we ihould be [much worfe than pagans, who only
worfliip certain idols, whereas we are accufed of pay*
ing homage to all bodies as fo many divinities,, A
dreadful imputation, no doubt, were it well founded;
and I ihould certainly prefer embracing the fyftem
of monads, with all the chimeras and illufions which
flow from it, to a declaration in favour of divifibility
in infinitum, if it involved a conclufion fo impious.

You will allow that to reproach one's adversaries
with atheifm or idolatry is a very ftrange mode of
arguing ; but where do they find us afcribing to bo-
dies this divine infinity ? Are they infinitely power-
ful, wife, good, or happy? By no means: we only
affirm, that on dividing bodies, though the divifion
be,carried on ever fo far, it will always be poflible
to continue it farther, and that you never can arrive
at indivifible particles. It may accordingly be af-
firmed that the divifibility of bodies is without limff,
and it is improper to ufe the term inßnity, which is
applicable to God alone.

Imuft
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ï muft remark at the fame time;, that the word
* infinity* is no.t fo dangerous as thefe philofophers
infinuate. In faying, for example, infinitely wicked^
nothing is more remote from the perfections of God.

They admit that our fouls will never have an end^
and thus acknowledge an infinity in the duration of
the foul, without marking the leaft difréípeCt to the
infinite perfections of God. Again, when you alk
them if the extent of the univerfe is bounded, are
they very Indecifive in their anfwer ? Some of them
frankly allow, that the extent of the univerfe may
very probably be infinite, without our being able,
however far our ideas are carried, to determine its
limits. Here then is one infinity more, which they
do not deem heretical.

For a ftill ftronger reafon divifibility in infinitum
ought not to give them the leaft offence. To be.di-
vifible to infinity is not furely an attribute which any
one could ever think of afcribing to the Supreme
Being, and confers not on bodies a degree of perfec-
tion which would not be far from that which thefe
philofophers allow them, in compounding them of
monads, which, on their fyftem, are beings endowed
with qualities fo eminent, that they hefitate not to
give to God himfelf the denomination of monad.

In truth, the idea of a divifion which may be con-
tinued without any bounds, contains fo little of the
charafter of the Deity, that it rather places bodies in
a rank far inferior to that which fpirits and our fouls
occupy ; for it may well.be affirmed, that a foul, in
its eifence, is infinitely more valuable than all the

bodies
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bodies in the world. But, on the fyftem of monads,
every body, even the vileft, is. compounded of a vaft
jiumber of monads, whofe nature has a great refem»
blance to that of our fouls. Each monad reprefents
to itfelf the whole world as eafily as our fouls ; but,
fay they, their ideas of it are very obfcure, though
we have already clear, and fometimes alfo diftinér,
ideas of it. •

But what affurance have they of this difference ?
Is it not to be apprehended that the monads which
compofe the pen wherewith I am writing, may have
ideas of the univerfe much clearer than thofe of my
foul ? How can I be affured of the contrary"? I ought
to be aihamed to employ a pen in conveying my
feeble conceptions, while the monads of which it
confifts poffibly conceive much more fublimely ; and
you might have greater reafon to be fatisfied, mould
the pen commit its own thoughts to paper, inftead of
mine.

In the fyftem of monads, that is not neceflary ; the
foul reprefents to itfelf, beforehand, by its inherent
powers, all the ideas of my pen, but in a very obfcure
manner. What I am now 'taking the liberty to fug-
geft, contributes abfolutely nothing to your informa-
tion. The partisans of this fyftem have demonftrated
that fimple beings cannot exercife- the flightcft influ-
ence on each other ; and your own foul derives from
itfelf what I have been endeavouring to convey, with-
out my having any concern in the matter.

Converfation, reading and writing, therefore, are
merely chimerical and deceptive formalities, which

illuuon
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Uluíion would impofe upon us as the means of ac-
quiring and extending knowledge. But I have al-
ready had the honour of pointing out to you the
wonderful confequences refulting from the fyftem of
the pre-eftabliihed harmony ; and I am apprehenfive
that thefe reveries may have become too fevere a
trial of your patience, though many perfons of fupe-
rior -illumination confider this fyftem as the moil
fublime production of human underftanding, and are
incapable of mentionmg it but with • the moft pro-

1 found refpecb
I flatter myfelf that I have guarded you fufficiently

againft fueh chimeras, however feduclive their'ap-
pearance ; I ihould be forry, at the fame time, to have
injured in your good opinion a confiderable part of
our modern philofophers. They are, for the moil
part, extremely innocent, but remain obftinately at-
tached to the fyftem which at firft impofed on them,
Without greatly troubling themfelves about the ab-
fiird confequences which flow from it.

ЗОЛ& May, i-j6\.

LETTER XVIII.

-Elucidation, refpefling the Nature of Colours.

T AM under the necefîîty of acknowledging, that
the ideas reflecting colour, which I have already

the liberty to fuggeft>* come far ihort of that

*Vol.I. Letters XXVII. XXVIII. and XXXI.
II. F degree



бб JELÛéïOAfiON

degree of evidence to which I could have wiflied to
cariy them. This fubjeft has hitherto proved a
ftumblmg-block lo philofopherS) and I muft not flat-
ter ifiyfelf 'with the belief that I aïn able to clear it of
every difficulty* I hope, at the fame time, that the
elucidations which I am -going to Tubmit to your ex-
amination, may go far toward removing a confider-
able part of them.

The ancient phtloïbphers ranked tolours among
the bodies of which we know only the names. When
they were aiked, for example, why fuch a body was
red, they aufwered, it was in virtue of a quality
which made it appear red. You muft be fcnfible
that fucli an anfwer conveys no information, and
that it would have been quite às much to the puïpofe
to eonfefs ignorance.

Defeartes, who fi'rft had the courage to plunge
into the myfteries of nature, afcribes colours to a
certain mixture of light and öiäde, which laft being
nothing elfe but a 4vant of light, as it is always found
where the light does not penetrate, muit be incapable
of producing the difíerent colours we obferve.

Having remarked that the fenfations of the organ
of flght are produced by the rays which ftrike that
organ, it neceflarily follows, that thofe which ^xcite
in it the fenfation of Ted, muft be of quite a different
naturefroin thofe which produce the íenfetioft öf the
other colours; hence it is eafily coffirtteheaeed that
each colour is attached to a certain'qa^ity of "the
rays which ftrike the organ of vifion. Л 'body ap-
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pears to us red, when the rays which it emits are of
a nature to excite in our eyes the fenfation of that
colour.

The whole, then, refults in an -enquiry4nto the
difference of the rays which variety of colours pro-
duces. This difference miift be great, to produce ib
many particular íeníàtions in our eyes. But wherein
can it confift? This is the great queftion, toward
the folution of which our prefent refearch is directed.

The firft difference between rays which prefents
itfelf is, that fome are ftronger than others. It can-
»iQt be doubted that thole -of the fun, or of any other
body тегу brilliant, x)r very powerfully illuminated,
•Tnufl: be much ftronger than thofe of a body feebly
illuminated, or endowed with a flender degree of
light ; our eyes are affiiredly ftruck in a very different
йиптаег by the one and by the other. ..

Hence it might be inferred, that different colours
*efult from the force of the rays of light ; fo that the
*opft powerful raysahould prodsice, for example, red^

wiiidi are Jeu» fo, yellow; and in progreffion,
and blue..
tí»ere is nothing more eafy than to overturm ,

iyuem, as we know from experience that the
body always appears to be of the fame colour,

** it Oeas-or more aluminated, or whether its rays be
Я*огкг ,or feeble. A. red body, for example, appears
Dually red, expofed to the brighteft iuftre of the fun,
"^ifl the -Ihade, wberedie rays areextjt^mdy faint,
^етатдй not then look for tbe ca»fe of the difference
^ colour in the Different degrees of the icwcceof rays

f 2 Of
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of light, it being poflible to reprefent the fame colour
as well by very forcible as by very faint rays. The
feebleft glimmering ferves equally well to difcover to
us difference of colours, as the brighteft effulgence.

It is abfolutely neceflary, therefore, that there
Ihould be another difference ofrays difcovered,which
may characterize their nature relatively to the dif-
ferent colours. You will undoubtedly conclude, that
in order to difcover this difference, we muft be better
acquainted with the nature of luminous rays ; in
-other words, we muft know what it is that, reaching
our eyes, renders bodies'vifible: this definition of a
ray muft be the jufteft, as in effect it is nothing elfe
but that which enters into the eye by the pupil, and
excites the fenfation in it. • ;

I have already informed you, that there are only
two fyftems or. theories which pretend to explain the
origin and nature of rays of light. The one is that
of Newton, who confiders them as emanations pro-
ceeding from the fun and other luminous bodies ;
,and the other, that which I have endeavoured to de-
monftrate, and of which I have the reputation of
being the author, though others have had nearly the
•fame ideas of it. Perhaps I may- have fucceeded
better than they, in carrying it to a higher degree
of evidence. It will be of importance, then, to flie-vv,
in.both fyftems, on what principle .the difference of
colours may be eftabliflied,

In that of emanation, which fuppofes the rays to
iffue from luminous bodies, in the form of rivers, "of
rather of fountains, fpouting out a fluid in all
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tions, it is alleged that the particles of light differ in
fize or in fubftance, as a fountain might emit wincj
oil, and other liquids ; fo that the different colours
are occafioned by the diverfity of the fubtile matter
which emanates from luminous bodies. Red would
be, accordingly, a fubtile matter iffuing from the lu-
minous body, and fo of yellow and the other colours.
This explication would exhibit clearly enough the
origin of the different colours, if the fyftem itfelf had
a folid foundation. I {hall enter into the fubject
more at large in my next letter.

zd У une, 1761.

LETTER XIX.

Reßeffiom on the .Analogy between Colours and Sounds,

>V7"OU will be pleafed to recollect the objections I
! JL offered to the fyftem of the emanation of light.*
They appear to me fo powerful, as completely to
overturn that fyftem. I have accordingly fucceeded

my endeavours to convince certain natural phUo-
of diftinction, and they have embraced my

of the fubject with expreflions of fingular

Rays of light, then, are not an emanation from
fun and other luminous bodies, and confift not

a fubtile matter emitted forcibly by the fun, and
to us with a rapidity which may well

*. Vol. I. Letters XVII. and XVIII.

Р fill
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fill you with aftonifhment. If the rays employed
only eight minutes in their courfe from the ion to
us, the torrent would be terrible, and,, the mafs of
that luminary, however vaft, muft ipeedily be ex*
haufted.

According to my fyftem, the rays of the fun, of
which we have a fenfible perception, do not proceed
immediately from that luminary ; they are only par*
tides of ether floating around us, to which the fun
communicates nearer and nearer a motion of vibra-;
tion, and confequently they do not greatly change
their place in this motion.

This propagation of light is performed in a manner
fimilar to that of found. A bell, whofe found you
hear, by no means emits the particles which enter
your ears. You have only to touch it when uruck,
to be aflured that all its parts are in a very fenfible
agitation. This agitation immediately communicates
itfelf to the more remote particles of air, fo that all
receive from it fucceffively a fimilar motion of vibra»
tion, which, reaching the ear, excite in it the fenfation
of found. The firings of a mufical infiniment put
the matter beyond all doubt ; you fee them tremble»
go and-come. It is even poffible to determine by
calculation how often in a fécond each firing vibrates,

' and this agitation, being Communicated to the par-
ticles of air adjacent to the organ of hearing, the ear
is ftruck by it precifely as often in a fécond. It is
the perception of this tremulous agitation which con*
ftitutes the nature of found. The greater the num-

ber
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ber of vibrations, produced by the ftring in a fécond,
-the higher or iharper is the found. Vibrations Ids

t produce lower notes.
We find the circumftances, which accompany the,

Qfatipn of hearing, in. а manner perfectly analogous,
that of fight.
The medium only, and the rapidity Qf the vibra-

differ. In found, it is the air through which
the vibrations of fonorous bodies ace tranönitted..
but with refpect to light, it is the ether, or that me-

incomparably more fubtile and more daftie
air, which is univerfally diffufed wherever the

,air and grofler bodies leave interfaces.
As often then as this ether is put into a ftate of?

Vlbration, and is tranfmitted to the eye, it excites in
^ the fentiment of vifion, which is, in that cafe, nothing

a fimilar tremulous motion, whereby the UBAU
vous fibres at the bottom of the eye arc agitated.

You eafily comprehend, that the fenfatUMi niuft be
t, according as this tremulous agitation is

ïïl°re or lefs frequent ; or- according as the number
** vibrations performed in a íècond is greater ojc

• ence there muft refult a difference fimilar to that
takes place in founds, when the vibrations are

or leis frequent. This difference is clearly per»?
by the ear, as the charadter of founds in re»

of flat and fiiarp depends on it. You. will re»
ö"eit that the note marked С in the harpficord per«
°rins about ï oo vibrations in a fécond ; note D 1 1 2 ;
Qte E 125; notei 133; note G 150; note A 166;

i8;j and note С аао. Thus the nature of
ï1 4 founds
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founds depends on the number of vibrations per-
formed in a fécond.

It cannot be doubted that the fenfe of feeing may
be likewife differently affedted, according as the num-
ber of vibrations of the nervous fibres of the bottom
of the eye is greater or lefs. When thefe fibres vi-
brate looo times in a fécond, the fenfation -muft be
quite different from what it would be,, did they vi-
brate 1200 or 1500 times in the fame fpace.

True it is that the organ of vifion is nqt in a conr-
dition to reckon numbers fo great, ftill lefs than the
ear is to reckon the vibrations which conftitute found;
but it is always in our power to diftinguifli between
the greater and the lefs.

In this difference, therefore, we muft look for the
caufe of difference of colour; and it is certain that
each of them correfponds to a certain number of vi-
brations, by which the .fibres of our eyes are ftruck in
a fécond, though we are not as yet in a condition to
determine the number correfponding to each parti-
cular colour, as we can do with refpeft to founds.

. Much refearch muft have been employed before it
was poffible to afcertain the numbers correfponding
to all the1 notes of the harpfichord, though there was
an antecedent conviction that, their difference was
founded on the diverfity of thofe numbers. Our '
knowledge refpe&mg thefe objecb is neverthelefs
confiderably advanced, from our being affured that
ther.e prevails a harmony fo delightful between the
different notes of -the harpfichord and the different
colours ; and that the cireumftances of the one ferve

to
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to elucidate thofe of the other. This analogy ac-
cordingly furniihes the moft convincing proofs in
ibpport of my fyftem.. But I have reafons ftill more
folid to adduce, which will fecure it from every at-
tack.

6tb June, 1761.

LETTER XX.

Continuation.

T^TOTHING is more adapted to the commumca-
1.̂ 1 tion of knowledge refpefting the nature of
vifion, than the analogy difcoverable, almoft in every
particular, between it and the hearing. Colours are
to the eye what founds are to the ear. They differ
from each other as flat and fliarp notes differ. Now
we know that flat and iharp in founds depends on
the number of vibrations whereby the organ of hear-
ing is ftruck in a given time, and that the nature of
each is determined by a certain number which marks
the vibrations performed in a fécond. From this I
conclude, that each colour is likewife reftricted to a
number of vibrations, which aft on vifion ; with

•this difference, that the vibrations which produce
found refide in grofs air, whereas thofe of light and
colours are tranfmitted through a medium incompa-
rably more fubtile and elaftic. The fame thing holds
as to the objefts of both fenfes. Thofe. of hearing
are all of them bodies adapted to the tranfmiffion of
found, that is fufceptible of a motion of vibration,
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or of a tremulous agitation, which, communicating
itfelf to the air, excites in the organ the fenfation
of a found cprrefponding to the rapidity of the vU
brations.

Such are all mufical inftruments ; and, to confine
myfelf principally to the harpfichorcj, we afçrïbe to
each firing a certain found which it produces when
ftruck. Thus one firing is named C, another D,
and fo on. A firing is named C, when its ftruclure
and tenfion are fuch, that being flruck, it produces
about ï oo vibrations in a fécond; and if it produced
leis or more in the fame tune, it would have the
name of a,different note, higher or lower.

You will pleafe tp recollect, that the/ found ef *
firing depends on three things, its length, its thick-,
nefs, and the degree of tenfion; the more it i§
ílretçhed, the iharper its found becomes: and as long
as it preferves the fame cjifpofition, it emits the farpe
found ; but that changes a.s fppn a§ the ot&cr uftder-
goes any variation.

Let us apply this to bodies which a?e th
of vifion. The minutcr particles which cprnpofe
tiflue of their furface, may be. confidere4 as firings
diftended, in as much as they are endowed with *
certain degree of elaftidty and bulk, fo th^t being
ftruck they acquire a motion of vibration, of which
they will finifh a certain number in a fécond ; and
on this дцщЬег depends the colour which we afcribe
tp fuch body- It is red, when the particles of its
furface have fuch a degree qf tenfion} that beung agi»
tated, tiiey perfpjm precifely fq ща.пу vibrations in

a fécond
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a fécond as are neceflary to excite щ us the feníàtion
of that colour. . A degree of tenfion which would
produce vibrations more or kfs rapid, would excite
that of a different colour, and then the body, would
be yellow, green, or bhie, &c.

We have not as yet acquired the ability pf affign-
to each colour the number of vibrations which

conftitute .its efíence j we do not fo much as know
which are the colours that require a greater or lefs
rapidity of vibration, or rather,- it is not yet deter-
mined what colours correfpond with high or low
notes. It is fufficient to know, that each colour is
attached to a'certain number of vibrations, though
it has not hitherto been afcertained ; and that you
have only to change the tenfion or elafticity of the
particles whjch form the furface of a body, to make
it change colour.

We fee that the mou beautiful colours in flowers
quickly change and disappear, from a failure of the
nutritive juices : and heeaufe their particles lofe their
vigour or their tenfion. This too is obfervable in1

every other change of colour.
To place this in a clearer light, let us fuppoíè that

the fenfation of red requires fiich a rapidity of vi-
bration, that looo arc performed in a íècpndj that
orange require 1125, yellow 1250, green 1333, blue
ï 500, and violet 1666. Though thefe numbers are
only fuppofed, this affects not the object I have in
view. What I fay as to thefe numbers, will apply
*n like manner to the really corresponding flumbe-rs,
*f .ever they are difcavered.

A body,
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A body, then, will, be red, when the particles of
its furface put in vibration, complete 1000 in a fé-
cond ; another body will be orange, when difpofed
fo as to complete 1125 in a fécond, and fo on. Hence
it js obvious that there muft be an endlefs variety of
intermediate colours, between the fix principal which
I have mentioned ; and it is likewife evident, if the
particles of a body being agitated ihould perform
1400 vibrations in a fécond, it would be of an in-
termediate colour between green and blue ; green
correfponding to number 1333, and blue to 1500.

Qth June) 1761.

LETTER XXI.

How opaque Bodies are rendered -vifibie.

~TT"OU will find no difficulty in the definition I
,.м have been giving of coloured bodies. The

particles of their furface are always endowed with
a certain degree of elafticity, which renders them
fufceptible of a motion of vibration, as a ftring is
always fufceptible of a certain found ; and it is the
number of vibrations which thefe particles are ca-
pable of making in a fécond, which determines the
ipecies of colour.

If the particles of the furface have not elafticity
fufficient to admit of fuch agitation, the body muft
be black, this colour being nothing elfe but a de-
privation of light, and all bodies from which no rays
are tranfmitted to our eyes appearing black,

1 no\v
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I now come to a very important queftion, refpect-
îng which fome doubts may be entertained. It may
be aiked, What is the caufe of the motion of vibra-
tion which cpnftitutes the colours of bodies ?

Into the difcovery of this indeed the whole is re-
folved ; for as foon as the particles of bodies ihall
be put in motion, the ether diftufed through the air
will immediately receive a iimilar agitation, which,
continued to our eyes, conftitutes there that which
we call rays, from which viiion proceeds.

I remark, firft, that the particles of bodies are
not put in motion by an internal, but an external
power, juft as a firing diftended would remain for
ever at reft, were it not put in motion by fome ex-
ternal force. Such is the cafe of all bodies in the
dark ; for, as we fee them not, it is a certain proof
that they emit no rays, and that their particles are
at reft. In other words, during the night, bodies
are in the fame ftate with the firings of an inftru-
ment that is not touched,-and which emit no found;
whereas bodies rendered vifible may be compared to
firings which emit found.

And as bodies become vifible as foon as they are
illuminated, that is as foon as the rays of the fun, or
of fome other luminous body, fall upon them, it
muft follow, that the fame caufe which illuminates;
them, muft excite their particles to generate rays,
and to produce in our eyes the fenfation of vifion.
The rays of light, then, falling upon a body, put its
particles into a ftate of vibration.

This appears a,t firft furprizing, becaufe ,on ex.
pofing
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pofing our bands to tine ftrongeft light, no fenfibíô
impreffioh is made on them, it is to Ъе confidered,
that the fenfe of touch is in us too grofs to perceive
thefe fubtile and flight impreflions, but that'the fenfe
of fight, incomparably more delicate, is powerfully
äfiefted 'by them; this furnimes an inconteftable
proof that the rays of light which fall upon a body
ç ofiefs ikfikient force to аи upon the minuter par-
ades, a>nd to commtmkafce to them a tremulous agi«
tation. And in this spreoifely confifts the action ne-
cefíary to -explain how bodies, wáien illuminated, are
put m -a condition tfaemfdves to produce rays, by
means of which dtiey become vifi&le -to us. It is fuf-
£cient that Ъоо^ез ikould -be luminous or expofed to
the light, in order to tlie agitaaon of their particles,
and thereby to their producmg!diemiblves rays wMch
render them viiible to us.

Tlie çerfeíl anaiogj^ between hearing and fight,
gives to chis 'explanation the bigbeft degree of pro-
babHity. Let -a harptichord be esapo&d to a great
noiíe, and you will fee tfiat not only the firings iu
general are put into a ftate of vibration, '.ЫйуоилуШ
hear the found of each, .almoft as if it were aifaially
touched. The mechamifm of this .plienomenon is
eaffly comprehended, as íoon as it is àcnosvn ihat a
firing agitated is capable of communicating to the
air the fame motion of Vibration which, traufmitted
to the ear, excites in it the ienfation of the found
which that fame ftring emits.

Now as a iftring produces in the air fuch a motion,
it follows, that the air reciprocally -ads on 'the ftringj

and
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gives it a tremulous motion. And as a noife is
capable of putting in motion the firings of a harps-
ichord, and of extracting founds from them,the fame
thing muft take place in the objefts* of vifion.

Coloured bodies are finiilar to the firings of a
harpfichord, and the different colours to the different

, in refpeit of high and low. The light which
on thefe bodies, being analogous to the noife to

^iiich the harpfichord is expofed, acls on the particles
°î their furface, as that noiie ads on the ftrings of
the harpfidiord> and thefe particles thus put in vibra-
ticrn^ will produce the rays which Ihall render the
body vifible.

This elucidation feems to me fufficient to diffipate
every doubt relating to my theory of colours. I
flatter myfdf at leaft, that I haw eftabhlhed the true
Principle of all colours, as well as explained how they
become vifible to us only by the light whereby bodies
•^ illuminated, unlefs fuch doubts turn upon fome
other, point which I have not touched upon.

1761.

LETTER XXII.

Wonders of the Human ' Voice.

I« explaining the theory of founds, I confidered
only two гефесЪ in which founds could differ :

**е one regarded the force of found, and I remarked
it is 'greater in proportion as the vibrations ex-,
in {he air are more violent. Thus the noife of

8 a difcharge
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a difcharge of cannon, or the ringing of'a bell, has
more force than that of a firing, or of the human
voice.

The other difference of founds is totally indepen-
dent of this, and refers to flat and {harp, according
to which we fay fome are low and others high. My
remark relatively to this difference, made it to de-
pend on the number of vibrations completed in a
certain given time, fay a fécond ; fo that the greater
fuch number is, the higher or iharper is the found,
and the fmaller.it is, the found is lower or flatter.

You can ealily comprehend how the fame note
may be either ftrong or faint ; accordingly we, fee
that the forte and piano employed by muficians,
change in no refpecl the nature of founds. - Among
the good qualities of a harpiichord, it is required that
all the notes mould have nearly the fame degree of
ftrength, and it is always confidered as a great fault
when fome of the firings are wound up to a greater
degree of force than the reft. Now the flat and the
{harp are referable only to the iimple founds, whofe
vibrations follow regularly, and at equal intervals ;
and, in mufic, we employ only thofe founds which
are denominated iimple. Accords are compound
founds, or the concourfe of feveral produced at once,
among the vibrations of which a certain order muft
predominate, which is the foundation of harmony»
But when no relation among the vibrations is per-
ceptible, it is a confufed noife, with which it is im-
poffible to fay what note of the harpiichord is in tune,
fuch as the report of a cannon or muiket.

There
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There is ftill another remarkable difference among
the fimple founds, which feems to have efcaped the
attention of philofophers. Two founds may be of
equal force, and in accord with the fame note of
the harpfichord, and yet very different to the ear.
The found of a flute is totally different from that of
the French-horn, though both may be in tune with
the fame note of the harpfichord, and equally ftrong ;
^ach found derives a certain peculiarity from the in-
ftrument: which emits it, but it is impoffible to de-
kribe wherein this cpnfifts; the fame ftring too emits
Different founds according as it is ftruck, touched or
Pinched. You can eaffly diftinguifli the found of
the horn, the flute, and other mufical inftruments.

The moft wonderful diverfity, to fay nothing of
the variety of articulation in fpeech, is.obfervable in
the human voice, that aftoniflung maflêr-piece of
the Creator. Reflect but for a moment on the dif-
*erent vowels which the mouth limply pronounces
°r fing8- When the vowel a is pronounced or fung,
*he found is quite different from that of e> i, о, и, or
01 pronounced or fung, though on the fame tone,
'^e muft not, then, look for the reafon of this dif-

ererice in the rapidity or order of the vibrations ;
0 inveftigation of philofophers has hitherto un-

folded this myftery.
u muft be perfectly fenfible, that in order to
thefe different vowels, a different conformation
be given to the cavity of the mouth, and that

11 man the organization of this part is much better
dapted to produce thefe effects, than that of ani-

VOL. II. G mais.
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mais. We find accordingly, that certain birds which
learn to imitate the human voice, are never capable
of diftinctly pronouncing the different vowels ; the
imitation is, at beft, extremely imperfect.

In many organs there-is a flop which bears the
name of the human voice ; it ufually, however, con-
tains only the notes which exprefs the vocal founds.
ai or ae. I have no doubt» that with fome change
it might be poifible to produce likewife the other
vocal founds a, e, /, о, и, ou ; but even this would
not be fufficient to imitate a fingle word of the hu-
man voice; how combine them with the corifonants,
which are fo many modifications of the vowels ? We

are fo conformed, that, however common the prac-
tice, it is almoft impoffible to trace and explain the

real mechanifm.
We diftinffly obferve three organs employed ifl

exprefling the confonants, the lips, the tongue, and
the palate -, but the nofe likewife eflèntially concurs-
On flopping it, we become incapable of pronouncing
the letters m and n ; the found of b and d only is

then to be heard. A ftriking proof of the marvel'
lous ЛгцсЪдге of our mouth for the pronunciation
of the letters undoubtedly is, that all the fldll of mai1

has not hitherto been capable of producing a piece

of mechanifm that could imitate it. The fong ha5

been exactly imitated, but without any articulatio11

of founds, and without diftincHon of the differed
vowels.

The conftruction of a machine capable of expreififl$
founds, with all the articulations, would no doubt ^

a
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a very important difcovery. Were it poffible to exe-
cute fuch a piece of mechanifm, and bring it to fuch
perfection, that it could pronounce all words, by
means of certain .{lops, like thofe of an organ or
harpfichord, every one would be furprized, andjuftly,
to hear a machine pronounce whole difcourfes or
fermons together, with the moft graceful accompa-
niments. Preachers and other orators, whofe voice
is either too weak or difagreeable, might play their
fermons or orations on fuch a .machine, as organifts
do pieces of mufic. The thing does not feem to me
impoffible.

16th June, 1761.

L E T T E R XXIÏÏ.

Л Summary of the principal Phenomena of Eleftricity.

'""T^ HE fubjeci which I am now going to recom-
Д. mend to your attention almoft terrifies me.

The variety it prefents is immenfe, and the enume>
r*tion of facts ferves rather to confound than to in-
forrn. The fubject I mean is Electricity, which, for
*°me time paft, has become an object of fuch im-
portance in phyiics, that every one is fuppofed to be
acquainted with its effects.

You muft undoubtedly have frequently heard it
Mentioned in converfation ; but I know not whe-
*Ьег уоц have ever witnefled any of the experiments,
^aturai philoiophers of modern times profecute the

of it with ardour, and are almoil every day
G 2 difcovering
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difõovering new phenomena, the defcription of whidh
would employ many hundreds of letters j nay, per-
haps, I mould never have done.
1 And here it is I am embarraffed. 1 could not
bear to think of letting you remain unacquainted
with a brancli of natural philofophy fo effential j but
I would willingly fave you the fatigue of wading
through a diffufe detail of the phenomenaj which,
after all, would not furniih the neceûary information.
I flatter myfelf, however, that I have difcovered a
road which will lead fo direetly to the objecï, that
you mall attain a knowledge of it much more per-
fect than that of moil natural philofophers, who de-
vote night and day to the inveftigation of thefe myf-
teries of nature.

Without flopping to explain the various appear-
ances and effects of electricity, which would engage
me in a long and tedious detail, without extending
your knowledge of the caufes which produce thefe
eflefts, I ihall purfue quite a different courfe, and
begin with unfolding the true principle of nature on
which all thefe phenomena are founded, however
various they may appear, and from which they are
all eafily deducible.

It is fufficient to remark, in general, that electri-
city is excited by the friction of a glafs tube. It
thereby becomes electrical : and then it alternately1

attrafts and repels light bodies which are applied to
it, and on the application of other bodies, fparks of
fire are mutually extracted, which, increafed fr
ftrength, kindle fpivits of wine and other combuftible

fubftances-
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fubftances. On touching fuch tube with the finger,
you feel, befide the fpark, a puncture which may,
in certain circumftances, be rendered fo acute as to
produce a commotion through the whole body.

Inftead of a tube of glafs, we likewife employ a
globe of the fame, which is made to turn round an
axis, like a turning-wheel. During this motion it
ls rubbed with the hand, or with a cuihion applied
to it ; then the gîobe becomes electric, and produces
the fame phenomena as the tube.

Befides 'glafs, reiinous bodies, fuch as Spaniih wax
and fulphur, likewife pofíefs the property of becom-
ing electric by friction ; but certain fpecies of bodies
°nly have this quality, of which glafs, fealing-wax,
and fulphur, are the principal.

With no effect do other bodies undergo friction ;
Tio fign of electricity appears : but on applying them
to the firft, when rendered electric, they immediately
Squire the fame property. They become electric,
then, by communication, as the touch, and frequently
*he approximation only, of electric bodies, renders
them fuch.

All bodies, therefore, are diviiible into two claffes;
111 the one are included fuch as become electric by

in the other thofe which are rendered fuch
У communication, whereas friction produces no

of effect on them, It is very remarkable,
frat bodies of the firft clafs receive no electricity from
°nimunication,: when you apply to a tube or globe

glafs ftrongly electrified, other glafles, or bodies,
Qich friction renders electric, this touch commu-

G 3 , nicates
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nicates no electricity to them. The diftinftion of
thefe two. clafles of bodies is worthy of attention,
the one clafs being difpofed to become electrical by
friction only, and not by communication, the other,
on the contrary, only by communication. "

All metals belong to this laft clafs,and the commu-
nication extends fo far, that on prefenting one extre-
mity of a wire to an electric body, the other ex-
tremity becomes fo likewife, be the wire ever fo
long ; and on applying ftill another wire to the far-
ther extremity of the firit, the electricity is conveyed
through the whole extent of that fécond thread, and
thus electricity may be tranfmitted to the moft re-
mote diftances.

Water is a fubftance which receives electricity by
communication. Large pools have been electrified
to fuch a degree, that an application of the finger
has elicited fparks, and excited pain.

The prevailing perfuafion now is, that lightning
and thunder are the effect of the electricity which
.the clouds acquire, from whatever caufe. A thun-
der ftorm exhibits the fame phenomena of electricity»
on the great fcale, which the experiments of natural
philofophers do in miniature.

ZQth June, 1761.

LETTED
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LETTER XXIV.

The true Principle of Nature, on which are founded all
the Phenomena of Eleflricity.

rT^HE fummary I have exhibited of the principal
•*• phenomena of electricity, has no doubt excited

a. curiofity to know what occult powers of nature
are capable of producing effects fo furprizing.

The greateft part of natural philofophers acknow-
ledge their ignorance in this refpeft. They appear
to be fo dazzled by the endlefs variety of phenomena
which every day prefent themfelves, and by the fin-
gularly marvellous circumftances which accompany
thefe phenomena, that they are difcouraged from
attempting an inveftigation of the true cáufe of them.
They readily admit the exiftence of a fubtile matter,
which is the primary agent in the production of the
Phenomena, and which they denominate the electric
fluid j but they are fo embar raffed about deter min-
lng its nature and properties, that this important
branch of phyfics is rendered only more perplexed
by their refearches.

There is no room to doubt, that we muft look
*°r the fource of all the phenomena of electricity
°nly in a certain fluid and fubtile matter ; but we
bave no need to go to the regions of imagination in

of it. That fubtile matter denominated ether,
reality I luve already endeavoured to demon-

G 4
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ftrate,* is fufficient very naturally to explain all the
furprizing effects which electricity prefents. I hope
I {hall be able to fet this щ fo clear a light, that you
ihall be able to account for every eleftrical pheno-
menon, however ftrange an appearance it may af-
fume.

The great requiiite is to have a thorough know-
ledge of the nature of ether. The air which we
breathe rifes only to a certain height above the fur-
face of the earth ; the higher you afcend, the more
fubtile it becomes, and at lait it entirely ceafes. We
muft not affirm, that beyond the region of the air
there is a perfect vacuum, which occupies the im-
menfe fpace in which the heavenly bodies revolve.
The rays of light which are diftufed in all directions
from thefe heavenly bodies, fufficiently de,monitrate
that thofe vail fpaces are filled with a fubtile matter.

If the rays of light are emanations forcibly pro-
jected from luminous bodies, as fome philofophers
have maintained, it muft follow, that the whole fpace
of the heavens is filled with thefe rays, nay that they
move through it with incredible rapidity. You
have only to recollect the prodigious velocity with

.which the rays of the fun are tranfmitted to us. On
this hypothefis, not only would there be no vacuum,
but all fpace would be filled with a fubtile matter,
and that in a itate of confiant and moft dreadful
agitation.

But I think I have clearly proved, that rays of
light are no more emanations projected from lumi-

* Vol. I. Letter XV.
nous
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nous bodies, than found is from fonorous bodies. It
!s much more certain, that rays of light are nothing
«Ife but a tremulous motion or agitation of a fubtile
nutter, juft as found confifts of a iimilar agitation
«xcited in the air. And as found is produced, and
tranfmitted by the air, light is produced and tranf-
ttiitted by that matter, incomparably more fubtile,
denominated ether, which confequently fills the im-
uienfe fpace between the heavenly bodies.

Ether then is a medium proper for the tranfmif-
ûon of rays of light, and this fame quality puts us in
* condition to extend our knowledge of its nature
and properties. We have only to reflect on the
properties of air, which render it adapted to the re-
Option and tranfmiflion of found. The principal
caufe is its elafticity or fpring. You know that air
has a power of expanding itfelf in all directions, and
that it does expand, the inftant that obftades are re-

The air is never at reft, but when its elaf-
every where the fame ; whenever it is greater

111 one place than another, the air immediately ex-
Pands. We likewife difcover by experiment, that
*he more the air is comprefled, the more its elafti-
Clty increafes : hence the force of air-guns, in which
the air, being very ftrongly comprefled, is capable
°f difcharging the ball with aftoniihing velocity. The
c°ntrary takes place when the air is rarefied : its
^afticity becomes lefs in proportion as it is more rar

efied, or diffufed over a larger fpace.
^n the elafticity of the air, then, relative to its.

enfity, depends the velocity of fou.nd, which makes
a progref^
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2,' progreis'of about 1000 feet in a fécond. If the
elafticity of the air were increafed, its denfity re-
maining the fame, the velocity of found would in-
creaíè : and the íàme thing would take place if the
air were more rare, or lefs denfe than it is, its elaf-
ticity being the fame. In general, the more that
any medium, fimilar to air, is elaftic, and at the
fame time lefs denfe, the more rapidly will the agita-
tions excited in it be tranfmitted. And as light Is
tranfmitted fo many thoufand times more rapidly
than found, it muft clearly follow, that the ether,
that medium whofe agitations conftitute light, is
many thoufand times more elaftic than air, and, at
the fame time, many thoufand times more rare of
more fubtile, both of thefe qualities contributing to
accelerate the propagation of fight.

Such is the reafon which leads to conclude, that
ether is many thoufand times more elaftic and тогб
fubtile than air ; its nature being in other refpects
iimilar to that of air, in as much as it is likewife a
fluid matter, and fufceptible of compreffion and of
rarefaftion. It is .this quality which'will çonduo
us to the explanation of all the phenomena of elec-
tricity.

c> 1761.

LETTED
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LETTER XXV.

Continuation. Different Nature of Bodies relatively to
Elearicity.

"TETHER being a fubtile matter, and fimilar to
-L_J air, but many thoufand times more rare and
more elaftic, it cannot be at reft, unlefs its elafticity,
or the force with which it tends to expand, be the
fame every where.

As foon as the ether in one place fliall be more
elaftic than in another, which is the cafe when it is
ttiore comprefled there, it will expand itfelf into the
parts adjacent, compreffing what it finds there, till
the whole is reduced to the fame degree of elafticity.
ït is then in equilíbrio ; the equilibrium being no-
thing elfe but the ftate of reft, when the powers
^vhich have a tendency to difturb it counterbalance
each other.

When therefore the ether is not in equilíbrio, the
fame thing muft take place as in air, when its equi-
librium is difturbcd ; it muft expand itfelf from the
Place where its elafticity is greater,toward that where
11 is lefs ; but conüdering its greater elafticity and
fubtilty, this motion muft be much more rapid than
that of air. The want of equilibrium in the air
Produces wind, or the motion of that fluid from
°ne place to another. There muft therefore be pro-

a fpecies of wind, but incomparably more
e, than that of air, when the equilibrium of the

ether
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ether is diilurbed, by which this laft fluid will pafs
from places where it was more comprefled and more
elaftic, to thofe where it was lefs fo.

This being laid down, I with confidence affirm,
that all the phenomena of eleftricity are a natural
confequence of want of equilibrium in the ether, fo
that wherever the equilibrium of the ether is dif-
turbed, the phenomena of electricity muft take place ;
confequently, eleftricity is nothing elfe but a.de-
rangement of the equilibrium of the ether.

In order to unfold all the effecb of electricity, we
muft attend to the manner in which ether is blended
and inveloped with all the bodies which furround us.
Ether, in thefe lower regions, is to be found only in
the fmall interftices which, the particles of the air and
of other bodies leave unoccupied. Nothing can be
more natural than that the ether, from its extreme
fubtilty and elafticity, mould infinuate itfelf into the
fmalleft pores of bodies, which are impervious to air,
and even into thofe of the air itfelf. You will re*
collect that all bodies, however folid they may ap-
pear, are fujl of pores ; and many experiments in^
conteftibly demonftrate, that thefe interftices occupy
much more fpace than the folid parts ; finally, the
lefs ponderous a body is, the more it muft be filled
with thefe pores, which contain ether only. It is
clear, therefore, that, though the ether be thus difr
fufed through the fmalleft pores of bodies, it muft
however be found in very great abundance in'the
vicinity of the earth.

You will, eafily comprehend, that the difference
' "of
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of thefe pores muft be very great, both as to mag-
nitude and figure, according to the different nature
°f the bodies, as their diverfity probably depends on
the diverfity of their pores. There muft be, there-
fore, undoubtedly, pores more clofe, and which have
lefs communication with others ; fo that the ether
^hich they contain is likewife more confined, and
cannot difengage itfelf but with great difficulty,
though its elafticity may be much greater than that
of the ether which is lodged in the adjoining pores.
There muft be, on the contrary, pores abundantly
°pen, and of eafy communication with the adjacent
î>ores ; in this cafe it is evident, that the ether lodged
^ them can with lefs difficulty difengage itfelf than
IN the preceding ; and if it is more or lefs elaftic in

than in the others, it will foon recover its equi-

In order to diftinguifli thefe two claffes of pores,
* fliall denominate the irrft clofe, and tlje others open.
^toft bodies muft contain pores of an intermediate
Pecies, which it will be fuificient to diftinguiih by

• "e terms more or lefs clofe, and more or Icfs open.
'This being laid down, I remark, firft, that if all

"°dies had pores perfectly clofe, it would be impof-
Ilble to change the elafticity of the air contained in
hern "; and even though the ether in fome of thefe

Pores ihould have acquired, from whatever caufe, a
l!gher degree of elafticity than the others, it would

aUvays remain in that ftate, and never 'recover its
^ilibrium, from a total want of communication.
11 this cafe, no change could take place in bodies ;

ail
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all would remain in the fame ftate as if the ether
were in equilíbrio, and no phenomenon of elecïricity
could be produced.

This would likewife be the cafe if the pores of
all bodies were perfectly open : for then, though the
ether might be more or lefs elaftic in fome pores
than in others, the equilibrium would be inftantly
reftored, from the entire freedom of communication,
and that fo rapidly, that we fliould not be in a con-
dition to remark the flighteft change. For the fame
reafon, it would be impoffible to difturb the equili-
brium of the ether contained in fuch pores ; as often
as the equilibrium" might be difturbed, it would be
as inftantaneoufly reftored, and no fign of eleftricity
would be difco ver able.

The pores of all bodies being neither perfectly clofe
nor perfecUy open, it will always be poflible to dif-
turb the equilibrium of the ether which they con-
tain : and when this happens, from whatever caufe»
the equilibrium cannot fail to re-eftabliih itfelf : but
this re-eftabliihment will require fome time, and this
produces certain phenomena : and you will prefently
fee, much to your fatisfaftion, that they are pre-
cifely the fame which electrical experiments have сШ-
covered. It will then appear, that the principles oil

. which I am going to eftabliih the theory of electri*
, city are extremely fimple, and at the fame time ab'

folutely incontrovertible.
2-jtb June, 1761.
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L E T T E R XXVI.

On the fame Subjefl.

HOPE I have now furmounted the moft formi-
dable difficulties which prefent themfelves in the

theory of elecbicity. You have only to preferve the

idea, of ether, which I have been explaining ; and
Vfhiclj-ib. that extremely fubtUe and elailic matter
Qiffufed -цоС only through all the void fpaces of the
Univerfe? hut through the minpteft pores of all bodies,
IQ which it is fometimes more and fometimes lefs en-
gaged, according as they are more or lefs clofe. This
SOnfideration conducts us to two principal fpecies of
bodies, of which the one has pores more clofe, and
the other pores more open.

Should it happen, therefore, that the ether con-

tained in the pores of bodies, has not throughout the
feme degree of elafticity, and that it is more or leis
Compreffed in fome than in others, it. will make an
effort to recover its equilibrium ; and it is precifely
from this that the phenomena of electricity take their
rffe, which, of confequence, will be varied, in pro-
Pottion as the pores in which the ether is lodged are

•Various, and grant it a communication more or lefs
free with the others.

This difference in the pores of bodies perfectly cor-
refponds to that which the firft phenomena of elec-
tricity have made us to remark in them, by which
torne eafily become electrical by communication, or4

ï the
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the proximity of an electrical body, whereas others
fcarcely undergo any change. Hence you will im-
mediately infer, that bodies which receive electricity
fo eafily, by communication alone, are thqfe whofe
pores are open ; and that the others which are almoft
infenfible to electricity, muft have theirs clofe, either
entirely or to a very great degree.

It is, then, by the phenomena of electricity them-
felves, that we are enabled to conclude what are thé
bodies whofe pores are clofe or open. Refpecting
which permit me tofuggeft the following elucidations«'

Firft, the air which we breathe has its pores almoft
entirely clofe ; fo that the ether which it contains,
cannot difengage itfelf but with difficulty, and muft
find equal difficulty in attempting to penetrate into
it. Thus, though the ether diffufed through the air
is not in equilíbrio with that which is contained in
other bodies, where it is more or lefs compreifed, the
re-eftablifliment of its equilibrium is not to be pro-
duced without extreme difficulty ; this is to be un-
derilood of dry air, humidity being of a different na-
ture, as I fliall prefently remark.

Farther, we muft rank in this clafs of bodies, with
clofe pores, glafi-, pitch, refmous bodies? fealing -wax,

fulphur, and particularly ftlk. Thefe fubftances have
their pores fo very clofe, that it is with extreme dif'
ficulty the ether can either efcape from, or penetrate
into, them.

The other clafs, that of bodies whofe pores are
open, contains, firft, water and other liquors, whofe
nature is totally different from that of air. For this

reafofl
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*eafon when air becomes humid, it totally changes its
uature with refpeét to electricity, and the ether can
enter or efcape without almoft any difficulty. To
this clafs of bodies, with open pores, likewife muftbe
referred thofe of animals, and all metals.

Other bodies, fuch as wood, feveral forts of ftones
and earths, occupy an intermediate ftate between the
two principal fpecies which I have juft mentioned,

the ether is capable of entering or efcaping with
or lefs facility, according to the nature of each

fpecies.
After thefe elucidations on the different nature of

bodies, with refpeft to the ether which they contain,
you will fee with much fatisfaffion, how all the phe-
^omena of electricity, which have been confidered as
*° many prodigies, flow very naturally from them.

All depends, then, on the ftate of the ether, dif-
*ufed or difperfed through the pores of all bodies, in
^s far as it has not throughout the fame degree of
etafticity, or as it is more or lefs comprefled in fome
*han in others ; for the ether not being then in equi-

, will make an effort to recover it. It will en-
ur to difengage itfelf as far as the opennefs of

pores will permit, from places where it is too
comprefled, to expand itfelf and enter into

Pores where there is lefs compreffion, till it is through-
reduced to the fame degree of compreffion and
icity, and is, of confequence, in equilíbrio.

•Let it be remarked, that when the ether pafies
°m a body where it was too much comprefled, into

Bother where it is lefs fo, it meets with great ob-
V<*. И. H ftacles
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ftacles in the air which feparates the two bodies, on
account of the pores of this fluid, which are almoft
entirely clofe. It however paffes through the air, as
a liquid and extremely fubtile matter, provided its
force is not inferior, or the interval between the
bodies too great. Now this paffage of the ether being
very much impeded, and almoft entirely prevented
by the pores of the air, the fame thing will happen
to it, as to air forced with velocity through fmall
apertures, a hiffing found is heard, which proves that
this fluid is then put into an agitation which produces
fuch found.

It is, therefore, extremely natural, that the ether,
forced to penetrate through the pores of the air,
fliould likewife receive a fpecies of agitation. You
will pleafe to recollect, that as agitation of the air
produces found, a fimilar agitation of ether produces
light. 'As often, then, as ether efcapes from one
body, to enter into another, its paffage through the
air muft be accompanied with light ; which appears
fometimes under the form of a fpark,fometimes under
that of a flafli of lightning, according as its quantity
is more or lefs confiderable.

Here, then, is the moft remarkable circumftancC
which accompanies moft elecbical phenomena, ex-
plained to a demonftration, on the principles I have
laid down. I fhall now enter into a more particular
detail, which will furniih me with a very agreeabl?
fubject for fome following letters.

;, 1761.
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L E T T E R XXVII.

4f pofitive and negative Electricity. Explanation of the
Phenomenon of Attraction.

Y/"OU will eafily comprehend from what I have
-•- above advanced, that a body muft become elec-
*rical, whenever the ether contained in its pores be-
^°nies more or leis elaftic than that which is lodged
ln adjacent bodies. This takes place when a greater
l^antity of ether is introduced into the pores of
*Uch body, or when part of the ether which it con-
fined is forced out. In the former cafe, the ether
"ecomes more comprefled, and confequently more
ekftic ; in the other, it becomes rarer, and lofes its
ekfticity. In both cafes, it is no longer in equilíbrio
^h that which is external ; and the efforts which
lt nukes to recover its equilibrium, produce all the

of electricity.
fee then that a body may become electric in

different ways, according as the ether contained
11 pores becomes more or lefs elaftic than that

is external •, hence refult two fpecies of elec-
lcity: the one, by which tjie ether is rendered
°re elaftic, or more comprefled, is denominated in-
eafed or poßtive eleflricity; the other, in which the

er is lefs elaftic, or more rarefied, is denominated
nil»ijhed or negative eleâíricity. The phenomena of
th are nearly the fame ; a flight difference only is

°bfervable, which I fliall mention.
H a Bodies
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Bodies are not naturally electrical, as the elafticity
of the ether has a tendency to maintain it in equilí-
brio, it muft always require a violent operation to
difturb this equilibrium, and to render bodies elec-
trical ; and fuch operations muft act on bodies with
clofe pores, that the equilibrium once deranged may
not be inftantly reftored. We accordingly find that
glafs, amber, fcaling-wax, or fulphur, are the bodies
employed to excite electricity»

The eafieft operation, and, for fome time paft, the
moft univerfally known, is to rub a ftick of fealing
wax, with a piece of woollen doth, in order to com-
municate to that wax the power of attracting fmall
flips of paper and of other light bodies. Amber, by
means of friction, produces the fame phenomena j
and as the ancients gave to this body the name of
defirriii, the power excited by friction obtained, and
j>referves, the name of eleflricity : natural philofophers
of the remoteft ages having remarked, that this fub-
ftance acquired by friction the faculty of attracting
light bodies.

This effect undoubtedly arifes from the- derange-
ment of the equilibrium of the ether by means of
friction. I muft begin, therefore, with explaining
this well-known experiment. Amber and fealing'
wax have their pores abundantly dofe, and thofe oi
wool are abundantly open ; during the friction, the
pores of both the one and die other comprefs them-
lelves, and the ether which is contained in them, 'l9

reduced to a higher degree of elafticity. According
as the pores of the wool are fufceptible of a compre*'



NEGATIVE ELECTRICITY. IOI

greater or lefs than thofe of amber or fealing-
it muft happen, that a portion of ether fliall

pafs from the wool into the amber, or reciprocally
from the amber into the wool. In the former cafe»
the amber becomes pofitively eleftric, and in the other
negatively, and its pores being clofe, it will remain in
this ftate for fome time ; whereas the wool, though
*t has undergone a fimilar change, will prefently re-
cover its natural ftate.

From the experiments which electric fealing-wax
Amimes, we conclude that its electricity is negative^
arid that a part of its ether has pafled during the
friction into the wool. Hence you perceive how a
"ick of fealing-wax is, by friction Аэп woollen cloth,
Deprived of part of the ether which it contained, and
^uft thereby become electric. Let us now fee what
effects muft refult from this, and how far they cor-
refpond with obfervation and experience.

Let AB (plate H-fíg. 24.) be a ftick of fealing-wax,
from which, by friclion, part of the ether contained
111 its pores has been forced out ; that which remains
being lefs comprefled, will therefore have lefs force
to expand itfelf, or, in other words, will have lefs
ekfticity than that contained in other bodies in
the circumambient air ; but as the pores of air are

tlU clofer than thofe of fealing-wax, this prevents
he ether contained in the air from pafiing into the
ealing-wax, to reftore the equilibrium ; at leaft this

1U not take place till after a confiderable interval
oftime.

"**et a fmall and very light body C, whofe pores
H 3 are
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are open, be nowprefented to the ftick of fealing-wax,
the ether contained in them, finding a free pafiage,
becaufe it has more force to expand itfelf than is op*
pofed to it by the ether flxut up in the ftick at с, will
fuddenly efcape, will force a paflage for itfelf through
the air, provided the diftance is not too great, and
will enter into the fealing-wax. This paflage, how?
ever, will not be effected without very confiderablç
difficulty, as the pores of the fealing-wax have only
a very fmall aperture, and confequently it will not be
accompanied with a vehemence capable of putting
the ether in a motion of agitation, to excite a fenfibl?
light. A faint glimmering only will be perceptible
in the dark, if the electricity is fufficiently ftrong.

But another phenomenon will be obfervable, which
is no lefs furprizing, the fmall body С will fpring tor-
ward the fealing-wax, as if attracted by it. To eXf
plain the caufe of this, you have only to coniider,
that the fmall body C, in its natural ftate, is equally
prefled on all fides by the air which furrounds it »
but as in its prefent ftate, the ether makes its efcape,
and pafles through the air in the direction С c, it is
evident, that this laft fluid will not prefs fo violently
on the fmall body, on this fide, than on any other,
and that the preffure communicated to it toward c,
will be more powerful than in any other direction,
impelling it toward the fealing-wax as if attracted
by it.

Thus are explained, in a manner perfectly intel»
ligible, the attractions obfervable in the phenomena
pf electricity. In this experiment, the eleftricity is

toP
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°o feeble to produce more furprizing effects. I fliall
ave the honour of prefenting you with a more

at*iple detail in the following letters.

> Jufy, 176'!.

L E T T E R .XXVIII.

On tbefamc Sitbjetf.

were the faint beginnings of the electrical
phenomena ; it was not till lately that they were

Carried much farther. At firil a tube of glafs was
eftiployed, fimilar to that of which barometers are

; but of a larger diameter, which was rubbed
e naked hand, or with a piece of woollen cloth,

atld electrical phenomenamore ftriking were obferved,
You will readily comprehend, that on rubbing a

tube of glafs, part of the ether muft pafs, in virtue
°* the compreffion of the pores of the glafs, and of
"e rubbing body, either from the hand into the

S^fs, or from the glafs into thé hand, according as
116 pores of the one or of the other are more fuf-

Ceptible of compreffion in the friction. The ether,
att:er this operation, eafijy recovers its equilibrium in
he hand, becaufe its pores are open ; but thofc of
^e glafs being abundantly clofe, this fluid will pre-
erve its ftate in it, whether the glafs were furcharged
r exhaufted, and confequently will be electric, and
1ц produce phenomena fimilar to thofe of fealing.

t**i but undoubtedly much ftronger, as its eleftri-
* У !5 carried to a higher degree, as well from th.e

H 4 greater
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greater diameter of the tube, as from the very nature
of glafs.

Experiments give us reafon to conclude, that the
tube of glafs becomes, by tkefe means, furcharged
with ether, whereas fealing-wax is exhaufted of it >
the phenomena however are nearly the iame.

It muft be pbferved, that the glafe tube retains its
electricity as long as it is furrounded only with air,
becaufe the pores of the glafs and thofe of the air,
are too clofe to allow a communication fufficiently
free to the ether, and to exhauft the glafs of what it
has more than in its natural ftate ; fuperfluity of
ether always increafing elafticity. But the air muft
be very dry, for only when in that ftate are its pores
fuffifiently clofe ; when it is humid or loaded with
vapours, experiments do not fucceed, whatever de-
gree of friction you beftow on the glafs. The reafon
is obvious ; for water, which renders the air humid,
having its pores very open, receives every inftant
the fuperfluous ether which was in the glafs, and
which of covirfe remains in its natural ftate, Expe*
riments fucceed, then, in only very dry air; let us
now fee what phenomena a glafs tube will, in that
cafe, produce, (plate ll-ßg* 2$,} after having under-
gone confiderable fri£lion.

It is clear, that on prefenting to it a fmall light
body С with open pores, fuch as gold-leaf, the ether
in the tube more elaftic at the neareft parts D, E,
will not make ineffectual efforts to difcharge itfelf
and país into the pores of the body 6*. It will force
a path through the air, provided the diftance be not

top
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great ; and you will even fee a light between the
and the body occaiioned by the agitation ex-
in the ether, which paffes with difficulty from

e tube into the body. When, inftead of the body
^5 the finger is applied to it, you feel a pricking oc-
Cafioned by the rapid entrance of the ether ; and if
У°и expofe your face to it at fome diftance, you. feel
a certain agitation in the air, excited by the tranfition
*" the ether. Thefe circumftances are likewife ac.
c°nipamed, fometimes, with a flight cracking, pro-
^fcced undoubtedly by the agitation of the air which
^e ether traverfes with fuch rapidity.

i muft entreat you to keep in mind, that an agi-
atton in the air always produces a found, and that
^e motion of ether produces light ; and then the

esplanation of thefe phenomena will become abun-
eafy.

the fmall light body C, be replaced in the vi-
of our elecbic tube ; as long as the ether is

from the tube, to enter into the pores of the
C, the air will be in part expelled from it, and

c°nfequently will not prefs fo ftrongly on the body
n that fide, as in every other direction ; it will liap-

P^na then, as in the preceding cafe, that the body С
У* be impelled toward the tube, and, being light,

come clofe up to it. We fee, then, that this ap.
attraction equally takes place, whether the

in the tube be too much or too little elaftic ;
r> "whether the elafticity of the tube be pofitive or
Sative. In both cafes, the paflage of the ether flops
e Ф> and by its preflure hinders it from ading.

But
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But while the fmall body С is approaching the

tube, the paflage of the ether becomes ftronger, and
the body С will foon be as much furcharged with ether
as the tube itfelf. Then the action of the ether,
which arifes from its elaiHcity only, entirely ceafes,
and the body С will fuftain on all fides an equal
preffure. The attraction will ceafe, and the body С
will remove from the tube, as nothing detains it, and
its own gravity puts it in motion. Now as foon as
it removes, its pores being open, its fuperfluous ether
prefently efcapes in'the air, and it returns to its na-
tural ftate. The body will then act as at the begin-
ning, and you will fee it again approach the tube, fo
that it will appear alternately attracted and repelled
by it ; and this play will go on till the tube has loft
its electricity. For as, on every attraction, it dif-
charges fome portion of its fuperfluous ether, befides
the infenfible efcape of part of it in the air, the tube
will foon be re-eftablifhed in its natural ftate, and in
its equilibrium ;• and this fo much the more fpeedily
as the tube fliall be fmall, and the body С light : then
all the phenomena of electricity will ceafe,

•jth July, 1761.

LETTER XXIX.

On the eleftrïc Atmofphere,

Т HAD almoit forgot to bring forward a moft ef-
JL fential circumftance, which accompanies all elec*
trie bodies, whether poftti-vely or negatively fuch, and

which
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fupplies fome very ftriking elucidations for
Cxplaining the phenomena of eleftricity.

Chough it be indubitably true that the pores of
*tt are very clofe, and fcarcely permit any communi-
cation between the ether that they contain, and what
18 Ш the vicinity, it undergoes however fome change
when near to an eledric body.

Let us firft coniider an eleclric body negatively (o,
*s a ftick of fealing-wax A B, (plate III. fig. ï.) which
*as been deprived by fridion of part of the ether
c°ntained in its pores, fo that what it now contains
^as lefs elafticity than that of other bodies, and con-
*eq\iently than that of the air which furrounds the
ÏVax. It muft necefiarily happen, that the ether con-
wined in the particles of the air which immediately
l°Uch the wax, as at m, having greater elafticity,
would difcharge itfelf, in however fmall a degree,
Into the pores of the wax, and will confequently lofe
^mewhat of its elafticity. In like manner, the par-
lcles of air more remote, fuppofe at и, will likewife
uffer a portion of their either to efcape into the nearer

^ ^> and fo on to a certain diftance, beyond which
fte air will no longer undergo any change. In this

, the air round the ftick of wax, to a certain
, w^ll be deprived of part of its ether, and be-

c°«ie itfelf electric,

• his portion of the air, which thus partakes of
^e eledricity of the ftick of wax, is denominated

• e eleftric qtiiwfphere ; and you will fee from the
Pr°ofs which I have juft adduced, that every eleftric

niuft be furrounded with an atmofpherc. For
6 if
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if the body is po/îîively elecbric, fo as to contain a iu-
perfluity of ether, it \yill be more compreffed in fuch
a body, and confequently more elaftic, as is the caie
with a tube of glafs when rubbed ; this ether, more
elaftic, then difcharges itfelf, in a fmall degree, into
the particles of air which immediately touch it, and
thence into particles more remote, to a certain dif-
tance ; this will ' form another eleftric atmofphere
round the tube, in which the ether will be more
compreffed, and confequently more elaftic than elfe-
\vhere.

It is evident that this atmoíphere which furrounds
fuch bodies, muft gradually diminifli the electricity
of them, as in the firft cafe there paffes almoft con-
tinually a fmall portion of ether, from the furround-
ing air, into the electric body, and which, in the
other cafe, iflues from the eleftric body, and pafles
into the air. This is likewife the reafon why electric
bodies at length lofe their electricity ; and this fo
much the fooner, as the pores of the air are more
open. In a humid air, whofe pores are very openj
all electricity is almoft inftantly extinguHhed ; but
jn very dry air it continues a coniiderable time.

This electric atmofphere becomes abundantly fen*
iible, on applying your face to an electrified body í
you have a feeling iimilar to the application of a fpi'
tier's web, occafioned by the gentle tranfition of the
ether from the face into the electric body, or reci*
procally from this laft into the face, according as i1

is negative or pofitive, to ufe the common expreffiofl«
The electric atmofphere ferves likewife more clearly

to
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t° explain that alternate attraction and repulfion of
%ht bodies placed near to electric bodies, which I
Mentioned in the preceding letter ; in which you

have remarked, that the explanation of repul-
there given, is incomplete ; but the electric at-

^ofphere will fupply the defect.
Let A B (f late 111. fg. ï.) reprefent an -eleftric

tube of glafs furcharged with ether, and let С be a
"uall light body, with pores fufôciently open, in its
^aturai ftate. Let the atmofphere extend as far as
the diftance D E. Now, as the vicinity of С con-
tains already an ether more elaftic, this will difcharge
ttfelf into die pores of the body C, there will imme-
diately iflue from the tube a new ether, which will
pafs from D into C, and it is the atmofphere chiefly
^hich facilitates this paiTage. For if the ether con-
tained in the air had no communication with that in
the tube, the corpufcle С would not feel -the vicinity
°f the tube ; but while the ether is paffing from D
to C, the preflure of the air between С and D will
°e diminiihed, and the corpufcle С will no longer be
Ptefled equally in all directions ; it will therefore be
Spelled toward D, as if attracted by it. Now in
Proportion as it approaches, it will be likewife more
and more furcharged with ether, and will become
electric as the tube itfelf, and, confequently, the elec-
tricity of the tube will no longer act upon it.

But as now the corpufcle, being arrived atD, con-
tains too much ether, and more than the air at E, it

have a tendency to efcape, in order to make its
to £. The atmofphere, in which the compref-

fion
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fion of the ether continues to diminifli from D to £
will facilitate this paflage, and the fuperfluous ether
will in effect flow from the corpufcle toward E. By
this paflage, the preffure of the air on the corpufcle
will be fmaller on that fide than every where eKe,
and confequently the corpufcle will be carried to-
ward D, as if the tube repelled it« But as foon as it
arrives at £, it difcharges the fuperfluous ether, and
recovers its natural ftate ; it will then be again at-
tracted toward the tube, and, having reached it, will
be again repelled, for the reafon which Г have juft
been explaining.

It is the electric atmcfphere then, chiefly, which
produces thefe imgular phenomena, when we fee
electrified bodies alternately attract and repel fmali
light-bodies, fuch as little flips of paper, or particles
of metal, with which this experiment beft fucceeds,
as the fubftances have very open pores.

You will fee, moreover, that what I have juft noW
faid refpecting po/îtive electricity, muft equally take
place in negative. The tranfition of the ether is only
reverfed, by which the natural preffure of the air
muft always be diminiihed.

иг/4 July, 1761.

LETTEK
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LETTER XXX,

of Electricity to a Bar of Iron, by means

of a Globe of Glafs.

A FTER the experiments made with glafs tubes,
""*: •*- \ve have proceeded to carry eleftricity to a
01gher degree of ftrength. Inftead of a tube, a globe,
°r round ball of glafs, has been employed, which is

to turn with great velocity round an axis, and
applying the hand to it, or a cufliion of fome

r with open pores, a friftion is produced,
renders the globe completely electric.

Figure 4. of plate III. reprefents this globe, which
1аУ be made to move round an axis A B, by a me-

cilanifm fimilar to that employed by turners. С is
cufliion ftrongly applied to the globe, on which

rubs as it turns round. The pores of the cufliion
eing, in this friction, comprefled more than thofe

glafs, the ether contained in it is expelled,

e

forced to iniinuate itfelf into the pores of the
where they continue to accumulate, becaufe

open pores of the cuihion are continually fupply-
S it with more ether, which it is extracting, at

ait m part, from furrounding bodies ; and thus the
« °be may be furcharged with ether to a much higher

§ree than glafs tubes. The erFects of eleilricity
, e> accordingly, rendered much more confiderable,

°r the fame nature with thofe which I have de-
ibed, alternately attracting and repelling light bo-

dies;
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dies ; and the fparks wliich we fee, .on touching the
electric globe, are much more lively.

But naturalifts have not retted fatisfied with fucb
experiments, but have employed the electrical globe
in the clifcovery of phenomena much more fui"'
prizing.*

Having conftrufted the machine for turning tbs

globe round its axis AB, a bar of iron F G is fuf-
pended above, or on one fide of, the globe,' and W
ward the globe is directed a chain of iron or other

metal ED, terminating at D, in metallic filaments»
which touch the globe. It is fufEcient that thi*
chain be attached to the bar of iron in any manner
whatever, or but touch it. When the globe is turne»
round, and, in turning, made to rub on the cuihiofl
at C, in order that the glafs may become furcharge^
with ether, which will, confèquently, be more elaftic»
it.will eafily pafs from thence into the filaments D»
for, being of metal, their pores are very open ; an»
from thence, again, it will difcharge itfelf by tb6

chain DE, into the bar of iron FG. Thus by mean*
of the globe, the ether extracted from the cuihion C>
will fucceflively accumulate in the bar of iron F<2>
which likewife, of confequence, becomes eleftrfo
and its electricity increafes in proportion as you coo'
tinue to turn the globe.

If this bar had a farther communication wit^
other bodies, whofe pores too are open, it would
foon difcharge into them its fuperfluous ether, an'*
thereby lofe its electricity ; the ether extracted frort1

* See Plate III. Fig. 3.
tbe
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cuíhíon would be difperfed over all the bodies
had an inter-cormminkation, and its greateft

compreffion would not be more perceptible« To
Pavent this, which would prove fatal to all the phe-
nomena of electricity, the bar muft, of neceílity, be
luPported, or fufpended, by props of a fubftance
^bofe pores are very clofe ; fuch are glafs, pitch,
lulphur, fealing-wax, and filk. It would be proper,
^en, to fupport the bar on props of glafs or pitch ;
Or to fufpend it by cords of filk. The bar is thus
flecured againft the tranfmiflmn of its accumulated
ether, as it is furroundêd on all fides only by bodies
^Uh clofe pores, which grant hardly any admiflion
*° the ether in the bar. The bar is then laid to be
Wated, that is, deprived of all contact which could
c°tnmunicate, and thereby diminifli, its electricity.
*-ott müft be fenfible, however, that it is not poffible
ayfolutely to prevent aîl wafie ; for this reafon the
^'eftricity of fuch a bar muft continually dimimih,
** it were not kept up by the motion of the globe.

*n this manner electricity may be communicated
0 a bar of iron, which never could be done by the
°ft violent and perfevering friction, becaufe of the

Pennefs of its pores. And, for the fame reafon,
ch a bar rendered electric by communication, pro-
cès phenomena much more furprizirîg. On pre-

ntlng to it a finger, or any other part of the body,
iPü. fee a very brilliant fpark dart from it, which,

tering into the body, excites a pungent, and fome-
ii>es Panful, fenfation. I recolleft niy once having

«Átéd to it my head, covered with my peruke and
V°b.D. I har,
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hat, and the ftroke penetrated 'it fo acutely, that í
felt the pain next day.

Thefe fparks, which efcape from every part of the
bar, on prefenting to it a body with open pores, fet
on fire, at once, fpirit of wine, and kill fmall birds
whofe heads are expofed to them. On plunging
the end of the chain DE into a bafon filled with

• water, and fupported by bodies with clofe pores, fuel*
as glafs, pitch, filk, the whole water becomes electric;
and fome authors affure us that they have feen con'
flderable lakes eleftrified in this manner, fo that, on
applying the hand, you might have feen even very-
pungent fparks emitted from' the water. But it ap-
pears to me, that the globe müft be turned a very'
long time indeed, to convey fuch a portion of ether,
into a mafs of water fo enormous ; it would be like'
wife neceflary that the bed of the lake, and ever)'
thing in contact with it, mould have their pores
dole.

The more open, then, the pores of a body are,
the more dilpofed it is to receive a higher degree o*
electricity, and to produce prodigious • effects. -Yo^
muft admit' that all this is perfectly conformable W<
the principles which I at firft eftablilhed.

Учу t .'7 6 г.

LETTED
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LETTER XXXI.

Eleftrifation of Men and Animals»

/V S eléftricity may be communicated from glafs
•^- to a bar of iron, by means of a chain, which

Orros that communication, it may likewife be con-
ey£d into the human body; for the bodies of ani-
^s have this property in common with metals and
ater, that their pores are very open ; but the man,

' "0 is to b.e the fubjecl: of the experiment, múft not
e lri contadl with other bodies whofe pores are like-

*fc open.
*°r this effea:,,the man is .placed on a large lump
pitch, or feated on a chair fupported by glafs co-

s, or a chair fufpendéd by cords of filk, as all
fubftances have pores fufficiently clofe to pre-
the efcape Of the ether,4vith which the body of

e ^an becomes furcharged by electricity.
J-his precaution is abfolutely neceflary, for were

e ïnan placed on the ground, the pores of which
e abundantly open, as foon as the ether was con-
/ed into his body, to a higher degree of compref-
Q» it would immediateTy difcharge itfelf into the

b, and we muft be in a condition to furcharge it
rely with ether, before the man could become

ч trie. Now you mufl. {je fenfible, that the cuihion

У ^hich the globe of glafs is rubbed, could not pof-
o ' *upply fuch a pfodigious quantity of ether, and

at ^ере'уои to extrait it even out of the earth it-
I 2 felf,
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felf, you could gain no ground, for you would juft
take 'away as much on the one hand as you gave on
the other.

Having, then, placed the man, whom you mean
to electrify, in the manner which I have indicated*
you have only to make him touch," with his hand,
the globe of glafs while it turns, and the ether* ao
cumulated in the globe, will eafily pafs into the open
pores of the hand, and diflufe itfelf over the whole
body, from whence it canflot fo eaffly efcape, as the
air, and all the bodies with which he is furrounded»
have their pores clofe. Inftead of touching the globe
with his hand, it will be fufficient for him to touch
the chain, or even the bar, which I defcribed in the
preceding letter ; but in this cafe, not only the
liimfelfmuft be furcharged with ether, but
the chain with the bar of iron ; ъпа. as this, require*
a greater quantity of ether, it would be neceflary to
labour longer in turning the globe, in order to fup'
ply a fufficient quantity.

In this manner the man becomes entirely ele£rnc»
or, in other words, his whole body will be fuf
charged with ether, and this fluid will cqnfeqirentiy
be found there in the lugh'eft degree of cornpreflio1*
and eleftricity, and will have a violent tendency i0

efcape.
You rnuft be abundantly fenfible, that a ilate ^

violent cannot be indifferent to the man. The
U» in its :minuteil parts, wholly penetrated
fetker, afcd the frnalleft fibres, as well as the ne
arfe 4o filled with it, that this ether», without doub*»
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the principal fpririgs of animal and vital
°tion. it iS} accordingly, obferved, that the pulíeí
a man electrified beats fafter, he is thrown into a

.eat> and the motion of the more fubtile fluids,
lt« which the body is filled, becomes; more rapid.

Certain change is likewife felt over the whole:
. °"У> which it is impoffible to defcribe ; and there.

every reafon to believe, that this ftate has a pow-
rfW influence on the health, though fufficient ex~

^ttnents have not yet been made, to afcertain in
a* cafes this influence is ialutary or otherwiie. It
У Sometimes be highly beneficial to have the blood

humours raifed to a more lively circulation ;
^m obftru/tions, which threaten dangerpus con«.

1üeixCeSj might thereby be prevented; but on other'
c^ons, an agitation too violent might prove inr.

UUS t0 health- The fiibjed certainly well deferves
e Attention of medical gentlemen. We have heardof -^ °
*oany furprizing cures performed by electricity,

ti ^e are noi yet enabled fufficiently to diftinguiih
t. °ccalïons on which we may promife ourfelves
lUccefs,

т
° return to our electrified man ; it is very re-

^«able that, in the dark, we fee him furrounded
a light, firnilar to that which painters throw

oh • ^е neads °f faints. The reafon is abundantly
lous ; as there is always efcaping from the body

is г at man.» f°me Part °f the ether with which he
л Charged, this fluid meets much refiftance from

cl°fe pores of the air, it is thereby put into a
I 3 ' certain
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certain agitation, which is the origin of light, as 1
have had the honour to demonftrate.

Phenomena of a very furprizing nature are re-
marked, in this ftàte of a man electrified. On touch-
ing him, you not only fee very brilliant fparks iflue
from the part which you touth, but the man feels,
befides, a very pungent pain. Farther, if the per-
fon who touches him be in his natural ftate, or not
elecbified, both fenfibly feel this pain, which might
have fatal confequences, efpecially if he were touched
in the head, or any other part of the body of acute
fenfibility. You will readily comprehend, then, ho\v
little indifferent it is to us, that part of the ether
contained in our body eicape from it, or that new
ether is introduced, efpecially as this is done with
fuch amazing rapidity.

Moreover, the light, with which we fee the man
fiarrounded in the. dark, is an admirable confirmation
of my remarks refpecüng the electric atmofphere
which is dimifed round all bodies ; and you will no
longer find any difficulty in.the moil part of elec-
trical phenomena, however inexplicable they
at firft, appear,

y, 1761.
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-LETTER XXXII.

'ßin Cbarafier of the two Species o

VA OU will pleafe to recollect, that not only glafs
**- becomes electric by friction, but that other fub-

f
 Cesj fuch as fealmg-wax and fulphur, have the

e property, in as much as their pores are likewifc
es fo that whether you introduce into them an ex-

a°rdinary quantity of ether, or extract a part of
» «ley continue for fome time in that ftate, nor is
e eqailibrium fo foon rcftored.
Accordingly, inftead of a globe of glafs, globes of

,.. lriS-wax and fulphur are employed, which are
, ^tfe wade to revolve round an axis, rubbing at
^ fame time againft a cufhion, in the fame manner

!hích I defcribèd refpecttng a globe of glafs. Such
«J°bes are thus rendered equally electric, and, on ap-

ying to them a bar of iron which touches them
У by {lender filaments or fringes of metal, inca-
te of injuring the globe, electricity is immediately,

nuimnicated to that bar, from which you may
tranfmit it to other bodies at pleafure.

