
Taking principles used to analyse jet engines, 
researchers are studying the mechanisms that 
generate the human voice. With precise sound 
mapping, they seek to understand the specific 
contributions of all the biological components 
to sound quality, pitch and strength, and to find 
the origins of specific speech problems. 

Despite Tweeting, Facebook and texting, 
our voice remains our primary tool for 
communication, and many of us seek to 
improve it. Singers need to recover from 
vocal cord strain, business professionals 
want to project sound better, and hospital 
patients deal with post-operative damage 
to vocal cords. Most of us would like to 
have better vocal power, sound more 
resonant, or sing better. 

UNDERSTANDING VOICE ACOUSTICS
Our voices are generated by vibrations 
of the vocal folds. These are found in the 
larynx, which is located in the middle of 
your neck. The vibrations of the folds 
generate sound at a frequency that 
determines the pitch of your voice. The 
sound then propagates to the articulators, 
the organs located above the vocal folds 
such as the tongue, uvula, cheek, or lips, 
which filter the sound through a series of 
acoustic resonances. This filtering process 
transforms sound into a series of vowels 
and consonants, thus creating the final 
output – intelligible speech.

Even with marked progress in science and 
medicine, we lack detailed understanding 
of how the voice is generated. Voice and 
speech are integrated outcomes, yet 
scientists often separate them to understand 
the specifics of each, and to determine 
what mechanisms are important. But both 
outcomes can be affected by distortion. 
For example, a breathy or hoarse voice, 
or stuttering speech. Using modern 
engineering and the latest acoustic 
techniques, we are cutting a new path 
in the study of the human voice.

JET ENGINES AND VOICE BOXES
Our lab is researching voice mechanisms 
and its various disorders by bridging the 
fields of medicine and engineering. Dr Sid 

Khosla, a laryngologist and airway surgeon, 
founded our studies, and has received 
several grants from the US National Institu-
tes of Health to investigate the causes of 
voice disorders, and the best ways to treat 
them. Applying the principles of aerospace 
engineering is Dr Ephraim Gutmark, an 
Ohio Eminent Scholar and distinguished 
professor of aerospace engineering. 

Our voice lab’s unique approach is in 
taking existing knowledge about jet 
engines from aerospace engineering and 
using it to study the voice. Understanding 
how airflow patterns affect sound in a jet 
engine (aeroacoustics) helps us determine 
how we can reduce jet noise. So we are 
applying the same physical understanding 
of aeroacoustics to study normal and 

abnormal voice. Once you understand how 
the structure of the airflow produces 
acoustics, you can work on either making 
the acoustics quieter – for jets – or making 
them stronger, for voices. 

VOCAL CORD VORTICES
Our lab was the first to observe that 
vortices form in the airflow that passes 
between the vibrating vocal folds. A 
tornado is an extreme example of a vortex. 
Using an advanced laser imaging technique 
that is well established in aerospace 
engineering to measure airflow – particle 
image velocimetry (PIV) – we found that 
small vortices are formed between the 
folds. We know that vortices in a flow can 
have a marked effect on its acoustics, and 
although we don’t yet understand how  
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A model that simulates our 
voice-production capabilities 
facing a microphone array, 
which determines the acoustics 
inside the vocal tract using 
acoustic holography
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these vortices might affect voice or speech, 
one finding showed that vortex strength 
weakened or disappeared when we 
simulated an abnormal voice condition. 

MAPPING A SIMULATED MOUTH 
Recently, our voice lab used near-field 
acoustic holography (NAH) to study the 
sources of sound in the vocal folds and the 
articulators. With the help of Tony Frazer 

FEET, THUMBS 
AND BARLEYCORNS
Where do inches come 
from, and how did 
medieval Europe affect 
American shoes? 

Before the Romans imposed their measurement system on 
Britain in the 1st century CE, very little is known about British 
measurement units. But it’s clear that the Anglo-Saxon age 
(450-1066) saw a blending of units, as the North Germanic 
tribes brought a larger standard foot of 335 millimetres  
(13.2 inches). 

Units evolved by using items that were common in pre-scientific, 
agrarian times, so the foot was divided into 12 thumbs. These 
became inches, which were further subdivided into barleycorns 
– themselves divisible by poppyseeds. 

History is filled with minor adjustments including after the Norman 
conquest of 1066, when 1 inch became standardized as 3 
barleycorns, and in the Magna Carta of 1215. 

The 1824 ‘Weights and Measures Act’ defined the Imperial 
System of Measurement that Britain imposed on much of the 
world through its global empire. But by then, the USA had 
become independent and continued on its own path. With little 
coordination between the parallel systems, units with the same 
name – like gallon – evolved to mean different quantities. 

and Dave Bush from Brüel & Kjær, we set 
up an experiment that simulated sound 
propagating from the vocal folds to the 
articulators. We then used NAH to identify 
how the modes of the acoustics changed 
as we varied the parameters in each experi-
ment. The images showing the setup give 
an example of the sound modes that we 
observed in the model. Our findings were 
well received at the 2014 International 
Conference on Voice Physiology and 
Biomechanics in Salt Lake City, Utah. 

TOWARDS TREATING DISORDERS
As we continue to use NAH to study voice, 
and potentially speech, we hope to take 
our established method of measuring the 
airflow between the vocal folds (PIV) and 
pair it with spatial distribution measure-
ments of the acoustics (NAH). By coupling 
these two methods, we will better profile 
the aeroacoustic attributes such as vortices 
that exist in the human voice. Discovery 
of these additional sources that affect 
sound may open up a whole new way 
to treat voice disorders. 

JET ENGINE KNOW-HOW HELPS 
VOICE STUDIES TAKE OFF

The next stage of studies will 
focus on speech evaluation and 
measurement of nasalance

Near-field acoustic holography 
measures the acoustic modes, 
whose location and intensity 
changed as the testers varied 
parameters for the articulators 
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HOW MANY CORNS 
IN YOUR SHOES? 

Originally, the maximum shoe size was set at 13, which 
was exactly 13 inches, and all other sizes were determined 
by counting backwards from 13 in barleycorns. So a size 4 
would be 9 barleycorns less than 13 inches: 10 inches (25 
centimetres). So barleycorns are still used today as the basic 
unit of shoe size in the UK and the USA. 

SEE MORE  
ABOUT AIRCRAFT 
APPLICATIONS OF 
PARTICLE IMAGE 
VELOCIMETRY  
ON PAGE 8.
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