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Lecture 4 
Phonetics: vowels 

 
Unlike consonants, vowels are produced with no constriction in the vocal tract; 

sound of vowels is determined by overall position of tongue and lips. 
Classify vowels in terms of features describing overall shape of the vocal tract. 
 
Vowel height— 

essentially corresponds to distance from tongue to roof of the mouth. 
High vowels have tongue close to roof of mouth; low vowels farther away. 

(High/low vowels also sometimes called close/open, based on the position of the jaw.) 
Heat contains a high vowel; hot contains a low vowel— 

if you say them both, you’ll feel your tongue and jaw moving up and down. 
 
Vowel frontness— 

roughly corresponds to how far forward or back the center of the tongue is. 
Kate contains a front vowel;  court contains a back vowel— 

if you say them both, you’ll feel your tongue moving forward and back. 
 
We categorize vowel sounds as high, mid, or low and as front, central, or back; 

but unlike consonants, vowel production takes place in a continuous space. 
It’s possible for one high vowel to be slightly higher or lower than another one; 

but not for an alveolar consonant to be “more alveolar” than another one. 
Thus dividing them up into e.g. high/mid/low classes is a (useful!) abstraction. 
 
Vowel roundness— 

corresponds to whether or not the lips are rounded to produce the vowel. 
In English, high/mid back vowels are rounded. 
Beet contains an unrounded vowel; boot contains a rounded vowel— 

if you say them both, you’ll feel your lips spreading and rounding. 
 
Vowel tenseness— 

corresponds roughly to amount of tension or energy in vocal tract. 
Tense vowels are more extreme in their articulation: 

tense rounded vowels have more tightly rounded lips than lax ones; 
tense front vowels are fronter than lax front vowels; etc. 
(It’s often hard to figure out the tenseness or laxness of low vowels.) 

Beet contains a tense vowel; bit contains a lax vowel— 
if you say them both, you’ll feel your vocal tract tensing and relaxing. 

Tenseness is a major feature in English; less important in many other languages. 
 
 
 
 



The laxest possible vowel sound is called schwa, symbolized [ə]: 
it’s mid, central, unrounded—lacking in energy or distinctive features. 

English uses schwa in words like comma or about. 
  

English vowels 
 
Caveat: 
 There are large differences among dialects of English in vowel pronunciation. 
What we’ll describe here is a basic default vowel system for American English; 

they may not all be accurate for the vowels in the dialect that you speak. 
IPA symbols represent specific sounds; may not be exact sounds you use. 

 

 
 

Note that the symbols differ substantially from ordinary spelling! 
 
High front tense [i]  as in fleece 
High back tense [u]  as in goose 
High front lax [ɪ]  as in kit 
High back lax [ʊ]  as in foot 
Mid front tense [e]  as in face 
Mid back tense [o]  as in goat 
Mid front lax [ɛ]  as in dress 
Mid central/back lax [ʌ] as in strut 
Mid back lax [ɔ]  as in thought 
Low front [æ]  as in trap 
Low back [ɑ]   as in spa 
 
English also has an unusual vowel [ɚ] as in nurse: mid, central, tense, and rhotic: 

this is produced with the tongue in the same position as the approximant [ɹ]. 
 
Notes:  
Many speakers use the same vowel in words like thought and spa; 

this is usually low and back and may be either rounded or unrounded. 
Officially the IPA symbol [ʌ] designates a mid back unrounded vowel; 

 it’s traditionally used for the English vowel in strut, which isn’t fully back. 



Diphthong: 
a complex vowel sound produced with the vocal tract changing position. 

E.g., the vowel in boy starts mid-back-rounded and ends high-front-unrounded. 
 
Diphthongs are transcribed as a sequence of vowels (or as vowel+approximant): 

thus boy is [boɪ]. 
 
English has three major diphthongs: 
 

Diphthong  origin    target 
[oɪ] as in boy  mid back rounded  high front unrounded 
[aɪ] as in prize  low central unrounded high front unrounded 
[aʊ] as in mouth  low central unrounded high back rounded 

 
The mid tense vowels [e] (face) and [o] (goat) are often diphthongized as well; 

each glides to the nearest high vowel, so we find [eɪ] and [oʊ]. 
 
A vowel that is not a diphthong is called a monophthong. 
 
Vowel formants 
The height and frontness of vowels can be measured fairly precisely acoustically: 

i.e., through the physical properties of the sound wave. 
 
Changing the shape of the vocal tract changes its resonant frequencies; 

 vowels sound different because different sound frequencies are amplified. 
In phonetics these resonant frequencies are called formants; 

they are measured in hertz (Hz) and visible on a graph called a spectrogram. 
 
The lowest or first formant (F1) reflects vowel height: 

high vowels have low F1, and low vowels have high F1. 
The next lowest or second formant (F2) reflects vowel frontness: 

back vowels have low F2, and front vowels have high F2. 
 
Example vowel spectrograms: 

 
 

high front vowel [i]: 
 
 
 
 
 
 
 
 

high F2 

low F1 



low front-ish vowel [æ]: 
 
 
 
 
 
 
 
 
 
 
high back vowel [u]:  
 
 
 
 
 
 
 
 
 
 
 
diphthong [aɪ]: 
the formants move as the 
vocal tract changes position 
 
 
F2 starts mid-range and rises 
 
F1 starts high 
and decreases 
 
 
A low third formant basically corresponds to the rhotic [ɚ] vowel. 
 
Stress 
Stress is a suprasegmental feature—i.e., it applies to several segments at once 

(in this case, an entire syllable). 
Stressed syllables are typically somewhat louder, tenser, and longer in duration. 
Stress is the feature that distinguishes between the noun and verb permit: 

I have a PERmit vs. I perMIT you to do that. 
The words have the same segments [pɚmɪt], but different suprasegmentals. 
 
In the IPA, primary stress is a raised tick mark before the syllable: [pɚˈmɪt]. 
Long words often have a secondary stress, like the first syllable of Pennsylvania; 

secondary stress is a low tick mark: [ˌpɛnsəlˈvenjə]. 

high-ish F2 

high F1 

low F2 
low F1 