. erej however, a very remarkable différence is
, , ervable. A globe of glafs rendered electric in

ti
 tïlanner> becomes furcharged with ether, and

bar of iron, or other bodies brought into com-
nication with it, acquire an electricity of the fame

a д

 Ге > or, in other'words, the ether contained is in
ate of too great compreflion, whofe eiallicity is

1 ' increafed.
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increafed. This electricity is denominated pofithc or
augmented electricity. But when a globe of fealing-
wax'or mlphur is treated in the fame manner; an
electricity directly oppofite is the refult, which is de-
nominated negative, or diminifhed electricity, as it is
perceived that, by friction, thefe globes are deprived
of part of the ether contained in their pores.
. You will be furprized to fee that the fame friction'

is capable of producing effects altogether oppofite ;
but this depends on the nature of the bodies which
undergo the friction, whether by communicating or
receiving it, and of the rigidity of their particles
which contain the pores. In order to explain the
poffibility of this difference, it is evident, at firft
fight, that when two bodies are rubbed violently
againft'each other, the pores of the one nmft, in moft
cafes, undergp a greater compreffion than thofe of
the other, and that then, the ether contained in the
pores, is extruded, and forced toiniinuate itfelf into
thofe of the bodies which arejeis compreffed.

It follows, then, that in this friction of glais againft
a cuihion, the pores of the cufliion undergo a greater
compreffion than thofe of the glafs, and confequently
the ether of the cuihion muft pafs into the glafs, and
produce in it a. pofitive or increafed- electricity, as 1
have already ihew'cd. But on fubftituting a
of fealing:wax or of fulpbur in place of the glafs,
fubftances being fufceptible of a greater .degree o*
compreffion in their pores, than the fübftance of the :
cufliion with which the friction is performed, a part
of the ether contained in theíè globes will be forced
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a"d conftrained to pafs into the cuihion ; the
S obe of fealing-wax or fulphur will, thereby, be dc-

ved of part of jts ether, and, of courfe, receive a
negative or dimimjbed electricity.

*he electricity which abar of iron, or of any other
etal, receives from communication with a globe of

ng-wax or fulphur, is of the fame nature ; as is
0 that which is communicated to a man placed on

* lu*np of pitch ; or fufpended by cords of filk. When
cu a man, or any other body, with open pores,
ctrified in the fame manner, is touched, nearly the

™e phenomena are obfervable, as in the cafe of po- "
lVe electricity. The touch is here likewife accom-

Parued-\vith a fpark, and a puncture on both fides.
- reafon is obvious : for the ether which, in this

e> eicapes from bodies in their natural ftate, to
ter into electrified bodies, being under conftraint,
*tt be under an agitation, which produces light. A
n"ble difference is, however, to be remarked in the
£>ure of .the fpark, according as the electricity is po-

Vc or negative. See that of poiitive eledricity :

- -
. ц the bar А В pofleûes pofitive electricity, and the

§ег С is prefented to it, the light which iffues out
the bar appears under the form of rays diverging

^ the bar toward the finger т я, and the luminous
?°^ is feen next the finger.

. Eut if the bar А В (plate IILfg. 6 J is negatively
ricj. and the finger С is prefented to it, the lu-

„ °üs fays m- n diverge from the finger, and you
the luminous point p next the bar.

This
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This is the principal character by which poiitive
is diftinguiihed from negative electricity. From
whence foever the ether efcapes, the fpark is emitted
m the figure of rays diverging from that point ; but
when the ether enters into a body, the fpark is a lu-
minous point toward the recipient body.

a ï/? July, 1761.

LETTER ХХХШ.

How the fame Globe of Glafs may furniß, at once, the
two Species of Electricity.

"V 7"OU will be enabled to fee ftill more clearly the
JL difference between poiitive and negative elecbri-

city, after I have explained how it is poflible to pro-'
duce, by one and the fame globe of glafs, both the
fpecies ; and this will ferve, at the fame time, farther
to elucidate thefe wonderful phenomena of nature.

Let А В (plate VI. fg. \.) be the globe of glafs,
turning round its axis C, and rubbed againft by the
cufluon D, in an oppoiite direction to which the
globe is touched by the metallic filaments F, attached
to the bar of iron FG, which is fufperided by cords
of filk H and I, that it may no where touch bodies
with open pores.

This being laid down, you know that, by friction,
againft the cuihion D,, the ether paifes from the
cufhion into the glafs, from which it becomes more
eompreitcd, and confequently more elaftic : it' will
país, therefore, from thence, by the metallic filaments

F,into
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v> .
' Int° the bar of iron F G : for though the pores

. S'afs are abundantly clofe, as the ether in the globe
Continually accumulating by the friftion, it foon
cornes fo overcharged, that it efcapes by the metallic

, .olents
> and difcharges itfelf into the bar, by which

ls k becomes equally elecbic.
you perceive, that all this fuperfluity of ether

upplied by the cuíhion, which would fpeedily be
uníeis it had a free communication with

rame which fupports the machine, and thereby
, ^e whole earth which is every inftant fupplying-

cufhion with new ether, fo that as long as the
«ion continues, there is a quantity fufficient farther
c°niprefs that which is in the globe and in the bar.
t lf the whole machinery is made to reft on pillars

s, as M anci jsj} or if it js fufpended by cords of
7s» that the cuihion may have no communication
. ^ bodies Avhofe pores are open, which might fupply
e Deficiency of ether, it would foon be exhaufted,

the electricity could not be conveyed info the
oe and the bar, beyond a certain degree, which

be fcarcely perceptible, unlefs the cuihion be of
Prodigious flze> xo fupply this defect, the cuihion
^ put in communication with a large mais of metal

»the ether of which is fufficient to fupply the globe
oie Ьаг4 and to carry it to fuch a high degree of

°u will thus procure to the globe and to the bar
Poiitzve eJeftricity, as has been already explained.

ln proportion as they become furcharged with
er? the cuihion and the metallic mais E will lofe

the
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the fame quantity, and thereby acquire a negative
electricity : fo that we have here, at once, the t\vo
fpecies of eleâricity ;. the pofitive in the bar, and the
negative in the metallic mafs. Each produces .its
cfFecl: conformably to its nature. On prefenting a
finger to the bar, a {park with divergent rays wiH;
ifíue from the bar, and the luminous point will bc

feen toward the finger ;• but if'you prcfent the fingeï
to the metallic mafs, the fpark with divergent ray*
will iffue from the finger, and you will fee the 1щпй
nous point toward the mafs.

Let us fuppofe two men placed on lumps of pitch»'
to cut off all communication between them and bodied
with open pores : let the one touch the bar, and the?
other the metallic mafs, while the machine is put ia.
motion ; it is evident that the former will become
pofitively electric, or furcharged with ether, whereas,
the other, he who touches the metallic mafs, will aC-
quire a negative eleftricity, and lofe his ether.

Here then are two electric men, but in a manner
totally different, though rendered fuch by the fame
machine. Both will be furrounded by an electric
atmofphere, which, in the dark, will appear like the

light that painters throw about the figures of faints-
The reafon is, that the fupcrfluous ether of the one-

Tnfeniibly efcapes into the circumambient air ; and
that, with refpeet to the other, the ether contained ifl-
the:air,infenfibly infinuates itfelf into his body. This
'tranfition, though infenfiblc, will be accompanied
with an agitation of ether, which produces light.

,lt is evident that thefe two fpecies of electricity are
directly
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oppoiite ; but in order to have a thorough
c°nvictlon of - it, let thefe two join hands, or only

uch each other, and you will fee very vehement
P^rks ifl-ue from tjiejr bodies," and they themfelves

*^ reel very acute pain.
** they were electrified in the fame manner, which

v°uld be the cafe if both touched the bar or the me-
¥«c,mafs? they might fafely touch each other ; no
Park, and no pain, would enfue, becaufe the ether

^°ntained in both would be in the fame ftate ; whereas
In the cafe laid down, their ftate is directly oppofite.

у, 1761.

J

L E T T E R XXXIV.

'The Leyden Experiment.

NOW proceed to defcribe a phenomenon of elec-
tricity, which has made a great deal of noife, and

. ̂ ch is known by the name of the Leyden experiment,
^caufe Mr. Mwfchenbroeck, profeffor at Leyden, is
he inventor of it. What is moft aftoniihing in this

Périment, is the terrible ftroke refulting from it,
У which fevcral perfons at once may receive a very

ftock. -
. С be a globe of glafs, turned round by means

of the handle E, and rubbed by the cuíhion D D,
lc^ is - pr'eflbd upon the globe by the ipring O.

^ Q 'are themetallic filaments, which tranfmit the
ecïricity into the bar of iron F G, by the metallic

Hitherto
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Hitherto there is nothing different from the pro
cefs already defcribed. But in order to execute th«
experiment in queilion, to the bar is attached ano-
ther chain of metal H, one extremity of which I, íí
introduced into a ghfs-bottle K K, íilled with wate?»
the bottle too is placed in a bafon L L, likewife filled
with water. You plunge, at pleafure, into the water
in the balbn another chain A, one end of which
drags on the floor.

Having put the machine in motion for fome time,
that the bar may become fufiicieïitly electric, you
know that if the finger were to be prefented to the
extremity, of the bar. at a, the umal ftroke of elec-
tricity would be felt, from the fpark iffuing out of it.
But were the fame perfon, at 'the fame time, to put
the other hand into the water in the bafon at A, or
were he but to touch with any part of his body the
chain plunged in that water, he would receive a.
ftroke incomparably more violent, by which his
whole frame would undergo a fevere agitation.

.This mock may be communicated.to many per-
ions at 'once. They have only to join hands, or to
touch each other \vere it but by the clothes ; then
the firft puts his hand into the water in the bafon»
or touches the chain only, one end of which is

plunged into it, and as foon as the laft perfon applies
his finger to the bar, you will fee a fpark dart from ft
much more vehement than ufual, and the
chain of perfons feel, at the fame inftant, a very
lent fiiock over their whole body.

Such is the famous Leyden experiment, луЫсЬ í*
fo
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F
0 touch the more furprizing, that it is difficult to
eC how the bottle, and the water in the bafon, con-
nbute to increafe fo confiderably the effect of the

e euricity. To folve this difficulty, permit me to
a*e the following reflections.

I.
While, by the action of the machine, the ether is

C°mPreiredi in the bar, it panes by the chain H into
, e water contained in the bottle I, and there meet-

£ a body with open pores, the water in the bottle
/^" become as much furcharged with ether as the
bar itfelf.

II.
f be bottle, being glafs, has its pores clofe, and

Before permits not the ether, comprefled within it,
0 pierce through the fubftance of the glafs, to'dif-

arge itfelf into the water in the bafon; confe-
H ently the water in the bafon remains in its natural
„atej and will not become eleótric ; or even on the

Ppofition that a little of the ether might force its
аУ through the glafs, it would prefently be loft in
e bafon and pedeftal, the pores of which are open.

HI.
*-et us now confider the cafe of a man with one
.n^ in the water in the bafon, or only in contaft
ltix the chain A, one extremity of which is im»
erfed in that water ; let him preferit the other hand
°tlle bar at a, the refult will be, as the firft efieftj

v,'ith the fpark which iffues from the bar, the
ler ^' make its efcape with great velocity, ami

meeting
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meeting every where, in the body of the man, opejl

pores, will without obftrudYion be diffufed over it.

IV.

Hitherto we fee only the ufual effect of electricity J
but while the ether with fuch rapidity flies over the

body of the man, it difcharges itfelf with equal ra"
"pidity, by the other hand, or by the chain A, into
the water in the bafon ; and as it enters this wi^1

fuch impétuoíhy, it will eafily overcome the obftacte
oppofed by the glafs,- and penetrate into the watef

which the bottle contains.

V.

Now the water in the bottle containing already afl
ether too much comprefíed ; it will acquire, frort1

this increafe, new force, and will diffufe itfelf witb
impetuofity as well through the chain I H, as through1

the bar itfelf : it will, of confequence, make its efcape

thence at a with new efforts ; and as this is pef'
formed in an inuants it will enter into the
with inçreafçd force, to be diffufed over the
body of the man,

VI.

' Faffing thence a-new into the water in the
and penetrating the bottle, it will increafe ftill
die Agitation of the ether comprefíed in the watc*

ê- bottle, -and in the bar ; and this will cont«3Ue

hole is reftored to equilibrium, which
«pitcfely take placé, from the great rapidity wifh w

VII.
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he fame thing will happen if you employ feveral
9ns inftead of one man. And now, I flatter my-

»you fully comprehend whence arifes the furpriz-

S Uicreafe of force in the electricity which is pro-
, . by this experiment of Mr. Moitfchenbroeck, and
hlch exhibits eftecls fo prodigious.

If -
afty doubt could remain refpecYmg what I have

ariced, that the ether comprefled in the water of

о °ttle could not penetrate through the glafs, and

с atterwards I have allowed it a paflage abundantly

th '. k doubt will vanifli when it is coniidered,

q , ' ln the firft cafe, everything is in a ftate of tran-

taf lt^' anc^' *n ̂ е ^a '̂ ̂ е etner ̂ s ̂ n a terrible agi-
ti

 n> which muft undoubtedly affift its progrefs
r°ugh the clofeft paflages.

L E T T E R XXXV.

on the Caufe and Nature of Elearicity, and on

other Means proper to produce it,

e®ions

thefe elucidations, you can be at no lofs
aíng the caufe of the prodigious effefts

able in the phenomena of electricity.

ex authors who have treated the fubjecl:, per-
retl ,.

 e experiments in fuch a manner, that they are
e a^f°lutely unintelligible, efpecially when

y tempt an explanation. They have recourfe to
' "• К a certain
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a certain fubtile matter which they denominate ihe
eleftricßuid, and to which they afcribe qualities fo eX'
travagant that the mind rejects them with contempt »
and they are couftrained to acknowledge, at length»
that all their efforts are inefficient to furniih us with
a folid knowledge of thefe important phenomena of
nature.

But you are enabled to conclude, from the prin-
ciples which I have unfolded, that bodies evidently
become electric, only fo far as the elafticity, or the

.{late of the compreffion of the ether in the pores o*
bodies, is not the fame as every where elfe ; in
words, when it is more or lefs comprefled in
than in others. For, in that cafe, the prodígio^*
elaíticity with which the ether is endowed, mak^
violent efforts to recover its equilibrium, and to re'
ftore every where the fame degree of elafticity, a*
far as th? nature of the pores, which, in difiereij11

bodies, are more or leis open, will permit ; and itl'
the return to equilibrium which always produces tb
phenomena of electricity.

When the ether, efcapes from a body where it'1

more comprefled, to difcharge itfelf into anotbe

where it is lefs fo, this paflage is always obítrufted W
the clofe pores of the air ;, hence it is put into, a c£

t

tain" agitation, or violent motion of vibratioib J

which, as we have feen, light conflits ; and the &°*
violent this motion is, the more brilliant the li£

- becomes, till it becomes at1 length capable of fet&b
bodies on fire, and of burning them. . .

While-the ether penetrates the air with fo C
'
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°rce} the particles of air are likewife put into a mo-
Ol* of vibration, which occafions found ; it is ac-

c°rdingly obferved, that the phenomena of electricity
Ç accompanied with a cracking noife., greater or
SJ according to the diverfity of cirçumftances.
And as the bodies of men and animals are filled
tth ether in their minuteft pores, and as the action

. the nerves feems to depend on the ether contained
n them, it is impoffible that men and animals ihould
^ édifièrent with refpect to electricity; and when

e ether in them is put into a great agitation, the
e<^ muft be very fenfible, and, according to cir-.

, fometimes falutary, and fometimes hurt-
• To this laft clafs, undoubtedly, muft be referred

e terrible ihocks of the Leyden experiment ; and
. efe is every reafon to believe that it might be car-

*led to a degree of force capable of killing men, for,
^ î^eans. of it, many fmall animals, fuch as mice

^d birds, have actually been killed.
• Though friction ufually is employed in the pro-

<-tion of electricity, you will eafily comprehend,
at there may be other means befides this. What^

C\!A •cr ls capable of carrying the ether contained in the
wres of a body to a greater or lefs degree of com-

e"bn than ordinary, venders it electric ; and if it's
P°res are clofe, there the electricity will be of fome

ration ; whertas jn bodies whofe pores are open,
cninot poffibly fubfift, unlcfs furro4nded by air,

bodies with clofe pores,
it has been obferved, that heat frequently

K z fupplies
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iupplies the place of friftion. When you heat, or
melt fealing-wax, or fulphur, in a fpoon, you dif-
cover a very fenfible eleótricity in thefe fubftances,
after they are cooled. The reafon is no longer »
myftery, as we know that heat enlarges the pores of
all bodies, for they occupy a greater fpace when hot
than when they are cold.

You know that, in a thermometer, the mercury
rifes in heat, and falls in cold ; becaufe it occupies *
greater fpace when it is hot, and fills the tube more
than when it is cold. We find, for the fame reafo«>

. that a bar of iron very hot is always fomewhat longer
than when cold ; a property common to all bodies
with which we are acquainted.

When, therefore, we melt, by fire, a mafs of féal'
ing-wax, or fulphur, their pores are enlarged, an»
probably more open ; a greater quantity of "eth^r
muft, of courfe, be introduced to fill them. When»
afterwards, thefe fubftances are íuífered to cool, tbe

pores contract and clofe, fo that the ether in theH1

is reduced to a fmaller fpace, and confequently &S'
ried to a higher degree of compreffion, which i*1'
creafes it's elafticity : thefe mafles will acquire, ther^'
tore, a pofitive' electricity, and muft confequently
exhibit the effects of it.

This property of becoming electric by heat is re"
marked in moil precious ftones., Nay there is aftoö
found in Ceylon, named Tourmalin, which, rubbe
or heated, acquires at once the two fpecies of
tricity. The ether in one part of the ftone is
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Peued> to comprefs more that which is in the other
Part » and its pores are too clofe to permit the re-
eftabliihment of the equilibrium.

\fl Auguft, 1761.

L E T T E R XXXVI.

atjire of Thunder : Explanations of the ancient Phi-
, and of Defcartes : Refemblance of the Phe~

n°mena of Thunder, and tbofc of Eleflricity.

I HAVE, hitherto, confidered electricity only as an
"*• objeft of curiofity and fpeculation to naturalifts :
"t you will prefently fee, not without fome degree

, that thunder and lightning, as well as
the terrible phenomena which accompany them,

erive their origin from the fame principle; and
at in thefe, nature executes, on the great fcale, what

aturalifts do in miniature, by their experiments.
Jöofe philofophers, who thought they faw fome
ernblance between the phenomena1 of thunder and
°fc of electricity, were at firft confidered as vi-
°naries ; and it was imagined that they made ufe
this pretence merely as a cover to their ignorance
Pecling the caüfe of thunder ; but you will foon
cOHvinced, that every other explanation of thefe

S and operations of nature is deftitute of foundation.
. n truth, every thing advanced on the fubjeft, pre-

us to the knowledge of eleftricity, was- a mafs of
Urdity, and little calculated to' convey inftruclion
Pecting anys the leaft, phenomena of thunder.

К 3 Ancient
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Ancient philofophers attributed the caufe of it to
fulphureous and bituminous vapours, which, afcend*
ing from the earth into the a^r, mixed with the
clouds, where they caught fire, from fome unknown
caufe.

Defcartes, who quickly perceived the infufficiency
of this explanation, imagined another caufe in the
clouds themfelves, and thought that thunder might
be produced by the fudden fall of more elevated
clouds, on others in a lower region of the air ; that
the air, contained in the intermediate fpace, was
compreifed by this fall, to fuch a degree as was ca-
pable of exciting a noife fo loud, and even of
ducing lightning and thunder, though it was i
fible for him to demonftrate the poffibility of it.

ßut, without detaining your attention on falfe ex-
planations' which lead to nothing, I haften forward
to inform you, that it has been difcovered by incofl-
teftable proofs, that the phenomena of thunder are

always accompanied by the moft indubitable mark*
of electricity.

Let a bar of metal, fay of iron, be placed on a

pillar of glafs, or any other fubftance whofe pore5

are cloie, that when the bar acquires electricity, J

may not efcape, or communicate itfelf to the bod?
which fupports the bar ; as foon as a thunder-ftori*1

arifes, and the clouds which contain the thunde*
come directly over the bar, you perceive in it a ver/
ftrong electricity, generally far furpaffing that \vhjC

art produces ; if you apply the hand to it, or aw
other body with open pores, you fee burffing fr°
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u> not only a fpark, but a very bright fiaih, with a
jtoife fimilar to thunder ; the man, who applies his

ancl to it, receives a fliock fo violent that he is
^niied. This furpafles curiofity, and there is good
eafon ХУ}гу we fhouid be on our guard, and not ap-

proach the bar during a ftorm.
•"• profeflbr at Peteriburgh, named Richmann, has

^rniíhed a melancholy example: Having perceived
refemblance fo ftriking between the phenomena of

minder and thofe of ele&ricity, this unfortunate na-
^ralift, the more clearly to afcertain it by experU
Qlent, raifed a bar of iron on the roof of his houfe,

ated below in a tube of glafs, and fupported by a
^afs of pitch. To the bar he attached a wire, which

e conducted into his chamber, that as foon as the
ar Oiould become eledlric, tlie electricity might have

^ free communication with the wire, and fo enable
^^ to prove the effecb in his apartment. And it
^аУ,Ье proper to inform you, that this, wire was
condu£ted in fuch a manner as no where to be in

Olltacl: but with bodies whofe pores are clofe, fuch
s Stafs, pitch, or fdk, to prevent the efcape of the

made this arrangement, he expefted a
rm, which, unhappily for him, foon came';

"e thunder was heard at a diftance ; Mr. Richmann
as all attention to his wire, to fee if he could per-

eive any mark of elecbicity. As the ftorm ap-
Pr°ached, he judged it prudent to employ fome pre-

aution, and not keep too near the wire; but hap-
carelefsly to advance his cheft a little, he re-

EL 4 ceived
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ceived a terrible ftroke, accompanied with a
dap, which ftretched him lifelefs on the floor.

About the fame time, the late Dr. Lieberkuhn and
Dr. Ludolf were about making fimilar experiments
in this city, and in that view had fixed bars of iron
on tljeir houfcs ; but being informed of the difafter
which had befallen Mr. Ricbmann, they had the bars
of iron immediately removed, and, in my opinion,
they afted wifely.

From this you will readily judge, that the air or
atmofphere muft become very electric during a
thunder-ftorm, or that the ether contained in it muft
then be carried to a very high degree of compreffion.
This ether, with which the air is furcharged, will
país into the bar, bccaufe of it's open pores, and it
will become electric, as it would have been in the
common method, but in a much higher degree.

4tl> Anguß, 1761.

LETTER XXXVII.

Explanation of the Phenomena of Lightning and
Thunder.

fTT^HE experiments now mentioned inconteftably
JL dcmonftrate, therefore, that ftormy clouds are

extremely electrical, and that, confequently, their
pores ate either Surcharged with ether, or exhaufted,
as both ftates are equally adapted to electricity. But
1 have very powerful ' reafons for believing that this
electricity is pofitive, that the ether in them is coin-

preiTed
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Puffed to the higheft degree, .and, confequently, fo
uch the more elaiiic than elfewhere.

buch ftorms ufually fucceed very fultry weather.
. e pores of the air, and of the Vapours floating in

» are then extremely enlarged, and filled with a
Prodigious quantity of ether, which eafily takes pof-

оп of all the empty fpaces of other fubftances.
ut \vhen the vapours collect in the fuperior regions

Оцг atmofphere, there to form clouds, they have
0 encounter exceffive cold. Of this it is impoffible

. doubt, from the hail which is frequently formed
n thefe regions ; this is a fufficient proof of conge-

l°ttj as well as the fnow which we find on the tops
Very high mountains, fuch as the Cordeliers,

ft"e extreme heat prevails below.

then is more certain, or better eftabliihed
У proof, than the exceffive cold which univerfally

in the upper regions of the atmofpherc,
et'e clouds are formed. It is equally certain, that

^ contracts the poves of bodies, by reducing them
a finailer fise : now, as the pores of the vapours

Vc been extremely enlarged by the heat, as ibon

t are formed aloft into clouds, the . pores con-
» and- the ether which filled them, not being able

eicape, becaufc thofe of the air are very clofe, it
eeds muft remain there : it \vill be of courfe com-

lied to a much higher degree of denfity, and, con-
î^ently, it's elafticity will be fo much the greater.
^lne real ftate of ftormy clouds, then, is this, the

, -ег contained in their pores, is much more elaftic
n or, in other words, the clouds have a po-

fitive
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iitive electricity. As they are only an aflemblage of
humid vapours, their pores are very open, but be-
ing furrounded by the air whofe pores are clofe, this
ether could not efcape but very imperceptibly. , But
if any perfon, or any body whatever, with open pores,
were, to approach it, the fame phenomena which
electricity exhibits would prefent themfelves; a very
vehement fpark, or rather a real flafli, would burft
forth. Nay more, the body would undergo a very
violent ihock by the difcharge, from the impetuoiity

• with which the 'ether in the cloud would ruflx into
it's pores. This fliock might be indeed fo violent as
to deftroy the ftructurc ; and, finally, the terrible
agitation of the ether which burtts from the cloud,
being not only light, but a real fire, it might be"
capable of kindling and confuming combuftible bo-
dies.

Here, then, you will diftinguifli all the circurn-
ftances which accompany thunder ; and as to the
noife of thunder, the caufe is very obvious, for it is
iinpoffible the ether ihould be in fuch-a ftate of agi'
tation, without the air itfelf receiving from it the
moft violent concuflions, which forcibly impel the
particles, and excite a dreadful noife. ^Thunder, then»
burfts forth, as often as the force of ether contained
in the clouds is capable of penetrating into a body»
where the ether is in it's natural ftate, and whofe

pores are open : it is not £ven neceflary that fucb
body ihould immediately touch the cloud.

What I have faid refpecting the atmofphere ot
electrified bodies, principally takes place in clouds ï
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frequently, during a ftorm, we are made fenfible
* this electric atmofphere by a itifling air, which is

Particularly oppreflive to certain perfons. As foon
* the cloud begins to diffolve into rain, the air, be-
Orning humid by it, is charged with an electricity
У which the commotion may be conveyed to bodies

at a very great diftance.
& is obferved that thunder ufually ftrikes very ele-

Vated bodies, fuch as the fummits of church-fpires,
^hen they confift of fubftances with open pores, as

' nietals are ; and the pointed form contributes not
, ttle to it. Thunder frequently falls, likewife, on
vater, the pores of which are very open ; but bp-

\vith clofe pores, as glafs, pitch, fulphur, and
are not greatly fufceptible of the thunder ftroke,

they are very much moiftened. It has been
accordingly obfervfd, that wlien thunder paffes

a window, it does not perforate the glais,
always the lead or other fubftances which unite

i ' 'ae panes. It is almoft certain, that an apartment
glais cemented by pitch, or any other fubftance

lt;h clofe pores,would be an effectual fecurity agalnil
^e ravages of thunder.

uguß, 1761.

LETTER
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L E T T E R 'XXXVIIL

Continuation.

HPHUNDER, then, is nothing elfe but the effect
-*• ' of the electricity with which the clouds are

endowed ; and as an electrified body, applied to an-
other in it's natural ftate, emits a fpark with fome
noife, and difcharges into, it the fuperfluous ether,
with prodigious impetuofity ; the fame thing takes
place in a cloud that is electric, or furcharged with
ether, but with a force incomparably greater, becaufe
of the terrible mafs that is electrified, and in which,
according to every appearance, the ether is reduced
to a much higher degree of comprefiion than we are
capable, of carrying it by our machinery.

When, therefore, fuch a cloud approaches bodies,
prepared for the^admiflion of it's ether, this dïfcharge
muft be made with incredible violence: inftead of a
fimple fpark, the air will be penetrated with a pro-
digious flafh, which, exciting a commotion in the
ether contained in the whole adjoining region of the
atmofphere, produces a moft brilliant light ; and in
this lightning confifts.

The air isj at the fame time, put into a very vio-
lent motion of vibration, from which refults the
noife of thunder. This- noife muft, no doubt, be eX-
cited at the fam,e inftant with the lightning ; but you
know that found always requires a certain quantity
of time, in order to it's tranfmiffion to any diftance,

and
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that its progrefs is only at the rate of aboitf a
feet in a fécond ; whereas light travels with

a velocity inconceivably greater. Hence we always
ear the thunder later ,than we fee the lightning :
nd from the number of féconds intervening between
fte flafli and the report, we are enabled to determine
bt diftance of the place where it is generated, allow-
nS a thoufand feet to a fécond.

•The body itfelf, into which the electricity of the
°ud is difcharged, receives from it a moft dreadful

^°ke ; fometimes it is ihivered to pieces ; foinetimes
et on fire and confumed, if combuftible ; fometimes
Jilted, if it be of metal: and, in fuch cafes, we fay

18 thunder-ftruck ; the effeâs of which, however
Urprizing and extraordinary they may appear, are in

Perfect confiftency with the well-known phenomena
Cf electricity.

A fword, it is known, has fometimes been by
Bunder melted in the fcabbard, while the lall fut

lned no injury : this is to be accounted for, from
e °pehnefs of the pores of the metal, which the

Çll *

. Qer very eaiily penetrates, and exercifes over it all
8 Powers, whereas the fubftance of the fcabbard is
°l'e clofely allied to the nature of bodies with clofe

P°fes, which permit not to the ether fo free a tranf-

1 has likewife been found, that of feveral perfons,
^hom the thunder has fallen, fome only have

Орлп n

. n «ruck by it ; and that thofe who were in the
«die fuffcred no injury. The caufc of this pheno-
n°n Ukcwife is m anlieft. In a group expofed to

a thunder
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a thunder ilorm, they are in the greateft danger who
ftand in the ncarcft vicinity to the air that is fur-
charged with ether ; as foon as the ether is difcharged
upon one, all the adjoining air is brought back to its
natural ftate, and consequently thofe who were neareft
to the unfortunate victim feel no effect; while others»
at a greater diftance, where the/air is ftill fufliciently
furcliarged with ether, are ftruck with the fame
thunder clap.

In a word, all the ftrange circumftances, fo frc*
quently related, of the effects of thunder, contain
nothing which may not be eaiily reconciled with the
nature of electricity.

Some philofophers have maintained, that thundef
did not come from the clouds, but from the earth»
or bodies. However extravagant this fentiment 'may
appear, it is not fo abfurd, .as it is difficult to diftin*
guiih, in the phenomena of electricity, whether the
fpark iffues from the body which is electrified, of
from that which is not fo, as it equally fills the fpace
between the two bodies ; and if the electricity is ne-
gative, the ether and the fpark are in, effect emitted
from the natural or non-electrified body. But \^6

are fufilciently aflured that, in thunder, the clouds
have a poiitive electricity, and that the lightning &
emitted from the clouds.

You will be juilifiable however in afking, if by
every ftroke of thunder, fome terreftrial body is a»'
fected ? We fee, in fact, that it very rarely ftrikeS
buildings, or the human body ; but we know, at tbe

lame time, that trees are frequently affected by it, аи,"
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many thunder-ftrokes are difcharged into the
and into the water. I believe, however, it

'ght be maintained, that a great many do not de-
fend f0 loW) and tliat tlie eieftricity of ,the clouds is

егУ frequently difcharged into the air or atmofphere.
* he fmall opening of the pores of the ,air no longer

Ppofes any obftruction to if, when vapours or rain
ave tendered it fufficiently humid j for then, we
n°w, the pores open.
It may very poffibly happen, in this cafe, that the

uPerfiuous ether of the clouds fliould be difcharged
^ply into the air; and when this takes- place, the
r°kes are neither fo violent, nor accompanied with

0 great a noife, as when the thunder burfts on the

} when a much greater extent of atmofphere is
in agitation.

*"£ -dug"/, 1761.

L E T T E R XXXIX.
Vpl

Poffibility of preventing, and of averting, the Effeãs
of Thunder,

\ V has been aiked, Whether it might not be pof-
-fible to prevent, or to avert, the fatal effecb of

under ? You are well aware of the importance of
Je queftion, and under what obligation I mould lay
Multitude of worthy people, were I able to indicate

ft infallible method of finding protection againil
Bunder.

The knowledge of the nature and effects of elec-
tricity,
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tricity, permits me not to doubt that the thing i3

poflible. I correfponded fome time ago with a Mo-
ravian prieft, named Procopius Divifch, who affured
me that he had averted, during a whole iummer,
every thunder-ftorm which threatened his own habi-
tation, and the neighbourhood, by means of a ma-
chine conftrufted on the principles of electricity. Se-
veral perfons, iince arrived from that country, have
affured me that the fact is undoubted, and confirmed
by irrefiftible proofV

But there are many refpecbble characters, who,
on the fuppofition that the thing is practicable, would
have their fcruples refpe&ing the lawfulnefs of em-
ploying fuch a prefervative. The ancient pagans, no
doubt, would have conûdered him as impious, who
mould have prefumed to interfere with Jupiter, in
the direction of his thunder. Chriftians, who are
affured that thunder is the work of God, and that
Divine Providence frequently employs it to punifb
the wickednefs of men, might with equal reafon allege»
that it were impiety to attempt to oppofe the courfc
of fovereign juftice.

Without involving myfelf in this delicate difcuf-
fion, I remark that conflagrations, deluges, and many
other general calamities, are likewife the means ein*
ployed by Providence to punifli the fms of men ;
no one, furelyi, ever will pretend, that it is u
to prevent, or refift, the progrefs of a fire or. an i
dation. Hence I infer, that it is perfectly lawft1'
to ufe the means of prevention againft the effects o*
thunder, if they are attainable.
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lhe melancholy accident which befel Mr. Ricbmahn
Petersburg, demonftrates, that the thunder-ftroké

^ch this gentleman unhappily attracted to himfelf,
°Uld undoubtedly have fallen fome where elfe, and

i t fuch place thereby efcaped ; it can therefore no
n§er ^remain a queftion whether it be ppffible to

L
aw*ft thunder to one place in preference to ano-

^er.; and this feems .to bring us near pur mark.
At would, no doubt, be a matter of ftill greater im -
Stance, to have it in our power to diveft the clouds
their eleitric force, without being under the ne-

Hity of expofing any; one place t.v the ravages of
Under ; we mould, in that cafe, altogether prevent
eie>dreadful effects, which terrify fo great a part of

i?his appears by no means impoffible; and the
« °ravian prieft, whom .1 mentioned :above, unquef-

, effecbd it ; for I have been affured, that his
^hinery fenfibly attracted the clouds, and con-
ained them to defcend quietly in a d'iftiilation,
u°ut-any but a very diftant thunder-clap.

f. "e experiment of a bar of iron, in a very elevated
»cion, which becomes electric on the approach of

_ Undec-ftorm, may lead us to the conftruction of
^г machine, as it is certain, that in proportion

\ e bar difcharges its electricity, 'the clouds muft

t. Precifely the fame quantity ; but it muft be con-

at ï ^n ^uc^ a mannerJ that the bars may immedU
•У difcharge the ether which they have attracted.

f Would be neceflary, for this purpofe, to procure
"~" a free communication with a pool, or with

.1 L the



146 OF PREVENTING AND AVERTING

the bowels of the earth, which, by means of thc'if
open pores, may eafily receive a much greater quart'
tity of ether, and difperfe it over the whole nnmentë
extent of the earth, fo that the compreflfon of tbe

ether may not become fenfible-in any particular fpot-
This communication is very eafy by means of chaifl8

of iron, or'any other metal, which will, with great
rapidity, carry off the ether with which the bars afS
furcharged.

; I would ádvife the fixing of ûrong bars of iron, &
very elevated fituations, and feveral of them together>
.their higher • er:tremity to terminate in a point, a5

this figure is very much adapted to the attraction ö*
electricity. I would, afterwards, attach long
of iron to thefe bars, which I would conduft ur
ground into à pool, lake, or river, there-to difcharg6

the electricity ; and I have no doubt, that after mat'
ing repeated efiays, the means may be certainly dtf'
covered of rendering fuch machinery more comrn0'
,dious, and more certain in its effect.

-It is abundantly evident, that on the approach ^
a thunder-ftorm, the ether, with which the clouds a*e

furcharged, would be tranfmitted in great abundanc6

into thefe bars, which would thereby become vetf
electric, unlefs the chains furniflied to the ether a &e&

paffage, to fpend itfelf in the water, and in the bo^e'
of the earth.

The ether of the clouds would continue, therefo^'
to enter quietly into the bars, and would, by its ag1'
tation, produce a light, which might be vifible on t'1

pointed extremities.
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buch light is, accordingly, often obferved, during
l lornij on the fummit of fpires, an infallible proof

-, at the ether of the cloud is there quietly difcharging
e" ; and every one coniiders this as a very good

of the harmlefs abforption of many thunder-

•Lights are likewife frequently obferved at fea, on
e tops of the mails of flaps, known to failors by the

of Cq/lor and Pollux f and when fuch figns are
• 1Ые, they confider themfelves as fafe from the
tr°ke of thunder.

^ïoft philofophers have ranked thefe phenomena
*/°ng vulgar fuperftitions ; but we are now fully
^red, that fuch fentiments are not without foun-
I0n ; indeed they are infinitely better founded
11 many of our philofophic reveries.*

'S'i Anguß, 1761.

p ". was deemed improper to divert the reader's attention from
s train of thought, on the fubjeft of electricity, by notes on

cU|lar paffiiges, according as the obfervations occurred. But
,e "at Uie fubjeft is doled, I am happy to infert, at once, a few
^ a' remarks on Euler's theory : furniihed by a gentleman well-

*n \ ° 1П *'le wor^ °^ fcience, both by his literary productions,
3 У ̂ s various and highly improved mathematical inftruments ;

»n ^° ^ад lately enriched il ЬУ his valuable Leclures on Natural
4d ' Xp5r'm'ental Philofophy, in ^ vols. 8vo. I mean Mr. George

e*", ofFleet-ftreet.-£. E.
Mlhe . Wever Mr. Eultr may have deviated from the prefent

the CS °^c'ec^"citf> in the explanation of particular phenomena,
jcxi0 .°utline of his fyftem feems to be confirmed by the con-

•Src i!"
08 °f ^e-wio», the' opinions of Walfon, Franklin, Jïllfon, Eeles,

4ni ^ 'lefc great men concur in fuppofing an ctherial fluid to be
• . У. difleminated through all matter; and every experiment

L z proves,
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Proves, that its aclive properties depend on a folution of continuity
(which is nearly related to a change in the -pores of bodies) whether
produced by local motion, rupture of parts, friftion, expanfion 1>У

lieat, or condenfation by cold. Still there is no real ground f°f

fuppofing that thofe ftates of eleftricity, called pofitive and negative»

depend on the pores of bodies being more or kfs open, for it lS

highly probable, that the two ftates are always produced, at the

fame time, in all bodies, and either ftate may be exhibited by tbe

fame body, under certain circumftances, which can have no
on the pores of the bodies concerned.

It is clear, that ail electric appearances depend on an

fluid, 'of whofe effects, while it remains in its natural ftate, we at*

totally ignorant; but, whenever this ftate is difturbed, thofe
pearances which we call electrical take place. Of thefe I

notice a few, fomewhat more fully than has been done. by Mr;
Euler. Obferving, firft, that fmce his time the catalogue of tbofe

fubftances which trarifmit, with eafe, the electric fluid, as well &

thofe that do not conduct it, has been confiderably increafed ; an*

none have yet been found but what have more or lefs affinity wit'J

the electric fluid. It is worthy of remark, that many bodies whicl*

are non- vnductors when cold, will tranfmit the fluid, when the/

are heated ; a circumftance which feems to confirm the ideas °*

Mr. Etder.
Though Mr. Euler has endeavoured to ex-plain the mechanifrfl °*

electric attraction, and repulfiori, he has not pointed out the genef*

laws by which it is governed. Thefe are, Firft, that bodies etec'

trified pofuivcly repel each other: Secondly, that bodies eleftriße<;
negatively repel each other : Thirdly, bodies electrified by contra^

powers ftrongly attraft each other : Fourthly, bodies that are elet

trified attraft thofe fubftances which are not electrified. ,
- No experiments, on this fubjecT:, have engaged the attention °

philofophers more than thofe on the Leyden phial. The myfterl

of this experiment are f.ir from being unveiled, and we are in ° '
felfion of no theory that will clearly account for it. Dr. Fra"*

{hewed, that the Leyden phial could not be. charged, unlefs ß"11

conducting fubftance, in contadl: with the outfide, was alfo c°°
rfecled witli the ground, &c. He maintained,- thut the fuT*
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"city which was received, by one of the coated furfuces of the
l a l> was actually taken from the other; that one title was ai-
}s pofitively, the other always negatively, electrified. This

У has been iliewn to be defective, and it has been proved that,
e 'he phial is charging, both lides are electrifted pofuively.

У connecting fevcral bottles together, the electric power may

'ncrealed almoft at pleafure, animals may be be killed, and po-

У Шау be given to magnetic needles.

' bas been already obferved, that the electric fluid, in pafljng

' m one body to another, emitted rays of light ; later experiments

• Vc flVewn that there is fcarce any fubftanae, folid or fluid, but
at may be rendered luminous by paffing through it the electric

,. ' It has alfo been found, in many inftances, to produce the

™e «fleets as culinary fire ; thus it will raife the thermometer,
c «ate vegetation, and promote evaporation, &c.

» . . ter that aftoniihing dilcovery, by -which the fimilarity of
Sotning an(j Electricity was proved, conducting rods were adaped

. uildings, to preferve them from being injured by lightning.
e.le are, in general, allowed to be uieful, .though not fo exten-

' elyaswas'at firft imagined.; and, though they may conduct the

=utOing that falls upon, or meets witli, them, fafelyto the ground,
1 !t is ablurd to fuppofe, that a conductor can prevent the light-

S from ftriking a building, or is capable of exhaufting the at-

*oiï»here of its electricity.
ne of the moll brilliant difcovcries, concerning Electricity, is

т. °' its activity in carrying on the funftions of animal Life.
• n^al/h has iliewn, that the powers of the Torpedo, and the

ymnotus Eleftricus, like thofe of the Leyden phial, might be
etjded to any diftance through a medium of conducting fub-

Ces» and that thofe bodies which impede the difcharge of an
trical accumulation, had the lame influence on the powers of

the 1't0rpedp,&c. Through a fmall interval, in the circuit formed

°nduct the influence of thefe animals, a (nark of l i rai t has been

ï, e to appear, which has fully eftabliflïed the fimilitude between
v, e<^''ical fluid of thefe animais and that of nuture at large.

. У mftances might be introduced to ûiew its agency in the
^ frame, but none can be offered of more importance to

L 3 mankind,
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mankind, than thofe which prove its efficncy as a medicine : )£

lias been applied with fuccefs, to relieve the fufferings of mat}'

kind, and, at a great hofpital in this metropolis, under the cau*

tious eye of public fcrutiny, has obtained un etlabliihecî rank J°

the art of healing.

LETTER XL.

On the celebrated Problem of the Longitude : gener
Description of the Earth, of its Axis, its two
and the Equator.

"\7~OU will by this time, no doubt, imagine
JL enough has been faid of eleftricity ; and indeed

I have nothing farther to add on that fubjeft ; an^
am, of courfe, not a little embarrafled about the

choice of one worthy of your attention.
In order to determine my choice, I think myft^

obliged to take into confideration thofe fubje#s

which moil materially intereft human knowledge
and which Authors of celebrity moft frequently
bring forward. Thefe are fubjects, refpecting which»
it is to be prefumed, perfons of quality have con^*
derable information.

As you muft, unqueftionably, have heard frequefl1

mention made of the celebrated problem of the loi1'
gitude, to the folution'of which the Britifli nati011

has propofed a moft magnificent premium,! prefultl6

that my labour will not be wholly thrown away»
I employ it in laying before you a fair ftate of ^
important queilion. It has fuch an intimate col1'
ncclion with the knowledge of our terraqueous glob6'-
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at it were a ihame to be ignorant of it. It will
cprdingly furnifli me with an opportunity of cx-

P lining a variety of • interfiling articles, which, I
atter myfelfj you would wifli to fee elucidated.

begin then with a general defcription of the
. ^h, which may be conildered as a globe, though

kas been difcovered by recent obfervation, that its

ЗД figure is a fpheroid, fomewhat flattened ; but
e difference is fo fmall, that it may, for the prefent,

e altogether neglected.

*he firft thing to be remarked on the globe of the

thj are two points on it's furface, denominated

, e two poles of the earth. Ilound thefe two points
e gl°be of the earth ,every day revolves, as you

. ri1 a ball fixed between the two points of a turn-

5 Machine. This motion is called the daily or di-
. rnal motion of the earth, each revolution of which

Performed in' about twenty-four hours. Or, to

Pea.k according to appearances, you know that the

°̂le heavens, which we confider as a concave ball,

t'Un whofe circumference the earth revolves, ap-
^ ar to turn round the earth in. the fame fpace of

er)ty.four hours. This motion is likewife per-
roied round two fixed points in the heavens, de-

Orninated the poles of heaven ; now if we conceive
b'aight line drawn from one of thefe poles of hea-
11 to the other, that line will pafs through the

Centre of the earth.

you will eafily comprcl\end,' that the appcar-
Ce muft be the fame, whether the earth turns
und thefe poles, while the heavens remain in a

L 4 . ftatc
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ilate of reft; or whether the heavens revolve round
their poles, the earth remaining at reft. On either-
iuppofition we are equally led to the knowledge, of
the poles of the earth, the foundation, not only of;

aftronomy, but likewife of geography.
Let flg. i. of plaie I. reprefent the globe of th^

earth, whofe poles are the points A and В ; one of
thefe poles, A j is named the f out h or antarffic polej
the other, B, is denominated, the 'north or arãlc pole-
This laft is nearer to the region of the globe which
we inhabit.

I remark, that thefe two poles are directly oppo-
fite to each other ; in other words, were a ftraight
line AB to be drawn directly through the earth, it
would pafs precisely through the middle C, that is
to fay, .through the centre of the earth. This ftraight
line AB has accordingly it's appropriate name, and
is called the axis of the earth, which being produced
in both directions to the heavens, wi|l terminate ifl

the two points which are called the poles of heaven;
and to which we give the fame names as to tliofe of
the earth.

Thefe two poles of the earth are by no means »
mere fiction, or a fpeculation of aftronomers- and.
geographers ; but are really moft eflential points
marked on1 the furface of our globe ; for it is w"ctt
knov/n, that the nearer we approach thefe W°.
points, the colder and more rugged the face of na-
ture becomes, to fuch a degree that the regions ad-
jacent to the poles are abfolutely uninhabitable, frort1

the exceffive cold which prevails there during the

winter-
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'• No one inftance, accordingly, has been pro-
ved • of any traveller, whether by land or. water,
"° has reached either of the poles. It may be af?
rrned, therefore, that thefe two fpots. of the earth.

are altogether inacceffible.
thus determined the two poles of the earth

. a°d B, we may conceive the whole globe divided
lnto two hemifpheres, D B E and DAE, each of
.«ich. terminates in one of the poles as its fummit.

r. this purpofe we are to fuppofe the globe bifected
roxigh its centre C, fo that the feclion mail be per-

to the axis of the earth ; this feclion will
r^j On the furface, a circle encompafling the whole
De, every where equally diftant from the two
^ This furrounding circle is denominated the

fyator. The regions adjacent to it are the hotteft,
^ °n that account, as the ancients believed, almoil

^habitable -, but they are now found to be ex-
. e(ungly populous, though the heat be there almoft
InfuPportable.

*ft
TJ as y°u remove from the equator, on either

e> toward the poles, the countries become more
more temperate, till, at laft, on approaching

near the poles, the cold becomes intolerable.
^s the equator divides the earth into two hemi-
^res, each bears the name of the pole contained
lt: 5 thus the half D B E, which contains the north

. s is denominated the northern bemifphere, and in
ls fituated aU Europe, almoft the whole of Afia,

li . -Africa, and the half of America. The other
liphere is,from it's pole, denominated Uiefoutbcrn

hemifpbcre,
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bemlfphere, and contains the greateft part of Africa»
the other half of America, and feveral iiles, which
geographers attribute to Afia, as you will recollect
to have feen in maps of the world.

iSit/ dugiift, 1761.

LETTER XLI.

Of the Magnitude of the Earth ; of Meridians, and the
ßorteß Road,from Place to Place.

TTAVING diftmftly fixed the idça of the poles
JL-iL of the earth and of the equator, which you
can much more eafily imagine on a globe, than I
can reprefent by a figure, every other neceflary idea
will readily follow from thefe.

I muft, however, fubjoin a further elucidation of
confiderable importance. The axis of the earth
palling from one pole to the other, through the cert'
tre of the earth, is a diameter of the globe, an"
confequently is double the- length of the radius. &•
radius of the earth, or the diftance from every poin1

on the furface to the centre is computed to be 8 60
German miles ;* the axis of the earth will therefor6

contain 1720 German miles. And the equator be-
ing a circle whofe centre is likewife that of the eartb>
it will have the iame radius, namely 860 miles, tbe

* About 3956 miles Engliili, or 1432 French longues ; the я<41

of the-earth will, accordingly be 7912 m i l e s . Engli i l i , or з80^

French leagues-, and the circumference at the equator z3;73

miles Engliih, about 8600 leagues of France.—E.E.
diameter.
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Wme °f the equator will accordingly be 1720
^•lies,and it's whole circumference 5400 miles nearly;

that if you were to make a tour of the globe, fol-
°\ving t]le tra£j- of the equator, you muft perform

Journey of almoft 5400 German miles. This will
> ° Ve you fome idea of the magnitude of the earth.rrt, '

t
 Aue equator being a circle, it is fuppofed to be
Vlded into 360 equal parts, named degrees : a de-

Sree of the equator contains therefore 15 German
^esj* as 15 times 360 make 5400.

degree is again fubdivided into 60 equal
called minutes, fo that every minute contains

e fourth part of a German mile, or about бсоо
e?* ' a faond being the iixtieth part of a minute,

contain loo feet.
being impoffible \o reprefent a globe, on paper,
other way than by a circle, you müft fupply this
ft by imagination. Accordingly AB, (plate L

£' 2-J being the two poles of the earth ; B, the
n°rth, and A, the fouth ; DMNE will reprefent the
luator, or rather that half of it which is turned
^Va us, the other being concealed on the oppofite

* he- line DMNE reprefents then a femi-circle, as
cllas BDA'and BEA; all thefè femi-circles having
е_1р centres at that of the globe, C. It is poffible

' an infinite number of other femi-circles,
°f them drawn through the two poles of the
^ A' and B, and paffing through every point of

* 69 -Engliih,

the
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the equator, as BMA, BNA: thefe will all be
lar to the firft. BDA and BEA;, though in the fi-
gure their form appears very different. Imagination
muft correct this, and the facbis apparent on a real
globe.

All thefe femi-circles drawn from one pole to the
other, through whatever point of the equator they
may pafs, are denominated meridians: or rather, 3

meridian is nothing elfe but a femi-circle which, oO
the furface of the earth, is drawn from one pole to
the other ; and you can eafily comprehend, that»
taking any place whatever on the furface of the
earth, lay the point L, you can always conceive 3
meridian BLMA, which, palling through the t\vo
poles, takes in it's way the point L. This "meridian
then is named the meridian of L. Suppofing, f of
example, L to be Berlin, the femi-circle BLM-A-
would be the meridian of Berlin ; and in, like man*
ner refpecting every other foot of the earth.

You can repreient to yourfelf a globe, on the

furface of which are defcribed all the countries ot
the earth, the continent, as well as the fea with it's

iuands. This artificial globe, denominated the ter'
rcßrial or terraqueous globe, you muft no doubt be

acquainted with. As to all meridians, which can
poffibly be drawn upon it, and à great number °*
which actually are traced, I remark, that each, being
a femi-circle, is divided by the equator into tW°
equal parts, each of which is the fourth part оГ-а

•circle, that is an arch of 90 degrees. According^
BD, BM, BN, BE, are fourth parts of a 'circle a*
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as AD, AM, AN, AE; each therefore contains
So degrees : and it may be farther added, that eaeH
s Perpendicular 'to the equator, or forms right -angles

it,
, were ä perfon to travel from the point of

1x6 equator M, to the pole B, the ihorteft road
be to purfue the track of the meridian MLB,
being an arch of 90 degrees:, and a degree

15 German miles, would contain í $'50
the diftance to be pafled in going from the
to either of the poles.

*ou viriU recollect, that the ihorteft road -from
" ace to place, is the ftraight line drawn through

У two places ; here the ftraight line, drawn from
j16 Point M, in -the equator, to the pole B,:: would
ЭД within the earth, a route which it is irripolïïblé
0 Púrfue, for we arc fo attached to' the íuíface of

e th, that we cannot remove from it. : For this
the queftiori becomes exceedingly different,

it is aiked, What is the ihorteft road, leading,

f °
lïl one fpot on the furface of a globe to another
^ road is no longer a ftraight line., but

e fegment' of a circle, defcribed from one point of
e fiirfiice to ano'ther, and whofe centre is-precifely
at of the globe itfelf. This is accordingly in per-
* harmony with the cafe in q'ueftion ; for to travel

roitt the point M in the equator, to the polé B, the
ch of the meridian MLB, which Thave reprefented
the fliorteft road, is in effecT: a fegment of the circle

centre is prccifely that of the earth.

About 6200 miles Engliih, or 2150 French lon
lu
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In like'manner, if we confider the fpot L, fituated
in-the meridian BLMA, the ihorteft road to g°
thence to the pole B, will be the arch LB; and J*
we know the number of degrees which this ai'cb
contains, allowing 15 German miles to a degree, we
ihall have the length of the road. But if you were
difpofed to travel from the fame fpot to the equator,
b.y the ihorteft track, it would be neceifary to purfue
the track of the arch of the meridian LM, the num-
ber of ̂ degrees contained in which, reckoning 15 Gei>
man miles to a degree, would give the diftance.
, We muft be iatisfied with expreffing thefe diftanceS
in degrees, it being fo eafy to reduce'them to Ger-
man miles, while other nations employ miles of va-
rious length, fome greater, fome fmaller. Taking»
then, the city of Berlin for the fpot L, we find that
the arch XM, which leads to the equator, contains 52
degrees and a half; confequently to travel from Ber-
lin to the equator, the Ihorteft road is 787 German
miles and a half. But if any one were to go frort*
Berlin to the north pole, he muft follow the direction
of the arch BL, which containing 37 degrees and, ?
half, would be 562 German miles and a half. Thefß
two diftances added, give 1350 German miles for th0

extent of the arch BLM, which is the fourth part
of a circle, or go degrees, which contain, as we haVfi

feen,' 1350 German miles.
22J Jiaguß, 1761.
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LETTER XLII.

f Latitude, and its Inßuence on the Seafom, and the
Length of the Day.

l ßE GIN once more with the fame figure, (plate L
•tu ^' 3*) which mutt by this time be abundantly
Biliar to you. The whole circle reprefents the
Sl°be of the earth; the points A and В it's two
"°les ; в tiie погф or arctic, and A the fouth or

fo that the ftraight line В A drawn within
^ earth, and paffing through it's centre G, is the
•ls of it. Again D ME is the equator which di-

es it into two bemifphéres, D BE the northern,
and£>AEthefouthern.

^et us now take any fpot whatever, fay L, and
. avv it's meridian BLMA, which, being a femi-

c*e, paffes through the point L, and the two poles
and A. This then is the meridian of the placé L,

lded by the equator at'M into two equal parts,
... ^g two-fourths of a circle, each of which con-
j ns 90 degrees. I remark farther, that the arch
- > °f this meridian, gives us the diftance of the

Ce L from the equator, and that the arch LB ex-
les the diftance of the fame- place L, from the

Poleg,
Tr, •

. "is being la:d down, i t - is of importance to ob-
, e that the arch LM, or the diftance of L from

f . , is denominated the latitude of the place L ;
.. at'the latitude of any place on the globe, is no^

thing
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thing elfe but the arch of the meridian of that
which is intercepted between the equator and
given place : in other words, the latitude of a
is the diftance of that place from the equator, e£"
preffing' fuch diftance by degrees, the quantity °*'
which we perfectly know, as each degree contain*
15 German miles.

You ;will readily comprehend, that this
muft be .diftinguiihed, according as the given
is in the northern, or fou them 'hemifphere. In tbe

former café, that is, if the given place is in tbf
northern• hemifphere, we fay it has north latitude')
but if it is in the fouthern hemifphere, we fay it &
Infouth latitude.

Taking Berlin as an inftance, we fay it is in 5*
degrees and 31 minutes of north latitude ; the la11'
tude of Magdeburg is, in like manner, northern, 5*
degrees and 19 minutes. But the latitude of BataVi*
•in the Eaft Indies is б degrees 15 minutes foutb?
and that of the Cape of Good Hope in Africa, $
likewife fouth 34 degrees 15 minutes. -

I remark by the way, that for the fake of abbre'
viation, inftead of the word degree we affix a ifl13^
cipher (°) to the numeral characters, and inftead °J
the word minute a fmall flanting bar ('), and mftea

of fecpnd two of thefe (") ; thus the latitude of &*
obfervatory at Paris is 48° 50' 10", N. that is ^
degrees, 50 minutes and i o féconds North. In Pel^
there is a place named Vlo, whofe latitude has ̂  ,
found to be 17° 36' 15", S. that is, 17 degrees, 3
minutes and 15 féconds South. Hence you will v
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гнапа, that If a place were mentioned whofe lati*
Ude was Oo 0/, (Д fucn place would be .precifely un-
er the equator, as its diftance from the equator is ot

nothing ) and in this cafe it is unneceffary to affix
be letter N or S. But were it poffible to reach a

f lacewhofe latitude was 90° N. it would be precifely
"e north pole of the earth, which is diftant from the

the fourth of a circle or 90 degrees* This
™ give you a clear idea of what is meant by the
"tude of a place", and why it is ëxpreflëd by de*

6*^3, minutos, and féconds*
II is highly important to know the latitude of
СгУ place» not only as effehtial to Geography, in

view of affigning to each its exact lituation on
^graphical charts, but likewife becaufe on thé la-

Me depend the feafuns of the yeaf j the inequali-
es of day and night, and confequehtly the tempe-
atüfe of the place/ As to places fituated direftly

^er the equator, there is fcärcely any perceptible
, ^ion of the feafons, and through the whole year

e days and nights are of the fame length, namely
hours. For this reafon the equator is likewife
°ininated *be equinoctial line : but in proportion

К]^
0ц'Гетаоуе from the equator, the more remark-

' . e is. the: difference in the feafons of the year, and
ï «lofe likewife the days exceed the nigh,ts in fum-

r>'3vhereas, reciprocally, the days in winter-are as
', ^h:íhortér than the nights.
Даг ^ ^Row tbat the longeft days, in thefe northern
f V4esj are toward the commencement of our

I -tf^1' ^Dout the 2ift of June ; the nights, of con-
°L> И- M fequences
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fequehce, are. then the fhprteft; and that toward
beginning .of our winter, about the 23d of Decem-
ber, the days are fliorteft and die nights longeft : f°
that every where, the longeft day i& equal to the
longeft night. Now in every place,* the duration of
the longeft day depends on the latitude of the plac4
Here, at Berlin, the Icingeft day is д б hours and 38
minutes, and eoniequently the ihorteft day in winter
is 7 hours 22. minutes. Jn places nearer the equator»
or whofe latitude is lefs than, that of Berlin, which i3

52° 32', the longeft day in íummer is leis than 16
•hours- 38 minutes, and in winter the fliorteft day '&
more than 7 hours 22 minutes. The contrary, of
this takes place on removing farther from the equ&'
tor : at Peteriburg, for example, ,whofe latitude i$
60 degrees, the longeft day is 18 hours 30 minutes»
and confequently the night is then only 5 hours
minutes: in winter, on the. contrary, the lon
night is 18 hours 30 minutes, and then the day
only 5 hours 30 minutes. Were you to remove
farther from the equator, till you came to a
whofe latitude was 66° 30', the longeft day thei*
would be exacUy 24 hours, in other words, the fyl1

would not fet at that place, at that feafon ; where**
in winter the contrary takes place, the fun not гШ^э
at all on the 23d of December, that is, the nigk*
then lafting 24 hours. Now at places ftijl more •&
mote from the equator, and confequently nearer •**
pole, for example, at Warthuys in Swediih *1 '
this longeft day lafts for the fpace of feveral days
gether, during which the fun abfolutely never "
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e longeft night, when the fun never rifes at
s of the fame duration.

Were it poffible to reach the pole itfelf, we ihould
ave day for fix months together, and, during the

, er "X perpetual night. From this you compre-
of what importance it is to know accurately

titude of every fpot of the globe.

L E T T E R XLIIÍ.

f Parallels, of ibefirß Meridian, and of Longitude.

AVING informed you, that in order to find
the meridian of any given place, fay L, it is ne-

У to draw on the furfaCe of the earth a femi-
1B L M A, paífing through the two poles В and

and through the given place L -, I remark, (plate
'•A?- 4. J that there is an infinite number of other

aces> through which this fame meridian paffes,
a which are confequently all faid to be fituated

^. *r the fame meridian, whether in the northern
ere, between В and M, or in the fouthern,
M and A.

v. Ovir all the places, fituated under the fame men-
- nj differ as to latitude, fome being nearer to, or

,, ^e Demote from, the equator than others. Thus
v Meridian of Berlin pafles through the city of

. iffe, and nearly through the port of Triefte, as

v

 as raany other places of lefs note.
. on will Hkewife pleafe to obferve that a great

У places may have the fame latitude, that Í8, may
M 2 be
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be equally diftant from the equator, but aïï of then1

fituated under diflerent meridians. In fa<5t, -if L í*
the city of Berlin, whole latitude, or the arch
contains 52° 31', it is poffible under any other
dun BN A, a place I, the latitude of which, or the
ardi IN, ihall likewife be 52° 31'; fuch are the points
Г and G, taken in the meridians BDA, BEA. And-
as a mpridian may be drawn through every point 0*
the equator, in which there mall be a place w
latitude is the fame with that of Berlin, or the
L, we mall have an infinite number of places, all
the fame latitude. They -will be all fituated in t
circle ï 'LI G, all the points of which being

• diftant from the equator, it is denominated
circle to the equator, or fimply a parallel. A
on the globe, thesis nothing elfe but a circle
to the equator, that is, all the points of which
equidiftant from it; Itence it is evident, that all
points of a parallel are likewife equidiftant from
poles of the earth.'

As it is poffible to draw fuch a parallel
every place on the globe, we can conceive an i
number of them, all ̂ differing in refpecl: of
each having a latitude, whether north or fouth, Pe',
culiar to itfelf.

You muft likewife be abundantly fenfible, that &
greater the latitude is, or the. nearer you approachl

.either of the poles, the fmaüer the parallels becofl1 '
till at laft, on, coming to the very poles, where &
latitude is 90°, the parallel is reduced to a fingle р°^ '
But, on the contrary, as you approach the equat° '
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*he fmaller the latitude is, the greater are the pa-
е^ > • till at laft, when the latitude becomes o, or

^ttng, the parallel is loft in the equator. It is ac-
ordingiy by the latitude that we diftinguiih them ;

Us the parallel of 30°, is that which paffes through
егУ place whofe latitude is 30 degrees, but it is
Ceuary to explain yourfelf, according as you mean

north or fouth latitude.
Vn confulting an accurate map, you will obferve:
at Hanover is fituated under the fame parallel with

tK n> ^е latitude °f both being 52° 31', and that
cities of Erunfwick and Amfterdam fall nearly

. ^r the fame parallel ; but that the meridians paff-

л ough thefe places are different. If you know
Meridian and the parallel under which any place

_ ^ated, you are enabled to afcertain its actual po-
10n on the globe. If it were affirmed, for example,

h^ a certain place is fituated under the meridian
^A, and the parallel FLG, you would only have
J°ok where the meridian BN A is interfered by
Parallel FLG, and the point of interfecuon I, will

true pofition of the given place.
c are the means employed by geographers to

er«une the real fituation of every place on the face
he globe. You have only to afcertain its parallel,

Of tk 1
Ule latitude, and its correfponding meridian. As
tbe parallel, it is eafy to mark and diftinguiih it
^ every other ; you have only to indicate the la-

. dej or diftance from the equator, according as it
or fouth : but how defcribe a meridian, and

it from every other ? They have a per-
M3 feft
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feft refemblance, they are all equal to each other, and
no one has a fpecial and diftinffive mark. It depends
therefore upon ourfelves to make choice of a certain
meridian, and to fix it, in order to refer all others to
that one. If, for example, in the figure referred to
at the beginning, we were to fix on the meridian
BDA, it would be eafy to indicate every other me*
ridian, fay BMA, by fimply afcertaining on the
equator the arch DM, contained between the fixed
meridian BDA and the one in queftion BMA, ad'
ding only in what direction you proceed from the

fixed meridian toward the other, whether from eaft
to weft, or well to eaft.

This fixed meridian, to which every other is re-
ferred, is called Ui&ßrß meridian ; and the choice °*
this meridian being arbitrary, you will not think ^
ftrange that different nations ihould have made *
different choice. The French have fixed on the ifl0

of Ferro, one of the Canaries, for this purpofe, afl**
draw their firft meridian through it. The Germa115

and Dutch draw theirs through another of the
jflands, called TenerifFe. But whether you follow
French or German geographers, it is always
carefully to mark on the equator the point throng*1

which the firft meridian palies ; from this point y°
afterwards reckon by degrees, the points throws
which all other meridians pafs ; and both French &
Germans have agreed to reckon from weft to eaft-

If, therefore, in the figure to which I have alreaw
Deferred, the femicircle BDA be the firft
and the points of the equator M and N were

*
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ward the eaft, you have only, in order to mark any
ther meridian, fay BMA, to indicate the magnitude

the arch DM ; and this arch is what we call the
togitucle of' all the places fituated tinder the meridian
M;A. jn like manner, all the places fituated under

he meridian BN A have' their longitude ^etermined
У -the arch of the equator DN, expréfled -in degrees.

and féconds; '

LETTER XLIV.

Choice of Ue F'tfft ^Meridian.

Y7"OU have now received complete information
""*•; refpefting what is denominated the latitude and
Ae longitude of a place on the furface of the. globe.
Atitude is computed.on the meridiaflt. 'of the given

up to the equator ; in other words, it is the
e of the parallel paflmg through that place,

. Olti the equator ; and to prevent all ambiguity, it
'.s'neceflary to exprefs whether this latitude or diftance
4Sliorthorfouth.

to longitude, we muu determine the diftance
mçridian of the given place from the firft me-
j atl<i this diftance is computed on the equator,

Oni the firft meridian tp the meridian of the given
^ ace, always proceeding from weft to eaft ; in other

Ords, longitude is the diftance of the meridian of
e given place, from the firft, computing the degrees
the equator, as I have juft now faid.

M 4 We



168 ÏIRST MERIDIAN.

We always compute, then, from the fir.it meridian
eaftward ; and it is evident that when we have com-
puted up to 360 degrees, we are brought back pre-
cifely to the firft meridian, as 360 degrees Complete
the circumference of the equator. Accordingly»
were any particular place.found to.be anrthe^gtl»
degree of longitude, the meridian of that place would
be only one degree diftant from, the firft meridian»
but toward the weft. In like manners 350° of Ion*
gitude would ехаШу correfpond with a diftance of
io°weftward. For'this reafon, in order to avoid
all ambiguity, in' determining longitude, we go oft
to reckon up to 360^ toward the eaft.

You will no doubt have the curiofity to knov'»
why geographers,; in fettling the firft meridian, hav£
agreed to fix on one of the Canary iflands ? I beg
leave to reply, that .the intention was to begin with
fettling the limits of Europe toward the weft ; an"
as thefe iuands, called the Canaries, and fituatediP
the Atlantic ocean, beyond Spain, toward America»
were ftill confidered as part of Europe, it was though1-
proper to draw the firft meridian through the moft
remote of the Canary iflands, that we might be '£0*
abled.to compute the other meridians without inter*
ruption, not only all over Europe, but through the
whole extent of Afia : from whence, going on l°
reckon toward the eaft, we arrive at America, a»d
thence return at length to the firft meridian.

But to which of the Canary ifles ihall we give tbe

preference? Certain geographers of France m^e

choice of the ifle of Ferro, and the Germans that 0*
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T
Griffe, bccaufe the real fituation of chefe lílcs \vas
ot then fufficiently afcertained, and it was not per-
aPs known which of them \vas the moft 'rernote;

^ides, tlie German geographers imagined that the
ni°Untain named the Peak of Teneriffe was pointed

j as it were, by the hand of Nature for -the fir ft

^e this as it may, it feems rather ridiculous to
av^ the firft meridian through a place whofe real

г ution on the globe is not perfectly determined ;
°r it. was not till very lately that the fituation of the
Caries was afcertained. For this reafoii, the moil
Curate aftronomers fix the firft. meridian ftrecifely

2й J * J

-Degrees diftant from that of the obfervatory at
riS9 without regarding through what fpot the firft
*У in that cafe pafs ; and it is undoubtedly the

ett method that can be adopted : and in order to
erßiine .every other meridian, the fimpleft way is
fcod out its diftance from that of Paris : then if
•*• other meridian is more to the eaft, you have

j У to add to it 20 degrees, in order to have the
SJtude of the places fituated under it : but if this
ridian be weftward to that of Paris, you muft fub-

^rom 20 degrees: finally, if this
; toward the weft is more than 20 degrees,

• fubtrait it from 380 degrees, that is, from 20
. ° ees aboye 360, in order to have the longitude of
* Pridian.

. ^Us the meridian of Berlin being to the eaftward
£ the meridian, of Paris 11° f 15", the longitude of

n will be ïi° y' 3î".; and this is
longitude
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longitude of all other places fituated under the
meridian with Berlin.

In like manner the meridian of Peteriburg being
28 degrees more to the eaft than that of Paris, tbc

longitude of Peteriburg will be 48°.
The meridian of St. James's, London, is more to

the weft than that of Paris by 2° 25' 15"; fubtraft-
ing, therefore, that quantity from 20°, the remain'
der, 17° 34' 45/х, gives the latitude of. St. James's»
London.

Let us now take the city of .Lima in Peru, tb6

meridian of which is 70° 9' 30" to the weftward <&
that of Paris ; that diftance muu be fubtracled frofl*
38о degrees j which will leave a remainder of 309
jo' 3C/, the longitude of Lima.

Now, when the latitude and longitude of a place

are known, we are enabled to afcertain its true p°'
fition on the terreftrial globe, or on a map : for aS

the latitude marks the parallel, under which the placß

is fituated, and the meridian gives the meridian <?
the fame place, the point where the parallel interfe#s-
the meridian, will be exactly the place in queftion»

You have but to look at a map, that of Europe fot

example ; and you will fee the degrees of the parall^5

marked on both fides, or their diftances from &f
equator : above and below are the degrees of long1'
tude, or the diftances of the feveral meridians fr°'
the firft.

The parallels and meridians are ufually traced °
maps degree by degree, fometimes at the diftance о
5 degrees from each other. In moil maps the
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ans are drawn up and down, and the parallels from
^ to right : the upper part is dire&ed toward the

n°rth ; the under to the fouth : the right-hand fide
the eaft, and the left-hand fide toward the

e

is likewife to be remarked, that as all the meii-
meet at the two poles, the more any two meri-

|ans approach to either of the poles, the fmaller their
Stance becomes \ at the equator their diftancé aU
a)'s is greateft. Accordingly on all good maps,
^ere the meridians are traced, you will obferve

«at they gradually approximate toward the top, that
the north, and their diftances increafe as you pro-

toward the equator. This is all that feems to
requifite for the underftanding of geographical

, arts, by means of which an attempt is made to re-
Prefent the furface, or part of the furface, of the
globe.

•°ut my principal object was to demonftrate how
fte féal pofition of every fpot on the globe is deter-
^led by its latitude and longitude.

l-fl Seftember,. 1761.

LETTER XLV.
ethod of determining the Latitude^ or the Elevation of

the Pole.

\ * being a matter of fuch importance to know the
Atitude and longitude of every place, in order to

Certain exaclly the foot of the globe where you are,
you
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you muft be fenfible that, it is equally important to
difcovcr the means of certainly arriving at fuch know-
ledge.

Nothing can be more interefting to a man, who
has been long at fea, or after a tedious journey
through unknown regions, than to be informed at.
what precife foot he is arrived ; whether or not he
is near fome known country, and what courfe hß
ought to purfue in order to reach it. The only
means of relieving fuch a perfon from his anxiety
would undoubtedly be to give him the latitude and
longitude of the place where he is : but what muft
he do to attain this moft important information ?
Let us fuppofe him on the ocean, or in a vaft defert,
where there is no one whom he could confult. After
having afcerrained, by the help of a terreftrial globe,
or of maps, the latitude and longitude of the place
where he is, he will with eafe, from them, determin?
his prêtent pofition, and be furniflied with the ne*
ceflary information refpefling his future progrefs-

I proceed, therefore, to inform you, that it is by,
aftronomy chiefly we are enabled to determine the

latitude and longitude of the place where we are »
and that I may not tire you by a tedious detail °*
all the methods'which aftronomers have employ^
for this important purpofe, I íhall fatisfy myfelf witïv

prefenting a general idea of them, flattering my ft"
that this will be fufficient to convey to you the kno^'
ledge of the principles on which every method >s

founded.
I begin with the latitude, which is involved l11

fcarcely
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iaicely any difficulty, whereas the determination .of
e longitude feems hitherto to have defied all human

t

 earch, efpecially at fea, where the utmoft precifion
1s requifite. For the difcovery of this-laft, accord-

&У, very confiderable prizes have been propofed,
an encouragement to the learned to direct their
erits and their induftry toward a difcovery fo in-
efting, both from its own importance, and from

e honour and emolument which are to be the fruit
of it.

/ return to the latitude, and the means of afcer-
Uiing it? referring to fome future opportunity a

,.°Ге ample difcuffion of the longitude, and of the
• erent methods of difcovering it, efpecially at fea.

