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This invéntion relates to improved means for
the production ‘of -musical ‘sounds more -particu-
Tarly suitable for musical instruments of the
organ type.

Various means have hitherto been proposed for
the production of such sounds -comprising in com-
bination: rotary discs on which simple forms of
sine-waves are prmted or cut; sources of llght
projecting their beams on the said dises; and
photo-electrie cells acted upon by the said beams
under the control of the dises.

Tones. of simple sine-wave forms do not possess
satisfactory musieal quahtles and in order to
obtain these, harmonics of ‘the fundamental hote
have to be added thereto in various combinations
and différent strengths w1th respect to the funda-
mental. - Attempts to catry this into effect in &
practical construction by means of electrical
couplers and resistances lead to an instiument
which is costly to produce and difficult to main-
tain in order.
 Moreover, if it is desired to inérease theé light
fiix given by a cértain Gonibination of fundamen-=
tals and harinonics, the cufrent supplied to all
the slements t:ompﬁsing that combination rmust
be increased, and whern it is desiréd to change the
toRe combination for that of another tone quali-
ty, a fresh set of harmonics must be selécted and
stitably dosed for strength If the harmonics
wre porrowed froi notes of the tempered scale
{i. &. using the tratings inténded for the funda-
mehtals at a different register) taken higher up,
théh these harmonics are not trué but false and
the tones suffer in conséquence.

The present invention, which is primarily di-
veoted to the production of 2 photographic dise
whereln fufidamental note fréquencies and their
tie harmonies are provided by optical means,
consists in - sup-dividing the note tracings inté
independent tracings giving both fundamentals
and b seleetion of harmonics of the same, sidé
by side;and. pi oviding ag large & number of fixed
openings, in phase with the dise tracing; as can
we conveniently placed in the-space ¢overed by
light from a small electric lamp. The seléction
of harimonies to be combined with thé funda=
mental for a given stop i§ obitained by selection
of the corresponding openings in the fixed ele-
ment hereinafter called the “light-filter.”

The light-filter ecarries several openings per ;

sub- frack, each opening being placed in phase
m’ch the one before it on the same sub-track and
in phase with the square openings on the disc
hehind. The amount of these in-phase openings
depends only on the sirface ¢onveniently covered
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by the light ffomn 3 light source. Thus the funda-
mental being of the longest wave-length will
have only say two or threé openings while the
octave may have twice and the quint three times
as many,; and so on.

The openings in the light-filter are prepared
in full ‘on a master negative used fo reproduce
other light filters but in the prints taken from
this negative a certain number of openings are
blacked out in one type while others are blacked
out in another type.

The selection of harmonics for a given “step"
is produced photographmally on the light- filter
device. For instance, in the preparatlon of a
light-filter say for ﬂute tone only the fundamen-
tal and the octave will be retained, all others be-
ing blacked out, it being known that this is the
harmonic composition of flute tone. Again the
number of openings remaining will vary the
quality of flute tone and thus séveral different
types of Aute tones may bé prépared. For other
stops, é. g. elarinet, the Selection will diffef’ ae-
cording to existing knowledge of thé composition
of musical tones and others imay be Tound by
trial and efror.

By using the nethod according to the present
invention, the necessity of employing any elec-
trical couplings is eliminated and the stops corre-
spond almost exactly to organ stops wherein each
pipé has a fixed and unchanging tone quality.

Moreover, unlike in the case of an organ, each
note can be varied in volume by vatying the sup-
ply of lisht. This cannot be done with an organ
pipe which must always have thé same wind sup-
ply and, therefore, has always the same power.
Furthermore, unlike othér électronic instruments,
the tone value for a given stop can be madé to
vary between treble and bass as is the case with
instruments in the orchestra. 'This is doné by
blacking out certain hafmonics more say in the
treble and/or substituting other harmonies to
change the tone quality in that part of the coms=
pass. Itis well known that the tone of the orches-
tral flute gets richer towards the bass.

