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Pai hope of having the honeur to coramunicate,

in;person, to your Hmm\mfpmmmu my lessons in Geo-
metry, becoming more and more distant, which.is a
¥ery sensible mortification to me, I feel myself im-
pelled o supply personal instruction by writing, as
faz as the natyre of the subjecis will permit.

L begin my attempt by.assisting you to form a
ust. idea of Magnitude ; producing, as examples, the
- smallest as well as the greatest extensions of matter
- agtnally discoverable in the system of the Universe,

nd,: first, it is necessary to fix on some one deter-

ate division of measure, obvions to the senses,
L of which we have an exact idea, that of a Foot,
for instance. The quantity of this once established,

I rendered familiar to the eye, will enable us to
- form the idea of every other quantity as to length,
-great or small; the former, by ascertaining how

y-fect it contains; and the latter, by ascertain-
L. I, A - :
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2 OF MAGNITUDE, Let. 1.

ing what part of 2 foot measures it. For having the
idea of a jfoot, we have that also of its 2alf; of iis
quarter, of its fwelfth part, denominated an inch, of
s hundredih, and of its thousandth part, which is so
small as almost to escape the sight. Butit is to be .
remarked, that there are animals not of greater exten-
sion than this last subdivision of a foot, which, how-
ever, are composed of members through which the
blood circulates, and which again contain other ani-
mals, as diminutive ooEm.mHmmn to them as they are
compared to us. Tence it may be concluded, that
animals exist whose smallness eludes the imagina~
tion ; and that these again are divisible into parts in-
conceivably smaller. Thus, for example, though
the ten thousandth part of a foot be toe small for
sight, and, compared to us, ceases to he an object of
gense, it nevertheless surpasses in magnitude certain
complete animals 3 and must to one of those animals,
were it endowed with the power of perception, ap-

pear extremely great.

Let us now make the transition from these minute

quantities, in .pursuing which the mind is lost, to
those of the greatest mag inde. You have the idea
of a mile; mﬁ distanee from hence to0 Magdeburg
is computed to be 83 FEnglish miles; 2 mile contains
5980 feet, and we employ it in measuring the dis-
sance of the different regions of the globe, in evder
to avoid numbers inconceivably great in our calcula-
tions, which must be the case if we used a foot instead
of o mile, A mile then, containing 5280 feet, when it
is said that Magdeburg is 83 miles from Berlin, the
idea is much clearer than if the distance of these two
cities were said to be 43,824 feet: A pumber s0
great almost overwhelms the inderstanding. Again,
e shall have 2 tolerably just idea of the ﬁmuwgmm
of the earth, when we aré told that its circamferenge
is about 25,020 miles. And the diameter being a
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sirai h 51 ‘
str abﬁw:Em passing _.“E.oumw the centre, and termi-
1gting;. . in opposite directions, in the surface of the

- MMWM.P%SE% is the acknowledged figure of ihe
arthy, for which reason also we give it nm__m name of

mm@%m _E_%Mm A.HEEMEH of this globe is calculated to be
mEW.E% P .mm“._ this is the measurement which we
pdhe mmEEbEm the greatest distances dis-
Aok .W_M. he heavens. Of all the heavenly bo-

O e &a%\ 1§ nearest to us, being distant onl
ot 31 E%%wmﬁ% of the earth, which amount HM
ncﬁhmﬁmmo mumou uuw.wwupoouocc feet; but the first

computath n of 30 diameters of the earth is tl
st idea... The Sun is about 400 times m:.wr%

- fromrus than the moon; and when we say his dis

¢

tance:is /8000 dimueters of the earth, we have a

ﬁmn?bﬂmﬁ..... ..
@%..F.._mmmﬁwu_, ﬂ _F.wmm &5& m.ﬁﬂ.ﬂ.m mun.?.mmmmm EEwmm
u./Yon kni . ¢ :
iy MH“. W_Mmmw the earth performs 2 revolution:
sound the sup in U e space of' a year, but that the
.whw@” Thans fxed »+Beside the Earth, there are ten
Jhor sieilar bo es, .HEE._&. planets, which revolve
Marmirg o ﬁ\m two (of them at smaller distances
nodl ..Q.E‘E.m mammm ; and eight at mw.mﬁmﬁ,,‘%mﬁmbomm.
e Mmﬁs. A m,&mm“ Pailns, Juno, Veste, .&%h
el s vm.E the - Georgium 'Sidus, All th
thew:stars which we see, comets excepted, are n_&.—m

. : L .t . .
gdifixed; and their distance from us is incomparably

_ MMMMM@ _w_w_mz m”._mn o_n..EmmﬁF.lem@&mﬁgommmwm:b...

.;m_.oE@.‘ Ommwwmw,%wzmwc:mr which is the wreason that

fgimer of these .em es appear greater than others
i test of them is, .duma.mmnoumzwmamg«m

. 5000 thnes ‘mare di
. 5000 times mare distant than the sun: its distance

* from. s, rdin; ,
LOm: 113, :aceordingly, - exceeds 45,000,000 of times

- _Eb i ’s:dias i
thel earth’s diameter, that is, '366,050,000,000 thiles;
k)

and this;again, ol

Wd TS again, multiplied by 5280, will wi

B %ﬁﬂmnm.m distance expressed in feet, . ﬁm”% hw_wpmm
s, isuthe:distanee only :of . those fixed .mﬂem




4 OF VELOCITY, Tet. 2
which are the neavest to us ;—the most remote which
we see are perhaps a hundred times farther off. It
is. probable, at the same time, that all these siars
taken together constitute only a very small part of
the whole universe, relatively to which these prodi-
gious distances ave not greater than a grain of sdhd
compared to the earth. This immensity is the work
of the Almighty, who governs the greatest hodies
and the smallest. ‘
Berlin, 19¢th April 1760,

Lerrer 1L—OF VELOCITY.
Frarresing myself that your Highness may be
pleased to accept the continuation of my instructions,
a specimen of which I took the liberty of presenting
to you in a former letter, I proceed to unfold the
idea of velocity, which is a particular species of ex-
tension, and susceptible of increase and of diminu-’
tion, When any substance is transported, that is,
when it passes from one place to another, we ascribe
to it a velocity, Lettwo persons, the one on horse-
back, the other on foot,. proceed from Berlin to
Magdeburg, we have, in both cases, the idea of a
certain velocity ; but it will be immediately affirmed,
that the welocity of the former exceeds that of the
latter. 'The question then is, ‘Wherein consists the
difference which we observe between these several
degrees of velocity? 'The road is the same to him
who rides and to him who walks ; but the difference
evidently lies in the time which each employs in-per-
forming the same course. "The velocity of the horse-
man is the greater of the two, as he employs less
time on the road from Berlin to Magdeburg ; and
the velocity of the other is Jess, becanse he employs
more time i iravelling the same distance. Hence