^et the points В and A ( f late L fg. 5. J be the poles
the earth ; В A its axis, and С its centre ; let the

e

BDA reprefent a meridian, interfecbd by
equator at the point D ; and BD, AD, will be

the quadrant of a circle, or an arch of 90 de-
? ees '• the ilraight line DC will therefore be a radius

the equator, and DE its diameter.
•L-et there now be aflumed in this meridian BD-A,

e point L, the given place, of which the latitude is
111>-~ 1, or in other words, the number of degrees

the arch LD, which meafures the diftancc
point L from the equator ; or again, drawing

. ,e radius CL, as the arch LD meafures the angle
, ^ which I ihall call _y, this angle y will exprefs

Attitude of the place L, which we want to find.
'°w it being impoffible to place ourfelves at the

centre
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centre of the earth, thence to take the meafure of
that angle, we muft have recourfe to the heavens-1

There the prolongation of the axis of the earth A#
terminates in the north pole of the heavens P, which
we are to confider as at an immenfe diftance from
the earth. Let the radius C L likewife be carried
forward till it terminate in the heavens at the point
Z, which is called the zenith of the place ; then»
drawing through the point L the ftraight line Si
perpendicular to the radius CL, you will recolle#
that this line S T is a tangent of the circle, and that
confequently it will be horizontal to the place L:

our horizon always touching the furface of the eartb
at the place where we are.

Let us now look from L toward the pole of tbc

heavens. P, which being infinitely diftant, tlje ftraight
line L O directed to it, will be parallel to the line

ABP, that is to the axis of the earth : this pole of
the heavens will appear, therefore, between the zenith
and the horizon LT, and the angle TLQ, indicated
by the letter m, will ihew how much the ftraigb*
line L Q, in the direction of the pole, is elevated above
the horizon ; hence this angle m is denominated tbe

elevation of the pole.
You have undoubtedly heard. frequent mentio^

made of the elevation of the pole, or, as fome cal*
it, die height of the pole, and which ' is nothing
but the angle formed by the ftraight line L Q in
direction of the pole, and the horizon of the
where we are. You have a perfect comprehenfi011

6 of
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tne poffibility of meafuring this angle m by means
. an agronomical inftrument, without my going
lQt° any farther detail.

^ving meafured this angle ;я, or the height of the
* *£> it will -give you precifely the latitude of the
. P6 L, that is the angle j. To make this appear,

ls only neceflary to demonftrate that the two
ni and y are equal.
the line L Q being parallel to CP, the angles

, nd n are alternate, and confequently equal. And
*Ше L T being perpendicular to the radius CL,

heangle CLT of the triangle CLT muíè be a right
&*e> and the other two angles of that triangle h and
^ft be together equal to a right angle. But the
cn B D being the quadrant of a circle, the angle
^ muft likewife be a right .angle ; the two angles
^d y, therefore, are together equal to the two
8ks n and x. Take away the angle x from both,
Q Oiere will remain the angle у equal to the angle
' but the angle n has been proved equal to the angle
5lQerefore the angle у is likewife equal to the angle m.

1 bas already been remarked, that the angle y ex-
Ues the latitude of the place L, and the angle m the

t,
CVation or height of the pole at the fame place L ;

e Atitude of any place therefore is always equal to
v,i . %ht of the pole at that fame place. ' The means

c*i autonomy fupplies, for obferving the height
Ле pole, indicate, therefore, the latitude required.

en - nomical obfervations made at Berlin have ac-
lngly informed us, that there the height of the

pole
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pole is 52° 31', and hence we conclude that the la«-1

tude of that city is likewife 52° 31'.
This is one very remarkable inilance to demooj

ftrate how the heavens may affift us in the attainment
of the knowledge of objects which relate only to the
earth.

5/4 September, 1761.

L E T T E R XLVI.

Knowledge of the Longitude^ from a Calculation of t№

Direction, and of the Space pajjed through.

ТГ NO W proceed to the longitude; and remark that»
JL on taking a departure, whether by land or water*
from a known place, it would be eafy to afcertai*1

the fpot we had reached, did we know exactly tiré
length of the road, and the direction which we puf
fued. This might, in fuch a cafe, be effected evert
without the aid ofaftronomy; and this obliges
to enter into a more particular detail on the

We meafure the length of a road by feet ; "*'e

know how many feet go to a mile, and how man/
miles go to an arch of one degree upon the globe •
thus we are enabled to cxpreis in degrees the diftanc5

we have travelled.
As to the route or direction in which we trave*»

it is ncceflary accurately to know the polition of &
meridian at every place where we are. As the &e'
ridian. proceeds in one direction toward the nQrt
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j and in the other toward the fouth ; you have
to draw, on the horizon of the fpot where you

rcj a ftraight line from north to fouth, which is called
tlxe meridian line of that place. All poffible care muft

e taken to trace this meridian line very accurately,
ail(i here the heavens muft again perform the office
of a guide.

YOU know it is mid-day when the fun is at his
oteateft elevation above the horizon ; or, which is
tile fame thing, the direction of the fun is then ex-
a<% fouth, and the ihadow of a ftaff fixed perpen-

!cularly on a horizontal plane will fall, at that in-
a°t, precifely northward. Hence it is eafy to com-

Prehend, how an obfervation of the fun may furnifti
s with the means of accurately tracing a meridian
Пе> wherever we may be.

. Having traced a meridian, every other direction
Very eafily determined.

the ftraight line NS (plate I fig. 6 J be the
one of the extremities N being directed

the north, and the other S toward the fouth.
lth this meridian let there be drawn at right

the ftraight line EW, whofe extremity £
be directed toward the eaft, and the other ex.

%
e«úty w toward the weft. Having divided the

rcle into 16 equal parts, we fliall have fo many
l erent directions, denominated according to the

ters affixed to them ; and in cafe of not purfuing a
Action which exactly correfponds with feme one

"•he fixteen, the angle muft be marked which that
, VOL- U- N deviating
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deviating line of direction makes with the meridiart
NS, or with EW, which is perpendicular to it.

It is thus we are enabled to determine exaftly the
direction which we purme in travelling; and fo long
as we are affured of the length of the way, and of
the direction purfued, it will be very eafy to afcei>
tain the true place at which we have arrived, and
to indicate both its longitude and latitude. We его*
ploy, for this purpofe, an accurate map, which con-
tains the point of departure, and that which we have
reached ; and by means of the fcale, which gives the
quantity of miles or leagues that go to a degree, i£

is eafy to trace, on fuch map, the track purfued and
completed.

Figure 7. of plate I. reprefents a map, on which are
marked from left to right the degrees of latitude»
and thofe of longitude from top to bottom ; it is

likewife viuble, on the face of it, that the meridian5

converge as they approach toward the north, afld
retire from each other toward the fouth, as is tbc

actual cafe on the globe.*
This map contains part of the furface of the earth*

from the 5 ßd degree of north latitude to the 59 '̂
degree ; and from the ijth degree of longitude, t0

the 2 6th.
Suppofe, then, I take my departure from the

. * All that the author fays in the fequel on this fubjeft, is ap*
plicahle, ftriétly fpeaking, only to marine charts ; but apparent'/
he did not think himfelf obliged to enter into any detail on tbel

particular conftruftion. — F. E. T .
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^» the longitude of which is 16°, and the latitude
57° 20', and that I proceed in the direction ESE ;
and have travelled a fpace of 75 German miles. In

rder to determine the longitude and latitude of the
P ace I have reached, I draw from the place L the
^raight line LM, making with the meridian 16° 16'
ke fame angle, which the direction ESE in the pre-

Ceding figure makes with N. Then on that line I
a*e, according to the fcale marked on the chart,
^ equal to 75 German miles, and the point M-

be the place which I have reached.
have then only to compare this place with the
idians and parallels, traced on the map, and I

^d that it's longitude is 24° nearly; and on mea-
- rin more exactly the part of the degree to be

to the 24th degree, I find the longitude of the
M to be 24° 4'. As to the latitude, I obferve

to be between the 55th and 50th degree, and, by
J* eafy computation, I find it to be 55° 25' ; fo that

e Atitude of the place M, which I have reached, is
5<S° 25'5 and its longitude 24° 4'.

has here been fuppofed that I have invariably
the fame direftion ESE, from firft to laft :

j. tf I have from time to time deviated from that
reftion, I have only to perform the fame operation

each deviation, to find the place where I then
as > from this I take a frefli departure, and trace
У direction tiU another deviation takes place, and
°n) till I reach my object. By thefe means it is

, аУ8 in my power, whether travelling by fea or
5 to afcertain the place I have reached ; pro-

N 2 vided



1 8o .KNOWLEDGE OF THE LONGITUDE.

vided I know exaetly, through my whole progress,
the direction I purfue, and meafure with equal ac-
curacy the length of the way.

We might in this cafe difpenfe even with the af-
iiftance of aftronomy, unlefs we had occafion for it
accurately to determine our direction, or the angte
which it makes with the meridian ; but the magnetic
needle or compafs may, in many cafes, fupply this
want.

You muil be feniible, however, that it is poffible
to make a very confiderable miftake both in the
computation of the direction, and of the length of
the way, efpecially in very long voyages. How often
is it neceffary to change the direction in travelling
even from hence to Magdeburg ? and how is it pof*
fible to meafure exactly the length of the way? BUC

when we travel by land, we are not reduced to this

expedient : for we are enabled to meafure by
metrical experiments the diftance of places, and
angles which the diftances make with the
of every place ; and thus we can determine, wí
tolerable accuracy, the true fituation of all places.

8/i September, 1761.

LETTER XLVII.

Continuation. Defcfts of this Method.

A METHOD of obferving the direftion p
X-u. and the length of the courfe, feems to be °
iirtgular utility in fea voyages, becaufe there vre ar
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under the neceflity of deviating from the direc-
tion every moment, as in travelling by land ; for,

the fame wind, we can proceed in the fame

Pilots are accordingly very attentive in exaftly ob-
*erving the courfe of the veffel, and in meafuring
the progrefs lhe has made. They keep an accurate
J°Urnal of all thefe obfervations, at the clofe of every
^аУ> nay ftill more frequently ; they trace on their
*ea-charts the progrefs they have made, and thus are
Cabled to mark on the charts, for every period o£
*11;fle, the point where they are, and of which they
c°nfequently know the latitude and longitude. Ac-
c°rdingly, fo long as the courfe is regular, and the
Veffel is not agitated by a tempeft, good pilots are

miftaken : but when they are in doubt, they
recourfe to aftronomical obfervations, from
they difcover the elevation of the pole ; and

being always equal to the latitude of the place
they are, they compare it with that which

key have marked on the chart, conformably to -the
c°mputatmn of their progrefs. If thefe are found, to
c°incide, their computation is juft ; if they difcoyer
a different they conclude with certainty that fome
error has been committed, in the computation o£
^e diftance, and of the courfe ; in that cafe, they
^-examine both the one and the other more care-

_ ty> and endeavour to apply the neceflary correc-
10ns, in order to make the computation agree with

pe obfervation of the height of the pole, or of the
atitude, which is equal to it.

N 3 This
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This precaution may be fuffieient in ihort voyages,
as the errors committed can in thefe be of no great
importance ; but in very long voyages, thefe flight
miftakes may accumulate to fuch a degree, that, at
laft, a very grofs miftake may be committed, and
the place where the veffel actually is may differ con-
fiderably from what it was fuppofed to be on the
chart.

I have hitherto gone on the fuppofition that the
Voyage proceeded quietly ; but ihould a ftorm arife,
during which the. veffel is fubjecbd to the rudeft
eoncuffions of wind and waves, it is evident that
the computation of diftance and courfe is entirely
deranged, and tha.t it is impoflible to trace on the
chart the progrefs foe has made.

It would be very eafy, after this derangement, to
afcertain, by aftronomical obfervations, the latitude
of the Ihip's place ; but this would determine only
the parallel of that place, and it would remain totally
uncertain at what point of the parallel .£he actually
was.

It is neceffary, therefore, to difcover likewife the
longitude of thé place, which ihews us the meridian
under which it is fituated ; and then the interfecüon
of that meridian with the parallel found, will give
the veflel's true place. This will make you feniible
of what importance it is to affift mariners in difco-
vering likewife the longitude of the place where
they are.

This neceffity is impofed not only from the con-
fideration of the tempefts to which navigation is li-

able/
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for it is poffible, fuppofing thé voyage to pro-
bed ever fo quietly, to be grofsly miftaken in the
CDlnpiitation of both courfe and difhance. Could we

ie fa to Ъе at reß.} it might ke poflible to

various methods, of afcertaining, witli tole«
exaönefs, the way. which the vefiel has made ;

ut there are rapid currents in many places of the
Cea,n, which have the refemblance of a river run-
ng in a certain direftion. Thus it is obferved,

^at the Atlantic ocean has a perpetual current into
^e Mediterranean fea, through the ftraits of Gib-

^tarj and that the ocean, between Africa and
America, has a very confiderable current from eaft
.° ^eft, fo that a voyage to America is performed

lefs time than a voyage from America to

fuch currents confiant and well known, we
have confiderable affiftance toward forming

Ur calculations : but it has been obferved, that they
^e fometimes more, fometimes lefs rapid, and that

еУ frequently change their direction ; which de«
anges the calculations of the moft ikilful navigator

^ch a degree, that it is no longer fafe to truft
^оз. -\vg have but too many fatal înftarices of
*rPs daflied on concealed rocks, and loft, becaufe

«fe vere computed to be ftill at a confiderable dif,
*^се. jt was afterwards difcovered, when too late,

at thefe calamities had been occafioned by the cur-
nts of the ocean, which deranged the calculations

Navigators.
^ fail, when die. ocean has a current which makes

N 4 it
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it flow like a river, following a certain direction,
vefíels caught in it are carried away imperceptibly-
In a river we clearly perceive that the current is car-
rying us along, by obferving the banks or the bot-
tom : but at fea no land is vifible, and the depth is
too great to admit of our making any obfervation
from the bottom. At fea, then, it is impoffible to
difcern the currents ; and hence fo many dreadful
miftakes, refpefting both courfe and diftance. Whe-
ther, therefore, we take tempefts into the account,
or not, we are always under the neceflity of falling
on other methods of afcertaining the longitude of
the places where we may arrive ; and of the various
methods hitherto employed for acquiring this know-
ledge of the longitude, I now proceed to inform
you.

iztb September, 1761.

L E T T E R XLVIH.

Second Method of determining the Longitude, by Means
of an exafl Time Piece.

A VERY fure method of finding the longitude,
JLJL would Ъе a clock, watch, or pendulum, f°
perfect, that is to fay, which ihould always go f°
equally, and fo exactly, that no concufilon ihall be
able to afleft its motion.

Suppofmg fuch a time-piece conftrufted, let us fcc

in what manner, by means of it, we Ihould be
abled to folve the problem of the longitude.
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return, for this purpofe, to the confideration of
eridians, which we are to conceive to be drawn

ûrough every place on the furface of the globe.
^ ou know that the fun feems to defcribe every

аУ a circle round the earth, and that, of confe-
he paffes fucceffively over all the meridians

the fpace of twenty-four hours.

t^ow, the fun is faid to pafs over, or through a
S^en meridian, if a ftraight line drawn from the
ÜQ to the centre of the earth C, (plate /./£. 8. ) país

through that meridian. If therefore, in the
Prefent cafe, the line drawn from the fun to the
Cttltre of the earth.pafs through the meridian BLM A,

e would fay that the fun was in that meridian, and
it would be mid-day to all the places fituated

fuch meridian; but under every other, it
not be mid-day at that precife inftant ; it
there be before noon or after it, every where

elfe.

& the meridian BN A is fituated to the eaftward
the meridian BMA, the fun, in making his cir-

Ult from eaft to weft, muft pafs over the meridian
before he reaches the meridian BMA; con-

it will be mid-day under the meridian
earlier than under the meridian BMA; when,

_erefore, it ihall be mid -day under this laft meri-
lans mid-day under every other meridian to the
a«ward will be already paft, or it will be afternoon

them. On the contrary, it will be ftill fore-
under every meridian, fay B D A, fituated to

the
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the weilward, as the fun cannot reach it till he
pafíed over the meridian BMA.

And as the motion of the fun is regular and uni-
form, and he completes his circuit of the globe, that
is 360 degrees, in twenty-four hours, he muft every
hour defcribe an arch of 15 degrees. When, there-
fore, it is noon at Berlin, and at every other place
fituated under the fame meridian, noon will be al-
ready paft uuder-meridians fituated to the eaftward J
and more particularly ftill under the meridian fitu-
ated 15 degrees to the eaft ward of that of Berlin, it
will already be one o'clock ; under the meridian 30
degrees eaftward, two o'clock ; under that of 45 de-
grees, three o'clock afternoon, and fo on. > The con-
trary will take place under meridians, fituated to the
weftward of that of Berlin ; when it is noon there,
it will be only eleven o'clock forenoon under the
meridian 15 degrees to the weftward, ten o'clock-
under the meridian of 30, nine o'clock under the
meridian of "45 degrees weftward, and fo on ; a dif-
ference of 15 degrees between two meridians always
amounting to an hour of time.

To elucidate ftill more clearly what has now been
remarked, let us compare the two cities Berlin and
Paris. As the meridian of Berlin is ï ï ° if 15", to
the eaftward of that of Paris, reckoning an hour to
15 degrees, this difference of 11 ° 7' 15", will give
44 minutes and 29-féconds of time, or three quar-
ters of an hour nearly. When, therefore, it is mid"
аду at Paris, it will be 44 minutes and 29 féconds.

after
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. ter mid-day at Berlin ; and reciprocally, when it
mid-dayat Berlin, it will only be 15 minutes and

3*féconds after eleven o'clock at Paris: fo that it
1U not be noon at this kft city till 44 minuter, and
9 féconds afterwards. Hence it is evident that the

^°cks at Berlin fliould always be fafter than thofe of
ariss and that this difference ought to be 44 mi-

and 29 féconds.
difference between the meridians of Berlin

Magdeburg' is 1° 40', Berlin therefore is to the
of Magdeburg ; and this difference reduced

^ttie gives 6 minutes and 40 féconds, which the
°c«s of Berlin ought to indicate more than that
Magdeburg. Confequently, if it isjuft now noon
Magdeburg, a"d the clocks there,, which I fup-

^fc \vell regulated, point to XII. the clocks at Ber-
*bould, at the fame infiant, indicate б minutes

" 4o féconds after XII, that is, noon there is al-
paft.

. "ence you fee, that in proportion as places differ
°ngitude, or as they are fituated under different
n , wem regulated time-pieces. ought not to

out the fame hour at the fame inftant, but the
. erence ought to be a whole hour, when that of

longitude is 15 degrees.
j ^ employing a time-piece then for afcertaining the

S'tude of the places through which we pafs, it
'd firft be neceifary to regulate it exadly at fome

f °f wbere we actually were. This is done by ob-
и lng the inftant of noon, that is the inftant when

"n puifes over the meridian of that place ; and
the
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the time-piece ought then to point precifely to
It ought afterwards to be adjufted in fuch a
that always after a revolution of 24 hours, when tbe

iim returns to the meridian, the index, after
*nade two complete circuits, ihould again point
aftly to XII. If this is carefully obferved, fuch v
reo-ulated time-pieces will not coincide in
places, unlefs thefe be utuated under one and the
meridian ; but if "they are fituated- under differed
ineridians, that is if there be a difference of long1'
tude, the time indicated by the clock or watch, at

the fame moment, will likewife be different ; at №
rate of one whole hour of time for every i c degreßS

of longitude.
Knowing then the difference of time, indicated bf

well regulated time-pieces, at different places, »n

at the fame inftant, we are enabled exactly to coP1'
pute the difference of longitude at thefe two place5»
reckoning always 15 degrees for an hour, and &
fourth part of a degree for a minute.

I {tb September^ 1761.

LETTER XLIX.

Continuation, and farther Elucidations.

•\7~OU v/ill be lefs furprifed at the difference^0

1 time which well regulated time-pieces muft *
dicate, under different meridians, when you re»e '
that while it is noon with us, there are countries t
ward the eaft, where the fun is already fet, and th'

'
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e are others toward the weft, where he is but
nfing. it muft therefore be already night with.

e one, and ftill morning with the other, at the
^e inftant that it is noon with us. You know,

e"des, that with our antipodes, who are under the
eridian diametrically oppofite to ours, it is night,
^Ue it is day with us ; fo that our лооп correfponds

^ctly to their midnight.
*l will be an eafy matter, after thefe elucidations,
"lew how an exact time-piece may aflîft us in dif-

vering the difference of meridians, or that of the
°ngitude, at different places.

< kuppoiing me poflefled of fuch an excellent time-
*| eces which, once exactly regulated, fliews me every

аУ the precife time * it is at Berlin, fo that when-
er it is noon at Berlin, it points precifely to XII. :
Ppoiing farther, that it goes fo regularly, that once
Jüfted, I have no farther occafion to touch it, and
' it's motion is not to be deranged either by the

^king of a carriage, or the agitation of a veíTel on
. e ocean, or by any concuilion whatever to whichj». ' •

^ay be expofed.

% "rovided thus, with a time-piece of this defcrip-
°n> I fet out to travel, whether by land or by fea ;

Perfectly aflured that, go where I will, it's motion will
. e fteady and uniform, as if I had remained at Berlin :

•Will every day point to XII. at the very moment

" e muft here underíland the mean (in French moyen] t i m e
° le relation to the true time is laid down in aftronom<ca] tubles.

. e author deemed it unneceflavy here to point out that difiino-
^On • •5 «is ц would have led to a. deiail too minute.—F. E.

it
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it is noon at Berlin, and that, wherever I may
to be. On this journey, I arrive firft at Magdeburg1

there I obferve the fun when he pafles the meridian»
and this happens when he is exactly íouth ; and i£

being then noon at Magdeburg, I confult my tiiT>e>

piece, and obferve it points to 6 minutes and 40 &'
conds after XII. : whence I conclude, that when it &
noon at Magdeburg, noon at Berlin is already paft»
and that the difference is 6' 40", of time, which соГ'
refpond to i° 40' of diftance ; therefore the meridian
of Magdeburg is to the м-eftward of that of Berlin-
The longitude of Berlin, therefore, being 01° j' 15"»
the longitude of Magdeburg will be i° 40' lefs, that
i--,, it wiil bo 29° 27' 15".

í thence proceed to Hamburgh, accompanied by
my time-piece, which I never touch ; and there ob-
IcTving when it is noon by the fun, fur I cannot &•
ijcnd on the public clocks which there announce the
* . /'
Зюиг, I lind my time-piece already announces 13'33
lifter XÎL; io that at 'Berlin noon is pafled 13' 33
when it is exactly noon at Hamburgh ; hence I cofl'
dude, th.it the meridian of Hamburgh is 3° 23' i5
to the \veiiward of that of Berlin ; reckoning 15°,to

an hour, that is or.e degree for every 4 minutes °»
l i m e ; accordingly I find that 13' 33" of time givc

V 23' 15" °f tuf^nce, for the diflercnce of the me'
ridians. The longitude of Hamburgh will be, °*
courfc, 27° 44'.

At H.imburgh I go to fea, uill accompanied by г°У
time-piece, and after a long voyage I arrive at a ptoce

v.horc, waiting for noon, the moment of which
afcertai»
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n by obfervirig the fun, I find that my time-
indicates only 58' 15" after X. fo that then it

, not yet noon at Berlin, and the difference of time
s.1 Hour ï' 45", from which I conclude, that the

**ace at which I have arrived is to the eaftward of
ег«Л; and as -one hour gives 15 degrees, one mi*
^te of time 15', and 45 féconds of time n' 15",

. e difference of the meridians will therefore be 15°
15"- I find then that I am at a place to the eaft-

ard of Berlin, whofe longitude is greater than that
. Berlin by 15° 26' 15" ; now the longitude of that
v being 31° f 15", the longitude of the place

*here I am muft be 46' 33' 30". Thus I have dif-
J?Vered under what meridian I now am, but I am
™ uncertain as to the point of the meridian. In

йег to afcertain this I have recourfe to aftronoini-
, °bfervations, and find the height of the pole to
^ Precifely 41°. Knowing likewife that ï am full in

e Northern hemifphere, as I have not pafled the
l^ator, I difcover that I actually am at a place whofe

j tltl*de is 41 ° north, and the longitude 46° 33' 30".
a«e therefore my globe, or maps, and trace the

,eri$an whofe longitude is 46° 33' 30"; I look for
place whofe latitude is 41°, and at the point of

erfecl:ion I find I have got to the city of Conftan-
°ple, without having occaiion to apply for infor-

]°n to any perfon whatever.
'. ^Us> at whatever place of the globe I may ar-

5 Poffeffed of a time-piece fo exact, I am able to
rtam the longitude of it, and then an obfervation

д, le height of the pole will iliew me it's latitude.
"at remains therefore is to take the terreftrial

7 globe,
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globe, or a good map, and it will be eafy for me W
afcertain where I am, however unknown to me the
country may in other refpecis be.

It is much to be regretted, that artifts of tbe

greäteft ability have hitherto been unfucceisful in tbe

conftruftion of time-pieces fuch as I have defcribed»
and fuch as the cafe requires. We meet with a great

many very good pendulum machines, but they g°
regularly only when fixed in undifturbed fituations ï
the flighteft concuffion is apt to derange their motion?
they are therefore totally ufelefs in long fea voyageS*
It is obvious that the pendulum, which regulates tbe

motion, is incapable of refitting the ihocks to whicb
it is expofed in navigation. About ten years ag°»
however, an Englifli artift pretended that he ba<*
conftrucled a time-piece proof againft the motion °*
a fliip at fea, and that after having tried it a lo^ë
time together in a carriage on the road, it was »o1*
poffible to perceive the flighteft derangement: oJl

which the inventor claimed, and received part of &
parliamentary prize propofed for the difcovery of &
longitude, and the reft was to be paid, after it ba

been put to the proof of a long voyage. But fioce

that time we have heard no more of it ; from whfc*1

it is to be prefumed that this attempt too has-faUeíí'
like many others which had the fame object invie^ '

\Cjtb September, 1761.

•* The Author is here undoubtedly alluding to Mr. Harry™*
whole marine.time-piece has been tried with fuccefs in Eng'an

Meilrs. le Ray and Bcrtbout have, in France, approved their tal
iu the lame way.—£. E,
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LETTER L.

es of the Moon, a Third Method of finding the
Longitude.

LT'ROM want of the exquiiite time-piece, of which
"*• I have endeavoured to give you an idea, the
ec"pfes of the moon have hitherto been confidered

the moft certain method of difcovering the longi-
; but thefe phenomena prefent themfelves fo

rarely5 that we have it not in our power to employ
kem fo often as occafion requires.

You know that the moon is eclipfed, when it pafles
lQto the fhadow of the earth : it is poffible, then, to
^ bferve the moment when the moon begins to enter
Jnto the ihade, and when ihe has emerged ; the one
ls denominated the beginning of the eclipfe, and the
°ther its end ; and when both are obferved, the
^ean time betwixt them is denominated the middle
°* the eclipfe. The moon is fometimes wholly im-
;*erged in the fliadow of the earth, and remains for
Olïle time invifible ; this we call a total eclipfe, during
^ch. we may remark the moment when the moon

entirely difappears, and that when ihe begins to
ifterge; the former is called the beginning of total
arknefs, and the latter, the end of it. " But when a

^art only of the moon is obfcured, we call it a partial
lpfe, and we can remark only the moment of its
ginning and ending. You know likewife that
V°L- II. O eclipfes
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eclipfes of the moon can happen only at the full, and
that but rarely.

When, therefore, an eclipfe of the moon is ob-
ferved at two different places fituated under different
meridians, the beginning of the eclipfe will be clearly
iben at both, and at the fame inflant, but the time*
pieces at thcfe different places will by no means indi-
cate the fame hour, or any other div'mon of time e*>
actly the fame : I mean well regulated time-pieces,
each of which points precifely to XII. when it is noon
at that place. If thefe places are fituated under the
ume meridian, their time-pieces will no doubt indi-
cate the fame time at the beginning and at the end o*
the eclipfe. But if thefe two meridians are 15 de-
grees diftant from each other, that is, if the difference
of their longitude be 15°, the time-pieces muft differ

a complete hour, from the beginning to the end "ï
the eclipfe ; the time-piece of the place fituated to tbe

eaftward will indicate one hour more than the other \
the difference of 30° in longitude will occafion that

of two hours in the time indicated by well régulât erf
clocks or watches ; and fo on, according to the f°'*
lowing table.

>TC
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D I F F E R E N C E O F L O N G I T U D E .

of Degrees.

- 'S"-

3°°-.
45°-
60°.

75°-
90-.

105°.
120°.

Ï350-
• 15°'-

165°.
180..

of Time.

ï hour.
2.

3-
4-
5-
6.
7-
8.

9-
IO.

ii.
12.

If therefore the difference of longitude were 150%
7e time-pieces would differ ю hours from the be-

o'ttning to the end of the eclipfe.

_ Thus when the fame eclipfe is obferved at two
lffferent places, and the moment of it's commence-

. leilt is exactly marked on the time-pieces at each,
^vili be eafy to calculate, from the difference of

*e time indicated, the difference of longitude be-
een the two places. Now, that where the time is
°re advanced, muft be fituated more toward the

^t, and confequently it's longitude greater, as lon-
£ltude is reckoned from weft to eaft.

tíy fuch means, accordingly, the longitude of the
ncipal places on the globe have been determined,

О 2 and
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and geographical charts are conftrudted conformably
to thefe determinations. But it is always neceflar/
to compare the obfervations made, in a place the lon-
gitude of which was not already known, with thoft
which had been made, in a known place, and to wait
the refult of that companion. Were I to arrive then»
after a long voyage, at an unknown place, and an
opportunity prefented itfelf of there obferving an
eclipfe of the moon ; this would, in the firft inftance»
afford me no affiftance toward the difcovery of the

longitude of that place ; I could not till after my re-
turn comparé my obfcrvation with another made in

a known place, and thus I ihould learn too late where
I was at that time. The grand point in- requeft b'?
How am I, at the moment, to acquire the neceflary
information, that I may take my meafures accord-
ingly ?

Now the motion of the moon being fo exaâty
known, it is poffible to attain this iatisfaction, for v^e

are thereby enabled not only to calculate before-hand
all "future eclipfes, but to afcertain the moment o*
the beginning and end, according to the time-pie«^5

of a given place. You know that our Berlin
nacks always indicate the beginning and the end
every eclipfe viable at that city. In the view, the11»
of undertaking a long voyage, I can furniih m
with a Berlin almanack, and if an opportunity
fents itfeif of obferving an eclipfe of the moon at *
unknown place, I muft mark exactly the time of jt

by a time-piece accurately regulated by the fun a

noon, and compare the moments of the
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'and end of the eclipfe with thofe indicated in the
afoianack, in order to afcertain the difference be-
tween the meridian of Berlin, and that which pafles
*^rough the place where I am.

But beiide the rarity of eclipfes of the moon, this
Method is fubjecl: to a farther inconvenience; we are
n°t always able to diftinguiih, with fufficient accu-
Iacy, the moment of the beginning and end of the
echpfe, which comes on fo imperceptibly that a mif-

of feveral féconds may very eafily be committed.
as the miftake^will be nearly the fame at the end

as at the beginning, we calculate the middle point of
tl*ne between the two moments obferved, which will
ke that of the eclipfe, and we afterward compare
this with that which is indicated by thç almanack
*°r Berlin, or for any other known place.

If the almanack for next year mould not be pub.
^^d, when I fet out on my voyage, or fuppofing it
to laft more years than one, there are books contain.
lriS the eclipfes calculated for feveral years to come,

i-zd September, 1761.

LETTER LI,'

®tyervation of the Eclipfes of 'the Satellites of Jupiter, a
Fourth Method ofßnding the Longitude.

CLIPSES of the fun may likewifè affift in afcer.
taining the longitude, but in a way that re-

i lres more profound refearch, becaufe the fun is
ot immediately obfcured ; it is only the intçrpoíi-

O 3 tion



Io8 KNOWLEDGE OF THE LONGITUDE.

lion of the body of the moon, which obftructs the
tranfmiflion of his rays to us; as when we employ
a parafol to {heiter us from them, which prevents
not others from beholding all their luftre. For the
moon conceals the fun only from .part of the inha-
bitants of the earth ; and an eclipfe of the fun may
be clearly viuble at Berlin, while at Paris there is no
interception of his light.

But the moon'is really eclipfed by the ihadow of
the earth; her o\vn light is diminiihed or extin-
guiihed by it ; hence the ecïipfes of the moon are
feen in the fame manner, wherever me is above the
horizon at the time of the eclipfe.

It cannot have efcaped your penetration, that tf
there were other heavenly bodies which, from time
to time, underwent any real obfcuration, they migW
be employed with fimilar fuccefs, as the eclipfes of
the moon, in afcertaining the longitude. The fatel-
lites of Jupiter, which pafs fo frequently into the

Ihadow of their planet, that almoft every night one
or other of them is eclipfed, may be ranked щ the
number of thefe, and furniih us with another excel-
lent method of determining the longitude. Afti"°*
nomers accordingly employ it with great fuccefs.

You know that Jupiter has four fatellites, which
make their revolutions round him, each in his
orbit, as reprefented in the annexed figure (plate

jpg. i.J by circles dcfcribed round Jupiter. I
likswife reprefented the fun in this figure, in. ordei
to exhibit the ihadow A OB behind the body of Ju"
piter. ( You fee the fxrft of thefe fatellites, marked Ь

on
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°n the point,of entering into the fliadow ; the fe-
c°nd, marked 2, has juft left it ; the third, 3, is

at a great diftance, but approaching to it ; and
fourth, 4, has left it a confiderable time ago.

As foon as one of thefe fatellites pafles into the
e, it becomes invifible, and that fuddenly ; fo
at \vhatever place of the globe you may happen

'D be, the fatellite which was before diftinffly vifible,
uifappears in an inftant. This entrance of a fatellite
lnto the ihadow of Jupiter is denominated immerfion,

it's departure from the fliade emerfion ; when the
, which had for fome time been mviiible, fud-

re-appears.
The immeriions and emerfions are equally adapted.'

° the determination of the longitude, as they take
Pkce at a decided inftant.; fo that when fuch a phe-
11°Шепоп is obferved at feveral places of the globe,
Vou muft find, in the time indicated by the time-
Pkces of each, the difference which exactly corre-
%>ncis to the difference of the diftance of their me-
ilcHans. Is is the fame thinsf as if we obferved the
к •Degmning or the end of an eclipfe of the moon ; and

cafe is then involved in no difficulty. For fome
^paft we have been able to calculate thefe eclipfes

the fatellites of Jupiter, that is their immeriions

emerfions ; and we have only to compare the
obferved, with the time calculated for a given

3 fay Berlin, in order to conclude, at once, the
of it's meridian from that of одг capital.

. This method is accordingly praffifed univerfally
travelling by land : but the means have not yet

О 4 been
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been difçovered of profiting by it at fea, where, how-
ever, it is of ftill greater importance for a man to
know with certainty where he is. Were the fatel-
lites of Jupiter as vifible to the naked eye as the
moon is, this method would be attended with no
difficulty, even at fea, but the obfervation cannot be
made without a telefcope of at leaft four or five feet
in length, a circumftance which prefents an infui>
mountable obftacle. .

You well know that it requires fome addrefs to
manage, even at land, a telefcope of any length, to
direct it toward the object which you wiih to con-
template, and to keep it fo fteady as not to lofe the
object : you will eafily comprehend, then, that a £hip
at fea, being in a continual agitation, it muft be al-
moft impoffible to catch Jupiter himfelf ; and if you
could find him, you would lofe him again in a mo-
ment. Now in order to make an accurate obfervar
tion of the immerfion or emerfion of one of the Sa-
tellites of Jupiter, it is abfolutely neceflary that you
fliould have it in your power to look at him fteadily
for fome time together, and this being impoffible at
fea, we are, to all appearance, conftrained to aban-
don this method of determining the longitude.

This inconvenience, however, may be remedied
two ways ; the one by the conftruction of telefcope3

fix inches long, or ftill lefs, capable of difcovering
dearly the fatellites of Jupiter; and there can be n°
doubt that thefe would be more manageable thai*
fuch as are four or five feet in length. Artifts are
actually employing themfelves with fuccefs in bring-

ing
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ïng telefcopes of this fort to perfection ; but it has
not yet been proved whether or not it will require
as much addrefs to point them to the objeft, as thofe
^hich are longer.

The other way wquld be to contrive a chair, to be
on {hip-board, which fliould remain fixed and

fo as not to be affefted by the agitation
the veffel. It does not feem impoifible that a

Dextrous mode of balancing might effect this. In
it is not long fince we read in the public prints,
an Engliflxman pretended that he had conftrufted
a chair, and thereupon claimed the prize pro-

for the difcovery of the longitude. His claim
well founded, if he indeed conftrufted the ma-

cbine, as it would be poflible, by means of it, to
°bferve at fea the immerfions and emerfions of the
Satellites of Jupiter, which are undoubtedly very
^üch adapted to the making of this difcovery : but
f°r"fome time.paft no farther mention has been made
of it. From the whole, you muft have perceived to
how many difficulties the difcovery of the longitude
» fubjecled.

z(stb Seftemicr, 1761.

LEITER LII.

The Motion of the Moon, a Fifth Method-

HP HE heavens furniih us with one refource more
•*- for difcovering the longitude without the af-

llftance of telefcopes, in which aftronomers feem to
place
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place the greateft confidence. It is the moon, not
only when eclipfed, but at all times, provided .{he be
vifible; an unfpeakable advantage, conlidering that
eclipfes are fo rare, and that the immerfions and
emerfions of the fatellites of Jupiter are of fuch dif-
ficult obfervation ; there being a coniiderable time
every year, during which the planet Jupiter is not
vifible to us, whereas the moon is alinoft conftantly
in view.

You muft undoubtedly have • already remarked,
that the moon rifes every day almoft: three quarters
of an hour later than the preceding, not being at-
tached to one fixed place relatively to the ftars, which'
always preferve the fame iituation with refpecl to
each other, though they have the appearance of be-
ing carried round by the heavens, to accomplilh-
every day their revolution about the earth. I fpeak
here according to appearances ; for it is the earth-
which revolves every day round it's axis, while the
heavens and the fixed ftars remain at reft ; while the
fun and planets are continually changing their place
relatively to thefe. The moon has likewife a motion,
abundantly rapid from one day to another, with re-

.lation to the fixed ftars.
If you were to fee the moon.to-day near a certain

fixed ftar, it will appear to-morrow, at the fatnc

hour, at a confiderable diftance from it, toward the
eaft, and the diftance fometimes exceeds even 1,5 de-
grees. The velocity of her motion is not always the
fame, yet we are able to determine it very exactly
for every day; by which means we can calculate

before-
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before-hand her true place in the heavens, for every
of the day, and for any known meridian, fay

of Berlin, or Paris.
Suppofe, then, that after a long voyage I find my-

at .fea, in a place altogether unknown, what nfe
I make of the moon, in order to difcover the
itude of the place where I am ? There is no dif-

ficulty with refpeft to the latitude, even at fea, where
№ere are means abundantly certain for afcertaiuing

height of the pole, to which the latitude is al-
s equal. My whole attention, then, will be di-

refted to the moon ; I will compare her with the
ftars which are neareft, and thence calculate

true place relatively to them. You know there
are celeftial globes, on which all the fixed ftars are
arranged, and tl.at celeftial charts are likewife cotr-
a4üfted, fimilar to geographical maps, on, which are
reprefented the fixed ftars which appear in a certain
Waiter of the heavens. On taking, then, a celeftial
Chart, on which the fixed ftars, to which the moon
^ near, are marked, it will be an eafy matter to de-
J-ermine the true place where the moon at that time
ls 5 and my watch, which I have taken care to régu-
lé there, from an obfervation of the moment of
n°on, will indicate to me the time of my lunar ob-
f 'ervation. Then, from my knowledge of the moon's
^Qtioa, I calculate for Berlin, at what hour me muft
aPpear in the fame place where I have feen her. If
^е time obferved exactly correfpond with the time

°f Berlin, it will be a demonftration, that the place
I am is precifely under the meridian of Berlin,

and
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and that confequently the longitude is the
But if the time of my obfervation is not that of Ber-
lin, the difference will give that which is between
the meridians ; and reckoning 15 degrees for every
hour of,time, I compute how much the longitude of
the place I am at is greater or lefs than that of Ber»
lin : the place where time is more advanced has al-
ways the greater longitude,

This is an abftraft of the manner of determining
longitude by fimple obfervations of the moon, í re-
mark, that the happieft moments for fuccefsfuHf
performing this operation, and for accurately deter-
mining the moon's place, are, when a fixed ftar hap-
pens to be concealed behind her body ; this is called
occultation, and there are two inftances favourable to
obfervation, that when the moon in her motion
completely covers the ftar, and that when the ftar
re-appears. Aftronomers are particularly attentive
to catch thefe inftants of occultation, in order to
calculate from them the moon's true place.

I forefee, however,, an objection you will probably
make, refpefting the time-piece with which I fup-
pofe our navigator provided, after having main-
tained the impoffibility of conftrufting one that fliall
be proof againft every agitation of a flxip at fea. But
this impoffibility refpects only fuch time-pieces as are
expected to preferve a regular motion for a long
time together, without the necelfity of frequent ad-
juftment : for as to the obfervations in queftion, a

common watch is quite fufficient, provided it go 're-
gularly for fome hours, after having been

7



KNOWLEDGE OF THE LONGITUDE. S05

to the noon of the place where we are : fup-
a doubt tp arife, whether we could calculate

it the fuccéeding evening or night, at the time
^obferve the moon, the ftars likewife will afford
"te means of a new and accurate adjuftment. For

the fituation of the fun, with relation to the fixed
s, is perfectly known, for any time whatever,

*be fimple obfervation of any one ftar is fufficient to
^termine the place where the fun muft then be ;

which we are enabled to calculate the hour
a well-regulated time-piece ought to indicate,

^hus, at the very i'nftant of making an obfervation
^У the ,moon, we are enabled likewife to regulate
°ur time-piece by the ftars, and every time-piece is
*uppofed to go regularly for fo ihort a fpace.

zgtb September, 1761.

LETTER LIII.

Advantages of ibis laß Method ; its Degree of

Predjion.

laft method' of finding the longitude,
founded on lunar obfervations, feems to merit

preference, as the others are fubjefted to too
difficulties, or the opportunities of employing
occur too feldom, to be ufeful. And you muft

06 abundantly fenfible, that fuccefs depends entirely
n the degree of precifion attained in forming the

ca»culation, and that the errors which may be com-
would lead to eonclufîons on which we could'

place
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place no dependence. It is of importance, therefore*
to explain what degree of precifion we may reafon-
ably hope to be attainable in reducing this method
to practice, founded on the confiderable change
which the moon undergoes, from one day to an-
other, in her pofition. It may be affirmed, that if
the moon's motion were more rapid, it would be
more adapted to the difcovery of the longitude, and
would procure for us a higher degree of precifion.
But if, on the contrary, it were much flower, fo
that we could fcarcely difçern any change of her po-
fition from day to day, we could derive very little,
if any, affiftance from her, toward the difcovery of
the longitude.

Let us fuppofe, then, that the moon changes hef:

place among the fixed ftars, a fpace of 12 degrees in
24 hours ; fhe will, in that cafe, change it one de-
gree in two hours, and half a degree, or 30 minutes,
in an hour : if we were to commit a miftake in ob-
ferving the moon's place, of 30 minutes, it would
be the fame thing as if we obferved the moon an
hour earlier or later, and we fliould commit a mif-
take of one hour in the conclufion, refpecting the
difference of the meridians.- Now, one hour's dif-
ference in the meridians correfponds to 15 degrees
in their longitude ; confequently, we ihould be ffaf'
taken 15 degrees in the longitude itfelf of the place
we look for ; which would undoubtedly be an error
ib enormous, that it were almoft as well to kno^
nothing about it ; and a flmple computation of the
diftance and the direction, however uncertain, could

not
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П(Н -poffibly lead to a miftake fo very grofs. But a
muft have gone to-work in a very flovenly man«
to commit a miftake:of 30 minutes relpecting

moon's place, and the1 inftruments which he em-
ployed muft have been very bad, a thing not to be
fuPpofed.

- Neverthelefs, however excellent the inftrùments
*^аУ be, and whatever degree of attention may have
"een beitowed, it is impoffible to keep clear of all
€rror0 and he muft have acquitted himfelf very well
lndeed, who has'not committed the miftake of one
Jttuiute in determining the moon's place. Now, as
^ changes half a degree, or 30 minutes, in one hour,
'twill change one minute of diftance in two minutes
°* time. When, therefore, the miftake of the moon's
P'ace amounts to no more than one minute, the

in the difference of meridians .will amount
two minutes of time. And one hour, or 60 mi-

, being equivalent to 15 degrees of longitude,
t e r e will refult from it an error of half a decree in., ь
ttle longitude, and this point of prcciiion might be
Efficient for every purpofe, were it but attainable.

I have hitherto iuppofed our knowledge of the
Boon's motion to be fo perfecl;, that, for a known

Meridian, we could determine the moon's true place,
°r every moment, without an error ; but we are

«ill very far fliort of that point of perfection. Within
hefe twenty years, the error in this calculation was

^ore than fix minutes ; and it is but lately that the
lngenious Profeffor Mayer, at Gottingen, purfuing
tne track I had pointed out to him, lias fucceeded fo

far
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far as to reduce this error to lefs than a minute, ft
may very eafily happen, then, that in the calculation
likewife, the error of one minute may be committed;
which, added to that of a minute committed in the
obfervation of the moon's place, will double that
which refults from it, refpecling the longitude of
the place where we are ; and, confequently, it ma/
poffibly amount to à whole degree : it is proper far-
ther to remark, that if the moon in 24 hours mould
change her relative fituation more than 12 degrees»
the error in the longitude would be lefs confiderable-
The means may perhaps be difcovered of diminifhing
{till farther the errors into which we are liable to
fall, in the obfervation and щ the calculation ; and
then we mould be able to afcertain the longitude to
a degree, or lefs. Nay, we ought not to defpair of
attaining a ilill higher degree of precifion. We have
only to make feveral obfervations, which can be eafdy
done by remaining feveral days together at the faioe

place. It is not to be apprehended, in that cafe»
that all the concluíions íhould be equally defective »
fome will give the longitude fought too great, other5

too fmall, and by ftriking a medium between all the
concluíions, we may reft affured that this longitude.
will not be one degree removed from the truth.'

The Engliih nation, generoufly difpofed to engage

genius and ability in this important refearch, has
propofed three prizes, for afcertaining the long1'
tudej one of £. io,ooo, one of £. 15,000, and one o»
£. 20,000. The firft of thefe is to be beftowed ort
the perfon who fliall determine the longitude to 9

degree>
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^e?, or about it j fo as' to give perfeft affurance
tuat the error fliall not exceed one degree at m oft.
Тч. ' .A«e íèçond is to be given to him who ihall difcover
a Method ftill more exa<3:, fo as that the error fhall
^ever exceed two thirds of a degree, or 40 minutes.
*he higheft prize is deftined to the man who fliall

the longitude fo exadly that the error fliall
exceed half a degreee or 30 minutes: and a

^gher degree of preciiion is hardly, to be expefted.
^o one of thefe prizes has hitherto been allotted:
•iio not take into the account the gratification >be-

on the artift who pretended to .it from his
?°nftruction of perfect time-pieces. Mr. Mayer is
^ tliis moment claiming the higheft, and -I, think he
^entitled to it.

LETTER UV.

®n ike Mariner's Corfipafs^ and the Properties of the
Magnetic Needle.

OU are by this time fufficiently informed^ re-
. fpedting the difcovery of the longitude : I have

the pleafure- of explaining the various methods,
ave been employed for the determination of it.

The firft, and moft natural, is carefully to obferve
Quantity of fpace which we have goae. over, and

ke direction in*.which we moved ; but the currents
nd tempefts to which fea-voyages are expofed, ren-

^cr this method impracticable.
VOL. II. ' P The
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. The fécond requires the conftruftion of a/títn«*
piece fo perfed as to go always uniformly, notwitb«
ftanding the agitation of a flap at fea -, which no аГ-
lift has hitherto been able to accompliflu

1 The third is founded on obfervation of the eclip^9

of the moon, which would completely anfwer every
purpofe, were not opportunities of employing it too
rare, and leaft in our power, when the neceffity П»аУ
be moft urgent.

The fourth réfers to the eelipfes of the fatellites of
Jupiter, which would anfwer the purpofe extremely
well, had we the means.' of employing, at iea, tele"
fcopes of à certain defcriptien, without which tbeX
are invifible.

Finally, obfervations of the moon herfelf furniib *
fifth method, which appears, the moft practicable
provided we were able to obferve the moon's placc

in the heavens fo exauly, that the error in calcul*'
tion (and error is unavoidable) mould never exceed
one minute, in order to be affured that we are
miftáken ab'ove one degree in the determination
the longitude.

To' one or the other of tbefé five methods,
engaged; in this refeareh have chiefly,dire.cbd
fpeculations ; but thefe is ftill a fixth, which
likewife, adapted to. the-folu-tion of the problem j-'
it more carefully cultivated; ï and will perhaps
.day furnifli us with the moft certain method of ^*
. covering the longitude ; though, as yet we aie '&**
.very far, ihort of it.

It is not derived from the heavens,, but is attack
• ' to-
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to the earth fimply, being founded on the nature of
the magnet, and of the compafs. The explication
of it opens to nie. a new field of important phyfical
obfervatioil, for your amufement and inftruftion, on
the fubjecl of magnetifm, and I flatter myfelf you
will attend with delight and improvement to the
elucidations which I am going to fuggeft.

My reflections fliall be directed only to the main
fubjecl: of our prefent refearch, I mean the difcovery
of the longitude. I remark, in general, that the
magnet is a ftone which has the quality of attracting
iron; and of difpofing itfelf in a certain direction ;
and that it communicates the fame quality to iron
•aïia-'fteel, by rubbing, or fimply touching them with
a magnet -, propofing afterwards to enter into a more
minute difcuffion of this quality, and to explain the
nature of it.

I begin, then, with the defcription of a magnetic
needle, which, mounted in a certain manner, for the
ufe of mariners, is denominated the compafs.

For this purpofe, we-provide a needle of good
fteel, nearly refembling fig. 2. of plate II. one extre-
mity of which В terminates in a point, the better to
diftinguifli it from the other A ; it is furniihed at
the middle С with a fmall cap> hollowed below, for
the purpofe of placing the needle on a pivot or point
t), as may be feen in the fécond figure.

The two ends are adjufted in fuch a manner, that
the needle, being in perfect equilibrium, can revolve
freely, or remain at reft, on the pivot, in whatever
fituation it may be placed. Before the magnet is ap-

P 2 plied,
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plied, it .wojild be proper-to temper the needle, i*1

order-to.render it as-hard яз.роЩЫе ; then by rub-'
•bing or touching it with a good loadftone, it will iß"
.ílantly acquire ; the magnetic .virtue. The two-eS-
tremities will-no longer balance - each other, but the
.one D will-jdeíçend, as if it had become heavier ; ,$Q-&
in order to reftorc the equilibrium, fomething
be taken алч-ay from the extremity B, or a
weight-added to the end A.. But -the artifts, fore-
feeing this change produced by magnetifm, make the
end В originally lighter than the end A, that the mag'
.netized needle may of itfelr',,aflume the horizontal
jpofition.

It then acquires another property ftill much moi'e

remarkable ; it is no longer indifferent to all fitui'
tions, as formerly; but affects one in preference t°
every other, and difpofes itfelf in fuch a manner th^
the -extremity.В is directed to the north nearly, an»
the extremity A toward the fouth ; and the directio*1

of the magnetic needle correfponds almoft with tbe

•meridian line.
You recollect that, in order to trace a meridi«1*1

line, which may point out the north and the fouthj l£

is neceflary to have recourfe to aftronomical obft1"'
vations, as the motion of the fun and ftars determineS

that direction ; and when we are not provided wi"1

the neceflary inftruments, and efpecially when the Я^У
is overclouded, it is impoffible to derive any afliftanc0

from the heavens toward tracing the meridian Hi lC'
this property of the magnetic needle is, therefore, *
much the more admirable, that it points out, at **
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and in every place, the northern diretfion, on
depend the others, toward the eaft\fouth and

Veft. For this reafon the ufe of the magnetic needle,
r cornpafs, is become univerfal.
ft is in navigation --that the advantages refulting

r°ni the ufe of the compafs are moft confpicuous ;
lt; being always neceflary to direft the courfe of a
"fel toward a certain quarter of the. world, щ or der

0 reach a" place propofed, conformably to geogra-
№ic or marine charts, which indicate the direction

11 ^vhich we ought to' proceed. Before, this difco-
егУ, accordingly, it was impoffible to undertake
°ng voyages ; the mariner dürft not lofe fight of .the

c<)aft, for fear of miftaking his courfe, unlefs the iky
^unclouded, and the ftars pointed out the way.
A veflel on the wide ocean, without the know-

e<%e of the proper courfe, would be'precifely in the
ate of a man who, with a bandage over his eyes,

^as obliged to find his way to the great church of
^agdeburg; imagining he was going one way, he

lght be going another. . The compafs, then, is the
Principal guide in navigation, and it was not till after

ftls important difcovery that men ventured acrofs
he ocean, and attempted the difcovery of a new
v°rld. What could a pilot do, without his compafss
Urin or after a ßorin, when he could derive no

from the heavens ? Take whatever courfe
e ought, he muft be ignorant 'in what direction he

proceeding, north, fouth, or to any other quar-
er-. He would prefcntly deviate to fuch a degree,

as infallibly to lofe himfolf; But the compafs im-
P 3 mediately



214 ON THE MARINER'S COMPASS.

mediately puts him right ; from which you will be
enabled to judge of the importance of the difcovery
of the magnetic needle, or mariner's compafs.

bib 0 flober, 1761.

LETTER LV.

Declination of the Comfafs, and Manner of obferving rf-

r-pHOUGH the magnetic needle affefts the fitua-
A tion of being directed from fouth to north'

there are accidental caufes capable of deranging this
direction, which muft be carefully avoided. Such
are the proximity of a loadftone, or of iron, or fted-
You have only to prefent a knife to a magnet^
needle, and it will immediately quit it's natural di-
rection, and move toward the knife ; and, by dra '̂
ing the knife round the needle, you, will make it &•'
fume every poffible direction. In order to be affure"'
then, that the needle is in it's natural direction, y°u

muft keep at a diftahce from it all iron or fteel, &
well as magnets ; which is fo much the more еа^У'
that thefe fubftances influence it's direction only when

very near it : once removed, their effecl: becoifles

infenfible, unlcfs in the cafe of a very powerful ma£'
net, which might poffibly act on the needle at the

diftance of feveral feet.
But iron alone produces not this-efFect, as the coP1"

pafs may be ufed to advantage even in iron-mil165'
You are perfectly fenfible, that under ground,
mines, we are in the fame condition as at fea,
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*he face of heaven is overclouded, and that it is ne-
ceflary to drive mines in a certain direction. Plans
are accordingly conftrucled reprefenting all the tracks
hollowed out in the bowels of the earth, and this
operation is regulated merely by the compafs : this is
*he object of the fcience denominated fubterraneous
geometry.

To return to our compafs, or magnetic needle, I
have remarked that it's direction is only almoft
Northerly ; it is therefore incorrect to fay that the
Magnet has the property of always pointing north.
Having employed myfelf in the fabrication of many
Magnetic needles, I ever found that their direction
at Berlin deviated about fifteen degrees from the

meridian line; now, an aberration of 15° is
coniiderable.

Figure 3, plate II. reprefents, firft, the true meri-
dian line drawn from north to fouth ; that which is
drawn at right angles with it indicates the eaft, to
the right hand ; and the weft, to the left. Now the
Magnetic needle AB does not fall on the meridian,
but deviates from it an angle of 15°, BO north.
This angle is denominated the declination, and fome-
t-Unes the variation of the compafs or magnetic
needle : and as the extremity B, neareft the north,
deviates toward the weft, we fay, the declination is
^"wefterly.

Having thus determined the declination of the
Magnetic needle, we can make it anfwer the fame
Purpofe as if it pointed directly north. The needle
ls ufyally inclofed in a circle, and you have only to

P 4 mark
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mark on it the due north at the exact diftance froffl
the northern extremity of the needle, fo as to make
u declination of 15° weilward, and the line north-
fouth will indicate the true meridian line, and enable
us to afcertain the four cardinal points, north, eaft»
fouth and weft.

The better to difguife the fecret, the magnetic
needle is concealed in a circle of -pafteboard, as re-
prefented in the figure, only the needle is rendered
invifible, the pafteboard covering it, and forming
but one body with it,' the centre of which is placed
on a pivot, in order to admit of a free revolution ;
it affumes of courfe a fituation fuch that the point
marked north is always directed to that point of the
horizon ; whereas the needle, which is not feen, ift
eflect deviates from it 15° to the weft. This con-
ftruction ferves only to difguife the declination, which
the vulgar confider as a defect, though it be rather
an object worthy of admiration, as we ihall after-
wards fee ; and the pafteboard only increafing the
weight of the needle, prevents it's turning fo freely
as if it were unencumbered.
- To remedy this, and more cprnmodioufly to em-
ploy the compafs, the needle is depofited in a circu-
lar box, the circumference of which, divided into
36oQj exhibits the name of the principal points of the
horizon. In the centre is the pivot or point wlucn

fupports the needle, and this laft immediately affunics

a certain direction ; the box is then turned till ^lS

northern extremity of the needle B jexactly corrc-
fponds with the fifteenth degree on the circur.i*0-
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rence, reckoning from the north-weftward; and then
the names marked will agree with the real quarters
°f the world.

At fea, however, they employ needles " cafed in
Cli'cles of paiteboard, the circumference of which is
Divided into 360 degrees, to prevent the necefíity of
Burning round the box ; then the pafteboard circle,
^vhich is called the compafs, indicating the real quar-
ters of the world, -we have only to refer to it the
C0urfe which the fliip is fteering, in order to afcer-
tain the direction, whether north or fouth, eaft or
v/eft, or any other intermediate point. By the com-
Pafs likewife we diftinguiih the winds, or the quar-
ters from which they blow, and from the points
Barked on it their names are impofed. It is necef-
*ary5 at any rate, to be perfectly affured of the de-
flation or variation of the compafs; we have found
•tt to be exactly 15° weilward here at Berlin ; but it
^ay be different at other places, as I fliall afterwards
demonftrate.

Oilobtr, 1761.

LETTER LVI.

Difference in the Dedication of the Compafs at the
fame Place.

\TTHEN I fay that the declination of the com-
У У país is i ç degrees wcftward, this is to be

d as applying only to Berlin, and the pre-
; for it has been remarked, that not only

is
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is this declination different at different places of the
earth, but that it varies, with time, at the fame
place.

The magnetic declination is accordingly much
greater at Berlin now, than it was formerly. I ft'
collecVthe time perfectly when it was only 10°; and
in the laft century there was a period, when there ï
was no declination, fo that the direction of the mag*
netic needle coincided exactly with the meridian
line. 'This was about the year 1670 ; fince then the
decimation is become progreffively greater toward
the weft, up to 15°, as at this day : and there is
every appearance that it will go on diminiihing, tiU
it is again reduced to nothing. I give this, however,
merely as conjecture, for we are very far from being
able to predict it with certainty.

Beiides, it is well known that prior to the year
1670, the declination was in the contrary direction»
that is, toward the eaft.; and the farther back we go»
the greater do we find thé declination eaftward«
Nowi it is impoffible to go farther back than to the
period when the compafs was difcovered ; this hap*.
pened in the fourteenth century ; but it was lone
after the djfcovery before they began to obferve the
declination at Berlin.; for it was not perceived at ,firtt
that the needle deviated from the meridian line.

But at London, where this fubjedt has been mofc

carefully ftudied, the magnetic declination, in the

year 1580, was obferved to be 11° 15' eaft ; in 1622»
•ff o' eaft ; in 1634, 4° 5' eaft ; in 1657 there was n°
/declination ; but in 1672 it was 2° 30' weft; in i6p3'

2 6°°'
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6° o' weft ; and at prefent it may probably be 18 de-
grees weft or more. You fee then, that, about the>
beginning of the laft century, the declination was
Dearly 8 degrees eaft : that thenceforward it gradu-
ally diminiflied, till it became imperceptible in the
year 1657 j an<^ that íince, it has become weiterly,
gradually increafing up to the prefent jtime.

It has preferved nearly the fame order at Paris -f

there it was reduced to nothing in 1666, nine
years later than at London : hence you will obferve
a moil unaccountable diverfity of declination, rela-
tively to different places of the earth, at the fame
time, and to the iame place, at different times. '

At prefent, not only through all Europe, but
through all Africa, and the greateft part of Afia, the
declination is wefterly, in fome places greater, in
Others lefs, than with us. . It is greater in certain
countries of Europe than at our capital ; namely in

• Scotland and in Norway, where the declination con-
fiderably exceeds 20° ; in Spain, Italy, and Greece,
on the contrary, it is lefs, being about 12°; on the
weftern coafts of Africa it is about ï o°, and on the
eaftern 12°. But as you advance eartward into Afia
it progreffively.diminiihes, till it entirely difappears
in the heart of Siberia, at Jenifeiik ; it difappears too
in China, at Pékin, and at Japan ; but beyond thefe
regions, to the eaftward, the declination becomes
eafterly, and goes on increafing in this direction,
along the north part of the Pacific Ocean, to the
^'eftern coafts of America, from which it proceeds
gradually dirniniihing, till it again difappears in Ca-

nada,
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nada, Florida, the Antilles, and toward the coafts
of Brazil. , Beyond thefe countries, toward the eaft,
that is,-toward Europe and Africa, it again becomes
weíterly, as I have already remarked.

In order to attain a perfect knowledge of the prê-
tent ftate of magnetic declination, it would be ne-
ceflary to afcertain for all places, both at land and
lea, the prefent ftate of magnetic declination, and
whether it's tendency is weftward or eafhvarci. This
knowledge would be undoubtedly extremely ufeful,
but we dare fcarcely hope for it. It would require
men of ability, in every part of the globe, employed,
at the fame time, in obferving, each on his own
ftation, the magnetic 'declination, and who ihould
communicate their obfervations with the utmoft ex-
nclnefs. But the fpace of fome years would elapfe
before the communications of the more remote could
be teceived ; thus the knowledge aimed at is unat-
tainable till after the expiration of years. Now,
thottgh no very coniiderable change takes place in
the direction of the magnetic needle in two. or three
vears, this change, however fmall, would however
prevent the attainment of complete information re-
fpecting the prefent ftate of the various declinations
of the magnetic needle, from obfervations made, aí
the fame time, in the different regions of the globe.

The iiime thing holds with relpect to times paft ;
to every year'correfponds a certain ftate of magnetic
declination proper to iticlf, and which diftinguiihes
it from every other period of time, paft and future-
It were, however, fmcerely to be wifhed, that ^'e

had
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an exactly detailed ftate of the declination for

°ne year only ; the moft important elucidations of

the fubject would certainly be derived from it.

The late Mr. HaJ/ey, a celebrated Engljfli aftrono-

'tter, has attempted to do this for the year 1700,

founding his conclufions on a great number of ob-

*erYatiohs made at different placeSj both by land and

; but befide that fome very confiderable diftricts,

thefe obfervations were not made, are not

into his .account, moft of thofe which he has
ernployed, were made feveral years prior to 1700;

*° that at this era the declination might have under-

gone very confiderable alterations. It follows, that
"iis ftatement, which we find reprefcnted on a gc-

Ueral chart of the earth, mail be coniidered as ex-

tremely defective; and, moreover, what-would it

avail us to know the ftate of magnetic declina-

for the year 1700, having iince then undergone
a conflderable change ?

Other Engliih geographers have produced, pofte-
fior to that period, a iimilar chart, intended to re-

•prefent all the decimations, fuch as they were in the

Уеаг 1744. But as it has the fame defect with that of

Mr. Halley ; and as they likewife were unable to pro-

obfervations from feveral countries on the globe,
did not fcrupie to fill up the vacant places, by

c°nfulting Hal/ev's chart, which certainly could not
aPply to 1744. You will conclude, from what I have
laid, that our knowledge of this important branch
of phyfics is ftill extremely imperfea:.

'3^ Qflo&cr, 1761.

LETTER.
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LETTER, LVII.

Chart of Declinations ; Method of employing it for ill

Difcovery of the Longitude.

f T may be proper, likewifej to explain in what
JL manner Halley proceeded to reprefent the mag1

netic declinations, in the chart which he conftrueted
for the year 1700, that if you mould happen to fe&
it, you may comprehend it's ftrucbire.

Firft, he marked, at every place, the declination
of the magnetic needle, fuch as it had been there ob-
ferved. He diftinguiflied, among all thefe places,
thofe where there was no decimation, and found
that they all fall in a certain line, which he calls the
line of no decimation, as every where under that,
line there was then none. This line was neither »
meridian nor a parallel, but run in a very oblique
direction over North America, and left it near the
coafts of Carolina ; thence it bent it's courfe across
the Atlantic Ocean between Africa and America«
Befide this line he difcovered likewife another, &
which the declination difappeared; it defcende«
through the middle of China, and pafled from thence

through the Philippine lues and New Holland. It '1S

eafy to judge, from the track of thefe two lines, that
they have a communication near both poles of the

globe.
Having fixed thefe two lines of no declination»

Mr. На/ley remarked that, every where between
fir
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and laft, ' proceeding from weft to eaft, that is
through all Europe, Africa, and almoft the whole of
Afia, the declination was wefterly ; and that on the
other fíde, between thofe lines, that is, over the

Pacific Ocean, it was eafterly. After this, he
all the places in which the declination war*

5 degrees weft, and found he could ftill conveniently
draw a line through all thefe places, which he calls
the line of five degrees weft. He found likewife two
titles of this defcription, the one of which accompa-
^led, as it were, the fir ft of no declination, and the
°ther the laft. He went on in the iame manner with
*he places where the declination was io°j afterwards
*5°j 20°, &c. and he faw that thefe lines of great de-
stination were confined to the polar regions ; whereas
'thofe of frnall' declination encompafled the whole
globe, and pafled through the equator.

In fail, the declination fcarcely ever exceeds 15"
°n the equator, whether weft or eaft -, but on ap-

ing the poles, it is pofiibk to arrive at places,
the declination exceeds 58° and 60°. There

^e undoubtedly fome, where it is ftill greater, ex-
€eed'mg even 90% and where the northern extremity

the needle will confequently tura about and point

Finally, having drawn fimilar lines through the
Peaces where the declination was eaftward ro°, 15°,
2o°} and fo on, Mr. Hallty filled up the whole chart,
which repreíènted the entire furface of the earth,

each of which lines the declination is univer-
the fame, provided the obfervations are not er-

roneous.
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roneous. Mn На/ley has, accordingly, fcrupulóuíly
abftained from continuing fuch lines beyond the
places where obfervations had. actually been made :
for this .reafon ' the greater part of his chart is a
blank.

Had we fuch a chart, accurate and complete, we
ihould fee, at a glance, what declination muft have
predominated at ,each place, at the time for which
die chart was conftruftcd ; and though the place, io
queftion, ihould not be found precifely under one of
the lines traced on the chart, by comparing it with
•the two lines between which it might be fituated*
we could eafily calculate the intermediate declination'
which correfponded to it. If I found my prefent
place to be between the lines of io°and 15° of weft*
ern declination, I ihould be certain that the declina"
tion there was more than 10°, and lefs than 15°*
and according as I might be nearer the one or the
other, I could eafily find the juft : medium, which
would indicate the true declination.

From this you will readily comprehend, that i*
w.e had fuch a chart, thus exact, it would affift us ii1

difcovering longitude, at leaft for the time to which
it correfponded. In order to explain this metho<3>
let us fuppofe that we are poflcfled of a chart сой*
ftrufted for the prefent year, we would fee on lt:>
iirft, the two lines drawn through the places
there is no declination ; then the two where it is 5
10°, 15°, 2,0°, both eaft and weft : let us farther fup*
pofe that, for the greater exaclnefs, -thefe lines were
drawn from degree to degree, and that I found i^Y*

-fctf

'
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at a certain place on Tea, or in an unknown
Country, I would in the firft place draw a meridian
ilne,'in' order to afcertain how much my compafs

from it, and I £hould find, for example,
the /declination is pvecifely ï o° eaft ; I fhculd
take my chart, and look for the two lines under

the declination is 10° eaft, fully afíured that
under the one or the other of thefe two lines,

ich muft at once greatly relieve my uncertainty.
Anally, I would obferve the height of the pole,
^hich being the latitude of my place,, nothing more
^ould remain but to mark, on the two lines men-
tloned, the points where the latitude is the fame with
that which I have juft obferved ; and then all my
uncertainty is reduced to two points very diftant
rom each other ; now, the ' circumftances of my

would eafily determine which of thofe two
is that where I actually am.

You will admit that if we had charts fuçh as I have
Scribed, this method would be the ' mòft commo-
01°us and accurate of all, - for afcertaining the longi-
ude : but this is precifely the thing we want ; and
s ^ve are ftill very far from having it in our power
0 conftrucl one for the time paft, whicli would be

no ufe for the prefent time, for want of a fulli-'
.letlt number of oblervations, we are ftill lefs ir.-

rucled refpeftihg all the changes of declination
flieh every place undergoes in the laufe of time.

•Til « * ti l

«e obfervations hitherto made aiTure us, that cer-
lri places are fubjeft to'very coniidcrable variations,

that others fcarcely undergo any, in the fame
V°i... U. Q i i ï t e r \ a i
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interval of time ; which ftrips us of all hope of
being able to profit by this method, however excel
lent it may be in itfelf.

\ j tb Ofiober, 1761.

LETTER LVIII.

Why does tie Magnetic Needle affcff, in every Place of
the Earth, a certain Direction,- differing in different
Places ; and for what Rcafon does it change, with

at the fame Place ?

will undoubtedly have the curiofity to
be informed, why magnetic needles affeft, at

every place on the globe, a certain direction, ; why
this direction is not the fame at different places ; an^
why, at the fame place, it changes with the courfé
of time ? I {hall anfwer thefe important enquiries t°
the beft of my ability, though I fear not fo mud*
to your fatisfacHon as I could wifh.

I remark, firft, that magnetic needles have this
property in common with all magnets, and that it lb

only their form, contrived to balance and revolt
freely on a pivot, which renders it more confpicuous-
The loadftone, fufpended by a thread, turns towaf"
л certain quarter, and when put in a fmall veflel to

make it fwim on water, the veiTel which fupp°rt

the loadftone will always äffest a certain direftio0'
Every loadftone fitted with two oppofite points, t*1

one of which is directed to the north, and the otbef

. to
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*o the fouth, will be fubjecY to the fame variations
as the magnetic needles.

Thefe points are very remarkable in all loadftones,
as by them iron is attracted with the greateft force.

They are denominated the poles of a loadftone, a
*erm borrowed from that of the poles of the earth
Or of the heavens ; becaufe the one has a tendency
toWard the north and the other toward the foutli
P°le of the earth ; but this is to be underftood as
Ol% almoft, not exaftly, the cafe ; for when the
^arne was impofed, the declination had not yet been
°bferved. That pole of the loadftone which is di-

northward is called it's north pole, and that
points fouthward it's fouth pole.

ï have already remarked, that a magnetic needle,
*s "well as the loadftone itfelf, afTumes this fituation,
^hich appears natural to it, only when removed from
*he vicinity of another loadftone, or of iron. When
** Magnetic needle is placed near a loadftone, it's fitua-
JlQn is regulated by the poles of that loadftone ;
*° that the north pole of the loadftone attracts the
'•f >
°Uthern extremity of the needle,' and reciprocally

tile fouth pole of the loadftone the northern extre-
1П^У of the needle. For this reafon, in referring
°ne loadftone to another, ллт call thofc the friendly
Poles which bear different names, and thofc the
^°ftile which have the fame name. This property

5 Angularly remarkable on bringing two loadftones
lear each other : for then we find that not only do».ï
ne poles of different names mutually attraft, .but
l!*t. thofe of the fame name mun and repel each

О с oilier.
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other.. This is {till more 'confpicuous when two

magnetic needles are brought within the fphere of

mutual influence.

In order to be feniible of this, it is of much im-

portance to confider the fituation which a magnetic

needle affumes in the vicinity of a loadftone.

The bar AB, (piaie II. fig. 4. ) represents a load-

ftone, whofe north pole is B, and the fouth pole A :

you fee various pofitions of the magnetic needle, un-
der the figure of an arrow, whofe extremity marked

b is the north pole, and л, the fouth. In all thefe
pofitions, the extremity b of the needle is directed

toward the pole A of the loadftone ; and the extre-

mity a to the pole B. The point с indicates the

pivot on which the needle revolves ; and you have

only to confider the. figure with fome attention, b*

order to determine what iituation the needle will

aflfume, in whatever pofition round the loadftonc

the pivot с is fixed.

If there were, therefore, any where, a very large

loaditone AB, the magnetic needles placed round tf

would allume, at every place, a certain fituation, aS

we fee actually to be the cafe round the globe. NO%V'

if the globe itfelf were that loadftone, we ihoulo

comprehend why the magnetic needles every wbei"e

afl iiraed a certain direction. Naturalifts, according!/'

in order to explain this phenomenon, maintain th«11-

the whole globe has the property of a magnet, °r

that we ought to confider it -as a prodigious

Hone. Some of them allege, that there is at

centre. of the earth a very large loadftone, which
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it's influence on all the magnetic needles,.
and even on all the loadftones, which are to be found
°n the iurface of the earth ; and that it is this in-

which directs them in every place, conform-
to the directions which we obferve them to

But there is no occafion to have recourfe to a
°adftone concealed in the bowels of the earth. It's
Urface is fo repleniflied with mines of iron and load--
tone, that their united force may well fupply the:

Want of this huge magnet. In fact, all loadftones"
are extracted from mines, an infallible proof that

fubllanccs are found in great abundance in the
of the earth, and that the union of all their
furniflies the general force, which produces

a^ the magnetical phenomena. We are likewife en-
abled thereby to explain, wherefore the magnetic
Declination changes, with time, at the fame place ;
°rlitis well known, that mines of every kind of

lïletal are fubject to perpetual change, and particu-
arly thofe of iron, to which the loadftone is to be

Sometimes iron is generated, and is fome-
deftroycd at one and the fame place ; there are

Accordingly, at this day, mines of iron where there
Avere none formerly ; and where it was formerly
°und in great abundance, there are now hardly any

traces of it. This is a fuflicient proof, that the total
niafs of loadftones contained in the earth is under-
going very confiderable changes, and thereby, un-

Oubtedly, the poles, by which the magnetic decli-
nation
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nation is regulated, likewife change with the lapfe of

time.
Here then we muft look for thq reafo.n, why the

magnetic declination is fubjeft to changes fo confi-
derable at the fame places of the globe. But this
very reaibn, founded on the inconftancy of what is
paffing in it's bowels, affords no hope of our ever
being able to afcertain the magnetic declination ber
forehand, unlefs we could find the means of fubject-
ing the changes of the earth to fome fixed law. -A
long feries of obfervations, carried on through feve-
ral ages fucceffivcly, might poilibly throw fome light
on the fubject.

