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Pai hope of havirg the honour to communicate,
~in;person, to your Iﬁi’ghpess, my lessons in Geo-
meiry, becoming more and more distant, which.is a
‘Hery sensible mortification to me, I feel myself im-
pelled to supply personal instruction by writing, as
far;as the natyre of the subjects will permit,
i:L begin my attempt by. assisting you to form a
“justidea of Magnitude ; producing, as examples, the
smallest as well as the greatest extensions of matter
acinally discoverable in the system of the Universe.
iy flst, it is necessary to fix on some one deter-
minate division of measure, obvious to the senses,
~and of which we have an exact idea, that of a Zoot,
or:mstance.  The quantity of this once established,
_and rendered familiar to the eye, will enable us to
form the idea of every other quantity as fo length,
great or small; the former, by ascertaining how
y feet it contains ; and the latter, by ascertain-
L. 1, A o
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2 OF MAGNITUDE, Let 1.
ing what part of 8 foot measmres it. For having the
idea of a foot, we have that also of its half, of its
warter, of its twelftk part, denominated an inch, o
its hundredih, and of its thousandth part, which is so
small as almost to escape the sight. Butil 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 agdain contain other ani-
mals, ag diminutive compare to them as they are
compared to us. Tlence it may be concluded, that
animals exist whose smallness eludes the imagina-~
fion ; and that these again are divisible into parts in-
conceivably smaller. Thus, for example, thongly
fhe ten thousandth part of 2 foot be too small for
sight, and, compared to us, ceases 0 he an object of
sense, it nevertheless surpasses in magnitude certain
complete animals ; and must to one of those animals,
were it endowed with the power of perception, ap-
pear extremely great.
et us now make the transition from these minute
quaniities, in . pursning which the mind is lost, to
those of the greatest magnitude. Vou have the idea
of a mile; t%le distance from hence to Magdebung
is computed to be 83 FEnglish miles; & mile contains
5280 feet, and we employ it in measuring the dis-
sance of the different regions of the globe, in ovder
to avoid numbers inconceivably great in our calcula-
tions, which must be the case if we used a foot instepd
of amile, Amile then, containing 5280 feet, when it
is said that Magdeburg is 83 miles from Berlin, the
1dea is much clearer than if the distance of these two
cities were said to e 43,824 feet: A pumber so
great almost overwhelms the understanding. Again,
we shall have a tolerably just idea of the Tﬁgﬂitude
of the earth, when we are told that its cireninferenge
And the diameter being a

1

is about 25,020 miles.

.
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;ﬁ; gight il;na passing through the cenire, and termi-
‘ 'fai_;}xer%h n lﬁp]llloglte directions, i the surface of the
t}@.ﬂh ’f" ; c1 L s the acknowledged figure of the

= the tc}zl]; Er' ich reason also we give it ‘the name .of
. '35964’ ﬁlﬂes -.I:mcfftel‘ _Of' this globe is calculated to be
émﬁajr s ,d‘é:l thl.': is the measurement which we

s Al ﬂermmmg the greatest distances dis-
gorerabl M 1e_heavens. Of all the heavenly bo-
o ke ﬂztls‘ nearest to us, being distant only
oo mﬂe-e ers of the earth, which amount to
St s,for 1,258,400,000 feet; but the first

computath n ‘0 30 c!mm'eters of the earth is the
clearest i ea., Whe Sun is about £G0 times farther
e léa(f]?} the moon ; and when we say his dis1
: ﬁglﬁ-cleﬁez'gdg;,mtﬁae?s of the earth, we have a;
orin focte an if it were expressed in miles
£:You know t '

e t}in;wl’s; t_hattah the earth performs a revolution:
Jaund the ﬁ}:]eld he space of a year, but that the
 Qther fimilar b F -Beside the Farth, there are ten
S e odies, named planets, which revolve
__ ngamy o émV, two cof them at smaller distances

A and engs ; and eight at greatel*-'distmnces,
e a,ium 5y deres, Pallus, Juno, Vesta, Jz@z'.,.
che;lé'ﬁtars"’ h{ﬂi e eongium Sidus,  All e
| Qﬂé:ﬁxed*a,n“zl ;}i _We see, comets excepted, are call-
£l e t‘t,m ) eir distance from us is incomparabl;

‘ %ohbteﬂly 1; zrat of the sum. Their distancés ave uxg
"'S'Qm&'ﬁof‘ﬂ;lese-ybm;fqual’ which is the wreason-ithat
- Buythe: neayest. gf f]ie;l:}l) %Eﬂrugreate},_ﬂma otheys.
B0 g cazeat. O, - 18, naquestionably, s abov

, ﬁg%)?llsnesa gﬂmg_dmtﬁ:ﬁtf than t}?e sUn itsyi;ii:t!;iﬁzz
I e t];_’s dio; ingly, - exceeds 46,000;000-of times

