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Human speech is complex, and lay people are not used to describing it in technical ways. On the other hand, many people have some inkling of how to describe music. We could describe the rhythm (where are the beats? what is the tempo?), the melodic structure (what key is it in? what scale does it use? are there recurrent themes?), instrumentation, and so forth. All of these are different aspects of music, and all of them contribute to the totality of what we hear.
Describing speech is a similarly complex task. Speech involves the careful co-ordination of the lips, tongue, vocal folds, breathing and so on. The signal that we perceive as successive sounds arises from skills that we learn over years of our lives, even as our bodies grow and age. In producing even the simplest of speech sounds, we are coordinating a large number things. Phonetics involves something like unpicking the sounds of speech and working out how all the components work together, what they do, and when. It is a bit like hearing a piece of music and working out how the score is constructed. One problem we face is exactly the interconnectivity of the parts: in a way, we need to know something about everything all of the time. 
The speech chain 
Speech is the result of a highly complicated series of events. The communication in sound of such a simple concept as It’s raining involves a number of activities on the part of the speaker. In the first place, the formulation of the concept will take place in the brain; this first stage can be said to be psychological or psycholinguistic. The nervous system transmits this message to the organs of speech which will produce a particular pattern of sound; thus the second stage is physiological or, more precisely, articulatory. The movement of the organs of speech will create disturbances in the air; these varying air pressures can be investigated and constitute the third stage in the chain, the physical or, more precisely, acoustic. Since communication generally requires a listener as well as a speaker, these stages will be reversed at the listening end: the sound waves will be received by the hearing apparatus and information transmitted along the nervous system to the brain, where the linguistic interpretation of the message takes place. Phonetic analysis has often ignored the role of the listener. But any investigation of speech as communication must ultimately be concerned with both the production and the reception ends.
However, our first concern is with the second stage, speech production, or articulation. For this reason, we now examine how the various organs behave to produce the sounds of speech. 
Breathing
Speech sounds are made by manipulating the way air moves out of (or sometimes into) the vocal tract. There are a number of ways of doing this but universally across languages sounds of speech are produced on an out-breath. This kind of airflow is called pulmonic (because the movement of air is initiated by the lungs; the Latin word for lung is ‘pulmo’) and egressive (because the air comes out of the vocal tract; ‘e-’, ‘out’, ‘-gress-’, ‘move forwards’): all spoken languages have pulmonic egressive sounds.
Try an experiment. Take a lung full of air and then hum or say ‘aaah’ until you have to stop. Time yourself; it should take you quite a long time before you run out of air. Now repeat this, but breathe out first. This time, you will see that you cannot sustain the same sound for anything like as long. This is enough to show you that a simple sound like ‘aaah’ ([ɑ_]) or ‘mmm’ ([m:_] – [:] is the diacritic for long) requires an outbreath with a reasonable amount of air in the lungs.
Now try breathing in while you say ‘aah’ or ‘mmm’. You probably will find that this is quite hard, and you will probably get a more ‘croaky’ voice quality. If you try saying your name while breathing in, you will notice that it feels both unpleasant and difficult; and it doesn’t sound very good either. This is because the vocal tract works best for speech when breathing out, i.e. on an egressive airflow.
The lungs are large spongy organs in the thoracic cavity (chest). They are connected to the outside world via the trachea, or windpipe. The lungs are surrounded at the front by ribs, and at the bottom by the diaphragm. The ribs are attached to one another by intercostal muscles. In breathing in, the diaphragm lowers and the intercostal muscles make the rib cage move upwards and outwards. This increases the size of the thoracic cavity, and so it lowers the air pressure. As a result, air flows into the lungs, and they expand and fill up with air. Once inhalation stops, the diaphragm and the intercostal muscles relax, and exert a gentle pressure on the lungs. Air is forced out of the lungs, generating a pulmonic egressive airflow.
 The larynx and voicing
The larynx is a structure built of cartilage. Its main purpose is as a kind of valve to stop things going down into the lungs. You should be able to locate your larynx quite easily. You probably know it as your ‘Adam’s apple’ or voice box. It is often visible as a notch at the front of the neck.
The larynx contains the vocal folds (also known as the vocal cords, but this suggests that they are like strings on a stringed instrument, which they are not). When we breathe, they are kept wide apart, which allows air to pass freely across the glottis, the space between the folds; but during speaking, the vocal folds play an important role because they can be made to vibrate. This vibration is called voicing. Sounds which are accompanied by voicing are called voiced sounds, while those which are not are called voiceless sounds.
You can sense voicing by a simple experiment. Say the sound [m] but put your hands over your ears. You will hear quite a loud buzzing which is conducted through your bones to your ears. Now repeat this saying a [s] sound, and you will notice that the buzzing stops. Instead, you will hear a (much quieter) hissing sound, which is due to the turbulent airflow near the back of the teeth. If you now say a [z] sound, you will notice that everything is the same as for [s], except that there is the buzzing sound because [z] is voiced. Voicing is caused by the very rapid vibration of the vocal folds. 
 Airflow
Air passes out of the vocal tract through the mouth or the nose. The way that it comes out affects the sound generated, so we need a framework to describe this aspect of speech.
Central and lateral airflow
Central airflow is when the air flows down the middle of the vocal tract. If you say the sound [s], hold the articulation and then suck air in, you should feel that it goes cold and dry down the middle of your tongue and the middle of the roof of your mouth. The cold and dry patches will be more or less symmetrical on each side of your mouth. All languages have sounds with central airflow.
