
Anatomy, Physiology and the Care of the Voice 

The production of articulate sound is a series of processes involving both the anatomy and the physiology. Hopefully you will come to understand how the different steps along the path of voice and speech lead to the utterance that creates spoken language. 

However, one must remember that voice, many of these processes work at once, and the action of speaking is complex and integrates many actions at once.

· Framework 

· Respiration 

· Phonation . 

· Resonation  

· Articulation 

· Care of the voice. 

 

Respiration

Breath can be thought of as two simple processes: 

· the chest expands, air is drawn in 

· the chest compresses, air gets pushed out 

inhalation - exhalation 

The Greek word psyche, meaning 'soul', has the same root as psychein, meaning 'to breathe'; and the Greek word pneuma, meaning 'spirit', also means 'wind'. Furthermore, the Latin words animus, meaning 'spirit', and anima, meaning 'soul', come from the Greek anemos, which is another word for 'wind'. Similar connections also exist in Arabic and German and they remind us that in many cultures the notions of psyche, spirit and soul have been related to the idea of the movement of air. 

This connection between air and soul is also contained in the fact that the human voice as the audible expression of the psyche can only be created through the emission of air from the body. 

from The Singing Cure by Paul Newham. 



Many theories exist about how an actor should apply breath to the process of performance. Singing actors in particular often struggle with integrating the process of breathing they learn for singing, that may be rather sophisticated, with some other breathing technique for speaking. What is most important, in my eyes, is an awareness of what is going on, and through that awareness one can integrate all the uses one has for breath. The material presented here can only help you to appreciate what you feel during each breath cycle - and I recommend that you explore the ideas in your own body as you  read the text supplied here. 

Anatomy 

· lungs
· diaphragm
· intercostals
support 

· abdominals
· lower back 



The Physics of Breathing 

You may remember from your highschool physics classes that "nature hates a vacuum". This principle drives the action of the breath. 

Receiving various signals from the nervous system, the diaphragmatic muscles contract and the diaphragm moves DOWNWARD. As the diaphragm depresses, it creates a vacuum in the lungs and air rushes in to fill it. 

As the diaphragm relaxes, it pushes the molecules closer together, increasing the internal pressure in the lungs. The air flows from the lungs into the lower pressure outside the body. 

Or in other words... 
Inhalation
· diaphragm contracts and drops 

· lung volume gets larger, creating a negative pressure difference

· air rushes in

Exhalation
· diaphragm relaxes and rises

· lung volume decreases, creating a positive pressure difference

· air rushes out

The Application of Breath to the Work of the Performer 

Initially, every person approaches the study of breathing in her or his own way, often without much awareness at all. Part of the process of studying voice and speech is developing an acute awareness of the actions involved in breathing and exploring them in depth. A teacher is essential to gaining confidence and trust of your own breath, and to guide you towards a greater understanding of the potential that breath carries for the performer. 

In the early part of this century, there was one overwhelming strategy regarding breath for the performer in the European tradition: Rib Reserve. This technique has largely fallen out of fashion today and involved lifting the ribs and maintaining their position while using the diaphragm and abdominals "as a bellows". The rib "reserve" was there for "emergencies", when one could rely on an extra helping; unfortunately, in learning how to artificially hold the ribs up, many who used it got stuck with them there and could never let them back down. This lead to very stiff actors with artificially distended upper chests in many cases. 

Today, there are two main schools of teaching about the breath, though there are many, many different approaches, often based on the work of a master teacher of voice, speech or singing. The two basic ideas involve either: 

1. "supporting" the breath by compressing the abdomen during phonation (i.e., on the exhalation), or 

2. its opposite, relaxing the abdominals as much as possible during inhalation and phonation, allowing the diaphragm to work on the inhalation, and riding its relaxation on the out going breath (i.e., phonation). 