2Gib Qfiaber, 1761.

LETTER LIX.

Elucidations refpccllng if: e C auf e and Variation of the

Decimation of Magnetic Needle*,

ГТПНО5Е who allege that the earth contains in it s

-•- womb a prodigious loadftone, like a ttone witb
a kernel in fruit, are under the necefiity of admit"
ting, in order to explain the magnetic declination
that this ftone is fucceflively mifting it's fituatiofl-

It muft in that cafe be detached from the earth in $
it's parts; and as it's motion would undoubtedly
follow a certain law, we might flatter ourfelves wtf*1

the hope of one day difcovering it. But whether

there be fuch a magnetic ftone within the eai't^»
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тог. whether the loadftones fcattered up and down
through it's entrails unite their force to produce the

phenomena, we may always conlider the
itfelf as a loadftone, in fubferviency to which

every particular loadilone,. and all magnetic needles^
their direction.

Certain naturalifts have enclofed a very powerful
in a globe, and having placed a magnetic

on it's furface, obferved phenomena flmilar to
which take place on the globe of the earth, by

the magnet within the globe, in feveral dif-
ferent pofitions. Now, confidering the earth as a
l°aduone, it will have it's magnetic poles,which muft
Ье carefully diftinguiflied from ' the natural poles,
*ound which it revolves. Thefe poles have nothing
lri common -between them but the name ; but it is
.'from the pofition of the magnetic poles, relatively
to the natural, that the apparent irregularities in the
Magnetic declination proceed, and particularly of the
'ines traced on the globe, of which I have endea-
voured to give you fome account.

In Border more clearly to elucidate this fpbjecl:, I
rettiark, that if the magnetic poles exactly coincided
with the natural, there would be no declination all
over the earth : magnetic needles would univerfally
Point to the north precifely, and their pofition would
be exaftly that of the meridian line. This were no
doubt an unfpeakable advantage in navigation, as

ihould then know with precifion the courfe of
vellel and the direction of the wind ; whereas,

prefent, we muft always look for the declinatioл

Q 4 of
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of the compafs before we are able to determine the
true quarters of the world. But then the compaß
could furnifli no affiftance toward afceitaining the
longitude, an object which the declination may fooner
or later render attainable.

Hence it may be concluded, that if the magnetic
poles of the earth differed very greatly from the na-
tural, and that if they were directly oppofite to each
other, which would be the cafe, if the magnetic axis
of the earth, that is the ftraight line drawn from the
one magnetic pole to the other, pafled through the
centre of the earth, then magnetic needles would
univerfally point toward thefe magnetic poles, and
it would be e.ify to affign the magnetic direction
proper to every place ; we ihould only have to dra^
for every place a circle which mould at the fame time
pafs through the two magnetic poles, and the angle
which this circle would make with the meridian of
the fame place muft give the magnetic declination.

In this cafe, the two lines, under which there is no
declination, would be the meridians drawn through
the magnetic poles. But as we have feen that, in-
.reality, thefe two lines without declination are not
meridians, but take a very unaccountable direction,
it is evident that no fuch cafe actually takes place-
Halky clearly law tiiis difficulty, and therefore though1

himfelt obliged to fuppole a double loadftone in the
boweb of the earth, the one fixed, the other move-'
able -, of confequence, he was obliged to admit four
poles of the earth, two of them toward the north,
and two toward the fouth, at unequal diftances-

But
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•"Vit this hypothefis feems to me rather a bold con-
Jefture : it by no means follows, that becaufe thefe
«nes of no declination are not meridians, there muft
"e four magnetic poles on the earth : but rather,
that there are only two, which are not directly op-
Pofite to each other ; or, which comes to the fame

that the magnetic axis does not pafs through
centre of jthe earth.

It remains, therefore, that we confider the cafes in
thefe two magnetic poles are not directly op-

P°fite, and in which the magnetic axis does not pafs
trough the centre of the earth ; for if we embrace

hypothefis of the magnetic nut within the earth,
ihould one of it's poles be precifely oppofite to

other ? This nut may very probably be not ex-
in the very centre of the earth, but at a confi-

diftance from it. Now, if the magnetic poles
are not diametrically oppofite to each other, the lines
°f no declination may actually affume a direction
titular to that which,from obfervation,we find they
**° ; it is even poffible to affign to the two magnetic
P°les fuch places on the earth, that not only thefe
Ws íhould coincide with obfervation, but likewife,,
íor every degree of declination, whether weitern or
e'iftern, we may find lines precifely funilar to thofe
^hich, at firft, feemed fo unaccountable.

in prder, then, to know the ftate of magnetic de-
cllnation, all that is requifite, is to fix the two mag-
netic poles ; and then it becomes a problem in geo-
1Tletry, to determine the direction of all the lines

I mentioned in my preceding letter, drawn
for
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for every place where the declination is the fame ;
by fuch means too we ihould be enabled to rectify
thefe lines, and to fill up the countries where no ob-
fervations have been made : and were it poffible to
affign, for every future period, the places of the two
magnetic poles on the globe, it would undoubtedly
prove the moil fatisfying folution of the problem ot
the longitude.

There is no occafion, therefore, for a double löad^
ftone within the earth, or for four magnetic poles, 'Ш
order to explain the declination of magnetic needles»
as Halley fuppofed, but for a fimple magnet, or two
magnetic poles, provided it's juft place is affigried to
each. It appears to me that, from this reflecHon,
we are much more advanced in our knowledge of
magnetifm.

z\tb O flauer, 1761.

LETTER LX.

Inclination of Magnetic Needles,

"\7"OU will pleafe to recollect, that on rubbing a

JL needle againft the loadilone it acquires n°£

only the property of pointing toward a certain point
of the horizon, but that it's northern extremity finks?
as if it had become heavier, which obliges us to "i-
minifh it's weight fomewhat, or to increafe that of
the other extremity, in order to reftore the equih-
brium. I have, without putting this in pra
made feveral experiments to afccrtain how far

magnetic
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force brought down the northern extre-
of the magnetized needle, and I have found

that it funk fo as to make an angle of 72 degree?
^ith the horieon, and that in this iituation the needle
?eniamed at reft. It is proper to remark, that thefe
Experiments were made at Berlin, about fix years
ago ; for I ihall ihew you afterwards, that this dir
ГеШоп to below the horizon, is as variable as the
Magnetic declination.

Hence we fee that the magnetic power produces a
double effedt on needles ; the one direfts the needle
toward a certain quarter of the horizon, the devia-
tion of which from the meridian line is what we call
the magnetic declination ; the other imprefles on it
an inclination toward the horizon, finking the one
°r the other extremity under it, up to a certain
angle.

Let d e (plate IL fig, $.) be the horizontal line,
n according to the magnetic declination, and

needle will affume, at Berlin > the iituation Ь а,
which makes with the horizon d e the angle deb
°r e ca, which is 72°, and confequently, with the
Vertical fg, an angle beg or acf of 1.8 degrees.
1'his fécond efíedt of the magnetic force, by which the
Magnetic needle aflecb a certain inclination toward

horizon, is as remarkable as the firft ; and as the
is denominated the magnetic declination., the fe-

c°nd is known by the name of magnetic inclination,
which deferves, as well as the declination, to be every
where oblèrved with all poflible care, as we find in
It: a iimilar variety.

3 The
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The inclination at Berlin has been found 72°, at
Bale only 70°, the northern extremity of the needle
being funk, and the oppofite, of confequence, raifed
to that angle. This takes place in countries which
are nearer to the northern magnetic pole of the
earth ; and in proportion as we approach it, the
greater becomes the inclination of the magnetic
needle, or the more.it approaches the vertical line',
fo that if we could» reach the pole itfelf, !. the needle
would there actually.affume a vertical fvtuation, it's
northern extremity pointing perpendicularly down-
ward, and its fouthern end upward. The farther,
on the contrary, you remove from the northernvmag-
netic pole of the earth, and approach the fouthern»
the more the inclination diminiihes ; it will at length
difappear, and the needle will affume a horizontal
pofition, when equally diftant from both poles: but
in proceeding toward the fouth pole of thé earth,
the fouthern extremity of the needle will fink more
and more under the horizon, the northern extre-
mity riiing in proportion, till at the pole itfelf,: the
needle again becomes vertical, with the fouthern ex-
tremity perpendicularly downward, and the northern
upward.

It were devoutly to be wifhed that experiment*
had been as carefully, and as generally made, in the
view of afcertaining the magnetic inclination, as 01
determining the declination ; but this important ar-
ticle of experimental philofophy has hitherto been
too much neglected, though certainly neither lefs

curious, nor lei's interefting, than that of the declina-
tion-
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tlon/ It is not however a matter of furprize ; expe-

^ments of this fort are iubjeft to too many diilicu.l-
les ; and almoft all the methods hitherto attempted

obferving the magnetic inclination have failed*
artift alone, Mr. Diterich of Bale, has fucceeded,

actually conftrucled a machine proper for the
, under the direction of the celebrated Mr.

Ecrnoullli, He fent me two of thefe machines,
"У means of which I have obferved, at Berlin, this
^clination of 72 degrees; and however curious, in
°ther refpects, the Engliili and French may be, in
Profecuting fuch enquiries, they have put no great
v'dlue on Mr. Ditericb's machine, though the only
°ne adapted to the defign. This inftance demon-
Crates how the progrefs of fcience may be obftrufted
"У prejudice ; hence Berlin and Bale are the only
t%vo places on the globe, where the magnetic incUna-

is known.
Needles prepared for the conftruclion of compafles

by no means proper to indicate the quantity of
inclination, though they may convey a

rough, idea of it's effect, becauie the northern extre-
^ity in thefe latitudes becomes heavier. In order
to vender ferviceable needles intended to difcover the
declination, we are under the neceflity of deftroying
t*1e efleft of the inclination, by diminifl\ing the
4'eight of the northern extremity, or increafmg that
°f the fou them. To reftore the needle to a hori-
?'°ntal pofition, the laft of thefe methods is uiually
CrnPbyed, and a frjiall morfcl of wax is ailixcd to

l le inuthern extremity of the needle. You arc abun-
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dantly fenfible, that this remedy applies only to thefe
regions of the globe, where the inclinatory power is
fo much, and no more ; and that were we to travel»
with fuch a needle, toward the northern magnetic
pole of the earth, the inclinatory power would fa
creafe, fo that to prevent the effect we fhould be
obliged to increaíè the quantity of wax at the fouth*
ern extremity. But were we travelling fouthward,
and approaching the oppofite pole of the earth, where
the inclinatory power on the northern extremity of
the needle dimmiihes, the quantity of wax affixed
to the other extremity muft then likewife be dimi-
niihed ; after that it muft be taken away altogether*
being wholly ufelefs when we arrive at places where
the magnetic inclination difappears. On proceeding
ftill forward to the fouth pole, the fouthern extre-
mity of the needle finks ; fo that to remedy this, »
morfel of wax muft be affixed to the northern ex-
tremity of the needle. Such are the means employed j
in long voyages, to preferve the compafs in a hori*
zontal pofition.

In order to obferve the magnetic inclination, ft
would be neceflary to have inftruments made on pur*
pofe, fimilar to that invented by the artift of Bale*
His inftrument is called thó inclinatory., but there &
little appearance of it's coming into general ufe.* ft

* Since this was written, on occafion of the laic tranfit of Venu9

over the fun's diik, Meflrs. Mallet and Piftet of Geneva, employed
to obferve that tranfit in Lapland, made ufe of the inelinatmy, *n"
found, in the month of May, 1769, the magnetic inclination fi"*
atPeteiiburg to be 73°4o'; afterwards at Kola in Lapland 77° 45 '
at Oumba 75° ic'; and at Panoi 76° 30'.

IS
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^ "Ш11. leik to be expected that we mould foon have
charts conftructed on the. magnetic inclination, fimi-

to thofe which reprefent the declination » The
method might eafily be followed, by drawing

through, all the places where the magnetic in«

is the fame: fo that we, ihould have lines-

inclination ; afterwards other lines where the
would be 5°, 1-0°, 15°, 20°, and fo on,

northward or fouthward.

ъ-Jtb О.ЫеГ) 1761. •

LETTER LXI.

<nte Magnetic Direfficn;fubnle Matter ivhlcb produces

the Magnetic Power.

r№ order to form a juft idea of the effect of the

earth's magnetic power, we muft attend at once
0 the declination and inclination of the magnetic

at every place of the globe. At Berlin, we

the declination is 15° weft, and the inclina-
п of the northern extremity 72°. On coniider-

this double effect, the declination arid inclina-
Ion, we ihall have the true magnetic direction for

Ti o

We draw firft, on a horizontal plane, a line
ihall make with the meridian an angle of 15°

and thence, defcending toward the vertical Hne^
e trace a new line which mail make with it an

ng'e of 72°; and this will give us the magnetic di-
ciu>n for Berlin ; from which you will rompre-

Cnd," ho\v the magnetic direction for every other
place
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place is to be afcertained, provided the inclination
and declination are known.

Every magnet exhibits phenomena altogether
fimilar. You have only to place one on a table co-
vered.with filings of fteel, and you will fee the filings
arrange themfelves round the löadftone AB, nearly
as reprefented in fíg. 6, plate II. in which every par-
ticle of the filings may be coniidered as a fmall mag-
netic needle, indicating, at every point round the
loadftone, the magnetic direction. This experiment
leads to inquire into the caufe of all thefe pheno-
mena.

The arrangement aflumed by the fteel filings leaves
no room to doubt that it is a fubtile and invifible
matter which runs through the particles of the fteel»
and difpofes them in the direction which we here
obferve. It is equally clear that this fubtile matter
pervades the loadftone itfelf, entering at one of the
poles, and going out at the other : fo as to form, by
it's continual motion round the loadftone, a vorteS
which re-conducts the fubtile matter from one polé
to the other, and this motion is, without doubt, ex-
tremely rapid.

The nature of the loadftone conftfts, then, in a con-
tinual vortex, which diftinguifhes it from all othef

bodies ; and the earth itfelf, in quality of loadilone,
muft be furrounded with a fimilar vortex, acting
every where on magnetic needles, and making con-
tinual efforts to difpofe them according to its owi»
direction, which is the fame I formerly denominate»
the magnetic direction : this fubtile matter is contj'

nually
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Dually hTuing, then, at one of the magnetic poles of

the earth, and after having performed a circuit round
to the other pole, it there enters, and pervades the

S'Obe through and through to the oppoiite pole,
where it again efcapes.

We are not yet enabled to determine by which .of
the two magnetic poles of the earth it enters or
ll'Ues : the phenomena depending on this have fuch
a Perfect refemblance, that they are indiftinguifhable.

1 is undoubtedly, likewife, this general vortex of
the globe which fupplies the fubtile matter of every

Particular loadftone to magnetic iron or fteel, and

^hich. keeps up the particular vortices that furrounci

In order to a thorough inveftigation of the nature
this fubtile matter, and it's motion, it muft be re-

, that it's action is confined to loadftone, iron.

fteel ; all other bodies are abfolutely indifferent
0 it ; the relation which it bears to thole muft,

herefore, be by no means the fame which it bears

. ° others. We are warranted to maintain, from

Manifold experiments, tint this fubtile matter freely
Pei"vades all other bodies, and even in all directions :
°r, when a loadftone acts on a needle, the action is

the fame whether another body interpofes
r not, provided the interpofing body is not iron,

r it's action is the fame on the filings of iron.

"is fubtile matter, therefore, muft pervade all bo-
les> iron excepted, as freely as it does air, and even

"Ure ether ; for thefe experiments fucceed equally

in a receiver exhaufted by the air-pump. This
VOL. II, К matter
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matter is^confequently different from ether, and even
much more fubtile. And, on account of the general
vortex of the earth, it may be ailirmed that the globe
is completely furrounded by it, and freely pervaded,
as all other bodies are, excepting the loadftone and
iron :. for this reafon, iron and fteel may be deno-
minated magnetic bodies, to diftinguifli them from
others.

But if this magnetic matter paiTes freely through
all non-magnetic bodies, what relation can it have to
thofe which are fuch ? We have juft obferved that
the magnetic vortex enters at one of the poles of
every loadftone, and goes out at the other ; whence
it may be concluded, that it freely pervades load-
{tones likewife ; which would not diftinguifli then1

from other bodies. But as the magnetic mattef
pafles through the loadftone only from pole to pole»
this is a circumftance very different from what take3

place in others. Here, then, we have the diftinclive
character. Non-magnetic bodies are freely pervaded
by the magnetic matter, in all directions : loadftone3

are pervaded by it, in one'direction only; one of
the poles being adapted to it's admiffion, the other
to it's efcape. But iron and fteel, when renderei*
magnetic, fulfil this laft condition ; when they ate
net, it may be affirmed, that they do not grant a
free tranfmiffion to the magnetic matter, in any &•
reftion^

Tbis may appear ftrange, as iron has open pores»
which tranfmit the ether, though it is not fo
as the magnetic matter. But we muil carefully
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tlnguifli a fimple pafiage, from one in which the
magnetic matter 'may pervade the body, with all it's
rapidity, without encountering any obftacle.

ЗУ Ofleíer, 1761.

LETTER LXIL

Mature of tie Magnetic Matter, and of it's rapid
Current. Magnetic Canals.

Г AM very far from pretending to explain per-
•*- fectly the phenomena of magnetifm ; it prefents
Acuities which I did not fihd in thofe of electricity.

• caufe of it undoubtedly is, that electricity con*
in a too great, or too fmali, degree of compref-

ц°п, of a-fubtile fluid which occupies the pores of
"°dies, without fuppofing that fubtile fluid, which is
"*€ ether, to be in adual motion ; but magnetifm
^nnot be explained, unlefs we fuppofe a vortex in

apid agitation, which penetrates magnetic bodies.
The matter which conftitutes thefe vortices is

l!l

much more fubtile than ether, and freely
the pores of loadftones, which are imper-

even to ether. Now, this magnetic matter is
through, and mixed with, the ether, as the

^Cfier is wjth grofs air, or juft as ether occupies and
ls up the pores of air, it may be affirmed that the

^gnetic matter occupies and fills the pores of ether.
*• conceive, then, that loadftone and iron have

P0res fo fmaii that the ether in a body connot force
1*5 *

5 way into them, and that the magnetic matter
R 2 ~ alone
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alone can penetrate them ; and which, on being ad-
mitted, feparates itfelf from the ether, by what may
be called a kind of filtration. In the pores of the
loadilone alone, therefore, is the magnetic matter to-
be found in perfect purity : every where elfe it 1s

blended with ether, as this laft is with the air.
You can eaiily imagine a feries of fluids, one al-

ways more fubtile than another, and which are per-
fectly blended together. Nature furnifhes inflances
of this. Water, we know, contains in it's pores par-
ticles of air, which are frequently feen difcharging
themfelves in the form of fmall bubbles : air again»
it is equally certain, contains in it's pores a fluid in-
comparably more fubtile, namely ether, and whicbj
on many occafions, is feparated from it, as in elec-
tricity. And now we fee a füll farther progreffioib
and that ether contains a matter much more fubtile
than itfelf, the magnetic matter, which may, per-
haps, contain, in it's turn, others ilill more fubtile, at
leaft this is not impoflible.

Having fettled this magnetic matter, let us fee ho^
it's phenomena are produced. I confider a loadftone>
then, and fay, firft, that befides a great many pores
filled with ether, like all other bodies, it contain3

ferne ilill much more narrow, into which the mag-
netic matter alone can find admiffion. Secondly»
thefe pores are difpofed in fuch a manner as to have-
a communication with each other, and conftitute
tubes or canals, through which the magnetic matte*
pafíes from the one extremity to the other. Finally»
this matter can be tranfmittcd through thefe tubes

only
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°nly in one direction, without the poffibility of re-
turning in an oppofite direction. This moil effential
Clrcumftance requires a more particular elucidation.

Firft, then, I remark, that the veins and lymphatic
in the bodies of animals, are tubes of a fimilair

conftruction, containing valves, reprefented in^. 7,
Plate II. by the ftrokes т и, whofe office it is to grant,

"У raifing themfelves, a free paiTage to the blood when
II flows from A to B, and to prevent it's reilux from
** to A. For if the bl'ood attempted to flow from В
to A, it would prefs down the moveable extremity of
the valve m on the fide of the vein o, and totally ob-
ttruct the paflage. Valves are thi^s employed in aque-

«ufts, to prevent the reflux of the water. I do not
conuder myfelf, then, as fuppofmg any thing contrary
to nature, when I iky, that the-canals, in loadftones,
^hich admit the magnetic matter only, are of the

ume conftruftion.
Figure 8, plate IL reprefents this magnetic canal,

according to my idea of it. I conceive it furniihcd

^wardly with briftleo directed from A toward B,
^hich prefent no oppofition to the magnetic matter
III it's paflage from A to B, for in this cafe they open

°f themfelves аги, to let the matter pafs at о ; but
,they \vouij immediately obftrucl the channel, were
Jt to attempt a retrograde coùrfe from Б to A. The
h'ature of magnetic canals confifts, then, in granting
at*rniffion, to the magnetic matter only at A, to flow
°ward B, without the poffibility of returning in the

°Ppofite direcTiion from В toward A.
R 3 Tlii»
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This conftruction enables us to explain how the
magnetic matter enters into thefe tubes, and flies
through them with the greateil rapidity, even when
the whole ether is in a ilate. of perfect reft, which is
the moil mrprifing : for how can ã motion fo rapid
be produced ? This will appear perfectly clear to you,
if you will pleafe to recolleft that ether is a matter
extremely elaftic ; accordingly the magnetic matter,
which is fcattered about, will be preiTed by it on
every fide. Let us fuppofe the magnetic canal A B
ftill quite empty, and that a particle of magnetic
matter m prefents itfelf at the entrance A, and this
particle preffcd on every fide at the opening of the
canal, into which the ether cannot force admiffion, it
will there be prciTcd forward with prodigious force»
and enter into the canal with equal rapidity j another
particle of magnetic matter will immediately prefent
itfelf, and be driven forward with the fame force,
and in like manner all the following particles. There
will thence refult a continual flux of magnetic mat-
ter, which, meeting with no obftruftion in this сапя!»
will efcape from it at B, with the fame rapidity that
it enters at A.

My idea, then, is, that every loadftone contains a
great multitude of thefe canals, which I denominate
magnetic ; and it very naturally follows, that the

magnetic matter difpcrfed in the ether muft enter
into them at one extremity, and efcape at the other,
with great impetuofity ; that is, we ihaU have a per-
petual current of magnetic matter through the canal5

of
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bf the loadílone : and thus I hope I have furmounted
fhe greateft difficulties which can occur in thetheory
^f magnetifm.

3 <l Novembfr^ 1761,

L E T T E R LXIII.

Vortex. Aflion of Magnets upon each other.

OU have now feen in what the diftinclive cha-
rafter of the loadílone coníifts ; and that each

c°ntains feveral canals, of which I have attempted a

\7~

-•*-

Figure ï. plate III. reprefents a loadílone A B, with
ree magnetic canals a b, through which the mag-

matter will flow with the utmoft rapidity, en-
at the extremities marked a, and efcaping at

marked b : it will efcape indeed with the fame
rapidity, but immediately meeting with the ether
Bended with the grofler air, great obftruaions will
°Ppofe the continuation of it's motion in the fame

£Ноп ; and not only will the motion be retarded,
it's direction diverted toward the fides с с,. The

thing will take place at the entrance, toward
extremities a a a; on account of the rapidity
which the particles of magnetic matter force

eir way into them, the circulation will quickly _
°Vertake thofe which are ilill toward the fides e e,

thefe, in their turn, will be replaced by thofe
efcaped from the extremities b b b, have been
diverted toward с с ; fo that the fame mag-

R 4 netic
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neue matter which iflued from the extremities b b b
quickly returns toward thofe marked a a a, perform-

ing the circuit b c d c a, and this circulation, round

the loadftone, is what we call the magnetic vortex.

It muft not be imagined, however, that it is al-
ways the fame magnetic' matter, which forms thefe

vortices ; a coniiderable part of it will, efcape, n°
doubt, as well toward В as toward the fides, in per-
forming the circuit ; but as a compenfation, frefli

magnetic matter will enter by the extremities a a a->

fo that the matter which conftitutes the vortex is

fuccedaneous and very variable : a magnetic vortex,
furrounding the loadftone, will, however, always be
kept up-, and produce the phenomena formerly ob-

ferved in filings of fteel, fcattered round the load*

ftone.

You will pleafe farther to :-.ttend to this circuin-

ftance, that the motion of the magnetic matter in
the vortex, is incomparably flower out of the load-
ftone, than in the magnetic tubes, where it is Герз-
rated from the ether, after having been forced into

them by all the elaftic power of this laft fluid ; an»

that, on efcaping, it mixes again with the ether, and
thereby lofo great part of it's motion, fo that it s

/ velocity in travelling to the extremities a a a is \W

comparably leis than in the magnetic canals a "ï
though icill very great with refpecl to us. You vri"

eafily comprehend, then, that the extremities of the
magnetic canals, by which the matter enters into the

loadftone and efcapes from it, are what we call it s

poles ; and that the magnetic poles of a loadftofle
arc
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by no means mathematical points, the whole
'фасе, in which the extremities of the magnetic ca-
bals terminate,- «being one magnetic pole, as in the
*°adftone reprefented fgure 6, plate IL where the

furfaces A and В are the two poles.
Now, as thefe poles are diftinguiflied by the terms

and fouth, yet we cannot affirm with certainty
Whether it is by the north or fouth pole that the
Magnetic matter enters into loadftones. You will
*ee in the fequel, that all the phenomena produced
"У the admiffion and efcape, have fuch a perfeâ re-
Ambiance, that it appears impoffible to determine the
Ч^еШоп by experiments. It is, therefore, a matter
°f indifference, whether we fuppofe that the magnetic

enters or efcapes by the north pole or by the

Be it as it may, I ihall mark with the letter A, the
pole by which the magnetic matter enters, and with
&> that by which it efcapes, without! pretending
thereby to indicate which is north or fouth. I pro-
bed to the coniideration of thefe vortices, in order
to form a judgment, how two loadftones act upon
each other.

Let us fuppofe (plate IH.ßg. 2.) that the two load-
А В and a b are prefented to each other by the

'Poles of the fame name A, a, and their vortices will
"e in a ftate of total oppofition. The magnetic

which is at С will enter at A and «7, and thefe
vortices attempting mutually. to deftroy each

°ther, the matter which proceeds by E to enter at A
meet at D that of the other' loa.dftone, returning.

bv
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b}- e to enter at a: from this muft refult a. collilio°
of the two vortices, in which the one will repel the
other ; and this effect will extend to the loadftones
themfelves, which, thus fituated, undergo mutual
repulfion. The fame thing would take place, if the
two loadftones prefented to each other the otheC
poles В and h : for this reafon the poles of the fame
name are denominated ho/lile, becaufe they a&ualty
repel each other.

But if the loadftones prefent to each other the
poles of a different name, an oppofite effeft will en-
fue, and you will perceive that they have a mutual
attraction.

Infígttre 3, plate III. where the two loadftones pre*
fent to each other the poles В and a, the magnetic
matter which iffues from the pole B, finding imme-
diately free admiflion into the other loadftone by it's
pole #, will not be diverted-toward the fides, in order
to return and re-enter at A, but will pafs diredtly by
С into the other loadftone, and efcape from it at #»
and will perform the circuit by the fides d 'd to re-
enter, not by the pole я, but by the pole A, of the
other loadftone, completing the circuit by ef. Thus
the vortices of thefe two loadftones will unite, as i»
there were but one ; and this vortex being com-
prefled on all fides by the ether, will impel the two
loadftones toward each other, fo that they will ex-
hibit a mutual attraction.

This is the reafon why the poles of different name»
are denominated friendly, and thofe of the fame nam&

ilfi the principal phenomenon in magnetifin,1Л

as
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*s much as the poles of different names attract, aiid
"Ofe of the fame name repel each other.

~/tb November, 1761.

L E T T E R LXIV.

\atui>e of Iron and Steel. Manner of communicating it

them the Magnetic Force,

LEAVING fettled the nature of the loadftone in
"̂ •-A. thefe canals which the magnetic matter can
Pei'vade in only one direction, becaufe the valves
tbДеУ contain prevent it's return in the contrary di-
reuion, you can no longer doubt that they are the
c°ntinuation of thofe pores, (ßg. 8, plate II. J whofe

point in the fame direction, fo that feveral of
particles, being joined in continuation, confti-

ute one magnetic canal. It is not fufilcient, there-
°re, that the matter of the loadftone ihould contain

fimilar particles ; they muft likewife be dif-
in fuch a manner as to form canals continued

^Ofti one extremity to the other, in order to grant
11 uninterrupted tranfmiffion to the magnetic matter.
^ Iron and fteel, then, apparently contain fuch par-
ctas in great abundance; thefe are not, however,

°riginally difpofed in the manner I have been de-
Cribing, but are fcattered over the whole mafs, and

tjus difpofition is all they want to become real mag-
net;s- In that cafe, they ftill retain all their other,
4ualitieSj anti are not diftinguiiliable from other
ulaflcs of iron and ilecl, except that now tîiey have,-

befides,
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befides, the properties of the loadftone : a knife and
a needle anfwer the iame purpofes, whether they
have or want the magnetic virtue. The change

which takes place in the interior, from the arrange'
ment of the particles in the order which magnetifm
requires, is not externally perceptible ; and the iron
or fteel which has acquired the magnetic force, is

denominated an artificial magnet, to diftinguhb. i£

from the natural, which refembles a ftone, though
the magnetic properties are the fame in both. You
will have a curiolity, no doubt, to be informed in
what manner iron and fteel may be brought to re-
ceive the magnetic force, and fo become artificial
magnets. Nothing can be more fimple; and the
vicinity of a loadftone is capable of rendering i
fomewhat magnetic : it is the magnetic vortex w
produces this effect, even though the iron and load-
ftone ihould not come into contact.

However hard iron may appear, the particles
which contain the magnetic pores formerly repr£*
fented, are very pliant in fubftance, and the fmalleft
force is fufilcient to change their fituation. The

magnetic matter of the vortex, entering into t*1

iron, will then eafily difpofe the firft magnetic pore3

which it meets, following it's own direction; thoie

at leaft whofe fituation is not very different; У&®
having run through them, it will aft in the &Ше

manner on the adjacent pores, till it has forced a

paflage quite through the iron, and thereby form60

fome magnetic canals. The figure of the iron con-
tributes greatly to facilitate this change; a lengthens

- figure»
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and placed in the fame direction with the
Cortex, is moil adapted to it, as the magnetic matter,
lTi paffing through the whole length, there difpofes a
&reat many particles in their juft fituation, in order

0 form longer magnc-dc canals; and it is certain,
hat the more there is the means of forming canals,
^е longer they will be without interruption, the

^ore rapid will be the motion of the magnetic mat-
ers and the greater the magnetic force.

It has likewife been remarked, that when the iron,
№ced in a magnetic vortex, is violently ihaken or

truck, it acquires a higher degree of magnetifm
r°ni this, becaufe the minute particles are by fuch

c°ncuffion agitated and difengaged, fo as to yield
^°re eafily to the action of the magnetic matter
^hich penetrates them.

Placing accordingly a fmall bar of iron a b (plate
*• 7%. 4.) in the vortex of the loadftone A B, fo

^at it's direction may nearly agree with that of the
current d e f of the magnetic matter, it will with eafe
País through the bar, and form in it magnetic canals,
Specially if, at the fame timejihe bar is Ihaken or
truck, to facilitate the tranfmiííion. It is likewife

^bfervable, that the magnetic matter, which enters
at the pole A of the loadftone, and efcapes at the
P°le B, will enter the bar at the extremity a and
elcape at tjie extremity b, fo that the extremity a

^* become the pole of the fame name A, and b the
ailïe with B. Then taking this bar a b. out of the

vortex, it will be an artificial magnet,
very feeble, which will fupply it's own vor-

tex,
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tcx, and preferve it's magnetic power, as long as H's

magnetic canals {hall not be interrupted. This will
take place fo much the more eafily that the pores of
iron are pliant ; thus the fame circumftance which
affifts the production of magr.etifm, contributes like-
wife, to it's deftruétion. A natural magnet is not f°
eafily enfeebled, becaufe the pores are much clofer,an<3
moreconfiderable efforts arerequifite to derange them«
I íhall go more largely into the detail afterward.

I here propofe to explain the manner of moft na-
turally rendering iron magnetic ; though the force
which it thence acquires is very fmall, it will affift us

in comprehending this remarkable and almoft uni'
verfal phenomenon. It has Ъееп obferved, that the
tongs and other implements of iron which are ufually
placed in a vertical pofition, as well as bars of iron
fixed perpendicularly on fieeples, acquire in time л
very fenfiblc magnetic force. It has likewife been
perceived, that a bar of iron, hammered in a vertical
polition, or heated red hot, on being plunged into
cold water in the fame polition, -becomes fomewhat
magnetic, without the application of any loadftone-

In order to account for this phenomenon, you have
only to recollée! that the earth itfelf is a loadftone»
and confequently encompaifed with a magnetic vor-
tex, of which the declination and inclination of the
magnetic needle every where (hew the true direction-
It then a bar of iron remain long in that pofition »
there is no rcafon to be furprized, ihould it become
magnetic. We have likewife feen, that the inclina*
tion of the magnetic needle is, at Berlin, 72 degree5»
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as it is nearly the fame all over Europe, this in-
itiation differs only 18 degrees from the vertical
P°ution^ the vertical poiition, accordingly, differs

ut little from the direction of the magnetic vortex :"
bar of iron, long kept in that- pofition, -will be at

aft penetrated with the magnetic vortex, and muft
c°nfequently acquire a magnetic force.

In other countries, where the inclination is imper-
Ceptible, which is the cafe near the equator, it is not
the vertical, but rather the horizontal pofition which

enders bars of iron magnetic, for their pofition muil
c°rrefpond to the magnetic inclination, if you would

ave them acquire a magnetic force. I fpeak here
°nly of iron ; fteel is too hard for the purpofe, and

ea-ns more efficacious muft be employed to com-
ate the magnetic virtue to it.

I Olb November, 1761,

LETTER LXV.

tlon of Loadßones on Iron. Phenomena obfer-vable on

placing Pieces -.of Iron near a Loadßone.

1 HOTJGH the whole earth may be conHdered
as a vaft loaditone, and as encompafled with a

^agnetic vortex,which every wliere direcb the mag-
etlc needle, it's magnetic power is, however, very

eeble, and much left than that of a very fmall load-
°ne= this appears very ftrange, confidermg the
n°rnious magnitude of the earth.
k arifes,' undoubtedly, from our very remote dif-

tan с
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tance from the real magnetic poles of the earth»
which, from every appearance, are buried at a great
depth below the furface : now, however powerful a

loadftone may be, it's force is confiderable only who1

it is very near ; and as it removes that force gradu-
ally diminifhes, and at length difappears. For this
reafon, the magnetic force acquired in time by maßeS

of iron fuitably placed in the earth's vortex is very
finall, and indeed hardly perceptible, unlefs it is very
foft, and of a figure adapted to the production oí *
vortex, as has been already remarked*

This effect is much more confiderable near a load-
ftone of moderate iize : fmall mafifes of iron fpeedity
acquire from it a very perceptible magnetic force ;
they are likewifc attracted toward the loadftone J
whereas this effect is imperceptible in the earth's vor-
tex, and conflits only in directing magnetic
without cither attracting them or increaiing
weight.

A mafs of iron plunged into the vortex of a load-
ftone, Hkewife prefents very curious phenomena
which well deferve a particular explanation.
only is this mafs at lirft attracted . toward the
ftone, but it too attracts other pieces of iron.
AB, С plate III. ßg. 5. J be a natural magnet, in №
vicinity of which, at the pole B, is placed the nr<"s

of iron CD, and it will be found that this laft is ca'
pable of iupporttng a bar of iron EF. Apply aga'11

to this, at F, an iron ruler GH, in any poítá°°
whatever, fay horizontal, fupporting it at Ы, al1

it will be found that the -ruler is not only attracts
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"У the bar at F, but likewife capable of fuppoi'ting,
at H, needles as IK, and that thefe needles again
аФ on filings of iron L, and attract them.

The magnetic force may thus be propagated to
Very coníiderable diílances, and even made to change
lt: s direction, by the different pofition of thefe pieces
°* iron, though it gradually diminiflies. You are
Perfectly fenfible, that the more powerful the load-

AB is of itfelf, and the nearer to it the firft
CD, the more confiderable likewife is the effect.

^he late Mr. de Maupertuis had a large loadfione fo
Powerful, that at the diftance even of feveral feet,

*he mafs of iron CD continued to exert а very con-
fiderable force.

In order to explain thefe phenomena, you have
°nly to coniider, that the magnetic matter which
efcapes rapidly, at the pole of the loadftone B, en-

Crs into the mafs of, iron, and difpoles the pores of
lt: to form magnetic canals, which it afterward freely

Pei'vades. In like manner, on entering into the bar,

t will there too form magnetic canals, and fo on.

^nd as the magnetic matter, on iiTuing from one
°dy, enters into another» thefe two bodies muft

undergo a mutual attraction, for the fame reafon, аз
have before proved, that two loadftones, which

Paient their friendly poles to each other, muft be
Attracted : and as often as we pbferve an attraction

etween two pieces of iron, we may with certainty
c°nclude, that the magnetic matter which iffues from

le one is entering into the other, from the conti-
VOT,. П. s nual
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nual motion with which it penetrates thofe bodies.
It is thus that, in the preceding diipoiition of the
bars of iron, the magnetic matter in it's motion per-
vades all of them, and this is the only rcafon of their
mutual attraction.

The lame phenomena ilill prefent themfelves, on
turning the other polç Л of the loadftone, by which
the magnetic matter enters, toward the mafs of iron-
The motion in this cafe becomes retrograde, and pre-
ferves the fame courfe ; for the magnetic matter
contained in the mafs of iron will then efcape from
it, to pafs rapidly into the loadftone, and, in making
it's efcapc, \vill employ the fame efforts to arrange
the pores in the mafs fuitably to the current, as i f l i

were rapidly entering into the iron. To this end?
therefore, the iron muft be fufliciently foft, and thefe
pores pliant, to obey the efforts of the magnetic mat-
ter. A difficulty will, no doubt, here occur to you ;
it will be afked, How do you account for the chang6

of direction of the magnetic matter, on entering into
another bar of iron ; and why is that direction re*
gulated according to the length of the bars, as it *
courfe is reprefented in the ligure ? This is a very
important article in the theory of magnetifm, and tf
proves how much the figure of the pieces of ir°n

contributes to the production of the magnetic
nomena. :

To elucidate this, it muft be recollected, that
fubtile matter moves with the utmoft cafe in №
magnetic pores, where it is feparated from the eth£l '
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that it encounters very confiderable obftacles,
it efcapes from them, with all it's velocity, to

into the ether and the air.
Let us fuppofe that the magnetic matter, after

having pervaded the bar CD, (ßg. 6. plate HI.) en-
ters into the iron ruler EF, placed perpendicularly.
*t would certainly, on it's firft admiffion, preferve the
*ame direction, in order to efcape at m, unlefs it
found an eafier road in which to continue it's mo-
tion : but meeting at m the greateft obftruetion, it
at firft changes it's direction, though in a very fmall
degree, toward F, where finding pores adapted to
the continuation of it's motion, it will deviate more
and more from it's firft direction, arid travel through
the ruler E F in all it's length ; and, as if the mag-
*tetic matter were loth to leave the iron, it endea-
v°urs to continue it's motion there as long as poffible,
Bailing itfelf of the length of the ruler ; but if thé
fuler were very fliort, it would undoubtedly efcape
at "ï. But the length of the ruler presenting it a
фасе to run through, it follows the direction EF,
tlU it is under the neceffity of efcaping at F, where
al* the magnetic canals, formed according to the
iarne direction, no longer permit the fubtile mag-
^tic matter to change it's direction, and return
abng the ruler ; thefe canals being not only filled
^lth fucceding matter, but, from their very nature,
ll*capable of receiving motion in an oppolite direc-
tion.

4'^ Nwcinber, 1761.

S 2 LETTER
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L E T T E R LXVI.

Arming of Loadßones.

*V7~OU have juft feen how iron may receive the
i magnetic current of á loadftone, convey it to

confiderable diftances, and even change it's direction-
To unite a loadftone, therefore, to pieces of iron, is

much the ume with increafmg it's fize, as the iron
acquires the fame nature with refpecl to the mag-
netic matter ; and it being farther poffible by fuch
means to change the direction of the magnetic cuf'
rent, as the poles are the places where this matte*"
enters the loadftone and efcapes, we are enabled to
conduct the poles at pleafure.
.. On this principle is founded the arming, or mount'
ing, of loadftones ; a fubjecl: well worthy of your at-
tention, as loadftones are thereby carried to a higher
degree of ftrength.

Loadftones, on b^ing taken from the mine, are
ufually reduced to the figure of a parallelepiped, °f

rectangular parallelogram, with thicknefs as A A,
(flg. 7. plaie HI. J of which the furface A A is
pole by which the magnetic matter enters, and
that by which it efcapes. It is filled, then, the w
length AB with canals a b, which the magnetic
•ter, impelled by the elaftic power of the ether, freely
pervades in the utmoft rapidity, without any н^х'
ture of that fluid. Let us now fee in what manner
fuch a loadftone is ufually armed.

To
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To each furface A A and BB, (plate III. fig. 8 J
the two poles of the loadftone, are applied plates of
Iron a a and b b, terminating below.in the knobs 3
and 2B, called the feet ; this is what we denominate

the armour of the loadftone, and when this is done;

the loadftone is faid to be armed. In this ftate, the

Magnetic matter which would have efcaped at the
furface BB, paffes into the iron piate bb, where the

^fficulty of flying oft'into the air, in it's own direc-

t!on, obliges it to take a different one, and to flow
along the plate b b into the foot 2?, and there it is

ynder the neceflity of efcaping, as it no longer finds
lron to affift the continuation of it's motion. The
iattie thing takes place on the other fide ; the fubtile

Batter will be there conducted through the foot Я,
^Orn which it will pafs into the plate a a, changing
lt s direction to enter into the loadftone, and to fly

trough it's magnetic canals. For the fubtile mat-
erj contained in the plate, enters firft into the load-

"°he ; it is followed by that which is the foot 3, re-

Placed in it's turn by the external magnetic matter^

^hich being there impelled by the ekfticity of the
er? penetrates the foot 3 and the plate a a with a

apidity whofe vehemence is capable of arranging the

P°les, and of forming magnetic canals.
Hence it is evident that the motion muft be the

failie on both fides, with this -difference, that the

matter will enter by the foot Л, and efcape

the foot 23, fo that in thefe two feet we now find
poles of the armed loadftone ; and as the poks

diffufed over the iurfaces A A and Bb are

S 3 110W
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now collected in the bafes of the feet 2 and 2r>, it ig

naturally to be fuppofed that the magnetic force muft
be conftderably greater in thefe new poles.

In this ftate, accordingly, the vortex will be more
eafily formed. The matter efcaping from the foot
23 will, with the utmoft facility, return to the foot Sit
paffing through С ; and the reft of the body of the
loadftone will not be encompaffed by any vorteX j
unlefs perhaps a fmall quantity of magnetic matter
fiiould efcape from the plate b b, from it's not being
able to change the direction fo fuddenly : and unleß
a fmall quantity mould find admiffion by the plate

a a, which, in that cafe, might produce a feeble vor-
tex,-whereby the fubtile matter would be immedi-
ately conducted from the plate b b to a a : however»

*ii
if the armour be well fitted, this fécond vortex wiw
be almoft imperceptible, and confequently the cur*
rent between the feet is fo much the ftronger.

The principal direction for arming loadftor.es, 1S

. carefully to poliili both furfaces of the loadftone A-A-
and BB, as well as the plates of iron, fo that, oil

applying them to the loadftone, they may exacW
touch it in every point, the fubtile matter paífioê
eafily from the loadftone to the iron, when unob*
ftructed by any intervenient matter : but if there be
if vacuum, or a body of air, between the loadftolie

and the plates, the magnetic matter will lofe aim0'
all it's motion, it's current will be interrupted, a11

rendered incapable of forcing it's paflage throws
the iron, by forming magnetic canals in it.

The fofi-cft and moil ductile iron is to be prefe1'
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red for the conftruetion of fuch armour, becaufe it's
pores are pliant, and eafily arrange themielves in
conformity to the current of the magnetic matter :
lron of this defcriptjon, accordingly, appears much
adapted to the production of a fudden change in the

ion of the current : the magnetic matter, too,
to affect a progrefs in that direction as long as

poflible, and quits it not, till the continuance of it's
Motion through that medium is no longer practi-
cable : it prefers making a'circuit to a premature de-
parture : a thing that does not take place in the
'oadftone itfelf, in which the magnetic canals are al-
ready formed, nor in fteel, whofe pores do not fo
Daftly yield to the efforts of a magnetic current. But
when thefe canals are once formed in fteel, they are
uot fo eafily deranged, and much longer retain their
Magnetic force ; whereas foft iron, whatever force it

have exerted during it's junction with a load-
, lofes it almoft entirely on being disjoined.

Experience muft be confulted as to the other cir-
Cumftances of arming loadftones. Refpecting the
Pktes, it has been found, that a thicknefs either too
§reat or too fmall is injurious ; but for the .moil
Part, the beft adapted plates are very thin, which
would appear ftrange, did we not know that the
Magnetic matter is much more fubtile than ether,
and that, confequently, the thinneft plate is fufficient
*° receive a very great quantity of it.

171 If N'.vwher, 1761.

S 4 LETTER
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LETTER LXVIL

Aãion and Force of armed Loadftones.

A T the feet of it's armour, then, a loàdftone ex-
JLjL erts it's greateft force, becaufe there it's poles
are collected ; and each foot is capable of fupporting
a weight of iron, greater or lefs in proportion to the
excellency of .the loadftone.

Thus a loadftone А А, В В; (plate Ш. fig. 9-)
armed with plates of iron a a and b Z>, terminating
in the feet 3 and 25, will fupport by the foot Я not
only the iron ruler CD, but this laft will fupport
another of fmaller fize EF, this again another ftiU
fmaller GH, which will in it's turn fupport a needle
IK, which, finally, will attract filings of iron L»
becaufe the magnetic matter runs through all thefe
pieces to enter at the pole 3 ; or if it were the other

. pole, by which the magnetic matter iffues from the
loadftone, it would in like manner run through the
pieces CD, EF, GH, IK. Now, as often as the mat-
ter is tranfmitted from one piece to another, an at-
traélipn between the two pieces is obfervable, or
rather, they are impelled toward each other by the
furrounding ether, becaufe the current of the mag-
netic matter between them dimimfhes the preflure
of that fluid.

When one of the poles of the loadftone is tlvus
loaded, it's vortex undergoes a very rcvrarkat'c
chaise of direction j for as, without this weight, the

magnetic
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matter which iffues from the pole 20, di-
*ecHng around it's courfe, would flow toward the
other pole 3; and as now the entrance into this pole
18 fufh'ciently fupplied by the pieces which it fup-
P°rts, the matter iffuing from the pole 25 muft take
4uite a different road, which will at length conduct
u to the laft piece IK. A portion of it will, un-
doubtedly, be likewife conveyed toward the laft but
°ne GH, and toward thofe which precede it, as
thofe which follow, being fmaller, do not fupply in
Efficient abundance thofe which go before, but the
vortex will always extend to the laft piece. By thefe
^eans, if the pieces are well 'proportioned to each
other, in length and thicknefs, the loadftone is ca-

of fupporting much more, than if it were
with a fingle piece, in which the figure like-

enters principally into coniideration. But in
°rder to make it fuftain the greateft poffible weight,
^e muft contrive to unite the force of both poles.

ïor this purpofe, there is applied to the two poles
3 and 2?, (plate IV. fig. ï.) a piece of foft iron CD,
touching the bafes of the feet in all points, and whofe
bSure is fuch, that the magnetic matter which iffues
fr°m 25 fliall find in it the moft commodious paffage
to re-enter at the other extremity Я. Such a piece
Q* iron is called the fupporter of the loadftone ; and
^s the magnetic matter enters into it, on iil'uing
Гопл the loadftone at 25, and enters into the other

P°Ie Я on iffuing from the fupporter, the iron will
e «traded to both poles at once, and confequently.

to them with great force. In order to know
how
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how much power the loadftone exerts, there is at-
iixed to the fupporter at the middle F, a weight F>
which is increafed till the loadftone is no longer ca-
pable of fuftaining it, and then that weight is faia
to counterbalance the magnetic power of the load-
ftone : this is what you are to underftand when told»
thatfuch a loadftone carries ten pounds weight, fuck
another thirty, and fo on. Mahomet's coffin, they
pretend, is fupported by the force of a loadftone î
a thing by no means impoffible, as artificial magnets
have already been conftru&ed which carry more than

a oo pounds weight.
A loadftone armed with it's fupporter lofes nothing

of the magnetic matter, which performs it's complet*
vortex within the loadftone and the iron, fo that
none of it efcapes into the air. Since, then, mag-
netifm exerts it's power only in fo far as the matter
efcapes from one body to enter into another ; a load*
ftone whole vortex is {hut up, fliould no where exert
the magnetic power ; neverthelefs when it is. touched,
on the plate at a with the point of a needle, a-very
powerful attraction is perceptible, becaufe the mag-
netic matter being obliged fuddenly to change itа

direction, in order to enter into the canals of the
loadftone, finds a more commodious paflage by run-
ning through the needle, which will confequently ke

»ttraeted to the plate a a. But, by that very thing»
the vortex will be deranged inwardly ; it will flot

flow fo copioufly into the feet ; and if you were to
apply lèverai needles to the plate, or iron rulers ft1**1

more powerful, the current to\yard the feet wot»"
be
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™ entirely diverted, and the force which attraits
•he fupporter would altogether difappear, fo that it
^Oüld drop off without effort. Hence it is evident,
that the feet lofe their magnetic power in proportion
38 the loadftpne exercifes it's force in other places,
aild thus we are enabled to account for a variety of
Very furprizing phenomena, which, without the
weory, would be abfolutcly inexplicable.

This is the proper place for introducing the expe-
yinient which demonftrates, that after having applied
lt: s fupporter to an armed loadrtone, you may go on,
from .day to day, increaimg the weight which it is
*ble to fuftain, till it, at length, fliall exceed the
.double of what it carried at firft. It is necefiary to
*hevp, therefore, how the magnetic force may, in
*1ITie, be increafed in the feet of the armour. The
^e above defcribed, of the derangement of the vor-
te*, affures us, that at the moment when the fup-
•P°rter is applied, the current of the magnetic mat-
•ter is ftill abundantly irregular, that a confiderable

of it is ftill efcaping by the plàte b b, and that
will require time to force magnetic canals in the

lr°n ; it is likewife probable that, when the current
have become more free, new canals may be

ш tne loadftone itfelf, confidering that it con-
befíde thofe fixed canals, moveable poles, as

Jron does. But,on violently feparatmg the fupporter
*гощ the loadftone^ the current being difturbed, and
thefe new canals in a great meafure deftroyed, the
torce is fuddenly rendered as fmall as at the begin-

and fome time muil intervene before thefe ca*
nais,
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nais, with the vortex, can recover their preceding
flate. I once conftructed an artificial magnet, which
at firft could fupport only ten pound weight, an"»
after fome time, I was furprized to find that it could
fupport more than thirty. It is remarked, chiefly
in artificial magnets, that time alone ftrengthens
them confiderably, but that this increafe of force lafts

only till the fupporter is feparated from it.
Z iß November, 1761.

L E T T E R LXVIII.

The Manner of communicating to Steel the MagneW
Force^ and of magnetizing Needles for the Compaß '•
the Simple Touch, it's Defeats ; Means of remedy'^
ihefe.

T TAVING explained the nature of magnets in ge*
•*- •*• neral, an article as curious as interefting ft1**
remains, namely, the manner of communicating to

iron, but efpecially. to fteel, the magnetic power, and
even the higheft degree poffible, of that power.

You have feen that, by placing iron in the vorte£
of a loadftone, it acquires a magnetic force, but which
almoft totally difappears, as foon as it is removed out
of the vortex ; and tlut the vortex of the earth alone
is capable, in time, of imprefiing a flight magnetic
power upon iron ; now, fteel being harder than iron»
and almoft entirely iníènfibie to this aftion of
magnetic vortex, more .powerful operations rauft
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€ïïlployed to magnetize it ; but then it retains the
^gnetic force much longer.
^ *or this purpofe we muft have recourfe to touch-

ed and even to friction. I begin, therefore, with
^Plaining the method formerly employed, for mag-
^tizing the needles of compafíes ; the whole opera-
1011 confifted in rubbing them at the pole with a

o°°d loadftone, whether naked -or armed.
The needle a b c (plate IV. ßg. г.) was laid on
table ;' the pole В of the loadftone was drawn

it, from b toward л, and, being arrived at the
ity a, the loadftone was raifed aloft, and

back through the air to b ; this operation

L as repeated feveral times together, particular care
eing taken that the other pole of the loadftone

^°uld not come near the needle, às this would have
quhirbed the whole procefs. Having feveral times

rawn the pole В of the loadftone over the needle
GIÏÏ b to a, the needle had become magnetic, and

116 extremity b of the fame name with that of the
°adftone with which it had been rubbed. In order
0 fender the extremity b the north pole, it would

. ave been necefíary to rub with the pole of this name
n the loadftone, proceeding from b to a ; but in

with the fouth pole, the progrefs muft be

is method of rubbing or touching, is denomi-
the fimple touch, becaufe the operation is per-

. °rrned by touching with one pole only -, -but it is
extremely defective, and communicates but 'very little

power
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power to the needle, let the loadftone be ever" fo &•'
cellent ; accordingly it does not Jfucceed, when tbe

fteel is carried to the higheft degree of hardne»8»,
though this be the ftate beft adapted to the retention
of magnetifm. You will yourfelf readily difcern the

defects of this method by theftmple touch.
Let us fuppofe that В is the pole'of the

from which the magnetic matter iffues, ,as the
of the two poles is fo fimilar that it is impoffible to

perceive the flighteft difference : having refted the
pole on the extremity b of the needle, the magnet^
matter enters into it with all the rapidity with w
it moves in the loadftone, incomparably greater
that of the vortex which is in the external air.
what will become of this matter in the needle ? "
cannot get out at the extremity b, it will, therefore» '
make an effort to force it's way through the пее<Уе

toward л, and the pole В moving in the fame direc-
tion, will affift this effort ; but as foon as the pole P
fliall arrive at e, the difficulty of efcaping at the €&
tremity a will occafion a contrary effort, by whic**
the magnetic matter will be impelled from a towaf^
b} and before the firft effect is entirely deftroyed»
this laft cannot take place. Afterwards, when tnc

pole В is again brought back to the extremity b-, ^
laft effeft is again deftroyed, but without producing»
however, a.current in the contrary direction from
toward a ; and confequently, when the pole В &_
have got beyond с in it's progrefs toward л, it N

more eafily produce a current from a to b, efpecia ',
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lt you prefs more hard on the half с а : hence it is

ear, that the needle can have acquired only a fmall
^ee. of the magnetic power.

Some, accordingly, rub only the half с a (plate III.
•Л?« i<x) proceeding from с to a, and others, touch
°nly the extremity a of the needle, with the pole В

the loadftone, and with, nearly the fame fucceis.
it is evident that the magnetic matter which.

eiiters by the extremity a only, is incapable of acting
iufficient vigor on the pores of the needle, for

them conformably to the laws of mag-
; and that .the force imprefled by this method

be extremely fmall, if any thing, when the ftccl
ls very much hardened.

appears to me, then, that thefe defecb of tie
touch might be remedied in the following man*

', of the fuccefs of which I entertain no doubt,
I have not yet tried it, but am confirmed in

opinion by experiments which I have made.
I "would cafe the extremity b of the needle, (plate

. 11.) in a ruler of foft iron E F; and I mould
it proper to make that ruler very thin, and as
t as pofiible, but the extremity muft be exactly

Pplied in all. points, and even fitted to a groove per-
e% adjufted for it's reception. On refting the pole В

°* the loadftone upon the extremity Ъ of the needle,
116 magnetic matter which enters into it, meeting
freely any difficulty in it's progrefs through the

Ori ruler, will at once ptirfue it's courfe in the di-
b d ; and in proportion as the pole advances-
a, the magnetic matter, in order to continue

this
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this courfe, has only to arrange the pores on \vbic»
it immediately acts ; and having reached a, all the».,
pores, or at leaft by far the greater part of them, ^fl*
be already diipofed conformably to that direction«
"When you afterwards re-commence the: friction at
the extremity b, nothing is deftroyed, but you con-
tinue to perfect the current of the magnetic matter»
following the fame direction b d by likewife arrang'
ing the pores wJiich refifted the firft operation, an**
thus the magnetic canals, in the needle, will alwaY9

become more perfect. A few ftrokes of: the pole &.
. . . • т

, will be iufficient for the purpqfe, provided the load'1

ftone is not too .weak : and I'have no doubt, that the

beft tempered fteel, that is, rendered as .hard as p°*'
fible, would yield to this method of operating ; ^
unfpeakable advantage in the conftruction of соЮ*-
paffes, as it has been found that ordinary, needles fre*
quently lofe, by a flight accident, all their .magnet^
power; by which ihips at fea would be exppf^^
the greateft dangers, if they had not othersan T6"
ferve. But when needles are made of well tempereo

fteel, .accidents of this kind are not fo much to
prehended ; for if a greater force is requifite to
der them magnetic, in return they preferve the pc*
more tenacioufly.

2 4/ h November f 1761.





MAGNETIC MATTER.

LETTER LXIX.

" the Double Touch. Means of preferring the Mag-
netic Matter in magnetized Bars.

I NSTEAD of this method of magnetizing iron or
fteel by thefimple touch, ,by rubbing with, one pole

°n'y of the loadftone, we now employ the double
°Ucb, in which we rub with both poles at once,

hich is eafily done by means of an armed load-
U0ne>

Let E F, (plat* IV. Jig. 4.} be a bar of iron or fteel

%

vhich you wiih to render magnetic. Having fixed
fteadily on a table, you prefs upon it the two feet
and В of an armed loadftone. In this ftate, you

Ul еаЩу fee that the magnetic matter, which iffues
r°m the loadftone by the foot B muft penetrate into
le bar, and would diffufe itfelf in all directions, did
ot the foot A, on it's fide, attract the magnetic mat-

er contained in the pores of the bar. This evacu-
Ion, therefore, at d will determine the matter,

Which enters by the pole B, to take it's courfe from
c toward d. provided the poles A and В are not too

from each other. Then the magnetic cur-
will force it's way in the bar, in order to pafs
the pole В to the pole A, difpofmg it's pores to

°rrn magnetic canals ; and it is very eafy to difco-
** whether this is taking placé ; you have only to

ferve if the loadftone is powerfully attracted to
. II. Т
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the bar, which never fails, if the bar is of foft iron,
' '£

as the magnetic matter eaiily penetrates it. But »
the bar is of fteel, the attraction is frequently very
fmall, a proof that the magnetic matter is incapabl?
of opening for itfelf a paflage from с to d ; hence it
is to be concluded that the loadftone is too feeble, &
that the diftance between it's two poles is too great ;
in this cafe it would be neceflary to employ a load*
ftone more powerful, or whofe feet are nearer, оГ|
finally, the armour of the loadftone ought to be
changed into the form reprefented in plate W* ßg- 3'

But here is a method for remedying this incofl*
veniencc. /

Having difpofcd, at fmall intervals c d (plate '&•
ßg. 4.) the powers conformably to magnetifm, t№
loadftone muft be feveral times drawn ba'ckward afld
forward ovcv the bar, from one extremity to. the

other, without taking it off, till you perceive that
the attraction no longer increafes ; for it is undoubt*
edly certain, that attraction is increafed in proportion
to the increafe of the magnetic force. The bar E *
will be magnetized by this operation, in fuch a mai1*
ner that the extremity E, toward which the pole -^
vyas turned, will be the friendly pole of A, and coo*
fequently of the fame name with the other pole &*
Again, on removing the loadftone, as magnetic ca-
nals are formed the whole length of the bar, tke

magnetic matter diffufed through the air w^ll f°rc

a paflage through thefe canals, and will make №
bar a real magnet. It will enter by the extremity #
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efcape by the extremity b, from whence a part,
at baft, will return to a, and will form a vortex fuch
as the 'nature "of -the bar permits.

^ take this occafion to remark, that the formation
of vortex' is abfolutely neceffary to the increafe of

e

for if all the magnetic ' matter which
out at the extremity b were to fly off, and be
ely difperfed, without returning to #, the air

Xv°uld not fupply a fufficient quantity to the other
erriity л, which muft occafion a diminution of
magnetic force. But if a coniiderable part of
which efcapes at the extremity b returns to a,

e air is abundantly able to fupply the remainder,
nd perhaps ftill more, if the magnetic canals of the
ap are capable of receiving it ; the bar will there-

Ore> in that cafe, acquire a much greater magnetic
force.

^"bis confideration leads me to explain how it is
P°flible to keep up the magnetic matter in inagne-

bars. The objeft being to prevent the mag-
matter, which pervades them, from difperfmg

air, thefe bars are always difpofed in pairs of
the fame fize> They aie piacec| on a table,

a Parallel fituation, fo that the friendly poles, or
ofe of different names, mould be turned to the

a fide as in/o-. 5.
and NN reprefent the two bars, whofe

poies a ^ ь а are turned the fame way.
' ° Pavent miftake, a mark x is made on each bar,

the extremity where the north pole is, and to
Qtl1 ends is applied a piece of foft iron E E and FF,

-T 2
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for receiving the magnetic current. In this mariner»
the whole magnetic matter which pervades the b*r

M M, and which iffues at the extremity b, pafles into
the piece of iron E E, where it eafdy makes it's
to enter at the extremity a of the other bar
from which it will efcape at the extremity b into te

.other piece of iron F Fy which re-conveys it into tbe

firft bar M M by the extremity a. Thus the mag*
netic matter will continue to circulate, and no p3™
of it efcape ; and even in cafe there fliould not be a

firft a fufficient quantity to fupply the vortex, the

ajr will fupply the deficiency, and the vprtex ъ'$
preferve all it's force in the two bars.

This diipofition of the two bars may likewife bc

employed for magnetizing both of them at oflcCf

The two poles of a loadftone muft be drawn ove

the two bars, paffing from the one to the other by

the pieces of iron, and the circuit muft be
times performed, carefully obferving that the
poles of the loadftpne A and В be turned as t*
figure directs.

This method of magnetizing two bars at once, J#u

be much more efficacious than the .preceding?
from the very firft circuit performed by the loa

ftone, the magnetic matter will begin to flow throve
the two bars by means of the two pieces of ir° ',
Afterwards, by x repeated circuitous applications

the loadftone to the bars, a greater quantity of p°
will be arranged in them conformably to magnet^1 '

and more magnetic canals will be opened, by ̂  .
the vortex will be more and more ftrengthene ?

' '
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undergoing any diminution. If the bars
*re thick, it would be propet to turn and rub them,
ln the fame manner, on the other furfaces, in order
hat the magnetic action may penetrate them tho-

roughly.

Having obtained thefe magnetic" bars M M, N N,
(plate IV.ßg. 6.) they may be employed, in place of
lhe natural loadrtone, for magnetizing others. They
are joined together a-top, fo that the two friendly
Poles a b may touch each other ; and the other two
Poles below, b and a, are feparated as far as it is
Bought proper. Then we rub with the two under
extremities, which fupply the place of the two ро!ез

a loadftone, two other bars E F in the manner
I have above explained.

thefe two bars are joined in the form of com-
we have the advantage of opening the lower

Xt*emities as much or as little as we pleafe, which
Cannot be done with a loadftone ; and the magnetic

nt will eafily pafs a-top, where the bars touch
other, from the one to the other. A fmall

iece of foft iron P might likewife be applied there,
"e better to keep up the current : and in this man-

Той may eafily and fpeedily magnetize as many
bars as you pleafe.

1761.

LETTER
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LETTER LXX.

The Method of communicating to Bars of Steel a
great Magnetic Force, by Means of other Bars
have it in a very inferior Degree.

nPHOUGH this method of magnetizing by
•*- double touch be preferable to the preceding,

magnetic power, however, cannot be carried
a certain degree. Whether we employ a natura
loadflone, or two magnetic bars for rubbing other

bars, thefe laft will never acquire fo much force aa

the firft ; it being impoffible that the effect mould ^c

greater than the caufe.
If the bars with which we rub have little {&&'

thofe which are rubbed will have ilill Ms : the re3'
ion is evident ; for as bars deftitute of magnetic
never could produce it in others, fo a model ate
gree of force is incapable of producing one
than itfclf, at leaft by the method which I have
delcribing.

But this rule is not to be taken in the ftrift i
pi'ctation of the words, as if it were literally imp0-'
iible to produce a greater magnetic force by t'ie

ullillance of ,a fmaller. I am going to point out a

method by which the magnetic power may be 1J1

creafed ahn oft as far as you pleafe, beginning ^
the fmalleft degree poffible. This is a late difcover^
which merits fo much the more attention that '
throws much light on a very difficult fubjeft, ííl •
nature of magnetifm.
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Suppofmg me poffeffed of a very feeble loadftone,
r» for want of a natural magnet, of bars of iron ren-
ted fomewhat magnetic, merely by the vortex of

Mine earth, as I explained it in a preceding letter, I
ften provide myfelf with eight bars of fteel very
ftiall and not hardenedj in order the more eafdy to
eceive the {mail degree of magnetic power which

feeble loadftone, or ilightly magnetized bars, are
of communicating, by rubbing each pair oc

°uple iii the manner I formerly defcribed. Having
ten eight bars, magnetic but in a very ftnall degree,
take two pair, which I join together in the manner

rePrefented, plate IV. fig. 7.
uniting the two bars by the poles of the fame
, I form but oiie of double the thicknefs, and
which I form the compafs AC and BD; the

etter to keep up the magnetic current, a piece of
oft iron P may be applied at the top C D. The legs

tne compafs may be feparated as far as is judged
" °per, and I rub with then), one after the other,

remaining bars, which will thereby acquire more
er than .they had before, becaufe the powers of

e firft are now united. I have now only to join
e*e two pair newly rubbed, in the fame manner,

e

by rubbing with them one after the other, the
w° pair firft employed, and the power of thefe will
e confiderably increafed. I afterwards join thefe
v° pair together, and go on rubbing others in order

their magnetic force, and ftill two pair
two pair alternately; and by repeating this

the magnetic power may be carried tofuch
T 4 . a degree,
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a degree, as to become infufceptible of farther "">'
creafe, even by continuing the operation. iWhe*1

we have more than four pair of fuch bars, inftead ot

two pair, three may be joined together for the pul'
pofe of rubbing others ; they will thereby be foor>er

carried to the higheft degree poilible.
The greateit obilaclcs are, therefore, furmounte'*»

and, by means of fuch bars joined together by t\v°

or more pairs, we may rub others of fteel propew

hardened, and which may be either of the fame
or ftill greater than the firft, to which the
power of which they arc fufceptible may be thu

communicated.

Beginning with fmall bars fuch as I have defcribc"»

thefe operations may be iucceffively applied to
of an enormous fize, and made of the hardeft

which is lefs liable to lofe the magnetic power.
it is to be obferved, that for the purpofe of
large bars, feveral pairs ought to be joined togeth61'
wliofe united weight iliould be at leaft double that о
the large one. But it would always.be better t0

proceed by degrees, and to rub each fpecies of

with bars not much fmaller than thcmfelves, or it
be fuflicieht to join at moft two pair : for when *
are obliged to join more than two pair, the extrem1'

ties with which the friction is performed will exteo
too far, and the magnetic matter, which paffes tu*

• way, will itfclf prevent it's being directed conforma^/

U) the direction of the bar that is rubbed ; and tJl

rather, that it enters the bar perpendicularly, where2

it nccefliirily fliould take a horizontal direction.
In
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In order to facilitate this change of direction, it is
Proper that the magnetic matter fliould be led to it

fmall fpace, and in a direction already approach-
to that which it ought to take within the bar
ch we are going to rub. The following method,

think, might be effectual for this purpofe.
Plate IV. ßg. 8. reprefents five pair of bars M M,

joined together, but not in the form of a com-
There is at top a bar of foft iron C D, to keep

the vortex ; below, I do not rub immediately
the extremities of the bars, but,I cafe thefe ex-

tremities on each fide in afoot of foft iron, faftening
to it with fcrews marked O. Each fqot is bent

A and B, fo that the direction of the magnetic
, which freely pervades thefe feet, already has

confiderable approximation to the horizontal, fo
in the bar to be rubbed E F it has no need

greatly to change it's .direction. I have no doubt
'hat, by means of thefe feet, the bar E F will receive

greater magnetic power, than if we rubbed
tely by the extremities of the bars, the depth

whofe vertical direction naturally oppofes the for-
of horizontal magnetic canals in the bar E F.

l is likewife poffible, in pradifing this method, to
c°ntracT: or extend the diftance of the feet A and B,
at Pleafure.

I rnuft farther obferve, that when thefe bars lofe,
ln time, their magnetic power, it is eafily reftored by
*"£ fame operation.

lß December, 1761.

LETTER
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LEITER LXXI.

Coiißntction of artificial Magnets in Form~ofa Horfe

T "JT 7 HOE VER wiihes to make experiments o°
V V the properties of the loadftone, ought to be

provided with a great number of magnetic bars»
from a very fmall, up to. a very large fize. Each
may be confidered as a particular magnet, having it s

two poles, the one north and the other fouth.
You rnuft have conlidered it as extremely remark-

able, that by theinterpofition of the magnetic powefj
the feebleft which can be lupplied by a wretched fla'
tural loadftone, or by a pair of tongs in the chimney
corner, which have acquired by length of time a

fmall portion of magnetifvn, we mould be enabled to
increafe that power to fuch a degree, as to commu*
nicate to the largeil bars of fteel, the higheft degree

of magnetic force of which they are fufceptible. I£

would be needlefs to add that, by this method, ^e

are enabled to conftruct the belt magnetic needles»
not only much larger • than the common, but made
of a fteel hardened to the higheft degree, which ren*
ders them more durable. I have only a few words
to add on the conftruclion of artificial magnets,
have ufually the form of a horfe-flioe, as you
no doubt have feen.

Thefe artificial magnets anfwer the fame purpofes»
on every occafion,as the natural, with this advantage
in their favour, that we can have them much moi"e

powerful»
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•powerful, by giving them a fufficient magnitude.
i hey are made of well-tempered' fteel, and the figure
°r a horfe-ihoe feems the moft proper for keeping up
the vortex. When the mechanic has iiniflied his

we communicate to it the greateft degree of
tic power of which it is fufccptible, by means

y the magnetic bars of which I have given a deicrip-
^on. It is evident that the greater this magnet is,
the larger muft be the bars we employ ; and this is
he reafon why we fliould be provided with bars of

*b fizes.

In order to magnetize a horfe-flioe H IG, (plate
^ j%. 9.) which ought to be of fteel well tempered,

^'e place on the table a pair of magnetic bars A C
**d B D, with their fupporters of foft iron applied on
°th fides, but of which the, figure reprefents only
Пе E Í1, the other having been removed to make

^аУ gradually for the application of the feet of the
^°tfe-flioe, as you fee. In this ftate, the magnetic
Batter, which pervades the bars, will make ftrong
*-ttorts to país through the horfe-uioe, the poles of the
ars being adapted magnetically to thofe of the horfe-

. °e ; but confidering the hardneis of tempered fteel,
WH1 not be fuflicierit to arrange the pores and open

°r itfelf a paflage. The fame means, therefore, muft
e employed to this effeâ:, which were prefcribed for
he magnetizing of bars. . We take a compafs formed

°f another pair of magnetic bars, and rub them in
fame manner over the horfe-ihoe; magnetic

will thereby be opened, and the fubtile matter
the bars, by pervading it, will form the vprtex of

that
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that fluid; Particular care muft be takenj in
operation, that the legs of the compafs, in pafli
over the horfe-ihoe, do not touch'the extremities
and В of the bars ; for1 this would difturb- the
of the magnetic matter, which would pafs
ately from the burs into the legs of the compafs ; o1*'
the vortices of the bars and of the compau would
mutually derange each other.

The horfe-flipe will thereby acquire very great

power, being pervaded by an impetuous magnet»0

current. All that remains to be done, is to detach
the bars, without deranging the current. If they are

feparate.d violently, the magnetic vortex will be ae'
firoyed, and the artificial magnet will retain very
little power.

The canals being kept up no longer than the ma£>"
netic matter pervades them, it muft be conclude^'
that the particles which form thefe canals are in a

forced ftate, and that this ftate fubfifts only while tb*
vortex acts ; and that as foon as it ceafes, thefe paf'
tides, by their elafticity, will deviate from their force^
fituation, and the magnetic canals will be interrupt6^
and deftroycd. This we clearly fee in the cafe °
foft iron, whofe pores are quickly arranged, on t'ie

approach of a magnetic vortex, but retain fcarcely
magnetic power, whcn removed out of the
This proves that^he pores of iron are moveable,
endowed with an elafticity which changes their ß
tion, as foon as force ceafes. It requires length °
time to fix certain pores in the pofition impreífed °
them by tlie magnetic force, which takes place

6
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)B bars of iron long expofed to the vortex of the earth,
Joe pores of fteel are much lei's flexible, and better
uP?ort the ftate into which they have been forced }

еУ are, however, liable to fome derangement, as
011 as force ceafes to aft on them, but this derange-
ent is lefs in proportion to the hardnefs of the fteel.

°r this reafon, artificial magnets ought to be made
1Не hardeft fteel: were they to be made of iron,

еУ would immediately acquire, on being applied to
agnetic bars, a very great degree of power ; but
e moment you detach them, all that power would

Appear. Great precaution muft, therefore, be em-
P °yed, in fcparating from the bars magnets com-
P°ted of well-tempered fteel. For this purpofe, be-

e the feparation,you prefs the fupporter, which is
_ Very foft iron, in the direction of the line M N,
\plate IV. ßg. jo.) taking particular care not to touch

Ле bars with it, for this would mar the whole pro-

and oblige you to repeat the operation. On the

Pplication of the fupporter, a considerable portion of

"e magnetic matter which is circulating in the mag-
^ G H I, will make its way through the fupporter,
^ form a feparate vortex, which will continue after

e magnet is detached from the bars.
Afterwards you prefs the fupporter flowly forward

°Ver the legs ,of the magnet to the extremities, as re-
Preiented in the figure, and in this ftate permit it to
reft for fome time, that the vortex may be allowed
to fettle. The fupporter is likewife furniihed with a

'ht P, which may be incrcafed every day ; it being
always
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always underftood, that the fupporter is to be 1°
perfectly adjufted to the feet of the magnet, as t°
touch them in all points.

yb December, 1761.

