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Vi Avvertenza

zioni € cast di cur i si tratta, non sono usciti d'un sol colpo, tutti ar-
mati, dal genio di Leonardo, ma sono anzi appunti ¢ notazioni su temi,
congegni ¢ testi correnti del tempo, lungi dall’attenuare il valore e l'in-
feresse storico det manoscritti leonardeschi, fanno al contrario di essi
un'enciclopedia straordinaria, anche se lacunosa ¢ asistematica, del
sapere ¢ della pratica di quell’eta, ¢ aprono nuovi vasti campi di ricerca,

tn singolare sinfonta con gl indirizzi pia attualt della cultura moderna.

' Axxa Maria Brizio
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LEONARDO'S INVENTION OF THE VIOLA ORGANISTA

It is odd that the many sketches for musical instruments and
musical machines contained in the pages of Leonardo da Vinct's
notebooks have mever found a thorough and systematic interpre-
tation. It is true that some look rather fantastic, at least to us
today, and others are clearly only quick embodiments of passing
ideas put down on paper by Leonardo to aid his own memory.
However, nearly all the sketches reveal themselves as most inter-
esting, and manv as ingenious new inventions, if they are scrutinized
and analyzed in the right context: that is, against the background
of the instruments existing at Leonardo’s time, and with a knowledge
of clockworks and other mechanical devices used by Leonardo outside
the field of musical instruments, and examined in the light of Leo-
nardo’s leading ideals for instruments which can be distilled from
a comparison of all the drawings and his many remarks on music,
musical aesthetics, and acoustics.

Among the many musical instruments and machines contrived
by Leonardo string instruments, drums and wind instruments —
the viola organista is by far the most complicated. No less than
six different pages in the notebooks show sketches for it: fol. 281,
28 v, 45v, and 461 in Codice H; fol. 50 v in Codice B; and folio
218 r-¢ in the Codice Atlantico. None of them are precise drawings
for an instrument builder, and some are not even completely thought
through since several details would probably have been found im-
practicable in actual construction. However, to anticipate the out-

I wish to express my gratifude (o the Hetneman Foundation which kindly
sponsored my work on Leomardo in 1901, and (o the American Council of
Learned Societies which generouslv granted me a fellowship for comfinuing my
research in Furope in 1962763,
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b

come of our analysis, theyv are all concerned with the idea of a
stringed instrument with kevboard in which the strings are set
into vibration by a mechanical device — a wheel, or bow with a
back-and-forth motion, or a belt of hair moving across the strings
as a sort of endless bow. Such an instrument would fill a big gap
in the multitudinous arrav of instruments not onlv of Leonardo’s
time but also of ours today. It would combine the polyphonic pos-
sibilities of the keyboard with the tone color of strings and thus
would be something like an organ with string timbre instead of
wind timbre.

The mechanical obstacles eonfronting the builder of such an
mstrument are obvious. The bow in the hand of a fiddler selects
the string wanted; it can easily turn from one string to another or
even press against two strings simultaneously and, in the case of
the early viol with a flat bridge and soft bow, against three strings
at the same time. The bow can travel either quickly or slowly and
exert heavy or light pressure upon the strings. But if a mechanical
bow is to be used, the problem immediately arises as to how to
select, in turn, the strings which are supposed to sound, and how
to press them against the vibrating device, be it a friction wheel
or a belt of hair or a shuttling bow.

Instruments with friction wheels existed before Leonardo’s time
and were still popular in his day although their mechanism and
musical capacity were incomparably more simple than his elaborate
contrivances, which amounted to nothing less than a one-man or-
chestra. In connection with these other instruments we must men-
tion, above all, the hurdy-gurdy — known variously as the gin-
ronda, vielle @ roue, and Drehleier — a sort of mechanical fiddle of
venerable history. This instrument was already popular in the
Middle Ages and was spread at that time almost all over Europe,
and it is still being played todav as a folk instrument in certain
regions of France (1).