_
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it Ig:¢lear, that in order to form an accurate i ]
“%n_bﬂ.&.u ‘we must attend at once: to Hﬁwﬁw%%w .M_w
m%ﬁmuwmwﬁibﬁﬁmg to the length of the road, and to
@..M mEﬁmm employed. .m”._:—m_o\,a%u. therefore, which in
$s. same trme passes thtqugh double the space which
ariother F..&.,..@ommu has double its velocity; if, in
ihe same time, it;passes through thrice thé distance
I m...n.zﬁ_-ﬁo haie thrice the velocity,and so on. . Ae.m
shal ﬁc.ﬂ.@ﬁm&mﬁ? then, the velocity ofa Uom.w‘. .i.g,mb
we. are informed of the space through which mﬁumm_mmmm
“E%wmnﬁmﬁ quantity of time. In order to kmow the
Mw%%.ﬁw am. my pace, when I walk to Lytzow (about
o .m“._wm rom Betlin), H_H.Eﬁw observed that T make
e %m.‘m.ﬁummgﬁﬁmv and one of my steps is equal
for e ect and a half. ' My velocity, then, is such as

fp.ca Ty me 300 feet in a minute, and a space 60

| wur greater, or 18,000 feet in an’hour.. Were:I,

. - therefore, to walk from hence to Magdebur it

- would take exactly 24 hours. - This conveys mbw umn.

,.M.EWWHW idea of the velocity with which I- MEM able ﬁm
walk.  Now it is easy to comprehend what is meant

- by a greater or less velocity. . For if a courier were
-ty go. from hence. to Magdeburg in,12 hours, his
AWHOEQ would be the double of mine; if b.@;ﬂmuu.n i
€ight. hours, his velocity would be ﬁ.wm—m.  We H.Mu
mark, a.very great difference in the degrees of velo- -
n%% -The tortoise furnishes an example of a velo-
ity _ﬁmﬁmE&% small. If she mn?mbnmmb_n&% one foot
wqﬁ Anjnute, her veloeity is 300, nEwaHmmm than mine
; n: I advance 800 feet in the same time. We E.m
.&mﬁgmm -acquainted with velocitiés much greater
A ..w__w of the wind admits of great variation, A 1mo-
%wﬂ %oimh& goes at A.“rm rate of 10 feet in a second,

& mnEEmmﬁ mu a wminute 3-its, velocity therefore is
the do e of mine. LP wind that runs 20 feet in a

fgcond, or 1200 in a minute, is rather strong; and
%Em which flies at the rate of 50 feet in a second

V4




§ OF ¥ELOCITY. Tet 2.

is extremely violent, though its velocity is only 10
times greater than mine, and would take two hours
and twenty-four minutes to blow from hence to Mag-
deburg, )

The velocity of seund comes next, which moves
1142 feet in a second, and 68,520 in a minute. This
velacity, therefore, is 228 times greafer than that of
my pace; and were a cannon to be fired at Magde-
burg, if the report could be hedrd at Berlin, it would
arrive there in seven minutes. A cannon ball moves .
with nearly the same velocity ; but when the piece.
is loaded to the utmost, the ball is supposed capable
of flying 2000 feet in a second, or .fwovog in a i~
nute. 'This velocity appears prodigious, though it
is only 400 times greater than that of my pace.in
walking to Tiytzow ; it is at the same time the great-
est velocity known upon earth. But there are m
the heavens velocities far greater, though their me~
tion appears to be extremely deliberate. You know
that the earth turns round on its axis in 24 hows:
mﬁuuﬂ point of its sarface, then, under the equator,
moves 26,020 English miles in 24 hours, while 1
am able to get through only 83 miles. Its ¢m.wo..ua,~
is accordingly nearly 300 times greater than mine,

and less notwithstanding than the greatest possible
velocity of a cannon ball. The earth performs its
revolujjon round the sun in the space of 2 year, pro-
ceeding at the rate of 589,950 Msmrmr E.H_mm in 24
hours. Its velocity, therefore, is 18 tunes mare
rapid than that of a cannon ball. The greatest velo-
city of which we have any knowledge js undoubtedly
that of light, which moves 9,200,000 English miles
every minute, and exceeds the velocity of a cammon
hall 400,000 times.
224 April 1460,
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JLmgrrEr ITL—OF Sounp, aND 11s VELOCITY.

.- THE elucidations of the different degrees of velo-
eity; which I have had the hanour to lay before your
Highness, carry me forward ta the examination of

-gound, or noise in general. It must be remarked,
that a gertain portion of time always intervenes be-
fore sound can reach our ears, and that this time is
lenger in proportion to our distance from the place
where the sound is produced ; a second of time be-
Iug requisite to convey sound 1142 feet.

«:When a cannon is fired, those who are at a dis-

-tance do not hear the report for some time after they

~have seen the flash.  Those who are ahout 5 miles
off; or 24,000 feet distant, do not hear the report
till- 21 seconds after they see the flash. You must
no deubt have frequently remarked, that the noise

-iof thunder does not reach the eat for some time nfter

the lightning ; and it is by this we are enabled to
ealeulate our distance from the plaee where the
thunder is generated. If, for example, we cbserve
that 20 seconds intervene between the flash and the
thunder-clap, we may conclude that the seat of the
thunder is 22,840 feet distant, allowing 13142 feet of
distance for every second of time. This primary
‘property leads us to inquire,.in what sound consists ?
“.mmﬂnmmﬁu.#m nature is similar to that of smell—thas
“is;whether sound issues from the body which pro-
“guees it, as smell is emitted from the flower, by fll-
‘g the air with subtile exhalations, caleulated to affect
“aur sense of smelling. This opinion was formerly
‘entertained ; but it is now demonstrated, that from
a-bell struck nothing proceeds that is conveyed to
our eat, and that the body which produces sound
lgses no part of its substance. When we look upon

.,.w‘_r.mw:rﬁ is struck, or the string of an instroment




3 OF SOUND, AND ITS VELOCITY. Let. 8.

when touched, we perceive that these bodies are then
in a state of trembling, or agitation, by which all
iheir parts arve affected ; and that all bodies, suscep-
tible of such an agitation of their parts, likewise pro-
dunce sound. These shakings or vibrations are visi-
bie in the string of an instrument when it is not too
small ; the tense string A C B passes alternately
into the situation A M Band AN B. (See Prare L.
Fig. L., in whick I have vepresenied these vibrations
much more obuvious to sense than they aré in fuct).
It must be observed, that these vibrations put the
adjacent air into a similar vibration, which is sncces-
sively communicated to the more remote parts of the
air, till it come at length to sirike our organ of hear-
ing. Itis the air, then, which recelves these vibra-
tions, and which tramsmits the sound to onr ear.
Hence it is evident, that the perception of sound is
nothing else but the impression made on our ear by
the concussion of the aly, communicated to us
throngh the organ of hearing; and when we hear
the sound of a string touched, onr ear receives from
the air as many strokes as the siring performs vi-
brations in the same time. Thus, if the string per-
forms 100 vibrations in a second, the ear likewise
receives 100 strokes in the same time; and the
perception of these strokes is what we call sound,
‘When these sirokes succeed eaeh other uniformly,
ovwhen their intervals are all equal, the sound is
regular, and such as is requisite to music. But when
the strokes succeed unequally, or when their inter-
vals are unequal among themselves, an irregular
noise, incompatible with«music, is the result. On
considering somewhat more attentively the musical
sounds, whose vibrations take place equally, I remark
first, that when the vibrations, as well as the strokes
impressed on the ear, are more or lessstrong, no
other difference of sound results from it, but that of