L E T T E R LXX I.

On Dioptricks ; Inßrumetits which that Science fupplitt •'

of Telefcopes and Microfcopcs. Different Figures
to GlaJJcs or Lenjes.

ГТГ^НЕ wonders of dioptricks will now, I think»
JL íurniíh a fubject worthy of your attention-

This fcience provides us with two kinds of infti'11*
ments compofed of glafs, which ferve to extend
iphere of vifion, by difcovering objecb which
efcape the naked eye.

There are two cafes in 'which the eye needs
ance : the firil is, when objects are too diftant to ad-
mit of our feeing them diftinctly ; fuch are the hea"
venly bodies, refpecting which the moft important
difcpveries have been made by means of dioptrics*
inftruments. You will pleafe to recollect what *
have faid, concerning the fatellites of Jupiter, whic'1

affift us in the difcovery of the longitude : they ZTS

vifible only with the aid'of good telefcopes, and thofc
of Saturn require telefcopes of a ftill better conftruC*
tion.

There are, befides, on the furface of the earth ob«
jeers very diftant, which it is impoffible for us to fee»

and
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to examine in detail, without the affiftance of
elefcopes, which reprefent them to us in the fame

nrter, as if they were near, Thcfe dioptrical
o aues or inftruments, for viewing diftant bodies,, are

n°niinated by the term we have already employed,
et or perfpectives.

. "e other cafe, in which the eye needs affiftance,
^rhen the object, though fuffidently p.ear, is too
a" to admit of a diftincl examination of it's parts.
We wiihed, for example, to difcover all the parts
the leg of a fly, or of any infect ftill fmaller ; if
Were difpofed to examine the minuter particles

the human body,fuch as the fmalleft fibres of the
tc'es, of the nerves, it would be impoffiblc to fuc-

C(l without the help of certain inftruments called
Cr°f copes which reprefent fmall objects in the fame

. as if they were a hundred or a thoufand
mes greater.
*lere then are two kinds of inftruments, telefcopcs

, ^icrofcopes, furniflied by dioptricks for affifting
^eaknefs of our iight. A few ages only have

Pied flnce thefe inftruments were invented ; und
the era of that invention muft be dated the
lrnportant difcoveries in aftronomy, by means

"C telefcope, and in phyfics by the microfcope.
hefe wonderful êffèds are produced merely by

ï . uSure given to bits of glafs, and the happy com-
won of two or more glaiTes, which we denomi-

%
 lcnfes. Dioptricks is the fcience that unfolds the

a
 Clptas on which fuch inftruments are conftrucied,

• • ufes to which they are applied, and you will
pleafc



288 ON DIOPTRICKS.

pleafe to recolleft that it turns chiefly on the
tion which rays of light take on pafling throng
tranfparent mediums of a different quality; on pal'
ing, for example, from air into glafs or water, a°
reciprocally from glafs or water into air.

As long as the rays are propagated through ^
fame medium» fay air, they prefervc the fame &
reclion, in the ftraight lines LA, LB, L C, L#'
{plate IV. ßg, 2.) drawn from the luminous point i"
whence thefe rays proceed, and when they any wher

jneet an eye, as at fea, they enter into it, and the

paint an image of the object from which they Pr°*
ceeded. In this cafe the viflon is denominated fn^P16'
or natural ; and reprefents to us the objects as tbeï
really are. The fcience, which explains to us &
principles of this vííion, is termed optics.

But when the rays, before they enter into the tf '
are reflected on a finely, polifhed furface, fuch a8

1

mirror, the vifton is no longer natural ; as in *
cafe we fee the objects differently, and in a differe

place, from what they really are. The fcience vvbi^
explains the phenomena prefented to us by this
iion from reflected rays, is termed catopîrïcks. ft l

fupplies us with inftruments calculated to extend ^
fphere of our vifion, and you are acquainted ^n

fuch forts of inftrutnents, which, by means of °
or two mirrors, render us the fame fervices as t*1

conftructed with lenfes. Thefe are what we Рг°Ре.л,
denominate telefcopes : but in order to diftingu

them from the common pcrfpectives, which are со
pofed only of glafles., it would be better to call tn
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reRefting telefcopes. This mode of ex-
effion would at leaft be more accurate ; for the

Q telefcope was in ufe before the difcovery of re-
^tong inftruments, and then meant the fame thing

NVlth perfpedive.
Propofe, at prefent, to confine myfelf entirely

dioptrical inftruments, of which • we have two
j tsj telefcopes or perfpectives, and microfcopes.

the conftrudtion of both we employ glaffes formed
er different manners, the various forts of which
111 going to explain. They are principally three,
cording to the figure given to the furface of the

. •lhe ßrft is the plane t when the furface of a glafs is
Пе on both fides, as that of a common mirror. If
ü were to take, for example, a piece of lookin g-

and to feparate from it the quick-filver which
eres to it's farther furface, you would have a glafs

л- °^ wn°fe furfaces are plane ̂  and of the fame
cWfs throughout.
| he ie'cond is the convex : a glafs of this denomi-
l°n is more raifed in the middle than toward the

edge.
Ahe third is the concave : fuch a glafs is hollow

ard the middle, and «jrifes toward the edge.
Uf thefe three different figures, which may be

,, en to the furface of a glafs, are produced the fix
Cles of glaffes reprefented in ßg. 1 2.
• The piano-plane glafs has both it's .furfaces

an

Ц.. U II. The
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II. The plano-convex glafs has one furf ace plane аП"
the other convex.

IIL The plano-concave has one furface plane an

the other concave.
• IV. The convexotconvex, or double convex, has bot
fúrfaces convex. . .
' V. The convexo-concave, or menifcus, has one fu '

face .convex arid the other concave.
VI. Finally, the concavo-concave, or double conçu™'

has both furfaces concave.
It is proper to remark that the figure repreieflts

the cut of thefe glafles or lenfes.

§tb December, 1761.

LETTER LXXIII.

Difference of Lenfes -with refpeEl to the Curve of №
Surfaces. Di/lribution of Lenfes into Three Clajft* '

T7ROM what I have faid refpefting the
A and concave furfaces of lenfes, you will ea'J ^
comprehend that their form may be varied witb°
end, according as the convexity and concavity *
greater or lefs. There is only one fpecies of P*
furfaces ; becaufe a furface can be plane in one i° .
neronly; but a convex furface may be сопи"6*
as making part of a fphere, and, according aS

radius or diameter of that fphere is greater or *
the convexity will differ ; and as we reprefent 1еП

on paper by fegments of a circle, according as t*1

circles are greater or lefs, the form of lenfes ul
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lnfinite with refpect both to the convexity and con-
CaVity of their furfaces.

As to the manner of forming and polifliirig glaflrt,
poffible care is taken to render their figure ex-

*У circular or fpherical ; for this purpofe we em-
®Y bafons of metal formed by the turning ma-
lTle on a fpherical furface., both inwardly and

Ц AEBDFC (f /ate '17. fig. 13.) be the form
lucli a bafon, which ihall have two fur faces A E B
u C PD, each of which may 'have it's feparate ra-

„ s 5 when a piece of glafs is rubbed on the concave
the bafon AEB, it will become convex ; but

„

. f
lt is rubbed on the convex fide CFD; it will be-
^e concave. Sand is, at firft, ufed in rubbing
e glafs on the bafon, till it has acquired the form,
d after that, a fine fpecies of earth, to give it the

a

ó order to know the real figure of the furfaces

f
 a kns, you have only to meafure the radius of the

ace of the bafon, on which that lens was formed ;
the true meafure of the convexity and concavity

, Urfaces, is the radius of the circle or fphere which
rrefponds to them, and of which they make a part.
*hus, when it is faid, that the radius of the con-

exftirfacc AEB (plate V. fig. ï.) is three inches,
e
% leaning is, that AEB is an arch of a circle de-

„ 1 ed with a radius of three inches, the other fur-
^ A B being plane.

с hat I may convey a {till clearer idea of the dif-
Псе of convexities, when their radii are greater

IT 2 or
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or lefs, I fhall here prefent you with feveral figure

of different convexity; (fee flute V. Jig. ï.)
From this you fee, that the fmaller the radius lS>

the greater is- the curve'of the furface, or the greate ,
it's difference from the plane ; on the contrary, *"
greater the radius is, the more the furface approach6

to a planeyor the arch of the circle to a ftraight №*
If the radius,were made ftill greater, thé curve woU*
at length become hardly perceptible. You fcarce У
perceive it in the arch MN, (jig. a.) the radius °
which is fix inches, or half a foot ; and if the radiu

•were ftill extended to ten or a hundred times &
magnitude, the curve would become altogether ^
perceptible to the eye.

But this is by no means the cafe as to dioptric^8 r
and I fliall afterwards demonftrate, that though *
radius were a hundred or a thoufand feet, and t*1

curve of die'lens abfolutely imperceptible, the <$6

would neverthelefs be abundantly apparent. *•
radius müft indeed be inconceivably great, to Pr

duce a furface perfectly plane : from which you ^'.
conclude,, tliat a plane furface might be coniidere

as a convex furface whofe radius is infinitely gre

or as a concave of a radius infinitely great. Here

is that convexity and concavity are confounded?
that the plane furface is the medium which fepara

convexity from concavity. But the fmaller the
dilare, the greater and more perceptible do the c

.vexities and concavities become -, and hence, ^'e

reciprocally, that u convexity or concavity is grea ..
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.n Pr°portion as it's radius, which is the meafure of
ll» is fmaller.

.. -However great, in other refpecb, may be the va-
ety We meet with in lenfes or glafles, according as
^lr furfaces are plane, convex, or concave, and
ls in an infinity of different manners > neverthe-

flSj'vvith refpect to the effecl refulting from them in
. °Ptricks, they may be reduced to the three follow-

firft comprehends glafíes which are every
of an equal thicknefs ; whether their two fur-

ies be plane and parallel to each other, (Дс. 3.) or
e оде convex and the other concave, but con-

etltric, or defcribed round the fame centre (Jig, 4.)
0 that the thicknefs lhall .remain every, where the
^е- It is to be remarked refpeffing glafles of this
a&> that they produce no change in the appearance

the objecb which we view through them.; the

"jects appear exactly the iame as if nothing inter-

P°fed ; accordingly, they are of no manner of ufe

This is not becaufe the rays which
ter into thefe glafles undergo no refraction, but

ecaufe the refraction at the entrance is perfectly

lightened on going off', fo that the rays, after
av'ng paffed through the glafs, refume the fame di-

t

e<-tion which they had purfued before they reached
1 Glafies, therefore, of the other two clafles, on

Cc°ur.t of the effect which they produce, conftitute
he Principal obied of dioptricks.Tl * -' '

«e fécond clafs of Icnfcs contains thofe which are
at the. middle than at the edge, (fig, 5.)

U 3 Their
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Their effect is the fame, as long as the excefs °
the thicknefs of the middle over that of the edge ba*
the fame relation to the magnitude of the lens. ^
lenfes of this clafs are commonly denominated con^"1

as convexity predominates, though otherways °n

of their furfaces may be plain, and even concave.
The third clafs contains all thofe lenfes which &e

thicker at the edge than in the middle (plate V.ßg- "••>
which all produce a iimilar effect, depending on ^
excefs of thicknefs toward the edge, over that in ll1

middle. As concavity prevails in all fuch lemeS'
they are limply denominated concave. They ^^
be carefully diftinguuhed from thofe of the fecoß'1

clafs, which are the convex.
Lenfes of thefe two laft claffes are to be the fubjeC

of my following letters, in which I fliall endeavOu

to explain their effects in dioptricks,
December t 1761.

L E T T E R LXXIV,

Effeft of Convex Lenfes.

TN order to explain the effect produced by
-*- convex and concave lenfes, in the appearance °
objects, two cafes muft be diftinguiflied, the °l

when the object is very far diftant from the lens, aJl

the other when it is nearer.
But before I enter on the explanation of thlS'

muft fay a few words on what is called the axis
the lens. As the two furfaces are reprefcnted
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gïïients of a circle, you have only to draw a ftraight
. ne trough the centres of the two circles ; this line
ls named the axis of the lens. In Jig. 7- plate V, the
Centre of the arch A E B being at C,.and that of the

A F В at D, the ftraight line C D is denomi-
the axis of the lens A B, and it is eafy to fee

t this axis paiïes through the middle of it. The
lltle thing would apply, if the furfaces of the lens

ere concave. But, if one is plane, the axis will be
Apendicular to it, paífing through the centre of the

"ence it is obvious, that the axis paffes through
. 9 two furfaces perpendicularly, and that accord-

Styj a ray of light coming in the direction of the
lsj will fufler no refraftion, becaufe rays paffing

0171 one medium into another are not broken or
Rafted, except when they do not enter in a per-

peildicular direction.
it may likewife be proved that all other rays pafimg
r°Ugh .the middle of the lens O, undergo no re-

, or rather that they again become parallel to

lîiuft be coníidered, in order to comprehend the
of this, that at the points E and F the two

rfaces of the lens are parallel to each other, for, the
M E B, which the ray M E makes with the

of the circle E B, or it's tangent at E, is per-
equal to the angle P F A, which this fame ray
ced, F P, makes with the arch of the circle

<• > or it's tangent at F ; you recollect 4hat twp
T-J 4 fucb



liFFECT OF

fuch angles are denominated alternate, and that U lS

demonftrated, when the alternate angles are equ3'.'
that the ftraight lines are parallel to each other : c°n'
fequently the two tangents at E and at F will be pa"
parallel, and it will be the fame thing as if the ray
M E F P pafíed through a lens whofe two furfaceS

were parallel to each other. Now, we have already
feen that rays do not change their direction in P3*'
ling through fuch a lens.

Having made thefe remarks, let us now
a convex lens А В (plate V.fg. 8.) whofe axis
be the ftraight line O E F P, and let us fuppofe th»1

there is in this line, at a great diftance from the
an object or luminous point O, which diffufes
in all directions ; fome of thefe willpafs through
legs A B, fuch as O M, O E, and O N; of
that in the middle O E will undergo no refracti0'1'
but will continue it's direction through the lens J°
the fame produced ftraight line F I P. The otbe*
two rays O M and O N, in paílmg through the leJlS

toward the edge, will be refracted, both at entering
and departing, fo that they will fomewhere meet tn
axis, fay at I, and afterwards continue their progre

in the directions I Q and I R. It might likewite Ъе

demonftrated that all the rays which fall between ™
and N will be refracted, fo as to meet with the
in the fame point I. Therefore the rays which, na

no lens interpofed, would have purfued their rec

lineal direction O M and O N, will, after the refr*c'
tion, purfue other directions, as if they had taic .
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eir departure from the point I ; and if there were
.n eye fomewhere at P, it would be affected juft as

«e luminous point were actually at I, though, there
n° reality in this. You have only to fuppofe for

foment, that there is at I a real object, which, dif-
lng it's 'rays, would be equally feen by an eye

г aced at P, as it row fees the objeft at О by means
*he rays refracted by the lens, becaufe there is at

a image of the object О, and the lens A B there
Preients the object O, or tranfports it nearly to I.
, e point О is therefore no longer the object; of
'ton, but rather it's image, reprefeiited at I ; for
^ is now it's immediate object,
•inis lens, then, produces a very confiderable

arige : an object very remote О is iuddenly trar.f-
^rted to I, from which the eye muit undoubtedly

Ceive a very different impreffion from what it would
. » tf, withdrawing the lens, it were to view the ob-
Irt Гч О 7

О immediately. Let О be confidered as a ftar,
. e Point О being fuppofed extremely diftant, the
. ns will reprefcnt at I the image of that ftar, but an

a£e which it is impossible to touch, and which has
reality, as nothing exifts at I, unlefs it be that the

У8 proceeding from the point О are collected there
. У tne refraction of the lens. Neither is it to be

agined, that the ftar would appear to us in the
e Banner as if it really exiited at I. How could

°dy, many thoufands of times bigger than the
^j exift at a point I ? Our fenfes would be very
erently ft ruck by it : We rnuft cux-fully remark,
n> that an image only is reprcfenicd at Í, like that

of
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of a ftar reprefented in the bottom of the eye? °
that which we fee in a mirror, the effect of V^lC

has nothing to furprize.

i y b December, 1761.

L E T T E R LXXV.

The fame Subjeã : Dißance of the Focus of
Lenfes*

с

MEAN to employ this letter in exploring the e '
feet produced by convex lenfes, that is, iucb 3

are thicker at the middle than at the edge. *
whole conüfts in determining the change which ^
undergo in their progrefs, on paffing through fuC

 д

glafs. In order to place this fubject in it's, cle^r6

light, two cafes tnuft be carefully diftinguimed, l

one, when the object is very diftant from the Ie11 '
and the other when it is at no great diftance. I
gin with confidering the firft cafe, that is, when <•
object is extremely remote from the lens. .

In/£. 9. of plate V. M N is the convex lens, an.
the ftraight line O A B I S it's axis, pafling perpe11 *

I

cularly through the middle. I remark, by the ̂  ',
that this property of the axis of every lens, that
pailing perpendicularly through it's middle, con^' /
the jufteft idea of it that we are capable of form»11»'
Let us now conceive that on this axis there is *° ,.
where at О an object O P, which I here repre^11 ' _
a ftraight line, whatever figure it may really ha .j
and as every point of this object emits it's rays ^ 'f
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olrections, We confine our attention to thofe which
faU on the lens.

remarks mall be at prefent farther limited to
e fays iffuing from the point O, fituated' in the

ery axis of the lens. The figure reprefents three
of thefe rays, O A, O M and O N, the firft of which,

• paffing through the middle of the lens, under-
no change of direction, but proceeds, after hav-

• § pafíbd through the lens, in the fame ilraight line
S, that is in the axis of the lens ; but the other

^° rays, O M and O N, undergo a refraction both
entering into the glafs, and leaving it, by which

еУ are turned afide from their firft direction, fo as
*neet fomcwhere at I with the axis, from which

еУ .\vill proceed in their new direction, in the
T^gHt lines M I Q and N I R -, .fo that afterwards,
«en they ihall meet an eye, they will produce in it
e &me effect as if the point O exifted at I, as they
ekrve the fame direction. For this reafon, the con-

. lens is faid to tranfport the objeft О to I; but
°rder to diftinguifli this point I from the real point

former is called the image of the latter, which.
11(: s turn, is denominated the obiecr.
T"Vi' .• nis point I is very remarkable, and when the ob-

^ is extremely diftant, the image of it is like-
e denominated the focus of the lens, of which I

~ u explain the reafon. If the fun be the objeft at
' Де rays which fall on the Jens are.all collected at

. ^ being endowed with the quality of heatino-, it
„ Ural that the concourfe of fo many ravs at I,
4lQ,.l, • < '

Produce a degree of heat, capable of fetting
on
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•on fire any combuftible matter that may be placed
there. Now, the place where fo much heat is col-
lected we call the focus ; the reafon of this denomi-
nation1 with refpeft to convex lenfes is evident.
Hence, too, a convex lens is denominated a burning-
'glafs, the effects of which you are undoubtedly well
acquainted with. I only remark that this property
of collecting the rays of the fun, in a certain point
called their focus, is common to all convex lenfes;
they likewife collect the rays of the moon, of the
ftars, and of all very diilant bodies ; though their
force-is too fmall to produce any heat, we neverthe-
lefs employ the fame term, focus ; the ,focus of a
glafs, accordingly, is nothing elfe but the fpot where
the image of very diftant objefts is reprefented : to
which this condition muft ftill be added, that the ob-
ject ought to be fituated in the very axis of the lens ;
for if it be out of the axis, it's image will likewife
be reprefented out of the axis : I Ihall have occafiofl
-to fpeak of this afterward.

It may be proper, ftill farther, to fubjoin the fol-
lowing remarks refpecting the focus :

ï. As the point O, or the object, is infinitely dif-
tant, the rays O M, O A, and O N, may be confi-
•dered as parallel to each other, and, for the fame
Teafon, parallel to the axis of the lens.

2. The focus I, therefore, is the point behind the
glafs, where the rays parallel to the axis, which Ы"
on the lens, are collected by the refraction of the

lens.
3. The focus of a lens, and the fpot where the
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image of an objeft, infinitely diftant, and iituated in
the axis of the lens, is reprefented, are the fame

4' The diftance of the point I behind the lens,.
*hat is the length of the line В I, is called the dif-
tance of the focus of the lens. Some authors call it
the focal diftance.

5. Every convex lens has it's particular diftance of
s, one greater, another lefs, which is eafily afcer-

expoimg the lens to the fun, and obferving
the rays meet..

6. Lenfes formed by arches of fmall circles, have
their focufes very near behind them > but thofe whofe
Surfaces are arches of great circles, have more diftant

7. It is of importance to know the focal diftance
of every convex lens employed in dioptricks ; and it
15 fiifficient to know the focus in order to form a judg-
^ent of all the èfíefts to be expedited from it, whether
111 the ccmilruction of telefcopcs or microfcopes.

8. If we employ lenfes equally convex on both
, fo that each furface ihall correfpond to the

"ie circle ; then the radius of that circle gives
nearly the focal diftance of that lens: thus, to make.
a burning -glais which fliall burn at the diftance of a
foot, you have only to form the two furfaces arches-
®f a circle whofe radius is one foot.

9- But when the lens is plano-convex,, it's focal*
is nearly equal to the diameter of the circle,,

correfponds to the convex furface.
Acquaintance-
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Acquaintance with thefe terms will facilitate the
knowledge of what I have farther to advance on this
fubjecb

\yh December, 1761.

LETTER LXXVI.

Dtßance of the Image of Objefts.

TTAVING remarked that an object infinitely
_LJL diftant, is reprefented by a convex lens in the
very focus, provided fuch object be in the axis of
the lens, I proceed to nearer objects, but always fitu-
ated in the axis of the glafs ; and I obferve, firft, that
the nearer the object approaches to the lens, the far-
ther the image retires.

Let us accordingly fuppofe that F (pJaíe V. fig. i о.)
is the focus of the lens M M, fo that an object in-

1 finitely diftant before the glafs, or at the top of the
figure, the image lhall be reprefented at F ; on bring-
ing the object nearer to the glafs, and placing it fuc-
ceflively at P Q R, the image will be reprefented at
the point p q r, more diftant from the lens than the
focus : in other words, if A P is the diftance of the
object, B f will be the diftance of the image, and if
A Q is the diftance of the object, B q will be that of
the image, and the diftance B r of the image will

correfpond to the diftance A R of the object.
There is a rule by which -it is eafy to calculate the

diftance of the image behind the lens, for every
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tance of the objeft before it,- but I will not tire you
>vith a dry exposition of this rule ;, it will be fufficient
to remark, in general, that the more the diftance of
the objeft before the glafs is diminiihed, the more is
the diftance of the image behind it increafed. I ihall
to this fubjoin the inftance of a convex lens, whofe
focal diftance is 6 inches, or of a lens fo formed, that
if the diftance of the objeft is infinitely great, the
diftance of the image behind the lens ihall be precifely
fix inches ; now, on bringing the objeft nearer to the
kns, the image will retire, according to the grada-
tions marked in the following table :

Diftance of the Objeft.

Infinity
42

24

l8

*5
12

10

9
8

7
6

Diftance of the Image

6

7
8

9
10

12

'5
iS

24
42
Infinity.

s the objeft being 42 inches diftant from the lens,
image will fall at the diftance of 7 inches, that is

One inch beyond the focus. If the object is at the
diftance of 24 inches, the image will be removed to
the diftance, of 8 inches from the lens, that Ь two
lnches beyond the focus, and fo of the reft.

Though
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Though thefe numbers are applicable only to â
lens, whofe focal diftance is б inches, fome general
confequences may, however, be deduced from them.

ï. If the diftance of the object is infinitely great,
the image falls exactly in the focus.

2. If the diftance of the object is double the dif-
tance of the focus, the diftance of the image will like-

. wife be double the diftance of the focus ; in other
words, the object and the image will be equally diftant
from the lens. In the example above exhibited, the
diftance of the object being 12 inches, that of the
imagé is likewife 12 inches.

3. When the object is brought fo near the lens,
that the diftance is precifely equal to that of the
focus, fay б inches, as in the preceding example, then
the image retires to an infinite diftance behind the

lens.
4. It is likewife obfervable in general, that the dif-

tance of the object and that of the image reciprocally
correfpond, or, if you put the object in the place of
the image, it will fall in the place of the object.

5. If, therefore, the lens MM (plate V. ßg. iij
collects at I the rays which iffue from the point O,
that fame lens will likewife there collect rays iffuing
from the point I.

6. It is the confequence of a great principle in diop-
tricks, in virtue of which it may be maintained, that
whatever are the refractions which rays have under-
gone in pafling through feveral réfringent mediums»
they may always return in the fame direction.

This truth is of much importance in the
2
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ledge of lenfes : thus when I know, for .example, that
a lens has reprefented, at the diftance of 8 inches, the
image of an object 24 inches diftant, I may confi-
dently infer, that if the object were 8 inches diftant,
the fame lens would reprefent it's image at the dif-
tance of 24 inches. •

It is farther eflential to remark, that when the dif-
tance of the object is equal to that of the focus, the
image will fuddenly retire to an infinite diftance ;
which perfectly harmonizes with the relation exifting
between the object and the image.

You will no doubt be curious to know in what
place the image-will be reprefented when the object
is brought ftill nearer to the lens, fo that it's diftance
fliall become lei's than that of the focus. This quef-
tion is the more embarrafling, that the anfwer muft
be, the diftance of the image will, in this cafe, be
greater than infinity, fmce the nearer the object ap-
proaches the lens, the farther does the image retire.
But the image being already infinitely diftant, how
is it poffible that diftance mould be increafed ? The
queftion might undoubtedly puzzle philofophers, but
18 of eàfy folution to the mathematician. The image
will pafs from an infinite diftance, to the other fide
°f the lens, and confequently will be on the fame fide
with the object. However ftrange this anfwer may
appear, it is confirmed, not only by reafoning, but
by experience, fo that it is impoflible to doubt of it's
fclidity ; to increafe beyond infinity is the fame thing
with paffingto the other fide : this is unqueftionably
a real paradox.

-2<l December, 1761.

VOL. II. X LETTER
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L E T T E R LXXVII.

Magnitude of Images.

can no longer doubt that every convex lens
muft rcprefent fomewhere the image of an

object prcfented to it ; and that, in every cafe, the
place of the image varies as much, according to the
diftancc of the objeft, as according to the focal dif-
tance of the lens : but a very important article re-
mains yet to be explained, I mean the magnitude of
the image.

When iuch a lens reprefents to us the image of
the fun, of the moon, or of a fiar, at the diftance of
a foot, you are abundantly feniible that thefe images
muft be incomparably fmaller than the objecb them-
felves. A ftar being much greater than the whole
earth, how is it poffible that an image of fuch mag-
nitude ihould be reprefented to us at the diftance of
a foot ? But the ftar appearing to us 'only as a point,
the image, reprefented by the lens, likewife refembles
a point, and, confequently, is infinitely fmaller than
the objeft itfelf.

There are then, in every reprefentation made by
lenfes, two things to be confidered ; the one refpefts
the place where, the image is reprefented, and the
other, the real magnitude of the image, which may
be very different from that of the objecb The firft
being fufficiently elucidated,! proceed to furnhbyou
with a very iimple rule, by which you will be en-
abled, in every cafe, to determine what muft be the,
magnitude of the image reprefented by the lens.

Let





MAGNITUDE OF IMAGES. 307

Let OP (plate VI. ßs. \.) be any object whatever,
on the axis of the convex lens M N ; we

firft look for the place of the image, which is
at I, fo that the point I fliall be the, reprefentation of
the extremity О of the object, as the rays ifluing
from the point О are there collected by the refraction
°f the lens. Let us now fee in what place will be re-
prefented the other extremity P of the object; for
this purpofe, let us confider the rays P M, P A, P N,
^hich, iífuing from the point P, fall on the lens ; I
°bferve that the ray P A, which pafles through the
Diddle of the lens, does not change it's direction,
but continues it's progrefs in the ftraight line A K S ;
lt will be, therefore, fomewhere in this line at K, that
the other rays P M and PN will meet : in other
^ords, the point K will be the image of the other
extremity P of the object, the point I being that of
the extremity О : hence it is eafy to conclude that
IK will be the image of the object O P, reprefented
by the lens.

In order then, to determine the magnitude of this
lmage, having found the place I, you have only to
draw from the extremity P of the object, through A,
the middle of the lens, the ftraight line P A K S , and
to raife from I the line I K perpendicular to the axis,
and this line I K will be the image in queftion ; it is
evident from this that the image is reverfed, fo that
if the line O R were horizontal, and the object O P
aman, the image would have the head K undermoft,
and the feet I upward.

On this I fubioin the following remarks :

X * '
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ï. The nearer the image (plate VI. fig. 2.) is to the
lens, the fmaller it is ; and, the more remote it is,
the greater it's magnitude. Thus O P being the ob-
ject placed on the axis before the lens M N, if the
image fell at Q it would be fmaller than if it fell at
R, S, or T. For, as the ftraight line P A í, drawn
from the fummit of the objeftP, through the middle
of the lens, always terminates the image-at whatever
diftance it may be, it is evident, that among the lines
O q, R r, S j, T í, the firft Q q is the fmalleft, and
that the others increafe in proportion as they remove
from the leris.

2. There is one cafe in which the image is precifely
equal to the objeít : it is when the diftance of the
image is equal to that of the objecl: ; and this takes •
place, as I have already remarked, when the diftance
of the objeft A O is double that of the focus of the
lens ; the image will then be Т /, fo that the diftance
В / is equal to A O. You have only then to confider
the two triangles O A P and Т А /, which having
the oppofite angles at the point A, as well as the
fides А О and A T equal each to each, as likewife the
angles at О and T, which are both right angles : thefe
two triangles will be every way equal, and confe-
quently'the fide T í, which is the image, will be equal

,to the fide OP, which is the object.
3. If the image were twice farther from the lens

than the' object, it would be double the objeót ; and,
in general, as many times as the image is farther from
the lens than the object, fo many times will it be

greater than the objedt. For the nearer you bring
^ the
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the object to the glafs, the farther the image retires,
and confequently the greater it becomes.

4. The contrary takes place when the image is
nearer the lens than the object ; it is then as many
times fmaller than the object, as it is nearer the iens
than the object is. If then the diftance of the image
Were one thoufand times lefs than that of the object,
it would likewife be one thoufand times fmaller. -

5. Let us apply this to burning-glafles, which, being
expofed to the fun, reprefent it's image in the focus,
or rather reprefent the focus, that is, the luminous
and brilliant circle which burns, and which is nothing
elfe but the image of the fun reprefented by the lens.
You win no longer be furprized, then, at the fm ail-
nefs of the image, notwithstanding the prodigious
magnitude of the fun, it being as many times fmaller
in the focus than the real fun, as the diftance of the
fun from the lens is greater than that of the image.

6. Hence likewife it is evident, that the greater is
the diftance of the focus of a burning-glafs, the more
brilliant alfo is the circle in the focus, that is, the
greater will be the image of the fiin : and the dia.
meter of the focus is always about one hundred times
fmaller than the diftance of the focus from the lens.

I fhall afterwards explain the different' ufes which
may be made of convex lenfes ; they are all luffi-
ciently curious to merit attention.

, tbth December, i~6 i .

LETTER
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L E T T E R LXXVIII.

Burning Glaffes.

ГТЛНЕ firft ufe of convex lenfes, is their employ.
-*- ment as burmng-glafles, the effect of which

mufi appear altogether aftonilhing, even to thofe who
already have forne acquaintance with natural philo-
fophy. In fact, who could believe, that the image
of the fun, fimply, íhould be capable of exciting fuch
a prodigious degree of-heat ? But your furprize will
ceafe; if you pleafe to pay fome attention to the fol-
lowing reflections.

ï. Let MN, (plate VI jig. 3.) be a burmng-glafs,
which receives on it's furface the rays of the fun
R, R, R, refrafted in fuch a manner as to prefemvat
F a fmall luminous circle, which is the image of the
fun, and fp much fmaller as it is nearer to the glafs.

2. All the rays of the fun, which fall on the fur-
face of the glafs, are collect*! in the fmall fpace of
the focus F; their, effect, accordingly, muft, in that
fpace, be as many times greater as the furface of the
glafs exceeds the magnitude of the focus, or of the
fun's image. We fay that the rays, which were dif-
perfcd over the whole furface of the glafs, are con-
centrated in the fmall fpace F.-

3. The rays of the fun having a certain degree of
heat, they exert their power, in u very fenfible man-
ner, at the focus ; it is poffible even to calculate how
many times the heat at the focus muft exceed the

natural,
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natural heat of the fun's rays : we have only to
obfcrve how many times the furface of the glafs is
greater than the focus.

4. If the glafs were not greater than the focus, the
heat would not be ftronger at the focus than any
where elfe ; hence we muft conclude, that in order
to the production of a ftrong heat by a burning-
glafs, it is not fufficient that it ihould be convex, or
that it fhould repréfent the image of the fun, it muft,
beiides, have a furface which feveral times exceeds
the magnitude of the focus, which is fmaller in pro-
portion as it is nearer to the glafs.

5. France is in poffeffion of the moft excellent burn-
ing-glafs ; it is three feet in diameter, and it's furface
is calculated to be nearly two thoufand times greater
than thé focus, or the image of the fun which it re-
prefbnts. It muft produce, therefore, in the focus, a
heat two thoufand times greater than that which we
feel from the fun. It's effects are, accordingly, pro-
digious : wood of every kind is, in a moment, fet on
fire; metals are melted in a few minutes; and, in
general, the moft ardent fire which we are capable
°f producing, is not once to be compared with the
vehement heat of this focus.

6. The heat of boiling water is calculated to be
about thrice greater than what we feel from the rays
of the fun in fummer, or, which amounts to the
fame thing, the heat of boiling water is thrice greater
than the natural heat of the blood in the human body.
But in order to melt lead, we muft have a heat thrice
greater than is requifite to make water boil ; and to

X 4 melt
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melt copper a heat ftill thrice greater is neceffary.
To melt gold requires a much higher degree of heat.
Heat, then, one hundred times greater than that of
our blood is capable of melting gold ; how far then
muil a heat two thoufand times greater exceed the
force of our ordinary fires ?

7. But how are thefe prodigious effeds produced
by the rays of the fun collected in the focus of a
burning-glafs ? This is a very difficult queftion, with
refpeft to which philofophers are very much divided.
Thofe who maintain that the rays are an emanation
from the fun, darted with the amazing velocity which
I formerly defcribed, are not greatly embarrafled for
a folution ; they have only to fay that the matter of
the rays, ftriking bodies with violence, muft totally
break and deftroy their minute particles. But this
opinion is no longer admitted in found philofophy.

8. The other fyilem, which makes the nature of
light to confift in the agitation of the ether, appears
little adapted to explain thefe furprizmg effects of
burning-glafles. On carefully exarhining, however,
all the circumftances, we fliall foon be convinced of
the poffibility of this. The natural rays of the fun,
as they fall on bodies, excite the minute particles of
the furface to a concu/fion, or motion of vibration,
•which, in it's turn, is capable of exciting new rays,
and by thefe the body in queftion is rendered viiible.
And a body is illuminated only fo far as thefe proper
particles are put into a motion -of vibration fo rapid
as to be capable of producing new rays in the ether.

9. It is clear, then, that if the natural rays of the
fun
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fun have fufficient force to agitate the minute par-
tides of bodies, thofe which are collected in the focus
muft put the particles which they meet there into
an agitation fo violent, that their mutual adhefion is
entirely diffolved, and the body itfelf completely de-
ftroyed, which is the effeft of fire. For if the body
is combuftible, as wood, the diflblution of thefe mi-
nute particles, joined to the moft rapid agitation,
makes a confiderable par-t of it to fly off into air, in
the form of fmoke, and the groffer particles remain
in form of aihes. Fufible bodies, as metals, become
liquid by the diflblution of their particles, whence we
may comprehend how fire adts on bodies ; it is only
the adhefion of their minuteft particles which is at-
tacked, and the particles themfelves are thereby after-
Wards put into, the moft violent agitation. Here,
then, is a very ftriking effect of burning-glafles, which
derives its .origin from the nature of convex lenfes.
There are befides many other wonderful effects to be
defcribed.

Decanter, 1761.

L E T T E R LXXIX.

The Camera Qbfcura.

VT 7E likewife employ convex lenfes in the ca.
V V mera obfcura^ and by means of them, all ex-

ternal objects are prefented in the darkened room on
a white furface, in their natural colours, in fuch a
Banner that landfcapes and public buildings, or ob-

jets
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jecb in .general, are reprefented in much greater pei>
feclion than the power of the pencil is capable of
producing. Painters accordingly avail themfelves of
this method, in order to draw, with exactnefs, land-
fcapes and: other objects which are viewed at a dif-
tarice,- The camera obfcura, then, is to be the fubjeft
of this letter.

E F G H, (plate VI.ßg. 4.) reprefents the form of a
camera obfcura, clofely ihut up on all fides, except one
little round aperture made in one of the window
ihutters, in which is fixed a convex lens, of fuch a
focus as to throw the image of external obiecb, fay
the tree OP, exactly on the oppofite wall F G, at о р.
A white and moveable table is likewife employed, '
which.is put in the place of the images reprefented.

The rays of light, therefore, can be admitted into
-the chamber only through the aperture M N, in
which the lens is fixed, without which total darknefs
would prevail.

Let us now confider the point P of any object,
fay the item of our tree О P. It's rays P M, P A,
P N will fall,-then, on the lens MN, and be refracted
by it, fo as to meet again at the point p on the wall,
or on a white table placed there -for the purpofe.
This point/) will coníèquently receive no other rays
but fuch as proceed from the point P ; and in like
manner every other point of the table will receive'
only the rays which proceed, from the correfponding
point of the object ; and reciprocally, to every point
of the external object will correfpond a point on the
table,1-which receives thofe rays and no other. If the

lens
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lens were to be removed from the aperture M N, the
table would be illuminated in quite a different man-
ner, for in that café every point of the objeft would
diffufe it's rays over the whole table, fo that every
point of the table would be illuminated at once by
all the external objecb, whereas at prefent it is fo by
one only, that whofe rays it receives ; from this you
will eafily comprehend that the effeft muft be quite
different from what it would be if the rays entered
fimply by the aperture MN into the chamber.

Let us now examine, fomewhat more clofely,
wherein this difference confifts ; and let us firil fup-
pofe that the point P of the object is green, the point
of the table p will, therefore, receive only thofe green
rays of the object P, and thefe, re-uniting on the
wall or table, will make a certain impreffion, which
here merits confederation. For this purpofe you will
plcaf'e to iecolleft the following propofitions which I
had formerly the honour of explaining to you.

ï. Colours differ from each other in the fame
ttianner as mufical founds : each colour is produced
by a determinate number of vibrations, which, in a
given time, are excited in the ether. The green
colour of our point P is accordingly appropriated
to a certain number of vibrations, and would no
longer be green were thefe vibrations more or lefs
rapid. Tliough we do not know the number of vi-
brations which produce fuch or fuch a colour, we
^ay, however, be permitted to fuppofe here that

' green requires twelve thoufand vibrations in a fé-
cond, and what we affirm of this number, twelve

thoufand,
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thouGmd, may likewife be eafily underftood of the
real number, whatever it be.

2. This being laid down, the point p on the white
table will be ftruck by a motion of vibration, of
which twelve thoufand will be completed in a fécond.
Now, I have remarked that the particles of a white
furface are all of fuch a nature as to receive every
fort of agitation, more or"lefs rapid, whereas thoic
of a coloured furface are adapted to receive only
that degree of rapidity which correfponds to their
colour. And as our table is white, the point p in it
will be excited to a motion of vibration correfpond-
ing to the colour of green ; in other words it will be
agitated twelve thoufand times in a fécond.

3. As long as the point p, or the particle of the
white furface which exifts there, is agitated with a
fimilar motion, this will be communicated to the
particles of the ether which furround it ; and this
motion diffufmg itfelf in all directions, will generate
rays of the fame nature, that is to fay, green; juft as
in mufic, the found of a certain note, fay C, agitates
a ftring wound up to the fame tone, and makes it
.emit a found_ without being touched.

4. The point f of the white table will accordingly
produce green rays, as if it were dyed or painted that
colour : and what I affirm of the point p, will equally
•take place with refpeft to all the points of the Ши»
minated table, which will produce all the rays, each
of the fame colour with that of thé object whofe
image it reprefents. Every point of the table will,

therefore,
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therefore, become vifible, under a certain colour, as

if it were actually painted that colour.

5. You will perceive, then, on the table, all the

colours of the external objects, the rays of which

will be admitted into the chamber through the lens :
each point in particular will appear of the colour of

that point of the object which correfponds to it, and

you will fee on the table a combination of various

colours, difpofed in the fame order as you fee them

in the objects themfelves, that is to fay, a reprefenta-

tion, or rather the perfect picture of all the objects

on the outfide of the dark chamber which are before
the lens NN.

6. All thefe objefts will, however, appear reverfed

Pn the table, as you will conclude from what I have

faid in my foregoing letters. The under part- of the

tree О will be reprefented at o, and the fummit P at
P : for, in general, each object muft be reprefented

°n the white table, in the place which is the termi-

nation of the ftraight line drawn from the object P

through the middle of the lens A: that which is
upward will, confequently, be reprefented down-

ward, and that which is to the left will be to the
r ight; in a word, everything will be reverfed in
the picture ; the reprefentation will, neverthelefs, be

more exaG and more perfect than the moft accurate

painter is capable of producing.
7- You will further remark, that this picture will

be fo much fmaller than the objects themfelves, in

Proportion as the focus of the lens is ihorter. L,enfes
of a fliort focus will accordingly give the objects in

miniature ;



318 THE CAMERA OBSCURA.

miniature ; and if you would wifli to have them
magnified, you muft employ lenfes of a longer focus,
or which reprefent the images at a greater diftance.

8. In order to contemplate thefe reprefentations
more at eafe, the rays may be intercepted by a mir-
ror, from which they are refracted, fo as to repre-
fent the whole picture on a horizontal table ; and
this is of peculiar advantage when we wifli to copy
the images.

id January, 1762.

L E T T E R LXXX.

Reflections on the Reprefentation in the Camera Obfcura.

r|CHOUGH you can no longer entertain any
JL doubt refpefting the reprefentations made in

a dark chamber, by means of a convex lens, I hope
the following reflections will not appear fuperfluous,
as they ferve to place this fubjeft in a clearer light.

ï. The chamber muft be completely darkened, for,
were the light admitted, the white table would be
vifible, and the particles of it's furface, already agi-
tated, would be incapable of receiving the impreflion
of the rays which unite to form the images of ex-
ternal objects. Though, however, the chamber were
a little illuminated, ftill fomething of the reprefenta-
tion would appear on the table, but by no means fo
vivid as if the chamber were entirely dark.

2. We muft carefully diftinguiih the pifture re-
prefented on the white table, from the image which

the
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the lens, in virtue of it's own nature, reprefents, аз I
have formerly explained. It is very true, that placing
the table in the very place where the image of the
objects is formed by the lens, this image will be con-
founded by the picture we perceive on the table ;
thefe two things are, neverthelefs, of a nature entirely
different : the image is only a fpectre or ihade float-
lng in the air, which is vifible but in certain places,
whereas the reprefentadon is a real picture, which
every one in the chamber may fee, and to which du-
ration alone is wanting.

3. In order the more clearly to elucidate this dif-
ference, you have only to confidcr carefully the na-
ture of the image o, (plate VI. fig. 5.) reprefented by
the convex lens MN, the objeót being at O. This
image is nothing elfe but the place in which the rays
ОМ, ОС, ON of the object, after having paûed
through the lens, meet by refraction, and thence
continue their direction as if they proceeded from
the point o, though they really originated from O,
and by no means from o.

4- Hence the image is viable only to eyes fituated
fomewhere within the angle R o Q, as at S> where
an eye will actually receive the rays which come to
11 from the point o. But an eye fituated .out of this
angle, as at F or V, will fee nothing at all of it, be-

no one of the rays collected at о is directed to-
it : the image at o, therefore, differs very effen-

tially from a reai object, and is vifible only in certain

Pbces.
$, But
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5. But if a white table is placed at o, and it's fur-
face at this point о is really excited to an agitation
fimilar to that which takes place in the objecT: O, this
fpot о of the furface itfelf generates rays .which ren-
der it vifible every where. Here, then, is the dif-
ference between the image of an object, and it's re-
prefentation made in a camera obfcura : the image
is vifible only in certain places, namely, thofe through
which are tranfmittèd the rays that originally pro-
ceed from the object ; whereas the picture, or repre-
fentation formed on the white table, is feen by it's
own rays, excited by the agitation of the particles
of it's furface, and confequently vifible in every place
of the camera obfcura.

6. It is likewife evident, that the white table muft
abfolutely be placed exaótiy in the place of the image
formed by the lens, in order that every point of the
table may receive no other rays except fuch as pro-
ceed from a fingle point of the objeâ : for if other
rays were likewife to fall upon it, they would dif-
turb the effect of the former, or render the repre-
fentation confufed,

7. Were the lens to be entirely removed, and free
admiflion given to the rays into the dark chamber,
the white table would be illuminated by it, but no
piâure would be viiible. The rays of the different
objects would fall on every point of the table, with-
out exprefling any one determinate image. The
picture, accordingly, which we fee in a camera ob-
fcura, on a white furface, is the effect of the convex

ï lens



THE CAMERA OBSCURA. 321

lens fixed in the ihutter : this it is which collects
anew, in a fmgle point, all the rays that proceed
from one point of the object.

8. A very iingular phenomenon is here, however,,
obfervable, when the aperture, made in the window-
ihutter of the dark chamber, is very fmall: for though
no lens be applied, you .may, neverthelefs, perceive
on the oppofite partition the images of external ob-
jects, and even with their natural colours : but the
reprefentation is very faint and confufed, and if
the aperture is enlarged this reprefentation entirely
difappears. ï mail explain this phenomenon.

In fig. 6. plate VI. MN is the fmall aperture through
which the rays of external objects are admitted into
the dark chamber EFGH. The wall FG oppofite
to the aperture is white, the better to receive the
impreffion of rays of all forts.

Let the point О be an object, of which the rays
OM, ON alone, with thofe which fall between them,
can enter into the chamber. Tliele rays will be con-
fined to the fmall fpacc о о of the wall, and will illu-
minate it. This fpace о о will be fo much fmaller,
Or approach the nearer to a point, in proportion as
the aperture MN is fmall : if then this aperture were
very fmall, we ihould have the effect already de-
fcribed, according to which every point of the white
table receives only the rays proceeding from a iingle
Point of the object : there would be produced, of
confequence, a reprefentation fimilar to tLat which
*s produced by the application of a convex lens to an
aperture in the window-ihutter. But in the prefent

VOL. II. Y cafe,
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cafe, the aperture being of a certain extent, every
point О of the object will illuminate a certain fmall
fpace о о on the wall, and agitate it by it's rays. The
fame thing then, nearly, would take place, as if a
painter, inftead of making points with a fine pencil,
íhould with a coarfe one make fpots of a certain
magnitude, attending, however, to defign and co-
louring, the reprefentation made on the wall will
have a refemblance to this fort of daubing ; but it
will be clearer in proportion to the fmallneis of the
aperture by which the rays are admitted.

yb January, 1762.

LETTER LXXXI.

Of the Magic Lantern, and Solar Microfcope.

ГТЛНЕ camera obfcura has properly no effecl: except
'•*• on very diftant objects, but you will eaffly com-

prehend, that it's application may be equally ex-
tended to nearer objefts ; for this purpofe the white
table muft be removed further from the lens, con-
formably to this general rule, that the nearer the.
object is brought to the convex lens, the farther
does the image, where the white table ought to be
placed, retire from it ; and if the chamber is not of
fufficient depth, a different lens, of a mortel: focus,
muft be employed.

You may place then, out of the chamber, before
the aperture to which the convex lens is fitted, any
objecT: or picture whatever, and you will fee a copy

of
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of it on the white table within the dark chamber,
greater or fmaller than the original, according as the
diftance of the image is greater or fmaller -, but it
would be more commodious, undoubtedly, if the
objeft could be expofed within-fide the dark cham-
ber, in order to it's being moved and changed at
pleafure. But here a great difficulty occurs; the
objecl: itfelf would, in this cafe, be darkened, and
confequentíy rendered incapable of producing the

we wifli.
The thing wanted, then, is, to illuminate the ob-

as much as poffible, within-fide the dark cham-
ber, and at the fame time to exclude -the light. I
have found out the means of doing this. You -will
recolle£t that I conftrufted a machine to the effeil I
am mentioning, which I had the honour of prefent-
ing to you fix years ago ; and now you will eafily
comprehend the ftrucbire, and the principles on
which it is founded.

This machine confifts of a box very clofe on ail
fides, nearly of a figure fimilar to Jig. 7. f late VII.
The farther fide of which E G has an opening IK,
in which are to be fitted the objefts, portraits or
other pictures OP which you mean to reprefent ; on
the other fide, directly oppofite, is a tube MNQR,
containing a convex lens MN; this tube is moveable,
for the purpofe of bringing the lens nearer to the
Qbjeot, or of removing it at pleàfure. Then, pro-
vided the object OP be well illuminated, the lens
'will throw fomewhere the image of it op, and if
you there place a white tablet, you will fee upon it

У 2 a perfeft
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a.perfect copy of the object, fo much the clearer as
the objea itfelf is more illuminated.

For this purpofe I have contrived in this box two
fide wings for the reception of lamps with large
wicks, and in each wing is placed a mirror to reflect
the light of the lamps on the objefts OP ; above, at
EF, is a chimney by which the fmoke of the lamps
paffes off. Such is the conftruction of this machine,
within which the objeft O P may be very ftrongly
illuminated, while the darknefs of the chamber fuf-
fers no diminution. In order to the proper ufe of"
this machine, attention muft be paid to the follow-
ing remarks.

I. On fliding inward the tube MNQR, that is
bringing the lens MN nearer to the object O P, the
image op will retire ; the white tablet muft therefore
be removed backward, to receive the image at the
juft diftance; the image will thereby be likewife
magnified, and you may go on to enlarge it at plea-
fure by preffing the lens. MN nearer and nearer to
the object OP.

II. On removing the lens from the object, the
diftance of the image will be diminiihed : the white
tablet muft in this cafe be moved nearer to the lens,
in order to have a clear and diftinet reprefentation,
but the image will be reduced.

III. It is obvious that the image will be always
reverfed ; but this inconveniency is eaiily remedied ;
you have only to reverie the object OP itfelf, 'turn-
ing it upfide down, and the image will be repre-
iented upright on the white tablet.

IV. It
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IV. It is a farther general remark, that the more
the image is magnified on the white tablet, the lefs
luminous and diftinct it will be; but on reducing^
the image, it is rendered more diftinct and brilliant.
The reafon is plain, the light proceeds wholly from
the illumination of the object ; the greater that the
fpace is, over which it is diffufed, the more it muft
be weakened, and the more contracted it is, the
more brilliant.

V. Accordingly, the more you wiih to magnify
the reprefentation, the more you muft ftrengthen
the illumination of the objeft, by increafing the light
of the lamps in the wings of the machine : but for
fmall reprefentations a moderate illumination is fuf-
ficient.

The machine which I have been defcribing is
called the magic-lantern, to diftinguifli it from the
common camera obfcura, employed for reprefenting
diftant objects : its figure, undoubtedly, has pro-
cured it the name of lantern, efpecially as it is de-
figned to contain light ; but the epithet magic muft
have been an invention of it's firft proprietors, who
^viihed to imprefs the vulgar with the idea of magic
°r witchcraft. The ordinary magic-lanterns, how-
ever, are not conftructèd in this manner, and ferve
to reprefent no' other objects but figures painted од
glafs, whereas this machine may be applied to objects
°f all forts.

It may even be employed for rèprefenting the
objects, and ,for magnifying the reprefenta»

to a prodigious fize, fo as that the fmalleft fly
Y 3 mall
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lhall appear as large as an elephant : but, for this
purpofe, the ftrongeft light that lamps can give is
far from being fufficient ; the machine muft be dif-
pofed in fuch a manner that the objefts may be illu-
minated by the rays of the fun, ftréngthened by a
bü'rning-glafs : the machine, in this cafe, changes
it's name, and is called the folar-microfcope : I fhall
have occafion to fpeak of it more at large in the
fequel.

^tb January, 1762.

L E T T E R LXXXII.

Ufe and Effeff of afimple Convex Lens.

"\ Т ТЕ likewife employ convex lenfes for imme-
* * diately looking through : but in order to

explain their different ufes, we muft go into a dofer
inveftigation of their nature.

Having obferved the focal diftance of fuch a glafs,
I have already remarked, that when the object is
very remote, it's image is reprefented in the focus^
itfelf, but on bringing the object nearer to the lens,
the image retires farther and farther from it ; fo that
if thss diftance of the objed be equal to that of the
focus of the lens, the image is removed to an in-
finite diftance, and, confequently, becomes infinitely
great.

The reafon is, that the rays ОМ, ОМ, (plate VI-
fé- l-) which come from the point O j are refra&ed
. by the lens, fo as to become parallel to each other,

as
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as N F, NF; -and as parallel lines are fuppofed to pro,
ceed forward to infinity, and as the image is always
in the place where the rays, ifluing from one point;
of the object, are collected again after the refraction ;.
in the cafe when the objeft О A is equal to that of
the focus of the lens, the place of the image removes
to an infinite diftance ; and as it is indifferent whe-
ther we conceive the parallel lines NF and NF to
meet at an infinite diftance to the left or to the right,
it may be faid indifferently, that the image is to the
right or to the left, infinitely diftant, the effecT: being
always the fame.

Having made this remark, you will eafily judge
what muft be the place of the image, wheji the ob-
jeâ is brought ftill nearer to the lens.

Let OP, (plate VI. ßg. 8.) be the object, and as
it's diftance О A from the convex lens is lefs than
the diftance of the focus, the rays ОМ, ОМ, which
fall upon it from the point O, are too divergent to
admit of the poffibility of their being rendered pa-
rallel to each other by the refr.aftiv.e power of the
Hens ; they will, therefore, be ftill divergent after the
refradion, as marked by the lines NF, NF, though
.much lefs fo than before, therefore if thefe lines are
produced backward, they will meet fomewhere at 0,
as you may fee in the dotted lines Ne, N0. The
rays NF, NF8 will, of confequence, after having
pafíed through the lens, preferve the fame direction
as if they had proceeded from the point a, though
they have not actually paffed through that point, as
it is only in the lens that they have taken this new

Y 4 direction.
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direction. An eye which receives tliefe refracted
rays NF, NF, will be, therefore, affected as if they
really came from the point o, and will imagine that
the object of it's vifion exifts at o. There will, how-
ever, be no image at that point, as in the preceding
cafe : to no purpofe would you put a white tablet at
o, it would prefent no picture there, for want of
rays ; for this reafon we fay that there is an imagi-
nary image at o, and not a real one : the term ima-
ginary being oppofed to that of real.

Neverthelefs, an eye placed at E, receives the fame
impreffion as if the object. OP, from which the rays
originally proceed, exifted at o. It is of great im-
portance, then, to know, as in the preceding cafe?,
the place and the magnitude of this imaginary image
op. As to the place, it is fufficient to remark, that
if the diftance of the object АО be equal to the dif-
tance of the focus of the lens, the image will be at
an infinite diftance from it, and this is what the pre-
fent cafe has in common with the preceding ; but
the nearer the object is brought to the lens, or the
lefs that the diftance АО becomes than that of the
focus of the lens,the nearer does the imaginary imago
approach to the lens, though, at the fame time, it
remains always at a greater diftance from the lens
than the object itfelf.

To elucidate this by an example, let us fuppofe
that the focal diftance of the lens is 6 inches, and
for the different diftances of the object, the annexed
table indicates the diftance of the imaginary image of-

Diftance



SIMPLE CONVEX LENS. 329

Pittance of the Objeft A О.

б

5
4

3
2

1

Diftance of the imaginary Image
A o .

Infinity

3°
12

.6

3
ï and a fifth.

The rule for afcertaining the magnitude of this
imaginary image op is eafy and general, you have
only to draw through the middle of the lens, marked
C, and through the extremity of the object P^ the
firaight line C P/> ; and where it meets with the line
o p drawn from о at right angles with the axis of the
lens, you will have found the magnitude of the ima-
ginary image op ; from which it is 'evident, that this
image is always greater than th2 object O P itfelf, as
many times as it is farther from the lens than the
object О P. It is likewife evident, that this image
is not reverfed, as in the preceding cafe, but upright
as the object.

You will eafuy comprehend, from what I have
faid, the benefit 'that may be derived from lenfes of
this fort, by perfons whofe fight is not adapted to
the view of near objects, but who can fee them to
more advantage at a confiderable diftance. They
have only to look at objects through a convex lens,
in order to fee them as if they were very diftant.
The defect of fight with refpect to near objects oc-
curs ufually in aged people, who confequently make

u
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life of fpeelacles with convex glafles, which, expofed
to the fun, produce the effeâ: of a burning-glafs, and
this afcertains the focal diftance of every glafs. Some
perfons have occafion for fpeftacles of a very near
focus, others of one more diftant, according to the
ftate of their fight ; but it is fuificient, for my pre-
fent purpofe, to have given a general idea of the ufe
of fuch fpe&acles.

1 zth January, 1762.

L E T T E R LXXXIII.

Ufe and Effect of a Concave Lens.

"\7 OU have feen how convex glafles affift the fight
JL of old people, by reprefenting to them objects

as at a greater diitance than they really are : there are
eyes, on the contrary, which, in order to diftmcl: vir
fion, require the objects to be reprefcnted аз nearer ;
and concave glafles procure them this advantage :
which leads me to the explanation of the effect of
concave lenfes, which is direeuy the contrary of that
of the convex.

When the objed: О P? ("plate VLßg. 9.) is very
diftant, and it's rays O M, ОМ, fall almou parallel
on the concave lens T V, in this cafe, inftead of be--
coming convergent by the refraftion of the lens,
they, on the contrary, become more divergent, pur-
ftiing the direction N F, N F, which, produced back-
ward, meet at the point o j fo that an eye placed, for
example, at E, receives ihefe refracted rays in the

7 fame
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ume manner as if they proceeded from the point o,
though they really proceed from the point О ; for
this reafon I have, in the figure, dotted the ftraight
lines N o, N o.

As the objeft is fuppofed to be infinitely diftant,
•Were the lens convex the point о would be what we
call the focus ; but as, in the prefent cafe, there is no
real concurrence of rays, we call this point, the ima-
ginary focus of the concave lens ; fome authors like-
wife denominate it the point of difperßon, becaufe the
rays, refracted by the glafs, appear to be difperíèd
from this point.

Concave lenfes, then, have no real focus, like the
convex, but only an imaginary focus, the diitance of
which from the lens A o is, however, denominated
the focal diftance of this lens, and ferves, by means
of a rule fimilar to that which is laid down for con-
vex lenfes, to determine the place of the image, when
the objeft is not infinitely diftant. Now this image
is always imaginary, whereas in the cafe of convex
lenfes, it becomes fo only when the object is nearer
than the diftance of the focus. Without entering
into the explication of this rule, which reipecb cal-
culation merely, it is iufficient to remark :

I. When the objeft O P is infinitely diftant, the
imaginary image o p is reprefented at the focal dif-
tance of the concave lens, and this too on the fame
fide with the objeft. Neverthelefs, though this
image be imaginary, the eye placed at E is quite as
much affeued by it as if it were real, confonnabiy
to the explanation given on the fubjedl of convex

lenfes,
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lenfes, when the object is nearer the lens than it's
focal diftance.

II. On bringing the object O P nearer to the lens,
it's image op will likewife approach nearer, but in
fuch a manner, that the image will always be nearer
to the lens than the object is ; whereas, in the cafe
of convex lenfes, the image is more diftant from the
lens than the object. In order to elucidate this'more
clearly, let us fuppofe the focal diftance of the con-
cave lens to be 6 inches.

It the Uittarc; ot tlic Object
О A is

Infinite

3°
12

6

3
2

lhe Diftance of the 1
o A will be

6

5
4

3
2

ï and a half.

mage

III. By the fame rule you may always determine
the magnitude of the imaginary image op. You
draw from the middle of the lens a ftraight line, to
the extremity of the object P, which will pafs through
the extremity f of the image. For, fince the line
P A reprefents a ray coming from the extremity of
the object, this fame гяу muft, after the refraction,
pafs through the extremity of the image ; but, as
this ray P A pafles through the middle of the lens, it
undergoes no refraction; therefore it muft itfelf
p^fs through the extremity of the image, at the
point p.

IV. This
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IV. This image is not reverfed, but in the fame
poiition with the pbjeft ; and it may be laid'down.
as a general rule, that whenever the image falls on
the fame fide of the lens that the objeft is, it is al-
ways reprefented upright, whether the lens be con-
vex or concave ; but when reprefented on the other
fide of the lens, it is always reverfed ; and this сад
take place only in convex lenfes.

V. It is evident, therefore, that the images repre-
fented by concave lenfes are always fmaller than the
objects ; the reafon is obvious, the image is always
nearer than the objeét ; you have only to look at
the figure to be fatisfied of this truth. Thefe are
the.principal properties to be remarked refpecting
the nature of concave lenfes, and the manner in which
objects are reprefented by them.

It is now eafy to comprehend how concave glafles
may be rendered eflentially ferviceable to perfons
whofe fight is fliort. You are acquainted with fome
who can neither read nor write without bringing the
paper almoft clofe to their nofc. In order, therefore,
to their feeing diftincÜy, the objecl muft be brought
very near to the organ of vifion ; I think I have for-
merly remarked that fuch perfons are denominated
Mifyes. Concave lenfes, then, may be made of great
ufe to them, for they reprefent the moft diftant ob-
jects as very near : the image not being farther from
fuch glafles than their focal distance, which, for the
moft part, is only a few inches.

Thefe images, it is true, are much fmaller than the
themfelves : but this by no means prevents

diftinctncfs
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diftin&nefs of vifion. A fmall object, near, may ap-
pear greater than a very large body at a diftance. In
fact, a two-dreyer piece* appears to the eye greater
than a ftar in the heavens, though that ftar far ex-
ceed the earth in magnitude.

Ferions whofe fight is ihort, or Míopes, have oc-
cafion, then, for glafles which reprefent objefts as
nearer ; fuch are concave lenfes. And thofe whofe
fight is long, or Pre/biies, need convex glafles, which
reprefent to them objects at a greater diftance.

lòíb Janttaiy, 1762.

L E T T E R LXXXIV.

Of apparent Magnitude, of the Vifital Angle, and of
Microfcapes in general

T HAVE been remarking, that Miopes are obliged-
JL to make vrfc of concaveglafles to alfift their vifion
of diftant obje&s, and that Preflrifes employ convex
glafics in order to a more diftinft vifion of foch as
are near : each fight has a certain extent, and each
requires a glafs which ihall reprcfentobj efts -perfectly.
This diftance in the Miopes is very fmall, and in the
Preßites very great: but there are eyes fo happily
conformed, as to fee nearer and more diftant objecte
..equally well.

Neverthelefs, of whatever nature any perfon's fight
may be, this diftance is never very fmall : there isso

* A fmall (ihrer coin, fomewhat bigger than the pupil of the

eye, in value the forty-eighth part of a crown.
Miope
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Miopc capable of feeing diftinffly at the diftance of
lefs than an inch ; you itiuft have obferved, that
when the objeft is brought too clofe to the eye, it
has ä very confuféd appearance ; this depends on the
ftrudhire of the organ, which is fuch in the human
ipecics, as not to adm.it of their feeing objecb very
near. To infefts, on the contrary, very diftant ob-
jefts are invifible, while they eafily fee fuch as are
hearer. I do not believe that a fly is capable of fee-
ing the ftars, becaufe it can fee extremely well at the
diftance of the tenth part of an inch, a diftance at
which the human eye can diftinguiih abfolutely no-
thing. This leads me to an explanation of the mi-
crofcope, which reprefents to us the fmalleft object
às if it were very great.

In order to convey a juft idea of it, I muft entreat
you carefully to diftinguiih between the apparent
and the real magnitude of every object. Real mag-
nitude conftitutes the objecl: of geometry, and is in-
variable as long as the body remains in the fatte
ftate. But apparent magnitude admits of infinite
variety, though the body may remain always the
fame. The ftars, accordingly, appear to us extremely
fmall, though their real magnitude is prodigious, be-
caufe we are at an immenfe diftance from them.
Were it poffible to approach them, they would ap-
pear greater, from which you will conclude^ that the
apparent magnitude depends on the angle formed
in our eyes, by the rays which proceed from the ex-
tremities of the objecb

Let P O Q (plate VIL fg. ï.} be the object of vi-
fion,
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fiori, wEich, if the eye were placed .at A, would ap"
pear under the angle P A Q, called the vifual angle»
and which indicates to us the apparent magnitude of
the object ; it is evident, on infpefting the figure,
that the farther the eye withdraws from the object,
the fmaller this angle becomes, 'and that it is poiiïble
for the greateft bodies to appear to us under a very
fmall vifual angle, provided our diftance from them
be very great, as is the cafe with the ftars. But when
the eye approaches nearer to the object, and looks at
it from Bj it will appear under the, vifual angle P B O,
which is evidently greater than P A Q. Let the eye
advance ftill forward to C, and the vifual angle
P C Q is ftill greater. Farther, the eye being placed
at D, the vifual angle will be P D O ; and on advan-
cing forward to E, the vifual angle will be P E Q,
always greater and greater. The nearer, therefore,
the eye approaches to the object, the more the vi-
fual angle increafes, and confequently likewife the
apparent magnitude. However fmall the object may
be, it is poffible,.therefore, to increafe it's apparent
magnitude at pleafure, you have only to bring it fo
near the eye as is neceifary to form fuch a vifual
angle. A fly near enough to the eye may, of con-
fequence, appear under an angle as great as an ele-
phant at the diftance of ten feet. In a companion
of this fort, we muft take into the account the dif-
tance at which we fuppofe the elephant to be viewed :
unlefs this is done, we affirm abfolutely nothing ; for
an elephant appears great only when we are not very
far from it ; at the diftance of a mile, it would be

impoffible,
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impoffible, perhaps, to diftinguifli an elephant from a
pig ; and, tranfported to the moon, he would be-
come abfolutely invifible ; and I might affirm with
truth, that a fly appeared to me greater than an ele-
phant, if the latter was removed to a very confider-
able diftance. Accordingly, if we would exprefs
ourfelves with precifion, we muft not' fpeak of the
apparent magnitude of a body, without taking dif-
tance likewife into the account, as the fame body
may appear very great or very fmall, according as it's
diftance is greater or lefs. It is very eafy, then, to
fee the fmalleft bodies under very great vifual angles j
they need only to be placed very clofe to the eye.

This expedient may be well enough adapted to a
fly, but the human eye could fee nothing at too fmall
a diftance, however fliort it's fight may be ; befides,
perfons of the beft fight would wifh to fee likewife
the fmalleft objecb extremely magnified. The thing
required, then, is to find the means of enabling us
to view an object diftinftly, notwithftandihg it's
great proximity to the eye. Convex lenfes render
Us this fervice, by removing the image of objecb
which are too near.

Let a very fmall convex lens M N be employed,
(plate VILßg. 2.) the focal diftance of which ihall be
half an inch j if you place before it a fin all object
O P, at a diftance fomewhat lefs than half an inch,
the lens will reprefent the image of it o p, as far off
as could be wifhed. On placing the eye, then, be-
hind the lens, the object will be feen as if it were at,
o, and at a fufficient diftance, as if it's magnitude

VOL. II. Í • . were
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were op : as the eye is fuppofed very near the lens,
the vifual angle will be p t o, that is the fame as
РтЧЭ, under which the naked eye would fee the ob-
ject O P in that proximity ; but the vifion is become
diftinct by means of the lens : fuch is the principle on
which microfcopes are conftructed.

igtb January, 1762.

L E T T E R LXXXV.

Eßimation of the Magnitude of Objefts viewed through
the Microfcopc.

"TTTHEN feveral perfons view the fame object
* У through a rnicrofcope, the foot of a fly, for

example, they all agree that they fee it greatly mag-
nified, but their judgment reflecting the real mag-
nitude will vary : one will fay, it appears to him as
large as that of a horfe ; another, as that of a goat ;
a third, as that of a cat. No one, then, advances any
thing pofitive on the fubject, unlefs he adds, at what
diftance he views the feet of the horfe, the goat, or
the cat. They all mean, therefore, without expreffing
it, a certain diftance which is undoubtedly different ;
confequcntly there is no reafon to be furprized at the
variety of the judgments which they pronounce, as
the foot of a horfe, vicwed^at a diftance, may very
Well appear no bigger than that of a cat, viewed near
to the eye. Accordingly, when the queftion is to be
decided, How much does the microfcope magnify an
object ? we muft accuftom ourfelves to a more accu-

rate
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rate mode of expreffion, and particularly to fpecify
the diftance, in the companion which we mean to
inftitute.

It is improper, therefore, to compare the appear-
ances prefented to us by the microfcope, with objects
of another nature, which we are accuftomed to view
fometimes near, and fometimes at a diftance. The
rnoft certain method of regulating this eftimation
feenis to be that which is actually employed by authors
who treat of the microfcope. They compare a fmall
object viewed through the microfcope with the ap-
pearance which it would prefent to the naked eye,
on being removed to a certain diftance ; and they
have determined, that, in order to contemplate fuch
fmall object to advantage by the naked eye, it ought
-to be placed at the diftance of eight inches, which is
the ftandard for good eyes, for a íhort-íighted pcrfon
would bring it clofer to the eye, and one far-fighted
would remove it. But this difference does not affect
the reafoning, provided the regulating diftance be
fettled ; and no reafon can be affigned for fixing on.
any other diftance than that of eight inches, the dif-
tance received by all authors who have treated of the
fubject. Thus, when it is faid that a microfcope mag-
nifies the object a hundred times, you are to under-
fland that, with the affiftance of fuch microfcope, ob-
jefts appear a hundred times greater than if viewed
*t the diftance of eight inches, and tfeus you will
form a juft idea of the effect of a microfcope.

In general, a microfcope - magnifies as many times
as an object appears larger than if it were viewed

Z 2 without
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without the aid of the glafs, at the diftance of eight
inches. You will readily admit that the efFeft is fur-
prizing, if an object is made to appear even a hundred
times greater than it would to the naked eye, at the
diftance of eight inches : but it has been carried much
farther, and microfcopes have been conftrufted,which
magnify five hundred times, a thing almoft incredible.
In fuch a cafe it might be with truth affirmed, that
the leg of a fly appears greater than that of an ele-
phant. Nay I have full conviffion, that it is poffible
to conftrudt microfcopes capable of magnifying one-
thoufand, or even two thoufand times, which would
undoubtedly lead to the difcovery of many things
hitherto unknown.

But when it is affirmed, that an öbjeft appears,
through the microfcope, a hundred times greater
than when viewed at the diftance of eight inches, it
is to be underftood that the object is magnified as
much in length, as in breadth and depth, fo that each
of thefe dimenfions appears a hundred times greater-
You have only, then, to conceive, at the diftance of
eight inches, another object fimilar to the firft, but
whofe length is a hundred times greater, as well at
•it's breadth and depth, and fuch will be the image
viewed through the microfcope. Now, if the length»

•the breadth and depth of an object, be a hundred
times greater than thofe of another, you will eafity
perceive thAt the whole extent will be much more
than a hundred times greater. In order to put this
in the clearcft light, let us co'nceive two parallelograms
A B C D, and E F G H, (plate VIL ßs. $.) of the

fame
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fame breadth, but that the length of the firft A B,
fliall be five times greater than the length of the other
E F ; it is evident that the area, or fpace contained
in the firft, is five times greater than that contained
Ш the other, as in fact this laft is contained five times
in the firft. To render, then, the parallelogram A D,
five times greater than the parallelogram E H, it
is fuificient that it's length A B be five times greater,
the breadth being the fame; and if, befides, the
breadth were likewife five times greater, it would be-
come five times greater ftill, that is five times five
times, or twenty-five times greater. Thus, of two
furfaces, if the one be five times longer and five
times broader than the other, it is, in fact, twenty-
five times greater.

If we take, farther, the height or depth into the
account, the increafe will be ftill greater. Conceive
two apartments, the one of which is five times

longer, five times broader and five times higher than
the other ; it's contents will be five times 35 times,
that is 125 times greater. When, therefore, it is
faid that a microfcope magnifies ï op times, as this is
to be underftopd not only of length, but of breadth
and depth, or thicknefs, that is of three dimenfions,
the whole extent of the object will be increafed ï oo
times zoo times 100 times ; now 100 times 100 make
10,000, which taken again joo times make 1,000,000;
thus when a microfcope magnifies 100 times, the
^vhole extent of the object is reprelented 1,000,000
times greater. We fatisfy ourfelves, however, with

that the microfcope magnifies 100 tjmes ; but

Z'3 V
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it is to be underftood that all the three dimenfions,
namely, length, breadth, and depth are reprefented
loo times greater. If then a microfcope mould
magnify looo times, the whole extent of the object
would become 1000 times 1000 times TOCO times
greater, which makes 1000,000,003, or a thoufand
millions : a moft aftoniihing effect ! This remark is
neceflary to the formation of a juft idea of what is
did refpefting the power of microfcopes.

ajai January) 1762.

LETTER LXXXVI.

Fundamental Prot ofiilon for the Conßruftion of Simple
Microfcopes. Plan of fome Simple Microfcopes.

TTTAVING explained in what mähner we are en-
JLJL abled to judge of the power of microfcopes,
it will be eafy to unfold the fundamental principle
for the cor.ftruftion of fimple microfcopes. And
liere it may be necefiary to remark, that there are
two kinds of microfcopes ; fome conilfting of a iuigle
lens, others of two or more, named, accordingly»
iimple or compound microfcopes, and which require
particular elucidations. I íhall coiifír.e myfelf, at
prefent, to the iimple microfcope, which cor*, lifts of a
fingle convex lens, the efleâ: of which is determined
by the following propoiition : A fimple microfcope mag'
nißes as many times as it's focal dißance is nearer than
eight inches. The demonftratlon follows.