") An account of the origin of this instrument, its function, evolution,
and colorful changing history as a representation of religious and pastoral
symbolism, can be found in my article « Bagpipes and Hurdy-gurdies in their
Social Setting o, Metropolitan Musewm of Art Bulletin, Summer 1043, Pp. 56-8 4.
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The hurdy-gurdy can have different shapes: its soundbox may
resemble a lute, guitar, or fiddle, but the strings stretched along it
are neither plucked nor bowed, being set into vibration by a wooden
wheel revolving in the middle of the soundbox and turned by a
crank at its tail end (Ill. 1). The smooth edge of the wheel, which
is coated with resin, serves as an endless bow. Like the pipes of the

e T
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IN. 1 — French hurdy-gurdy in lute shape, 18th century.
New York, Metropolitan Museum of Art.

typical bagpipe, the strings differ in kind and function: there are
stopped ones (the melody strings, or chanterelles) running along the
middle of the soundbox and open ones (the drones, or bourdons)
running on either side. The melody strings are stopped by a pri-
mitive key mechanism, a set of stopping rods — naturals and sharps
— equipped with little projections that press inward against the
strings when the rods are pushed in (Ill. 2). Thus, a full scale can
be produced. When released, the rod falls back of its own weight.
Consequently the hurdy-gurdy is held and played with the key-



I1l. 2 — Wheel and stopping mechanism of a French, 18th century hurdy-gurdy
in guitar shape. New York, Metropolitan Museum of Art.
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board down. As the two melody strings are tuned in unison, each
rod has two projections simultaneously stopping both strings. When
there are two drones, thev are tuned in octaves; when there are
more, the octave is strengthened by an added fifth.

A construction of this kind gives the instrument three distinctive
features. First, it 1s mechanized that is, the strings are touched
neither by plucking fingers nor by a bow, but by an intervening
mechanical device, the friction wheel. Secondly, the hurdy-gurdy,
through its wheel, makes possible something which neither the lute
nor the violin nor the harpsichord can render — a continuous sound;
the wheel overcomes the pauses between the single strokes of plucking
or bowing. The third distinctive feature is the accompaniment of a
melody by an invariable bass, the drone.

The early history of the hurdv-gurdy is bevond the scope of
this article, since it has no bearing on Leonardo’s invention. Thus
it should onlv briefly be mentioned that the hurdy-gurdy developed
from the organistrum of the tenth, eleventh and twelith centuries

a large hox with a wheel and a crank turned by one plaver, while
another manipulated a primitive stopping mechanism. Organistra
are depicted in the sculptures of Romanesque churches such as the
cathedrals of Moissac and Santiago de Compostela (Ill. 3). By the
time of Giotto, the smaller and handier one-man instrument, the
hurdv-gurdy, had replaced the organistrum. As has been pointed
out, the mechanism of the organistrum and of its successor, the
hurdy-gurdy, did not allow the selection of single strings to be
sounded alone due to the action of the wheel rubbing simultaneously
against all the strings. It was, in fact, just this limitation which
gave this instrument its charm as a vehicle for that characteristic
drone-music which is still familiar today, even to musical laymen,
through the large family of bagpipes (%).

But while the drone principle is a very ancient one — for instance,
in the music of Western Asia, and also of importance in the develop-
ment of Occidental polvphony — it playvs no role in the invention

2 (m the historical relation between hurdyv-gurdies and  bagpipes as
vouivalent providers of drone music, see also the article cited above in foot-
note 1.
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of Leonardo which we are discussing here. On the contrary, ILeo-
nardo’s invention aimed at a machine of maximum freedom and
flexibility, offering to the player precisely that choice of tones or
chords wanted at the moment. A drone, humming on continuously,
would have been only an undesirable restriction of the harmonic
possibilities of an instrument such as the «viola organista » (3).

Ill. 3 — Organistrum played by two elders. From the Portico de la Cloria
of the Cathedral of Santiago de Compostela. End of the XII century.

(*) Itis worth mentioning, however, that the instrument used by Leonardo
for his improvisations, the lira da braccio, was equipped with two open strings,
apart from the five stopped strings, and the former could be used as tem-
porary drones at the discretion of the player. (See my article,  Lira da
Braccio », Die Musik in Geschichte und Gegenwart, Vol. 8, New York-Basel-
London, Baerenreiter, 1960).
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Before turning to the analysis of the single drawings, it should
be pointed out that their interpretations support each other, since
several elements such as kevs and push-buttons occur in several
of the drawings. Lacking any external indications as to their chro-
nology, 1 have arranged the order according to the inner logic of
the development of one solution from the preceding, less satisfac-
tory ane.