Let, 3. OF S0UND, ANT IT§ VELOCITY. 9

stronger or weaker, which produces the distinction
termed by musicians, foite ef piano. But thereis a
difference much morve essential, when the vibrations
are more or less rapid—that is, when more or fewer

- ofithem are performed in a second. When one

siring makes 100 vibrations in a second, and ano-
thex string makes 200 vibrations in the same time,

_their sounds ave essentially different; the former is

lower or more flat, and the other higher or more
sharp. Such is the real difference between the flat
and . sharp sounds, on which all music hinges, and
which teaches how to combine sounds different in
respect of flatness and sharpness, but in such a man-
ner ‘as to produce.an agreeable harmony. In the
flat sounds there are féwer vibrations in the same
time than in the sharp sounds; and every key of the
Larpsichord contains a certain and determinate num-
her of vibrations, which are completed in a second.
Thus the note marked by the letter C makes nearly
100 vibrations in a second, and the. note marked 3
makes 1600 vibrations in the same space of time.
A string which vibratés 100 times in a segond, will
give precisely the note C; and if it vibrated only 50
times, the note would be lower or more flat. But

with regard to our ear, there are certain limits be-

youd which sound is no longer perceptible, It

would appear that we are incapable of determining
either the sound of & string which makes less than.
30 vibrations in a second, because it is too low ; or
that of a siring which would make more than 7552
in.a second, becanse such a note would be too high.

L5 96tk April 1160,




16 OF CONSONANCE Let. 4.

Lerren IV,—Or CoNSONANCE AND
Dissonance.

I RESUME my remark, that on hearing a simple
musical sound, our ear is struek with a series of
strokes equally distant from each other, the frequency
and number of which, in a given space of time, con-
stitute the difference which subsists between low notes

" and high ; so that the smaller the number of vibra-

tions or strokes produced in a given time, say a se~
cond, the lower we estimate that note; and the
greater the numher of such vibrations, the higher is
the note. The peveeption of a simple musical sound
may, therefore, be compared to a series of dots equi-
distant from each other, 28 ......... If the in-
tervals between these dots be greater or smaller, the
sound produced will be lower or higher. It camnot
be donbted, that the perception of a simple sound is
somewhat similar or analogous to the sight of such a
series of dots equidistant from each other: we are
enabled thus to represent to the eye what the ear
perceives on hearing sound. If:the distances between
the dots were not equal, or were these dots scattered
about cenfusedly, they would be a representation of
a confused. noise, inconsistent with harmony. This
being laid down, let us consider what effect two
sounds emitted at once must produce on the ear.
First, it is. evident, that if two sounds are equal, or
if each performs the same number of vibrations in
the same time, the ear will be affected in the very
same manner as by a single note ; and in music these
two notes are said to be in unison, which is the
simplest accord: we mean by the term accord the
blending of two ar more sounds heard at once. But
if two sounds differ in respect of low and high, we
shall perceive a mixture of two sevies of strokes, in

.+ contalns twice as many

R
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each of which the intervals are equal among them~

-+ selves, but greater in the one than in the other; the

greater intervals corresponding to the lower note,
and the smaller to the higher, This mixture, or this
ageord of two notes, may be represented to the eye

" by two series of dots arranged on two lines A B and

Ch; |

-1 2 3 4 5 6 % 8 9 10 1%
.&. . . . . . a » . . N . . w
1 2 8 4 5 6 %Y 8 9 106 11 12
and in order to form a just idea of these two series,
we must have a clear perception of the order which
subsists among them-—or, in other words, of the rela-~
tion between the intervals of the one line and of the
other, Having numbered and marked the dots of
-each lihe, and placed No. 1. under No. 1., those
Jnarked with the figure 2 will not exactly correspond,
and still less those marked 3: but we find No, 11.
exactly over No, 12.; from which we discover that
the higher note makes 12 vibrations, and the other
‘only 11.  If we had not affixed the figures, the eye

. would hardly have perceived this order: it is the

-same with the ear, which would with much difficulty
have fraced it in the two notes which I have repre-
sented by two rows of dots. But in the following
figure, .

you discover at the fivst m_mbnm that the upper line
ots'as the under, or that

the intervals in the under line are twice ps great as.
thgse of the upper. ‘This is widoubtedly next to
unjson, the simplest of all cases, in which you can
“af-.once discover the order which subsists between
these two series of dots; and the same thing holds
~with respect to the two noies represented by these
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two lines of dots: the number of vibrations con-
tained in the one will be precisely the double of the
vibrations contained in the other, and the ear will
easily perceive the pleasing relation of these two
sounds ; whereas, in the preceding case, it was ex-
tremely difficult, if not impossible, to diseriminate.
When the ear readily discovers the relation subsist-
ing between two notes, their accord is denominated
consonance ; and ifit be very difficult, or even impos-
sible to eatch this relation, the accovd is termed dis-
sonance. 'The simplest consonance, then, is that in
which the high note produces precisely twiece as many
vibrations as the low note. ‘This consonance, in the
language of music, is called octave—every one knows
what it means ; and two notes which differ precisely
an octave, harmonize so perfectly, and possess such
a complete resemblance, that musicians mark them
by the same letters, Henee it is that in church-
music the women sing an octave higher than- the

men, and yet imagine they are uttering the same -

sounds. You may easily ascertain the truth of this
by touching the keys of a harpsiehord, when you
will perceive with pleasure the delightful aeccord of
all the notes which ave just au octave distant; where-
as any other twe notes whatever will strike the ear
less.agreeably.

20th April 1160.

Lerrer V.—Or Unison awp-OeTaves.