Support works by contracting the abdominal muscles, creating higher pressure in the abdomen and thorax, allowing the diaphragm's relaxation (and upward rise) to be more carefully controlled. It is important to remember that there is less control in relaxing a muscle than there is in contracting it, so support gives performers a means of controlling their phonation. There is a variant on the "support" form where people distend their lower belly, creating "reverse support"; this is currently thought of as inefficient by voice scientists, but it does work for many singers. 

All of these styles of working with breath for phonation are "natural", in that they occur in the body at different times, depending on need. The extent to which action of the ribs is encouraged varies within most techniques, though it is evident that most teachers recommend that the upper torso, especially the shoulder girdle, be as relaxed as possible even during the most extreme vocal demands. Ultimately, one wants access to all the 'breath resources' available without jeopardizing the ability to phonate freely, that is without unnecessary tension. 

Phonation

So far on our journey we have grasped the importance of the support structure for the voice, and looked at breathing. This next step of the journey initiates "sound" for the voice. The breath stream rises up the trachea from the lungs and runs into a constriction. This is the "voice box" where the vocal chords - now called folds - are set in motion by the breath stream and they create a buzz. If the vocal folds could operate without any of the resonating areas above it (i.e. without your head!), the sound made by the vibrating folds would be similar to a "raspberry" made with the lips, or perhaps a duck call. 

Remember that Vibration = Sound. The vocal folds "chop" the air stream up into a series of rapid "puffs". How rapid? If you were to sing an A above middle C (A440) -- not very high for a woman, your vocal folds would vibrate at 440 cycles per second (also called Hertz, or Hz). It is important to realize that it is the puffs of air that create the sound, not the impact of the folds coming together. It is more similar to waving your hand in front of your ear, which creates waves of air pressure or turbulence, than clapping your hands together. 

It is important to remember that speech is not only made of phonated sound. In fact there are many sound sources in speech. 

Sound Sources: 

1. the vibrating vocal folds, (a pure, spoken "ah", for instance) 

2. turbulence caused by constriction, ("shush"ing someone) 

3. blocked air flow (glottal stops & unreleased plosive consonants [ k, p, t ]). 

4. 
In this latter case, our minds interpret the silence, or absence of sound, as a sound unit. 

Phonation occurs in the larynx ( pronounced La - rinks, not Lar - nicks). Understanding its complex anatomy and physiology is quite an undertaking. Part of the problem is that the information you glean may be hard to use as a voice user. The muscles of the larynx work "involuntarily", meaning that we have little control over them directly. Control of the laryngeal muscles is done through a biofeed back process involving sensing and monitoring the vibration of the vocal folds through the sound and feeling it creates. Learning to make adjustments to those actions is a complex and slow process, one that takes a lifetime to master. Any knowledge about the structures that create those sounds and feelings can only help you to appreciate and analyse what is being felt and heard. 

Resonation

The buzz created by the vocal folds resonates (vibrates) the air column and this in turn causes the structures above and around the larynx to vibrate/resonate as well. 

Remember from Phonation that the vocal folds vibrate and chop the air stream into little puffs of air. The rate or frequency at which these puffs come out is very fast - from 32 cycles per second or Hertz (Hz) for a very low bass to 3136 Hz for a very high soprano. We speak somewhere between 98 Hz and 262 Hz. This rate is called the fundamental frequency. 

Almost anything can vibrate, and will vibrate at a natural frequency, that is at a rate that is most conducive to its vibrating. A good example of natural frequency can be seen on a backyard swing: no matter how hard you push the swing, the rate of frequency of swinging is the always same, no matter how far you travel each time. Another familiar example is the tuning fork. It vibrates most powerfully and the longest at its natural frequency. In the same way, the various structures and tissues of the body, resonate more easily at certain pitches. 

· You can feel this by tilting your head back and saying, in a low voice, "Awwwww". Put a hand on your chest and feel it rumble. Now tilt your head forward, place a hand on your head and say, "Heeeeeeeeeee" in a high voice. Feel the vibrations in your skull? 

The parts of the body that can vibrate in harmony with the voice are often called Resonators. 