Lateral airflow is when the air flows down one or both sides of the vocal tract. If you say the sound [l], hold the articulation and then suck air in, you should feel this time that it goes cold and dry down one or both sides of the mouth, but not down the middle. The sides of the tongue are lowered, and the air passes out between the back teeth.
In theory, lateral airflow can be produced at the lips too: to do this, keep the sides of the lips together and try saying something like ‘Pepé bought a pencil’. It will both sound and look strange. It is probably not a surprise that no language has lateral airflow caused by constricting the lips at one side, and this combination is blocked out in the chart of the International Phonetic Association.
Oral and nasal airflow
Air can exit the vocal tract through the nose or the mouth. This is controlled by the position of the velum. The velum is a sort of valve that controls airflow through the nose. If the velum is raised, then the nasal cavities are blocked off. Consequently, air cannot pass through them, and it must exit the vocal tract through the mouth. Sounds with airflow exiting through the mouth only are said to have oral airflow. If the velum is lowered, air flows through the nasal cavities, and out through the nostrils. If the air flows through the nose, the airflow is nasal.
If you say a [s] sound and pinch your nose, you will notice that you can easily continue the [s] sound. This is because [s] is oral: the velum is raised and makes a tight seal, preventing escape of air through the nose. On the other hand, if you say a [m] sound and pinch your nose, you will notice that you can only continue the [m] sound for a very short time. This is because the lips are closed, making oral escape impossible, but the velum is lowered, so that the airflow is nasal. By pinching your nose, you effectively seal off the only remaining means of escape for the air.
A third possibility exists, where air escapes through the nose and the mouth. For these sounds, the velum is lowered, but there is no complete closure in the oral tract, as we had for [m] (where the complete closure is at the lips). A good example would be a nasalised vowel, as in the French word ‘pain’, [pã], ‘bread’. You might try making a nasalised [s] sound, [s˜], but you will notice that it is much quieter and less hissy than it should be, with as much noise caused by air coming through the nostrils as through the mouth.
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For consonantal articulations, a description must provide answers to the following questions:
(l) Is the airstream set in motion by the lungs or by some other means? (pulmonic or non-pulmonic)
(2) Is the airstream forced outwards or sucked inwards? (egressive or ingressive)
(3) Do the vocal cords vibrate or not? (voiced or voiceless)
(4) Is the soft palate raised, directing the airstream wholly through the mouth, or lowered, allowing the passage of air through the nose? (oral, or nasal or nasalised)
(5) At what point or points and between what organs does closure or narrowing take place? (place of articulation)
(6) What is the type of closure or narrowing at the point of articulation? (manner of articulation).
 Egressive pulmonic consonants
Most speech sounds are made with egressive lung air. Virtually all English sounds are so made, the exception being [p,t,k], which in some dialects sometimes become ejectives.
 Voicing
At any place of articulation, a consonantal articulation may involve the vibration of the vocal cords, i.e. may be voiceless or voiced.
[bookmark: _Toc112084108]2.1. Place of articulation
The vocal tract contains some discrete physical landmarks which are used primarily in producing and describing consonants. In describing the place of articulation, we are describing where in the vocal tract a sound is made.
Articulators are the parts of the oral tract that are used in producing speech sounds. They are often grouped into two kinds, active and passive. Active articulators are ones that move: the tongue tip is an active articulator in sounds like [s t n], since it moves up to behind the teeth. Passive articulators are articulators that cannot move, but are the target for active articulators. In the case of sounds like [s t n], the passive articulator is the bony ridge behind the upper teeth, known as the alveolar ridge.
Most places of articulation are described by reference to the passive articulator. We start our description of them with the lips, working our way down the vocal tract.
The chief points of articulation are the following: 
BILABIAL-The two lips are the primary articulators, e.g. [p,b,m]. 
Bilabial sounds are sounds made at the lips. ‘Bi-’ means ‘two’, and ‘labial’ is an adjective based on the Latin word for ‘lips’. In English, the sounds [p b m] are bilabial. If you say [apa aba ama] and look in the mirror, you will see that they look identical. If you say the sounds silently to yourself and concentrate on your lips, you will feel that the two lips touch one another for a short period, and the action is basically the same for all three sounds.
LABIODENTAL-The lower lip articulates with the upper teeth, e.g. [f,v]. Labiodental sounds are made with the upper teeth (‘dental’) against the lower lip (‘labio’). In English the labiodental sounds [f v] occur. Logically speaking, labiodental sounds could involve the lower teeth and the upper lip, but this is difficult for most people to do: it involves protruding the jaw, and most people have upper teeth that sit in front of the lower teeth.
Labiodental sounds can be made with the teeth against either the inside surface of the lip (endolabial) or the outside edge of the lip (exolabial).
DENTAL-The tongue tip and rims articulate with the upper teeth, e.g. [θ, ð], as in think and then. Dental sounds involve an articulation made against the back of the upper teeth. [θ ð] in English  are often dental; they can also be interdental, that is, produced with the tongue between (‘inter’ in Latin) the teeth, especially in North America. Dental forms of [l] and [n] are used in words like ‘health’ and ‘tenth’, where they are followed by a dental; and dental forms of [t] and [d] are regularly used in many varieties of English (e.g. some forms of Irish or New York English, and in Nigeria) as forms of [θ ð].
 ALVEOLAR-Either the blade, or tip and blade, of the tongue articulates with the alveolar ridge, e.g. English [t,d,l,n,s,z]. Alveolar sounds are made at the alveolar ridge. This is a bony ridge behind the upper teeth. If you rest your tongue on the upper teeth then gradually move it backwards, you will feel a change in texture from the smooth enamel to the bumpier gum. Just behind the teeth you should be able to feel the alveolar ridge. This sticks out a bit just behind the teeth.
People’s alveolar ridges are very variable: some are very prominent, others hardly noticeable. Alternatively, try isolating the consonant sounds in the word ‘dent’, and you should feel that the tongue tip is making contact with the alveolar ridge. Sounds with an alveolar place of articulation in most varieties of English are [t d n l r s z].