‘%oammwwzummm_ﬁmgam&m.mﬁm Hmuﬁmwwmm.ﬁrmﬁ
the accord ﬂmnnw musicians call an octave, strikes the
ear in a manuer so decided, that the slightest devia-
tion is easily perceptible. Thus, having touched the
key marked F, that marked f, which is an octave
higher, is easily attuned to it, by the judgment of

Let. 5.
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the ear only.  If the string which is to produce this
note be ever so little too high or too low, the ear is

instantly offended ; and nothing is easier than to put

the :two-keys perfectly in tone. Thus we observe,
that. in singing the voice slides easily from one note
tozanether, which is just an octave higher or lower.
But. were, it required to pass immediately from the
‘note I¢ to the note d, for example, an ordinary singer
might easily fall into a mistake, unless assisted by an
Ingtrnment.  Having fixed the note F, it is almosi
immpossible all at once to make the transition to the
nate:d.- 'What then is the reason of this difference,

" that it is-so easy to make note f harmonize with note

EF,.and so difficult to make note d accord with it ?
The veason is evident from the remarks already
made: It is this, that note I and note fmake an
octave, and that the number of vibrations of note {

. is precisely double that of note F. In order to have

the;perception of this accord, you have only to con-

- sider the proportion of one to two, which, as it in-

stantly strikes the eye by the representation of the

dots 1 formerly employed, affects the ear in a similar

+ ymamner. You will easily comprehend, then, that the

moyre simple any proportion is, or expressed by small

_ numnbers, the more distinctly it presents itself to the

tinderstanding, and conveys to it a sentiment of satis-
faction. Axrchitects likewise carefully attend to this

maxim, as,they uniformly employ in their works

proportions as simple as circuimstances pexmit. They
gsually make the height of doors and windows dou-
ble the breadth, and endeavour to employ through-

~oug;proportions capable of being expressed by small
mumbers, because this is obvious and grateful to the

understanding. The same thing holds good in music:
Accords are pleasing only in so far as the mind per-
celves the relation subsisting between the sounds;

-and.this relation is so much more easily perceptible,
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as it is expressed by small numbers. Now, next to
the relation of equality, which denotes two sounds in
umison, the ratio of two to one is undoubtedly the
most simple, and it is this which furnishes the accord
of an oetave: hence it is evident, that this accord
possesses many advantages above every other conso-
nance. Having thus explained the accord, or inter-
val of two notes denominated by musicians an octave,
let us consider several notes, as ¥, § 7 £ £ each of
which is an octave higher than the one immediately
preceding : since then the interval of F from f;, of {
from ¢ of ¢ from 3 of 7 from § is an octave, the in-
terval of T to ¢ will be a double octave, that of ¥ to
% a triple oetave, and that of Fto ¥ a quadruple oc-
tave. Now, while note F makes one vibration, note
{ makes two, note  makes four, note § makes eight,
and note 5 makes sixteen: hence we see, that as an
octave corresponds in the relation of 1t0 2, 2 double
octave must be in the ratio of 1 to 4, a triple in that
of 10 8, and a guadruple in that of 1 to 16. And
the ratio of 1 to 4 not being so simple as that of 1
to 2, for it does not so readily strike the eye, a dou-
ble octave is not so easily perceptible to the ear as a,
single ; a txiple is still Jess perceptible, and a quad-
ruple still much less so. When, therefore, in tun-
ing & harpsichord, you have fixed the note F, it is
not 'so easy to attune the double octave ¥ as the
single f; it is still more difficult to attune the triple
octave 7 and the quadruple § without rising through
the intermediate octaves. These accords ave like-
wise comprehended in the term consonance ; and as
that of unison is most simple, they may be arranged
according to the following gradations :—

7. Degree, unison, indicated by the velation of 1 &0 1.
1I. Degres, the immediate octave, in the ratio of 1 ta 2.,
TIL Degree, the double octave, in that of 1 to 4.
IV. Degree, the triple octave, in that of 1 to 6.

Let. §. OF OTHER CONSONANCES.
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~Aud so on as long .as sound is perceptible. Such
g athe..accords denominated consonances, to the
Jnawledge of which we have been thns far conduct-
.nﬁ,.,?.w buf. hitherta we know nothing of the other
spegies of consonance, and still less of the dissonan-
ges employed in music. Before I proceed to the
.m%mwmﬁmﬂoﬂ of these, I must add ane remark H.mmwum&T
Jingithe name octave, given to the interval of two
nages; the. one of which contains twice the vibrations
",.npﬁw,:mm@ in the other. You see the reason of it in
:therprincipal stops of the harpsichord, which rise Iy
seven degrees before you arrive at the octave C Hv%
m“u..m‘u. G, A, B, ¢, so that stop ¢ is the eighth, “yeck.
_oning O the first. And this division epends. on
#; ertain series .of musical intervals, the nature of
which shall be unfolded in the following letters.

i -3 May 1760,

.JL.T&.

Lerrer VI—Or oruer CONSONANCES.

I may be affirmed, that the relations of 1 to
Lo 4, of 1 ta 8, of 1 to 16, which we have E@mwm. '
ﬁmpmnummu .and which contain the progression. of
petaves, are all formed by the number 2 only; since
415.2 times 2; 8, 2 times 4; 16, 2 times 8. udﬂmam

- .we to admit, therefore, the number 2 al i
L ) one 1int
- Jousie, we should arrive at the kmowledge of ou%

the,gecords or consonances, which musicians call the

‘. ,.‘_mﬁm, ,. double, ‘or triple octave ; and as the number

2, by its. reduplication, furnishes onl :
4.8, 16, 32, 64, the one being &ﬁwwwwmoﬂﬁwdm”w
- preceding, all other numbers would remain unknown
Now, did an instrument contain octaves onl , 88 ?.n“
notes marked C, ¢, 7 2 § and were all others exclud-

AY
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ed, it conld not produce an agreeable music, on ac-
count of its too great simplicity.
then, together with number 2, the number 8 like- .

- wyise, and ohserve what accords or consonances would
be the result. The ratio of 1 to 3 presents at once
iwo sounds, the one of which makes 8 times more
vibrations than the other in the same time. This
ratio is nndoubtedly the most easily to be compre-
hended, next to that of 1 t0 2; it will, accordingly,
furnish very pleasing consonances, but of a nature:
totally different from that of octaves. Let us sup-~
pose, then, that in the proportion of 1 to 3, number
1 corresponds to note C; since note ¢ is expressed
by number 2, number 3 gives a sound higher than
¢, hut at the same time lower than note z which cor-
responds to number 4. Now, the note expressed by
3 is that to which musicians affix the letter g, and
they denominate the interval from c to g,  fifth, be~
canse in the keys of a harpsichord that of g is the
fifih from ¢, as ¢, d, €, §, g. 1fthen number 1, pro-
duces the sound C, number 2 will give ¢ numbel
8 gives g, pumber 4 the note ; and note § being

the octave of g, the number corresponding to it will |

be 2 imes 8, or 6. Rising still an octave, the sound
= will correspond to a number twice greater, that is
12. All the notes with which the two numbers 2
and 8 furnish us, indicating note C by 1, therefore,
are,

C, e giagsa &

1. 2, 3. 4. 6.8, 12.16,

ence it is clear, that the ratio of 1 to B expresses

an interval, compounded of an octave and a fifth;

and that this interval, on account of the simplicity of

the numbers which represent it, must be, next {o the
octave, the most grateful to the ear. Musicians ac-
cordingly assign the second rank among CONSONANCES
to the fifth; and the. ear catches it so easily, that