Codice Atlantico, fol. 218 r-c (Il 4): This page is completely
filled with several sketches concerned with different machines. For
convenience 1 will call them A, B, C, D and E, from top to bottom.

A and B cover the upper third of the narrow page. There is one
thing which immediately strikes the eve in B — a precise sketch
for the typical bow for the viol or the lira da braccio of the time (%).
The bow is placed over an oblong box, without any clear indication
as to how it is attached. It is crossed by two sets of double lines;
the upper set, marked «sopra 'l fondos, is drawn more heavily
than the lower set, which is marked «sotto 'l fondo». These two
double lines converge toward the right, the upper set being drawn
strictly parallel to the side walls of the box, and the lower set at
a marked angle. This latter fact alone, in view of the unerring sense
of perspective habitual with Leonardo even in his smallest sketches,
would seem to exclude the assumption that the lower double line
indicates vibrating strings.

But the upper set evidently does represent a double string, for
we can see these two lines fastened at the left end to two pins,
evidently tuning pins which protrude from a cube. A clearer idea
of this fastening method is gained from sketch A, which is appa-
rently a detail for B. There we notice four sets of double strings

(%) See for instance: Giovanni Bellini's altarpiece in San Zaccaria, Venice,
1505, which includes an angel playing a lira da braccio; Bartolommeo Mon-
tagna’s angel playing a lira da braccio in his altar picture in the Brera Gallery,
Milan: and closer to Leonardo, the angel with the lira da braccio by Ambrogio
de Predis, flanking Leonardo’s Madonna of the Rocks, in the London Na-
tional Gallery.



Ill. 4 - Codex Atlanticus, fol. 218 r-c.
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with their tuning pins, which are inserted in four little individual
doors or frame-shaped bridges. We may ask why the tuning pins
are not fastened directly to a wrest plank, as it 1s done in harp-
sichords or spinetti. The answer, it seems to me, is connected with
the problem of selecting the strings which should actually sound

that is, to bring the proper string into contact with the hair of
the bow. A device was needed to grasp the proper string and lower
or raise it against the bow, from its resting position, in order that
the string might be set into vibration. 1f we look at the uppermost
of the four little « doors» or frames, we note, protruding from it,
three lines strongly suggesting a key. A glimpse at the corresponding
area of sketch B confirms this assumption. There must, therefore,
have been a kevboard acting through some intermediate levers or
wire loops on the strings. But we consult the drawing in vain for
such a device.

If we assume the existence of keys, as sugeested, then we must
also assume double strings, as mentioned above, and not single
strings, because the supposed key in the drawings corresponds to
one set of double strings. Double strings for the purpose of giving a
louder tone were common in the hurdy-gurdy, as it has heen described,
with its two melody strings tuned in unison and its several bass
drone-strings tuned in unison and sometimes at the octave and
the fifth, in addition. Which leads to the question of how many
strings Leonardo's machine was meant to have. We believe that
the four double strings in A4 give only an idea of the arrangement
but do not exclude the possibility that there were more than four
pairs. To construct such a complex machine for onlv four double
strings, each sounding only one tone, would hardly have been worth
the trouble unless there were also a stopping device, perhaps similar
to the tangents of a fretted clavichord or the teeth on the stopping
rods of the hurdv-gurdy which made it possible to produce more
than one tone from each string. But while these devices in the
clavichord and hurdy-gurdy are simple and easy to construct, in
our machine where the kevs would be busy in pressing the strings
against the bow, any stopping mechanism subdividing each string
for the proper pitch would have been a cumbersome affair and
would require more fingers than God has given to one man.
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There remains, finally, another question that is likewise, alas,
not sufficiently answered by the drawing — the method of moving
the bow. As we stated before, no device is visible for fastening the
bow to the box. In principle, two ways would be feasible, either
to move the bow against the strings or to move the strings against

Ill. 5 — Codex Atlanticus, fol. 218 r-c. Detail.