POST-ALVEOLAR-The tip of the tongue articulates with the rear part of the alveolar ridge, e.g. [ ɹ] as at the beginning of English red. Postalveolar sounds are made just behind (‘post’) the alveolar ridge. There are four of these in English, [ʃ] and [ʒ], the sounds spelt <sh> in ‘ship’, [ʃip], and <si> in ‘invasion’, [inveiʒən], and the sounds [tʃ d ʒ ] as in ‘church’ and ‘judge’. It can be hard to feel the difference in place of articulation between alveolar and postalveolar sounds, but if you produce a [s] sound, then a [ʃ] sound, and suck air in immediately after each sound, you should feel that part of the roof of the mouth which goes cold and dry is further back for [ʃ] than for [s]. Special symbols for dentals and postalveolars only exist for the fricatives.
If dental or postalveolar articulations need to be distinguished, this can be done using diacritics – characters which modify the basic value of letters, and are placed over or under simple letters. For [t], we use [t̪ t t] respectively, where [ ̪] marks ‘dental’, and [ _ ] marks ‘retracted’ (i.e. further back), i.e. postalveolar.
Postalveolars are reported occasionally in dialects which are on their way to losing distinct [r] sounds. Hedevind (1967) reports a contrast between dentals/alveolars and postalveolars (transcribed [n, z, t] in pairs such as those below in a dialect from Dent (Cumbria, Northern England).
If you slowly move your tongue away from the alveolar ridge and slide it back along the roof of your mouth, you will feel a change in texture (it will get smooth and hard) as well as a distinct change in shape (it will feel domed). This domed part is known as the hard palate. (You may be able to curl your tongue even further back, when you will feel a change in texture again – it will feel soft – and it might feel a bit uncomfortable; this is the velum, or soft palate.)
RETROFLEX-The tip of the tongue is curled back to articulate with the part of the hard palate immediately behind the alveolar ridge, e.g. [ɻ] such as is found in South-West British and some American English pronunciations of red. Retroflex sounds are made with the tongue curled (‘flex’) back (‘retro’) to the hard palate. (This is one case where the ‘place of articulation’ refers to the active articulator.) The symbols for retroflex sounds are easy to remember: they all have a rightward-facing hook on the bottom: [t ֖ d֖  s֖  l֖  n֖  r֖].
Retroflex [ t֖ d֖ n֖] are frequently used in Indian varieties of English instead of alveolars for the sounds [t d n]. (Many Indian languages have dental and retroflex or postalveolar sounds, but not alveolar.) The retroflex fricative sound [֖s] also occurs in some varieties of English, notably some Scottish and North American varieties, as a combination of [r] + [s], as in ‘of course’, [əv kɔ֖s]. And many varieties of American English use [ ɻ] for the r-sound; this is also known as ‘curled-r’.
CORONAL’
On the IPA chart, sounds are described according to where in the mouth they are made; but it is equally important to think about which part of the tongue is used to make them. Dental, alveolar, postalveolar and retroflex sounds are all made with the front part of the tongue, the tip (the very frontmost part of the tongue) or the blade (the part just behind the tip). There is a lot of variability among English speakers as to which part of the tongue they use to articulate dental, alveolar and postalveolar sounds, so usually this factor is ignored, since it seems to play no linguistic role for English. In the phonology literature, sounds made with the front part of the tongue are often called coronal, a term which does not appear on the IPA chart. (The Latin word ‘corona’ means ‘crown’; this is the term used to refer to the front part of the tongue.)
PALATO-ALVEOLAR-Either the blade, or the tip and blade, of the tongue articulates with the alveolar ridge and there is at the same time a raising of the front of the tongue towards the hard palate, e.g. [ ʃ ʒ   ʧ ʤ] as in English ship, measure, beach, edge.
PALATAL-The front of the tongue articulates with the hard palate, e.g. [j] or [ ҁ;] as in queue [kju:] or [kҁu:] or a very advanced type of [k,g] = [c,  Ꝭ], as in French quitter or guide. Palatal sounds are made with the tongue body, the massive part of the middle of the tongue, raised up to the hard palate, or the roof of the mouth. Palatal sounds aren’t common in English, except for the sound [j], which is usually spelt <y>, as in ‘yes’, ‘yacht’, ‘yawn’; or as part of the sequence [ju] represented by the letter <u> in words like ‘usual’, ‘computer’.
VELAR-The back of the tongue articulates with the soft palate, e.g. [k,g,ŋ ], the last as in sing. Velar sounds are made with the tongue back (or dorsum) raised towards the soft palate. The soft palate is at the back of the roof of the mouth, and is also known as the velum. The sounds [k g] are velars, as is the sound [ŋ], represented by <ng> in words like ‘king’, ‘wrong’, ‘hang’. 
The velum also acts as a kind of valve, because it can be raised and lowered. When it is lowered, air can pass into the nasal cavities and escape through the nose. When it is raised, the nasal cavities are sealed off, and air can only escape through the mouth.
UVULAR-The back of the tongue articulates with the uvula, e.g. [K] as in French rouge. Uvular sounds are made with the uvula (which is Latin for ‘little egg’, the shape of the uvula). The uvula is the little fleshy appendage that hangs down in the middle of your mouth at the back. If you gargle, the uvula vibrates. French, German, Dutch and Danish all use uvular articulations for orthographic <r>; and in fact, one variety of English (around the north east of England) has, in its more archaic forms, a uvular sound too in this position.
GLOTTAL-An obstruction, or a narrowing causing friction but not vibration, between the vocal cords, e.g. English [h] as in ham. Glottal sounds are made at the glottis, the space between the vocal folds, which are located at the larynx. English uses a number of such sounds: [h] as in ‘head’ and its voiced equivalent between two vowels, [ ĥ ], as in ‘ahead’; and the glottal stop [ʔ], which is often used alongside or in place of [t] (as in many Anglo-English – that is, the English of England – pronunciations of words like ‘water’, [wɔ_tə, wɔ_ʔə]), and in words that begin with vowels (as in many American and Australian pronunciations of phrases like ‘the [ʔ]apple’).
PHARYNGEAL
The pharynx is the cavity behind the tongue root and just above the larynx. Pharyngeal sounds are made by constricting the muscles of the neck and contracting the pharynx; this kind of articulation occurs rarely in English. Pharyngeal sounds that are produced in the pharynx do not occur in English but for example in Arabic.
 Table 2 lists all places of articulation together with the corresponding activities of the articulators. 
Table 2. Places of articulation of consonants.
	Name
	Example
	Articulators involved