Let us introduce, '

Let. 6. OF OTHER CONSONANCES. 1%

there is no difficulty in tuning a fifih * thi
veason, in violins, ﬁWm four mﬁ.wm s rise by mﬂﬂm HMMM
Fﬂmmn .._umEm g, the second g the third ; mﬁmu the
ﬁwﬁﬂr 5;% and every musician puts them in tune by
,ﬁ e ear only, A fifth, however, is not so ,mmmmw
tuned as an octave ; but the fifth above the octave.
as; from O to g, being expressed by the proportion o_m.
m._ to 3, is more perceptible than a simple fifth, as
rom G to G, or from c to g, which is mwwwmmmmm by
proportion of 2 to 8: and it is likewise known

_ by experience, that having fixed the note C, it is

eadier to attune fo it the higher fifth g, than the sim~
ple G, If unity had EE.WM& the hoﬁmu L, uuﬂpw..wm_“uw

- watld mark the note g so that

- i
.thrée,

mf_ £ & &2 % 5 wonld be marked by
- Hu 2, 3,4, 6, 8,12, where, from f to ¢ the inter-
ﬁ&. is a fifth in the relation of 2 to 8; from 3 to 3~
mm.ouu F to § are also fifths, as the ratio of 4 to 6 and
om.“_w to- 12, is the same as that of 2 to 8. For m. two
strings perform, in the same time, the one 4 vibra-
tioms, the other 6, the former siring will make, in a
e equal to half the first space of time, two vibra-
s; -and the second, in the same time, will make
; Now the sounds emitted from these strings
aré the same in both cases; of consequence the re-
lation of 4 to 6 expresses the same interval as that of

" 2+to 3, thatis, a fifth, Hence we have arvived at the

knbwledge of another interval contained in the ratio
of 8 to 4, which is that of ¢ to & and consequently
alsaof ¢ tof; or of Cto F. Musicians call it ¢ fourth;
and being expressed by greater numbers, it is not s0

- agyeeable, by a great deal, as the fifth, and still less

‘ ,%mﬁ.&?w octave. Number 3 having furnished us
néw-accords or consonances, namely, the fifth and

‘ w.numm, fourth, before we call in any others, let ns take

r

* That 18, in ihe language of sol-fuing, sel, re; lay mi.
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it again three times, in order to have the number 9,
which will give a higher note than note 3, or & one
octave and one fifth. Now, § is the octave of g and
= the fifth of 7 ; number 9 then gives the note 3 so
that 2 § 5 3 will bé marked by .
6. 8. 9. 12; and if these notes be taken in the
lower octaves, the relations remeining the same, we
shall have, y

C, ¥ Gse £ g5 of g565 gic

6, 8, 9.; 12, 16, 18; 24, 32, 36; 48, 64, 72, 96,
which Jeads us to the knowledge of new intervals.

" “The first is that of F to G, contained in the ratio
of 8 09, which musicians call a second, ov fone. The
second is that of G to f, contained in the vatio of 9
to 16, called a seventh ; and which is one second, or
one tone less than an octave. ‘These proportions,
being already expressed by very great numbers, ate
not reckoned among the consonances ; and musicians
call them dissonances or discords. :

Again, if we take three times the nomber 9, or

97, it will mark a tone higher than g and precisely a

fifih higher than g; it will be accordingly the tone
3, and its octave 3 will correspond to twice the nwn-
ber 21, or 54, and its double octave 3 to twice the
number, 54, or 108. Let us represent these tones
sdmeé octaves lower, in the manner following :

¢, D, ¥, G; ¢ d £ g5 5 @ ¢
24, 24, 32, 86; 48, 54, 64, T2; 96, 108, 128,
g; ¢ d, f,  g; e

144 192, 216, 256, 288; 384.

Hence we see, that the interval from D to F is
contained in the ratio 27 to 382, and that of F to a
in the ratio of 32 to 54, the two terms of which are
divigible by 23 and then, in place of this relation,
we have that of 16 to 27, The first interval is called
a tierce minor, ot lesser third, and the other a greafer

&et. ', TWELVE TONES OF THE HARPSICHORD., 19

. §fgth. . The number 27 might be still farther multi-
; %m.@...,vuwmm.. but music extends not so far, and we
I qurselves to number 27, resulting from 3, mul-
tiplied, three times by itself: other musical tones still
waitting are tntroduged by means of number 5, and
‘shall be explained in my next Letter, .
Bd May :1'160.

R i

LETTER VIL—OF tE TwELVE TONES OF THE
PASPIUSIRR Hanrpsicuorb,

£

dighness is so dry, that I begin to apprehend it may
rowing tiresome. That I may not waste too much
neon it, and be relieved from the necessity of re-
ing frequently to a topic so uninteresting, I send
Liby this conveyance three letters at once, My
ingention in undertaking: it was to render visible

ciang. themselves are almost totally unacquainted.
Itiis not: to theory they are indebted for the know-
ledge of all these sounds, but rather to the secret
power. of genuine harmony, operating so efficaciously
their ears, that they have been constrained, if I
. “Ingy be:allowed to say it, to receive tones actually in
“usps:ithough . they are not bitherto perfectly agreed
specting their just determination. "The principles
of harmony are ultimately reducible to numbers, as I
have demonstrated ; and it has been remarked, that
the number 2 furnishes octaves only, so that having
Hixed,. for.example, the note F, : we are conducted: to
notes fy-g 77 The number 3 afierwards. fur-
pighesi€l, o, 5 3 5 which differ onefifth from the pre-
ig; sevies ; and the repetition of this same num-

1583 3i:and finally, the third repetition of this

HE presentsubject of my correspondence with your

- the.xeal qrigin of musical notes, with which- musi- -

3 firrnishes again the fifths of the first, namely, -
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pumber 8 adds farther the notes D, 5,7 3 & The
principles of harmony then being aitached to sim-
plicity, seem to forbid our pushing farther the repe-
tition of number 8 hitherto, accordingly, we have
only the following notes for each octave :
F. G ¢ d L o B
16. 18. 24. 27. 32. which certainly would not fur-
nish a very copious music. But let us introduce, in
addition to these, number 5, and observe the tone
which shall emit five vibrations while F emits only
one. Now f makes two vibrations in the same time,
 makes four, and 7 six. Thenote in question, then,
is-between 7 and . It is that which musicians indi-
cate by letter 5, the accord of which with nete f is
denominated a greater third, and is found to, produce
a very agreeable concord, being expressed by the
very simple ratio of 4 to_&. Farther, note & with
note 7 produces an accord contained in the ratio -of
5 to 6, which is almost as agreeable as the former,
and which is denominated a lesser third, represented
by the ratio of 27 to 32, and its difference from the
first is almost imperceptible to the ear. This same
numhber 5 heing applied to the other notes G, ¢, d,
will give us, 1n like manner, their greater thirds,
taker.in the second octaye below, that is to say, the
notes g, 5 and § which, being transposed, will give
the fallowing notes, with their corresponding num-
bers:. ,
F.. Fs. G. A B, c & e £
128, 135. 144, 160. 180. 192, 216. 240, 256.
Take away the notes Fs, and you will have the
principal tonches of the harpsichord, which, aceord-
ing to the ancients, constitute the genus denominated
diatonic, yesulting from number 2, from number 3,
thrice repeated, and from number 5. Admitting
these sounds only, we are in a condiiion to compose
harmonies very agreeable and various, the beauty of

Let: T

W ;.W is .%@Fzmm@ on the simplicity alone of the num.
E rresponding to the notes.  Finally, upon ap-

OF THE HARPSICHORD.

