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The harpsichord, a plucked keyboard instrument, is known to have existed since the 14th century. It
flourished throughout the 16th and 17th centuries and became an important instrument both for accom-
paniment and in Italy. The significant differences in dynamic nuances of harpsichords, related to the
properties of the plectrum, were demonstrated using the Flemish school Mattia de Gand harpsichord
(1685), which belongs to one of Tagliavini Collection in the Museum of San Colombano, Bologna (It-
aly). The materials traditionally used for the plectrum, mainly crows or ravens in the past, are nowadays
commonly plastic or feathers from birds that are still huntable and easier to purchase. However, some
high-quality quills often can be hard to get right now. Acoustic analysis was conducted on the second
register of the harpsichord, its plectra alternately made from raven and swan feathers. The differences
in frequency responses were examined to better understand the macro-behavior characteristics of plectra
made from different materials on the same register of a harpsichord. The specific sound characteristics
derived from each quill plectrum were identified. It shows that the suitable selection of quill plectrum
is one of the critical steps for representing historical music well.
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1. Introduction

The sound quality of a harpsichord is imbued with complexity through its intricate mechanisms. The
jack velocity and the plectrum shape are more controllable parameters by players and harpsichord makers
[1]. The plectrum, which directly strikes the strings, is crucial in determining its timbre and dynamic. It
has always been believed that the harpsichord is an instrument with limited flexibility in dynamic inten-
sity variation, which is why its repertoire has often been conceived for the performance of pieces and
figurations with strong register excursions. However, the geometry of the plectra are interdependent as-
pects equally fundamental to the timbral and dynamic differences.

Generally, there are two types of plectra: plastic (such as Delrin) and quill (bird feather). Each material
has advantages and disadvantages. Plastic materials have frequently been utilized in recent years due to
their availability and durability. Traditionally, natural bird feathers have been used such as crows or
ravens, and they are known to have a better tone than plastic. Each natural feather provides unique tonal

|


mailto:lamberto.tronchin@unibo.it

ICSV30, Annual Congress of International Institute of Acoustics and Vibration (11AV) 8 — 11 July 2024

characteristics. While there have been several reports on plectrum analysis [1-5], few extensive studies
have focused on the quill plectrum materials.

This study demonstrated the significant differences in dynamic specifics of harpsichords, which are
related to plectrum characteristics, using an Italian harpsichord with two kinds of quill feather materials
in a register. The overarching goal is to assess the original sound and proper materials of historical harp-
sichords, which will improve recent surroundings around early music.

2. Methods and Tools

2.1 Harpsichord and indoor information

This Harpsichord by Mattia di Gand, Matthias of Ghent (1685 in Roma), has 60 keys (F’G’ to ") of
the single keyboard with two 8’ registers within the case 244.7cm long and was done various modifica-
tions during its lifetime [6] [7] [8]. It is placed at the center of a stage, elevated several steps above the
floor, in the middle of a room formerly a church within the museum, which measures approximately 19
meters in length, 15 meters in width, and 10.5 meters in height. It is the same instrument that the sound-
board behavior was analyzed, together with the sound analysis of strings [7].

This harpsichord features two registers. The second one, farther than the player, incorporates two
types of feathers (Fig.2). This configuration provides a more suitable condition for comparing the sounds
under similar circumstances. One quill material A was “raven” (Corvus corax, generally called corvo in
Italian), another B was “swan” (Cycnus olor, cigno in Italian). Both are popular as harpsichord plectrum
(Fig.3). Raven quills are known to be of high quality for the sound, depending on the user, but their
limited availability in the market is a concern. Therefore, this register currently combines swan quills,
which are relatively easy to obtain with raven.
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Figure 1: The position of the harpsichord used in the museum San Colombano (blue: covered with velvet fabric).
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Figure 2: Jacks of Harpsichord Mattia di Gand Figure 3: Feathers for quill plectrum
(the notes analyzed on the second register) (above Material B swan, bottom: Material A raven)
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2.2 Sound Measurements