the hair of a stationary bow. The only clue is the device drawn
in the middle of the long side of the oblong box in B (Ill. 5). But
here the drawing is too muddled to be reliably interpreted. It may
perhaps indicate a sled, gliding on top of the narrow box or log to
the left of the big box. But whether this was to move the bow or
the set of strings cannot be decided. One can only say that moving
the strings sideways under the bow would have been practical with
only a few strings; with a considerable number, let us say as in a
small spinetta, it would have been difficult even if we do not take
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into account the problem of having to move the keyboard along
with the strings and, at the same time, manipulate its keys. Thus,
the method of moving the bow back and forth seems more pro-
bable. But then again, this method would beivery close to what a
fiddler does, without any complicated mechanism. In many pages
of his notebooks, Leonardo was thinking aloud (so to speak) with

I1. 6 — Codex Atlanticus, fol. 218 r-c¢. Detail.

pencil in hand, amending and replacing again and again his verbal
statements and explanations, and often abandoning them in favor
of a different formulation. Why should he have done otherwise in
his sketches of novel mechanical conceptions? It may have been
precisely the difficulties described which prompted him to abandon
the idea of an actual bow and turn to a more practical device — the
friction wheel.

Drawing C (Ill. 6) in the middle of the page shows an elaborate
mechanism with a large spoked wheel. The idea of the bow in B
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has apparently been abandoned as impractical, and the vibrating
element here is a wheel. Leonardo was, of course, familiar with the
popular ghironda of his time which was then, in its simplest form,
a peasant instrument and vet noble enough in more elaborate forms
to be played by angels (*). A beautiful ghironda is plaved by an
angel in the Sforza Book of Hours (Plate XXIX), written precisely
at the time when Leonardo was in Milan (Ill. 7); and an even more
beautiful one is plaved by one of the numerous angels in Gaudenzio
Ferrari's fresco in the cupola of the church of Santa Maria Novella
in Saronno, north of Milan (I, 8).

In the present drawing, the wheel is set into the front part of
a large soundbox which carries the strings. The curved bridge
(¢« ponti») and several hitch pins (« bischeri»), to its right, are
clearly drawn. The large wheel has spokes and a central disc with
pins which tally with the sticks of a revolving vertical drum. The
wheel 1s evidently kept in motion by a horizontal cvlinder partlv
seen at 1ts right, whose axis terminates in a little wheel which, in
its turn, is moved by ropes extending down into a little box where
we may assume there is a spring as « prime mover ». Such springs
were used by Leonardo in similar devices such as, for instance, in
his flving machine (cf. Ms. /3, fol. 7471). Instead of springs, the
force could of course be supplied by a foot pedal or a weight.

There are two mechanical problems which would have to be
solved in a mechanism such as this. The first concerns the contact
between the strings and the edge of the wheel, and the shape of
the sounding hoard thereby required. Our drawing gives only an
ambiguous answer. If the wheel is reallv a friction wheel, the strings
rubbed by its edge have to be placed on a plane curved correspond-
ingly, that is, on a concave soundboard. Would the whole soundbox
then have to be curved? The seven or eight little curves visible
over the words « vocato armonico » would seem to indicate a rounded
bottom of the soundbox. But how about the shape of the sound-
board itself 7 The curved double line indicating the bridge, and
marked «ponti» does not answer our question since the bridge,
as every harpsichord builder knows, may be curved in the hori-

(*) EMANUEL WINTERNITZ, « Bagpipes and Hurdy-gurdies... s, pp. 66 ff.
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Angel plaving hurdy-gurdy. From the cupola fresco in the Santuario
at Saronno, by Gaudenzio Ferrari.
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zontal plane, corresponding to the different lengths of strings from
treble to bass. Also, a large soundboard of concave shape would
not be easy to build although Hans Haiden's Geigenklavizimbel,
built about 1600 in Nuremberg and illustrated in Praetorius's
Syntagma Musicum, 11, « De Organographia » (1618), had a sound-
board of five concave sections corresponding to its five friction
wheels (Ill. g). It may be even more instructive to compare Leo-
nardo’s sketch and the illustration of Haiden's instrument with
pictures of the only surviving old Geigenwerk built in 1625 by Fray
Raymundo Truchado, and preserved in the Mahillon Collection of
the Conservatoire in Brussels. Illustration 10 shows the whole
- strument, with the keyboard deeply set in at the front, the crank
protruding at the rear, and the strings running over wheels set into
the soundboard. Illustration 11 shows a top view of the sound-
board (*). Illustration 12 gives an oblique view of the arrangement
of the wheels, bridges and the hooks that force the strings against
the edge of the wheels (7).