	bilabial 
	[b]
	both lips

	labiodental 
	[f]
	lower lip and upper teeth

	(inter-)dental 
	[ð ]
	tongue and teeth

	alveolar 
	[s]
	tip of tongue and alveolar ridge

	postalveolar 
	[ʃ]
	blade of tongue and place just behind alveolar ridge

	retroflex 
	[ꭉ]
	tip of tongue, curled up and back, and palate

	palatal 
	[j]
	blade of tongue and palate

	velar 
	[g]
	back of tongue and velum

	uvular 
	[R]
	uvula

	pharyngeal 
	[h]
	pharynx

	glottal 
	[h]
	vocal folds

	labiovelar 
	[w]
	lips, back of tongue and velum




[bookmark: _Toc112084109]2.2. Manner of articulation
As well as knowing where a sound is made, we need to know how it is made. Consonants involve at least two articulators. When the articulators are brought closer together, the flow of air between them changes: for instance, it can be stopped or made turbulent. The channels between any two articulators govern the pressure and flow of air through the vocal tract, and in turn this affects the kinds of sound that come out. The way a sound is made (rather than where it is made) is called manner of articulation. Most manners of articulation are combinable with most places of articulation.
Stop articulations
Stop articulations are those sounds where a complete closure is made in the oral tract between two articulators; this stops the air moving out of the oral tract. Stop articulations include a whole range of sound types, which vary according to the kind of airflow (oral vs. nasal) and whether the closure can be maintained for a long time or not.
Plosives are made with a complete closure in the oral tract, and with the velum raised, which prevents air escaping through the nose. English plosives include the sounds [p t k b d g]. Plosives are ‘maintainable’ stops because they can be held for a long time, and the closure portion arises from a deliberate articulation. The term ‘plosive’ relates to the way the stop is released – with what is sometimes called an ‘explosion’. It is worth pointing out that many phoneticians use the word ‘stop’ to mean ‘plosive’. We are using the word ‘stop’ in Catford’s (2001) sense.
Nasals are made with a complete closure in the oral tract, but with the velum lowered so that air escapes through the nose. For English there are three main nasal sounds, [m n ŋ], bilabial, alveolar and velar respectively. Nasals are usually voiced in English. The other kinds of stopped articulations are trills and taps. In these sounds, a closure is made only for a very short time, and the closure arises because of aerodynamics or the movement of articulators from one position to another.
Trills are rare in English, but they are one form of ‘rolled r’: they involve the tongue tip striking the alveolar ridge repeatedly (usually three to four times). They have a very restricted occurrence in English, primarily among a very particular kind of theatrical performer, though they are often thought of as typically Scottish.
Taps on the other hand are quite common in English. These consist of just one short percussive movement of the tongue tip against the alveolar ridge. They occur in many varieties of English, but are especially well known as kinds of [t] or [d] sound in many North American varieties in words like ‘bu[ɾ]er’, ‘wri[ɾ]er’, ‘a[ɾ]om’.
Fricative articulations
Fricative articulations are the result of two articulators being in close approximation with each other. This is a degree of stricture whereby the articulators are held close enough together for air to pass between them, but because the gap between them is small, the airflow becomes turbulent and creates friction noise. (In lay terms, we might talk about a ‘hissing’ sound.) Fricatives in English include [f v ð θ  s z ʃ ʒ], the sounds represented orthographically by the underlined portion: fish, vow, think, then, loose, lose, wish, vision. Notice that there are not very consistent representations particularly for the sounds [ʃ ʒ] in English spelling.
Fricative articulations can be held for as long as there is sufficient air to expel. The amount of friction generated depends on the amount of air being forced through the stricture and on the degree of stricture. If you produce a [s] sound and then push more air out, you will notice an increase in the loudness (intensity) of the friction. If you do this and at the same time make the tongue tenser, the intensity of the friction will increase and the friction will sound ‘sharper’. On the other hand, if you relax the articulators in producing a [s] sound, you will notice that the friction gets quieter and that it changes quality, becoming ‘flatter’.
Affricates are plosives which are released into fricatives. English has two of these: [tʃ dʒ], both postalveolar, as in ‘church’ and ‘judge’. The sounds [h  ɦ] as in ‘heart’ and ‘ahead’ are voiceless and voiced glottal fricatives respectively. These sounds are produced with friction at the glottis. Tongue shape plays a determining role in the overall sound of fricatives.
Table 3. Manners of articulation of consonants. 
	plosive 