Sound was measured on several positions around the harpsichord in the Museum of San Colombano
in October 2022. A velvet fabric was used to cover the glass material, which is relatively close to instru-
ments, to reduce background noise (Fig.1). The clearer data with a cardioid microphone (Nevaton 171,
Fig 4), setting as the closest position to the instrument at 18 centimeters above the soundboard, was
used for comparative analysis. Data comparison was performed in Audition 3 software, and the harmonic
length of each note was calculated from the site (www.michaelnorris.info/theory/harmonicseriescalcula-
tor). Assessing initial mechanical sound differences due to material variation utilized data from the first
50 milliseconds, while differences in sound quality were evaluated using data from the first 5 seconds.
The data set of selected notes in low-frequency and in high-frequency were G and G# and ¢’ and f°
(Fig.5). The notes G# and e' have quills made of material A, which is "raven", while G and f' have quills
made of material B, which is "swan".

Figure 5: Analysed ranges of the harpsichord (G and G# on lower pitch; e** and > on higher pitch).
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3. Results and Discussions

There is background noise in the room under regular circumstances of the museum. By using a curtain
to reduce it, apparent differences related to different materials were effectively detected from the micro-
phone nearest to the instrument. The size and shape of plectrums vary subtly depending on the pitch of
the sound, with larger and thicker ones typically used for lower tones. Therefore, to identify the specific
differences in sound wavelength derived from materials, two sets of adjacent keys with two different
materials were selected in both low-frequency and high-frequency ranges, and their spectra were com-
pared. The criterion for a significant difference in peak intensity was an intensity ratio of more than 8dB.
First, the characteristics of mechanical sound noise and the sound quality derived from different materials
were reported.

3.1 Initial mechanical noises
The sound of the first 50 milliseconds mainly consisted of the initial noise of the harpsichord.

Figure 6: Specific sound difference in the first 50 milliseconds, indicated red numbers and marks (blue ar-
rows: fundamental frequency f and each overtone, white arrows: other peaks). (a) Low frequency sounds feather
material A (yellow), material B (purple) (b) High-frequency sound: feather material A (Green) material B (red).
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The difference in spectra within this time section could reveal the specific sounds derived from the
plectrum material. In Figure 6, specific peaks with different intensities present in both sets were consid-
ered as the particular sounds derived from the material difference.

Table 1: Common frequency differences in the first 50 milliseconds (+++: the difference is greater than
14dB, ++ is greater than 8dB; their frequency was indicated for noise peaks).

Low notes High notes
Common
note G#:188Hz  note G:200Hz  note e':634 Hz  note ': 689 Hz Differences
name Material A Material B Material A Material B
fondamental f - - - - i
noise (Hz) 351.6
noise (H2) 1007.8
overtone 1 2f - +++ - +++ B>A
noise 433.6
overtone 3 4f - - - ++ -
overtone 4 5f - - - ++ -
noise (Hz) 1265.6
noise (Hz) 4863.3
overtone 8 of - - - +++ -
overtone 9 10f - ++ - -
overtone 10  11f +++ - - +++ -
overtone 12 13f - - - ++ -
overtone 13 14f - - - ++ -
noise (Hz) 2707.0
overtone 14 15f ++ - - - -
noise (Hz) 2894.5
noise (Hz) 2941.4
overtone 15  16f +++ - ++ . A>B
overtone 16  17f ++ - - - -
overtone 18  19f ++ - - T+ .
noise (Hz) 12972.7
overtone 20  21f - ++ - +++ B>A
noise (H2) 14378.9
overtone 21  22f +++ - - - -
overtone 22 23f ++ - - - -
overtone 23 24f - ++ - - -
noise (Hz) 16453.1
overtone 24  25f - - - ++ -
overtone 25  26f ++ - - - -
noise (H2) 18457.0
noise (Hz) 19242.2
overtone 28  29f +++ - - +++ -
noise (Hz) 5425.8
noise (Hz) 5531.3
noise (H2) 19945.3
overtone 29  30f +++ - - - -
Total intensity (dB) -34 -34 -34 -31
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These peaks were of overtonel(2f), overtonel5(16f), and overtone20(21f) (indicated by number in
Fig.6). The specific difference at 2f represents the balance of the octave above the fundamental frequency,
suggesting a significant variation in the dynamics between plectrum and strings.