The other mechanical problem concerns again, as we saw in
the first drawing, the way in which the player selects the strings (¥).
In the hurdy-gurdy this was no problem — the wheel rubbed all
of them at the same time. But Leonardo’s elaborate machine was
evidently meant to produce more complex music than the pastoral
music of the hurdy-gurdy, with its never-silent melody in the treble
and incessant drone in the bass. Richer polyphony was to be expect-
ed at the time of Isaac, Agricola, and other famous visitors to
the court of Milan and therefore a selecting device for each string
was needed. As an indication of this device, we must consider the
kevhoard at the left, for thus one should be inclined to interpret

(% 1 am grateful to the late conservateur, M. René Lyre, for providing
mie with these two photographs

(*) I took this photograph vears ago in bad light and with a small camera,
It is slightly blurred, vet shows clearly enough the salient features of the
wheel mechanism.

(*) Even if the wheel mechanism was meant to be an automat, a selective
device would have been necessary. The musical automats known from later
times, as illustrated in ATHANASIUS KIRCHER'S Musurgia Universalis (Rome,
1650), all used the pin barrel as the central device to pluck the strings.
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Il. 9 - Geigenklavizimbel, woodcut from Michael Praetorius' Syntagma
Musicum II, « De Organographia », Nuremberg, 1618,



Il1I. 10 = Keyboard instrument with wheels, built by Truchado, 1625.
Brussels Conservatoire.
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the set of parallel lines in front of the architectural structure that
carries the wheel and which is, by the way, shaped after the form
of an organetto of the time. But how these keys select the strings
is not revealed in the drawing.

IN. 11 — 'l‘np*lvir:-w of the instrument shown in illustration ro.

However, the last two drawings on our page, sketchy as they
are, evidently are concerned with this problem of selection (Ill. 13).
In D, which is crossed out and labeled « falso » (?), we see a concave
soundboard with a number of strings running from left to right,

(*) Evidently Leonardo, when abandoning sketch D by marking it « falso »,
added « buono » to sketch C.



1. 12 Wheel mechanism of instrument in illustration 1o.
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and a wheel equipped with strings set into the curve of the sound-
board in about the same place as in C. There is no hint of a keyboard
as in C, but four sets of diagonal lines cross the strings and ter-
minate in short, upright marks just where the further ends of the
lines meet the strings. Of these four sets of lines, the first which is
nearest the wheel and reaches the first string has eight such marks.

Ill. 13 — Codex Atlanticus, fol 218 r-c. Detail.

The second set, touching the second string, has nine marks: the
third, reaching the third string, likewise has nine marks: and the
last, touching the forth string, shows five marks although this
number may be less than the others merely because the margin of
the paper had been reached. In viewing this drawing, the only
association I can make is with the keys and tangents of a fretted
clavichord, in which the keys, which are equipped at their rear
ends with little upright metal blades which strike the string, not
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only make it vibrate, but also divide it at the proper point in
order to obtain the desired tone.

Ieonardo was familiar with the clavichord, called at his time
¢« monocordo » and also « manicordo » (one of the playful, popular

[1l. 14 — Clavichord, detail of the intarsias in the Studiolo of Federigo da
Montefeltro in his palace in Urbino.

etymologies of the Renaissance). The monocordo of the Renaissance,
despite its name, had many strings (1°) — the beautiful large clavi-
chord or monocordo represented in the intarsias of Federico Monte-
feltro in his palace at Urbino (Ill. 14), long before Leonardo’s time,

(1) In the Windsor Ms. 12350, Leonardo refers to the light reflected on
the strings (« chorde ») of the monochord.
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had no less than twenty-two strings and forty-seven keys (). Now
if the schematic lines in our drawing suggest the clavichord action
at all, then the first string nearest us could render eight tones, the
second — nine, the third — nine, and the last at least five: in sum,
thirty tones — two octaves and a fourth on a chromatie kevhoard.