	[p]
	complete blockage of airstream with
subsequent sudden release

	fricative 

	[f]
	two articulators create obstruction that
leaves only a small space through which
airstream is forced; turbulence is created

	affricate 
	[pf]
	combination of plosive plus fricative

	trill 

	rolled [r]
	repeated hitting of one articulator with
another

	tap 
	[ſ]
	one articulator hitting another once

	lateral approximant
	[l]
	 airstream passes at both sides of tongue

	approximant
	[j]
	two articulators move towards each
other; no friction created

	nasal
	[n]
	velum lowered; airstream passes through
the nasal cavity



Resonant articulations
If articulators are held so as not to generate friction, but to allow air to pass between them smoothly, then we get articulations known as resonant. The degree of stricture is known as open approximation, and consonant sounds generated this way are called approximants. Vowels are another kind of resonant articulation.
Approximants in English include the sounds [j w l r]. (Note: [j] stands for the sound usually written <y> in English, as in ‘yes’. The phonetic symbol [y] stands for a vowel.) [j w] are often called glides, because they are closely related in phonetic terms to the vowels [i] and [u], and can be thought of as non-syllabic versions of these vowels. [l r] are often called liquids, and they have certain similarities in the places where they occur in consonant clusters. We will use the symbol [r] for now to represent any kind of [r]-sound, though for the majority of English varieties, a more accurate symbol would be [ɹ].
The English approximants [w j r] are central and [l] is lateral. Approximants are among the phonetically most complex of sounds in English because they typically involve more than one articulation. 
Summary
There are three main aspects of the production of speech sounds in English: voicing, place of articulation and manner of articulation. We have introduced much terminology for describing speech sounds. 

[bookmark: _Toc112084110]2.3. The degree of noise
The production of voicing
Good examples of pairs of sounds distinguished by voicing in English are [s f ] (voiceless) and [z v] (voiced). Produce a [s] or [f] sound; close your eyes and concentrate on how it feels to produce this sound; and then make a [z] or [v] sound instead. Now produce chains of sounds like [s z s z s …] or [f v f v …] without inserting a pause between them. If you put your fingers in your ears, you will notice a humming or buzzing for [z v] which is not there for [s f ]. With the fingers resting very lightly on your larynx, you will notice that [z v] involve a vibration that you do not feel for [s f ].
Voicing is produced when the vocal folds vibrate. The vocal folds are located in the larynx, which sits just below where your jaw meets your neck. For males, there is a rather prominent notch at the front of the larynx, and it is a couple of centimetres below the jawbone; for females, the larynx is less prominent and may be a bit higher up the neck. If you watch yourself in a mirror, you will probably be able to see your larynx bob down and then up again as you swallow.
The larynx is constructed from three main cartilages: the thyroid, cricoid and arytenoid cartilages. Of these three, the thyroid is the most obvious. It is the largest and is at the front of the larynx, and forms the ‘box’ of the larynx. It consists of two plates which are joined at an angle at the front. Female thyroids are at a wider angle than male thyroids, so the notch where the plates meet is more obvious in males than in females. The thyroid cartilage is attached by muscles to the hyoid bone higher up in the neck.
The cricoid cartilage is a sort of ring shape underneath the thyroid. It forms the bottom part of the ‘box’. It has two spurs at the back, one on each side, which reach up to behind the bottom part of the thyroid. The two artytenoid cartilages sit on top of the back of the cricoid cartilage. They can move together and apart, rock backwards and forwards as well as rotate.
The vocal folds are two ligaments (fibrous tissues) which are covered in mucous membrane. They are attached to the arytenoids at the back and the thyroid at the front. At the side, they are attached to muscle in the larynx. In the middle they are free, so that there is a gap or a space between them, known as the glottis. The arytenoids can move, but the thyroid is static; by manipulating the arytenoids, the tension across the vocal folds can be changed, as can their thickness and the way they vibrate.
How the vocal folds vibrate
The vocal folds form a kind of valve. Their primary function is to prevent anything entering the lungs, such as food or water, by forming a stoppage in the windpipe. For example, if when you swallow something ‘goes down the wrong way’ (a description which is actually rather accurate), the reflex reaction is to close the vocal folds tightly together, and then cough. Coughing involves an increase of air pressure below the closure at the glottis, and then releasing the closure forcefully in an attempt to expel anything that has fallen down too far. You can make a cough and then release it more gently: this release of the cough is a glottal stop, transcribed [ʔ]. For breathing, the vocal folds are open and held wide apart so that air can pass in and out of the lungs unimpeded. If you breathe with your mouth open, you will hear only a gentle noise as the air moves in and out of your body. However, you can make a little more tension across the vocal folds, and you will get a [h] sound.
Sounds that are made with the vocal folds open, allowing the free passage of air across the glottis, are voiceless. In English, voiceless sounds include [p t k f θ s ʃ]. Voiceless sounds often have a more open glottis than the state of the vocal folds for breathing. Voiced sounds are made with a more or less regular vibration of vocal folds. They include: [b d ð v d z ʒ m n ŋ l r w j] and all the vowels. The way the contrast between voiced and voiceless sounds is accomplished phonetically involves more than the presence or absence of vocal fold vibration.
We will now take a look at the mechanism by which voicing is produced. The vibration of the folds is not caused directly by commands from the brain telling the folds to open and close: it is caused by having the right amount of tension across the folds. When the folds are shut, the air below them cannot escape, yet the pressure from the intercostal muscles has the effect of forcing the air out. So the pressure builds up below the glottis. Once this pressure is great enough, it forces the folds to open from below, until eventually they come open. Once they are open, and air can pass through the glottis, the air pressure above the glottis and below the glottis equalises. Now the tension across the vocal folds forces them back together again, making a closure again. The process now repeats itself: the folds are closed, air cannot escape through the glottis, so the pressure builds up, the folds are forced open, the pressure equalises, the folds close again. This cycle of opening and closing is an aerodynamic effect called the Bernoulli effect.
When the vocal folds vibrate making complete closure along their full length (that is, with no gaps in contact between the vocal folds), with regular vibration, and with no particular tension in the folds to make them especially thick (and short) or thin (and long), this is called modal voicing. Few speakers really achieve modal voicing, but since most people have a ‘normal’ setting (that is, one that has no particular distinguishing features for them), we often speak of modal voicing to mean a person’s default voice quality.
Obstruents and sonorants 
It is sometimes found useful to classify categories of sounds according to their noise component. Those in whose production the constriction impeding the airflow through the vocal tract is sufficient to cause noise are known as OBSTRUENTS.
This category comprises plosives, fricatives and affricates. SONORANTS are those voiced sounds in which there is no noise component i.e. voiced nasals, approximants and vowels.

