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Characteristic Noise Phenomena in Snare Drums:
Focusing on the Harmonics

Kei Aoyagi
Abstract

This study investigates the particular noise that snare drums often make when
they are not being hit to reduce it. In general, it is caused by vibration of the snare wire
that resonates with the surrounding sound. This study examines its mechanism through
a control experiment. The result revealed that the mechanism behind snare drum noise
is that the bottom head resonates with the surrounding sound and contacts the snare
wire. Moreover, this study examined which frequencies of ambient sounds make the
snare drum noise. The method is that the speaker close to the snare drum played sine
waves, and recorded all the sounds around the snare drum. The harmonics of the
fundamental frequency of each sine wave appear in the data as revealed by spectrum
analysis. The presence of harmonics indicates components of the snare drum noise.
Then this study focuses on the harmonics. The result indicates that the low-frequency
sounds are easy to lead to the snare drum noise. In conclusion, the mechanism of snare
drum noise is that the bottom head resonates with the surrounding sound and makes
contact with the snare wire, and it becomes louder when the ambient sound is lower.

Keywords: snare drum noise, mechanism, snare wire, harmonics, spectrum analysis
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OIRINIEF TN SN EBbroTz, o, BAEDEBRLD, AT KT ATHAD
TP D B O JEREAMENE EIG Lo3 <L AR & < e D IR /&L 72
D, ZOMEMIL, $&E LT — X OFROFEA LT sin OBBREFICER TS & 1%
F2HE 3T AGEOIRTH oD ERDI-T, £H 6 ETOERTIZ, R
AT~y RIZHDRHETNC Lo THETEORE JIIE L L WERD)r Tz, EHTE
DEREZMBITICL DT I 2L —a T, WAARF 2—=0 7RV hOFED L
X, ZL<DEF— R TART ~y FROFLEITIRED/ NS D o72D T, ZZICAF v E—%
HETIUE, HEERDRWART BT AZRDOTIER O NEE T, -, KD
AR (2Hz-30Hz F2E) ICHEARESENHE S, UL, 64 EOERTIX
4kHz, 6kHz, 8kHz & W leIFFIZEmWEEER T T OV — 7 ElllS iz, Z OTei
I, FEA CTHE SNTIRROEEE— F7Z1T T LU EROEHELIREIE— R0,
2Ty BE—BIROEENRHE, HDWVIE~y RERF v E—DOMHZE LW ) IERIE2BIEZ O
O E A OHET ALY & AR LTV D RTREME A2 RIE LTV b,

B2 SROERE

93 ECIXER CTHA L sin OB OREN DR, T2 DOSHOE, mAL
7o sin WO M E L MR DR E SORREEMRRBRETREL Z LN TE D ARENERH -
723, sin WO EIRBOFEIE N D 22 s o 1= T2 OB 25 Z & LR o295 =
ELNTERholz, KoT, WML sinDEBHAE L - EHN ElLESE, bot%
KDOF—=BHENETHZLICE ST, bo b EMAROWTTZTHZENSHOPETH D,
T, MEOKE « ~A 7 O REEBE L, bo L BT —¥ZMHZLIck-T
FORENGWV I EZTHZETCENRIVBEORWVGIINTEDL LR DEE X
7oo HBHEDERTIE, BLYVOEIZHIBENRNHDZ L&, BLUYDBKETW LD,
—EBLVEZTXTHLTOLLEIVEVELVIMHTEAL W BEEZ LT, DL &
I~y RBER, BHNED>TLESTOTIIRWMNEEZT-T2D, BbH 0 2442 L
7o HEREHIICERAIT) L LV EREICB DV ORI EHIBOREX IOBAKREHL Z &N
TEXLHOTIE RV EB XL, FEAMETIIAEY TN TWDLH EART ~y RIZE
HLER, HEEOAD=XLDAFT v E—IZHEB L THREZITY &, HEO/NSL<T5
TEODAT v E—IZBlATAFRMETRLZENTELOTIERNWNEZ T,
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AHFFROZATICH =0, FFEHE & U TR TS Z - 75 R S E PR E
RROCAEICEH N - L ET, WIS, EBREGE « 7 — X TRV B S & AW 72 AR R
A BN LET, EomF KPR S8 E PR ISR D& 2 FRITIX, FEBRIZ
v, EHEEHLQWEREEE L, ZZUEHoBEEELET,

