GENERAL

bab 10 gelombang dan bunyi

Published: September 19, 2026 | Index ID: #-

Bab 10 Gelombang dan Bunyi: A Comprehensive Guide to Waves and Sound

Waves are the language of the universe, carrying energy across space and time. From the gentle ripple on a pond
to the complex vibrations that produce music, waves play a pivotal role in both natural phenomena and
technological advancements. In this article, we'll delve into the fundamentals of waves, explore the specific
characteristics of sound waves, and uncover how these concepts are applied in everyday life. Whether you're a
physics enthusiast, a student preparing for exams, or simply curious about how sound travels, this comprehensive
guide—loosely titled “Bab 10 Gelombang dan Bunyi"—offers clear explanations, engaging examples, and practical
insights.

Understanding the Basics of Waves

What Is aWave?

A wave is a disturbance that travels through a medium, transferring energy from one point to another without
transporting matter. This disturbance can take many forms—mechanical, electromagnetic, or even gravitational. In
mechanical waves, such as those in water or air, particles of the medium oscillate around an equilibrium position.
Electromagnetic waves, like light and radio waves, propagate through a vacuum, relying on oscillating electric and
magnetic fields.

Key Parameters of Waves

¢ Amplitude: The maximum displacement of particles from equilibrium, indicating the wave’s intensity or
strength.

e Wavelength (;2* The distance between two consecutive points that are in phase, such as crest to crest or
trough to trough.

e Frequency (f): The number of wave cycles that pass a fixed point per second, measured in hertz (Hz).

e Period (T): The reciprocal of frequency, representing the time it takes for one complete cycle.

e Speed (v): The rate at which the wave propagates through the medium, calculated as v = ;2r .

Wave Equations and Relationships

Mathematically, the relationship between wave speed, wavelength, and frequency is expressed by the equation v = ;2
x f. This simple yet powerful formula allows us to predict how changes in one parameter affect the others. For
example, if a wave’s frequency increases while its speed remains constant, its wavelength must decrease
proportionally.

Types of Waves: Mechanical and Electromagnetic

Mechanical Waves

Mechanical waves require a medium to travel and are further classified into transverse and longitudinal waves.
Transverse waves, such as those on a string, have particle motion perpendicular to the direction of wave
propagation. Longitudinal waves, which include sound waves, involve particle motion parallel to the direction of
travel.



Electromagnetic Waves

Electromagnetic waves do not need a medium and can move through the vacuum of space. They encompass a
broad spectrum—from radio waves and microwaves to visible light, ultraviolet, X-rays, and gamma rays. Each
portion of this spectrum has distinct properties and applications.

Sound Waves: The Heart of Bab 10 Gelombang dan Bunyi

What Makes Sound a Longitudinal Wave?

Sound is a mechanical, longitudinal wave that propagates through a medium—air, water, or solids—by
compressing and rarefying the particles. When a source vibrates, it pushes adjacent particles, creating regions of
compression (high pressure) and rarefaction (low pressure). These alternating zones travel outward, and when they
reach our ears, they stimulate the auditory system, producing the sensation of sound.

Propagation of Sound in Different Media

« Air: Sound travels at approximately 343 meters per second (m/s) at 20 /°C. The speed increases with
temperature because warmer air molecules move faster.

* Water: Sound moves faster in water (~1,480 /m/s) due to its higher density and elasticity.

« Solids: In solids, sound can travel even faster (up to 5,000 /m/s in steel) because particles are tightly bound
and can transfer energy more efficiently.

Frequency and Pitch

The frequency of a sound wave determines its pitch. Human hearing typically ranges from 20 Hz to 20,000 Hz. A
440 Hz tone, for instance, corresponds to the musical note A above middle C and serves as a standard tuning
reference in music.

Amplitude and Loudness

Amplitude correlates with loudness; larger displacements produce louder sounds. However, human perception of
loudness is logarithmic. The decibel (dB) scale quantifies sound intensity on a logarithmic basis, where a 10 dB
increase represents a tenfold increase in intensity, but only about twice as loud to the human ear.

Quantifying Sound: Intensity, Pressure, and Decibels

Sound Intensity (1)
Sound intensity is defined as the power per unit area carried by the wave, expressed in watts per square meter (W/
m2). It's calculated using the formula | = (p2)/(< bwhere p is the pressure amplitude, 4s the medium’s density, and v
is the speed of sound.

Pressure and the Sound Pressure Level (SPL)

Sound pressure is the local pressure variation caused by a sound wave. The SPL, measured in decibels, is given
by SPL = 20 /log * €(pAin€&)e pi€ the reference pressure (20 pPa in air). This scale allows us to compare sounds
across a vast range of intensities.

