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A bit of Phonetics



Speech Production: Source-Filter Model

● glottal folds produce primary signal
● vocal tract acts as a filter

(slightly different for voiceless sounds)

figure derived from Wikimedia Commons; CC-BY-SA-2.5
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● glottal folds produce primary signal
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– the field of movement for the tongue in
oral cavity is idealized as a trapezoid

– resonance of cavity determines vowel
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Vocalic sounds: Diphthongs

● of course, the tongue may move during the 
vowel, resulting in a changing sound

[aɪ]: “nice”, “right”, … [aʊ
]: “

lo
ud

”, …



Speech Production: Consonants

● two types of phones: 
✔ vowels: air is exhaled „freely“
– consonants: obstruction perturbs air

● although there's no clear definition 
of what is „still“ an [i:] or „already“ a [j]

● vocal tract is not just a filter but also 
a source of additional sound

● voiceless consonants: glottal folds are 
open, sound only from perturbation

● further classification criteria:
– means of articulation: voicing, mouth opening, tongue position, 

lip rounding, nasality, secondary obstructions, length, ...
● classification by International Phonetic Association



Consonants

● manner of articulation (plosives, nasals, fricatives, …)
● place of constriction (lips, teeth, … glottis)



The International 
Phonetic Alphabet
● more symbols:

– other sounds (clicks, …)
– tones
– stress marks
– lengthening
– more details

● used for narrow transcription, 
e.g. in dialectology

● languages often do not 
distinguish between 
all possible sounds



Exercise (in small groups): 

1. transcribe your name in the phonetic alphabet
2. transcribe some words (ideally: not English nor German) 

without speaking them aloud
3. exchange notes, listen carefully whether your partners 

correctly read out your transcript; check for errors



The Phonemic System of a Language

● only small subset of symbols in the IPA
● contextual rules determine phonetic realization

– e.g. German [ç/x] (“ich”/“ach”) is a single phoneme /ç/
● context limitations (Phonotactics), often in combination 

with syllabic structure
– syllable = onset + nucleus + coda
– e.g. German nucleus must be a vowel; complex coda with up to 

5 consonants (rules for consonant sequences)
– e.g. Japanese: restrictions on coda and consonant clusters: 

„Arbeit“ → „arubaito“ – „baumukūhen“, „ryukkusakku“?
– e.g. English: no /ŋ/ in onset, no /h/ in coda, …



N-American English Phoneme Set



German Phoneme Set

● more vowels(/y/, /ʏ/, /œ/), fewer diphthongs
● similar consonants 

(but their realization differs, e.g. aspiration)



Units of Speech:
Phones vs. Phonemes

● speech sounds 
(→ Phonetics)

● distinguishable units 
● language independent

● Signifiant

● linguistic symbols 
(→ Phonology)

● distinctive units 
● every language has its 

phoneme system
● Signifié

● minimal pairs: “bat” – “rat” – “cat” 

– /b/, /r/, /k/ are phonemes in English, thus different phones
● one's articulatory/perceptory capacities 

are shaped by the mother tongue(s)
– different sounds may sound identical or be hard to pronounce
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Notational 
Convention:

“examples” in quotes
/phonemes/ in slashes

[phones] in brackets



Phonotactics

● words have a phonemic representation 
in the mental lexicon:
– “probably” → /'prabəbli/

● phonotactics determines realization
– /'prabəbli/ → [prɑːbəbli]

● often material is left out in faster speech (elision)
– “probably” → →  [prɑːwliː]
– this is also (partly) determined by phonotactics 

and highly context-dependent (speed, setting, …)



Speech: the continuous signal of a symbolic system (language).



Acoustic (and other 1-dimensional) Signals

● x(t): pressure differential in air over time
● non-stationary: signal changes over time
● when voiced, signal is a 

quasi-periodic oscillation
– complex signal consisting

of multiple harmonics

time
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Complex Periodic Signals

● simplest signal: sine wave
– frequency (= 1/wavelength), amplitude, phase

● all periodic signals can be combined from 
(an infinite number) of sine waves

● e.g. the sawtooth signal: 

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

2.945 2.95 2.955 2.96 2.965 2.97 2.975 2.98 2.985 2.99 2.995 3

"sawtooth-i.dat" using 1:(-$2) every ::::2400



Fourier Synthesis

● sawtooth signal:

● approximate with fewer (than infinitely many) sine waves:

x(t)=∑
k=1

∞

sin
(2 π k f t)
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Fourier Analysis

● every complex signal can be analysed into their 
constituting sine waves (frequency, phase, amplitude) → Fourier's theorem

● speech signal
x-axis: time
y-axis: amplitude

● FFT-spectrum
x-axis: frequency
y-axis: amplitude

● phase is often ignored



The human ear performs frequency analysis.



Auditory Processing

● large spikes from harmonics of 
fundamental frequency 

● signal envelope is registered by the auditory organ
● speech sounds result

in characteristic peaks
in the signal envelope

● formants

● exception: 
non-harmonic sounds, such as plosives
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Formants

● the auditory organ performs frequency analysis
● peaks mask close-by but smaller peaks
● only largest peaks are tracked and amplified → formants
● Schwa sound (mid-central vowel): 

peaks ~ 500Hz, 1500Hz, 2500Hz
(depends on length of vocal tract)

● vowel triangle: positions of vowels
relative to 1st and 2nd formant

figure derived from Wikimedia Commons; CC-BY-SA-2.5



Speech varies over time.



Spectrogram

● display changing spectrum over time
– slice the signal into (overlapping) windows
– analyze windows individually (using Fourier analysis)
– use colors to draw spectrum strength



Thank you.
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Further Reading

● Speech Signal Representation: 

– P. Taylor (2009): Text-to-Speech Synthesis. Cambridge Univ Press. ISBN: 978-
0521899277. InfBib: A TAY 43070

– D. Jurafsky & J. Martin (2009): Speech and Language Processing. Pearson 
International. InfBib: A JUR 4204x

● Phonetics:

– M. Pétursson & J. Neppert (1996): Elementarbuch der Phonetik. Buske.
– J. Neppert (1999): Elemente einer akustischen Phonetik. Buske.

● Phonology/Phonotactics/Phonological Systems:

– E. Ternes (1999): Einführung in die Phonologie. Wiss. Buchgesellschaft. ISBN: 
978-3534138708.



Notizen



Desired Learning Outcomes

● understand the basics of phonetics:
– voiced/unvoiced sounds, place and manner of articulation, ... 
– formants explain vowel perception
– phonetics vs. phonology: (ir)relevance of variability

● understand Fourier synthesis 
– all waveforms can be synthesized from sine waves
– correspondingly, all waveforms can be analyzed into constituting 

sine waves: frequency, phase, amplitude
– speech varies over time, hence we use sliding windows