T a._ajiflletef& Ph'E.“: is, 856,050,000,000 thiles ;

)\_Qﬂ_m-lousgdis 5 M : tiplied by 5280, will :give tha.;:-

'31:-1%11 1 distance expressed in feet. . iAnd this

LGL -, isuthe: distance only:.of .those :fixed stﬁr;




4 OF VELOCITY. Yet. 2.

* which are the neavest to us ;—the most remotie which
we see are perhaps a hundred times farther off. It
is. probable, at the same time, that all these stars
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 sdnd
compared to the earth. This immensity is the work
of the Almighty, who governs the greatest bodies
and the smallest. :
Berlin, 19th April 1160,

Lerrer 1L.—OF VELOCITY.

FrarreriNe 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 dimipu-
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 haorse-
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 velocity 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 fo him who walks ; but the diffevence
evidently lics 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 veloeity of the other is less, because he employs
more time in travelling the same distance. Hence

ik
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it i.clear, . that in order to form an accurate i j
y;elogl_ty, ‘we must attend at once: to twgt'ladfg: .gi‘
?h antity-—namely, to the length of the road, and to
Qi: time employed. A, body,- therefore, which in
fhe, tsi?m-ﬂ time passes thiqugh double the space which
aligther body does, has double its vel‘ocitgi'-. if, in
th spme thne, it:passes through thrice thé di,éta;:ce

it ,sa.ld_._l,;q have thrice the velocity, and so on. We’z
shall.comprehend, then, the velocity of a boﬂy when
we. ave intormed of the space through which :it,pa;sses
40 a.cevtain quantity of time. In order to know the
zle Eiuty {jfi: my pace, when I walk to Lytzow (about
120 -.Sgil;e rom Berlin}, I have observed that I make
; ;ﬁ.ef}?szq‘g:a minute, and one of my steps is equal
to two feet and a half. My velocity, then, is such as

_ o carry me 300 feet in a minute, and a space 60

nes greater, or 18,000 feet in an'hour, Wer

28 greats 0 fe n. .- ere I,
the ffme_,,-to walk from hence to Magdeburg it
wonld take exactly 24 hours. - This COnVeys an ,ac-

:.pg,lﬁa{tei idea of the velocity. with which I am able to
iv;za k.. ‘Now it is easy to comprehend what is meant
b ¥-a.greater or less velocity. . Yor if a courier were

tg, go. from hence. t6 Magdebuyg in ours, hi
.¥%¥QQIW_WOHI(1 be the dmi%le of .Eﬁne :lizf II:QFltlrz;ith}s
¢ight hours, his velocity would be tr’iple. ) -We rtlan
-ll}ﬂl.’kxa-.-l_ﬁ;,l-'y‘.gne_'c}t «difference in.the degrees of velo:
Qﬁy. - The tortoise lurnishes an example of a velo- '
city. ex.tremgly small. If she adwvinces only one foot
in.a mjmute, her velocity is 300, titnes less. than mine
{Qlﬂ, I_ advance /300 feet in the same ‘time. We aa'e,:
; 'jf' fxs«; _vaua:mted W.]'.th velocities much greater.
(ig ¢ of. thi:i wind admits of great variation, A mo-
31!;1?3 gow]}n goes at the rate of 10 feet in a second,
ﬂ&e doubleet f%n a minuie jits, velocity therefore is
the dai e of mine. A wind that runs 20 feet in a
second, or 1200 in a minute, is rather strong; and
8.wind which flies at the rate of 50 feet in a se’:cond
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is extremely violent, though its velocity is only 10
times greater than mine, and would take two hours
and twenty-four minntes to blow from hence to Mag-
deburg. -

The velocity of sound comes next, which moves
1142 feet in a second, and 68,520 in a minute. This
velaciy, therefore, is 228 times greater than that of
my pace; and were a cannon to be fired at Magde-
burg, if the repori could be heard 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 fiying 2000 feet in & second, or '1.20,000 in a mi-
nute. 'This velocity appears prodigious, though it
is only 400 times greater than that of my pace.im
walking to Lytzow ; it is at the same time the great-
est velocity lmown upon earth. But there are m
the heavens velocities far greater, though their mo-~
tion appears to be extremely deliberate. You know
that the earth turns round on its axis in 24 hours:
every point of its surface, then, under the equator,
moves 25,020 English miles in 24 hours, while 1
am able to get through only 83 miles. Its velocity
is accordingly mearly 300 tunes greater than mine,
angd less notwithstanding than the greatest possible
velocity of a cannon ball. The eavth performs its

revolution round the sun in the space of a year, pra-
ceeding at the rate of 588,950 Enghsh m.lles in 2&
hours. Its velocity, therefore, is 18 tunes mone
rapid than that of a cannon ball. The greatest velo-
city of which we have any knowledge is udoubtedly
thai of light, which moves 9,200,000 English mllgs
every minute, and exceeds the velocity of a caumon
hail 400,000 times.