[bookmark: _Toc112084111]2.4. Fortis and lenis
A voiceless/voiced pair such as English /s,z/ are distinguished not only by the presence or absence of voice but also by the degree of breath and muscular effort involved in their articulation. Those English consonants which are usually voiced tend to be articulated with relatively weak energy (they are LENIS), whereas those which are always voiceless are relatively strong (they are FORTIS). Indeed, we shall see that in certain situations, the so-called voiced consonants may have very little voicing, so that the energy of articulation becomes a significant factor in distinguishing the voiced and voiceless series.

[bookmark: _Toc112084112]The description and classification of speech sounds. Vowels
Vowels are normally made with a voiced egressive airstream, without any closure or narrowing such as would result in the noise component characteristic of many consonantal sounds; moreover, the escape of the air is characteristically accomplished in an unimpeded way over the middle line of the tongue. We are now concerned with a glottal tone modified by the action of the upper resonators of the mouth, pharyngeal and nasal cavities. The movable organs mainly responsible for shaping these resonators are the soft palate, lips and tongue. A description of vowel-like sounds must, therefore, note:
(1) The position of the soft palate-raised for oral vowels, lowered for nasalized vowels.
(2) The kind of aperture formed by the lips-neutral, spread, close-rounded, or
open-rounded.
(3) The part of tongue which is raised and the degree of raising.

[bookmark: _Toc112084113]3.1.  The system of cardinal vowels

The IPA describes vowels using a set of reference vowels called cardinal vowels (CVs). The idea for this is found in 1844 in the work of A. J. Ellis; but it was around the time of the First World War that Daniel Jones, a phonetician at University College, London, first worked out the system of cardinal vowels which is still in use today. Jones trained many phoneticians in Britain, for many years, and the oral tradition of learning and perfecting one’s cardinal vowels is still strong among phoneticians in Britain, the USA, Germany, Australia and elsewhere who are trained in the ‘British’ tradition.
Cardinal vowels are a set of reference vowels that have predetermined phonetic values. Other vowels are described with reference to the cardinal vowels. A phonetician can say: this vowel sounds like cardinal vowel 2, but is a little more open; or, this vowel is half way between cardinals 6 and 7. One phonetician can replicate the sound described by another following the instructions given alongside the transcription.
The cardinal vowels represent possibilities of the human vocal tract rather than actual vowels of a language because they are established on theoretical grounds. They are independent of any particular language. Cardinal vowels are best learnt from a trained phonetician. It takes much practice to get them right, and to learn them well, good feedback is needed. 
[image: ]