;second time the number 5, we shall be.for-

- nighed: with the thirds of the four new tones, A, E,

s which we have just found, we chall'h
which w : ghall have the
Cs, Gs, Ds, and B, so awmﬁ now the octave

18 leted of the 12 tones received in music, . All

these tones derive their origin from the three numm-
berg: @, 3, and 5, multiplying 2 by itscl, as ofien as

nly 'to Fﬁa&.& stage, and of five to the second.
the tones of the first octave are contained in the
o table, in which you will see how the fun-
al mupbers 2, 3, and 5, enter inio the com-
of those which express the relation of these

2,9,2,2,2223 , , {384 Diference,
d2,8,2,2,55 . . . . |400| 16
222283,38, . . .|432| 32
1288,55 . . . . .l450] 18
12,292,285 . . . .|480| 30
2292222222 . ./512] 82
122,8,8,8,5. . . . .|540| 28
2,2,22223,8 . . ./576| 36
12,2,2,8,55. . . . .[600] 24
J2:22,2,9,2,2,5 . . .|640]| 40
8,8,3,55. . .. . ./675| 35
2,2,2,9,335 . . . ./70| 45
12,2,2,2,22293 . .[768! -48

note C makes 884 vibrations, the tone C
65,400, and the others as many as are marked Uw
TN co .Hmmwo_“._m._bm. numbers ; note ¢ will give, then,
ame time, double the number of vibrations

384, thatis ¥68. And for the following:

85 %@ﬂ.&mﬁ only to multiply these numbers by

ves vequives s but we carry the multiplication -
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ich differ an octave, excite a perception of the re-
WMMMW MW_ 1 to-2; a fifth, of that of 2 to 8; Eﬁj%.
reatgr. third, of that of 4 to 5.- We comprehend,
W@.ﬂr the order which is found in harmony, when im.
Jnow all the relations which pervade the notes o

which it is composed ; and it is the perception of the

ear which leads to this knowledge. ~This Humu.nmwmow
more or less delicate, determines why the mmﬁm ar-
mony is felt by one, and not at all by another ) .mmmmm
cially when the relations of the notes are mmwpmmwma
by somewhat greater numbers. Music noEmE.WH ,m.m
side harmony, another object equally suscepuible Mo
order, namely, the measure, by which we m.mm_mﬁoﬁ
every note a certaln D.E.m.ﬂobm and the w..ﬂ% .wm
of the measure consists in the knowledge of w.._m Wﬂn
ration, and of the H.&mﬂowm which result moE it.
The drum and tymbal furnish the example o Bm.p umﬁ.
sic in which measure alone iakes place, .mmnr ) 18
notes are equal among themselves, and then @M is
no harmony. There is likewise a music oo,umuwg ﬁmm
wholly in harmony, to the exclusion of measure, i s
musie is the ehoral, n which all &pm notes are of the
same duration; but perfect music unites WmﬂE.aEa
and measure, Thus the connoissenr who rm%m a
piece of music, and who compréhends, by the mg,_mﬁm
perception of his ear, all the proportions o% M&Wa
both the harmony and the measure are wo_nﬁ.m e Lz mm.m
certainly the most perfect knowledge possible of tha
music; while another, who perceives these mpommﬁm
tions only in part, or not at all, Eummw.mwmbm.m w%mﬁu.u.
of the matter, or possesses af most a very s ..wﬁ, er
knowledge of it. But the sentiment of pleasur M WWM.
cited by fine music must not be. confounded Wﬁ; : ,.M
knowledge of which I have been speaking, t %cm i
may: be confidently affirmed, that a piece oh.. music
cannot produce any, unless the relations of it.are

perceived. For this knowledge alone is not sufficient

v

- satisfactory solution,
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to excite the sentiment of pleasure ; something more
is-wanting, which no one hitherto has unfolded. In
order to be convinced that the perception alone of
gll-the proportions of a piece of music is insufficient
to produce pleasure, yon have only to consider music
gf a-very simple construction, such as goes in octaves
~ slone, in which the perception of proportions is un-
daubtedly the easiest. Such mnsic would be far
~ from conveying pleasure, though you might have the
most perfect kmowledge of it. It will be said, then,
that pleasure requires a knowledge not quite sa easily
: attained-—a, knowledge that occasions some trouble ;
- which must, if T mmay use the expression, cost us
spmething. But, in my opinion, neither is this a
A dissonance, the relations of
which are expressed by ihe highest numbers, is
caught with more difficnlty ; a series of dissonances,
“however, following without choice, and without de.
* sign, cannot please, The composer must therefore
have pursued in his work a certain plan, executed
in real and perceptible proportions. Then a conw
- Dolsseur, on hearing such a piece, and comprehend-
Ing, beside the proportions, the very plan and de-
- sign which the composer had in view, will feel that
gatisfaction which constitutes the pleasure procured
-exquisite musie to an ear accustomed to relish
the beauties and delicacies of that enchanting art,
It arises, then, from divining in some measure the
lews and feelings of the composer, whose execution,
fovtunate, 6ills the soul with an agréeable sen-
It is a satisfaction somewhat similar to that
h is derived from the sight of a well acted pan-
mime, in.which you may conjecture, by the ges-
¢.and action, the sentiments and dialogue intend-
10 be expressed, and which Presents beiides a

.@,mm.mmm.nmr.— wuu_.mhw- _.Her O:.mm.gm. O.M ﬁ.mwm ﬂrwﬁuumwﬁl
oL, 1. A
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- % which was so diverting to your m&mwﬁmwmv
e e with another excellent comparisoll.
mﬁﬁmmmmonuﬁmﬁ guess the sense,’ g@.mﬁmomﬁm nwwm it
i mmwwwﬁM expressed in the proposiion o M Wwwb m.w
e, ou feel a very sensible pleasure on .mEmm
Mwwmoumme% . but insipid and incongruous owwmm as
- woduce none.  Such are, if I may be perm ited o
Hidge, the true principles on which decisions ! -
unwmm“u the excellency of musical compositions ar
sp )

founded.
62k May 1'760.