Both elements, disc and filter, are prepared
from a photographic plate and the impressions
are made with the aid of a machine of special
construction. It is to be pointed out that on the
dise the harmonies bear a definite relationship
to their fundamental so that one fundamental
wave, two octave waves, three quint waves, five
fifth waves and seven seventh waves may all he
taken together as one block. A larger number of
harmonics may be used if requlred We will call
this “one complete wave length.” Tirst a coin-
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plete wave length of each note right across the
disc is cut out of paper 10 or 20 times real size,
the paper (red or black) having been first stuck
onto a glass plate. In order that all cutting lines
may be true radii a ruler is pivoted about the cor-
rect centre position and suitable marks are made
for picking up the negative later on. Not all notes
are cut onto the plate, only the odd numbers, thus
leaving a blank space between each note. A sec-
ond plate is cut carrying the even numbers and
the same picking-up marks. These plates are lit
up from behind and a photograph reduced to the
correct size is obtained. (Photo on glass plate.)

This plate is now placed in the correct position
in the lid of a revolving printing ‘machine sup-
plied with a large dial and pointer for the com-
plete circle. The openings must be white on a
black ground. Over each opening is a tube and
an electric bulb of the flash lamp type wired to a-
key-board. The whole is made light-tight for
working. View holes are supplied for picking up
the markings on the negative and this work is
done before the virgin plate is placed in the ma-
chine on the “table.”

There are thus two such negatives to be worked
onto the plate and the separations between notes
determine the positions of the partitions between
the lights. Actually the lights are separated by
curved partitions, the curves following the cir-
cular tracks and there are several lamps wired
in parallel for each note, the box forming % of
the circle and being shaped like g sector without
the apex.

The first operation is not to go right round the
circle which would be too long and contain too
many operations, but to do say ten wave lengths
in the lower octave and twenty in the upper. Thus
after printing this negative and inversing, the
negative performs 10 operations in the bass and
20 in the treble for one printing operation. The
“stations” for corresponding notes in each octave
are the same.

The sine-wave openings are brepared in a sim-
ilar manner and if desired the photographic re-
duction may be done twice, even three times, so
that the work to be done by hand is enlarged very
considerably.

It will be seen that fixed elements can be
changed one for another under a given rank of
lamps. B

In the accompanying diagrammatic drawings,

Figure 1 shows the general arrangement of that
part of the apparatus in which the invention is
incorporated, being a sectional view at right-
angles to the plane of the discs:

Figure 2 shows a portion of the light filter in
association with the small electric lamps:

Figure 3 shows, by way of example, a portion
of the revolving dise with its various tracks as-
sociated with the corresponding tracks of a por-
tion of the light-filter;

Figure 4 is an illustration of another example,
on an enlarged scale; and

Figure 5 is a diagram of electrical connections.
. Referring to Figures 1 and 2, ¢ is a casing
within which there is mounted the rotary disc b,
the fixed filter c, radially arranged ranks of small
electric lamps d and a photo-electric cell e onto
which the fluctuations of light are focussed by a
parabolic reflector f. p is the rotatable shaft
upon which b is mounted, and g represents the
bearings in which the shaft turns. 7 is the hous-
ing for the lamps d.
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Referring to Figure 3 showing part of the re-
volving disc b, and stationary filter ¢, the tracing
is sub-divided into three separate tracks 1, m,
and n, of rectangular openings for the passage
of light, I, 2, 4, respectively representing the
fundamental, the octave and double octave, and
the light-filter is correspondingly provided with
sine-wave openings {’, 2’, 4, in phase with the
rectangular openings in the revolving disc.

Referring to Figure 4, the separate tracks of
rectangular openings I, 2, 3, 5 and T in the re-
volving disc b represent respectively the funda-
mental, -the octave, the quint, the 5th and Tth
harmonic and the light-filter ¢ is correspondingly
provided with sine-wave openings 1’, 2, 3/, 5’ and
T’ in phase with the rectangular openings in the
revolving disc.

In this figure, which shows the first two notes
C and C¥ of a radial register drawn on a greatly
enlarged scale, the line OX represents a true
Assuming the part AB is the starting
point for printing the track T for the note C, if AB
produced towards X is also the base line for C%,
then the angular measurement AC limits the ex-
tent of the note pattern ABEF, hereinafter called
a “note-wave,” and likewise, \Cf limits the note-
wave length for the next note Ct.