2924 April 1%60Q.

Liet: 3. ©  or sounND, AND ITS VELOCITY. T

eyl

i Tgrrer IIL—Or Sounp, aNp 11s VELOCITY.
.- THE elucidations of the different degrees of vela-
‘city; which I have had the hanour to lay before your
Highness, carry me forward to the examination of
-§ound, 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
longer in proportion to our distance from the place
where the sound is produced ; a second of time be-
‘ing requisite to convey sound 1142 feet.

w:«Y¥hen a cannon is fired, those who are at a dis-
-tance do nbt hear the report for some time after they
.have seen the flash,  Those who are about 5 miles
off; or 24,000 feet distant, do not hear the report
ill 21 seconds after they see the flash. You must
700 doubt have frequently remarked, that the noise

~of thunder does not reach the eaf for some time after

the lightning ; and it is by this we are enabled to
galenlate our distance from the place where the
thunder is generated. If, for example, we observe
that 20 seconds intervene between the flash and the
ghunder-clap, we may conelude that the seat of the
thunder is 22,840 feet distant, allowing 1142 feet of
‘distance for every second of time. This primary
property leads us to inquiremin what sound consists ?
-?N]lether‘its nature is similar to that of smell—thas
45, whether sound issues from the body which pro-
“duges it, as smell is emitted from the flower, by fll-
*ing the ajr with subtile exhalations, calenlated to affect
‘qur sense of smelling. This opinion was formerly

_ ‘enfertained ; but it is now demonstrated, that from
. @-bell struck nothing proceeds that is conveyed to

pur eat, and that the body which produces sound

: lgses no part of its substance. = When we look upon
: F&h_ell that is struck, or the siring of an instrument
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when touched, we perceive that these bodies are then
in o state of trembling, or agitation, by which all
iheir parts are affected ; and that all bodies, suscep-~
tible of such an agitation of their parts, likewise pro-
duce sound. These shakings or vibrations are visi-
ble 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 B and AN B. (See Prate L
Fig. L., in which I have represented these vibrations
muck more obvious to sense than they aré in fuct).
It must be observed, that these vibrations put the
adjacent air into a similar vibration, which is succes-
sively communicated to the more remote parts of the
air, till it come at length to strike our organ of hear-
ing. It is the air, then, which rveceives these vibra-
tions, and which transmits the sound to our 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 air, communicated to us
throngh the organ of hearing; and when we hear
the sound of a string touched, our ear receives from
the air as many strokes as the siving 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; snd the
perception of these sirokes is what we call sound.
‘When these strokes succeed eaeh other uniformly,
orwhen 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, hregular
noise, incompatible with-music, is the result. On
considering somewhat more attentively the musical
sounds, whose vibrations take place equally, I remark
fivst, that when the vibrations, as well as the strokes
impressed on the ear, are more or less'strong, no
other difference of sound results from it, but that of

S
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stronger or weaker, which produces the distinction
texmed by musicians, forte ef piano. But there is a
difference much more essential, when the vibrations
are more or less rapid—that is, when more or fewer

_ of;them are Peribrmed in a second. 'When one

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

_their sounds are 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
harpsichord 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 neote marked 3
makes 1600 vibrations in the: same space of time.
A string which vibratés 100 thnes in a second, 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-
yond which sound is no longer perceptible. It —
would appear that we are incapable of determining
either the sound of a string which makes less than.
3@ 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.

L 268k April 1160,

AR




16 OF CONSONANCE Let. 4.

Lerter IV.—Or CoNsoNANCE AND
DigsoNaNcE.

1 RESUME my remark, that on hearing a simple
musical sound, our ear is struck with a series of
strokes equally distant from each other, the frequency
and number of which, in a given space of time, cori~
stitute the difference which subsists between low notes
“and high; so that the smaller the number of vibra-
tions oy strokes produced in a given time, say a se~
cond, the lower we estimate that note; and the
greater the number of such vibrations, the higher is
the note. The peveeption of a simple musical sound
may, thevefore, be compared to a series of dots equi-
distant from each other, as......... If the in-
tervals between these dots be greater or smaller, the
sound produced will be lower or higher. It cannot
be doubted, that the perception of & 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 an hearing sound. Ifithe distances between
the dots were not equal, or were these dots scattered
about confusedly, they would be a representation of
8 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 umison, 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 vespect of low and high, we
shall perceive a mixture of two series of strokes, in

x

"+ . confains twice as many

Y
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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

13

1 2 3 4 5 6 % 8 9 10 11
A . . . . . . . . . . .B
.1 2 8 4 5 6 7 8 9 10 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
eagh line, and placed No. 1. under No. 1., these
‘marked 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
‘enly 11.  If we had not affixed the figures, the eye