Let M N, (plate VIL ~ßg. 4.} bé a convex lens,
whofe focal diftancea at which the object O P тц^

be
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be placed nearly, in order that the eye may fee it

diftinitiy, fliall be С О; -this objeft will be perceived
under the angle О С Р. But if it be viewed at' the
diftance of eight inches, it would appear under an
angle as many times fmaller as the diftance of eight
inches furpaffes the diftance С О : the object will ap-
pear, therefore, as many times greater than if it were
viewed at the diftance of eight inches. Now, in con-
formity to the rule already eftabliihed, a microfcope
magnifies as many times as it prefents the object
greater than if we viewed it at the diftance of eight
inches. Confequently a microfcope magnifies as
many times as it's focal diftance is lefs than eight
inches. A lens, therefore, whofe focal diftance is an
inch, will magnify precifely eight times ; and a lens
whofe focal diftance is only half an inch, will magnify
fixteen times. The inch is divided into twelve parts,
called lines ; half an inch, accordingly, contains fix
lines; hence it would be eafy to determine how
many times every lens, whofe focal diftance is given
in lines, muft magnify ; according to the following
'table :

Focal diftance of the lens in lines,

12. 8. 6. 4. 3. 2. ï. I lines
magnifies 8. 12. 16. 24. 32. 48. 96. 192 times

Thus a convex lens, whofe focal diftance is one
line, magnifies ninety-fix times, and if the diftance
be half a line, the microfcope will magnify one hun-
dred and ninety-two, that is near two hundred times.
Were greater effect ftill to be defired, lënfes muft be
conftrufted of a ftill fmaller focus. Now, it has been

Z 4 already
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already remarked that, in order to conftruft a lens
of any certain given focus, it is only necefiary to
make the radius of each face equal to that focal dif-
tance, fo that the lens may become equally convex
on both fides. I now proceed, then, to place before
you (plate VII. fig. $._) the form of fome of thefelenfes
or microfcopes.

I. The focal diftance of this lens A O is one inch or
twelve lines. This microfcope, therefore, magnifies
eight times.

II. The focal diftance of the lens M N is eight lines.
This microfcope magnifies twelve times.

III. The focal diftance of the lens MN is fix lines.
This microfcope magnifies fixteen times.

IV. The focal diftance of this lens is four lines ;
and fuch a microfcope magnifies twenty-four times.

V. The focal diftance here is three lines. This mi-
crofcope magnifies thirty-two times.

VI. The focal diftance here is two lines. This mi-
crofcope magnifies forty-eight times.

VII. The focal diftance of this lens is only one line ;
and fuch a microfcope magnifies ninety-fix times.

It is poffible to conftruft microfcopes ftill much
fmaller. They are actually executed, and much more
confiderable eflecb are produced ; whence it muft be
carefully remarked, that the diftance of the object
from the glafs becomes fmaller and fmaller, as it muft
be nearly equal to the focal diftance of the lens. I
fay nearly', as every eye brings the glafs clofer to it,
fomewhat more or lefs, according to it's formation ;
the ihort-fighted apply it clofer, the far-fighted lefs
fo. You perceive then, that the effect is greater, as

the



SIMPLE MICROSCOPE. 345

the microfcope ór lens become fmaller, and the clofer
likewife the object muft be applied j this is a very
great inconvenience, for, on the one hand, it is
troublefome to look through a glafs fo very (mall,
and, on the other, becaufe the object muft be placed
fo near the eye. . Attempts have been made to re-
medy this inconvenience, by a proper mounting,
which may facilitate the ufe of it ; but the vifion of
the object is confiderably difturbed, as foon as the
diftance of it undergoes the flighteit change : and as
in the cafe of a very fmall lens, the object muft almoft
touch it, whenever the furface of the object is in the
leaft degree unequal, it is feen but confufedly. For,
while the eminences are viewed at the juft diftance,
the cavities being too far removed, muft be feen very
confufedly. This Anders it neceflary to lay afide
fimple microfcopes, when we wiih to magnify very
confiderably, and to have recourfe to the compound
microfcope.

zbtb "January, 1762.

LETTER LXXXVII.

Sounds, and Defefls of the Simple Microfcope.

*\"7"OU have now feen how fimple microfcopes may
J- be conftructed, which fliall magnify as many

'times as may be defired ; you have only to meafure
°ff a ftraight line of eight inches, like that which I
bave marked A B,* (plate VII. fig. 6.J which contains

* It being itnpoffible here to prefent a ftraight line of eight
lnches, one of four is employed for the purpofe of demonftrntion.

precifely
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precifely eight- inches of the Rheniih foot, which is
the ftandard all over Germany. This line A B muft
then be fubdivided into as many equal parts as cor-
refpond to the number of times you wifli to mag-
nify the object propofed, and one of thefe parts will
give the focal diftan.ce of the lens that is requifite.
Thus, if you wiih to magnify a hundred times, you
muft take the hundredth part of the line АБ, confe-
quently, you muft conftruct a lens whofe focal dif-
tance íhall be precifely equal to that part A ï, which
will give,, at the fame time, the radius of the furfaces
of the lens reprefented in article -VII, of the preceding
figure. Hence it is evident, that the greater the
effect we mean to produce, the fmaller muft be the
lens, as well as the focal diftance at which the object
O P muft be placed before the lens, while the eye is
applied behind it : and if the lens were to be made
twice fmaller than what I have now defcribed, in
order to magnify two hundred times, it would be-
come fo minute, as almoft to require a microfcope to
fee the lens itfelf ; befides it would be neceflary to
approach fo clofe, as almoft to touch the lens-, which,
as I have already obfcrved, would be very inconve-
nient. The effect of the microfcope, therefore, could
hardly be carried beyond two hundred times ; which
is by no means fufikient for the inveftigation of many
of the minuter. productions of nature. The pureft
water contains fmail animalcules, which, though mag-
nified two hundred times, ftill appear no bigger than
.fleas -, and a mierofcope which ihould magnify 20,000
.times, would be neceflary to magnify their appear-
ance to the /ize of a rat, and we are far from reach-

ing
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ing this degree, even with the afliftance of the com-
pound microfcope.

But beiides the inconveniences attending the ufe
of iimple microfcopes which have been already
pointed out, all thofe who employ them, with a view
to very great efleft, complain of another coniiderable
defect ; it is this, the more that objecb are magnified,
the more obfcure they appear ; they feem as if viewed
in a very faint light, or by moon-light, fo that you
can hardly diftinguiih any thing clearly. You will
not be furprized at this, when you recolleft, that the
light of the full moon is more than two hundred
thoufand times fainter than that of the fun.

It is of much importance, therefore, to explain
whence this diminution of light proceeds. We. can
eaiily comprehend, that if the rays which proceed
from a very fmall objeit muft reprefent it to us, as
if it were much larger, this fmall quantity of light
would not be fufficient. But, however well founded
this reafoning may appear,, it wants folidity, and
throws only a falfe light on the queftion. For if the
lens, as it proceeded in magnifying, neceflarily pro-
duced a diminution of clearnefs, this muft likewife
be perceptible in the fmalleft efFecb ; even fuppoiing
it were not to fo high a degree ; but you may mag-
nify up to fifty times without perceiving the leaft ap-
parent diminution of light, which, however, ought
to be fifty times fainter, if the reafon adduced were
juft. We muft look elfewhere, then, for the caufe
°f this phenomenon, and even refort to the firft prin-
ciples of vifion.

I muft
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I muft entreat you, then, to recollect what I have
already fuggefted refpefting the ufe of the pupil, or
that black aperture which we fee in the eye at the
middle of the iris. It is through -this aperture that
the rays of light arc admitted into the eye ; accord-
ingly, the larger this aperture is, the more rays are
admitted. We muft here coniider two cafes, in which
objects are very luminous and brilliant, and in which
they are illuminated by only a very faint light. In
the firft, the pupil contracts of itfelf, without any aft
of the will, and the Creator has beftowed on it this
faculty, in order to preferve the interior of the eye
from the too dazzling effect of light, which would
infallibly injure the nerves. Whenever, therefore,
we are expofed to a very powerful light, we obferve
that the pupil qf/every eye contracts, to prevent the
admiffion o£:any more rays into the eye than are ne-
ceffary to paint in it an image fufficiently luminous.
But the contrary takes place when we are in the dark ;
the pupil, in that cafe, expands to admit the light in
a greater quantity. This change is eafily perceptible
every time we pafs from a dark to a luminous fitua-
tion. With refpect to the fubject before us, I confine
mvfelf to this circumftance, that the more rays of
light are admitted into the eye, the more luminous
will be the image tranfmitted to the retina, and re-
ciprocally, the fmaller the quantity of rays which
enter the eye, the fainter does the image become, and
confequently the more obfcure does it appear. It
may happen, that though the pupil is abundantly ex-
panded, a few rays only fliall be admitted into the

eye.
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буе. You have only to prick a little hole in a card
with a pin, and look at an object through it; and
then, however firongly illuminated by.the fun, the
object will appear dark in proportion as the aperture
is fmall, nay, it is poffible to look at the fun itfelf,
employing this precaution. The reafon is obvious,
a few rays only are admitted into the eye : however
expanded the pupil may be, the pin-hole in the card
determines the quantity of light which enters the •
eye, and not the pupil, which ufually performs that
function.

The fame thing takes place in the microfcopes
which magnify very much ; for when the lens is ex-
tremely fmall, a very few rays only are tranfmitted,
as m n (plate VILßg. 8.) which being fmaller than
the aperture of the pupil, make the objedt appear
fo much more obfcure ; hence, it is evident, that this
diminution of light takes place only when the lens
M N, or rather it's open part, is fmaller than the
pupil. If it were poffible to produce a great magni-
fying effeft by means of a greater lens, this obfcurity
would not take place; and this is the true folution of
the queftion. In order to remedy this inconveni-
ence, in the great effefts of the microfcope, care is
taken to illuminate the objeit as ftrongly as poffible,
to give greater force to the few rays which are con-
veyed into the eye. To this efíeft objects are illu-
minated by the fun itfelf, mirrors nkewife are em-
ployed, which reflecT: on them the light of the fun.
Thefe are, nearly,* all the circumftances to be con-
fidered refpeéting the fimple microfcope, and by thefe

you
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you will eaftly form a judgment of the effeft of all
thofe which you may have occafion to infpect.

30/16 January, 1762.

LETTER LXXXVIII.

On Telefeopes, and their Effeft.

"DEFORE I proceed to explain the conftruclion of
•*~^ compound microfcopes, a digreffion refpeciing
the telefcope may perhaps be acceptable'. Thefe two
inftruments have a very intimate connexion : the
one greatly affifts the elucidation of the other. As
microfcopes ferve to aid us in contemplating nearer
objecb, by reprefenting them under a much greater
angle than when viewed at a certain diftance, fay •
eight inches ; fo the telefcope is employed to affift
our obfervation of very diftant objecb, by repre-
fenting them under a greater angle than that which
they prefent to the naked eye. Inftruments of this
fort are known by feveral names, according to their
fize and ufe ; but they muft be carefully diftinguiihed
from the glafles ufed by aged perfons to relieve the
decay of fight.

A telefcope magnifies as many times as it repre-
fents objects under an angle greater than is prefented
to the naked eye. The moon, for example, appears
to the naked eye under an angle of half a degree,
confequently,a telefcope magnifies one hundred times,
when it reprefents the moon under an angle of fifty
degrees, which is one hundred times greater than

ï half
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half a degree. If it magnified two hundred times, it
"would reprefent the moon under an angle of one
hundred degrees : and the moon would, in that caie,
appear to fill more than half of the vifible heavens,
whofe whole extent is only one hundred and eighty,
degrees.

In common language, we fay that the telcfcope
brings the object nearer to us. This is a very equi-
vocal mode of expreffion, and admits of two different
lignifications. The one, that on looking through a
telefcope, we coniider the object as many times nearer
as it is magnified. But I have already remarked,
that it is impoffible to know the diftance of objects
but by actual meafurement, and that fuch measure-
ment can be applied only to objects not greatly re-
mote ; when, therefore, they are fo remote as is here
fuppofed, the eftimation of diftance might greatly
miflead us. The other lignification, which conveys
the idea, that telefcopes reprefent objects as great as
they .would appear, if we approached nearer to them,
is more conformable to truth. You know that the
nearer we come to any object, the greater becomes
the angle under which it appears ; this explanation,
accordingly, reverts to that with which I fet out.
\Vhen, however, we look at well-known objects, lay
men, at a great diftance, and view them through a
telefcope under a much greater angle,' we are led to
imagine fi-ch men to be a great deal nearer, as, in
that cafe, we would, in effect, fee them under an anele
fo much greater. But in examining^objects lefs ap-
proachable, fuch as the fun and moon, no meafure-

ment
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ment of diftance can take place. This cafe is en-
tirely different from that which I have formerly fub-
mitted to you, that of a concave lens, employed by
near-fighted perfons, which reprefents the images of
objefts at a very fmall diuance. The concave lenS
which I ufe, for example, reprefents to me the images
of all remote objedls, at the diftance of four inches ;
it is impoffible for me, however, to imagine that the
fun, moon, and ftars are fo near ; accordingly we do
not conclude that objects are where their images are
found reprefented by glaffes : we believe this as little
as we do the exiftènce of objecb in our eyes, though
their images are painted there. You will pleafe to
recoiled: that the eftimation of the real diftance, and
real magnitude of objects, depends on particular cir-
cumftances.

The principal end of telefcopes, then, is to increafe,
or multiply, the angle under which objecb appear to
the naked eye; and the principal divifion of telefcopes
is eftimated by the effeft which they procure. Ac-
cordingly we fay fuch a telefcope magnifies five, ano-
ther ten, another twenty, another thirty times, and
fo on. And here I remark that pocket-glafies rarely
magnify beyond ten times ; but the ufual telefcopes
employed for examining very diftant terreftrial ob-
jects magnify from twenty to thirty times ; and their
length amounts to fix feet or more. A fimilar effe&»
though very confiderable with regard to terreftrial
•objefts, is a mere nothing with refpeft to the hea-
venly bodies, which require an effeit inconceivably
greater. We have, accordingly, aftronomical tele-

fcopes,
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ícopes, which magnify from fifty to two hundred
times ; and it would be difficult to go farther, as ac-
cording to the um'al mode of conftrucling them, the
greater the effect is, the longer they become. A te-
lefcope that fliall magnify one hundred times muft be
at leaft thirty feet long ; and one of a hundred feet
in length could, fcarcely magnify two hundred times*
You muft be fenfible, therefore, that the difficulty of
pointing and managing fuch an unwieldy machine,
muft oppofe infurmountable obftacles to pufhing the
experiment farther. Thé famous Hevelius, the aftro-
riomer at Dantzick, employed telefcöpes two hundred
feet long ; but fuch inftruments muft, undoubtedly,
have been very defective, as the fame things are now
'difcovered by inftruments much ihorter.

This is a brief general defcription of telefcöpes;
and of the- different kinds of them, which it is of im-
portance carefully to remark, before we enter into a
'detail of their conftruction, and of the manner in
Which two or more lenfes are united, in order to
produce all the different eífecb'.

s.íí February, 1762.

L E T T E R LXXXIX.

Of Pocket- G lafcs.

ГЕ have no certain information refpecHng the
perfon to whom we are indebted for the dif-

covery of the telefcope ; whether he were a Dutch
artift, or an Italian of the name of Portn. Whoever

VOL, П. А я Iw
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he was, it is almoft one hundred and fifty years fmce
fmall pocket glafíes were firft conftrudted, compofed
of two lenfes, of which the one was convex, and
the other concave. To pure chance, perhaps, a dif-
covery of fo much utility is to be afcribed. It was
poflible, without defign, to place two lenfes nearer to,
or farther from each other, till the object appeared
diftir.cY.y.

The convex lens PAP (plate VIL Jfg. 9 J is di-
rected toward the object, and the eye is applied to
the concave lens OBQ: for which reafon the lens
PAP is named the objective, and QBQ the ocular
lens. Thefe two lenfes are difpofcd on the fame axis
AB, perpendicular to both, and pafling through their
centres. The focal diftance of the convex lens PAP
nvuft be greater than that of the concave; and the
lenfes muft be difpofed in fuch a ma/nncr, that if AF
be the focal diftance of the objective PAP, the focus
of the ocular QBQ muft fall at the fame point F;
accordingly, the interval between the lenfes A and B,
is the difference between the focal diftances of the
two lenfes, AF being the focal diftance of the ob-
jective, and BF that of the ocular. When the lenfes
are arranged, a perfon with good eyes will clearly
fee diftant objects, which will appear as many times
greater as the line AF is greater than BF. Thus,
fuppoimg the focal diftance of the objective to be fix
inches, and that of the ocular one inch, the object
will be magnified fix times, or will appear under an
angle fix times greater than when viewed with the
naked eye, and, in this cafe, the interval between the

lenfes
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lenfes A and B wiÙ be fife inches, which is, at the
lame time^ the length of the inftrument. There is
no need to inform you that theie two lenfes are cafed
in a tube of the fame length* though not thus repre-
fented in the figure.

Having íhewn in what manner the two lenfes are
to be joined together in order to produce a good in-
ftrument, two things muft be explained to you : the
one, How thefe lenfes come to reprefent objects dif-
tinctly ; and the other, Why they appear magnified
as many times as the line AF exceeds the line BF.
With refpect to the firft, it muft be remarked, that a
good eye fees objects beft, when they are fo diftant
that the rays which f all on the eye may be confidered
as parallel to each other.

Let us eonfider, then j a point V (plate VIL fig. 10. )
in the object toward which the inftrument is directed,
and on the fuppöfition of it's being very diftant, the
rays which fall on the objective PQ, O A, PQ, will
be almoft parallel to each other ; accordingly, the ob-
jective QAQ, being a convex lens j will collect them
in it's focus F, fo that thefe rays, being convergent,
will not fuit a good eye* But the concave lens at B,
having the power of rendering the rays more diver-
gent, or of diminiihing their cbnvergency, will re-
fract the rays QR, QR, fo that they fliall become
parallel to each other -, that is, inftead of meeting in
the point F, they will affume the direftion RS, RS,
parallel to the axis BF. Thus a good eye, according

which the confiruction of thefe is always regu-
on receiving thefe parallel rays RS, BF, RS,

A a 2 will
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will fee the objed diftindly. The rays R S, R S, be-
come exactly parallel to each other, becaufe the con-
cave lens has it's focus, or rather it's point of dilper-
jion, at F.-

You have only to recollect that, when parallel
rays fall o'n a concave: lens, they become divergent
by refraction, fo that being produced backward, they
meet in the focus. This being laid down, we have
only to reverie the cafe, and to confider the rays SR,
SR, as falling on the concave lens ; in this cafe, it is
certain they would affume the directions RQ, RQ,
which, produced backward, would meet in the point
F, which is the common focus of the convex and
concave lenfes. Now it is a general law, that in
whatever manner rays are refracted in their paflagC'
from one place to.another, they muft always undergo
the fame refractions in returning from the láft to the:
firft. If, therefore, the refracted rays R Q, R Q, cor-
refpond to the incident rays S R, SR; then, recipro-
cally, the rays Q R, Q R, being the incident, the re-:

fracbfd rays will be R S and RS.
The matter will, perhaps, appear in a clearer light

ftill, when I fay, that concave lenfes have the power
of rendering parallel thofe rays which, without the
refraction, would proceed to their focus. You wiU
pleafe carefully, to attend to the following laws of
refraction,-which apply to both convex and concave
lenfes.

I. By a convex lens (pfale- FIL fg. i i.) parallel
rays are rendered convergent.

Convergent
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rays, .become, ftill more fo, (plate Fill.
. ï,) and divergent lefs .divergent,
II. By a concave lens parallel rays .an; rendered

divergent. . (Plate Vf II. Jig. 2.)
Divergent rays become ilill more divergent,^. 3,

and convergent rays lefs convergent.
, All this is founded on the nature of refraction, and
the figure of the lenfes, the difcuffion of which would
require a very long detail ; but the two rules which
I have now laid down, contain all that is effential.
It is abundantly evident, then, that when the convex
and the concave lenfes are fo combined,, that they
acquire a common focus at F, they will diftinctly rer

prefen^jdiftant objects,. becaufe the parallelifm of the
rays is reftored by the concave lens, after the con-
vex lens had rendered them convergent. In other
words, the rays of very diftant objects, being nearly
parallel to each other, become convergent by a con-
vex lens, and afterwards, the concave lens deftroys
this convergency, and again renders the rays parallel
to each other.

6/lj February, Ijb.Z.

LETTER XC.

On the magnifying Power of Pocket Glqffcs

principal article refpecting telefcopical in*
ftruments, remains ftill to be explained, namely,

their effect in magnifying objects. I hope to place
this in íò clear a light, as to remove every difficulty

Л а з i n
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in which the fubjeft may be involved ; and for this
purpofe I ihall comprize what ï have to fay, in the
following propofittons.

I. Let E e (plate VIII. ß%. 4.) be the object, fitu,-
ated on the axis of the inftrument which pafles perr
pendicularly through both lenfes in their centres.
This objedt E e muft be confidered as at an infinite
diftance.

II. If then the eye, placed at A, looks at this ob-
ject, it will appear under the angle E A e, called it's
vifual angle. It will, accordingly, be necefiary to
prove, that on looking at the fame objeft through
the glafs, it will appear uiider a greater angle, and
exactly as many times greater as the focal diftance
of the objective lens PAP exceeds that of the ость

III. As the effect of all lenfes coniifts in reprefent?
ing the objeéls in another place, and with a certain
magnitude, we have only to examine the images
which fliall be fucceffively reprefented by the two
lenfes, the laft of which is the immediate objeft of
the fight of the perfon who looks through the in;
ftrument.

IV. №ow, the object E e being infinitely diftant
from the convex lens RAP, it's image will be repre-
fented behind the lens at Ff, fo that AF ihall be
equal to the focal diftance of the lens ; and the mag-
nitude of this image F/is determined by the ftraight
Ипеч/А e drawn from the extremity of the object e
through the centre of the lens A, by which we fee
that this image is inverted, and as many times fmaller

than
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than the object, as the diftance AF is fmaller than
the diftance AE.

V. Again, this image Vf holds the place of the
object, relatively to the ocular lens O B Q : as the
rays which fall on this lens are precifcly thofe which
would almoft form the image F/, but are intercepted
in their progrefs by the concave lens Q B Q ; fo that
this image is only imaginary ; the effcft, however,
is the fame as if it were real.

VI. This image F/, which we are now coniider-
ing as an object, being at the focal diftance of the
lens QBQ, will be tranfported, almoft to infinity, by
the refraction of this lens. The preceding figure
marks this new image at Gg, whofe diftance A G
muft be conceived as infinite, and the rays, refrafted
a fécond time by thé lens QBQ, will purfue the
fame direction as if they actually proceeded from the
image G g.

VII. This fécond image G g being, then, the ob-
je£t of the perfon who looks through the inftrurhent,
it's magnitude falls to be coniidcred. To this effecT:,
as it is produced by the firft image F/ from the re-
fracüon of the lens QBQ, following the general
rule, we have only to draw through the centre of
the lens В a ftraight line, which ihall pafs through,
the point/of the firft image, and that line will mark,
fit £, the extremity of the fécond image.

VIII. Let the fpecbtor now apply his eye to В ;
and as the rays which it receives purfue the fame di-
rèdion as if they actually proceeded from the image

f, it will appear to him under the angle GB^S

А а л which
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which is greater than the angle EA<?, under which
the object E e appears to the naked eye.

IX. In order the better to compare thefe two.
angles,it is evident, firft, that the angle EA? is equal
to the angle F Ay, being vertical angles ; for the
fame reafon the angle GBg is equal to the angle
FB_/, being vertical and oppoiite at the point B. It
remains to be proved, therefore, that the angle
FB/ exceeds the angle FA/ as many times as the
line AF exceeds the line B/; the former of which,.
AF, is the focal diftance of the objective, and the.
other, BF, the focal diftance of the ocular.

X. In order to demonftrate this, we inuft have re-
courfe to certain geometrical propofitions refpefting
the nature of fectors. You will recoiled that the
ieftor is part of a circle contained between two radii
CM and CN, and an arch or portion of the circum-
ference MN. In a feftor, then, there are three things
tp.be confidered; ï. The radius of the circle, CM
or CN : 2. The quantity of the arch MN : 3. The
angle M C N.

XL Let us now confider two fedlors, MCN and.
men (plate VIII. ßg. $.) .whqfe radii CM and cm
are equal to each other : now it is demonftrated in
the elements of geometry, that the angles С and c.
have the feme proportion to each other, that the
arches MN and m n have ; in other words, the angle
С is as many times greater than the angle í, as the
arch MN is greater than the arch m n : but, inftead
of this aukward mode of expreffion, we fay, that

the
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the angles С and с are proportional to the arches
MN and m n, the radii being equal.

XII; Let MS likewife corifider two feftprs, MCN
and т с n (ßg- б.) .whofe angles С and с ai'C .equal
to each other, but the radii unequal : and it is de-
rnonftrated in. geometry, that the arch MN is as
many times greater than the arch m n, as the radius
CM is greater than the radius cm: or, in geome-
îrical language, the arches are in proportion to the
yadii, the angles being equal. The reafon is obvious ;
for every arch contains as many degrees as it's angle ;
and the degrees of a great circle exceed thofe of a
fmall one as many times as the greater radius ex-
ceeds the fmaller.

XIII. Finally, let us confider likewife the cafe when,
as in the two fectors MCN and men (j?g. j.} the
arches MN and m n are equal, but thé radii CM and
с т unequal.

In this cafej the angle C, which correfponds to the
greater radius CM, is the fmaller, and the angle c,
which correfponds to the fmaller radius с т, is the
greater, and this in the fame proportion as the radii.
That is, the angle с is as many times greater than
the angle C, as the radius CM is greater than the
radius cm: or, to fpeak geometrically, the angles
are reciprocally proportional to the radii, the arches
being equal.

XIV. This, laft propofition carries me forward to
*йу concluiion, after I have fubjoined this,remark,
that when the angles are very fmall, as in the cafe
pf pocket-glafles, there is no fenfible différence in the

chords



362 DEFECTS OF POCKET GLASSES.

chords of the arches MN and т я, that is of the
ftraight lines MN, and т п.

XV. Having made this remark, we return toy?£. 4-
The triangles FA/ and FB/ may be confidered aß
fectors, in which the arch F/ is the fame in both.
Confequently the angle F В/ exceeds the angle FA/
as often as the diftance AF exceeds the diftance BF.
That is, th.e object E e will appear through the in-
ftrument, under an angle as many times greater as
the focal diftance of the objective AF exceeds the
focal diftance of the ocular BF: which was the thing
to be demonftrated.

9/ii» February, I] 62.

\

LETTER XCI.

Dcfefis of Pocket Glafcs. Of the apparent Field,

muft be fenfible that no great advantage is
to be expected from fuch fmall inftruments ;

and it has already been remarked that they do not
magnify objects above ten times. Were the effect
to be carried farther, not only would the length be-
come too great to admit of their being carried about
in the pocket, but they would become fubjeft to
other and more eflential defects. This has induced
::rtifts entirely to lay afide glafles of this fort, when
luperiov effect is required.

The principal of thefe defects is the fmallnefs of
the apparent field ; and this leads me forward to ex-
plain an important article relating to telefcopes of

every
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«very defc-ription. When a telefcope is directed to*
ward the heavens*- or to very diftant objects on the
earth, the fpace difcovered appears in the figure of
a circle, and we fee thofe objects only wkich are in-
cluded in that fpace 5 fo that if you wiihed to exa-
mine other objects, the poiition of the inftrument
muft be altered. This circular fpace, prefented to
the eye of the fpedtator, is denominated the apparent
ßeld, or, in one wqrd, the ßeld of the inftrument :
and it is abundantly obvious, that it muft be a great
advantage to have a very large field, and that, on
the contrary, a fmall field is a very great inconve-
nience, in inftruments of this fort. Let us fuppofe
two telefcopes directed toward the moon, by the
one of which we can difcover only die half of that
luminary, whereas by the other we fee her whole
body, together with the neighbouring ftars ; the field
of this laft is, therefore, much greater than that of
the other. That which prefents the greater field re-
lieves us not only from the trouble of frequently
changing the pofition, but procures another very
.great advantage ; that of enabling us to compare, by
viewing them at the fame time, feveral parts of the
object, one with another.

It is, therefore, one of the greateft perfections of
a telefcope to prefent a'-very ample field ; and it is,
accordingly, a matter of much importance to mea-
fure'the field of every inftrument. In this view, we
•tte regulated by the heavens, and we determine the
circular fpace feen through a telefcope, by meafuring
ll's diameter in degrees and minutes^ Thus, the ap-

parent
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parent xliameter of the full moon, being about half
a degree, if a telefcope takes in the moon only, we
iay that the diameter of it's field is half a degree;
and if you could fee at once only the. half .of the
inopp, the diameter of the field would be the quarter
pjf a degree.

The meamrement of angles, then, furniihes the
means of measuring the apparent field ;,.befides, the
thing is fufficiently'clear of itfel£ Suppofmg we
could fee through: the inftrument AB (plate VIII*
ßg, $.} only the fpace POP, and the obje£b which
it contains : this..fpaçe being a circle, it's diameter
will be-the line POP, whofe middle point О is in the
axis of the inftrument. Drawing, therefore, from
the extremities PP. the ftraight lines PC, PC, the
angle PCP will exprefs the diameter of the apparent

field, and the half of this angle OCP is'denominated
the femi-diameter of the apparent field of fuch an
inftrument. You will perfectly comprehend the
meaning, then, when it is faid that the diameter of
the apparent field of fuch an inftrument is one de-
degree, that of another two degrees, and fo on ; as,
alfo when it is marked by minutes, as 30 minutes
which make half a degree, or 15 minutes which
mike the fourth part of a degree.

But in order to form a right judgment of the
value of a telefcope, with refpect to the apparent field,
we muft iikewiie attend to the magnifying power Of
the inftrument. It may be remarked, in general,
that the more a telefcope magnifies, the fmaller, of
neceflity,'muft be the apparent field; thefe are the

bounds
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bounds which nature" herielf has prefcribed. Let Uá
luppofe an inftrument which mould magnify ico
times ; it is evident that the diameter of the field
could not -pofiibly be fo much as two degrees : for,
as this fpace would appear ico times greater, it
Would referable a fpace of two hundred degrees ;'
greater, of confequence, than the whole vifible hea-
vens, \vhich, from the one extremity to the other,
contain only 180 degrees, and of which we can fee
but the half at moft at once, that is a circular fpace
of go degrees in diameter. From this you fee, that
a telefcope which magnifies 100 times could not con-
tain a field of fo irmch as one .degree ; for this de-
gree multiplied 100 times would give more than 90
degrees ; and that, accordingly, a telefcope which
magnified 100 times would be excellent, if the dia-
meter of it's field were fomcwhat lefs than one de-
gree : and the very nature of the inftrument admits
not of a greater efiecï.

• But another telefcope, which ihould magnify only
Ю times,, would be extremely defective, if it difco-
Vered a field of Only one degree in diameter ; as this
field magnified 10 times would give a fpace of no
more than ten degrees in the heavens, which would
be a fmall matter, by fetting too narrow bounds to
Our view. We ihould have good reafon, then, to
reject fuch an inftrument altogether. Thus it would,
be very eafy, with jefpect to the apparent field, to
form a judgment of the excellence or defectivenefs-
°f inftrumcnts of this fort, when the effect is taken
lrito confideration. For when it magnifies only ю

times,
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times, it may fairly be conjedbired, that it difcovers
a field of 9 degrees ; as 9 degrees taken i o times give
90 degrees, a fpace which our fight is capable of em-
bracing : and if the diameter of it's field were only
5 degrees, or lefs, this would be an inftrument very
defective indeed; Now I mall be able to demon-
ftrate, that if a telefcope were to be conftrufted fuch
as I have been defcribing, which ihould magnify
more than IQ times, it would be liable to this de-
feâ; : the apparent field multiplied by the magnify-
ing power would be very confiderably under 90 de->
grees, and would not even fliew the half. But when
a fmall effect is aimed at, this defect is not fo fen--
iible; for if fuch an inftrument magnifies only
5 times, the diameter of it's field is about 4 degrees,
which, magnified 5 times, contains a fpace of 20 de--
grees, with which we have reafon to be fatisfied :
but if we wiihed to magnify 25 times, the diameter
of the field would be only half a degree, which
taken 25 times, would give little more than 12 de-
grees, which is too little. When therefore we would
magnify very much, a different arrangement of
lenfes niuft be employed, which I ihall afterward
explain.

l^tb February-, 1763.

LETTER
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L E T T E R XCií.

Determination' of the apparent Field for Pocket Glaffes.

r |^O ascertain the apparent field being of very
-*• great importance in the conftruction of tele-

fcopes, I proceed to the application of it to the fmall
glafles which I have been describing.

The lens PAP, (plats VIII. ßg. 4.) is the objective,
Q B O the ocular, and the ftraight line E F the axis
of the inftrument, in which is feen, at a very great
diftance, through the inilrument, the object E «?,
under the angle E A e, which reprefents the femi-
diameter of die apparent field, for it extends as far
on the other fide downward. The point E, then,
is the centre of the fpace feen through the inftrument,
the radius of which, E A, as it pafles perpendicularly
through both lenfes, undergoes no refraction ; anci
in order that this ray may have admiffîon into the
eye, the eye .muft be fixed fomewhere on the axis
°f the inftrument B F, behind the ocular lens, fo that
the centre of the pupil ihall be in the line B F ; and
this is a general rule for every fpecies of telefcope.
•Let us now confider the vilible extremity of the ob-
Je& e, whofe rays exactly fill the whole opening of
the objective lens P A P ; but it will be fufiicient to
attend only to the ray E A, which pafles through
the centre of the objective A, as the others furround,
^nd little more than ftrengthen this ray ; fo that if
it: is admitted into the eye, the others, or at lead a

-ï confiderable
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confiderable part of them, find admiflion likewife ;
and if this ray is not admitted into the eye, though
perhaps fome of the others may enter, they are too
feeble to excite an impreffion fufficiently powerful.
Hence, this may be laid down as a rule, that the ex-
tremity e of the object is fcen, only fo far as the ray
e A, after having pailed through the two lenfes, is
admitted into the eye.

We muft, therefore, carefully examine the direc-
tion of this ray e A. Now, as it pafles through the
centre of the objective A, it undergoes no refraction ;
conformably to the rule laid down from the begin-
ning, That rays paffing through the centre of any
lens whatever are not diverted from their direction^
that is, undergo no refraction. This ray, e A, there-
fore, after having pafled through the objective, would
continue in the fame direction, to meet the other
rays iffuing from the fame point e, to the point/of
the image reprefented by the objective at F f, the
point'/being the image of the point e of the object ;
but the ray meeting, at ?«, the concave lens, but not.
in it's centre, will be diverted from that direction ;
and inftead of terminating in/ will allume the di-
rection m 7z, more divergent from B F, it being the
natural effect of concave lenfes to render rays al-
ways more divergent. In order to afcertain thiá
new direction m n, you will pleafe to recollecl: that
the objective lens reprefents the object E e in an
inverted'pöiitiph at F/ fo that A F is equal to the^
focal diilance of this lens, which tranfports the ob-
ject E e to F/ .Then-this, image F /occupies the

place
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place of the object, with rcfpect to the ocular lens
Q B Q,-which, in it's turn, tranfports that image to
G £, whofe diftance B.G muft be as great as that of
the object itfelf ; and for this effect, it is neceflary to
place the ocular lens in fuch a manner that the inter-
val B F fliall be equal to it's focal diftance.

.As to the magnitude of thefe images, the firft F/
is determined by the ftraight line e A/drawn from
f through the centre A of the firft lens ; and the
other G g by the ftraight line f IB g drawn, from the
Point / through the centre В of the fécond lens.
This being laid down, the ray A m. directed toward
the point/ is refracted, and proceeds in the direc-
tion m n ; and this line m n being produced backward
will pafs through the point g, for m n has the fame
effect in the eye, as if it actually proceeded from the
point P-. Now, as this line m n retires -farther and
farther from the axis B F, where the centre of the
pupil is, it cannot enter into the eye, unlefs the
opening of the pupil extends fo far ; and if the open-
tog of the pupil were reduced to nothing, the ray
'« n would be excluded from the eye, and the point
6 of the pbject could not be vifible, nor even" any

point of the objecl: out of the axis A F. There
, therefore, be no apparent field, and nothing
be feen, through fuch an infiniment, except

fmgle point E of the object, which is in it's axis,
is evident, then, that a telefcope of this fort difco-

no field, but as far as the pupil expands, fo that
ln proportion as the expanfion of the pupil is greater
pr lefs, fo likewiie the apparent field is great or fmall.

I. B b ' In
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In this cafe, the point e will therefore be ftill vhlble
>to the eye, if the fmall interval Б ;/г does not exceed
half the diameter of the eye, that the ray m n may
find admiffion into it ; but in this cafe, likewife, the
eye muft be brought as clofe as poflible to the ocular
lens : for. as the ray m n removes from the axis F B,
it would efcape the pupil at a greater diftance.

Now it is eafy to determine the apparent field
which fuch an inftrument would difcover on the
ocular lens : you have only to take the interval B in
equal to the femi-diameter of the pupil, and to draw
through that point ;«, and the centre of the objective
lens A, the ftraight line m A e, then this line will
mark on the object the extremity e, which will be
ftill viiible through the inftrument, and the angle
E A e will give the femi-diameter of the apparent
field. Hence you will eafily judge, that whenever
the diftance of the lenfes А В exceeds fome inches,
the angle ЪАт muft become qxtremely fmall, as the
line or the diftance В т is but about the twentieth
part of an inch. Now if it were intended to magnify
very much, the diftance of the lenfes muft become
confiderable, and the confequence would be, that the
apparent field muft become extremely fmall. The
ftructure of the human eye, then, fets bounds to
telefcopes of this deicription, and obliges us to have
recourfe to others of a different conftruction, when-.

, ever we want to produce very confiderable effect.

ibtb February, 176?.
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LETTER XCIII.

Aßronomlcal Telefcopes, and their 'magnifying Poivers,

T PROCEED to the fécond fpecies of telefcopes,
A called aftronomical, -and remark that they conflit
of only two lenfes, like thofe of the íírft fpecies ; witty
tíiis difference, that in the conftruclion of aftrono-
mical telefcopes, inftead of a concave ocular lens", we
employ a convex.

The objeftive P Л P (plaie VIII fig. 9.) is, as in the
other fpecies, convex, whofe focus being at F, we fit,
on the fame axis, a fmaller convex lens Q Q, in fuch
a manner that it's focus fhall likewife fall on the
fame point F, Then placing the eye at O, fo that
the diftance B O flïall be nearly equal to the focal
ciiihnce of the ocular Q Q, you wity fee objects dif-
tinctly, and magnified as many times as .the focal dif-
tance . of the objective A F íhall exceed that of the
ocular B F : but it is to be remarked that every ob-
ject will appear in an inverted pofitipn, fo that if the
infiniment were to be pointed toward a houfc, the
roof would appear undermoit, and the ground-rftoor
Uppermoft. As this circumftance would be aukward
Ш. viewing terreftrial objects, which we never fee in
эл inverted fituation, the ufe of this fpecies of tele-
fcopes is conjined to the heavenly bodies, it being a
Platter of indifference in what direction they appear;
?t is fufficient to the ailronomer to know that what
vje fees uppermoft is really undermoft, and recipro-

B b 2 ч ' cally.
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cally. Nothing, however, forbids the application of
fuch telefcopes to terreftrial objects ; the eye foon
becomes accuftomed to the inverted poiition, pro-
vided the objeft is feen diftinftly and very much
magnified.

Having given this defcription, three things fall
to be demonftrated : lirft, that by this arrangement
of the lenfes objefts muft appear diftinitly ; fecondly,
that they muft appear magnified as many times as
the focal diftance of the objective lens exceeds that
of the ocular, and in an inverted poiition ; and
thirdly, that the eye muft not be applied clofe to the
ocular lens, as in the firft fpecies, but muft be re-
moved to nearly the focal diftance of the ocular.

ï. As to the firft, it is demonftrated in the fame
manner as in the preceding cafe : the rays e P, e P,
which are parallel before they enter into the objec-
tive lens, meet by refradion in the focus of this lens
at F ; the ocular lens muft, of courfe, reftore the pa-
rallelifm of thefe rays, and diftinft vifion requires
that the rays, proceeding from every point, mould
be nearly parallel to each other when they enter the
eye. Now, the ocular lens, having it's focus at F, is
placed in fuch a manner as to render the rays F M,
F M, by the refraftion, parallel, and confequently the
eye will receive the rays N o, N 0, parallel to each
other.

2. With refpeft to the fécond article, let us con-
fider the objeft at E e, (plaie VIII. flg. ï o.) but fo as
that the diftance E A ihall be almoft infinite. The
image of this objeél, reprefented by the objective

lens,
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iens, will therefore be F /, íituatéd at the focal dif-
tance öfthat lens A F, and determined by the ftraight
Une e A /, drawn through the centre of the lens:
This image F/, which is inverted, occupies the place
of the object with refpect to the ocular lens, and be-
ing in it's fpcus, the fécond image will be again re-
moved to an infinite diftance by the refraction of
this lens, and will fall, for example, at G g, the diC-
tance A G being considered as infinite, like that of
A E. Now, in order to determine the magnitude
of this image, you have only to draw through the
centre В of thé lens, and the extremity/of the firft
image, the ftraight line B/g. Now this fécond image
G g being the immediate object of viiion to the per-
fon who looks through the télefcòpe, it is evident at
once that this reprefentatioh is inverted ; and, as it is
infinitely diftant, will appear under an angle G B g.
But the object itfelf E e will appear to the naked eye
Under the angle E A e : now you are feniible, with-
out being reminded^ that it is indifferent to take thé
Points A and B,. in order to have the vifual angles
E A e 'and G B g, on account of the infinite diftance
of the object. You now fee here, as in the preceding
cafe, that the triangles F A/and F.B/ may be con-
fidered as circular feclors, the line F/meafuring the
arch of both, and the angles themfelves being fo very
"Hall, no fenfible miftake can be committed in taking
*he chord for the arch. As, then, the radii of thefc
t>vo fectors are the lines A E and B F, the arches
being equal to.each other, it follows, as was formerly
^monftrated, that the angles F A/(or, which is the

B b 3 fame
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fame thing, E A e) and F B/(or, which is the fame
tiling, G B g j have the lame proportion to eacb
other that the radii B F and A F have. Therefore,
.the angle G B g, under which the object is feen
through the telefcope, as many times exceeds the
angle E A e, under which the object is feen by the
naked eye, as the line A F exceeds the line B F ;
which was the fécond point to be demonftrated. I
am under the neceflity of deferring the demonftra-
tion of my third propofition till next poft.

2o;/.> Fclraaiy, I ; 62.1

L E T T E R XCIV.

Of the apparent Field, and the Place of the Eye.

TN fulfilling my engagement refpecling the third
-"- particular propofed, namely to determine the
place of the eye behind the telefcope, I remark that
this article is 'moft intimately connected with the ap-
parent field, and that it is precifely the field which
obliges us to keep the eye fixed at the,proper dif-
tance ; for if it were to be brought clofer, or re-
moved farther off, we should no longer 'difcover fo
large a field.

The extent of the field being an article of fuch u"11*
portance, indeed fo eilen tial, in all telefcopes, it muß
be of equal importance to determine exactly the place
•of the eye from which the largeft field is difcoverabk'
If the eye were to be applied clcfe to the ocular
we fliould have nearl the fame field as we
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"With the pocket-glafs, which becomes infufferably
final], whenever the magnifying power is coniider-
able. It is, therefore, a vail advantage to aftrono-
mical telefcopes, that -by withdrawing the eye from
the ocular lens, the apparent field iricreafes to a cer-
tain extent : and it is precifely this which renders
fuch telefcopes fufceptible of prodigious magnifying
powers, whereas thofe of the firft fpecies are, in this
refpect, extremely limited. You know that with
the aftrdnomical telefcope, the magnifying power has
been carried beyond two hundred times, which gives
them an inconceivable fuperiority over thofe of the
firft fpecies, which can fcarccly magnify ten times j
and the trifling inconvenience of the inverted po-
fition is infinitely overbalanced by an advantage fo
very great.

I will endeavour to put this important article in
the cleareft light poflible.

ï. The object E e (plate VIII. fig. n.) being infi-
nitely diftant, let e be it's extremity, ftill vifible
through the telefcope, whofe' lenfes are PAP and
Q B Q, fitted on the common axis E A B O, it falls
to be attentively confidered what direction will be
purfued by the tangle ray -which pafles from die ex-
tremity с of the object, through the centre A of the
objective lens. You will recollect that the other
fays, which fall from the point с on the objective
lens only accompany and ftrengthen the ray in quef-

e A, which is the principal with refpect to viiior.
2. Now this ray с A, pafling through the centre

B b 4 of
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of the lens P P, will undergo no-refraction, but wiH
purfue it's direction in the ftraight line A f ;», and
paffing through the extremity of the image F/ will
fall on the ocular lens at the point m ; and here it is
to be obferved, that if the fize of the ocular lens had
not extended fo far as the point m, this ray would
never have reached the eye, and the' point e would
have been invifible. That is to-, fay, it would be ne-
ceflàry to take the extremity e nearer-to the axis, in
order that the ray Afm may meet the ocular lens.

3. Now this.ray A m will be refracbd, by the ocu-
lar lens, in a way which it is very eafy to difcover.
We have only to confider the fécond image G g,
though infinitely diftant, it is fufficient to know that
the ftraight line B/ produced will pafs through the
extremity g -of the fécond image G g, which is the
immediate object of viiion. Having remarked, this*
the refracted ray muft affurne the direction n O, arid
this produced-pafles through g.

4. As, therefore, the two lines О я and В/ meet
at an infinité diftance at g, they may be confidered
as parallel to each other ; and hence we acquire an
eaíier'method to determine the pofition of the re-
•fractedr ray n O i you have only to draw it parallel
to the line B/.

5. Hence it is clearly evident that the ray и О will
fomewhere irieet the axis of the telefcope at O, and
us ufually, when the magnifying power is great, the
point F is much nearer to the lens О О than,to the
lens P P, the diíhnce B m will; be fomewhat greater

than
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than the image f f : and as the line w O is parallel to
/B, the line В О will be nearly -equal to B F, that is,
to the focal diftance of4the ocular lens.

6. If, then, the eye-is placed at O, it will receive
not only the rays which proceed from the middle of
the object E, but thoie likewife which proceed, from
the extremity e, and confequently, thofe alio which
proceed from every point of the objecl j the eye
would even receive at once the rays В О and n O,
•even fuppofing the pupil infinitely contracted. In
this cafe, therefore, the apparent field does not de-
pend on the largenefs of the aperture of the pupil,
provided the eye be placed at O, but the moment it
recedes from this point, it muft lofé coniîderably in
the apparent field.

7. If- the point m were not in the extremity of the
ocular lens, it would tranfmit rays ftill more remote
from the axis, and the telefcope would, of courfe, dif-
cover a larger field. In order then, to determine
the Teal apparent field which the telefcope is capable
of difcovering, let there be drawn, from the centre
A of the objective lens, to the extremity m of the
ocular, the ftraight line А »г, which, produced to the
object, will mark at e the vifible extremity ; and
confequently _the angle E Atf, or, which is the fame
-thing, the angle В A m, will give' the femi-diameter
'of the apparent field, which is, confequently, greater
•in proportion as the extent of the ocular lens is
.greater.

8. As, then, in the firft fpecies of telefcopes, the
apparent field depended entirely on the aperture or

the
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the pupil, and as in this cafe it depends entirely cm
the aperture of the ocular lens, there is an eflential
difference between thefe two fpecies of inftrumentSj
greatly in favour of the latter. The figure which Í
.have employed in demenftrating this laft article; re^-
fpedting the place of the eye and the apparent field*
may greatly affift in the elucidation of the preceding
articles.

If you will be fo good as to refled, that the ob-
jective lens tranfports the object E.Í to F/, and that
the ocular lens tranfports it from F/to Gg; this
image G g being very diftant from the immediate
objeft of viûon, ought to be feen diftinclly, as a good
eye requires a great diftanee in order to fee thus:
This Was the firft article.

As to the fécond, it is evident at firft fight, that
as inftead of the real image E í we fee through the
telefcope the image G £> it muft be inverted. Finally,1

this image is feen by the eye placed at О under the
angle G O g, or В О и, whereas the object itfelf E e
appears to the naked eye under the angle E A e : the
telefcope, therefore, magnifies as many times as the
angle B O n is greater than the angle E A e. Now,
as the line n O is parallel to B/, the angle B O n is
equal to the angle F B/, and the angle E Ac is equal
to it's oppofite and vertical angle F A/; hence the
magnifying power muft be eftimated from the pro-
portion between the angles F By and F Á. f; accord-
ingly, as the angle F B/ contains the angle F A/ as
often as the line. A F, that is the focal diftanee of the
objective lens, contains the line B F, that is the focal

diftanee
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tiiíbnce of the ocular, the magnifying power.wiil be,
therefore, exprefíed by the proportion of thefe two
diftances. ' This is proof fuificient that the elements
of geometry may be' fuccefsfully employed in re-
fearches of quite a différent nature ; a reflection not
unpleafing to the mathematician.

z$ei Februmy, 1762.

L E T T E R XCY.

Determination of the magnifying Power of Aßronomkal
Telefcópes, and the Conßruffion of a Teltfcope which
jhall magnify Objefls a given Nmnber of Times.

~V7~OU now h^ve it clearly afcertained, not only
JL how many times a propöfed inftrument will

magnify, but. what is the mode of conftructing a t.e-
lefcope which fliall. magnify as many times as 'may
be wiflied. In the firft cafe, you have only to mea-
fure the focal diftance of both lenfes, the objective as
well as the ocular, in order to difcover how much the
one exceeds the other. This is performed by divi-
fiori, and the quotient indicates the magnifying

power.
Having, then, a telefcope the focal diftance of whofe

objective lens is two feet, and that of the ocular one
' inch ; it is only ncceffary to enquire how often .one
inch is contained in two feet. Every one knows that
a foot contains twelve inches, two feet, accordingly,
contain twenty-four inches, which are to be divided
by one. But, whatever number we divide by one,

the
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the quotient is always equal to the dividend ; if theii
it is aiked, how often one inch is contained in twenty-
four inches, the anfwer, without hefitatidn, is,twenty-
four times ; confequently, fuch a telefcope magnifies
twenty-four times, that is, reprefents diftant objefts
in the fame manner as if they were1 twenty-four times
greater than they really are ; in other words, you
would fee them through fuch telefcope under an
angle twenty-four times greater than by the naked
eye.

Let us fuppoie another aftronomícal telefcope, the
focal diftance of whofe objecHve lens is thirty-two
feet, and that of the ocular three inches. You fee at
once that thefe two lenfes miift be placed at the dif°
tance of thirty-two feet, and three inches from each
other, for, in all aftronomical telefcopesj the diftance
of the lenfes muft be equal to the fum of the twd
focal diftances, as has been already demònftratéd.

To find, then, how many times a telefcope of thé
above defcription magnifies, wtí muft divide thirty-
two feet by three inches, and, in order to this, reduce
thefe thirty-two feet into inches, by multiplying
them by twelve.

32 this produces 384 incites} and thefe again1

12 divided by three, the focal diftance^ in inches,
^384 of the ocular lens, gives a quotient of 128,-

i1z8~ which indicates that the propofed telefcope
magnifies 1-28 times, which müft Ъё allowed to be
very confiderable.

Reciprocally, therefore, in order to cohftruct a te-
lefcope which ihall magnify a given num'bèr of times,

fay
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lay 100, we muft employ two convex lenfes, the focal
diftance of the one of which ihall be 100 times greater,
than that of the other -, in this cafe the one will give
the objective lens, and the other the ocular. Thefe
muft afterwards be fitted pn the fame axis, fo that
their diftance Ihall be equal tp the fum of the two
focal diftances j that is, they muft be fixed in a tube
pf this length, and then the eye being placed behind
the ocular lens, at it's focal diftance, will fee objects
magnified 100 times.

This arrangement may be varied without end, by
aftuming an ocular lens at pleafure, and adapting to
it an objective, whofe focal diftance Ihall be 100 times
greater. Thus, taking, an ocular lens of one inch
focus, the objective muft be of 100 inches focus, and
the diftance pf the lenfes 101 inches. Or, taking an
Ocular of 2 inches focus, the objective muft have it's
focus at the diftance of 200 inches, and the diftance
of the lenfes will be 202 inches. If you were to take
an ocular lens of 3 inches focus, the focal diftance of
the objective muft be 300 inches, and the diftance of
the lenfes from each other 303 inches. And if you
Were to take an ocular lens of 4 inches focus, the ob-
jective muft have a focal diftance of 400 inches, and
the diftance of the two lenfes 404 inches, and fo on>
the inftrument always increasing in length. If, on
the contrary, you v/ere to affume an ocular lens of
only half an inch focus, the objective muft have a
focal diftance of 100 half inches, that is, of fifty inches,
and the diftance between the lenfes would only.be 50
inches and a half, which is littls more than four feet.

And



-ASTRONOMIC АГ, TELESCOPED.

And if an ocular of a quarter of an inch focus were
to be employed, the objective would require a focal
diilance of only 100 quarters of an inch, or 25 inches,
and the diftance between the two lenfes 25 inches
and a quarter^ that is little more than two feet.

Here, then, are feveral methods of producing the
fame eftecl, that of magnifying 100 times; and if
every thing clfe \vere equal, \ve ûvould not heiitate
»bout giving the preference to the lift, as being the
fliorteft, for here the telefco'pe, being reduced to little
more than two feet, would be more mapageable than
one much longer.

No one, then, would heiitate ábouí preferring the
fliorteft telefcopes, provided all other, circumftances
were the fame, and all the different fpecies repfefented
objecls in the fanje degree of perfection. But, though
they all pofleis the fame magnifying power, the re-
prefentation is by no means equally clear and diftincT:.;
That of two feet in length certainly magnifies iooi
times, as well as the others ; but on looking through
fuch a telefcope, objects will appear not only dark,
but blunt and confuted, which is undoubtedly a very
great defect. The laft telefcope but one, whofe ob-
jeciiye lens is 50 inches focus, is lefs fubjeclt to thefe
defecb, but the dimnefs and confufion are ftill in-
fupportable; apd thefe defecb diminiih in propoTtion-
as we employ greater objective lenfes ; and are re-
duced to almoft nothing, on employing an objective
lei)s of 300 inches, with an ocular of 3 inches focusr

On ínçreaíing thefe meafurements, the reprefentation
becomes ftill clearer and more diftinit ; fo that, in
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refpeft, long telefcopes are preferable to fliort,
though otherwife lefs commodious. This circutn-
ftance impofes on me a new taik, that of farther ex-
plaining two very eflential articles in the theory of
telefcopes: the one refpecb the clearnefs, or degree
of light in which objects are feen : and the other the
diftinctnefs and accuracy of exprefïïon with which
they are reprefented. Without thefe two qualities,
aU magnifying power, however great, procures no
advantage for the contemplation of objects.

Z'jtb February, 1763.

L E T T E R ZC.W.

Degree of Clearnefs.

TN order to form a judgment of the degree of
A clearnefs in which objects are reprefented by the
telefcope, I fliall recur to the fame principles which'I
endeavoured to elucidate, in treating the fame fub-
jecl: with reference to the microfcope.

And, firft, it muft be confidered that, in this re-
fearch, it is not propofed to determine the degree of
light refident in objefts themfelves, and which may
be very différent, not only in different bodies, as
being in their nature more or lefs luminous, but in
the fame body, according as circumftances vary. The
fame bodies, when illuminated by the fun, have un-
doubtedly more light than when the Iky is overcaft,

in the night their light is wholly extinguiihed ;
but
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but different bodies illuminated may differ greatly,
in point of brightnefs, according as their colours are
more or lefs lively. We are not enquiring, thenj into
that light or brightnefs which reiides in objects them-
felves ; but, be it ftrong or faint, we fay that a tele-
fcope reprefents the object in perfect clearnefs, when
it is feen through the inftruinent as clearly as by the
naked eye ; ib that if the object be dim, we are not
to expect that the telefcope fhould reprefent it as
clear.

Accordingly, in refpect of clearnefs, a telefcope is
perfect, when it reprefents the object as clearly as it
appears to the naked eye. This takes place, as in
the microfcope, when the whole opening of the pupil
is filled with the rays which proceed from every
point of the object, after being tranfmitted through
the telefcope. If a telefcope furniihes rays fufficient
to fill the whole opening of the pupil, no greater de-
gree of clearnefs need be defired ; and, fuppoling it
could fupply rays in greater profuiion, this would be
entirely ufelefs, as the fame quantity precifely, and no
more, could find admiflion into the eye.
' Here, then, attention muft be paid chiefly to the
aperture of the pupil, which, being variable, prevents
our laying down a fixed rule, unlefs we regulate our-
felves according to a certain given aperture, which
is fufficient, when the pupil, in a ftate of the greateft
contraction, is filled with rays ; and, for this purpofc*
the diameter of the pupil is ufually íuppofed to be
pne line, twelve of which make an inch j we fome-,

times
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times iatisfy ourfelves with even the half of this, al*
lowing to the diameter of the pupil only half a line,
and in fome cafes ffill leis.

If you will pleafe to confiderj that the light of the
fun exceeds that of the moon 300,000 times, though
even th^at of the moon is by no means inconfiderable,
you will be fénfible that a fmall diminution in point
of clearneis can be of no great confequence in the
contemplation of objefts. Having premifed this, all
that remains is to examine the rays which the tele-
fcope tranfmits into the eye, and to compare them
with the pupil ; and it will be fufficient to confider
the rays which proceed from a fingle point of the ob-
jecl (plate IX-flg- ï.) that, for example, which is ia
the axis of the telefcope.

I. The object being infinitely diftant, the rays whicji
fall from it on the furface of the objective lens PAP
are parallel to each other : all the rays, then, which
come from the centre of the object, will be contained
within the lines LP, LP, parallel to the axis E A.
All thefe rays, taken together are denominated the
fafcicle of rays which fall on the objective lens, and
the breadth of this fafcicle is equal to the extent of
aperture of the objective lens, the diameter of which
isPAP,

II. This fafcicle, or little bundle, of rays is changed,
by the refraction of the objective lens, into a conical
or pointed figure P F P, and having crofled at the
focus F, it forms a new cone m T? m, terminated by
the ocular lens ; hence it is evident that the bafis of

cone mm is as many times finaller than the
VOL. II. С с breadth,
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breadth of the fafcicle P P, as the diftance F B is
íhofter thàrrthe diftance AF.

III. Now thefe rays F m, Y m, on paffing. through
the ocular lens Q B Q, become again parallel to each
other, and form the fafcicle of rays no, no, which
enter into the eye, and there depict the image of the
point of the object whence they, originally proceeded.
• IV. The queftion, then, refolves itfelf into the
breadth of this fafcicle of rays no, no, which enter
into the eye ; for if this breadth nn Or oo is equal to,
or greater than, the opening of the pupil, it will be
filled with them, and the eye will enjoy all poffible
clear nefs ; that is, the objeft will feenv as clear as if
you were to look at it with the unaffifted eye.

V. But if this fafcicle я к, or о о, were of much lefs
breadth than; the diameter of the pupil, it is evident
'that the reprefentation muft become fo much more
obfcure ; which would be a great defed in the tele^
fcope. In; order to remedy it, the fafcicle muft,
therefore, be at leaft half a line in breadth, and it
would be ftill better to have it a whole line in breadth,
this being the ufual aperture of the pupil.

VI. It is evident that the breadth of this fécond
fafcicle has a certain relation to that of the firft, which
it is very eafy to determine. You have only to fettle
how.many times the diftance я я or m m is lefs than
.the diftance P P, which is the aperture of the objective
Jens, But, the diftance P P is in the fame proportion
to the diftance m m, as the diftance A F to the diftance
B F, on which the magnifying power depends ; ac-

cordingly, the magnifying power itfelf difcovers hovr
many
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many times the fàfcicle LP, LP, is broader than the
fafcide no, no, which enters into the ey&

VIL Since, then, the breadth n n or o o muft be
one line, at leaft half a line, the aperture of the ob-
jective lens PP muft at leaft contain as many half
lines as the magnifying power indicates j thus, when
the tefefcope is to magnify ioo times, the aperture
of it's objective lens rauft have a diameter of ioo
half linesy or 50 lines, which make 4 inches and 2
lines.

Vlfl. You fee,- thent that, in order to avoid o;b-
fcurity, the aperture of the objective lens muft be
.greater, in proportion as the magnifying power is
greater. -And, confequently, if the objective lens
employed is not fufceptible of fuch an aperture;, the
telefeópe wiH be defective in refpeft of clearnefs of
reprefentation.

Hence it is abundantly evident, that, m order to
magnify very greatly, it is impoflible to employ
•finall objectives, whofe focal diftance is tod ihort, as
a lens formed by the arches of fmall circles cannot
have a great aperture;

Ift Match, ij6z.

LETTER XCVII.

'Aperture of Objefîïve Lenfes.

U have now feen that the magnifying power
determines the fize or extent of the objecluve

, in order that objeits may appear with a fuffi-
tient degree of clearnefs. This determination re-

C с 2
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fpecls only the fize or aperture of the objective lens ;
however the focal diftance is affefted by it likewife,
for the larger the lens is, the greater muft be it's
focal diftance.

The reafon of this is evident, as in order to form a
lens whofe focal diftance is, for example, two inches,
it's two furfaces muft be arches of a circle whofe ra-
dius is likewife about two inches : I have therefore
reprefented {plate IX. ßg. 2.) two lenfes P and Q,
the arches of which are defcribed with a radius of
two inches. The lens P,'being the thicker, is much
greater than the lens Q,- but I fliall demonftrate after-
wards that thick lenfes arefubje<9: to other inconve-
niencies, and thefe fo great as to oblige us to lay them
altogether afide. The Jens Q, then, will be found
more adapted for ufe, being compofed of fmaller
arches of the fame circle ; and as it's focal diftance
is two inches, it's extent or aperture m n may fcarcely
exceed one inch. Hence this may be laid down as
a general rule, that the focal diftance of a lens muft
always be twice greater than, the diameter of it's
aperture m n ; that is, the aperture of a lens muft, of
neceffity, be fmaller than half the focal diftance.

Having remarked, then, that in order to magnify
ï oo times, the aperture of the obje&iye lens muft
/exceed 4 inches,it follows, that the focal diftance muft
exceed 8 inches j I fliali prefently demonftrate that
tht double is not fufficient, and that the focal diftance
of this lens muft bft increafed beyond дЩ inches.
The diftinftnefs of the expreffion of the image re-
quires this great increafe, as flialí afterwards be
ihewn} I fatisfy myfelf with remarking at prefer*»

that
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that with regard to the geometrical figure of the
lens, the aperture cannot be greater than half it's
focal diftance.

Here, therefore, I (hall go fomewhat more into
the detail/ refpecting the opening of the objective,
which every magnifying power requires : and I/re-
mark, firft, that though a fufficient degree of clear*
nefs requires an opening of four inches, when the
telefcope is to magnify roo times, we fatisfy our-
felves, in aftronomical inftruments, with one of three
inches, the diminution of clearnefs being fcarcely
perceptible. Hence artifts have laid it down as a
rule, that, in order to magnify 100 times, the орен-
ing of the objective lens muft „be three inches, and
for other magnifying powers in that proportion.
Thus, in order to magnify 50 times, it is fufficient
that the opening of the objective lens be an inch and
a half; to magnify 25 times, three quarters of an
inch fuffice, and fo of other powers.

Hence we fee that for fmall magnifying powers, a
very unall opening of the objective lens is fufficient,
and that, confequently, a moderate focal diftance may
anfwer. But if you wiihed to magnify 200 times,
the opening of the objective muft be fix inches, or
half a foot, which requires a very large lens, whpfe
focal diftance muft exceed even ibo feet, in order to
obtain a diftinct and exact expreffion. For this rea-
fon, great - magnifying powers require very long te-
lefcopes, at leaft, according to the ufual arrangement
°f lenfes which I have explained. But, for fome

paft, artifts have been fucçefsfully employing
С с 3 themfelves
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themfeLves in diminiuung this exceffiye length. The
opening of the objective, however, muft follow the
rule laid down, as clearnefs neceflarily depends on itf

Were you deiirous, therefore, of conftrucjing a
telefcope which mould magnify 400 times, the openr
ing of the objective lens muft be nyelye inches, or a
foot, let the focal diftance be rendered as fmali as
you will : and if you wiihed fo magnify 4,qpo times,
the opening of the objective muft be ten feet, a very
great fize indeed, and too much fo fpr any artift to
execute ; and thi§ is fhe principal reafon, why we

(can never hope to carry the magnifying power fo
far, uníeis fome great prince would be at the ex-
penfe of providing and executing lénfes of fuch magr

nitude ; and, after all, perhaps, they would not fuc:
ceedf

A telefcope, hpwever, which Should magnify 4,000
times, would cHfcover many wpnderful things in the
heavens. The moon would appear 4?pop times
larger than to the.naked eye ; in other words, we
ihould fee her ю if fhe were 4,000 times nearer to us
than flxe is. Let us enquire, then, to what a degree
we might be able to diftinguiih the different bodies
which lhe may contain. The diftance of the moPn
from the earth is calculated to be 52,000 German
miles ;* the 4,ooeth part of which }s 13 miles : fuch
a telefcope wpuld, accordingly, fiiew us vthe moon as
if ihe were only 13 miles diftant ; and, confequently}

* For the proportion of thefe to meafurement in Englifli mile?»
Ice Vol. I. Letter I. page 3.

•vve
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We íhould be enabled to difcover in her the fame
things which we diftinguifh in objects removed to
the fame diftance. Now, 'from the top of a moun-
tain, we can eafily difcern other mountains more
than 13 miles diftant. There can be no doubt, then,
that, with fuch an infiniment, we íhould difcover on
the furface of the moon many things to fill us with
furprize. But, in order to determine whether the
moon is inhabited by creatures fimilar to thofe of the
earth, a diftance of 13 miles is ftill too great; we
muft have, in order to this effect, a telefcope which
fliould magnify ten times more, that is 40,000 times,
and this would require an objective lens of 100 feet
aperture, an enterprize which human art will never
be able to execute. But, with fuch an inftrument,
we mould fee the moon as if ihe were no farther
diftant than from Berlin to Spandau, and good eyes
might eafily difcern men at this diftance, if any there
were, but too indiftinffly, it muft be allowed, to be
completely affured of the facb
. As we muft reft fatisfied with wiihmg, on this fub-

jecl:, mine mould be to have at once a telefcope which
íhould magnify 100,000 times;* the moon would
then appear as if flie were only half a mile diftant.

The aperture of the objective lens of this telefcope
muft be 250 feet, and we mould fee, at leaft, the
larger animals which may be in the mpon.

été March, 1762.

1 Dr. Herfchel's telcfcopes aftually magnify 6,5QQ times,

Cc4 LETTER
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L E T T E R XCV1II.

On Di/linfinefs in the Exprejfion : On the Space of Dif-

fufion occafioned by the Aperture of Objective Lenfes ̂

and conßdered as theßrß Source of Want of ])i/iinff-

nefs in the Reprefentation.

TTVISTINCTNESS of expreffion is a quality of fo
JL/ much importance in the construction of tele-
fcopes, that it feems to take precedence of all the
others which I have been endeavouring to explain ;
for it muft be allowed, that a telefcope which does
not reprefent diftinctly the images of objects muft be
very defective. I muft, therefore, unfold the reafons
of this want of diftinctneis, that we may apply more
fucceisfully to the means of remedying it.

They appear fo much the more abftrufe, that the
principles hitherto laid down do not difcover the
fource ; in fact, this defect is thus to be accounted
for, one of the principles on which I have hitherto
proceeded is not ftrictly true, though not far from
the truth, .

You wul recoiled that it has been laid down as a
principle, thalf a convex lens collects into one point
of the image all the rays which come from one
point of the object. Were this ftridtty true, images
reprefented by lenfes would be as diftinctly expreffed
ад the object itfelf, and we íhould bç .under no apr
prehenfion of defect in regard to this,

Here, then, Jies the defectiveneß of this principle ;
lenfes.
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lenfes have the property now afcribed to them only
around their centre ; the rays which pafs through
the extremities of a lens collect in a different point
from thofe which pafs toward the centre, though all
proceed from the fame point of the object ; hence
are produced two different images, which occafion
indiftinctneis.

la order to fet this in the cleareft light, let us con-
fider the convex lens PP, (plate iX ßg, $,) on the
axis of which is placed the object E e, of which the
point E, fituated upon the axis, emits the rays EN,
EM, EA, EM, EN, to the furface of the lens. To
the direction of thefe rays, as changed by refraction,
we muft now pay attention.

I. The ray E A, which paffes through the centre
A of the lens, undergoes no refraction, but proceeds,
forward in the fame direction, on the ftraight line
ABR

II, The rays EM and EM, which are neareft to
the firft, undergo a fmall refraction, by which they
will meet with the axis fomewhere at F, which is
the place of the image F/, as has been explained in
fome of my preceding letters on this fubjeft.

1Д. The rays EN and EN, which are more remoto
from the axis E A, and which pafs toward the extre-
mities NN of the lens, undergo a refraction fome-
what different, which collects them, not at the point
F, but at another point G nearer the lens, and thefo
rays reprefent another image G£, different from the
iirftF/

ÏV. Let us now carefully attend to this particular
circumftance,
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circumftance, not hitherto remarked ; it is this, that
the rays paffing through the lens, toward it's extre-
mities, reprefent another image G g, than what is
rcprefented by thofe pafling near the centre MAM.

V. If the rays EN,,EN, were to retire ftill farther
from the centre A, and to pafs through the points
PP of the lens, their point of re-union would be ftul
iiearer to the lens, and would form a new image,
nearer than, even G g.

VI. Hence you will eafily perceive, that the firit
irqage F/, which is named the principal image, is
formed only by the rays which are almoft infinitely-
near the centre ; and that according as the rays Re-
tire from it, toward the extremities of the lens, a
particular image is formed nearer the lens, till thofe
paffing clofe to the extremities form the laft, Gg.

VU. All the rays, therefore, which pafs through
the lens PP reprefent an infinity of images difpofed
between F/ and G g ; and at every diftance from
the axis the refraction of the lens produces a parti*
cular image, fo that the whole fpace between F and Ct
is filled with a feries of images..

VIII. This feries of images is accordingly deno-
minated the diffufion of the image ; and when all
thefe rays afterwards enter into any eye, it is natural
that the yifion fiiould be fo much difturbed, as the
fpace FG, through which the image is diffufed, is
more coniiderable. If this fpace F G could be re-
duced to nothing, no confufton or indiftinctnefs need
to be apprehended.

. IX. The greater portions of their refpective circles
that
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that the arches PAP and PBP are, the greater like,
wife is F G the fpace of diffufion. You fee a good
reafon, then, for rejecting all lenfes of too great
thicknefs, or in which the arches which form the
iurfaces of the lens are confiderable fegments of their
circles ; (as in plate IX. fig. 4.) of which the arches
PAP and PBP are the fourth part of the whole cir-
cumference, fo that each contains go degrees ; this
would, confequently, produce an infufferable con-
fufion.

X. The arches, then, which form the furfaces of
a lens, muft contain much lefs than 90 degrees : if
they contained fo much as 60, the diffuiion of the
image would be even then infupportable. Authors
who have treated the fubject, admit of 30 degrees
at mou : and fome fix the boundary at 20 degrees.
A lens of this laft defcription is reprefented by jig. 5.
of plate IX. in which the arches PAP and PBP con-
tain only 20 degrees, each being but the eighteenth
part pf the whole circumference of it's refpective
circle.
. XI. But if this lens were to fupply the place of the
objective in a telefcope, the arches PAP and PBP
muft contain ftill many degrees lefs. For, though
the diffuiion of the image be perceptible pf itfelf, the
magnifying power multiplies it as many times as the
objeft is. Therefore, the greater the magnifying
power proposed, the fewer muft be the number of
degrees, which the furfaces of the lens contain.

XII. When the telefcope is intended to magnify-
í oo times, you will recollect, that the aperture of

б the
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the objective lens muft be 3 inches, and it's focal
diibmce 360 inches, which is equal to the radii with
which the two arches PAP and PBP are defcribed ;
hence it follows that each of thefe two arches con-
tains but half a degree ; and it is diftinctnefs of ex-
preffion which requires an arch fo fmalL If it were
intended to magnify 200 times, half a degree would
be ftill too much, and the meafure of the arch, in
that cafe, ought not to exceed the third part of a
degree. This arch, however, muft receive an ex-
tent of 6 inches; the radius of the circle muft, there-
fore, be fo much greater, and confequently, alfo the
focal diftance. This is the true reáfon why great
magnifying powers require telefcopes of fuch confi-
derable length.

gib March) 1762.

LETTER XCIX.

Diminution of the Aperture of Lenfes, and other Means

of leflening the S f ace of Diffußon^ till it is reduced to

nothing.

"WITJHEN the fpace of an objective lens is too
VV great to admit of diftinclnefs of expreffion,

it may be very eaffly remedied : you have only to
cover the lens with a circle of pafteboard, leaving
an opening in the centre, fo that the lens may tranf-
mit no other rays, but thofe which fall upon it
through the opening, and that thofe which before
paflbd through the extremities of the lens may be ex-

cluded \
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eluded ; for as no rays are tranfmitted but through
the middle of the lens, the irnaller the opening is, the
fmaller likewife will be the fpace of diffufion.. Ac-
cordingly, by a gradual diminution of the opening,
the fpace of diífuíion may be reduced at pleafure.

Here the cafe is the fame as if the lens were no
larger than the opening in the pafteboard, thus the
covered part becomes ufelefs, and the opening de-
termines the iize of the lens ; this then is the remedy
employed, to give objective lenfes any given extent.

P P is the objective lens (plate IX. ßg. 6.) before
which is placed the pafteboard NN, having the open-
ing M M, which is now the extent of the lens. This
opening MM is here nearly the .half of what it
would be, were the pafteboard removed ; the fpace
of diffufion is, therefore, much fmaller. It is re-
marked, that the fpace of diffuiion, in this cafe, is
only the fourth part of what it was before. An
opening M M, reduced to a third of P P, would ren-
der the fpace of diffufion nine times lefs. Thus the
effect of this remedy is very coniiderable ; and on
covering the extremities of the lens ever fo little, the
effect of it becomes perceptible.