LerTer IX.—COMPRESSION OF THE AIR,

Tue esplavation of sound, iE&w H@Wmﬁﬁw Woﬂma MWM

honour to present to your Highness, leads ® arsiard
articnlar consideration o.w air, W uﬁ e

ing EOHM mEm of a movement of Swu.mﬁouw m.ﬁo 5
:w_m mwmnﬂwwwoﬁ musical: strings, U.m:mu and other wm% o
o uu,m. re agitated, transmits the concussion 0
o o HmmH.w d&ﬁmco immediately asked, what is m-.a&.
For mm.ww.. ot appear at first sight to be a Emmmﬁ.ﬁ
Sabstance, ﬂbm we perceive no sensible body Hﬂ Hﬂu
mnwmnmbn%_.w@. space seems 0 contain noO Emm“mm w. omm
mﬁuwcﬁwémﬂww& nothing; we can uamdmu mu,: uwﬁ an
even limb in it, without experiencing the s .m& est
absth HHE But uwou. have only to move your hia d
e m*.h he sensible of some resistance, and mﬁmﬁ to
Umﬁw.wmom. stream of dﬁuw .mﬁa#m%www mwwwﬁcwwﬂmw
b ind is no : ,
Eo” wwﬁ Mﬂmodeouﬁmﬁﬂwmﬁ_m it is nmm&“% of preduc-
pu 1

. . c
isi t womm&um to doub

i surprising, how 151 |

N mm._m.n.nm MoBmﬁmmm& substance, and consequelitly 2

that air 1s ‘ <

A celebrated enigma of 1.a Mothe, published in w._m fugitive pie
& A caleby
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dy ?.« For the terms body and matter ave synony-

ody: is divided into two preat classes, solideand
+«-Fhe-air, it is evident, must be referred to the
isg:of fluids, It has several properties in commeon
th;water ;. but it is much more subtile and fine.
Hxperiments have ascertained that air s about 800
. fimeszmore subtile and more ravefied than water
and thatif air weve to be rendered 800 times denser
than it is, it would have the same consistency. as the
other fluid. A principal property of air, by which
is distinguished from other flnids, is its quality of
.mmm.um..noBrummme, ar reduced into a smaller space,
his is demonstrated by the following experiment :
Take 2 tube of metal or glass A B C D (Pravg I,
:2.), close shut at the end A B, and open at the
ither, into which is introduced a piston P, filling ex-
otly:the cavity of the tube, ,Qun pushing the, piston
inwards, when it has arrived at the middle E, the
hich occupied at first the cavity A B C Dwill be
ednced one-half, and ‘cansequently will have become
ice.as:dense, IF the piston is pushed still farther
as.far as F, half way between B.and E, the air
illbe reduced to a space four times smaller than at
and if you continue to drive forward the piston
-50.that B G shall be the half of B F, or the
ighth:part of the whole length B D,. the same air
h.in.the beginning was expanded over the whole
oty of the.tube, will be contracted to a space eight
| ' Going on in the same manner to
dntract it into a space 800 times smaller, you, will
gin:an air 800 times denser than ordinary ajr.
uld then be as dense as water, which it would
hgseasy to prove by other experiments, Hence it
pears. that air is a fluid substance, capable of eom-
ion, or, in other words, of being reduced to a
Pace; and in this respect it differs entirely
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fom water. For let the tube ABCD befilled
with this last fluid, and attempt to introduce the
piston; you will find it impossible to drive it forward.
Employ what force you may, you will gain nothing;,
the tube will burst sooner than you can reduce the
water to 8 Space sensibly smaller. This then is the
essential difference between air and water : the lat-
ter is suseeptible of no compression, but air may be
compressed to any degree you please. The morg
the air is compressed, the denser it becomes ; thus
the air which occupied a certain space, when com-
pressed or reduced to half that space, becomes twice
as dense ; if rednced to a space 10 times smaller, it
is rendered 10 times Taore dense ; and so OIL I
have already remarked, that could it be rendered
800 times more dense, it would then be as dense as
waier, and consequenily as heavy; for weight in-
creases in the same proportion as density. Gold,
the heaviest substance with which we are acquaini-
ed,* is likewise the most dense, It is found by ex-
periment, 10 be 19 times heaveT than ‘water; 50
that a mass of gold, in the form of a cube of one foot,
would weigh 19 times 3 mass of water of the same
dimensions. Now such a mass of water weighs 70
pounds ; the mass of gold therefore would weigh 19
fimes 70, that is, 1330 pounds. 1t follows, that
were it possible to cOMPress air till it were reduced
to a space 19 times §00, thatis, 15,200 times smaller,
it would become as dense and as weighty as goldif
But it is very far from being possible ta carry the
compuression of air t0 that degree. You may at fivat
without difficnlty drive farward the piston, but the

# Platipum, & meizl discovered sinee this was writién, is 22 times
hegyier than water.—ED.

+ Several diferent kinds of air, such a3 ehlorine, sniphuretted hydrpgen,
aitrous oxide, sulphuraus acid, carbonie acid, eyanogen ond euchlorine, have
been very recently converted by Mr. Faraday into Tiquids by pressure.—+E1

- efforts to expand, and to recover

“fion;is called the rarefaction of air

Let, 10.

RAREFACTION OF THE AIR.

faw : i
Mwﬁwgwﬂwﬁﬂﬁwwom the resistance becomes more
powerful ; efore you are able io red ir
pows m. ¢ reduce the air
| ”E.mﬂcmﬁm%m..wc times smaller, such a force Eﬂwnmnw
E:Wu uwm o%m Mo:ﬁhusumﬁ the tube, unless it were of
e sirength. And noi onl
force be necessary i T o Sueh 2
1 sary to drive the piston far
-equal force would be e
-equal requisite to keep it i
state ; for on the sli I i Py, o that
ghtest relaxation of th
‘ compressed air would drive i ar The
] ve it backward.
iore compressed the air is, the more violent mu.mHWm
s, its natural state.
ww..npmo M”q MMWﬁH we call the spring or elasticity of n%m
AT, propose to treat in my next letter.
1024 May 1760, .