. would hardly have perceived this order: it is the

sape with the ear, which would with much. difficulty
haye traced it in the two potes which I have repre-
sented by two rows of dots. But in the following
figure, . ‘

. . - . . . . - . -

you discover at the fivst gla.nce that the upper line

ots-as the under, or that
the intervals in the under line are twice as great as
thase of the upper. ‘This is unidoubtedly next to
unison, the simplest of all cages, in which you can

~at.once discover the order which subsists between

these two series of dois; and the same thing holds
~with respect to the two notes 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 discriminate.
‘When the ear readily discovers the relation subsist-
ing between two notes, their accord is denominated
consonance ; and if it be very difficult, or even impos-
sible to catch this velation, the accord is texmed dis-
sonance. ‘The simplest consonance, then, is that in
which the high note produces precisely twiee as many
vibrations as the low note. This consonance, in the
language of music, is called octfave—every one knows
what it means ; and two notes whick 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 tham the

men, and yet imagine they are uttering the same

sounds. You may easily asceriain the truth of this
by tonching the keys of & harpsichord, when you
will perceive with pleasure the delightful accord of
all the notes which are just an octave distant; where-
as any other twe notes whatever will strike the ear
less agreeably.

2001 April 1160.

Lerrer V.—OF UnisoN anp OeTavESs,

.Your Highness has by this time remarked, that
the accord W%li(:h musicians call an octave, strikes the
ear in o manner so decided, that the slightest devia-
tion is easily perceptible. Thus, having touched the
key marked F, that marked f, which is an oetave
higher, is easily attuned to ity by the judgment of

Let. 5. OF UNISON AND QCTAVES. - 13

the ear only.  If the string which is to produce this
note be ever so litile too high or too low, the ear is
mstantly offended ; and nothing is easier than to put
‘ Ethez.t_awo keys perfectly in tune. Thus we observe,
that-in singing the voice slides easily from one note
towanother, which is just an octave higher or lower.
But. were, it required to pass immediately from the
mote I to the note d, for example, an ordinary singer
might:easily fall into a mistake, unless assisted by an
instrument. Having fixed the note T, it is almost
nppossible 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
Eyzand se difficult to make note d accord with it ?
The reason is evident from the remarks already
made: It is this, that note F and note fmake an
octave, and that the number of vibrations of note f
. is.precisely double that of note F, In order to have
V;tl‘:le_ﬁperccption of this accord, you have only to cou-
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
manmner. You will easily comprehend, then, that the
moye.simple any proportion is, or expressed by small
_ numbers, the more distinctly it presents itselt to the
understanding, and conveys to it a sentiment of satis-
facngn. Axrchiiects likewise carefully attend to this
maxim, as.they uniforinly employ in their works
proportions as simple as circunstances permit. They .
ysually make the height of doors and windows dou-
ble-the breadth, and endeavour to employ through-
“gut:proportions capable of being expressed by small
numbers, becaunse this is obvions and grateful to the
imderstanding. The same thing holds good in music:
Accords are pleasing only in so far as the mind per-
celyes the relation subsisting between the sounds;
angl.this relation is so much more easily perceptible,
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" OF UNISON AND OCTAVES.
as it is expressed by small numbeys. Now, next to
the relation of equality, which denotes two sounds in
unison, the ratio of two to one is undoubtedly the
most simple, and it is this which furnishes the accord
of an octave: hence it is evident, that this accord
possesses many advantages above every other conso-
nance. Having thus explained the aecord, or inter-
val of two notes denominated by musicians an octave,
let us consider several notes, as F, f, ¢ 7 # each of
which is an octave higher than the one inmediately
preceding : since then the interval of F from f, of {
from 3 of 7 from % of 7 from  _is an octave, the in-
terval of T to 7 will be a double octave, that of F to
% a triple octave, and that of F to ¥ a quadruple oc-
tave. Now, while note F makes one vibration, note
f makes two, note 7 makes four, note § makes eight,
and note F makes sixteen: hence we see, that as an
octave corresponds in the relationof 1t0 2, a double
octave must be in the ratio of 1 to 4, a triple in that
of 1 to 8, and a quadruple 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 triple is still less perceptible, and a quad-
ruple stifl much less so.  'When, therefore, in tun-
ing a 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
actave 7 and the quadruple § without rising through
the intermediate octaves. ‘These accords are like~
wise comprehended in the term consonance ; and as.
that of unison is most simple, they may be arranged
according to the following gradations :—

1. Degree, unison, indicated by the relation of 1o l.
1L Degres, the immediute octave, in the ratio of 1 to 2.,
IIL Depree, the double octave, in that of 1 to 4.
IV. Degree, the triple octave, in that of 1 to 8.