If, therefore, a telefcope labours under this defeft,
that it does not reprefent objects fufficiently diftinft,
as a feries of images blended together muft of ne-
ceffity produce confufion, you have only to contrait
the aperture of the objective lens by a covering of
paueboard fuch as I have defcribed, and this confu-

will infallibly difappear. But a defecl equally
embarrafling
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einbarraffing is thé cónfequence, the degree of brig» t *
nefs is diminiflied. You will recollect that every
degree of the magnifying power requires a certain
aperture of the objective lens, that as many rays may
be tranûnitted as are neceflary to procure a fufficient
illumination. It is vexatious, therefore, in curing
one defeâ:, to fall into another ; and in order to the
conftruélion of a very good telefcope, it is abfolutely
neceflary that there fliould be fufficient brightnefs of
illumination, without injuring diftinftnefs in the re-
prefentation. -

But can there be no method of diminifhing, nay
of totally reducing, the fpace of diffufion of objective
lenfes, without diminifhing the aperture ? This is the _
great enquiry which has for fome time paft engaged
the attention of the ingenious, and the folution of
which promifes fuch a field of difcovery in the fcience
of dioptricks. I {hall have the honour, at leaft, of
laying before you, the .means which identifie men
have fuggefted for this purpofe.

As the focus of the rays which pafs through the
middle of a convex lens is more difiant from the
lens, than the focus of the rays which país through
the extremities, it has been remarked that concave
lenfes produce a contrary eflfecb This has fuggefted
the enquiry, whether it might not be poffible to com-
bine a convex witbfi concave lens in fuch a manner,
that the fpace of diffufion mould be entirely annihi-
lated ; while, in other refpecb, this compound lens
fliould produce the fame effeft as an ordinary fimpte

objeaive ?
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objective ? You know that concave lenfes are mea-
fured by their focal diftance as well as thofe which
are convex ; with this difference, that the focus of
the concave is only imaginary, and falls before the
lens, whereas the focus of convex lenfes is real, and
falls behind them. Having made this remark, we
reafon as follows :

I. If we place (plate IX. fig. 7.) behind a convex
lens P A P, a concave one О В О of the fame focal
diftance, the rays which the convex lens would col-
left in it's focus will be refracbd by the concave, fo
that they will again become parallel to each other, as
they were before paffing through the convex lens.

II. In this cafe, therefore, the concave lens deftroys
the efíeft of the cpnvex, and it is the fame thing as
if the rays had proceeded in their natural direction,
without undergoing any refradlion. For the con-
cave lens having it's focus at the fame point F, re-
ftores the parallelifm of the rays, which would other-
wife have met at the point F.

III. If the focal diftance of the concave lens were
fmaller than that of the convex, it would produce a
greater effeét, and would render the rays divergent,
as in /£. 8. of plate IX : the incident parallel rays
L M, E A, L M, paffing through the two lenfes,
Would affume the directions N O, B F, N O, which
are divergent from each other, Thefe two lenfes
together produce, therefore, the fame efFecl as a
fimple concave lens, which would imprefs on the
incident'parallel rays the fame divergence. Two
fuch lenfes joined together, of which the concave has

a fmaller
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a fcnaller focal diftance than the convex, ate there-
fore equivalent to a iimple concave lens.

IV. But if the concave lens Q O (plate IX.-ßg< 9-)
has a greater focal diftance than the convex, lens P P»
it is not even fuIEcient to render parallel to each
other the rays which the convex lens by itfelf would
collect in it's focus F : thefe rays, therefore, continue
convergent, but their convergence will be dimmiihed
by the concave lens, fo that the rays, inftead of meet-
ing in the point F, will meet in the more diftant
point O.

V. Thefe two lenfes joined together will produce,
then, the fame effect, as a iimple convex lens whicb
uiould have it's focus at O, as it would colled the
parallel rays L M, E A, L M, equally in the fame
point. It is therefore evident that two lenfes may
be combined an infinite variety of ways, the one be-
ing convex and the other concave, fo that their com-
bination íhall be equivalent to a given convex lens.

VI. Such a double objective lens may, therefore,
be employed in the conftrucYion of telefcopes, inftead
of the iimple to which it is equivalent ; and the ef-
fect, as to the magnifying power, will be juft the
fame. But the fpace of diffufion will be quite dif-
ferent, and it may happen to be greater or lels than
that of a fimple objective, and in this laft cafe, the
double objective will be greatly preferable to the
fimple.

VII. But farther, it has been found poffible to ar-
range two fuch lenfes fo that the fpace of diirunon vs
reduced absolutely to nothing, which is, undoubt-

edly»
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edly, the greateft advantage poffible in the conftruo
tion of telefcopes. Calculation enables us to deter-
mine this arrangement, but no artift has hitherto
been found capable of reducing it to practice.

I yb March, 1762.

T

L E T T E R C .

Of Compound Objective Lenfes.

HE combination of two lenfes, of which I have

now given the idea, is denominated a com-
pound objective : the end propofed from them is,
that all the rays, as well as thofe which pafs through
the extremities of a lens, as thofe which pafs through
the middle, ihould be collected in a fingle point, fo
that only one image may be formed, without diffu-
fion, as in iimple objectives. Could artifts fucceed
in effecting fuch a conftrudtion, very great advan-
tages would refult from it, as you mall fee.

It is evident, firft, that the reprefentation of ob-
jects muft be much more diftincT:, and* more exactty
expreifed, as vifion is not difturbed by the apparition
of that feries of images which occupy the fpace of
diffuiion, when the objective is fimple.

Again, as this fpace of diffufion is the only reafon
ч-vhich obliges us to give to fimple objectives fuch an
exceflive focal diftance, in order to render the incon-
venience refulting from it imperceptible ; by em-
ploying compound objectives we are relieved from
that cumberfome expedient, and are enabled to con-

. II. D d ftruft
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•ftrucl telefcopes incomparably fhorter, yet pofleffing
"the fame magnifying power.

When, employing a iingle objective, you want to
magnify a hundred times, the focal diftance cannot
be lefs than thirty feet, and the length of the tele-
fcope becomes ftill greater on account of the ocular
lens, whofe focal diftance muft be added ; a fmall
objective would produce, from it's greater fpace of
diffuiion, an intolerable confuiion. But, a length of
thirty feet is not only very incommodious, but ar-.
tifts feldom fucceed in forming lenfes of fo great a
focal diftance. You will readily perceive the reafon
of this : for the radius of the furfaces of fuch a lens
muft likewife be thirty feet, and it is very difficult to
defcribe exactly fo great a circle, and the Uighteft
aberration renders all the labour ufelefe.

Accidents of this fort are not to be apprehended
in the conftrucYion of compound objective lenfes,
which may be formed of finaller circles, provided
they are fufceptible of the aperture which the mag-
nifying power requires. Thus, in order to magnify
one hundred times, we have feen that the aperture
of the objective lens muft be three inches ; but it
would be eafy to conftruct a compound objective
whofe focal diftance fhould be only one hundred
inches, and which could admit an aperture of more
than three inches : therefore, as the focal diftance ot
the ocular muft be one hundred times finaller, i{

would be one inch; and the interval between the
-lenfes being the fum of their focal diftances, the
length of the telefcope would be only one hundred



OF COMPOUND OBJECTIVE LENSES. 403.

*nd one inches, or eight feet five inches, which is far
fliort of thirty feet.

But it appears to me, that a compound objective,
whofe focal diftance fliould be fifty inches, might
eafily admit an aperture of three inches, and even
înore : taking then an ocular of half an inch focus,
you will obtain the fame magnifying power of one
hundred times, and the length of the telefcope will
be reduced one half, that is to four feet and lefs than
three inches. Such a telefcope, then, would produce
the fame effeft as a common one of thirty feet, which
is affuredly carrying it as far as need to be wiihed.

If fuch a compound objective could be made to
anfwer, you would only have to double all thefe
meafurements in order to have one which ihould ad-
mit an aperture of fix inches, and this might be em-
ployed to magnify two hundred times, making ufe
of an ocular of half an inch focus, as the two hun-
dredth part of the focal diftance of the objective,

would, in this cafe, be one hundred inches-
, a common telefcope which mould magnify two

hundred times, imift exceed one hundred feet in
length ; whereas this one, which is conftructed with
4 compound objective, is reduced to about eight feet,
ar»d is perfectly accommodated to ufe, whereas a te-
lefcope of one hundred feet long would be an un-

and almoft ufelefs load.
The fubjecl might be carried ftill much farther,

by again doubling the meafurements, we might
nave a compound objective whofe focal diftance

be two hundred inches, or fixteen feet eight
D d 2 inches,
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inches, which fhould admit of an aperture of twelve
inches or one foot : taking, then, an ocular of half
an inch focus, as two hundred inches contain four
hundred half inches, we fhould have a telefcope ca-
pable of magnifying four hundred times, and ИШ
abundantly manageable, being under fcventeen feet ;
whereas were we to attempt to produce the fame
magnifying power with a fimple objective lens, the
length of the telefcope muft exceed three hundred
feet, and confequently could be of no manner of ufe,
on account of that enormous fize.

They have at Paris a telefcope one hundred and
twenty feet long, and one at London of one hundred

and thirty feet ; but the dreadful trouble of mount-
ing, and pointing them to the object, almoft annihi-
lates the advantages expected from them. From this
you will conclude of what importance it would be
to fucceed in the conftrucltion of the compound lenfes
which I have been defcribing. I fuggefted the firft
idea of them feveral years ago, and lince then, artifts
of the greateft ability in England and France have
been attempting to execute them. Repeated efforts,
and lingular ikill, in the artift, are undoubtedly J"e*
quiiite. Indeed, I have made, with the affiftance, of
an able mechanician of our Academy, fome not un-
fuccefsful attempts, but the expence attending fucb

an enterprize has obliged me to give itpup.
But the Royal Society of London laft year an-

nounced, that an eminent artift, of the name of D°*"
lond, had fortunately fucceeded ; and his telefcopes
are now univcrfally admired. An able artift of Paris,
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named-Pafíament, boafts of a fimilar fuccefs. Both
thefe gentlemen did me the honour, fome time ago,
to correfpond with me on the fubjecl: ; but as the
point in queftion was chiefly, how to furmount cer-
tain great difficulties in the practical part, which I
never attempted, it is but fair that I mould relinquiih
to them the honour of the difcovery; The theory
alone is my province, and it has coil me much pro-
found refearch, and many painful calculations, the
very fight of which would terrify you. I fliall there-
fore take care not to perplex you farther with this
abftrufe enquiry.

leih March, 1762.

L E T T E R C I .

Formation of Simple Objefifae Lenfcs.

TN order to give you fome idea of the refearches
A which led me to the conftruftion of compound
objeffive lenfes, I muft begin with the formation of
the fimple lens.

Obferve, firft, that the two furfaces of a lens may
be formed in an infinity of different ways, by taking
circles of which the furfaces' are fegments, either
equal, or unequal to each other, the focal diftance,
however, remaining always the fame.

The fame figure is ufually given to both furfaces
Of a lens, or, as the furfaces of a lens are reprefented
by arches of a circle, both furfaces are formed with
radii equal to each other. Facility of execution has,

D d 3 undoubtedly,
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undoubtedly, recommended this figure, as the fame
-t>afon ferves to form both furfaces, and moft artifts
are provided with but few bafons.

Suppofe, then, a convex lens, both whofe furfaces
are poliflied on гЪе fame bafon, one of twenty-four
inches r adiu vfo that each furface ihall be an arch of
the circle whofe radius is twenty-four inches : this
lens will be convex on both fides, and will have it's
focal diftance at twenty-four inches, according to the
common calculation ; but as the focus depends on
the refraction, and as the refraction is not abfolutely
the fame in every fpecies of glafs, in which we find
a very confiderable diverfity, according as the glafs
is more or lefs white and hard, this calculation of
the focus is not ftrictly accurate ; and ufually the
focal diftance of the lens is fomewhat lefs than the
radius of it's two furfaces, fometimes the tenth part,
fometimes the twelfth ; accordingly, the lens fup-
pofed, the radius of whofe furfaces is twenty-four
inches, will have it's focus at the diftance of about
twenty-two inches, if it is formed of the fame fpecie5

of glafs of which mirrors are commonly manufac-
tured : though even in glaíà of this fort we meet
with a fmall diverfity in refpect of refraction.

We fee afterwards that on making the two fur-
faces of the lens unequal, an infinity of other lenfes
may be formed, which fihall all have the fame focal
diftance ; for on taking the radius of one of the fur-

• faces lefs than twenty-four inches, that of the other
furface muft be taken greater in proportion, accord-
ng to a certain rule. The radius of-one of the fur-

faces
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faces may always be taken at pleafure j and by means
of a certain rule, the radius of the other maybe found,
in order that the focal diftance may become the fame
as if each furface had been formed on a radius of
twenty-four inches. The following table exhibits
feveral fuch lenfes, which have all the fame focal
diftance.

Lenfes.

I.

II.

III.
IV.
V.

VI.
VII.

VIII.
JX.

Radii of the £rft
Surface.

24

21

20

18
1 6

*5
14
"3
12

Radii of the fécond
Surface.

24

28

3°

36
48

60

84

156
infinity.

In the laft form, the radius of one furface is only
12 inches, or the half of 24 inches, but that of the
other becomes infinite ; or rather, this furface is an
arch of a circle infinitely great ; and as iuch an arch
differs nothing from a ftraight line, this may be con-
ftdered as a plane furface, and fuch a lens is plano-
convex.

Were we to affume the radius of a furface ftill
fmaller than 12 inches, the other furface muft be
made concave, and the lens will become convexo-

Dd 4 concave;
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concave; it will, in that cafe, bear the name of mc-
nifcus, feveral figures of which are prefentéá" in the
following table.

Menifcus.

X.
XI.

XII.
XIII.
XIV.
XV.

XVI.

Radius of the Convex
Surface.

II

10

9
8
6

4
3

Radius of the Concave
Surface.

132

60

36

24

12

6

4

Here, then, is a new fpecies of lenfes, the laft of
which is reprefented in^%. 1 1 of plate IX. fo that we
have now 16 different fpecies, which have all the
fame focal diftance; and this is about 22 inches, a
little more or lefs, according to the nature of the

When, therefore, the only queftion is, What focal
diftance the lens ought to have ? it is a matter of in-
difference according to which of thefe forms you go
to work : but there may be a very great difference in
the fpace of diflufion, to which each fpecies is fub-
iected, this fpace becoming fmaller in fome than in
others. When a limple objective lens is to be em-
ployed, as is ufually done, it is by no means indifferent
of what figure you afTume it, for that which-produces
the fmalleft fpace of diffufion is to be preferred. Now,

this
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this excellent property does net belong to the firft
fpecies, where the two furfaces are equal; but nearly
to-fpecies VII. which poflèflesrthe quality, that when
you tuin toward the object it's more convex furface,
or that whofe radius is fmalleft, the fpace of diffufion
is found to be about one half lefs, than when the
lens is equally convex on both fides : this, therefore,
is the moft advantageous figure for fimple objective
lenfes, and practitioners are accordingly agreed in the
ufeofi t .

It is evident, trlen, that in'order to afcertain the
fpace of diffuiion of a lens, it is not fufficient to know
it's focal diftance, it's fpecies likewife muil be'deter-
mined, that is, the radii of each furface, and you muft
carefully diftinguifli which fide is turned.to the ob-
jeft.

After this explanation, pleafe to remark, that in
order to difcover the combination of two lenfes which
fliall produce no diffufion of image, it is abfolutely
neceflary to take into the account the figure of both
furfaces of each glafs, and to refolve the following'
problem, What muß be the radii of the furfaces of two "
lenfes, in order to reduce to nothing the fpace of diffufion ?
The folution requires the moft profound refearches
of the moft fublime geometry ; and fuppofing thefe
to have been fuccefsful, the artift has, after all, many
difficulties to furmount. The bafons muft have pre^
cifely that curve which the calculation indicates ; nor
is that fufficient, for in the operation of forming the
lens on the bafon, the bafon fufiers from the friction
Ш it's turn ; hence it becomes neceflary to rectify it's

figure
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figure frojm time to time, with all poffible accuracy,
for if all thefe precautions are not ftricHy .observed,
it is impoffible to enfure fucceis; and it is no eafy
matter to prevent the lens from affuming a figure
fomewhat different from that of the bafon in which
it is moulded. You muft. be fenfible, from all this,
how difficult it muft be to carry to perfection this
important article in dioptricks.

March, 1763.

LETTER СП.

Second Source of Defefi, as to Di/tin£lnefs of Reprefenta-
tion by the Telefcope. Different Refrangibility of Rays*

"XTOU have now feen in what manner it may be
JL poffible to remedy that defeft in lenfes which

arifes from the different refraction of rays, as thofe.
which pafs through the extremities of a lens do not
meet in the fame point with thofe which pafs through

• it's middle, the effect of which is an infinity of images
difperfed through the fpace of difiufion. But this is
not the only defecl:; there is another, of fo much
more importance that it feems impoffible to apply a

remedy, the caufe exifting not in the glafs, but in the
nature of the rays themfelves.

You will recoiled that there is great variety in
rays, with refpect to the different colours of which
they convey the impreffion. I have compared this
diverfity to that which we meet with in mufical
notes, having laid it down as a principle, that each

2 colour
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colour is attached to a certain number of vibrations.
But fuppofing that this explanation ihould ftill ap-
pear doubtful, it is beyond all doubt, that rays of
diffèrent colours likewife undergo different refrac-
tions in their paffage from one traniparent medium
to another ; thus red rays undergo' the leaft refrac-
tion, and violet the greateft, though the difference is
almoft imperceptible. Now, all the other colours, as
orange, yellow, green, and blue, are contained, with
refpeft to refra&ion, within thefe two limits. It
muft likewife be remarked that white is a mixture
of all the colours, which, by refraction, are feparated
from each other.

In faft, when (plate IX. fig. 12.) a white ray OP^
or a ray of the fun, falls obliquely on a piece of glais
A B C D, inftead of purfuing it's courfe in the direc-
tion P Q, it not only deviates from this, but divides
into a variety of rays P r, P s, P /, P v : the firft of
which P r, the one that deviates leaft, reprefents the
red colour, and the laft P v, which deviates moft, the
violet colour. The difperfion r 11 is indeed much
finaller than it appears in the figure ; the divergence,
however, always becomes more perceptible.

From this different refrangibility of rays, accord-
ing to their different colours^ are produced the fob
lowing phenomena, with refpeft to dioptrick glafles.

I. Let Pi? (plate IX. ßg. 13.) be a convex lens, on
the axis of which O R, at a very great diftance A O,
is the object О о, the image of which, as reprefented
by the lens, we are to determine, putting afide, here,
the firft irregularity, that which refpeds diflufion, or,

which,
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which amounts to the fame thing, attending to thofe
rays only which pafs through the centre of the lens
A B, as if it's extremities were covered^with a circle
of pafteboard.

II. Let us now fuppofe the object О о to be red, fo
that all it's rays {hall be of the fame nature ^ the lens
will fomewhere reprefent the image of it R r equally
red ; the point R is, in this cafe, denominated the
focus of the red rays, or of thofe which undergo the
leaft refraclion.

III. But if the objecl О о is violet, as rays of this
colour undergo the greateft refraction, the image V v
will be nearer the lens than R r ; this point V is
called the focus of violet rays.

IV. If the objecl were painted fome other inter-
mediate colour between red and violet, the image
would fall between the points R and V, would be
always very diftinc~l, and terminated by the ftraight
line о B, drawn from the extremity о of the object,
through the centre of the lens, this being a general
rule for all colours.

V. But if the colour of the objecl: is not pure, as is
the cafe in almoft all bodies ; or if the objecl is white,
which is a mixture of all colours, the different fpecies
of rays will then be feparated by refraclion, and each
will reprefent an image apart. That which is formed
of red rays will be at R r ; and that which is produced
by the violet, at Vi>; and the whole fpace R V will
be filled with images of the intermediate colours.

VI. The lens PP, then, will reprefent a fucceffion
of images of the objecl O o difpofed through the

fmall
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fma.ll фасе R V, of which, the moft remote from the
lens, is red, and the neareft V v violet, and the inter-
mediate images of the intermediate colours ; accord-
ing to the order of the colours as they appear in the
rainbow.

VII. Each of thefe images will be abundantly dif-
tmdl: in itfelf, and all terminated by the ftraight line
o B -v r, drawn from the extremity о of the object
through the centre of the lens В : but they could not
be viewed together, without a very perceptible con-
fufion.

VIII. Hence, then, is produced a new fpace of dif-
fufion, as in the firft irregularity, but differing from
it in this, that the latter is independent on the aper-
ture of the lens, and that each image is painted of a
.particular colour.

IX. This fpace of diffuíion R V depends on the focal.
diftance of the lens, fo as to be always about the
twenty-eighth part; when, therefore, the focal dif-
tance of the lens P P is 28 feet, the fpace R V be-
comes equal to an entire foot, that is, the diftance
between the red image R /• and the violet V -v is one
foot. If the focal diftance were twice as great, or
56 feet, the fpace R V would be two feet, and fo of
other diftances.

X. Hence, the calculation of the focal diftance of a
lens becomes uncertain, as the rays of each colour
have their feparate focus : when, therefore, the focus
of a lens is mentioned, it is always neceilary to an-
nounce the colour that we mean. But rays of an

intermediate
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intermediate nature are commonly underftood, thofe
between red and violet, namely the green.

XI. Thus, when it is faid, without farther expla-
nation, that the focal diftance of fuch a lens is 56
feet, we are to underftand that it is the green image
which falls at that diftance ; the red image will fall
about a foot farther off, and the violet a foot nearer.

Here, then, is a new circumftance of eflential im-
portance, to which attention muft be paid in the
construction of dioptrical inftruments.

l^d March, 1762.

LETTER CIII.

Means of remedying this Defea by compound Objectives»

T T is neceflary carefully to diftinguifli this new dif-
JL fufion, or multiplication of the image, anfing from
the different refrangibility of, rays, as being of dif*
ferent colours from the firft dimafion, occafioned by
the aperture of the lens, in as much as the rays which
país through the extremities form another image
than thofe which pafs through it's middle. This
new defect muft, accordingly, be remedied diffe-
rently from the firft.

You will pleafe to recollect, that I have propofed
two methods for remedying the preceding defect;
the one confuted in an increafe of the focal diftance,
in order to diminiih the curve of the furfaces of the
lens. This remedy introduces inftruments extremely

long,
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bng, whenever a great magnifying power is re-
quired. The other confifts in a combination of two
lenfes, the one convex, and the other concave, to mo-
dify the refraction, fo that all the rays, tranfmitted
through thefe lenfes, may meet in the fame point,
and the fpace of diffulion be totally reduced.

But neither of thefe remedies affords the leaft af-
fiftance toward removing the inconvenience arifing
from the different refrangibility of rays. The firft
even increafes the evil, for the more that the focal
diftance is increafed, the more confiderable becomes
the fpace through which the coloured images are dif-
perfed. Neither does the combination of two or
more lenfes furniih any affiftance ; for we are affured
from both theory and experience, that the images of
different colours remain always feparated, however
great the number of lenfes through which the rays
are tranfmitted, and, that the more the lens mag-
nifies, the more the difference increafes.

This difficulty appeared fo formidable to the great
Newíon, that he defpaired of finding a remedy for a
defect which he believed abfolutely infeparable from
dioptrical inftruments, when the vifion is produced
by refracted rays. For irhis reafon he refolved to
give up refraction altogether, and to employ mirrors
inftead of objective lenfes, as reflection is always the
&me for rays of every nature. This idea has pro-
cured for us thofe excellent reflecting telefcopes,

furprizing effects are fo juftly admired, and
I ihall defcribe after I have explained every

thing relating to refracting inftruments.
On
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On being convinced that it was impoffible to re-
medy the different refrangibility of rays, by a combi-
nation of feveral lenfes, I remarked that the reafon
of it was founded on the law of refraction, which is
the fame in every fpecies of glafles ; and I perceived,
that if it were poflible to employ other tranfparent
fubftances, whofe refraction mould be confiderably
different from that'of glafs, it might be very poffible
to combine fuch fubftance with glafs, in fuch a man-
ner that all the rays ihould unite in the formation of
a fingle image, without any fpace of diffufion. In
purfuance of this idea, I found means to compofe
objective lenfes, of glafs and water, wholly exempt
from the efíeíl of the different refrangibility of rays,
which, confequently, would produce as good an ef-
fect as mirrors.

I executed my idea with two menifque, or con-'
cavo-convex lenfes, (plate IX. ßg. 14.) the one of
which is А А С С, and the other В В С С, which I
joined together with the concave furfaces toward
each other,. filling the void between them with wa-
ter, fo that the rays which entered by the lens
A AC C muít pafs through the water inclofed be-
tween the two lenfes, before they went off through
С С В В. Each ray undergoes, then, four refrac*
tions : the firft on paffing from the air into the lens
А А С С ; the fécond, on paffing from this lens into
the water; the third on paffing thence into the other
lens С С В В ; the fourth, on paffing from this lens
into the air.

As the four furfaces of thefe two lenfes here entei'
into
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confederation, I found means to determine their
femidiameters, fo that, of whatever colour a ray of
Hght might be, after having undergone thefe four
refractions, it ihould re-unite in the fame point, and
the different refrangibility no longer produce diffe-
rent images.

Thefe objectives, compounded of two îenfes and
water, were found fubject, at firft, to the former
defect, namely, that of the rays, which pafs through
the extremities, forming a different focus from what
is formed by thofe which pafs through the middle ;
but, after much painful refcarch, I found means to
proportion the radii of the four furfaces in fuch a
manner, that thefe compound objectives became
wholly exempted from the defects of both the claffes
fpccified. But it was neceflary, to this effect, to
execute fo exactly all the measurements prefcribed
by the calculation, that the flighted aberration muft
become fatal to the whole procefs ; I was, therefore,
obliged to abandon the construction of thefe ob-
jectives.

Beiides, this project could remedy only the incon-
veniences which affect the objective lens, and the
ocular lens might ftill labour under fome defect as
•great, which it would be impoffible to remedy in the
fame manner. Several ocular lenfes are frequently
employed in the conftruction of telefcopes, which I
ihall defcribe afterwards ; we mould not, .therefore,
gain much by a too fcrupulous adherence to the ob-
jective only, while we overlook the. other lenfes,

Voj.. II. . Ее though
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though their effect may not be greatly perceptible
relatively to that 'of the objective.

But, whatever pains thefe refearches may have coft
me, I frankly declare, that I entirely give up, at pro
fent, the conftruftion of objectives compounded or
glafles and water ; as well on account of the diili-
culty of execution, as that I have fince difcovered
other means, not of deftroying the effect of the dif-
ferent rcfrangibility of rays, but of rendering it im-
perceptible. This ihall be the fubject of my next
letter.

27/6 jl/-!iv6, I 762.

LETTER CIV.

Other Means more'practicable.

INCE the reflecting telcfcope came into general
- ufe, refracting inftrumcnts have been fo run

down, that they are on the point of being wholly
laid afide. The conilruction of them has, accord-
ingly, for fome time paît, been wholly fufpended,
under a firm perfuaiion that every effort to raife
them to a ftate of perfection would be ufelefs, as the
great Newton had clemonftrated that the infurmount-
able difficulties arifing from the different refrangi-
bility of rays, was abfolutely infeparable from the
conitruclion of tclefcopes.

If this fcntiment be well founded, there is no te^-
k-fcopc capable of reprefehting objects, but with *

coniuii'- ï1
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confuíion insupportable in proportion to the great-
ncfs of the magnifying power. However, though
there are telefcopes extremely defective in this re-
fpect, we likewife meet with fome that are excellent,
and nowife inferior to the fo much boafted. reflecting
telefcopes. This is, undoubtedly, a very great pa-
radox ; for if this defect really attached to the fub-
ject, we ihould not find a iingle exception. Such an
exception, therefore, and we have the teftimony of
experience that it exifts, well merits every degree of
attention.

We are to enquire, then, how it comes that cer-
tain telefcopes reprefent the object abundantly dif-
tinct ; while others are but too much fubject to the
defect occafioned by the different • réfrangibility of
rays. I think I -have difcovered the reafon, which I
fubmit*n the following reflections.

I. It is indubitably certain that the objective lens
reprefents an infinity of images of each object, which
arc all arranged over the fame fpace of cliffulion, and
each of which is painted it's own proper colour, as I
have demonstrated in the preceding Letter.

II. Each of thefe images becomes an object, with
refpect to the ocular lens, which reprefents each fe-
parately, in the colour proper to it ; fo that the eye
difcovers, through the telefcope, an infinity of
images, difpofed in a certain order, according to the
refraction of the lens.

III. And if, inftead of one ocular glafs, we were
to employ feveral, the feme thing will always take
place, and inftead of one image, the telefcope will

£ e 2 reprefent
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reprefent an infinity to the eye, or a feries of images,
each of which exprcfles a feparate object, but of a
particular colour.

IV. Let us now confider (plate IX. fig. 15.) the
laft images preferred, by the telefcope, to an eye
placed at О ; and kt R r be the red image, and V -u
the violef, thofe of the other colours being between
tlieíè two, according to the order of their different
refrangibility. I have not, in this figure,.introduced
the lenfes of the telefcope ; the only point, at pre-
fent, being to {hew in what manner the eye fees the
images. Only we muft conceive the diftance of the
eye 0 from ihele images to be very great.

V. All thefe images R r and V -v, with the inter-
mediate, are lituated, then, on the axis of the tele-
fcope O R V, and terminated by a certain flraight
line, r -v, denominated the terminatrix of all the
images.

VI. As I have reprefented thefc images in the
figure, the red image R r is feen by the eye "at O,
under the angle R O r, which is greater than the
angle V O -и, under which the violet image V -u is
feen. The violet rays which, from the image V *>?
enter into the eye, are, therefore, blended with the
red' which come from the part R r of the red image
R r. ,

VII. Confequently, the eye cannot fee the violet
image without a mixture of rays of other colour*?
but which correfpond to different points of the ob-
]cft itfclf ; thus the point n of the red image is con-
founded in the eye with the extremity v of the vU>*

let
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let image, from which a very great confuiion muft
arife.

VIII. But the ray r O not being mixed with the-
Others, the extremity feen will appear red, or the
image will feem bordered with red, which afterward
iucceffively blends with thefe other colours, fo that
the object will appear with a party-coloured border,
3. fault very common in telefcopes, to which fome,
however, are lefs fubjeét than others.

IX. If the greater image R r were the violet and
V<y the red, the confuiion would be equally offen--
five, Avith this difference only, that the extremities of
the object would then appear bordered with violet,
inftead of red.

X. The confuiion depends, then, on the poiition
of the terminating flraight line r v, with relation to
the line VO, and the diverfity which may take place
in it ; the reluit muft be, that the confuiion will be
fometimcs greater and'fometimes lefs.

XL Let us now con'iidcr the cafe, in which the
bit images, reprefented by the telefcope, are fo ar-
ranged, that the itraight terminating line -i; r being
produced, would pals prccifely into the eye. The
eye will then fee (plalc IX. jig. 16.) along a fmgle
ray -urO, all the extremities,; and, in general, all the
points which correfpond to one and the fame point
of the object, will be conveyed to the eye by a fmgle .
1-ay; and will there, confequcutly, be diftinclly re-

Prefented.
XIL Here, then, is a cafe, in which, notwithftand-

the divci-íity of images, the eye may fee the ob-
E с 3 jccl
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iec\ diftinctly, without any confufion of the different
parts, as happened in the preceding cafe. This ad-
vantage, then, will be obtained, when the termi-
nating line v r, being produced, pafies through the
place of the eye O.

XIII. As the arrangement of the laft images R f
and V v depends on the difpoiition of the ocular
lenfes, in order to refcue telefcopes from the defect
imputed to them, nothing more is requiiite but to
arrange thefe lenfes in fuch a manner, that the terr
minating line of the laft images v r íhall pafs through
the eye ; and telefcopes, thus conftructed, will always
be excellent.

JMarcb, 1762.

LETTER CV.

Recapitulation of the Qualities of a good Telefcope.

/"~4N taking a general review of the fubject, you
v_x will readily admit that an excellent telefcope
is a moil valuable commodity, but rarely to be met
with, being iubjecT: to fo many defecb, and fo many
qualities being requiiite, each of which has an eflen-
tial influence on the conftruftion of the infiniment.
As the number of the good qualities is confiderable,
that no one of them may efeape your obfervation, I
íhall again go over the ground, and make a diftincT:
enumeration of them.

I. The firft refpefts the magnifying power ; and
the more that a telefcope magnifies objects, the more

perfeft
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perfect undoubtedly it is ; provided that no other
good quality is wanting. Now, the magnifying
power is to be eftimated from the number of times
that the diameter of the object appears greater than
to the naked-eye. You will recoiled that, in tele-
fcopes of two lenfes, the magnifying power is fo
many times greater, as the focal diftance of the ob-
jective lens exceeds that of the ocular. In telefcopcs
coniifting of more lenfes than two, the determina-
tion of the .magnifying power is more intricate.

II. The fécond property of a good telefcope is
brightnefs. It is always very defective when it re-
prefents the object obfcurely, and as through a mift.
In order to avoid this defect, the objective lens muft
be of fuch a iize as is regulated by the magnifying
power. Artifts have determined 'that, in.order to
magnify 300 times, the aperture of the objective
ought to be three inches diameter, and for every
other magnifying power in proportion. And, when
objects are not very luminous of thcmfelvcs, it would
be proper to employ objectives of a ftill greater dia-
meter.

III. The third quality is diitinctncfs or accuracy of
reprefentatiòn. In order to this, the rays which
pafs through the extremities of the objective lens,
ought to meet in the fame point with thofe which
pafs through the middle, or that, at leaft, the aber-
ration ihould not be perceptible, When a fnnple ob-
jective is employed, it's focal diftance muft exceed a
certain limit proportional to the-magnify ing power."
Thus, if you wiih to magnify zoo times, the focal

E e 4
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diftance of the objective muft be at leaft 30 feet. It
is the deftin-ation, therefore, which impofes the ne-
cefllty of making telefcopes fo exceffively long, if we
want to obtain a very great magnifying power. Now,
in order to remedy this defect, an objective compofed
of two lenfes may be employed ; and, couid artifts
fucceed in the conftruction of them, we mould be
enabled, very confiderabiy, to fhorten telefcopes,
while the fame magnifying power remained. You
will have the goodnefs to recollect what I have al-
ready fuggeiled, at fome length, on .this fubject.

IV. The fourth quality regards likewife the dif-
tinctnefs, or purity, of reprefentation, as far as it is
affected by the different refrangibility of rays of dif-
ferent colours. I have íhewn how that defect may.
be remedied : and as it is impoffible that the images
formed by different rays fhould be collected in a
iingle one, the point in queftion is to arrange the
lenfes in the manner I have defcribed in the preced-
ing Letter ; that is, the terminating line of the laft
images'muft pafs through the eye. Without this,
the tëlefcope will have the defect of reprefenting ob-
jects furrounded with the colours of the rainbow ;
but the defect will disappear on arranging the lenfes
in the method I have pointed out.' But, to this ef-
fect, more than two lenfes muft be employed, in
order to a proper arrangement. I have hitherto
fpoken only of telefcopes with two lenfes, one of
which is the objective, and the other the ocular; and
you know that their diftance from each other is al-
ready determined by their focal diftances, fo that

here
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here we are not at liberty to make any alteration.
It happens, fortunately, however, that the terminat-
ing line, which I have mentioned, pafles nearly
through the place of the eye ; fo that the defect,
ariiing from the colours of the rainbow, is almoft
imperceptible, provided the preceding defect is re-
medied, efpecially when the magnifying power is
not very great. But when the power is confider-
able it would be proper to employ two ocular lenfes,
in order entirely to annihilate the colours of the rain-
bow : as in this cafe, the ilighteft defects, being
equally magnified, become infupportable.

-, V. The fifth and laft good quality of a telefcope,
is a large apparent field, or the fpace which the in-
ilrumcnt difcovers at once. You recollect that fmall
pocket glaffes, with a concave ocular lens, are fubject
to the defect of prefenting a very imall field, which
renders them incapable of magnifying greatly. The
other ipecies, that with a convex ocular, is lefs fub-
jecl to this defect, but as it reprefents the object in-
verted, telcfcopes of the firft fpecies would be pre-
ferable, did they difcQver a larger field, which depends
on the diameter of the aperture of the ocular lens ;
and урц know we cannot increafe this aperture at
pleafure, becaufe it is determined by focal diftance.
But, by employing two or three, or even more ocu-
lar lenfes, we have found means to render the appa-
rent field greater ; and this is an additional reafon
for employing fevcral lenfes, in order to procure a
telefcope in all rcfpects excellent.

To thefe good qualities, another may be ftill added,
that
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that the reprefentation fliall not be inverted by the
inftrument, as by aftronomical telefcopes. But this
defect may be eaiily remedied, if it be one, by the
addition of two more ocular lenfes, as I fliall fliew
in my next letter.

3^ April, 1762.

LETTER CVI.

Tcrrcßrial Tele/copes with Four Lenfes.

T HAVE treated at coniiderable length of telefcopes
•*- compofed of two convex lenfes, known by the
name of aftronomical tubes, becaufe they are com-
monly ufed for obferving the heavenly bodies.

You will readily comprehend that the ufe of fuch
inftruments, however excellent they may be, is li-
mited to the heavens, becaufe they reprefent objects
m an inverted pofition, which is very aukward in
contemplating terreftrial bodies, as we would rather
wifli to view them in their natural fifuation ; but on
the difcovery of this fpecies of telefcope, means were
quickly found of remedying that defect, by doubling,
if I may fay fo, the fame telefcope. For as two lenfes
invert the object, or reprefent.the image inverted,
by joining a fimilar. telefcope to'the former, for view-
ing the fame image, it is again inverted, and this fé-
cond reprefentation "will exhibit the object upright.
Hence a new fpecies- of telefcopes,. compofed of four
lenfes j called terreftrial telefcopes, from their being-de-

figned
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figned to contemplate terreftrial objects : and the
method of conftructing them follows,
l I. The four lenfes A, B, C, D, (plate IX.Jig. 10.)
inclofed in the tube M M N N, reprefent the tele-
fcope in queftion ; the firft of which, A, directed to-
ward the object, is denominated the objective lens,
and the other three, B C D , the ocular. Thefe four
lenfes are all convex, and the eye múft be placed at
the extremity of the tube, at a certain diftance from
the laft ocular lens D, the determination of which
mail be afterwards explained.

II. Let us confider the effect which each lens muft
produce, when the object О о, which is viewed
through the telefcope, is at a very great diftance.
The objective lens will firft reprefent the image of
this object at P/, it's focal diftance, the magnitude
of the image being determined by the ftraight line
drawn from the extremity o, through the centre of
the lens A. This line is not reprefented in the figure,
that it may not be embarrafled with too many lines.

III. This image P p occupies the place of the ob-
ject with refpect to the fécond lens B, which is placed
in fuch a manner, that the interval B P fliall be equal
to it's focal diftance, in order that the fécond image
may be thence tranfported to an infinite diftance, as
Q $r, which will be inverted as the firft P jo, and ter-
minated by the ftraight line, drawn from the centre
of the lens B, through the extremity p.

IV. The interval between thefe two firft lenfes
A B, is equal, therefore, to the fum of their focal dif-
tances j and were the eye placed behind the lens B,

we
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we ihould have an aftronomical telefcope, through
which the object О о would be feen at Q ?, and j
confequcntly, inverted, and magnified as many times
as the-; diftance A P exceeds the diftance В P. But
inftead of the eye, we place behind the lens B, at
fome • diftâncë, the third lens C, with refpect to which
the image 'Q q occupies the place of the object, as, in
fact, it "receives the rays from this image'Q <jj which;
being at a very great diftance, the lens С will repre^
ferit the image of it, at it's focal diftance in R r.

V. The image O q being inverted, the image R r
wjll be uprightv and terminated by the ftraight line
drawn from the -extremity q through the centre of
the lens C, which will pafs through the point, r.
Gonfequently the three lenfes А, В, С together, re-
prefent .the object О о at R r, and this image R r iï
upright. .

VJ. -Finally, we have only to place the laft lens in
fuch a manner that the. interval D R íhall be equal
to it's focal.diftance ; "this lens D will again trarifport
the image R r to an infinite diftance, as S s, the ex-
tremity '.of which s will be determined by the ftraight
line drawn from the -centre;of the lens D, through
the extremity г ; and the eye placed behind this lens
will, in faft, fee this image S s, inftead of the real

object О л
VII. Hence it is eafy to afcertain'how many times

this telefcope, comppfed of four, lenfes, muft magnify
the object ; you jhav.e only to attend to the two
couple of lenfes, А В and C D, each of which, fepa-
ratcly, would be an aftronomical ielcfcope.. The

firft
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firft pair of lenfes A and В magnifies as many times,
as the focal'diftance of the firft lens A exceeds that
of the féconds lèns B ; and fo many times will the
image formed by it, Q q, exceed the real object О о.

VIII. Farther, this image O q occupying the place
of the objeâ:, with refpeft to the other pair of lenfes
С and D, it will be again multiplied as many times
as the focal diftance of the lens С exceeds that .of the
lens D. Thefe two magnifying powers added, give
the whole magnifying produced by the four lenses.

IX. If, then, the firft pair of lenfes A and В mag-
nify ten times, and the other part С and D three
times, [the telefcope will magnify the object thrice
ten, that is, thirty times ; and-the aperture of the
objective lená A muft correfpond to this magnifying
power, according to the rule formerly laid .down.

X. Hence you fee, then, that on feparating from,
a terreftrial telefcope the two laft lenfes С and D,
there would remain an aftronomical telefcope, and
that thefe two lenfes С and D would likewife form
fuch a telefcope. A terreftrial telefcope, therefore,
confifts of two aftronomical ; and, reciprocally, two
aftronomical telefcopes combined form a terreftrial.

This conftruclion is fufceptible of endleû varia-
tions, fome preferable to others, as I fliall afterwards
demonftrate.

btb April, 176«.

LEITER
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L E T T E R CVII.

Arrangement of Lenfes in Terreßrlal Tele/'copes.

"T7"OU have now feen how, by the addition of two
•*- convex lenfes to an aftronomical telefcope, a

terreftrial one is produced, which reprefents the ob-1

je£t upright. The four lenfes, of which a terreftrial
telefcope is compofed, are fufceptible of an infinite
variety of arrangement, with refpeft to both focus
and diftance. I fliall explain thofe which are of moft
eflential importance, and refer you to plate X.ßg. ï«

I. With -refpecl to their diftances, I have already
remarked, that the interval between the two firft
lenfes A and В is the fum of their focal4 diftances ;
and the fame thing holds as to the laft lenfes С and
D, for each pair may be confidcred as a fimple tele-
fcope, compofed of two convex lenfes. But what
muft be the interval between the two middle lenfes
В and С ? May it be fixed at pleafure ? Ás it is cer-
tain that, whether this interval be great or fmall, the
magnifying power, always compounded of the -two
which each pair would produce feparately, muft con-
tinue the fame.

II. On confulting experience, we foon perceive
that when the two middle lenfes are placed very near
each other, the apparent field almoft entirely va*
niflies ; and the fame thing takes place when they
are too far feparated. In both cafes, to whatever

2 "object
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objed the telefcope is pointed, we difcover only a
very fmall part of it.

III. For this reafon artifts bring the laft pair of
lenfes nearer to the firft, or remove them to a greater
cliftance, till they difcover the largeft field, and delay
fixing the lenfes till they have found this iituation.
Now, they have obferved, that, in fettling this moft
advantageous arrangement, the diftance of the middle
lenfes В and С is always greater than the fum of the
focal diftances of thefe fame two lenfes.

IV. You will readily conclude that this diftance
cannot depend on chance, but muft be fupported by
a theory, and that, affording a termination much,
more exa<5t than what experience alone could have
furniihed. As it is the duty of a natural philofopher
to inveftigate the caufes of all the phenomena which
experience difcovers, I proceed to unfold the truc
principles which determine the moft advantageous
diftance В С between the two middle lenfes. For
this purpofe I refer to plate X-fîg- 2.

V-. As -all the rays muft be conveyed to the eye,
let us attend to the direction of that one which, pro-
ceeding from the extremity о of the vifible object,
pafles through the centre A of the objective lens j
for unlefs this ray is conveyed to the eye, this extre-
mity о will not be vifible. Now, this ray undergoes
no refraction in the objective lens, for it pafies
through the centre A ; it will therefore proceed in,
a ftraight line to the fécond lens, which it will meet
in it's extremity b, as this is the laft ray tranfmitted-
through the lenfes.

VI. This
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VI. This ray, being refracïed by the fécond
will change it's direction fo as to meet fomewhere,
at и, the axis of the lenfes ; this would have hap-
pened to be the focus of this lens, had the ray А Ь
been parallel to the axis ; but as it proceeds from
the point A, it's reunion with the axis at n.will, bo
more diftant from the lens B, than it's focal diftance*

VII. We muft now place the third lens С in fuch
à manner that the ray, after having croffed the axis
at я, may meet it exacHy in it's extremity £, from
which it is evident that the greater the aperture of
this lens С is,' the farther it muft be removed from
the lens B> and the greater the interval В С becomes}
but on the other hand, care muft be taken not to
remove the lens С beyond that point, as in this cafe
the ray would efcape it, and be transmitted no far*
ther. This circumftance, then, determines the juft
diftance between the two middle lenfes В and C,
conformably'to experience.

VIII. This lens С will produce a new refraction of
the ray in queftion, which will convey it precifely to
the extremity d of the laft ocular lens D, which*
being fmaller than C, will render the line c d fome*
what convergent toward the axis, and will thus un*
dergo, in the laft lens, fuch a degree of refraftion as
will reunite it with the axis at lefs than it's focal
diftance ; and there it is exactly that the eye muft
be placed, in order to receive all the rays tranünitted
through the lenfes, and to clifcover the greateft field.

IX. Thus we are enabled to procure a field whofe
diameter is almoft twice as large as with an aftrono*
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ittical telefcope of the fame magnifying power. By
means, then$ of thefe telefcopes, with four lenfes, we
obtain a double advantage, the objeft is reprefented
.upright, and a much larger field is difcovered : both,
circumftances of much importance.

X. Finally, it is poffible to find fuch an arrange-
ment of thefe~four lenfes, as, without affecting either
of the advantages now mentioned, lhall entirely do
away the defeft arifing from the colours of the rain-
bow, and at the fame time reprefent the objeft with

•all poffible diftinftneis. But few artifts can attain
this degree of perfection.

lOtb <fyril, 1762.

L E T T E R СУШ.

Precautions to be obferved in the Conßruftion of T'ele-
fcopes. 'Necejfity of blackening the Infide of Tubes.
Diaphragms.

A FTER thefe refearches rcfpefting the conftruc-
-L*~ tion of telefcopes, I muft fuggeft and explain
certain precautions necefíary to be uied; which,
though they relate neither to the lenfes themfelves,
nor to their arrangement, are neverthelefs of fuch
-importance, that if they are not very carefully ob-
ferved, the beft inftrument is rendered entirely ufe-
lefs. It is not fufficient that the lenfes ihould be ar-
ranged in fuch a manner that all the rays which fall
Upon them fliall be tranfmitted through thefe lenfes
to the eye ; care muft be taken, befides, to prevent

• VOL. II. F f the
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the tranfmiffion of extraneous rays through the telef-1

fcope, to difturb the reprefentation. Let the follow-
ing precautions, then, be taken.

I. The lenfes, of which a telefcope is compofed,
muft be inclofed in a tube, that no other rays, except
thofe 4vhich are transmitted through the objecHve,'
may reach the other lenfes. For this effect, the tube
muft be very clofc throughout, that not a chink ad-
mit the fmallcft portion of light. If by any accident
the tube fliall be perforated ever fo flightly, the ex-
traneous light admitted would confound the repre-
fentation of the object.

II. It is likewife of importance to blacken, through-
out, the infide of the telefcope, of the deepeft black
poffibje, as it is well known that this colour reflects
not the rays of light, be they everfo powerful. You
muft have obferVed, accordingly, that, the tubes of
telefcopes are always blackened internally. A fingle
reflection will fliew the neceffity of it.

III. The objective lens A, (plate X-ßg' 3-) tranf-
mits not only the rays of the object reprefented by
the telefcope, but thofe alfo which by the extremities
enter all around in great abundance ; fuch is the ray
h a, which falls, on the infide, upon the frame of the
tube at i : if, therefore, the tube were white in-
wardly, or of any other colour, it would -be illumi-
nated by this ray, and of itfelf would generate new
rays of light, which muft of neceffity be conveyed
through the other lenfes, and difturb the reprefenta-
tion by mingling with the proper rays of the object.

IV. But if the infide of the tube be blackened
deeply»
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deeply, no new rays will be produced, let the- light
be ever fo ftrong. This blackening muft be carried
through the whole length of the telefcope, as there
is no black fo deep as not to generate, when illu-
minated, fome faint light : fuppofing, then, that
fome extraneous rays were to make their way to the
fécond lens B, the black of the tube, purfuing their
courfe, would eafily abforb them altogether. There
is a brilliant black, which, for this reafon, it would
be very improper to employ.

V. But even this precaution is not fufficient, it is
neceflary likiwife to furniih the infide of the tube
with one or more diaphragms, perforated with; p.
fmall circular aperture, the better to exclude all exr
traneoup light 5 but care muft be taken'that they
exclude not the Tays of the objeil which the inurn-
ment is intended to reprefent. See plate JL, fig. 4.
, VI. It is цесейагу to obferve at what place, in thp
tube, the proper rays of the object are moft con-
traded ; this muft be at the points .where their
images are reprefented, for there all the rays are col*
iefted together. Now, the objective lens A repre*
fents the image in it's focus at M. You have only,
then, to compute the magnitude of this image, and
there to fix your diaphragm, whofe aperture m n
lhall be equal to the magnitude of the image, or ra-
ther fomewhat greater. For if the aperture were
lefs than the image, there would be a proportional
lofs of the apparent field, which is always a great
defect.

VII. Thefe are the obfervations, refpefting the
F f 2 diaphragm,
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diaphragm, which apply to aftronomical telefcopes,
compofed of two convex lenfes. In terreftrial tele-
fcopes two images are reprefented within the tube :
befides the firft at M, reprefented by the objective in
it's focus, and which the fécond lens B tranfports to
an infinite diftance, the third lens С reprefents a fe-
cond image in it's focus N, which is upright, where-
as the former was inverted. At N, therefore, is the
proper place to fix a fécond diaphragm perforated
with an aperture n я, of the magnitude of the image
there reprefented i

VIII. Thefe diaphragms, aided by the blacknefs of
the infide of the tube produce likewife an excellent
effect with refpecl to diftinctnefs of reprefentation.
It muft be carefully obferved, however, that the
greater the field is which the telefcope difcovers, the
lefs is to be expefted from thefe diaphragms, as in
that cafe the images become greater, fo that the aper-
ture of the diaphragms muft be fo enlarged as to
render them incapable of any longer excluding the
extraneous rays. So much the greater care, there-
fore, muft be taken, thoroughly to blacken the in-
iide of the tube, and to make it larger, which con-
fiderably diminiihes the unplcafant eftecl of which I
have been fpeaking,

iyb April, 1762.

LETTER
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L E T T E R CIX.

ín what Manner Telefcopes reprefent the Moon, the-
Planets, the Sun, and the fixed Stars. Why thefe laß
•appearf maller through the Telefcope than to the naked
Eye. Calculation of the Dißance of the fixed Stars,
from a Comparifon of their apparent Magnitude ivltb
that of the Sun.

T AM perfuaded that, by this time, you are very
*" well pleafed, to be relieved, at length, from the
dry theory of telefcopes, which is rendered agreeable
only by the importance of the difcoveries which
they have enabled us to make.

What pleaiing furprize is felt on feeing very dif-
tant objects as diftinftly as if they were one hundred
times nearer to us, or more, efpecially in cafes where
there is no poffibility of reaching them, which holds
with refpecl to the heavenly bodies ! And you are
already difpofed to admit, that, with the aid of the
telefcope, many wonderful things relating to the ilars
have been difcovered.

On viewing the moon one hundred times nearer
than flie really is, many curious inequalities are dif-
cernible ; fuch as exceffive heights and profound
depths, which, from their regularity, refernble rather
works of art than natural mountains. Hence a very
plaufible.argument is deduced, to prove that the moon
is inhabited by reafonable creatures. But we have
proofs Ш11 more iatisfactory in fimply contemplating

Ff 3 the
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the almighty power, in union with the fovercign
vvifclom and goodnefs, of the Great Creator.

Thus the moft important difcovcries have been
made rcipccling the planets, which, to the unaffifted
eye, appear only as fo many luminous points ; but
which, viewed through a good tclefcope, referable
the moon, and appear even ftill much greater.

But you will be not a little furprized, when I af-
fure you, that with the affiftance of the beft telefcope,
even one which magnifies more than two hundred
times, the fixed ftars ftill appear only as points, nay
ftill fmaller than to the naked eye. This is fo much
the more aftoniihing, that it is certain the telefcope
reprefents them fuch as they would appear were we
two hundred times nearer. Are we not, hence, re-
duced io the heceflity of concluding that, here, tele-
fcopesfail to produce their effect ? But this idea pre-
fently vafuihes, on coniidering that they difcover to
us millions' of little ftars which, without their aid,
muft have for • ever efcaped the eye. We likewife
perceive the diftances between the ftars incompa-
rably greater.; for two ftars which, to.the naked eye,
feemed almoft to touch each other, when viewed
through the telefcope, are feen at a very confiderable
diftance ; a fufficient proof of the effect of the tele-
fcope.

What,'then, is the reafon that the fixed ftars ap-
pear to us fmaller through the'telefcope than to the
naked eye ? In refolving this queftion, I remark, firft,
that the fixed ftars appear greater to the naked eye
than they ought to do, and that this arifes from a

falfe
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falfe light, occaíioned by their twinkling. In fact,
when the rays proceeding from a ftar come to paint
their image at the bottom of the eye, on the retina,
our nerves are druck by it only in one point, but,
by the luftre of the light, the adjacent nerves likewife
undergo a concuflion, and produce the fame feeling,
which would be communicated, if the image of the
objeft painted on the retina were much greater.
This happens on looking, in the night, at a very dif-
tant light. It appears much greater than when we
view it at a fmall diílance, and this increafe of mag-
nitude is occaíioned only by a falfe glare. Now, the
more that a telefcope magnifies, the more this acci-
dent muft diminiih ; not only becaufe the rays are
thereby rendered fomewhat fainter, but becaufe the
real image at the bottom of the eye becomes greater :
fo that it is no longer a fingle point which fupports
the whole impreffion of the rays, Accordingly, how.
ever fmall the ftars may appear through a telefcope,
we may confidently affirm, that, to the naked eye»
they would appear ftill much imaller but for this, ac-
cidental falfe light, and that as many times as the
telefcope magnifies.

Hence it follows, that, as the fi^ed ftars appear
only like fo many points, though magnified more
than 200 time«, their diftance muft be inconceivable.
It will be eafy for you to form a judgment how this
diftance may be computed. The diameter of the
fun appears under an angle of 32 minutes : if, there»
fore, the fun were 32 times farther off, he would ap-
pear under an angle of one minute ; and, confe.

F f 4 quently,
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quently, ftill much greater than a fixed ftar viewed
through the telefcope, the diameter of which does
not exceed two féconds, or the thirtieth part of a
minute. The fun, therefore, muft be thirty times
more, that is 960 times, farther removed, before his
appearance could be reduced to that of a fixed ftar
obferved with the affiftance of a telefcope. But the
fixed ftar is 200 times farther off than the telefcope
reprefents it; and, confequently, the fun muft be
200 times 960, that is, 192,000 times farther off
than he is, before he could be reduced to the appear*
ance of a fixed ftar. It follows, that if the fixed
ilars were bodies as large as the fun, their diftances
would be 192,000 times greater than that of the fun.
Were they ftill greater, their diftances muft be ftill
fo many times greater ; and fuppoiing them even
many times fmaller, their diftances muft always be
more than a thoufand times greater than that of the
fun. Now the diftance of the fun from our globe
is about 15,000,000 of German miles.

It is impoflible, undoubtedly, to think of this im-
menfe diftance of the fixed ftars, and of the extent
of the whole univerfe, without aftoniihment. What
muft be the power of that GREAT BEING who created
this vaft fabric, and who is the abfolute Mafter of it ?
Let us adore Him with the moft profound venera,
tien.

ijib dfril, 1762.

LETTER
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L E T T E R CX.

Why do the Moon, and the Sun, appear greater at rifing
andfetting, than at a certain Elevation ? Difficulties
attending the Solution of this Phenomenon,

"V7"OU muft have frequently remarked, that the
JL moon, at rifing and fetting, appears much

larger than when ihe is coniiderably above the hori-
zon ; and every one muft give teftimony to the truth
of this phenomenon. The fame obfervation has been
made with refpect to the fun. This appearance has
long been a ftumblîng-block to philofophers ; and,
viewed in whatever light, difficulties almoft infupe-
rable prefent themfelves.

It would be ridiculous to conclude, that the moon's
body is really greater, when ihe is in the horizon,
than when Ihe has attained her greateft elevation.
For, befides that fuch an idea would be abfurd in it-
felf, it muft be confidered, that when the moon ap-
pears to us in the horizon, ihe appears to other in-
habitants of our globe, more elevated, and confe-
quently fmaller. Now, it is impoflible that the fame
body fhould be, at the fame time, greater and fmaller.

It would be almoft equally ridiculous to attempt
the folution of this ftrange phenomenon, by fuppofmg
that the moon is nearer to us when ihe appears in
the horizon, than when ihe is arrived at a great ele.
ration, from our certain knowledge that a body ap-
pears greater in proportion as it is nearer us ; and
you know that the more diftant any object is, the

fmaller
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ftnaiîor it appears. It is for this reafon precifely, that
the Pairs appear-fo extremely fmall} though their real
magnitude be prodigious.

But however plauiible this idea may feem, it is
totally defdtute of foundation ; for it is undoubtedly
certain, that the moon is at a greater diftance from
us at rifing and fetting, than when at a greater eleva-
tion. The.-demonftration follows : (plaie X-Jig. 5.)

Let the circle ABDbe the earth, and the moon
at L. This being laid down, an inhabitant at A
will fee the moon in his zenith, or the moft elevated
point of the heavens. But another inhabitant at D,
where the line D L touches the furface of the earth,
will fee the moon at the fame time in his horizon ;
fo that the moon will appear, at the fame inftant, to
the fpectator A in his zenith, and to the other fpcc-
tator D in his horizon. It is evident however, that;
the laft diftance D L, is greater than the firft A L,
and, confequently, the moon is more diftant from
thofc who fee her in the horizon, than from thofe
who fee her near their zenith. Hence it clearly fob
lows, that the moon, when feen in the horizon, ought
to appear fmaller, being then, in faft, farther from
us, than when arrived at a great elevation. It is
âftonifhing, therefore, that obfervation ihould be in
direct contradiction to this, and that the moon mould
appear much greater when viewed near the horizon,
than in the fumrnit of the heavens.

The more this phenomenon is inveiligated, the
more firange it appears, and the more worthy of atten-
tion : it being undoubtedly certain, that the.moon

when
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when moft remote, that is, in the horizon, -ought to
appear {mailer, whereas, neverthdefs, every one is
decidedly of opinion that ihe then appears confider-
ably greater.. This contradiction is evident, and
even feeins to overturn all the principles laid down
in optics, which, however, areas clearly demonftrable
as any in geometry.

I have purpofcly endeavoured to fet this difficulty
in it's firongeft light, in'order to make you the more
ienfible of the importance of the true folution.
Without entering into a difcuffion of this univerfal
judgment formed from appearances, refpecting the
prodigious magnitude of the moon in the horizon,!
ihall confine myfclf to the principal queftion : Is it
true, in faft, that the moon, when near the horizon,
actually appears greater ?
.- You know that we are poiTeflcd of infallible means
of exactly meafuring the heavenly bodies, by afccr-
taining the number of degrees and minutes which
they occupy in the heavens ; or, which amounts to
the fame thing, by meafuring (plate X. fg. 6.) the
angle E O F , formed by the lines E O and F O,
drawn from the oppofite points of the moon, to the
eye of the fpeftator О ; and this angle E O F is what
we call the, apparent diameter of the moon. We
have likewifc inftrumcnts perfectly adapted to the
purpofe of exactly determining this angle. Now,
when we employ fuch an inftrument in meafuring
the moon's diameter, firit at her riling, and after-
Ward, when me has gained her greateft elevation, we
actually find her diameter fomewhat lefs in the firft
cafe than in the other, as the inequality of diftance

requires.
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requires. There cannot remain the ihadow of doubt
as to this ; but, for that very reafon, the difficulty»
initead of dimimihmg, gathers ftrength ; and it will
be aiked with fo much the more eagernefs ; How
comes it that the whole world agrees in imagining
the moon to be greater when rifing or fetting, though
her apparent diameter is then, in reality, fmaller ?
and, What can be the reafon of this delufion to which
inen are univerially fubjecl ? The aftronomer, who
knows perfectly well that the moon's apparent dia-
meter is then fmaller, falls neverthelefs into the
feme deception as the moil ignorant clown.

20//.) April) 1762.

LETTER CXI.

Rcßcefions on the Que/ïion refpeffing the Moon's appd'
rent Magnitude \ Progrcfs toward a Solution of ibt
Difficulty, Abfitrd Explanations.

~\7~ O U would fcarcely have believed, that the
-*• fimple appearance of the moon involved fo

many difficulties ; but I hope I iLall be able to clear
the way toward a folution, by the following reflec-
tions.

I. It is not aftoniming that .our judgment refpecT>
ing the magnitude of objects mould not always be in
correfpondence with the vifual angle under which we
fee it : of this, daily experience furniihes fuflicient
proof. A cat, for example, appears, when very near,
under a greater angle than an ox at the diftance ot
loo paces. I could never, at the fame time, imagine.

the
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the cat to be larger than the ox : and you will pleafe
to recollect, that our judgment refpeding magni-
tude is always intimately connected with that of dif-
tance ; fo that if we commit a miilake in the calcu-
lation of diftance, our judgment respecting magni-
tude becomes, of neceflity, erroneous.

II. In order to elucidate this more clearly, it fome-
times happens that a fly. paffing fuddenly before the
eye, without our thinking of it, if our fight is fixed
on a diftant object, we imagine, at firft, that the fly
is at a great diftance ; and as it appears under a very
confiderable angle, we take it, for a moment, to be
a large fowl, which, at the proper diftance, would
appear under the fame angle. It is, then, inconteft-
ably certain, that our judgment refpecting the mag-
nitude of objects is not regulated by the vifual angle
under which they are íèen, and that there is a very
great difference between the apparent magnitude of
objects, and the calculated or computed magnitude.
The firft is regulated by the vifual angle, and the
other depends on the diftance to which we fuppofe
the object to be removed.

III. To avail myfelf of this remark, I farther ob-
ferve, that we ought not to fay, that we fee the
moon greater in the horizon, than at a'confiderable
elevation. This is abfolutely falfe, for we then fee
her even fomewhat lefs. But to fpeak accurately,
•we ought to fay that we judge and compute the
moon greater when ihe is in the horizon ; and this
is literally true with the unanimous confent of all
mankind. This is fufficient to reconcile the apparent

contradiction
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contradiction formerly fuggefted ; for nothing pre-
vents our judging or computing the moon to be
greater when flic riles or fets, though ihe is feen
under a fmaller viiual angle.

IV. We are no longer, then, called upon to ex-1

plain \vliy we fee the moon greater in the horizon,
which is impoffible, for, in reality, ihe then appears
fmaller, as may be demonftrated by meafuring the
vifual angle. The difficulty, therefore, is reduced to
this ; Wherefore do we judge or compute the moon
to be greater, when in thole iituations ? or rather,
xve muft endeavour to account for this whimfical
computation. The thing is not iurprizing in itfelf,
as we know a thoufand cafes in which we eftimate
objects to be very great, though we fee them under
very fmall angles.

V. We have'only to fay, then, that when the
moon is rifing or fetting, we fuppofe her to be at a
greater diftance, than when me has attained a certain
elevation. Whenever this computation is fettled,
whatever may be the caufe of it, the confequence is
ncceffary, that we muft likewife conclude the moon
to be greater in proportion. For in every cafe, the
more diftani we eftimate any object to be, the greater
we prefume it is, and this in the fame proportion.
As foon as I imagine, by whatever illuüon, that a fly
paffing clofe before my eye is at the diftance of 100
paces, I am obliged, almoft whether I will or no, to
fuppofe it as many times greater as 100 paces exceed
the real diftance of the fly from my eyes.

VI. We are now, therefore, reduced to a new
7 qucftion :
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queftion : Wherefore do we prefume that the moon
is at a greater diftance when ihe is feen in the hori-
zon ? and, Wherefore is this illufion fo univerfal as
not to admit of a fingle exception ? For the illufion
of imagining that the moon is then at a much greater
diftance is altogether unaccountable. It is undoubt-
edly true that the moon is, then, really a little more
diftant, as I demonftrated in my laft letter, but the
difference is fo trifling as to be imperceptible. Be-
fides, the fun, though 100 times more diftant than
the moon, does not appear fo, and the eye eftimatcs
even the fixed ftars as nearly at the fame diftance.

VII. Though, therefore, -when the moon is in the
horizon,- lhe is actually a little more diftant, this cir-
cumftance cannot afiect the prefent queftion ; and
this univerfal computation, which induces the whole
world to imagine the moon to be then at a much
greater diftance than ihe really is, muft be founded
on reafons entirely different, and capable of producing
univerfal illufion. For, as the computation is un-
queftionably erroneous, the reafons which determine
us to make it muft necenarily be very ftriking.

VIII. Some philofophers have attempted to ex-
plain this phenomenon, by alleging, that it is occa-
fioned by the intervention of various objects between
us and the moon, fuch as cities, villages, forefts, and
niountains. This, fay they, is the reafon that ihe
then'appears to be much farther off; whereas, when
ihe has attained a confiderable elevation, as no other
body intervenes, flie muft appear to be nearer. But
this explanation, however ingenious it nïay at firft

fight
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fight appear, is deftitute of folidity. On looking at
the moon in the horizon, through a fmall aperture

made in any body which mall conceal the interme-

diate objects, flie neverthelefs ftill feems greater.
Befides, we do not always imagine that objects, be-
tween which and us many other bodies interpofe,
are more diftant. A great hall, for example, when

quite empty, ufually appears much larger than when
filled with company, notwithftanding the numerous

objects then interpofed between us and the walls of
the apartment.

2^lb jifril, 1762.

LETTER СХП.

An Attempt toward the true Explanation of ibis РЪепо*
menon : The Moon appears more diftant when in thé
Horizon, than when ai a great Elevation.

"\ Ж ТЕ are ftill, then, very far from the true folu-
• * tion of this univerfal illufion, under which

all, without exception, are induced to imagine the

moon to be much greater when in the horizon, than
when confiderably elevated. I have already re-

marked, that this phenomenon is fo much the more

unaccountable, from it's being demonftrable that the
moon's apparent diameter is then even fomewhat
lefs : we ought not, therefore, to fay, that we then

fee the moon greater, but that we imagine her to

be fo. '
Accordingly, I have very often obferved our judg-

ment
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ment of objects to differ very widely from vifion it-
felf. We do not hefitate, for example, to conclude,
that a horfe 100 paces diftant is larger than a dog
one pace diftant, though the apparent magnitude of
the dog is unqueflionably greater, or, which amounts
to the fame thing, though the image of the dog,
painted on the bottom of the eye, be greater than
that of the horfe. Our judgment, in this cafe, is
regulated by taking diftance into the account, and
laying it down that the horfe is much farther off
than the dog, we conclude he is much larger.

It is very probable, therefore, that the fame cir-
cumftance may take plate reflecting the moon's ap-
pearance, and induce us to reckon the moon greater,
when in the horizon,.than at a confiderable elevation.
In the cafe of the horfe, our computation of diftance
was founded in truth ; but here, as it is abfolutely
erroneous, the illufipn muft be angularly unaccount-
able, but muft, at the fame time, have a certain
foundation, as it's prevalence is univerfal, and can-
not, therefore, be imputed to caprice. Wherein
can it coniift ? This is to be the lubject of our pre-
fent enquiry.

I. Every one confiders the azure expanfe of hea-
ven as a flattened arch, the fummit of which is much
nearer to us than the under part, where it meets the
horizon. A perfon, accordingly, {landing on a plane
AB (plate X. Jig. 7.) which extends as far as his
fight perceives the vault of heaven, commonly called
the firmament, under the figure A E F B, in which

VOL. II. G g the
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the diftances С A and С В are much greater thari '
from the zenith to C.

II. This idea is likewife, beyond au queftion, a
mere illufion ; there being, in reality, no fuch vault
furrounding and inclofing us on every fide. It is a
void of immenfe extent, as it reaches to the moft
•diftant of the fixed ftars, an interval that far exceeds
all power of imagination. I ufe the word void to
diftinguifli it from grofs terreftrial bodies. For, near
the earth, fpace is occupied by our atmofphere ; and
beyond, by that fluid, infinitely more fubtile, which
we call-rf/.'o'r.

III. Though this vault, however, has no real ex-»
iftence, it poflefles an undoubted reality in our ima-
gination ; and all mankind, the philofopher as well
as the clown, arc fubject to the fame illufion. On
the furface of this arch weimaapne the fun, the moon*
and all the ftars to be difpofed, like fo many brilliant
ftuds affixed to it ; and though we have a perfect'
conviction of the contrary, we cannot help giving
into the illufion.

IV. This being laid down, when the moon is in
the horizon, imagination attaches her to the point A
or В of this fuppofed vault, and hence we conclude
her diilance to be as much greater as we coniider the
line С A or С В to be greater than C Z ; but when,
as ihe afcends, and approaches the zenith, we ima-
gine flie comes nearer, and if ihe reaches the very
zenith we think ihe is at the leaft poffible diftance.

V. The illufion, as to diilance, neceflarily involves
that
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that which refpefts magnitude. As the moon at A
appears much farther from C, than in the zenith,
we are, in a manner, forced to conclude, that the
moon is really fo much greater; and that in the fame
proportion that the diftance Ç A appears to exceed
the diftance C Z. All will not, perhaps, agree in de-
termining this proportion ; one will fay, the moon
appears to him twice as great, when in the horizon ;
another will fay three times, and the generality will
declare for the medium between two and three ; but
every one will infallibly agree in aflerting that the
moon appears larger.

VI. It may be neceflary, here, to prefent you with
the demonftration of this propofition. The compu-
tation of magnitude is neceflarily involved in the
computation of diftance. When the moon is near
the horizon, we fee her (plate X. ßg. 8.) under a
certain angle, fay M C A, the fpeftator being at С :
and, when £he is at a very great elevation, let N C D
be the angle under which we fee her. It is evident
that thefe two angles MCA and N C D are nearly
equal to each other, the difference being impercep-
tible.

VII. But, in the firft cafe, as we eftimate the
moon's diftance to be much greater, or equal to the
line С A, with reference to the imaginary vault
above defcribed, it follows, that we compute the
moon's diameter to be equal to the line M A. But,
in the other cafe, the diftance of the moon C D ap-
pears much fmaller, and, confequently, as the angle
-N C\D is equal to the angle MCA, the computed

G g 2 magnitud
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magnitude D N will be much finaller than the com-
puted magnitude AM.

VIII. To put this beyond a doubt, you have only
to cut oft'from the lines CM and С A, the parts С а
and C n equal to the lines C D and C N ; and as in
the two triangles C d n and C D N, the angles at the
point С are equal, the triangles themfelves are like-
wife fo, and, confequently, the line DN will be
equal to the line d n ; but d n is evidently ímaller
than A M, and that, as many times as the diftance
C d and C D is lefs than С A. This is a clear de-
monftration of the reafon why we eilimate the moon
to be greater when in the horizon, than when near
the zenith.

29/A April, Ij6î.

LETTER CXIII.

Tbc Heavens appear under the Form of an Arch flattened
'toward the Zenith.

"\ 7" OU will tax me, no doubt, with pretending to
JL explain one illuiion by another equally unac-

countable. It may be laid, that the imaginary vault /
of heaven is altogether as inconceivable as the in-
created appearance of the moon and the other hea-
venly bodies, when in, or near, the horizon. The
objection is not without foundation, and therefore
lays me under the ncccffity of attempting to explain
the true reafon, way the heavens appear in the ion*1

of an arch flattened toward the fummit. The fol-
lowing
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lowing reflections may, perhaps, be received as an
acquittance of my engagement.

I. In order to account for this imaginary vault,
it will be alleged that it proceeds from the appear-
ance of the heavenly bodies, as feeming more re-
mote, when in the horizon, than when near to, or.
in, the zenith. This is, undoubtedly, a formal pcti-
tlo principii, as logicians call it, or a, begging of the
queilion, which every one is entitled to reject as a
ground of reafoning. In truth, having faid above,
that the imaginary vault of heaven makes the moon,
in the horizon, appear farther off than when near
the zenith, it would be ridiculous to affirm, that
the thing which leads us to imagine the exiftence of
fuch a vault is, that horizontal objects appear more
diftant than vertical.

II. It was not, however, ufelefs to fuggeft the
idea of this imaginary vault, though it may not
carry us a great way forward ; and after I {hall have
explained, wherefore the heavenly bodies appear
more remote when viewed near the horizon, you
will be enabled to comprehend, at the fame time,
the reafon of that two-íold univerfal illuíion, namely,
the apparently increafed magnitude of the heavenly
bodies^ when in the horizon, and the flattened arch
of heaven.

III. The whole, then, reverts to this, to explain
wherefore the heavenly bodies, when feen in the ho-
rizon, appear more remote than when at a confi-
derable elevation : I now affirm, it is becaufe thefe
objects appear lefs brilliant ; and this impofcs on me

G g 3 thr
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the double taik of demonftrating, why thefe objecls
difplay lefs brilliancy when in, or near, the horizon ;
and of explaining, how this circumftance necefíaríly
involves the idea of a greater diftance. I flatter my-
felf I ihall be enabled to difchargc both of thefe to
your fatisfaction.

IV. The'phenomenon itfelf will not be called in
queftion. However greater the fun's luftre may be
at noon, which it is then impoflible to afcerlain, you
know that in the morning and evening, when he is
rifing or fetting, it is poflible to contemplate his
body, without any injury to the eye ; and the fame
thing takes place with refpecb to the moon and all
the ftars, whofe brilliancy is greatly diminiihed in
the vicinity of the horizon. We, accordingly, do
not fee the fmaller ftars when at a fmall elevation
above the horizon, though they are fufficiently dif-
cernible at a1 certain height.