— 290 —



T8k A BAECHEALEZITOISLOY—XI—F

fh{EBR Y : GoogleColaboratory, Python 3.10.12

F1H FE2ETIT>LZFEMOY—Xa—F
Ipip install numpy scipy matplotlib meshio scikit—fem

HEHHEFEM O Y — A 21— Rttt

import numpy as np

import matplotlib.pyplot as plt

from skfem import MeshTri, ElementTriP2, Basis, asm
from skfem.helpers import grad, dot

from scipy.sparse.linalg import eigsh

import ipywidgets as widgets

from IPython.display import display, clear_output

DRUM_RADIUS = 17.78
ELASTIC_MODULUS = 2.45e9
POISSON_RATIO = 0.4
DENSITY = 1400

def bending_stiffness(E, v, t):
return E * t%%3 / (12 * (1 — v#k2))

def create_circular_mesh(radius=DRUM_RADIUS / 100, n_points=32):
theta = np.linspace(0, 2 * np.pi, n_points, endpoint=False)
vertices = np.stack([radius * np.cos(theta), radius * np.sin(theta)], axis=1)
vertices = np.concatenate((vertices, [[0.0, 0.0]]))
cells = np.array([[i, (i + 1) % n_points, n_points] for i in range(n_points)])

return MeshTri(vertices.T, cells.T)

def visualize_modes(tensions, thickness=0.001):
D = bending_stiffness(ELASTIC_MODULUS, POISSON_RATIO, thickness)

mesh = create_circular_mesh()
basis = Basis(mesh, ElementTriP2())

def tension_distribution(x, y, tensions):
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angles = np.arctan2(y, x)
angles[angles < 0] += 2 * np.pi
segment = np.floor(angles / (np.pi / 4)) % 8

return np.vectorize(lambda s: tensions[int(s)])(segment)

def stiffness(u, v, w):
T = tension_distribution(w.x[0], w.x[1], tensions)
membrane_term = dot(T * grad(u), grad(v))
grad_u = grad(u)
grad_v = grad(v)
bending term = D * dot(grad_u, grad_v)

return membrane_term + bending_term

def mass(u, v, w):
return DENSITY * u * v

A = asm(stiffhess, basis)

M = asm(mass, basis)

n_modes = 6
eigvals, eigvecs = eigsh(A, k=n_modes, M=M, which="SM’)

frequencies = np.sqrt(eigvals)

def visualize_modes(tensions, thickness=0.001):
D = bending_stiffness(ELASTIC_MODULUS, POISSON_RATIO, thickness)

mesh = create_circular_mesh()
basis = Basis(mesh, ElementTriP2())

def tension_distribution(x, y, tensions):
angles = np.arctan2(y, x)
angles[angles < 0] += 2 * np.pi
#653%H
# segment = np.floor(angles / (np.pi / 3)) % 6
segment = np.floor(angles / (np.pi / 4)) % 8 # 8 43E

return np.vectorize(lambda s: tensions[int(s)])(segment)
def stiffness(u, v, w):

T = tension_distribution(w.x[0], w.x[1], tensions)

membrane_term = dot(T * grad(u), grad(v))
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bending term = D * dot(grad(u), grad(v))

return membrane_term + bending term

def mass(u, v, w):
return DENSITY s u * v

A = asm(stiffness, basis)

M = asm(mass, basis)

n_modes = 6
eigvals, eigvecs = eigsh(A, k=n_modes, M=M, which="SM’)

frequencies = np.sqrt(eigvals)

print("EAIRENEC”, 7, 7. join(f7{f:.2f} Hz” for f in frequencies))
for i, mode in enumerate(eigvecs.T):
fig, ax = plt.subplots(figsize=(6, 6))

basis.plot(mode, ax=ax, shading="gouraud’)

theta = np.linspace(0, 2 * np.pi, 9[:-1]
radius = mesh.p.max(axis=1).max()

x = radius * np.cos(theta)

y = radius * np.sin(theta)

ax.scatter(x, y, c="white’, s=300, edgecolor="black’, zorder=10)

IR NAEHEREZ 68Ty |k

# theta = np.linspace(0, 2 * np.pi, 7)[:-1]
# x = np.cos(theta)

# v = np.sin(theta)

# ax.scatter(x, y, c="white’, s=300, edgecolor="black’, zorder=10)
for xi, vi, t in zip(x, v, tensions):
ax.text(xi, yi, f{t:. 11", color="black”, ha="center”, va="center”, fontsize=10,
zorder=11)
ax.set_title(f"Mode {i + 1} — Frequency: {frequenciesli]:.2f} Hz”)

ax.axis(“equal”)
plt.show()

B8 WP DA T A L —
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sliders = [widgets.FloatSlider(value=1000.0, min=10.0, max=2000.0, step=10.0,
description=f"Tension {i+1} [N/m?]”) for i in range(8)] # 8 &

button = widgets.Button(description="Calculate Modes”)