Let. 6. OF OTHER CONSONANCES. 15

winy. Vo, Degyeg, the guadvuple pe i !
v R_e_’gr‘;eef'fue it 2(,2335: b o -
+A0d so on.as long .as sound is perceptible. Such
Lr:{m.:;the,-;accmrds .denominated consonances, to the
-¥nawledge of which we have been thus far conduct.-
ed ;. but hitherta we know nothing of the other
-speeies of consonance, and still less of the dissonan-
_ens; employed in music. Before I proceed to the
ggglﬂnatmn of these, I must add one remark respect-
Jngithe name octave, given to the interval of two
ngies; the one of which contains twice the vibrations
«contained in the other. You see the reason.of it in
the principal stops of the harpsichord, which rise by
seven degrees before you arrive at the octave C, D
E,; F, G, A, B, ¢, so that stop c¢ is the eighth, veck..
oning C the first. And this division depends on
-8 certain series .of musical intervals, the nature of
sehich-shall be unfolded in the following letters.
o0 3d May 1760,

Lerter VI—Or orrER CONSONANCES.

I may be affivmed, that the relations of 1 to 2, of
Jtad, of 1108, of 1 to 16, which we have hitherto’
_g:opgdgred, .and which contain the progression..of
etaves, are all formed by the number 2 only ; since
4132 times 2; 8, 2 times 4; 16, 2 times 8. ,Were
:We to admit, therefore, the number 2 alone into
Jmusic, we should arvive at the kmowledge of onl
j g.ggprds or copsonances, which musicians. call thz
1gle, . double, ‘or triple octave ; and as the number
by its. reduplication, furnishes only the numbers
5, 16, 82, 64, the one being always double the
- preceding, all other numbers would remain unknown
N OWs did an instrument contain octaves only, as the
notes marked C, ¢, ; & § and were 2l others ,exclud-

N
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ed, it could not produce an agreeable musie, on ac-
count of its too great simplicity. Let us introduce, ©
then, together with number -2, the munber 3 like- .
wise, and ohserve what accords or consonances would
be the resnit. ‘The ratio of 1 to 3 presents at once
two sounds, the one of which makes 3 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 to 2, it will, accordingly,
fmmish very pleasing consonances, but of a nature:
totally different from that of octaves. Letus sup-
pose, then, that in the proportion of 1 t0 3, number
1 carresponds to note C; since note ¢ is expressed
by number 2, number 3 gives a sonnd higher than
¢, but at the same time lower than note g 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 ¢ to g, a fifth, be-
canse in the keys of a harpsichord that of g is the
fifth from ¢, 8s ¢, 4, &, §, g. 1fthen namber 1, pro-
duces the sound C, number 2 will give C; number
8 gives g, number 4 the note 3 ; and note 3 being

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

be © times 3, or 6. Rising still an octave, the sound
= will correspond to & number twice greater, that is
19, All the notes with which the two numbers 2
and 8 furnish us, indicating note C by 1, therefore,

are,

el

C,eo &5 65 &
1. 2. 8. 4, 6.8, 12.16.
Tence it is clear, that the ratio of 1 to 3 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 to the
octave, the most gratefnl to the ear. Musicians gc-
cordingly assign the gecond rank among consonainces

to the fifth; and the- ear catches it so easily, that

-thiree,

Let. 6. OF OTHER CONSONANCES. . U

there is no difficulty in tuning a filh. For this
neason, in violins, the four strings rise by fifths, the
lawest ‘being g, the second g the third g and the
t?l.urth g:;¥ and every musician puts them in tune by
the ear only. A fifth, however, is not so 'easily
tuned as an octave ; but the fifth above the octave
as;from C to g, being expressed by the proportion of
fl'r to 8, is more perceptible than a simple fifih, as
: hom Cto G_r, or from ¢ to g, which is expressed by
g proportion of 2 to 8: and it is likewise known

~ biy experience, that having fixed the note C, it is

easier to attune to it the higher fifth g, than the sim~ '
ple G.  If unity had marked the notg’ F, number 3

* wolld mark the note 3 so that

B £ 3 £ % % § would be marked hy
:l., 2, 3, 4, 6, 8, 12, where, from f to ¢ the inter-
vgal s a ﬁ&_h in the relation of 2 to 8; from % to 3 -
ﬂ:q_m f to § ave also fifths, as the ratio of 4 to 6 and
of=§ to- 12, is the same as that of 2 to 3. For 1’f two
strings perform, in the same time, the one 4 vibra-
tiods, the other 6, the former string will make, in a

_iime equal to half the first space of time, two vibra-

tiohs ; -and the second, in the same time, will make
hree. Now the sounds emitted from these strings
are the same in both cases ; of consequence the re-