Figure 1 The primary Cardinal Vowels
[bookmark: _Toc112084114]3.2.  Vowels in English ‘keywords’
We will adopt the system of so-called ‘keywords’. The concept comes from John Wells’s work (1982), and it makes use of English spelling, which is independent of dialect. Keywords exploit the fact that the spelling often captures potential (or English-wide) differences which are not exploited in all varieties of English. Referring to vowels by keyword makes it easier to compare across dialects. If we referred to ‘the phonemes of American English’ and ‘the phonemes of RP’, there would be different sets, and the phonemes would not be distributed in the same way through the lexicon. Keywords make it easier to see what the distribution is and provide a way to refer to classes of vowels without using phonemes.
Vowels are perhaps the most important variable between varieties of English. If you think of a word in your own variety, and compare it with the pronunciation of that word in some other variety, you will easily be able to appreciate this. First, there are systemic differences: i.e. differences in the structure of the vowel system. For example, most northern varieties of Anglo-English, and southern Irish, have five short vowels, [i ε a ɒ υ], which in stressed syllables must be followed by a consonant (in words like ‘hid’, ‘head’, ‘had’), but most other varieties have six: the five ‘northern’ ones plus [ʌ]. So in words like ‘love’, ‘run’, ‘up’, some varieties have [υ], while most have [ ʌ].
Vowel length can be a systemic difference. In Anglo-English (and many other) varieties, there is a contrast between ‘long’ and ‘short’ vowels, in pairs like ‘bit’ – ‘beat’, ‘cot’ – ‘caught’. Speakers have to learn which words have long vowels, and which have short; it is a lexical property. In Scottish and northern Irish varieties, vowels are long or short depending on where they are in a word, the consonant that comes after them, and even the morphological shape of the word: in these varieties, ‘brood’, [brud], is a morphologically simple word with a short vowel, but ‘brewed’ is ‘brew’+‘ed’, [bru:d], which conditions a long vowel.
Vowel duration also depends on a following syllable-final consonant. Before voiced consonants, vowels are regularly longer; before voiceless consonants, they are regularly shorter: in the words ‘heed, heat, hid, hit’, the vowels are progressively shorter in duration.
Another systemic variable is rhotics (r-sounds). Some varieties (such as most of Anglo-English, Australia, New Zealand, South Africa and parts of the USA) only permit [r] sounds before vowels – they are nonrhotic – while others (such as most of north America, parts of England, Ireland and Scotland) permit [r] after vowels and before consonants and are called rhotic.
Non-rhotic varieties typically have a larger number of diphthongs (vowel + vowel combinations) than do rhotic varieties. For example, in RP, the word ‘care’ in isolation is pronounced [kεə]. When a consonant comes after it, as in ‘I don’t care for that’, the word is also pronounced [kεə]. But if a vowel follows, then [r] is inserted, as in ‘care [kεər] in the community’. In rhotic varieties, the word ‘care’ is always pronounced with [r], e.g. [ke:r].
Linking- and intrusive-r
English dialects are classed as either rhotic or non-rhotic. Rhotic dialects are those where [r] is pronounced after vowels: so words like ‘car’, ‘weird’, ‘born’ are pronounced with [r]. In these dialects, word pairs like ‘sauce’ – ‘source’ and ‘law’ – ‘lore’ are not homophones; the second item of the pair is pronounced with [r], while the first one is not; and the two words might have different vowel qualities too.
Non-rhotic dialects are ones where [r] is pronounced only before a vowel. After a vowel, [r] is not pronounced; but usually the vowel has a centring off-glide, producing diphthongs like [iə uə εə], or is long, as in [i: ε: ɔ: ɑ:]. Non-rhotic varieties include much of England, Wales, Australia, New Zealand and South Africa, and some parts of North America. In these varieties, pairs like ‘sauce’ – ‘source’ and ‘law’ – ‘lore’ are frequently homophones. But these varieties usually have [r] as a linking sound.
When r-final words join with vowel-initial words, [r] is inserted. So while ‘I fear nothing’ has no [r], ‘I fear evil’ usually does. This is often called linking-r.
This principle is often overgeneralised by non-rhotic speakers. If we take two verbs, ‘saw’ and ‘soar’, both pronounced [sɔ:] by non-rhotic Anglo-English speakers, and add the suffix <-ing>, we get ‘sawing’ and ‘soaring’. While ‘sawing’ can be pronounced [sɔ:iŋ], it can also be pronounced [sɔɹiŋ], homophonous with ‘soaring’. This is often called intrusive-r, because in these cases [r] is pronounced where historically there is no warrant for it. It happens between words too, as in ‘law[r] and order’, ‘Pizza[r] Express’, ‘vodka[r] and lime’. On the other hand, African American Vernacular English, which is reported by Labov (1972) as being mostly non-rhotic, sometimes drops [r] where rhotic speakers have it, e.g. story [stɔi], Paris [pæs], Carol [kal].
From the point of view of modern speakers, linking- and intrusive-r are the same phenomenon: a way to join two vowels together by using an alveolar approximant. The term intrusive-r has its basis in the spelling system of English: the only difference between linking-r and intrusive-r is that intrusive-r refers to a linking-r when there is no <r> in the spelling.
Distinctions made in one variety are not always made elsewhere: for instance, for many Anglo-English speakers, ‘paw’, ‘poor’, ‘pore’ have identical vowels (such as [ɔ:]), while other English speakers do distinguish these (e.g. as [ɑ, ur, ɔr]); some American speakers do not distinguish ‘merry’, ‘Mary’ and ‘marry’, [meri], which are all distinct in e.g. RP, [mεri, mεəri, mæri]. While northern and southern varieties of Anglo-English both have a short [a] vowel and a long [ɑ:] or [a:] vowel, there are distributional differences, so that words like ‘grass’, ‘bath’, ‘after’ have the short vowel [a] in the north, but the long one, [ɑ:] or [a:], in the south. Finally, varieties vary in realisation; that is, in the way phonologically equivalent vowels are produced. Australian English has virtually the same vowel system as southern Anglo-English; but  their realisations in these varieties are different. So we cannot state what ‘the vowels of English’ are, because they vary so much, and along many dimensions.
More on the keyword transcriptions
The RP transcription uses symbols which reflect the preferences of teachers of English as a Foreign Language; simple symbols are used (such as [e] rather than [ε]) but the symbol [æ] is used (rather than simpler [a]) because it reminds students that the front open vowel in RP is closer than [a] in e.g. many European languages. The system used for American English here is one of four presented in the Handbook of the IPA (IPA, 1999). This system marks both vowel quality and vowel length, so it is more detailed and less simple than it need be. For instance, the pair ‘bead’ – ‘bid’ is transcribed [i:  I], rather than e.g. [i: i] or [ i I], which also capture the distinction.
Transcriptions of Australian English were traditionally based on transcriptions of RP. The one presented here attempts to capture the quality of Australian vowels rather than using RP as a model. New Zealand English is subtly different from Australian English, and this can be seen in the choice of transcription symbols for New Zealand, which are rather faithful to the phonetic detail.
Voiceless vowels
A common feature of conversational speech is the devoicing of vowels in unstressed syllables, especially adjacent to voiceless consonants. The IPA marks voiceless vowels with the diacritic [ ̥].
The commonest environment for devoicing is where there is an unstressed vowel with voiceless consonants on either side. Words like ‘potato’ and ‘suppose’, which have unstressed first syllables and voiceless consonants on either side of the vowel, frequently have voiceless vowels in the first syllable: [pə̥th-], [sə̥pͪ-].
(5) get t[ə̥] p[ə̥]sitions of power
yeah, this [i̥]s Marcia
I am going t[ə̥] cook t[ə̥]day …
what I’m having to do f[ə̥] people I know …
s[ə̥] sh[i̥]s came in asking me if I’d seen Gary
In a few cases, devoicing can give rise to pairs of words which are only slightly different such as: ‘sport/support’, [sp-, səpͪ-]; ‘please/police’, [pl̥-, pə̥l-]. The main differences in these pairs are in the co-ordination of voicing with other articulatory events and the duration of the surrounding sounds. For example, in ‘sport’ vs. ‘support’, the main difference is in the immediate start of voicing on release of the plosive in ‘sport’, and the rounding starting earlier in ‘sport’ than in ‘support’. 
Approximants
Table 4. Approximants in English at the systematic level.
	