B6 ST DAT A H—

# sliders = [widgets.FloatSlider(value=1.0, min=0.0, max=2.0, step=0.1, description=f"Tension
{i+1}”) for i in range(6)]

def on_button_click(b):
tensions = [slider.value for slider in sliders]
clear_output(wait=True)
display(ksliders, button)
visualize_modes(tensions)
button.on_click(on_button_click)
display(ksliders, button)
####H#Code to generate color barti#
import matplotlib.pyplot as plt

import numpy as np

def plot_colorbar_with_gradient():
data = np.linspace(-1, 1, 256).reshape(1, —1)

fig, ax = plt.subplots(figsize=(8, 1))

cax = ax.imshow(data, cmap="jet”, aspect="auto”)

char = fig.colorbar(cax, orientation="horizontal”, ax=ax)

char.set_label("Displacement (relative magnitude)”)

ax.axis(”off”)

plt.show()

plot_colorbar_with_gradient()
RHeHtHHE

BT — FEnA T4 M5 7 17 T Lt
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#9477 V%A A=)

!pip install opencv—python—headless numpy
HEHH

import cv2

import numpy as np

from google.colab.patches import cv2_imshow
from google.colab import files

import zipfile

import os

def highlight_yellow_to_green_with_transparency(image_path, output_path, alpha=0.5):
image = cv2.imread(image_path)
if image is None:

raise FileNotFoundError(f”Could not read the image: {image_path}”)

hsv = cv2.cvtColor(image, cv2.COLOR_BGR2HSV)

lower_bound = np.array([20, 50, 50])
upper_bound = np.array([85, 255, 255])

mask = cv2.inRange(hsv, lower_bound, upper_bound)
highlight_color = np.array([128, 128, 128], dtype=np.uint8)
highlighted_image = image.copy()
highlighted_image[mask > 0] = (

(1 - alpha) * image[mask > 0] + alpha * highlight_color
).astype(np.uint8)

cv2.imwrite(output_path, highlighted_image)

print(“Upload your PNG files:”)
uploaded files = files.upload()

output_folder = “highlighted_images”

os.makedirs(output_folder, exist_ok=True)

for file_name in uploaded_files.keys():

output_path = os.path.join(output_folder, f”highlighted_{file_name}”)
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highlight_yellow_to_green_with_transparency(file_name, output_path)

zip_filename = “highlighted_images.zip”
with zipfile.ZipFile(zip_filename, "w”) as zipf:
for root, _, files_in_dir in os.walk(output_folder):
for file in files_in_dir:
file_path = os.path.join(root, file)
zipf.write(file_path, os.path.relpath(file_path, output_folder))

print("Download the ZIP file:”)

files.download(zip_filename)

F28 EFEEOEBRTHW-RIA N A XZERTBEOY—Xa—F

ZOa— REEY 5T, Python A7 ¢ 2 4 /L HPMYS, numpy A7 1 2 % L
HP®: Matplotlib D F 7 ¢ 2 ¥ )L HP ZHE&1C LT,

Ipip install numpy

import numpy as np

import wave

def generate_white_noise(duration, sampling rate, amplitude=0.5):
num_samples = int(duration * sampling rate)
white_noise = amplitude * np.random.uniform(-1.0, 1.0, num_samples)

return white_noise

def save_wav file(file_path, data, sampling rate):
with wave.open(file_path, 'w’) as wav_file:
wav_file.setnchannels(1)
wav_file.setsampwidth(2)
wav_file.setframerate(sampling rate)

wav_file.writeframes(data.tobytes())

duration = 30

sampling_rate = 44100
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white_noise = generate_white_noise(duration, sampling rate)

save_wav_fileCwhite_noise.wav’, white_noise, sampling rate)

38 FZEOEBRTAVEEXRRZERTHSY—RXI—F

ZOa— REEY 5T, Python 47 4 2 % /L HPMYS, numpy o4 7 1 2 % L
HP®> Matplotlib™ o> 47 ¢+ > ¥ /L HP 2#&E (12 LT-,

import numpy as np
import wave

import math

def generate_sine_wave(frequency, duration, sampling rate, amplitude=0.5):
num_samples = int(duration * sampling rate)
time = np.arange(num_samples) / float(sampling rate)
sine_wave = amplitude * np.sin(2 * np.pi * frequency * time)

return sine_wave

def save_wav file(file_path, data, sampling rate):
with wave.open(file_path, 'w’) as wav file:
wav_file.setnchannels(1) # Mono audio
wav_file.setsampwidth(2) # 16-bit audio
wav_file.setframerate(sampling rate)

wav_file.writeframes(data.tobytes())

min_frequency = 100
max_frequency = 20000
frequency_step = 100
duration =1

sampling_rate = 44100

for frequency in range(min_frequency, max_frequency + 1, frequency_step):
sine_wave = generate_sine_wave(frequency, duration, sampling rate)
file_path = f’sine_wave_{frequency}Hz.wav’

save_wav file(file_path, sine_wave, sampling rate)
Izip -t /content/download.zip /content #content

from google.colab import files

files.download(”/content/download.zip”)
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