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ACOUSTIC PHONETICS

Primary Disciplinary Field(s): Linguistics, Speech Science, Physics, Cognitive Science

1. Core Definition

Acoustic phonetics is the sub-discipline of phonetics dedicated to the study of the physical

transmission of speech sounds. It rigorously examines the measurable physical properties of the

sound waves generated by the human vocal tract during articulation, their propagation through a

medium (typically air), and the physical means by which these signals are structured for

comprehension by the auditory system. This field focuses squarely on the signal itself--the actual

physical noise of human speech--rather than the movements required to produce it or the neural

processes required to perceive it. It operates as the crucial bridge connecting articulatory and

auditory phonetics.

The core objective of acoustic phonetics is to characterize linguistic sounds, including vowels,

consonants, and prosodic features (such as stress and intonation), based on objective, quantifiable

physical attributes. These attributes include frequency, amplitude (intensity), and temporal

duration. By analyzing these parameters, researchers can derive the acoustic correlates of specific

articulatory gestures, allowing for universal, scientific descriptions of linguistic sounds that

transcend subjective human perception. This foundation is essential for developing models of

speech perception and for advancements in computational linguistics.

The study encompasses a vast array of topics that cover both how speech is produced and the

detailed accounts of how the resulting sound structure is physically organized. Key measurable

properties include the fundamental frequency (F0), which corresponds to perceived pitch, and the

specific distribution of energy across the spectrum, often visualized using advanced mathematical

techniques like Fourier analysis. The results of acoustic analysis provide the empirical evidence

necessary for validating phonetic theories regarding sound structure and function across the

world's languages.

2. Physical Basis and the Source-Filter Theory

Human speech production is modeled acoustically using the source-filter theory, which posits

that the resultant acoustic signal is the product of two independent, separable components: the

sound source and the acoustic filter. The source refers to the sound generator, typically the

periodic vibration of the vocal folds (resulting in voiced sounds), or the aperiodic noise generated

by turbulent airflow at a constriction (resulting in voiceless sounds like fricatives). The

characteristics of the source primarily determine the fundamental frequency (F0) and the overall

spectral tilt.
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The filter is the supralaryngeal vocal tract--the cavities of the pharynx, oral cavity, and nasal

cavity. This tract acts as a resonator, selectively amplifying certain frequencies while damping

others based on its ever-changing shape, which is controlled by the articulators (tongue, lips, jaw).

The amplified frequencies are the resonant frequencies of the vocal tract, known universally as

formants. Acoustic phoneticians analyze the specific frequencies of the first few formants (F1, F2,

F3) because they directly map onto the configuration of the articulators, providing the essential

acoustic cues that listeners use to differentiate between various vowels and consonant places of

articulation.

The complex speech wave produced is highly dynamic, varying rapidly over time. It is typically

analyzed by transforming the signal from the time domain (amplitude vs. time) into the frequency

domain (amplitude vs. frequency). This transformation reveals the constituent harmonics and the

overlying formant structure, which are crucial for characterizing the physical reality of the sound.

Understanding this source-filter interaction allows acoustic phoneticians to isolate the effects of

articulation (the filter) from the characteristics of the voice (the source), providing a clearer picture

of how linguistic meaning is encoded in the physical signal.

3. Key Acoustic Parameters

Acoustic phonetics defines and measures specific parameters that serve as the physical

representations of linguistic distinctions. These objective metrics are fundamental to classifying

phonemes and understanding prosodic variations.

Fundamental Frequency (F0): F0 represents the rate of vibration of the vocal folds, measured in

Hertz (Hz). It is the primary acoustic correlate of perceived pitch. Variations in F0 are used in all

languages for intonation and emphasis, and critically, F0 contours are utilized for lexical

distinctions (tones) in tone languages, distinguishing word meaning based purely on pitch

movement.

Intensity and Amplitude: Intensity refers to the acoustic power or energy of the sound wave,

commonly measured in decibels (dB), and relates directly to the perceived loudness. Intensity

often correlates with linguistic stress and serves as an important secondary cue alongside F0 and

duration in signaling prominence.

Duration: This is the measured length of time, usually in milliseconds (ms), that a phonetic

segment or pause lasts. Duration is a crucial feature that distinguishes sounds (e.g., long vs. short

vowels) and plays a vital role in determining rhythm and timing structure (isochrony) within speech.