_ lation of 4 to 6 expresses the same interval as that of
2 to 3, that is, a fifth. Hence we have arrived at the

knowledge of another interval contained in the ratio

of 3 to 4, which is that of 3 to £ and ¢
s tha 5 cnsequentl
~alsoof ¢ tof, orof Cto F. Musicians call it a}am‘ﬁz{

1-1_1_1__(15 bemg expressed by greater numbers, it is not so
Jg_gregable, by a great deal, as the fifth, and still less
__s:q_'f;than the octave. Number 3 having furnished us
zméw accords or consonances, namely, the fifth and
the: fonrth, before we call in any others, let us take

* ‘That i, in the Innguage of sol-fuing, sof, re; fo, mi. -
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it again three times, in order to have the number 9;
which will give a highey note than note 3, or @ one
octave and one fifth. Now, Z is the octave of 5 and
= the fifth of £; number 9 then gives the note g so
that s £ 3 & will be marked by

6. 8. 9, 12; and if these notes be taken in the
lower octaves, the relations remaining the same, we
shall have,

C, T, G;c £ g5 66 g56hH gic
6, 8, 9.; 12, 16, 18; 24, 82, 36; 48, 64, 72, 96;
which Jeads us to the knowledge of new intervals.

“The first is that of ¥ to G, contained in the ratio
of 8to 9, which musicians call a second, orzone. The
second is that of G to f, contained in the rvatio of ‘9
to 16, called a sevenzk ; and which is one second, or
one tone less than an octave, These proportions,
being already expressed by very great numbers, are
not reckoned among the consonances ; and musicians
call them dissonances or discords.

Again, if we take three times the nomber 9, or
21, it will mark a tone higher than g and precisely a
fifth higher than g ; it will be accordingly the tone
3, and its octave & will correspond to twice the numn-
ber 24, or 54, and its double octave 3 to twice the
number, 54, or 108. Let us represent these tones
somé octaves lower, in the manner following :

G, D, ¥, G; ¢ d f g5 5 & £
94, 91, 32, 36; 48, 54, 64, 72; 06, 108, 128,
% .6 4, f g3 e

144; 192, 216, 256, 288; 884.

Hence we see, that the interval from D to F is
contained in the ratio 27 to 82, and that of Ftod
in.thetvatio of 32 to 54, the two terms of which are
divigible by 2; and then, in place of this relatipn,
we have that of 16 to 27. The first interval is called
a tierce minor, o lesser third, and the other a greater
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séath. . The number 27 might be still farther multi-
Bh.gdbyS, but mmusic extends not so far, and we
Aimii; ouuselves to number 27, resulting from 38, mul-
‘tiplied, three times by itself: other musical tones still
'wanting aré ntroduced by means of number 5, and

k sha]l be explained in my next Letter.

gyt 34 May 1760.

£TTER VIL-—Or taE TwrLve Tones o THE
ity e o . HARPSICHORD. :

HE llal‘ee_;'aht subject of my correspondence with your
hness is so dry, that T begin to apprehend it may
rowing tiresome. That L may not waste too much

_tiime.oh it, and be relieved from the necessity of re-

nrring frequently to a topic so uninteresting, I send
,iby this conveyance three letters at once, My
infention . in undertaking: it was to render visible
the.real origin of musical notes, with which musi- -
ciang.themselves are almost totally unacquainted.
Thris. xiot: 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
y be allowed to say it, to receive tones actually in
usgsithough  they are not hitherto perfectly agreed
aspecting their just determination. The principles
armony are ultimately reducible to numbers, as I
ave demonstrated ; and it has been vemarked, that
aumber 2 furnishes octaves only, so that having
s, for. example, the note ¥, we are conducted: tq
anoles:f,-x 5§ The number 8 afterwards fur-
hesiC, o, 3 3 5 which differ one-filth from the pre-
ing, savies ; and the repetition of this same num=
 fiurnishes again the fifths of the first, namely, -
7-§:21and finally, the third repetition of this
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pumber 8 adds farther the notes D, 5,55 & The
principles of harmony then being attached to simi-
plicity, seem to forbid our pushing farther the repe-
titlon of number 3 ; hitherto, accordingly, we have
only the following notes for each octave :
F. G e d & ' : 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,
7 makes four, and 7 six. Thenote in question, then,
is between 7 and 7. It is that which musicians indi-
cate by letter &, the accord of which with note £ is
denominated a greater third, and is found to, produce
a very agreeable concord, being expressed by the
very simple ratio of 4 to_5. Farther, note 7 with
note 3 produces an aceord contained in the ratio of
5 to 6, which is almost as agreeable as the former,
and which is denominated a lesser #hird, represented
by the ratio of 27 to 32, and its difference from the
first is almost imperceptible to the ear. This same
number 5 being applied to the other notes G, ¢, d,
will give us, in like manner, their greater thir{.ls,
taken in the second octave below, that is to say, the
notes ., 3 and § which, being transposed, will give
the following notes, with their corresponding numn-
bers s ' '
F.. Fs. G A B, c 4 e &L
128. 135, 1d44. 160, 180, 192. 216. 240. 256.
. Take away the notes Fs, and you will have the
principal touches of the harpsichord, which, aceord-~
ing to the ancients, constitute the genus denomingted
digtonic, vesuliing from number 2, from number 3,
thrice repeated, and from number 5. Admitfing
these sounds only, we are in a condition to compose
harmonies very agreeable and various, the beauty of