A different method is followed in drawing F, which shows a
scheme for a soundboard in more of a central top view than in the
other sketches, with a wheel lor possibly a bow) on the left. Here
the arrangement of fifteen strings each crossed by a «tangent »,
and thus amounting to an equal number of strings and tangents,
would correspond to the nction of the unfretted clavichord in which
each string sounds its whole length — one tone rather than
being subdivided into many tones by the action of severa] tangents
On one string, as in the fretted clavichord described above. If Leo-
nardo really thought of something like a clavichord action, then
the keys reaching across the strings, with the wheel at the left side
of the plaver, would by means of the tangents press the strings
against the wheel or bow And the kevboard in front of the wheel,
such as in C, would have been unnecessary. For this reason I do
not think that /) and F are merely supplementary sketches to ('

In looking back at all the drawings on page 218 r-c, we find
that even if we were to discard evervthing which is only guesswork
and unexplainable detail, the following facts remain: Leonardo
begins with the idea of a mechanical bow moving back and forth,
similar to the actual hand-moved bow of a fiddle; then he discards
this idea and turns to the more reliable device of the friction wheel,
adds kewvs, and evidently begins to grope for a method of how to
stop the strings and how to make them touch the wheel We can
now justify why we began our interpretation of Leonardo's musical
machines with 218 r-c: it includes the most primitive device — the
fiddle bow — and one other traditional device known from the
ghironda the wheel. But no satisfactory method seems to have
been found. The wheel mechanism comes nearest to 2 practical

(") See my article, Quattrocento-Intarsien als Quellen der Instrumenten.
weschichte », Hericht iber den siebenten Imternationalen Musihun ssenschaftlichen
Kongress, Koln, 1334,
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solution and in fact, long after Leonardo and certainly without his
influence, was incorporated into Haiden's Geigenwerk which we
described earlier. However, we will see in the other drawings
discussed here that the wheel idea is likewise abandoned.

Ms. H, fol. 28 v (Ill. 15) contains three drawings, but before
trving to interpret them one must pose the question as to which
1s the top and which is the bottom of the page. The natural position
for the big musical machine would seem to be with the flat side
down, as if it were to be placed on a table. But in that case, the
few words written on the page, « tessta della viola » and « tasti della
viola », would be upside-down. In the facsimile edition of Ms. H
(Revaisson-Mollien, 18¢g1), the page is reproduced with the writing
upside-down. It may be, of course, that Leonardo drew the ma-
chine that way and made notes later without regard to the position
of the drawings. On the other hand, the explanations are done
with unusual neatness, aligned with the drawings. Thus, the fol-
lowing analysis refers to the drawing with the writing in upright
position.

The large instrument on the left is a polveder with a broad flat
base and five sides, of which at least two are emploved as sound-
boards. The most striking detail is the friction device — this time
a double belt, probably of hair or silk thread, passing over three
small spindles at the upper end of the soundbox. The spindles are
evidently activated bv the double wheel shown at the lower end
of the soundbox, whose source of motion is indicated., Two of the
sides of the soundbox middle and left, carry strings; the left also
clearly shows a bridge for the hitch pins. The little circles arranged on
the upper end of the soundbox may indicate kevs or pushbuttons. If
this is so, the line leading down from one of the middle kevs to one
of the strings may indicate a lever by which the kev brings the
string in contact with the double belt, or endless how. And further
expanding our assumption that these little objects are kevs, their
number and arrangement would make one expect that strings would
cover all sides of the soundbox and not just the two which I have
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pointed out. But in that case, how would the box be held or placed ?

This is not clear in the drawing,
Although many details are drawn in onlv a suggestive manner,
Leonardo did take great care to make clear that the bow passes
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over rather than beneath the strings. Attention should also be
drawn to the fact that in this drawing we meet for the first time
the name given by Leonardo to this tvpe of machine — «viola».

The double wheel device on the lower end of the soundboard
can be identified with the help of Mss. H 281, H 46 and H 45 v,
as part of the motor that furnishes the drive for the endless bow
or arcetto. However, the way by which it is connected with the
arcetto is not indicated in the present drawing. The smaller poly-
gonal soundbox on the same page is perhaps a passing idea or a
variant of the larger instrument.