Formant Frequencies (F1, F2, F3): These are the frequencies of the vocal tract resonances. F1 is

inversely related to tongue height (e.g., lower F1 for high vowels like /i/ and /u/), while F2 is

strongly related to tongue advancement (e.g., higher F2 for front vowels like /i/). The specific

pattern of these formants dictates the quality of vowels and liquids, making them the most

important acoustic features for vowel classification.
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Voice Onset Time (VOT): A crucial parameter for stop consonants, VOT measures the time

interval between the release of the articulatory closure and the onset of vocal fold vibration

(voicing). Positive, negative, or near-zero VOT values are used across languages to distinguish

between voiced, voiceless aspirated, and voiceless unaspirated stops (e.g., /p/ vs. /b/ vs. /p?/).

4. Instrumentation and Signal Analysis

Modern acoustic phonetics relies heavily on digital signal processing (DSP) to capture and analyze

the complex, transient nature of speech. While early acoustic analysis utilized analog devices like

the kymograph, the field has been revolutionized by digital recording and powerful computational

analysis. High-fidelity microphones and analog-to-digital converters (ADCs) are standard

instruments used to capture the speech signal accurately, converting continuous analog waves into

discrete digital data points.

The foundational tool for visualization and analysis is the spectrogram. This is a three-

dimensional plot where time is plotted on the horizontal axis, frequency on the vertical axis, and the

intensity (amplitude) of the frequencies is represented by varying degrees of darkness.

Researchers utilize both wideband spectrograms, which clearly show the formant structure and

timing events, and narrowband spectrograms, which reveal the individual harmonics that make up

the fundamental frequency and its overtones.

Specific algorithms are employed to extract key parameters. Linear Predictive Coding (LPC) is a

mathematical technique used to model the vocal tract transfer function and accurately estimate

formant frequencies, effectively removing the source information to focus purely on the filter

characteristics. For determining pitch, specialized pitch tracking algorithms (such as

autocorrelation or cepstral analysis) are essential for robustly extracting the fundamental frequency

contour (F0 track) from a potentially noisy or complex speech signal. Software environments like

Praat are standard in the field, providing comprehensive tools for acoustic measurement and

manipulation.

5. Relationship to Articulatory and Auditory Phonetics

Acoustic phonetics operates as the central descriptive discipline, providing the empirical link

between articulation and perception. Without acoustic measurement, the relationship between a

motor command and a perceived sound would remain purely theoretical or introspective. Acoustic

data grounds the entire study of speech in measurable physical reality.

In conjunction with articulatory phonetics, acoustic findings validate theories regarding the

physiological shaping of sound. For instance, articulatory studies may identify that rounding the lips

lengthens the vocal tract; acoustic phonetics confirms this by showing that lip rounding lowers all

formant frequencies. This collaborative approach establishes the acoustic consequences of
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articulatory gestures, allowing linguists to build reliable phonological models that predict sound

changes based on physiological constraints.

In relation to auditory phonetics, acoustic parameters define the input signal upon which the

auditory system and the brain operate. Perceptual studies rely on acoustic data to design

experiments that test human sensitivity to subtle acoustic cues. For example, research into the

categorization of stop consonants depends entirely on manipulating the acoustically defined VOT

to determine the perceptual boundary--the precise VOT value at which a listener switches from

hearing /p/ to hearing /b/. Thus, acoustic measurement provides the objective stimulus

specification necessary for all auditory and psychoacoustic research in speech.

6. Applications and Technological Significance

The principles and methodologies of acoustic phonetics are indispensable for numerous

technological and clinical applications, forming the backbone of modern speech science and

engineering.

In Speech Technology, acoustic models based on phonetic data drive both recognition and

synthesis systems. Automatic Speech Recognition (ASR) systems utilize sophisticated techniques

to transform raw acoustic features (such as Mel-Frequency Cepstral Coefficients, which are

derived from spectral analysis) into abstract linguistic units, allowing computers to accurately

interpret human speech. Conversely, Text-to-Speech (TTS) synthesis requires precise acoustic

targets to generate natural-sounding synthetic speech by modeling the formants, F0 contours, and

timing characteristics derived from empirical acoustic data.

Acoustic analysis is also vital in Forensic Phonetics, where objective measurements of F0 range,

formant variability, and unique spectral features can be used to compare unknown speech samples

with known samples, aiding in speaker identification or verification. Furthermore, in Clinical

Speech-Language Pathology, acoustic metrics provide essential, objective evidence for

diagnosing and tracking voice and articulation disorders. Deviations in jitter, shimmer, F0 stability,

or atypical formant trajectories offer measurable indicators of conditions like dysarthria, stuttering,

or vocal fold pathology, facilitating precise clinical intervention.

7. Further Reading

Acoustic Phonetics (Wikipedia)

Formant

Source-Filter Model of Speech Production

Praat: Program for doing phonetics by computer
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