	Alveolar
	Alveolar lateral
	Palatal
	Labiovelar


	Approximants
	             r         
	l  
	         j
	             w



Approximants are like vowels: in fact, the definition just given fits vowels as well as approximants. The theoretical distinction between consonants and vowels is difficult to make. In common with the IPA, we will treat vowels as sounds which form a syllable, and approximants as vocalic sounds which function as consonants.

[bookmark: _Toc112084115]3.3. Articulatory classification of vowels 

Although precise descriptions of vowels are better done auditorily, nevertheless it is convenient to have available a rough scheme of articulatory classification. Such a scheme is represented by the vowel diagram on the chart of the International Phonetic Alphabet (IPA). It will be noticed that this is of similar shape to the Cardinal Vowel diagram although a single line is used centrally rather than a triangle. Labels are provided to distinguish between FRONT, CENTRAL and BACK, and between four degrees of opening: CLOSE, CLOSE-MID, OPEN-MID and OPEN (see Fig. 2). At each intersection point on the periphery of the diagram on the IPA chart two symbols are supplied; these symbols are the same as those used for the Cardinal Vowels. However, on the IPA chart the UNROUNDED vowel is always the first of the pair and the ROUNDED the second;

[image: http://www.ochsenmeier.com/wp-content/uploads/2015/11/engvowels.jpg]
Figure 2 Articulatory labels combined with the Cardinal Vowel diagram.
We cannot say that the first corresponds to the primary cardinal and the second to the secondary cardinal. (It will be remembered that primary cardinals involve the most frequent lip positions, back vowels being more usually rounded). 
[bookmark: _GoBack] Vowels are usually classified according to three characteristics: vowel height, vowel location and lip position. Vowel height refers to the highest point of the tongue in relation to the roof of the mouth. A high vowel such as [i] in bee is produced with the tongue close to the roof of the mouth; for a low vowel such as [a] there is a considerable gap between tongue and roof of the mouth. Mid vowels such as [e] in bed are articulated with the tongue in mid position between high and low. Vowel location refers to the section of the tongue that is raised during the production of the vowel. In front vowels such as [i], the front of the tongue is raised towards the hard palate. In back vowels such as [u], the back of the tongue is raised towards the velum. Central vowels such as the vowel [3] in her are produced with a raised central part of the tongue. The lips can be either rounded as for the production of [u] or unrounded (sometimes also spread) for vowels such as [i]. The vowel [i] in beat is thus classified as a high, front, unrounded vowel. 
In Table 5. the articulatory classification of vowels in RP and GA is presented
Table 5.     The vowels of RP and GA and their transcription
	Phonetic symbol
	RP
	GA

	i
	key
	key

	u
	moon
	moon

	I 
	sit
	sit

	ʊ
	good
	good

	e
	bed
	

	ɛ
	
	bed

	ɜ
	bird
	bird

	ə
	arise
	arise

	ɔ
	caught
	caught

	æ
	bad
	bad

	ʌ
	cut
	cut

	ɒ
	hot
	

	a
	laugh
	hot
(caught)

	ei
	fate
	fate

	aʊ
	mouth
	mouth

	əʊ
	bode
	

	oʊ
	
	bode

	ai
	by
	by

	ɔi
	boy
	boy

	ʊə
	poor
	

	eə
	there
	

	iə
	here
	

	aiə
	fire
	

	eiə
	player
	

	aʊə
	power
	


Table 5 shows the vowel inventories of both RP and GA. However, the fact that RP and GA both have very similar vowel inventories does not mean that they use the same vowels in the same words. Table 5, the vowel in the word bed is produced with a lower tongue position in GA than in RP.
The monophthongs of RP and GA can be divided into long and short ones (see Table 6). Many textbooks suggest using the diacritic : to indicate phonemic vowel length, although this is redundant since the phonetic symbols themselves distinguish these vowels clearly.
Table 6. Phonemically long and short vowels in RP and GA.
	RP
	GA

	Long vowels
	Short vowels
	Long vowels
	Short vowels

	i:
	I 
	i:
	I 

	u:
	ʊ
	u:
	ʊ

	ɔː
	ʌ
	ɔː
	ʌ

	a:
	æ
	a:
	æ

	ɜ:
	ə
	ɜ:
	ə

	
	e
	
	

	
	ɒ
	
	



The terms 'long' and 'short' are phonological terms and do not always correlate with phonetic reality. In actual speech, vowel length varies with the type of consonant following it and the type of syllable in which the vowel occurs. Voiced consonants trigger greater length in preceding vowels, voiceless consonants trigger shorter length in preceding vowels.
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