The drawing of the «tasti» consists of a double row of push
buttons in the same cubic shape which we will encounter again 1in
Ms. H, fol. 45 v. They have no visible relation to the instruments
on this page. The possibility that the double row may imply a
chromatic arrangement must remain an open guestion.

The opposite side of the same leaf, Ms. H 25 r (IIl. 16), gives
more detailed although different versions of the wheel mechanism
that drives the endless bow indicated in Ms. H 28 v. On the left
a large wheel is shown, and beneath it a rod cylinder or pinion cage,
whose vertical rods engage horizontal pins of a contrivance which
is only sketchilv drawn but whose shape reminds one of that part
in clock-works which serves to retard and regulate the motion of
the wheels. On the right of the horizontal wheel there is an indi-
cation of the threads or hairs of the arcetto (see Ms. H 28 v).

The wheel machinery in mid-page is somewhat different although
probably only in the shape and dimensions of the structural parts,
not in their function. The pinion cage is much larger and more
distant from the upper wheel. The drawing of its vertical rods is
somewhat obscured bv a cluster of horizontal lines which may
again suggest an anchor device. Of greatest interest, however, is
the indication of the endless bow, running from the right of the
pinion cage towards the spindle (or, possibly, capsule) which con-
tains the spring. The explanation written there says: «a molla
ceritor ni indi rieto perse il moto dell’arcetto» (a molla ci ritorni
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indietro per se il moto dell’arcetto); we may translate this, «to-
wards the spring, returns by itself (automatically) the motion of
the bow device». This explanation is important, for it permits
some conclusions as to the type of motion of the arcetto, whose
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name, by the way, we find only on this page and in Ms. B,
fol. 50 wv.

If the thread moving the arcetto returns to the spring, it is
evidently wound up there on a spindle, and was wound up before
at its other end, around the pinion cage. This implies a continuous
motion in one direction without pauses, rather than the movement
hack and forth which the fiddle bow performs. (We will come back
to this problem in the interpretation of Ms. B, fol. 50v). When
the spring was coiled, the thread of the arcetto must have been
wound around the pinion cage; and when the spring was released,
the thread was drawn towards it in a smooth motion, due to the
retarding motion of the anchor, until it was wound up on the spring.

There remains another question: the meaning of the three long
rods extending below the wheel machinery, ending in what appears
to be something like curved, half-moon shaped stands. But they
are certainlv not stands carrving the wheel machinery and they
appear « below » only if we look at the page according to Leonardo’s
writing. The whole issue becomes clear if we turn the page so that
the half-moons appear on the left and then compare them with the
similar « stand » in Ms. H 461, and with Ms. H 45 v where we find
the wheel device together with the long rod and half-moon con-
nected with the whole instrument. It seems highly probable then
that the half-moons are two-pronged handles for winding, with the
help of the long rod, the spring enclosed in the wheel machinery.
If myv interpretation is at all correct, the wheel capsule would be
hest visible beneath the wheel in Ms. H 46 1.

Ms. H. fol. 401 (IIl. 17), shows on the left a wheel device for
propelling the arcetto, similar to the ones in Ms. H 28 r. The upper
drawing shows a birds-eve view of a mechanism with at least
twentv-six strings and a keyboard of sixteen kevs. 1 am not able
to explain the two vertical double lines extending from its upper
end. The drawing is not precise, for the long oblique bridge which
follows the gradation of strings from bass to treble does not cross
all the strings. The whole drawing is connected with the viola orga-
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nista only if one interprets the double line, which crosses the strings
at their upper end, as the arcetto. But this is just as doubtful an
interpretation as saying that at the left and right ends of the double-
line are revolving cylinders or spindles over which the arcetto would
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pass. Both of these interpretations are possible but unfortunately
the sketch is too unclear to draw such conclusions with any degree
of certainty. .

The sketch on the right has no connection with musical instru-
ments. It is evidently a map of a section of a river, perhaps for a
project of canalization. The inscription says, « Altagiara».

* ¥ ¥

Ms. H, fol. 45 v (Ill. 18), as we will see, is the result of the
struggles and attempts embodied in the preceding pages. The upper
sketch, although very small, shows a perfectly consistent, workable
keyboard instrument with an endless bow. The soundboard of the
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IlIl. 18 — Ms. H, fol. 45 v.














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