V. This being eftabliihed beyond a poifibility of
doubt, the caufe of this difference of illumination
remains to be inveftigated. It is abundantly evident
that we can trace it only in our atmofphere, or the
body of air which encompafles our earth, in as far
as it is not perfectly tranfparent. For if it were, fo
that all the rays ihould be tranfmitted through itj
without undergoing any diminution, there could be
no room to doubt, that the ftars muft always fln'ne
with the fame luftre, in whatever region of the hea-
vens they might be difcovered.

VI. But the air, a fubftance much leis fine and
fubtile than ether, whofe tranfparency is perfect, is

continually
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-continually loaded with heterogeneous particles,
vifing into it above the earth, fuch as vapours and
exhalations, which deftroy it's tranfparency ; fp that
if a ray ihoüld fall in with fuch a particle, it would
be intercepted, and almoft extinguished by it. It is
accordingly evident, that the more the air is loaded
with fuch particles, which prevent the tranfmiflion
of light; the more rays muft be loft by the intercep-
tion ; and you know that a very thick mift deprives
the air of almoft all it's tranfparency, to fuch a de-
gree, that it is frequently impofljble to diftinguiify
objects at three paces diftance«.

VII. Let the points marked, \nplate X.ßg. 9. re-
prefent fuch particles, fcattered through the air,
whofe number is greater or lefs, according as the air
is more or lefs tranfparent. It is evident, that many
of the rays, which pervade that fpace, muft be loft,
and that the lofs muft be greater, in proportion as
the fpace which they had to run through that air is
greater. We fee, then, that diftant objefts become
invifible in a fog, while fuch as are very near the
eye, may be ftill perceptible, becaufe the rays of the
firft meet, in their progrefs, a greater number of
particles which obftruct their tranfmiflion.

VIII. We muft hence conclude, that the longer
the fpace is, through which the rays of thé heavenly
bodies have to pafs through the atmofphere, in order
to reach our eyes, the more confiderable muft be
their lofs or diminution, Of this you can no longer
entertain any doubt. All that remains, then, is
limply to demonftrate, that the rays of the ftars

G g 4 which,
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which we fee in,,or near, our horizon, have a longer
fpace of the atmofphere to pervade, than when nearer
the zenith. When this is done, you will eailly com-
prehend, why the heavenly bodies appear much lefs
brilliant when near the horizon, than at the time of
rifmg and fetting. This fliall be the fubje<El of my
next letter.

iß May, 1762.

LETTER CXIV.

Rcafon ajfigned for the Fainincfs of the Light of Hea-
venly Bodies in the Horizon.

HAT I have juft advanced, namely, that the
rays of the heavenly bodies, when in the

horizon, have a larger portion of our atmofphere to
pervade, may appear fomewhat paradoxical, confider-
ing that the atmofphere univerfally extends to the
fame height, fo that, at whatever point the ftar may
be, it's rays muft always penetrate through the whole
of that height, before it can reach our eyes. The
following reflections, I flatter myfelf, will give you
complete fatisfaclion on the fubjecl.

I. It is, firft of all, neceifary to form a juft idea of
the atmofphere which furrounds our .globe. For
this purpofe, the interior circle A B C D (plate X.
fig. IQ.) íhall reprefent the earth, and the exterior
dotted circle a b e d fliall mark the height of the at-
mofphere. Let it be remarked that, univerfally, in
proportion as the air rifes above the furface of the

earth,
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earth, it becomes always more tranfparent and fub-
tile, fo that, at laft, it is imperceptibly loft in the
ether, which fills the whole expanfe of heaven.

II. The groffer air, that which is moft loaded with
the particles that intercept and extinguiih the rays of.
light, is univerfally found in the lower regions, near
the furface of the earth. It becomes, therefore, more
fubtile as we afcend, and lefs obftrucrive of the light;
and, at thé height of a German mile, has become fo
tranfparent, as to occaiion no perceptible obiïruclion
whatever, of the light. The diftance, then, between
the interior circle and the exterior, may be fixed at a
German mile, nearly, whereas the femi-diameter of
the globe contains about 860 of fuch miles : fo that
the height of the atmofphere is a very ûnall matters

compared with the magnitude of the globe.
III. Let us now confider, (plate X.fig. u.) a ipec-

tator at A, on the furface of the earth ; and drawing .
from the centre of the globe G, through A, the line
G Z, it will be directed toward the zenith of the fpec-
tator. The line A S, which is 'perpendicular, and
touches the earth, will be horizontal to it. Confe-
quently, he will fee a ftar at Z in his zenith, or in
the fummit of the heavens ; but a ftar at S will ap-
pear to him in. the horizon, at it's rifing or fetting.
Each of thefe ftars may be coniidered as infinitely
diftant from the earth, though it was impoiEble to
reprefent this in the figure.

IV. Now you have only to caft your eye once
more on the figure, to be fatisfied that the rays pro-
ceeding from S have a much longer fpace to travel

through
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through the atmofphcre, than thofe from the ftar Z,
before they reach the fpedator at A. Thofe from the
ftar Z have only to pafs through the perpendicular
height of the atmofphere a A, which is not above a
German mile ; whereas thofe that come from the '
ftar S have to travel the whole fpace b A, which is
evidently much longer ; and could the figure be re-
prefented move conformably to the- fact, fo as to ex?
hibit the radius G A 860 times longer than the
height A a, we ihould find the diftance A Ã to exceed
40 fuch miles.

V. It is farther of importance to remark, that the
rays of the ftar Z have but a very fmall fpace to travel
through the lower region of the atmofphere, which
is moil loaded with vapour ; whereas the rays of the
ftar S have a much longer courfe to perform through
that region, and are obliged to crawl, if'I may ufe
the expreflion, along the furface of the earth. The
concluiion, then, is obvious. The rays of the ftar Z
undergo fcarcely any diminution of luftre, but thofe
of the ftar S muft be almoft extinguiihed from fo
long a paffage through the groiler air.

VI. It is indifputably certain, then, that the ftars
which we fee in the horizon, muft appear with a
luftre extremely diminimed ; and it will, iimply ac-
count to you for a well-known fact, that you can,
without any inconvenience, fix your eyes fteadily.on
the riung or fetting fun, whereas at noon, or at a
coniLlerable elevation, his luftre is infupportable»
This is the firft point I undertook to dcmonftrate ;
I proceed to the fécond, namely, to prove that it is

the
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tîic diminution of light which forces us, almoft, to
imagine the heavenly bodies at a much greater dif-
tance, than when we fee them in all their luftre.

VII. The reafon muft be fought in terreftrial bo-
dies, with which we are every day converfant, and
refpefting whofe diftancewe form a judgment. But
for the fame reafon that rays of light, in paflmg
through the air, undergo fome diminution of luftre,
it is evident, that the farther an object is removed
from us, the more of it's luftre it lofes, and the more
obfcure it becomes in proportion. Thus a very diftant
mountain appears quite dark ; but, on a nearer ap-
proach, we can eafily difcover trees on it, and other,
minuter objefts, which it was impoffible to diffin-
guiih at a very remote diftance.

VIII. This obfervatipn, fo general, and which never
ïnifleads us in contemplating terreftrial bodies, has
produced in us,-from our childhood, this funda-
mental principle, from which we conclude objects to
be diftant in proportion as the rays of light which
they emit are weakened. It is in virtue of this prin-
ciple, therefore, that we conclude the moon to be
farther off at riiingand fetting, than at a coniiderable
elevation ; and for the fame reafon we conclude flic
is fo much greater. You will, I flatter myfelf, admit
this reafoning tov be folid ; and this embarraffing
phenomenon to be as clearly elucidated as the nature
of the fubject permits. '

4/4 May, 1762.

LEITER
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L E T T E R CXV.

tihifion refpefting the Dißance of Objeals, arid tbe Dimi-
nution of Lußre.

ГТ^НЕ principle of our imagination, by which I
JL have endeavoured to explain the phenomenon

of the moon's greater apparent magnitude in the ho-
rizon than at a coniiderable elevation, is fo deeply
rooted in our nature as to become the fource of a
thoufand íimilar illufions, fome of which I will take
the liberty to fuggeft.'

We have been habituated from infancy, almoil in-
voluntarily, to imagine objects to be diftant in pro-
portion as their luftre is diminiihed : and, on the
other hand, very brilliant objects appear to be nearer
lhan they really are. This illufion can proceed only
from an -ill-regulated imagination, which very fre-
quently mifleads us. It is neverthelefs fo natural,
and foumverfal, that no one is capable of guarding
again ft it, though the error, in many cafes, is ex^
tremeiy palpable, as I have ihewed in, the inftance of
the moon : but we are equally deceived in a variety
of other inftances. As I fhall prefently make appear.

I. It is a well-known illufion, that the flame of a
conflagration, in the night, appears much nearer
than it really is. The reafon is obvious ; the fire
biases in all it's luftre, and in conformity to a prin-
ciple pre-eftabliihed in the imagination, we always
conclude it to be nearer than it is in reality.

-II. For
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II. For the fame reafon, a great hall, the walls of
which are perfectly white, always appears ftnaller.
White, you know, is the moft brilliant colour: hence
we conclude the walls of fuch an apartment to be too
near, and, confequently, the apparent magnitude is
thereby diminrihed.

III. But in an apartment hung with black, as í:;
the cuftom in mournings, we perceive the directly
oppofite effect. The apartment now appears con-
fiderably more fpacious than it really is. Black is,
undeniably, the moft gloomy of colours, for it re-
flects icarcely any light on the eye ; hence the walls '
of an apartment in deep mourning feem more -dif-
tant than they are, and confequently greater ; but
let the black hangings be removed, and the white
colour re-appear, and the apartment will feem con-
tracted.

IV. No clafs of men avail themfelves more of this
natural and univerfal illuiion than painters. The
fame picture, you know, repreíènts fome objects as
at a great diftance, and others as very near ; and
here the ikill of the artift is moft confpicuous. It is
not a little furprizing, that though we know, to ab-
folute certainty, all the reprefentations of a pifture to
be exprefled on the fame mrface, and, confequently,
at nearly the fame diftance from the eye, we mould
be, neverthelefs, under the power of illufion, and
imagine fomc to be quite near, and others extremely
diftant. This illufion is commonly afcribed to a
dextrous management of light and iliade ; which,
undoubtedly, furnifli the painter with endlefs re-

four с es.
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fources. But you have only to look at a picture 'to
be-fcnfiblcj that the objects intended to be thrown to-
a great diftance, are but faintly and even indiftincüy
cxprelled. Thus, when the eye is directed to very
remote objects, we eaiily perceive, for example, that
they are men, but it is impoffible to diftinguiih the
parts, fuch as the eyes, the nofe, the mouth ; and it
is in conformity to this appearance, that the painter
reprefents objects. But thofe which he intends
fiiould appear clofe to us, he difplays in all the
brightnefs of colouring, and is at pains clearly to ex-
prefs each minute particular. If they are perfons,
we can diftinguiih the fmalleft lineaments of the face,
the folds of the drapery, &c.: this part of the re-
prefentation fcems, I may fay, to life out of the can-
vas, while other parts appear to fink and retire.

V. On this illufion, therefore, the whole art of
painting entirely refts. Were we accuftomed to form
our judgment in ftricl conformity to truth, this art
A'.'ould make no more impreffion on us than if we
wore blind. To no purpoic would the painter call
forth all his powers of genius, and employ the hap-
pieft arrangement of colours, we ihould coldly affirm,
on that piece of canvas, there is a red fpot, here a
blue one ; there a black ftroke, here fome whitiíh
lines : every thing is on the fame plane furface ; there
is no riling nor unking; therefore no real.object can
be represented in this manner: the whole would, in
this cafe, be coniidered as a fcrawling on paper, and
we mould, perhaps, fatigue o,urfelves to no purpofe,
in attempting to decypher the meaning of all thefe

7 different
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different coloured fpots. Would not a man, in fuch
aftate of perfection, be an object of much compaiîîon,
thus deprived of the pleafure refulting from the pro-
ductions of an art, at once fo amufing, and fo in-
ftruftive ?

^tb May, 1762.

L E T T E R CXVI.

On the Azure Colour of the tíeavensi,

"\7~OU are now enabled to comprehend the reafon
JL why the fun and moon appear much greater

when in the horizon, than at a confiderable eleva-
tion. It conflits in this, that we then unintentionally
compute thefe bodies to be at a greater diftance, a
computation founded on the very confiderable dimi-
nution which their luftre, in that pofition, undergoes,
from the longer paflage which the rays have to force,
through the lower region of the atmofphere, which
is the moil loaded with vapours and exhalations,
whereby the tranfparency is diminiihed. This is a .
•brief recapitulation of the reflections which I have
taken the liberty to fuggcit on this fubjecl:.

This quality of the air, which diminimes tranfpa-
rency, might, at firft fight, be confidered as a defect-
But on attending to confequences, we ihall find it fo
far from being fuch, that we ought, on the contrary,
to acknowledge in it the infinite wifdom and good-
nefs of the CREATOR. To this impurity of the air
we are indebted for that wonderful and raviihing

fpectacle
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fpeclacle which the azure of the heavens prefents to
the eye ; for the opaque particles, which obftrucl: the
rays of light, are illuminated by them, and afterwards
re-tranfmit their own proper rays, produced in their
lurface by a violent agitation, as is the cafe in all
opaque bodies. Now, it is the number of vibrations
communicated to them, which reprefents to us this
magnificent azure : a circumftance which well de-
ferves to be completely unfolded.

I. I obferve, firft, that thefe particles are 'extremely
minute and confiderably diftant from each other, be*
fides their being delicately fine and almoft wholly
tranfparent. Hence it comes to pafs, that each, fe-
parately, is abfolutely imperceptible, ib that we can
be affefted by them only when a very great number
tranfmit their rays at once to the eye, and nearly in
the fame' direction. The rays of feveral muft, there-
fore, be collected, in order to excite a fenfation.

II. Hence it clearly follows, that fuch of thefe par-
ticles as are near to us efcape our fenfes, for they
muft be confidered as points difperfed through the
mafs of air.

But fuch as are very diftant from the eye, as (plate
ILI.fg. ï.) the points abc colleft in the eye, almoft
according to the fame direction, their feveral rays,
which,^thus, become fufficiently ftrong to affect the
fight, efpecially when it is confidered that fimilar
particles more remote, e f g b, as well as others more
near, concur in producing this effedt.

III. The azure colour which we fee in the heavens,
when ferene, is nothing elfe, then, but the refult of

all
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all thefe particles difperfed through the atmofphere,
efpecially of fuch as are very remote : it may be af-
firmed, therefore, that they are in their nature blue,
but a blue extremely clear, which becomes not fuf-
ficiently deep and perceptible, except when they are
in a very great number, and unite their rays accord-
ing to the fame direction.

IV. Art has the power of producing a fimilar effect.
If, on diffolving a fmall quantity of indigo, in a great
quantity of water, you let that water fall drop by
drop, you will not perceive in the feparate drops the
flighteft appearance of colour ; and on pouring fome
of it into a fmall goblet, you will perceive only a
faint bluiih colour. But if you fill a large veflel with
the fame water, and view it at a diftance, you will

. perceive a very deep blue. The fame experiment
may be made with other colours. Burgundy wine,
in very fmall quantities, appears only to be faintly
reddifli, but in a large flaik completely filled, the
wine appears of a deep red.

V. Water, in a large and deep veflel, prefents fome-
thing like colour, but, in a fmall quantity, is alto-
gether clear and limpid. This colour is, commonly,
more or lefs of a greenifh caft, which may warrant us

,in faying, that the minute particles of water are like-
wife fo, but of a colour fo delicately fine that, a great
mafs of it muft be colle&ed, before the colour can be
perceptible, becaufe.the rays of a multitude of par-
ticles then concur toward producing this effect.

VI. As it appears probable, from this obfervation,
that the minute particles of water,are greeniih, it

VOL. II. H h might
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might be maintained, that the reafon why the fea, or
the water of a lake or pool, appears green, is the very
fame that gives the heavens the appearance of azure.
For it is more probable, that all the particles of the
air fliould have a faintly bluiih caft, but fo very faint,
as to be imperceptible till prefented in a prodigious
mafs, fuch as the whole extent of the atmofpherc,;
than that this colour is to be afcribed to vapours
floating in the air, but which do not appertain to it.

VII. In fact, the purer the air is, and the more
purged from exhalation, the brighter ,is the luftre of
heaven's azure ; which is a fufficient proof, that we
muft look for the reafon of it, in the nature of the
proper particles of the air. Extraneous fubftarices
mingling with it, fuch as exhalations, become, on
the contrary, injurious to that beautiful azure, and
ferve to diminiih it's luftre. When die air is over-
loaded with fuch vapours, they produce fogs near
the furface, and entirely conceal from us the azure
appearance ; when they are more elevated, as is fre-r
quently the cafe, they form clouds, which frequently
cover the whale face of the iky, and prefent a very
different colour from that of this azure of the pure
air. This, then, is a new quality of air, different
from thofe formerly explained, fubtility, fluidity and
elaftkity ; namely, the minute particles of air, are in
their nature bluiih.

LETÏÏER
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LETTER CXVIL

What the Appearance -would be, were the. Air perfeftfy
transparent.

INDEPENDENT of the beautiful fpecbcbof the
JL azure heavens» procured for us by this "colour of
the circumambient air, we fhould be miferable in- thé
extreme, were it perfectly tranfparerit, and divefted
of thofe bluifli particles ; and we have here a new
reafon for adoring th'e infinite wifdom and goodneis
of the CREATOR.

That you may have full conviction of the truth of
my aflertion, let us fuppöfe the air to be quite tranf-
parent, and iimilar to the ether, which, we know,
tranfmits all the rays of the ftars, without intercept-
ing fo much as one, and contains no particles them-
felves illuminated by rays, for fuch a particle could
not be fo, without intercepting fome of the rays1

which fell upon it. If the air were in this ftate, the
rays of the fun would pafs freely through it, without
the re-tranfmiffion of any light to the eye : we mould
receive, then, thofe rays only which came to us im-
mediately from the fun. The whole heavens, except
the fpot occupied by the fun, would appear, there-
fore, completely dark; and, inftead of this brilliant
blue, we fliould difcover nothing, on looking up-
ward, but the deepeft black and the moft profound
night.

Plate XLß$. 2, reprefents the fun ; and the point
H h 2 О is
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О is the eye of a fpeftator, which would receive,
from above, no other rays but thofe of the fun, fo
that all illumination would be limited W the fpace of
the fmall angle EOF. On directing the eye toward
any other quarter of the heavens, fay toward M, not
a fingle ray would be emitted from it; and the ap-
pearance would be the faine as if we looked into tdW
darknete ; now, every place which tranfmits no ray
of light is black. But, here, the ftars muft be ex-
cepted, which are fpread over ihe whole face of the
heavens ; for on directing the eye toward M, nothing
need prevent the rays of the ftars which may be in
that quarter, from entering into it ; nay, they would
'have even ftill more force, as they could fufier no
.diminution of luftre from the atmofphere, fuch as I
am now fuppofing it. All the ftars, therefore, would
be viable at noon-day, as in the darkeft night ; but,
it muft be coniidered, that this whole day would be
reduced to the fpace of the little angle E O F j all the
reft of the heavens would be black as night.

At the fame time, ftars near the fun would be En-
viable, and we mould not be able to fee, for example,
the ihr N, for on looking to it, the eye would like--
wife receive the rays of the fun, with which it muft
be ftruck fp forcibly, that the feeble light of the ibr
could not excite any fenfation. I fay nothing of the
impofiibility of keeping the eye open, in attempting
to look toward N. This is too obvious not to be

underftood. .
But on oppofing to the fun an opaque body, which

fliall intercept bis rays, you could not fail to fee the
2 ftar
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fiar N, however near it might be to the fun. It is
eafy to comprehend in what a difmal ftate we Ihould
tlien be. This proximity of luftre mfupportable»
and darknefs the moil profound, muft deftroy the
organs of vifion, and quickly reduce us to total blind-
nefs. Of this fome judgment may be ^ formed from
the inconvenience we feel on paffing fuddenly from
darknefe into light.

Now, this dreadful inconvenience is completely
remedied by the nature of the air, from it's contain-
ing particles opaque to a very fmall degree, and fuf-
eeptible of illumination. Accordingly, the moment
the fun is above the horizon, nay fomewhat earlier ,-
the whole atmofphere becomes illuminated with his
arays, and we are prefented with that beautiful azuve
which I have defcribed, fo that our eyes, whichever
way directed, receive a great quantity of rays, ge-
nerated in the fame particles. Thus, on looking to-
ward M, (fee the fame figure as before) we perceive a'
.great degree of light, produced by this brilliant azure'
«of the heavens.

This very illumination of the atmofphere prevents
our feeing the ftars by day : the reafon of this is ob-
vious. It far exceeds that of the ftars, and the greater
light always makes the. leffer to difappear ; and the
nerves of the retina, at the bottom of the eye, being
already ftruck by a very ftrong light, are no longer
fenfible to the impreffion made by the feebler light of
the ftars.

You will pleafe to recolleft that the light of the .
full moon is upward of 300,000 times more faint

II h 3 than
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than that of the fun ; and this will convince you,
that the light proceeding from the ftars, is a mere
nothing in comparifon with the light of the fun. But
the illumination of the heavens, in the day-time,
even though the fun ihould be over-clouded, is fo
great, as ma.hy thouiand times to exceed the light of
the full щосок •".-

You muft have frequently perceived that, in the
night, when the moon is full, the fíars appear much
lefs brilliant, and that thofe only of fuperior magni-
tude are vifible, efpecially in the moon's vicinity ; a
fuflicient proof, that the ftronger light always ab-
forbs the feebler. ,

It is, then, an unfpeakable benefit, that our atmo-
fphere begins to be illuminated by the fun, even be-
fore he rifes, as we are thereby prepared to bear the
vivacity of his rays, which would otherwife be in-
fupportable, that is, if the traniition from night to
day were inftantaneous. The feafon during which
the atmofphere is gradually illuminated before fun-
rifing, and continues to be illuminated after he fets,
is denominated twilight. This fubjedt, from it's
importance, merits a particular explanation, which
I propofe to attempt in my next Letter : and thus,
one article in phyfics naturally runs into another«

LETTER
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LETTER CXVIII.

Réfraflion of Rays of -Light in the Atmofphere., and it's
Effcfts. . Of the Twilight. Of the apparent rifing
and felting of the Heavenly Bodies.

TN order to explain the caufe of the twilight, or
-*- that illumination of the heavens which, precedes
the rifmg of the fun, and continues fome time after
he is fet, I muft refer you to what has been already
demonftrated refpecHng the horizon and the atmo-
fphere.

Let the circle A O B D (plate XL fíg. 3.) reprefent
the earth, and the dotted circle a ob d the atmo-
fphere : let a point О be aflumed on the furface of
the earth, through which draw the ftraight lire
HO R I, touching the earth at O, and this line HI
will reprefent the horizon,, which feparates that part
of the heavens which is viable to us, from that which
is not. As foon as the fun has reached this line, he
appears in the horizon, both at riimg and fetting,
and the whole .atmofphere is then completely illu-
minated. But let us fuppofe the fun, before his rif-
ing, to be ftill under the horizontal line at S : from,
which the ray S T R, grazing the earth at T, may
reach the point of the atmofphere, utuated in our
horizon ; the opaque particles which are there will
already be illuminated by that ray, and confequently
have become vifibl'e. Accordingly, fome time be-
fore the rifing of the fun, the atmofphere h o R over

H h 4 our
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our horizon begins to be illuminated at R, and in
proportion as the fun approaches the horizon, a
greater part of it will be illuminated, till it becomes,
at length, completely luminous. ,

This reflection leads me forward to another phe-
nomenon equally interefting, and very intimately
connected with it, namely, that the atmofphere dif-
oovers to us the body of the fun and of the other
ftars, fome time before they get above the horizon,
and fome time after they have fallen below it, by
means of the refraction which rays of light undergo
on paffing from the pure ether into the groifer air,
which conftitutes our atmofphere ; of this I proceed
to give you the demp.nftration.

I. Rays of light do not continue to proceed for-
ward in a ftraight line any longer than they move
through a tranfparent medium of the fame nature.
As foon as they pafs from one medium to another,
they are diverted from their rectilinear direction,
their path is as it were broken off ; and this is what
we call refraction, which I formerly explained-at con-
fiderable length, and derponftrated that rays, on
paffing from air into glafs, and reciprocally, are thus
broken or refracted:

II. Now air being a different medium from ether,
when a ray of light paifes from ether into air, it
mull, of neccffity, undergo fome refraction.

Thus, the arch -of the circle A M B (plate XL
ßg, 4.) terminating our upper atmofphere, if a ray
of light M S, from the ether, falls upon it at M, it
will not proceed fíraight forward in the fame direc-

tion,
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tion M N, but will affume, on entering into the air,
the direction MR, fomewhat different from MN,
and the angle N M R is denominated the angle of
refraction, or, fimply, the refraction.

Ш. I have already remarked, that the refraction.
is greater in proportion as the ray S M falls more
obliquely on the furface of the atmofphere ; or as the
angle BMS is fmaller or more acute. For if the ray
SM falls perpendicularly on the furface of the atmo-
fphere, that is, if the angle BMS is a right angle,
nó refraftion will take place, but the ray will purfue
it's progrefs in the fame ftraight line. This rule is
univerfally applicable to every kind of refraction,
whatever may be the nature of. the two media,
through which the rays travel.

IV. Let the arch of the circle АО В (plate XL
Jtg. 5.) reprefent the furface of the earth, and the
arch E M F terminate the atmofphere. If you draw
at О die line Q M V, touching the furface of the
earth at O, it will be horizontal. And if the fun
is ftill under the horizon at S, fo as to be iliu invi-
fible (for no one of his rays can yet reach us in a
ftraight line) the ray S M, being continued in a
ftraight line, would pafs over us to N ; but as it falls
on the atmofphere at M, and in a very oblique di-

•rection, the angle FMS being very acute, it will
thence undergo a very confiderable refraction ; and
inftead of proceeding forward to N, would affume
the direction M O, fo that the fun would be actually
vifible to a perfon at O, though ftill coniiderably be-

low
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low thé horizon at S, or, which is the fame thing,
below the horizontal line OMV.

V. However, as the ray M O, which meets the eye,
is horizontal, we affign that direction to the fun him-
felf, and imagine him to be actually at V, that is, in
the horizon, though he is ftill below it. And reci-
procally, às often as we fee the fun, or any other ftar,
in the horizon, we are affured they are ftill below it,
according to the angle S M V, which aftronomers
have obferved to be about half a degree, or, more
cxaélly, 32 minutes.

VI. In the morning, then, we fee the fun before
•he has reached our horizon, that is, while he is yet
an angle of 32 minutes below it ; and in the even-
ing a coniiderable time after he-is really fet, as we
fee him till he has defcended an angle of 32 minutes.
We call that the true rifing and fetting of the fun, .
when he is actually in the horizon ; and the com-
mencement of his appearance in the morning, and
difappearing at night, we denominate the apparent
rifmg and fetting.

VII. This refraction of the atmofphere, which ren-
ders the apparent rifing and fetting of the fun both
earlier and later than the'real, procures for us the
benefit of a much longer day than we ihould enjoy,
did not the atmofphere produce this effect. Such is
the explanation of a very important phenomenon in
nature.

l8//j May, 1762.

LETTER
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LETTER CXDL

The Sfqrs appear at a greater Elevation than they are.
Table of Refraffions.

"'CT'OU have now, no doubt, a clear idea of this
JL íingular effeft of our atmofphere, by which the

fun and the other heavenly bodies are rendered vi-
iîble in the horizon, though confiderably below it,
whereas they would be inviiible but for the refrac-
tion. For the fame rèafon, the fun, and all the hea-
venly bodies, always appear at a greater elevation
above the horizon than they really are. It is necef-
fary, therefore, carefully,to diftinguîih the apparent
elevation of a ftar, from what it would be were there
no atmofphere. I fliall endeavour to fet this in the
cleareft light poffible.

I. Let the arch А О В (plate XI. fig. 6.) be part
of the furface of the earth, and О the fpot where
we are, through which draw the ftraight line H OR,
touching the furface, and this line HO R will repre-
fent the true horizon. From О let there be drawn
perpendicularly the ftraight line O Z, which is the
fame thing as fufperiding a given weight by a cord.
This line is faid to be vertical, and the point Z of the
heavens, in which it terminates,'is called the zenith.
This line O Z, then, is perpendicular to the hori-
zontal H O R, fo that one being known, the other
niuft be known likewife.

JL This being laid down, let (plate XL fig- 7.)
there
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there be a ftar at S : were there no atmofphere, the
ray S M O would proceed in a ftraight line to the
eye at O, and we fhould fee it in the fame direction
OMS, where it would actually be, that is, we ihould
lee irin it's true place. Let us, then, meafure the
angle SOR, formed by the ray S O with the hori-
zon Ó R, and this angle is named the height of the
fiar, or it's elevation above the horizon. We mea-

, fure alfo the angle S O Z, formed by the ray S O
with the vertical line O Z terminating in the zenith :
and as the angle Z O R is a right angle, or go de-
grees, we have only to fubtract the angle S O Z from
<jo degrees^ to have the angle S O R, which gives
the true elevation of the ftar.

III. But let us now attend to the atmofphere,
which I fuppofe terminated by the arch HDNMR ;
and, I remark, firft, that the preceding ray S M of
the ftar S, on entering into M- in the atmofphere, '
•does not proceed directly forward to the eye at O,
but, from the refraction, will affume another direc-
tion as M P, and confequently will not meet the eye
at О : fo that if this ftar fent down to the earth only
that ray S M, to a perfon at О it would be abfo-
lutély invifible. But it muft be confidered, that
•every luminous point emits it's rays in all directions,
and that all fpace is filled with them.

IV. There will be, then, among others, fome ray,
.as S N, which is broken or refracted, on entering
the atmofphere at N : fo that it's continuation N O
ill-all país preciíely to an eye at O. The refracted
ray N O is not, therefore, in a ftraight line with the

ray-
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ray S M ; and if N O be produced forward to j, the,
continuation N s will form an angle with the ray NS;
namely, the angle S N s, which is what we call the
refraction, and which is greater in proportion as the
angle S N R, under which the ray S N enters into
the atmofphere, is more acute, as was demonftrated
in the preceding Letter.

V. It is the. ray N O, confequeritly, which paints
in the eye the image of the ftar S, and which renders
it vifible : and as this ray comes in the direction NO,
as if the ftar were in it, we imagine the ftar like wife
to be iltuated in the direction N O, or in that line
continued, fomewhere at s. This point s being dif-
ferent from the real place of the ftar S, we call j the
apparent place of the ftar, which muft be carefully
diftinguiflied from it's place S, where the ftar would
be feen, were there no atmofphere.

VI. Since, then, the ftar is feen by the ray NO,
the angle - N O R , which this ray N O makes with
the horizon, is the apparent altitude of the ftar ; and
when, by a proper inftrument, we meafure the angle
NOR, we are faid to have found the apparent alti-
tude of the ftar ; the real altitude being, as we Jiavc
ihewed, the angle R O S.

VIL Hence it is evident, that the apparent alti-
tude RON, is greater than the real altitude ROM,
fo .that the ftars appear to us at a greater elevation,
above the horizon than they really are, for the fame
reafon they appear already in the horizon while they
are ftill below it. Now the excefs of the apparent
altitude above the true,, is the angle M O N, which.

differ«
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differs not from the S N jj and which we call the
refraction. For, though the angle S N s, as being
the external angle to the triangle S N O, is equal to
the two internal and oppofite angles taken together,
namely, SON and N SO, we may confider, on ac-
count of the immenfe diftance of the flats, the lines
O S and N S as parallel, and, confequently, the angle
O S N vaniflies ; fo that the angle S O N is nearly
equal to the angle of refraction S N s.

VIU. Having found, then, the apparent altitude
of a ftar, you muft fubtract from it the refraction, in
order to have the real altitude, which there is no
other method of difcovering. For this purpofe,
aftronomers have been at much pains to afcertain the
refraction to be fubtrafted from each apparent alti-
tude, that is, to determine how much muft be abated
in order to reduce the apparent to the real altitude.

IX. From a long feries of obfervations, they have
been, at length, enabled to conftruct a table, called
the table of refraction, in which is marked for every
apparent altitude, the refraction, or angle to be fub-
tracted. Thus, when the apparent altitude is no-
thing, that is, when the ftar appears in the horizon,
the refraction is 32 minutes, the ftar is, accordingly,
an angle of actually 32 minutes-below the horizon.
But if the ftar has acquired any degree of elevation».
be it ever fo inconfiderable, the, refraction becomes
much lefs. At the altitude of 15 degrees it is no
more than four minutes ; at the altitude of 40 de-
grees it is only one minute ; and as the altitude en-
creafes, the refraction always becomes leis, till, at

length





ELEVATION OF THE STARS. . 4/9

length, it entirely difappeârs, at the altitude of 90
degrees.

X. This is the cafe when a ftar is feen in the very
zenith ; for it's elevation is then 90 degrees, and the
real and apparent altitude is the fame : and we arc
fully aflured that a ftar feen in the zenith is aftually
there, and that the refraftion of the atmofphere does
not change it's place, as at every other degree of
altitude.

THE END.
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G L O S S A R Y

O F

FOREIGN AND SCIENTIFIC TERMS.

A.

Д BERRATION, in Aftrbnomy a flight deviation of a Star

•• -^ from the Hated courfe. Latin.

ABSORPTION, the aft of fucking or fwallowing up. Latin.

ABSTRACTION., in Philofophy, that operation of the mind, which
purfues a general idea, without attending to the particulars
of which it is'made up] Thus, Man, Tree, are abßraft
ideas, and may be purfued, without defcending to any one
individual perfon or plant, included in the general term.
Accordingly, all qualities, fuch ae whitenefs, cruelty, gcne-
rofity, are abJlraSt ideas. Latin.

ACCORD, in Mufic, the fame with concord, the relation of two
founds which are always agreeable to the ear, whether
emitted at once or in fucceffion. Latin.

AcHROMATic-rQlaffes, in Optics, are a recent improvement of the
Telefcope, by which the inconveniency anfing from the
confufed tranfmiffion of different coloured rays is pre-
vented. .The word is of Greek extraclion, and fignifies
colovrlcfi.

AERIFORM, Latin, having the form or confiftency of Air.

AEROÍTATION, the art pf afcending into the Atmofphere by means
of a Balloon filled with inflammable Air. Latin.

VOL. II. I i AFFIRMATIVE,
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ArFiJ^MATivt-propofition, in Logic, a propofition which aflert«
or affirms ; as Man is nwrtal. Latin.

AIR-PUMP, a machine for making experiments on air, chiefly by
eihaufting clofe veflèls ofthat fluid.

A L W E B R A , an Arabic word ; it is the Science of univerfal Arith-
metic ; the general procefs of which is, by comparing fup-

'* pofed and unknown numbers or quantities, with, i'uch as
are known, to reduce fuppoiition into certainty.

Ai.KALj,4an'Egyptian word ; in Chèmiftry, any fubftahce which,
when blended with an acid, excites fermentation.

A L T I T U D E , in Aftronomy, the-heiglit of a Star above the Hori-
zon. Latin.

A M A L G A M A T E , to incorporate mercury, or quickfilver, with
other metals ; fometimes uud to denote, in general, the
mixture and confolidation of feveral fubftances, fo as te
make them appear one. Greek.

ANALAGOUS,, 'having refemblance or agreement. GrceTc.

ANA-LYSIS, refolution into firft principles, whether in grammar,
,logic, mathematics, or chemiftry. To give an inftance,
in Grammar, which is perhaps the moft familiar to a
young perfon'-s mind, an anal>//is of this fentence ; In the
beginning Got! created the Heavens and the Earth, is to indi-
cate the various parts of fpeech of which it is compoledj
nnd the grammatical rules according to which they are ar-
ranged. The child may innocently amufe himfelf with
the idea of a Chemical enalyßs, by a fcientific procefs ap«
plied to a bowl of the vulgar liquor called punch. To
analyze it, is to afcertain," by reparation, the proportion
of fugar, lemon-juice, fpirit, and water, of which it is

cornpofed. Greek.

A N A T H E M A , and it's compounds ; fomething fet apart to a facred
ui'e ; generally underltood in an ungracious ienfe ; devoted
to dellruftion, accnrfed. Greek.

A K A T O M Y , the fcience of the ftrufture of ЛеЪоау, 'and -the art

ofdifrcilingandTeafoninguponit. Greek.
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ANCLE, the meeting of two lines in a point, but fo as not to form

of both one ftraight line. Latin.

ANTECEDENT, in Logic, the former of iwo propofitions, in a

fpecics of reafoning, which-, without the intervention of

any middle propofition, leads direilly to a fair conclufion ;

and this conclufion is termed the Confie/tient. Thus I re-
JlcSt ; therefore I cx/ß. I rifletl is the Antecedent, therefore

I cxifl is the CovJ'cquciit. Latin.

ANTIPODES, the Inhabitants of the Globe diametrically oppofiie

to us, and whofe feet piefeut exactly to our feet. Greek.

APERTURE, opening. Latin. ч

A P P R O X I M A T I O N , a coming nearer to. In Aitronority, the gra-

dual approach of two ftars toward each other : in. Arith-

metic, a nearer approach to a number or root fought, with-

out the poffibility of arriving at it exactly. Latin.

AQUEDUCT, what conveys, or conducts water ; a pipe, a canal.

Latin.

AQUEOUS, watery, confining of water. Latin.

ARITHMETIC, the fcience of »umbers. Greek.

A S T R O K O M Y , the fcience of the heavenly bodies. Greek.

ASTROLOGY, the pretended i'cience of predicting future events by

means of the ftars. Greek.

ATMOSPHERE, the body of air which furrounds the globe on all

fides. Greek.

Axis, in Geography, an imaginary ftraight line paffing through

the centre of the Earth from pole to pole,^ round which

the Globe revolves once every twenty-four hours. Latin.

B.

B A R O M E T E R , an inilrument of glafs filled with quickfilver,which,

indicates the preflure of the air, and which Ls in general

ufe, as an index of the weather. The word is Greek, and

flgnifiei weigiit-tJicafurcr.
I i г BISECT,
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BISECT, to cut into two equal parts. Latin.

BITUMINOUS, like to, or confifting of iitimien, a fat, clammy,

cafily inflammable juice, dug out of the earth, or fcummed

off lakes. Amber, pit-coal, and fulphur, are hard bitu-
me.ns. Latin.

BOMB, a hoilow caft-irori globe, to be thrown from a fpecics of
great gun called " mariai-,'" and intended to burft by the

force of gun-powder, at the moment of falling, and to

fcatter deftruftion all around. It is in this Work inrfo-

cently employed to explain the path of all bodies forcibly
thrown through the air, and the effect of gravity in bring-

ing all heavy moving bodies down to the ground. Latin.

B O T A N Y , the fcience of Plants; or that part of natural and me-
dicinal hiftory which has the vegetable world for it's ob-
ject. Greek.

C.

C A M E R A . O B F C U R A , an apartment darkened, all but л fmall cir-
cular opening, to which a double-convex glafs is fitted,
and by which external objects are represented in their na-

tural colours, motions, and proportions, on a white table

within the apartment. Latin.

C A T A R A C T , a body of water precipitated from a great height.

Greek.

CATOPTRICKS, that branch of the fcience of vifion which relates

to reflected light. AH bodies which you do not Jif
Inruitg/ti but which from their poliih and brightnefs thi'o-a

o*ck the light, belong to catojitriclutf fuch as mirrors of every

kind. The word is Greek, and lignifies õackvwd vi/îoii. >

C A V I T Y , a hollow. Latin.

CAL'SA-SUFFICIÏNS, Ji/J/icrcnt or jatisfying caufc or reafoii, a jargon
employed by certain Mctaphyficians of the laft age, who

attempted to cluck afl rational, experimental enquiry, b/

calling continually for the cavjaßißciens, the adequate cavft
'' oi
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of every fact that occurred, and of every obfervation that

was made ; while they were bewildering themfelves, and

attempting to bewilder mankind, in á philofophic mazCj

ufelefs, reafonlefs, and therefore unfatisfailory.

CENTRE, a point within a circle or fphere, equally diftant frorn

every point of the furface or circumference, Latin.

CHART, a delineation on paper of part of the land or of the fea,

or both. Latin.

CHEMISTRY, or CHYMISTR.Y, a. word of uncertain derivation ;
the fcience of feparating compound folid bodies, or of

compounding fimple bodies into pne mafs, by the force pf

fire.

C H I M E R A , a vain and wild imagination. Latin.

CHORAL-mufic, a facred band competed of voices and jnftru-

ments. Latin.

CHROMATIC ; in Optipks, relating to colour ; in Mufic, to a cer-
tain feries of founds. Greek.

CIRCLE, a round figure, having this eiTcntial property, that every

point of it's furrounding line, called the circumference,

ihall be equally diftant from it's middle point, called the

centre. Latin.

C I R C U M A M B I E N T , encompaflmg round and round : applied par-

ticularly to air and water. Latin.

CIRCUMFERENCE, the furrounding line of a circle, every point of

which muft have an equal diftance from it's middle point

or centre. Latin.

COHESION, clinging or (ticking together. Latin.

COLLISION, the claihing of one folid body againft another. Latin.

COMET, a ftar with a fiery train, like flowing hair, averted from

the fun ; of uncertain appearance and reappearance, but

undoubtedly forming part of our folar 1'yllem. Greek.

COMPLEX, made up of various qualities or ingredients. Л beau-
tiful, wife and good woman, is -a complex idea, containing

three diftinft ideas, beauty, wifdom, goodncfs; you might

I i 3 ,, render
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render it ftill more complex by the addition of high-born,
rich, religious but I muft not make my idea too
complex.

COMPRESSION, the aft of reducing to a fmaller fpacc by preffure.

CONCAVE, the hollowed furface of a globular body. Latin.

CONCUSSION, nxutual fhock, by violent meeting of two folid
bodies. Latin.

CONDENSATION, the act of contracting air into a fmaller fpace,
and-thereby increafing it's claftic force, that is, it's power
of burfting out. Latin.

CONGELATION, the reduction of a fluid to a folid fubftance, as
water to ice by cold. Latin.

CONCENTRIC Circles, one within another, having a common
centre. Latin.

CONICAL, having the form of a cone, which is a figure produced
by turning round a right-angled triangle about it's perpen-
dicular lide; a common candle extinguimer conveys the
idea of it. Greek.

'CONSEquENT. Take the trouble to look to the word Antecedent,
They are what is called corre/e/z; P, in other words the one
cannot be underftood but by referring to the other.

CONSONANCE, in Mufic, the agreement of two founds emitted at
the fame time. Latin.

CONSTITUENT, contributing to make up or compofe. Thus the
conftitucnt parts of gun-powder are faltpetre, fulphur,
and charcoal. Latin.

CONTINUITY, uninterrupted connection ; the unviolated union of
the parts of an animal body. Latin.

CONTEXTURE, an interweaving. Latin.

CONTOUR, the extreme bounding line of any object. Children
delineate the caiitoun of each other's faces by tracing, with
a pencil, the line defcribed on the wall, when the face is
placed between a .light and the wall. It is a French
word.

CONVERGENT,
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CONVERGENT, gradually approaching to each other. Placed at
the extremity of an avenue of two rows of trees, planted
in ftraight lines, equally diftant throughout, you perceive
them apparently approaching, and at length almoft meet-
ing ; they are apparently convergent.

CONVEX, the prominent or fwelling furfacc of a globular body.
Latin.

CORNEA, the white, horny membrane of the eye. Latin.

CORPOREAL, belonging to body. Latin.

CORPUS CALLOSUM, in Metaphyfics and Anatomy, the part of
the human brain where the loul is fuppofed to revide.
Latin, but of .ludicrous derivation.

CORPUSCLE, a fmall or minute body. Latin.

COUCHING, an operation in Surgery, by which a film obilrucling
fight is by a needle or lancet removed from the aqueous
hurnours of the eye ; the word is of French extraction.
The film removed is denominated catarafit.

CRUCIBLE, an earthen pot which can ftand fire, employed in
melting and refining metals. Low Latin.

CRYSTAL ï.INJÎ, the lucid, various-coloured humour of the eye,
•which forms a beautiful circle, in< lofed by the cornea, and
inclofing the pupil, or central fpot ofthat precious organ.
Greek.

CUBE,.and it's compounds ; a figure fquare and rectangular in all
it's difnenfions and fituations. A common die conveys
the idea of it. A cubical room of twenty feet, is a room
twenty feet long, twenty feet broad, and twenty feet high»
and all in ftraight lines, and at right angles. Greek.

CURVE, a bending line. Latin.

CYLINDER, a figure formed by turning a parallelogram round one
of it's fides as аи axis. The barrel of a hand-organ is a
cylinder. The word is derived from a Greek verb, which
lignifies to -iiiheel round.

I i 4 DECOMFOSF,
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D.

DECOMPOSE, to feparate things compounded : thus, in printing,
to conipqfe is to arrange the types in a frame, in the order

of words and fentcnces ; and to decompofe is to take the
frame to pieces. Latin.

DEGREE, in Geography, the three hundredth and fiftieth part of
the circumference of the globe : it contains about 69 Eng-
lifli miles. French.

DENSITY, thickncis. Latin.

DEPHLOGISTIC, deprived of fiery inflammable qualities. Greek.

DETONATION, the thunder-like noife produced by firing off heavy
artillery. Latin.

D I A G R A M , a figure delineated for the purpofe of mathematical
demonftration. Greek.

DIAMETER, я ftraight line drawn through the centre of a circle or
globe, from circumference to circumference. Greek.

DIAPHONOUS body, that which eafily tranfmits the light, as glafs.

Greek.

DIAPHRAGM, in optical inftruments, a circular piece of pafte-
board, or other non-tranfparent fubftance, applied to the
objecl-glafu, to exclude part of the rays of light. Greek.

DIATONIC, an epithet given to the common mufic, as it proceeds

by tones, both afcending and defcendipg. Greek.

DibATi, to expand, to fpread over greater fp.ace. Latin.

DIMENSION, meafure. Latin.

DIOPTRICKS, that branch of the fcience of vifion which relates to
the tranfmiffion of the rays of light tliruugh tranfparent bo-
dies. Greek.

DISSONANCE, in mufic, founds that do not harmonize, but are
harfii and difagreeable to the ear. Latin.

DISTRACTION, tendency in different directions. Latin.

DlVEiLGENT,
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DIVERÖEKT, ftraight lines, gradually removing farther and farther
from each other. See Convergent. Latin.

DIVING-BELL, a machine of wood, glafs, or metal, in form of a
bell, for the purpofe of conducting down into the water,
•with .fafety, perfons employed1 in certain kinds of fifliery,
and in recovering goods loft by Ihipwreck.

DIVISIBILITY, capability of being divided. Latin.

DOUBLE-CONCAVE, an optical glafs which has both furfaces hol-
lowed.

DauBLE-coNVEX, an optical glafs which has both furfaces raifed.

DUCAT, a ducal coin of gold, current on the continent, value
about nine (hillings and fixpehce.

DUCTILE, pliant, eafily drawn or fpread out. Latin.

E.

EFFULGENCE, luftre, brightnefs. Latin.

ELASTICITY, a power in bodies of recovering their former fitua-
tion, as foon as the force is removed, which had changed
it. Thus, the extremities of a bow are brought nearer by
drawing the firing, but when the ftring is relaxed, the
bow, by it's elaflicity, is reftored to it's natural ftate. It
is a property of air, as well as of folid bodies. Greek.

ELECTRICITY, the difpofition which certain bodies have of ac-
quiring, by rubbing, the quality of attracting other bodies,
and of emitting fparks of fire. It is derived from a Latin
•word fignifying amber, which is one of the fubftances en-
dowed with the eleftrical virtue.

ELICITE, to ftrike out by force. Thus by a lharp ftroke of the
fteel on flint, fire is elicited. Latin.

ELOGIUM, or EULOGIUM, an oration in praife of one abfent or
dead, Greek.

ELUCIDATION,
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ELUCIDATION, the aft of explaining or rendering clearer. Latin.

E M A N A T I O N , an iffuing or flowing from any fubftance as a
fource. Lutin.

EMERSION, in Aftronomy, the re-appearance of a ftar, after
having been obfcured by it's approach to the Sun, or by
the intervention of another ftar intercepting the Sun's
light. Lutin.

EMISSION, the aft of fending out, or giving vent. Latin.

ENCYCLOPEDIA, the whole circle of fcience : an univerfal fcicn-
tific Dictionary, deftined to.the inftrudtion of the young
and ignorant. Greek.

E P I C U R E A N , belonging to the doftrine or philofophy of Epicurus ;
according to which man's duty,and happinefs are made to
confift in fenfual indulgence, it is accordingly become de-
fcriptivc of refined luxury.

EQUATOR, an imaginary great circle, equally diftant from both
Poles, furrounding the Globe from Eaft to Weft, and di-
viding it into the Northern and Southern Hemifphere.
On it are marked the degrees of Longitude, from ï to
360. It is by way of diftindtion called tótLiNE. Latin.

, at equal diftances. Latin.

M, a Latin word, 'fignifying exaftnefs of balance or
counter-poife. The Lutiu ablative with the prepofition is
adopted into our language, in eyvili&i-io, to exprefs perfcft-
nefs of equality in oppofed weights.

ЕСШКОХ. The equalization of day and night, which takes place
twice every year about the middle of the months of March
and of September, when the Sun, in his alternate progrefs
from North to South, and from South to North, paffes
directly over the Equator, which is likewife, for thii
very reafon, frequently denominated the Eqvinotiial Line.
Latin.

ERA, an important event or period of time, from which, as a be-

ginning, computation of time is made. Latin.
ERUDITION,
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•ERUDITION, extcnfive and profound learning. Latin.

ET^ER, the moft fubtile and pure of all fluids. Greek.

EVAPORATION, the a<ft of flying off by the force of heat in fumes
or vapor. Latin.

EXH A L ATION, a word of the fame import with the former ; evapo-
ration may be confidered as the caufe, and exhalation as the
effeft. Latin.

EXPANSIBILITY, capability of being fpread out, and of covering
a larger furface. Latin.

EXPERIMENT, a practical trial made to afcertam any natural faft.
Latin.

EXTENSION, fpace over which matter is diffufcd ; fize, magni-
tude. Latin.

EXTRANEOUS, not belonging to. Latin.

F.
v

FATHOM, a meafure of length containing fix feet. Saxon.

FIBRE, a fmall thread ; in Anatomy, fibres are long, {lender,
whitiih filaments, varioufly interwoven, which form the
folid parts of an animal body. Latin.

FIFTH, in Mufic, one of the harmonic intervals or concords, and
the third in refpeet of harmony, or agreeablenefs to the
car : it is thus called becaufe it contains Jive terms, or
founds, between it's extremes. See Vol. I. Letter VII.

FILAMENT, the fame with fibre, Latin.

FLUID, confiding of parts eafily compreffible and fcparable, a*
. melted metals, water, air. Latin.

FLUX, in Geography, the rifing of the tide. Latin.

Focus, in Optics, the little circle in which rays of light are col-
leéted, either after palfing through a glafs, or 'on being
thrown back from it, and where they exert their greateft
power of burning. Latin.

FORMULE,
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FORMULE, afet or prefcribed ftandard : a icheme for folving ma-

thematical and algebraical queftions. Latin. '

FORTE, in Mulic, forcibly, in oppofition to piano, foftly. Latin.

FOURTH, in Mufic, one of the harmonic intervals, and the fourth

in refpeil of agrçeablenefs to the ear. It conflits of two

founds blended, in the proportion of 4 to 3 ; that is, of

founds produced by chords, whole lengths are in the pro-

portion of 4 to 3. See Vol. I. Letters VI. and VII.

FRICTION, the act of rubbing one folid body againft anotner,

Latin.

FUSIBLE, that may be eaTily melted. Latin.

G.

GAMUT, the fcale of muiical notes. Italian.

GENUS, kind, general clafs containing feveral fpecies, which
again contains many individuals. Thus, Dog is the genus ;

Greyhound is the./рсс/са, and light-foot the individual. The

Latin plural genera is in ufe.

G E O G R A P H Y , a defeription of the Globe. Greek.

G E O M E T R Y , the fcience of quantity, magnitude or extenfion ab-

íiraéUy conlldered. Greek.

GLAUCOUS, azure-coloured. Greek.

GLOBULE, fmall globe ; little particles ef a fpherical form. Latin.

GRADATION, regular progrefs from one ftep to another. Latin.

GRAVITY, weight; in the fy(lem of the Uniyerfe,'1 that principle

in all bodies which prcfles them down to, or attracts them

toward, their centre. Latin.

GROOVE, a channel cut out in a hard body •with a tool, filled to

another body which is defigned to move in it.

H A R M O N Y ,
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H.

H A R M O N Y , in Mufic, a combination of founds perfectly adapted
to each other, fo as to produce a pleafing effèft on the ear.
Greek.

HEMISPHERE, one half of a Globe. Greek.

HETEROGENEOUS, made up of diffimilaror difcordant parts ; it is
the oppofite of homogeneous, which fignifies, made up of
things iimilar. Greek.

HORIZON, the line which terminates the view. In Geography,
an imaginary circle encompaffing the Globe, and dividing
it into the upper and under Hemifpheres. To á perfòn
placed at either of the Poles, the Ei/ualor would be the
real Horizon. The fenfible Horizon is the circle vifibly fur-
rounding us, where the iky and the earth meet. Greek.

HUMIDITY, moifture. Latin.

H Y D R O G R A P H Y , adefcription of that part of our Globe -which
confifts of water.

HYPOTHESIS, a propofition or doftrine fuppofed to be true, but
not yet confirmed by irrefiftible argument or fatisfyin"- ex-
periment. Greek.

I.

IDEALIST, a kind of Philofopher who denies the exiftence of
mutter, and reduces every thing to idea or mental image,
Greek.

I L L I M I T A B L E , what admits of no bound. Latin.

I L L U M I N A T I O N , the aft of diffuiuig light. Latin.

I L L U S I O N , what deceives by a falle appearance. Latin.

I M M A T E R I A L , in Philolophy, not conlifting of body or mailer.
Latin.

IMMEUSION, in Aftronomy, the difappearance of a ilar by a near
approach to the Sun, or the interception of it's light by
another ftar inlerpofing between the Sun and it. Latin.

I M P E N E T R A B I L I T Y ,
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IMPENETRABILITY, that property of all bodies, in virtue of which

no two can- occupy the fame fpace, at the fame time.
Latin.

IMPULSION, the agency of one body in motion upon another.
Latin.

1мритлв1ыту, the quality of being charged upon, or afcribed
unto. Latin.

INCIDENCE, the dineftion in which one body falls upon or ftrikes
another : and the angle formed by that line, and the plane
ftruck upon, is called the angle of incidence. Latin.

INDEX, the fore-finger, any inftrument that points out or indicates.
Latin.

INDIVIDUAL, one feparate, diilinft, undivided whole.

INERTIA., that quality of bodies in virtue of which they are dif-
pofed to continue in a ftate of reft, when at reft, or of

mqfion, when in motion ; and which can be overcome
only by a power not in body itfelf. Latin.

INFINITY, boundleflhefs, applied equally to fpace, number, and
duration: in infnitumwithout limit, without end. Latin.

INFLECTION, the aa of bending or turning. Latin.

INHERENT, naturally belonging to, and infeparable from. Latin.

INTELLECTUAL, relating to the underftanding, mental. Latin.

INTENSITY, the ftate of being flretched, heightened, afredted to a
very high degree. Latin.

INTERCEPTION, the cutting oft" or obftruótion of communication.

Latin.

INTERSECT, mutually to cut or divide. Latin.

INTERSTICE, the fpace between one thing and another.

INVERSE, having changed places, indireft, turned upfide down.

Latin.

IRIS, the circle round the pupil of the eye. Latin.

LABYIUNTH,
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L.

L A B Y R I N T H , maze, inextricable difficulty or perplexity. Latin.

LATITUDE, in Geography, rneafurement of the Globe from the
"Equator, Northward and Southward to the Poles, in de-
grees and minutes. The degree contains about 69 English
•miles, and a minute is the fixtieth part of a degree. The
hifheft poflvble degree of Latitude is at the Poles,ta.ch being
go degrees from the Equator. Latin.

LENS, a round glafs, double-convex; for affiftingvifion, or deriving
fire from the collected rays of the Sun. Lenticular, having

the form of a kits. •

LEVEL, riiing or falling to the fame height. Saxon.

L I T E R A T I , the learned; the plural of the Latin word literati« a
•learned man.

LOGIC, the art of right reafoning, for the purpofe of inveftigatmo-,
and corrímunicáting ufeful truth. Greek.

LONGITUDE, in Geography, meafurement of the Globe in degrees
and minutes, round and round, from Eaft to Weft. Latin.

LUNAR-TIDE, the'flowing and ebbing of the tide relatively to the
Moon. Latin.

LYMPHATIC, veflels, flender, tranfparent tubes through which
lywjsh, or ii clear colourlefs fluid is conveyed.

M.

MAGNET, and it's compounds, a ftone •which attracts iron and
Лее) ; and gives a northerly direction to the needle of the
Mariner's Compafs. Art has been enabled^ by means of
bars of Heel, fuccefsfully to imitate the natural magnel or
loadftone. Latin.

MAGNITUDE, greatnels. bulk, extenfion. Latin,

M A N I C K E A K ,
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MANICHEAK, one of a fe<a who maintained the exifience of a fa-

preme evil fpiriu

MAJOR, in Logic, the firft propofition of а fyllogifm, containing

fome general aflertion or denial ; as, ali men are mariai ; no

mait is perfeet. Latin.

M A T E R I A L I S T , one who denies the exiftence of fpiritual fubilances.

Latin.

MATHEMATICS, the Science which has for itsobjeft every thing

capable of being meafured or numbered. Greek.

MEAN, or Medium, in Phyfics, fpmewhat intervening between

one fubftance and another: in Logic, an intermediate

-. propofition employed to lead to a fair and juft conclufion.

Latin.

MECHANICS, the Geometry of motion; the Science of conftruft-

ing moving machinery. Greek.

MEMBRANE, a web of various fibres interwoven, for wrapping up

certain parts of vegetable and animal bodies. Latin.

MENiscus-lens, in Optics, a glafs which is convex on one furface,

and concave on the other.

MEPHITES, poilonous, ill-fcented vapor. Latin.

MER.CUR.Y, the chemical name of the fluid commonly called qtuck-

ßlver. Latin.

MERIDIAN, in Geography, a great circle encompaffing the Globe

in the direftion of South and îiorth, and dividing it into

the eaftern and weftern Hemifpheres. The degrees of La-

titude, from the Equator to both Poles, are marked on this

circle. Every fpot of the Globe comes to it's meridian once

in every twenty-four bours, that is, has it's inftant of noon-

Latin.

METAPHYSICS, otWerwife called Ontology, the Science of the af-

feitions of being in general. It employs abßraöl reafoning-

Turn to the word A B S T R A C T . Greek.

METEOROLOGY, the Science of Meteors, that is, of bodies floating

in the air, and quickly parting away. Greek.
MICROSCOPE
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MICROSCOPE, an optical inftrument, which, by means of a greatly-

magnifying glal's, renders diftinftly vifiblè objeéls too mi-

nute for the unaflified eye. Greek.

MINOR, in Logic, the fécond, or particular'propofition of a fyl-
logifm : for example, in this Syllogifm,

All men are mortal :

But, The King is a man ;

Therefore, The King is mortal.

The firft propofition, All men are mortal is the'Major;.

the fécond, the King is а тип, is the Minor, and thefe two

are called the premifes ; the third, the King is mortal, is the

conclufion. Latin;

MOBILITY, eafinefs of being moved. Latin.

MODE, in Logic, particular form or ftrufture of argument.

Latin.

MONAD, a minute particle of matter which admits of no farther
fubdivifion. Greek.

MONOCHORD, a mufical inftrument of one ftring. Greek.

MYOPS, fliort-fighted. Greek.

N.

NADIR, the Point in the heavens direftly under foot. 'Arabic.

NAVIGATION, the art of failing. Latin.

NEGATION, denial, the oppofite of aßrmation. Latin.

NOTION, thought ; reprefentation of any thing formed by the

mind. Latin.

O.

in Optics, that glais of a~ telefcope which is

turned to the obje& or thing looked at. Latin.
j

OBLIQUE, not direft, not perpendicular, not parallel. Latin;

VOL. II- K k OBSERVATORY,
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OBSERVATORY, an edifice reared for the purpofe of agronomical
olilcrvatiuns. Latin.

OCCULT, fecret, unknown, undifcoverable. Latin.

OCTAVE, in Mufic, a regular fucceffion of notes from one to eight;
the firft and the eighth having the fame name and emitting
the lame found. Latin.

OcuLAR-lens, in Optics, that glafs of a telefcope which is applied
to the eye. Latin.

OPAQUE, what does not tranfmit the rays oflight, not tranfparent.
Latin.

OPTICS, the Science of the nature and laws of vifion, or fight.
Greek.

ORB, fphere, heavenly globular body. Latin.

ORBIT, the circular path in which a planet moves round the Sun.
Latin.

OSCILL.MTON, alternate moving backward and forward like the
pendulum of a clock. Latin.

P.

P A R A D O X , a tenet which exceeds or contradifts received opinion,
affirmation contrary to appearance. Greek.

PARAI.í .Ki.- l ines, in Geometry, lines which through the whole of
their length maintain the lame diftance : they are the op-
pofite of convergent and divergent. Greek.

P A R A L L E L I S M , Hate of being parallel.

P A R A L L R L O O R A M , a geometrical figure of four fides, having this
property, that the oppofite fides are equal and parallel, and
the oppolite angles equal. Greek.

.PELLUCID, what tranfrnits the rays of light : tranfparent. Latiu.

LUM» a heavy body fufpended, fo as to fwing backward and
forward without obftruaiona for the purpofe of meafuring

ume ;
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time : the great perfection of fuch an infiniment is, that
every vibration or fwing fliall be performed in exaftly the
fame quantity of time. Latin.

PERCEPTION, the power of perceiving, knowledge, conicioufnefs.

Latin.

PERMEABLE, what may be paflèd through. Latin*

P E R P E N D I C U L A R , in Geometry, one line {landing on another, ot
on a horizontal plane, without the ilighteft inclination to
one fide more than another, and forming right angles with
the horizontal line or plane. Latin.

PHALANX, a military force clofely embodied. Latin.

PHASIS, appearance prefcnted by the changes of a heavenly body,
particularly thofe of the Moon. The Gieek and Latin

plural phafcs is adopted in our language.

PHENOMENON, flriking appearance of Nature. The Greek plural
phenomena is in common ufe.

PHILOSOPHY, knowledge natural or moral : Syftem in correfpon-.

dence to which important truths are explained : Acade-
mical courfc of Science. Greek,

PHYSICS, the Science of Nature ; natural Philofophy. Greek.

PIANO, in Muiic, foftly, delicately, oppofite to forte. Italian.

PISTON, the moveable circular fubftance fitted to the cavity of
a tube, fuch as a pump or fyringe, for the purpofe of
fuftion, expulfion, or condenfing of fluids. French.

PLANET, a wandering flar ; thofe heavenly bodies, our globe being
one, which perform a regularly irregular couríé round the
Sun, are called planets. Greek.

PLANO-CONCAVE, in Optics, a glafs which has one furface plane,
and the other hollow. Latin,

PLANO-CONVEX, an optical glafs which has one furfece plane, and
the other raifed. Latin.

PLENUM, fpace filled with fubßance. Latin.

K k z PLUMB-LINE,
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PLUMB-LINE, a weight appended to a fifing, for the purpofe of
afccrtaimng perpendicularity.

P O L A R - C I R C L E S , circles parallel to lhe Equator and the Tropics,

at the ditlance of twenty three degrees and a half each
from it's refpective Pole. Latin.

P O L A R I T Y , tendency toward the Pole. Latin.

P O L Y G O N , afigure having many fides and angles. Greek.

POLYTHEISM, the doctrine of a plurality of Gods. Greek.

POROUS, full of fmall minute paffages. Greek.

PRESBYTES, far-fightcd. Greek.

PRESCIENCE, foreknowledge. Latin.

PREDICATE, in Logic, what is affirmed of thefubjeft, as, man «
rational. Latin.

PREDILECTION, preference given from pre-conceivcd affection.

Latin.

PRE-ESTABLISHED H A R M O N Y , the metaphyfical doctrine of an
original adaptation of mind to matter, by a creative act of
the Supreme Will, in virtue of which every human action
is performed.

PRISM, a triangular optical inftrument of glafs, contrived for the
purpofe of making experiments with the rays of light.
Greek.

PROBLEM, a proposition announcing fomething to be firft per-
formed and then demonftrated. Greek.

PROBOSCIS, the fnout or trunk of an elephant or other animal.
Latin.

PROMINENT, jutting out, projecting forward. Latin.

PROPOSITION, a point advanced or affirmed with a view to proof.
Latin.

P R O X I M I T Y , nearnefs. Latin.

PUPIL, in Optics, the apple of the eye. Latin.

PYROMETER, a machine contrived to afcertain the degree of the

expanfion of folkl bodies, by the force of fire. Greek.

PYRRHONIST,
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Руканошат, зп univerfal doubter and unbeliever; derived from
the name of the Man.

Q.

Q U A D R A N T , the fourth part of a circle; an infirument of that
form, contrived to meafure and afcertain Latitude. Latin.

Q U A D R I L A T E R A L , cpnfifting of four fides. Latin.

QUOTIENT, in Arithmetic, the number refulting from the divifion
of two numbers which meafure each other. Thus on di-
г-iding 36 by 4, we have л quotient of 9.

R.

KADIUS, in Engliíh raj/, a frraight line drawn from the centre of a
circle or iphere to the circumference. The Latin plural
radii is in ufe.

RAREFACTION, the rendering of a fubftance thinner, more tranf-
parent, it is the oppofite of condcnfation. Latin.

RATIO, proportion. Latin.

RATIOCINATION, a procefs of reafoning, a deduction of fair con-
el ufions from admitted premifes. Latin.

RECIPIENT, that which receives and contains. Latin.

R E C I P R O C A L L Y , mutually, interchangeably. Latin.

R E C T A N G U L A R , containing one or more right angles. A right
angle confifts of go degrees. Latin.

RECTILINEAR, confifting of ftraight lines. Latin.

REFLECTION, in Catoptricks, the fending back of the rays of light
from an illuminated body. Latin.

REFLUX, the ebbing, or flowing back, of the tide. Latin.

REFKACTION, in Dioptricks, the deviation or broken off courfe of
a ray of light on paffing obliquely from one medium

K k 3 through
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through another, аз from air through water or glafs.
Latin.

R E P R A N G I B I L I T Y , difpofition to leave the direct courfe, capability
of being broken or refracted. Latin.

RiòFRiNGENT-medium, that which alters, or breaks off, the courfe
of rays, Latin.

REMINISCENCE, the power of recollection, memory. Latin.

REPULSION, the aft or power of driving back. Latin.

RESINOUS, confiding of, or fimilar to refin, the fat, fulphureous
emanation from certain vegetables. Latin,

RESONANCE, found repeated. Latin.

RESPIRATION, the aft of breathing. Latin,

RETICULATED, formed like a net. Latin.

RETINA, the delicate, net-like membrane at the bottom of the
eye, on which arc painted the ima^t.; of the objects which
we contemplate. Latin.

RETROGRADE, moving in a backward direction. Latin.

R E V E R B E R A T I O N , the aft of beating or driving back. Latin.

REVERY, loofe, wild, irregular meditation,

S.

SATELLITE, an inferior, attendant planet revolving round a greater.
Latin.

SCALPEL, a chirurgical inftrument ufedfor fcraping a bone. Latin.

SCIENCE, knowledge : in the plural, the feven liberal arts, namely,
Grammar, Rhetoric, Logic, Arithmetic, Mufic, Geome-
try, Aftronomy.

SEGMENT, in Geometry, part of a circle formed by a ftraight line
drawn from one extremity of any arch to the other, and
the part of the circumference which conftitutes that arch.
The ftraight line is denominated the chord of the arch,
from it's refembl^nce to a bpw-itring. Latin,

SEMICIRCLE,
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SEMICIRCLE, the half of a circle; the fegment formed by a dia-
meter as the chord, and one half ihe circumference as the
arch. Latin.

SEMITONE, in Mulic, half a tone, the lead of all intervals admitted
into modern mufle. The Jemiiaiu; major is the difference-
between the greater third and the fourth, it's relation is as
1C to 16 : the Ji'/tiitoitc minor is the différence of the grealcr
third and the lejfcr third, and it's relation is as 24 to 25.
Latin.

SENSATION, perception by means of the fenfcs. Latin.

SERIES, regular, fettled, proportional order or progreffion, as, in
numbers, 9, 18, 27, 36,45, 54, 63 are in a fcrics. The
•word is the fame fingularand plural. Latin.

SEVENTH, in Mufic, the inverted difcordant interval of the Second,
called by the Ancients Hcptachoi-don, becaufe it is formed of
feven founds. There are four forts of UiefcvcniA, of which
the following are the proportions in numbers ; as с to q :
as 8 to 15 : as 75 to 128 : as Si to 160 : it is harm and
«inharmonious.

SOLAR-TIDE, the flux and reflux of the tide relatively to the Sun.
Latin.

SOLUTION, demonilration, clearing up of intricacy or difficulty.
Latin.

SONOROUS, emitting loud or mrill founds. Latin.

SPECIES, kind, fort, clafs: fee Genus. Jt is the fame in fingular
and plural. Latin.

SPECTRUM, an image; a viilble form. Latin,

SPHERE, Globe. Greek.

SPHEROID, approaching to the form of a fphere, but fomewhat
lengthened. Greek.

S P I R I T U A L , not confiding of, diftinft from matter or body. Latin.

SUBLIME, elevated in place; in Chyraiftry, raifed by the force of
fire. Latin.

SUBTERFUGE,
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SUBTERTUGE, mean, paltry efcape or evafion. Latin.

SUBTERRANEOUS, under the furface of the ground. Latin.

SUBTILE, thin, not denfe, not grofs. Latin. '

SUPERFICIAL, external, extended along the furface. Latin.

S U P E R N A T U R A L , what is above or beyond the powers of Nature,

Latin.

SURFACE, in Geometry, length and breadth without thicknefs.

French.

SYLLOGISM, in Logic, an argument confiding of three propo-

litions : for example, Every virtue is commeiidailc : honejly

is a virtue ; therefore homjiy is commendable. See Major and

Minor. Greek.

SYSTEM, a fcheme of combination and arrangement, which re-

duces many things to a regular connection, dépendance
and co-operation. Greek.

T.

TANGENT, in Geometry, a ftraight line touching a circle exter-

nally in a tingle point. Latin.

TELESCOPE, an optical infiniment defigned, by the magnifying ,

power of glnffes, to reprelent diftant bodies as much nearer.

Greek.

T E M P E R A M E N T , fiate of body or mind as produced by, ordepencl-

ing upon, the predominancy of aparticulur quality. Latin.

TENSION, the ftate of being ftretchcd out, wound up, difiended.

Latin.

TENUITY, thinnefs, delicate finencfs. Latin.

TERM, delcriptive name, or phrafe; component part, condition,

Latin.

T E R R A Q U E O U S , confifting of land and water. Latin.

T H E O L O G Y ,
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THEOLOGY, fyftematic Divinity. Greek.

THEOREM, a pfopotition announced for demonftration. Greek.

THEORY, a doftrine contemplated and conceived in the mind,but
not yet confirmed by irieufuble argument, or fatisfying
experiment. Greek.

THERMOMETER, an instrument contrived to meafure the heat of
the air or other body by means of the riling or falling of a
fpirituous fluid. Greek.

THIRD, in Mufic, the firft of the two imperfeót concords, fa called
becaufe it's interval is always eompofed of two degrees or
of three diatonic founds." The tierce major or greater third,
is reprefented in numbers by the ratio of 4 to 5 : and the
IcfflT, by the relation of 5 to 6. See Vol. II. Let. VI.
and VII.

TIDE, the alternate riling and falling of the Water in rivers, and
along the mores of the Sea. Saxon and Dutch.

TONE, in Mufic, the degree of elevation which the voice aiTumes,
and to which inftruments are adapted, in order to the har-
monious execution of a mufical compofition : a pitch pipe.
Latin and Greek.

TRANSIT, in Aftronomy, the paffing of one heavenly body over
the diik of another. Latin.

TRANSMISSION, permiffion to pufs through. Latin.

TRANSPARENT, clear, what may be íéen through, as air, water,
glafs. Latin.

TRANSVERSE, in a crofs direction. Latin.

TKJANGÍE, a geometrical figure confifting of three fides and three
angles. Latin.

TUBE, a pipe; a long hollow body. Latin.

TDNICLE, a froall coat or covering. Latin.

VACUUM,
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V.

VACUUM, empty Ipace. Latin.

VALVE, a moveable membrane in the veflels of an animal body,
and imitated by art in the conftruction of various machinés,
•which opens for giving paffage to fluids in one direction,
but fliuts to oppofe their return through the fame pafíage.
Latin.

VELOCITY, fpeed, fwiftnefs of motion. Latin.

VERTICAL, perpendicularly over head: Vertical angles, in Geo-
metry, arc thofe formed by the interfedlion of two ftraight
lines, in whatever direction, making four in all at the point
of interfecYion, and of which the mutual two and two arc
equal. Latin.

V I U R A T I O N , rapid, tremulous motion backward and forward.
Latin.

VISUAL, relating to vifion or fight; belonging to the eye. Latin.

VITREOUS, compofed of, or rcfcmbling glafs. Latin.

VIVID, lively, briik, fprightly. Latin.

U.

ULTIMATE, final, beyond which there is no farther progrefs,
Latin.

UNISON, emiffion of the fame or harmonious founds. Latin.

"UNTENABLE, what cannot be maintained or fupportcd.

w.
WANING, gradual diminution of apparent magnitude and light.

Saxon.
6 WAXING,
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WAXING, gradual increafe of apparent magnitude and light; par»
ticularly of the Moon. Saxon and Daniih.

WIND-GUN,, a gun which forcibly emits a ball by means of com»
preflèd air or wind.

z.
ZENITH, the point in the heavens direftly perpendicular or ver«

tical : exaítly over head : thé oppofite of Nadir, Arabic.

'Г. Gillett, Printer, b;Uisbury-i<iuiire.