:!:‘?.et';;'ri

which is founded on the simplicity alone of the num
corresponding to the notes.  Finally, upon ap-
second time the number 5, we shall hefin.
mtl},th@ thirds of the fonr new tones, A, F
-which we have just found, we sha]l‘ha.ve, thc:.
s, Gs, Ds, and B, so that now the octave
133;9515,01: the 12 tones received in music. All
opes derive their origin from the three num-
& 8, and 5, multiplying 2 by itself, as often as
taves vequires ; but we carry the multiplication -
ly to t_h;e._tlurd stage, and of five to the second.
. Lones of_?he first octave are cantained in the
% “table, in which you will see how the fun-
al numbers 2, 8, and 5, enter into the com-
of those which express the relation of these

OF THE HARPSICHORD.

2,2,2,222293 . .| 884, Difference.
12,2,2,9,55 . . . |400| 16
12,2,2,2,3,3,8 . . .|482| 32
128885 . . . . .l450] 18
12,2,2,2,2,3,5 . . .l&so| so
12,2,9,2,9,2,2,2,2 . .[512] 32
12,2,8,8,8,5. . . . .|540| 28
2,2,2,2,2,2,3,3 . . .|576| 36
:12,2,2,8,5,5. . .. .]600] 24
122222225 . . .[640] 40
3,3,865. . .. . .l6715| 35
112,2,2,2,8,3,5 . . . .[720| 45
-12,2,2,2,2,2,2,9,3 .17681 48

ote C makes 884 vibrations, the tone Cs
‘:ﬂaI_ld: tl}e others as many as are marked by
p,ql.}d_mg numbers : note ¢ will give, then,
me time, double the number of vibrations
d Dy 384, that is 768. And for the following
. you.have only to multiply these numbers by
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g, by 4, or by 8. Accordingly note & Wﬂl give 1‘%1'?;
‘7’68 "01" 1536 vibrations ; note ¢ Ewice 1536, ot i
'bl%.ﬁDHS' and note I twice 3072, or 6144 i ¥a .
:’1 ns In order io comprehend the formation qt
-lounzis by means of these numbers 2, 3, and 5, T
igust be remarked, that the points glacec} Eﬁymﬁfi
i y i » signu 1
bers in the preceding numbEr fy tha
gﬁ n::?él multiplied into each other; thus, tﬁkglt%sthbe
thYe ¥, for example, the expressmndQ, ?,bs, :3, t’ha;;
ioni iplied by 2, that produet DY = b
signifies 2 muitiphed ; product by S w3
i £ t again by 3, and that by 9. v
agoin by 8, that 288 5 ) e 19, that by 3 make 36,
male 4, that by 3 make 12, .
tt)}{afr}lzn 3 make 108, and that by 5 make 540, Hence
it is syeen that the differences hetween these t01llels
p re hot egual among themselves ; but that some are
areai:er and others less. This is what real l}armqnj):
%equire’s The inequality, howp;rialrhlnot ??g ?i(::lés
| , se ditferen
: + Tenable, we commonly look on e
; :Ll:l Zt;.gﬂ ’denomi.uating the interval from ane 310‘::::1 ;3
1, 1
3 . and thus the octave 18 :
E‘ }'lnomer, sem'ztt(;?:;S, Many modern musiclans n_)!,ake
[- o 1 hough i trarv to the principles
‘ fhem equal, though this be contrary o et |
1 of harmony, because w0 one fifch o thir t}lls P rfect- |
| ly exact, and the effect 1s ﬂie,s%lille ae]:i 11;1‘ iezeadmit
per in tune. ey likewlse admii,
were not perfectly in t0 ; e
i iness of aceord 11 OT
that we must give up exac : 4 ) o
in the ty of semifones,
ain the advaniage of equali nes,
(1?1]13:: the tl‘anspositio?l from any one toue 1w§atevr§‘1h ::3; |
another may in no respect mjure the mela y; Lhes
acknowledge, 1\.0?73\7:;1:‘[-:E that 111:119il Si.mti qlz?scc Sp nirust'
i tone C, or a half tone mgher, 11 » Zust
t:lzn?ﬁlfderably ’aﬁ'eet its nature. 1t 18 ev1de1:;si qhic:;:
fare, that in fact all semitones are not equt jxglde;
. el r de by musicians to T
ever efforts may be ma s O e
ch: becanse true havmony resists Lag &o -7 -
t'l'fnmosfua desien contradictory to its mature. ﬁuc(l;i
tililen is. the voal oxigin of the musical notes alreacy
] - ) .

sej they are derived from the numbers 2, 3, and

Were we farther to introduce number %, that of

tomes of an octave would be increased, and.the

t of music carried to a higher degree of perfection.