Two types of sounds exist among the detected distinct differences (Table 1). One is differences in the
ratio of harmonics, and the other is unidentified frequency peaks that appear in wavelength ranges other
than those where harmonic peaks occur. The differences in sound during pronunciation are presumed in
the former, while the latter is also presumed to represent differences in mechanical noise itself. Distinct
differences were observed in both the low-frequency and high-frequency ranges, specifically for har-
monic peaks. Further validation with a larger sample size is needed to discern the characteristics of each
sound and interpret the differences attributed to the materials.

3.2 The sound characteristics

The sound of the first 5 seconds is directly connected to the sound of the harpsichord itself, and even
at first glance, they appear to have more low harmonics compared to section 3.1 (Fig. 7).

Figure 7: Sound Spectrum in the first 5 seconds, indicated marks (blue arrows: fundamental frequency f and
each overtone, white arrows: other peaks). (a) Low-frequency sounds feather material A (yellow), material B
(purple) (b) High-frequency sound: feather material A (Green) material B (red).
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Contrary to expectations, no clear trend was observed that was common to both low and high frequen-
cies. However, this might be expected in instruments like the harpsichord, where timbre varies across the
frequency range. In the high-frequency results, the value of 3f with Material B was notably low, strongly
suggesting a correlation between this difference in timbre and the richness of the sound. Conversely,
Material B exhibited clearer timbres at 5f and 7f in the low-frequency range. To confirm that these results
are derived from the materials, further investigation with more data samples is required.

Table 2: Common frequency differences in the first 5 seconds (+++: the difference is greater than 14dB, ++ is
greater than 8dB; their frequency was indicated for noise peaks).

Low notes High notes
Common
note G#: 188Hz  note G:200Hz  note e': 634 Hz  note f': 689 Hz Differences
name Material A Material B Material A Material B

fondamental f - - - - -

noise (Hz) 726.562

noise (Hz) 855.468

noise (Hz) 902.343

noise (Hz) 1113.3
overtone 1 2f - - - - -

noise (Hz) 1441.406

noise (Hz) 1792.968

noise (Hz) 1945.312
overtone 2 3f - - +++ - -

noise (Hz) 2226.562

noise (Hz) 2238.281
overtone 3 4f - - - - -
overtone 4 5f - +++ - - -
overtone 5 6f - - - - -
overtone 6 7f - +++ - - -

noise (Hz) 1371.093

noise (Hz) 1417.968
overtone 7 8f ++ - - - -
overtone 8 of ++ - - - -
overtone 9 10f - - - - -
overtone 10 11f - - - - -
overtone 11 12f - - - - -
Total intensity (dB) -34 -34 -34 -31

A notable difference was observed in the ratio of harmonics. In Material B, several harmonics exhibit
significantly weaker intensities. Material A exhibits a more balanced harmonic profile, aligning with the
preference among performers for Material A, typically the feathers of the raven. This analysis data indi-
cated that Material A produced a more uniform timbre, proving its preference.

4. Conclusions

The sound quality of a harpsichord, imbued with complexity due to its intricate mechanisms, is influ-
enced significantly by the characteristics of the plectrum. In recent years, the historically used quill has
been replaced by more convenient plastic, leading to a decline in its usage frequency, and detailed re-
search on this matter remains limited. This study provided new insights into the dynamic specifics of
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harpsichords related to plectrum characteristics. Specific sound differences derived from quill plectrum
materials were identified using a historical seventeenth-century harpsichord in the low and high note sets.
The results also speculated the sound produced by a raven quill plectrum was more refined than that
produced by a swan, as preferred by the musician. Further steps of this investigation with a bigger sample
size could reveal insights about the sound associated with varied note heights.
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