Practical Applications of Decibel Measurements

¢ Occupational Safety: Workplace noise limits are often set at 85 /dB over an 8 hour shift to prevent hearing loss.

¢ Environmental Monitoring: Urban noise pollution is tracked using decibel meters to assess compliance with
regulations.

< Audio Engineering: Engineers monitor SPL to ensure optimal playback levels and avoid distortion.



Human Hearing: From Ear Anatomy to Sound Perception

Structure of the Human Ear
The ear comprises three primary parts:

1. Outer Ear: The pinna and ear canal funnel sound waves into the ear.

2. Middle Ear: The tympanic membrane (eardrum) vibrates and transmits energy via the ossicles (malleus,
incus, stapes) to the inner ear.

3. Inner Ear: The cochlea, a fluid-filled organ, converts mechanical vibrations into neural impulses that the brain
interprets as sound.
Frequency Range and Tolerance

While the typical hearing range is 20—20,000 Hz, sensitivity varies with age and exposure. High-frequency hearing
often deteriorates first, a condition known as presbycusis. Protecting ears from prolonged exposure to loud sounds
is essential to maintain hearing health.

Wave Phenomena: Reflection, Refraction, Diffraction, and Interference

Reflection of Sound Waves

When sound encounters a surface, it can reflect back. The angle of incidence equals the angle of reflection. This
principle is exploited in acoustic design to create echo chambers or to minimize unwanted reverberations in concert
halls.

Refraction and Speed Changes

Sound waves bend when moving between media with different densities or temperatures—a process known as
refraction. For example, warm air near the ground causes sound to bend upward, creating the “ground effect” that
makes distant sounds appear muffled.

Diffraction Around Obstacles

Diffraction allows sound to bend around obstacles. This explains why we can still hear a conversation across a
room even when a person stands between us and the speaker.

Interference and Standing Waves

When two sound waves of the same frequency travel in opposite directions, they interfere. Constructive interference
amplifies the wave, while destructive interference cancels it. In musical instruments, standing waves form when
reflections create nodes (points of no displacement) and antinodes (maximum displacement), determining the
instrument’s resonant frequencies.

Applications of Wave and Sound Knowledge

Medical Imaging and Diagnostics

Ultrasound imaging uses high-frequency sound waves to create real-time images of internal body structures. The
waves reflect off tissues, and the returned echoes are processed to form detailed visuals.

Non-Destructive Testing (NDT)

Industrial engineers employ acoustic waves to detect flaws in materials. By measuring reflected waves, they can
identify cracks, voids, or delaminations without damaging the component.



Seismology and Earthquake Monitoring

Seismographs record ground vibrations caused by seismic waves. By analyzing wave velocities and propagation
paths, scientists can locate earthquake epicenters and understand Earth's interior structure.

Audio Technology and Music Production

Sound engineers manipulate wave properties—frequency, amplitude, phase—to craft high-fidelity recordings.
Mixing consoles, equalizers, and compressors adjust spectral content, ensuring clarity and balance in the final mix.

Acoustic Engineering in Architecture

Architects design buildings with acoustic considerations in mind. By controlling room dimensions, materials, and
sound diffusion, they create spaces that minimize echoes, enhance speech intelligibility, and provide optimal
listening environments.

Mathematical Modeling of Sound Waves

The One-Dimensional Wave Equation

The wave equation describes how wave displacement y changes over time and space:

"2y[" 12 = c2 " 2y/" xA\n\n\nwtierthe speed of sound in the medium. Solutions to this equation yield sinusoidal waves,
standing waves, and complex waveforms.

Fourier Analysis in Sound

Any periodic sound can be decomposed into a sum of sine and cosine waves using Fourier series. This
decomposition reveals the fundamental frequency and its harmonics, essential for understanding musical timbre
and designing audio filters.

Acoustic Impedance

Acoustic impedance (Z) is the ratio of sound pressure to particle velocity. It determines how much of a wave is
reflected or transmitted at a boundary. Matching impedances between media—such as between a speaker and air
—maximizes power transfer.

Environmental and Health Considerations

Noise Pollution and Its Effects

Excessive environmental noise can lead to stress, sleep disturbances, and cardiovascular issues. Urban planners
use sound modeling to mitigate noise hotspots by incorporating green spaces, sound barriers, and building
orientation strategies.

Regulatory Standards and Compliance

Governments establish noise limits for residential, commercial, and industrial areas. Compliance is monitored
through acoustic surveys, and penalties are imposed for violations. Public awareness campaigns educate
communities on noise reduction techniques.

Personal Protective Equipment (PPE)

Hearing protection—earplugs and earmuffs—reduces sound exposure by attenuating harmful frequencies. Proper
fit and regular usage are crucial for long-term hearing preservation.

Future Directions in Wave and Sound Research
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