But-here the mathematician gives up the musician
he direction of his ear,

d May 1760,

LETTER VIII.—OF THE PLEASURE DERIVED
rroM Fine Music, .
Ir is a question as -important as curious, whence
is it.that a fine piece of music excites a sentiment of
- plepsure ?. The learned differ on this subject. Some
" pretend that it is mere caprice, and that the plessure
- praduced by music is not founded on reason, because
- mhatis grateful to one is disgusting to another. Far
Ar deciding the question, this renders it only 1nore
-complicated. The very point to be determined is,
“how comes it that the same piece of music produces
Fects so different, since all admit that nothing hap-
ns without reason ? Others maintain that the plea-
¢ derived from fine music consists in the percep-
of the order which pervades it. ‘This opinion
ears at fivst sight sufficiently well, founded, and
its a more sttentive examination, Music pre-
s:objects of two kinds, in which order is essen-
s+ ‘Lhe one relates to the difference of the sharp
tat tones ; and you will recollect,” that it consists
he:number of vibrations performed by each note
1@ same time. 'This difference, which is percep-
tible hetween the quickness of the vibrations of all
unds, -is what is properly called harmony. The
fect of a piece of music, of which we feel the rela-
.of the vibrations of all the notes that compose
g:the.production of harmany. Thus, twa notes
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i i o reeption of the re-
hich differ an octave, excite a percep .
E.titm of 1 to-2; a fifth, of that of 2 to 8; suld‘da.
reater third, of that of 4 to 5.- We comprehend,
ﬁe'n:' the order which is found in harmony, when wc}
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 percep]i;m%l
more or less delicate, determines why the flan:m ar-
mony is felt by one, and not at all by another ) ‘esEei
cially when the relations of the notes are EXPIES%EL

by somewhat greater numbers. Music contam_i;),l ‘e-f
side harmony, another object equally suscepuible ;)0
order, namely, the measure, by which we a‘551g1;i10n
every note a certaln d_m'anon; and the pfmt(l: p o

of the measure consists in the knowledge o ﬁ}s j 't—
ration, and of the relatlops which result fom it.
The drum and tymbal furnish the example o £1 n;ﬁ-
sic in which measure alone iakes place, _asth ) 18
notes are equal among themselves, and then :'31‘? is
no harmony. There is likewise a music co‘nm?:D 1jrjljg
wholly in harmony, to the exclusion of measure, i s
musie is the ehoral, n which all t}le notes are of the
. same duration; but perfect music unites hﬁrmfnny
and measure. Thus the ¢onnoissewr who hears a
piece of music, and who compréhends, by the aqptﬁ
perception of his ear, all the proportions 051 gfh}llc

both the harmony and the measure are fopri e Lz ast
certainly the most perfect knowledge possible of tha

music; while another, who perceives these p10391;
tions only in part, or not at all, understand‘s ni)ﬂ%nb.
of the matter, or possesses af most a very s s‘an er
knowledge of it. But the sentiment of pleasur ]i jtzlx—
cited by fine music must not be. confounded 1vlv1t : 1.;
knowledge of which I have been speaking, t fgug i

may: be confidently affirmed, that a piece of 1.11:11151‘0
cannot produce any, unless the relations of it.are

perceived. For this knowledge alone is not sufficient

v
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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 music would be far

~ from conveying pleasure, though you might have the
most perfect knowledge of it. It will be said, then,
that pleasu

re requires a knowledge not quite sa easily

: attained—a knowledge that occasions some trouble ;
- which must, if T mmay use the expression, cost us
something

- Bui, in my opinion, neither is this a
* satisfactory solution, A dissouance, 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 pursned in his work a certain plan, executed
in real and perceptible proportions. ‘Then a con=-
- Doisseur, on hearing such a piece, and eomprehend-

ing, beside the proportions, the very plan and de-
stgn. which the composer had in view, will feel that

satisfaction which constitutes the pleasure procured

Dy exquisite musie to an ear accustomed to relish
.the beauties and delicacies of that enchanting art,
;arises, then, from divining in some measure the

ws and feelings of the composer, whose execution,
en fovtunate, fills the soul with.an agréeable sen-
ton. ‘It is a satisfaction somewhat similar to that
ich is derived from the sight of a well_ncted pan-

me; in.which you may conjecture, by the ges-
and action, the sentiments and dialogue intend-
;ﬁto be expressed, and which presents besides a

digested plan. The enigma of the chimpey-
YOI 1. B