Lm ,
L ETTER K.~-RAREFacTION AnD ELASTICITY OF
THE AR,

Mmmmhww.wwmmﬁw%wﬂw that air is a fluid about 800

) ubtile than water ; so th ter,

e > sub H at could water,

» m@ %an. W%_Hﬂmm M mawunm& to vapour, be expanded QMMH.

a8 y times greater, and could it b

....WM nmwmmmjmﬁam so many times more subtile, it .HWM_WM
; mﬂrmm. EW..EE. consistence with the air uﬁgow we
; . But air has a property which water has

| lot;- that of suffering compression into a smaller

Space, and of being i 3
being proportionably condensed
mﬁ%ﬁ%ﬁﬁﬁﬂmm in the preceding Hoﬁwp.. bbmm qu Mm_mm
b Wwoﬂﬂwnﬂmu property no less remarkable : it
: eing expanded over a greater space,

d thus rendered still more subtile. This opera-

M“..w rméw. only to take, as before, a tube AB CD
e L Nm..=w.v at the bottom of which A C, let
je: small aperture O, so that, on wpﬁ.om:u&bm

® g:piston as far as to K F, the air may escape by that
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aperture without being condensed. The air which
now occupies the cavity A C E T will then be in its
natural state ; let the aperture O be closély stopped.
On drawing back the piston, the air will gradually -
expand through the greater space, s0 that when the
piston is bronght back to the point G, the space
C G being double the space C I, the same air which
was contained in the space A C EF will fill a space
twice as great; it will be of course only half as
dense, or, which is the same thing, twice as rare. ¥
you draw back the piston to the point H, the space
C H being four times as great as the space CF, the
air will become four times as rare as it was at first, as
it is then expanded over a space four times as great.
And conild the piston be drawn back till the space
became 1000 tinies as great, the air would still equally
expand through that space; and ‘consequently be-
come 1000 times as rave, Here then, lilkewise, air
differs essentially from water : for if the cavity A C
T ¥ were filled with water, to no purpose would
you draw back the piston; the water would continve
to occupy the same space as at first, and the rest
would remain empty. IHence we see that the air
possesses an intrinsic power of expanding itself more
and more, which it exerts not only when it is con-
densed, but also when ravefied.” In whatever state
of condensation or ravefaction the air may be, it
makes unremitting efforts to extend itself over a
larger space, and is continually expanding so long
as it meets no obstacle. - This property is called the
elasticity of air; and it has been demonstrated, by
experiments which I shall presently describe, that
this elastic power is in proportion to the densiry 3—
in other words, the more the air is condensed, the
greater are its efforts to expand itsell; and the more
rarefied it is, the feebler are those efforts. It will he
demanded, perhaps, why the air now in my chamber

« Lot 10, ELASTICITY OF THE AIR. 31

i

ges not make its escape by the door, being endow-
L with, an expansibility continually impelling it to
rreater space ¢ The answer is obvious,
iId infallibly happen, did not the external
air make equal efforts to extend itself; but the efforts
-of n?n air of the chamber to get out, and that of the
gxternal'air to press in, being equal, they balance
ather, and remain in a state of rest. Had the
cternal air aceidentally acquired a greater degree
m&nﬁﬁ&«u that is, more elasticity, it would in part
ioree its way into the chamber, where the air being
cgmpressed, would likewise acquive a greater degree
of elasticity ; this current would accordingly last £ill
the clasticity of the internal became equal to that of
e external air. And should the air of the cham-
ber suddenly hecome more dense, and its elasticity
greater than that of the external ajr, it would force
ity way out; and its density gradually diminishing,
. its elasticity too would &E.NEWU till it became equal
10 the external air; the current would then cease,
" and the air in the chamber would be in equilibrium
with the external. Free air, then, is in a state of
rest-only when it has the same degree of elasticity
h that which surrounds it; and as soon as that of
the one tract becomes move or less elastic than the
:adjoining, the equilibrium can no longer subsist ; but
ifthe elasticity is greate, the air will expand itself, and
%r@m Into spaces where it is smaller: and from this mo-
n of the air results the wind. Hence it comes to
- Rass that the elasticity of the air is sometimes greater
- sometimes less im the same place; and this varietion
Jsindicated Ly the barometer, the description of
- _which merits a particular consideration. I confine
- Jnyself at present to these qualities of air, its con-
ensation and rarefaction, intreating you to recol-
the greater power

cty that the more condensed it s,
¥pansion or elasticity it acquires; and that, on
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the contrary, the more it is rarefied, the more this
quality is diminished. Experimental philosophers
have invented one machine for ravefying: air, and
another for condensing it: the former is salled the
air-pump, the latter the condenser. These machines
serve to perform many curious experiments, with
which you are already well acquainted. 1 reserve
to myself, however, the liberty of recapitulating some
of them, because they are necessary to elucidate and
explain the nature and properties of air, which, as
they powerfully contribute to the preservation of
animals, and the production of plants, press upon
us the importance of forming & just idea of them.
142k May 1760, :

Lerrer XI1.—GRAvVITY OF THE AIR.

I mave endeavoured to demonstraie that the air
is a fluid, endowed with the particular property of
suffering compression into a smaller space, and of
expanding into a greater, when no obstacle inter-
poses. 'This property of air, known by the name of
spring, or elasticity, from its resemblance to a spring;
which it requires an effort to unbend, and which re-
sumes its form as soon as the effort ceases, is acconl-
panied by auother, in common to it with all bodies
in general, namely, gravity or weight, in virlue of
which all bodies tend toward the centre of the earth,
and by which they arve under the necessity of falling
down, unless supported. The learned are very much
divided, and very uncertain, respecting the primary
and mechanical cause of this power; but its exist-
ence is indubitable. Daily experience evinces it.
We know even the quantity of it, and can measyre
it exactly. For the weight of a body is nothing else
but the power which consirains it to descend; and
as the weight-of every body may be exactly meashir-
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ed, we know perfectly well the effect of gravi

though the canse, or that invisible power srm&awmm

dies, forcing them to descend, may be

bsolutely unknown to us. It follows, that the more

matter ‘any body contains, the heavier itis. Gold

and lead are heavier than wood or a feather, as they

tain more matter in the same bulk, or in the same

. tent. But as air is 2 very subtile and thin sub-

tance, and its gravity of consequence very little, this

w perty usnally escapes our senses. Experiments
\owever, may be made capable of producing w&.m |

- éonviction that it possesses gravity. You have seen

r@% the air may be rarefied in a vessel or a tube;
wb‘ ;U.%.Emmbm of the air-pump, this rarefaction may
a carried so far as almost entirely to exhaust the
air; and to leave the receiver sensibly a vacimm, .Or
you may take a tube A B CD (Prare I Fig 4.)
into which you introduce the piston F E, so as perfect] ;
{o tauch the bottom, and to leave no air between auw
twe surfaces. To perform the experiment with more
advaniage, let there be at the bottom of the tube a
itle aperture G, through which the air may escape
he. piston is pushed forward. Let the aperture
jen- be closely stopped, that not a particle of air
may. be included between the piston and the bottom.
Of;the tube. Having made this arrangement, draw
baglk the piston; and the external air not béing able
orge 1ts way into the tube, there will remam be-
‘fweenithe hottom of the tube and the piston 2 per-
eft-vacuum, which may be increased at pleasure b
gontinuing to draw back the piston. You may Ezw
gxclnde the air contained in a vessel; and such ves-

‘geli..veduced to a vacuum, heing tried in accurate

o

cales, will be found to weigh less than when filled

thgir. . Hence we deduce this very important

lusion, that the air contained in an empty vessel

eases, its. weight, and that the air itself possesses
B2