Now the length of AC is determined by the cir-
cumference divided by the frequency allotted to
C and this applies to all the notes of the scale.
In theory the frequency numbers should progress
according to a geometrical progression based on
12\/3, the formula being y=ax (12/2)<; however,
in practice this would require fractional numbers
which are impossible in a finite space. Therefore
the frequency numbers must be chosen fairly
high, say above 70 for the lowest note on the disc
so that the supression of a whole unit, or rather
the fixture to the nearest whole unit will differ
only slightly from the calculated frequency figure.

It will be seen that the wedge shaped figure
ABEF contains a regular pattern of width W (see
C# figure) and length \C in the circumferential
direction. The harmonics have been indicated
only in the C# track. The number of extra har-
monics that can be placed depends on the space
and the scale at which the work is done.

The chain-dotted circle C represents the cir-
cular portion of the fixed light-filter that can be
conveniently illuminated by a parallel beam of
light from a small bulb of the flash lamp type,
the light falling on such of the sine-wave open-
ings as have been provided for that particular
stop. - - . : S

For different types of tone quality different
lines of sine-wave openings in the fixed filter will
be either totally or partially blacked out. For
certain stops the openings blacked out may be
varied slightly in the compass to imitate more
perfectly certain orchestral instruments such as
the flute which have different harmonic make-up
in bass and treble registers. .

Generally the blacking out will be done on the
inverted negative of the fixed filter plates and will
broceed by trial and error as with organ pipes.

The system described has the advantage of pro-
viding perfect harmonics for each note and not
borrowed ones from the tempered scale.

" Referring to Figure 5, d! and d? are two of the
radial ranks of small electri¢ lamps lit up se-
lectively, e. g. for flute and clarinet, by being in-
cluded in separate electric circuits ¢ and & re-
ceilving current from a battery i.- The circuit ¢
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includes a switch ¢! operated by a stop knob k!
for flute and switches g2, ¢3 respectively operated
by keys 42, j3. Likewise the circuit & includes a
switch h! operated by a stop knob k2 and switches
he2, h3 respectively operated by the same keys 72, 72

The two ranks of lamps are, of course, as-
sociated with different light filters for flute and
clarinet respectively; these are indicated by the
dot-and-dash lines ¢!, c¢2. The sub-divided
tracings of the revolving disc are indicated by the
dotted lines bl.

Since the whole of the harmonic selection is
done by the choice of light filters, all that is
necessary is to connect the scanning batteries to
the keys in any desired numbers and to vary the
strength of the current from each battery at will.

The details for carrying the invention into
effect may be modified without departing from
its scope.

Iclaim:

1. A musical instrument more particularly of
the organ type comprising in combination a
rotary disc and a fixed light filter one of them
provided with a number of concentric tracings of
sine-wave light passages and the other with a
corresponding number of concentric tracings of
rectangular light passages, each of the said con-
centric tracings in both the rotary disc and
fixed light filter covering a succession of complete
wave lengths and each comprising a number. of
separate concentric tracks of fracings respec-
tively vrepresenting a fundamental and its
harmonics, the latter separate tracks of tracings
in the rotary disc corresponding to the separate
tracks of tracings in the light filter, the light
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which some of the light passages in the concentric
tracings and their separate tracks corresponding
to harmonics are obscured; small electric lamps
for projecting their beams through the said disc
and filter and each lamp being capable of cover-
ing with its beam at least one wave-length of a
fundamental with its harmonics all of which
wave-lengths have to be complete; and photo-
electric cells to be acted upon by the said beams.

2. A musical instrument as claimed in claim 1,
in which the tracings of fundamentals and
harmoenics on the revolving dise and light-filter
are in the form of photographic transparencies.

3. A musical instrument as claimed in claim 1,
further comprising bhatteries for supplying cur-
rent to the lamps selectively by separate circuits
including stop operated and key operated
switches, whereby the photo-electric cell will be
acted upon in accordance with the fundamentals
and harmonics on the light-filters associated with
the lamps which have been lit under the control
of the stops and keys.

CHRISTOPHER HOOK.
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