The Air Column 
Extending from your larynx to your lips, the air column vibrates at a natural frequency - in much the same way that the pipes of an organ do. As you shorten the organ pipe, and thus the air column, the pitch gets higher. 

· Try blowing across a bottle and then adding water and blowing again - observe how the pitch rises. 

In speech, the rate of vibration of the vocal folds creates the fundamental frequency, or pitch of the the sound. The frequency or frequencies at which the air column vibrates determines the quality of the tone. 

In fact, the air column from the larynx to the lips functions very much like a uniform tube, without much variation in width. In an average adult, the tube is approximately 17.5 cm long in adult males and 14.7 cm long in adult females. Apparently the approx. 90° bend seems to make no difference acoustically. 

The sound created by the vocal folds isn't a pure tone - it is complex. It is made up of the fundamental frequency (the rate at which the folds vibrate) and a number of partials, which are harmonics of the fundamental frequency, vibrating 2 times, 3 times, 4 times, etc... as fast as the fundamental. Our voices are made up of a spectrum of the fundamental and these "overtones". 

Formants
Physics tell us that our tube, which functions as if it is closed at one end (since the larynx closes it off at the bottom), naturally resonates at the odd numbered multiples of the fundamental. That is, if the fundamental is 100 Hz, the partials will resonates at 300Hz, 500Hz, 700Hz, etc... These "standing-waves" of sound are also known as formants, and are labelled F0 for the fundamental frequency, F1 for the first formant, F2 for the second formant, F3, etc. In shaping speech, the first three formants are most important. In a way, it is as if each vowel is a "chord" -- like playing three notes together on the piano, where the bottom note stays the same and the notes above change. 

Remember, we saw that : 

"the rate of vibration of the vocal folds creates the fundamental frequency, or pitch of the the sound. The frequency or frequencies at which the air column vibrates determines the quality of the tone." 

What we recognize as "vowels" are actually changes in the quality of the tone. Our tongues allow us to change the shape of the "tube", specifically changing the cross-sectional "width" by sliding forward or back. 

· Move your tongue forward into an [i] /"EE" (as in "reed") position: feel how your mouth is narrowed by your tongue just behind your teeth? 

· Try shortening it by pulling back into an [u]/"oo" (as in "mood"): the tongue is pulled back here. (Notice how the degree of lip-rounding also affects the sound?) 

· Try going back and forth from "EE" to "oo", keeping the same pitch throughout. As you tongue slides back towards the "oo" you may hear how part of the sound drops in pitch, even though your F0, fundamental frequency remained the same. 

Lip-rounding essentially lengthens the tube, modify the first, F1 formant. (The middle of our tongues primarily shape the F2 formant, and our tongue tips shape the F3 formant. 

· You can hear you that by saying "uh" and "er", lifting and lowering your tongue tip. 

The use of harmonics can be emphasized and focussed to make a beautiful form of singing, called Overtone Singing. There are many styles of this, including the chanting of Tibetan Monks, Throat Singing & Khoomei and a Western-ized style. Exploring these vocal style can really expand a performer's range in terms of the sound qualities available. 

Resonators
The following areas vibrate "sympathetically" with the air column. The way in which each area vibrates acts as a cue to the quality of the sound created, giving tactile motor feedback to the brain, which works in conjunction with the hearing mechanisms. 

What is perceived or described by voice teachers as "placement" of the voice, generally describes how the vibration of the air column interacts with these structures to accentuate or diminish the size of the second and third formants ( F2 and F3 ). The term "placement" indicates where one feels the augmented vibration due to the change the relationship of the formants to areas of the body. 

The following is a list of Resonators and the pitches or vocal qualities that most easily activate them 

· Chest and Lower Body - low pitches and open sounds ("AW") 

· Throat - mid-range, easy speaking tone 

· Mouth - upper mid-range, mid-vowels 

· Nasal - close, front vowels, especially when followed by a nasal consonant 

· Facial - high range, front vowels 

· Sinus - given that there are so many sinuses, many different quality sounds activate them 

· Bones of the skull - falsetto, very high range, closed vowels.

