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Academic Pursuits: dBasics: Sound Fundamentals
Leading off with understanding the nature of sound
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Why should one bother trying to understand basic acoustics?
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The most simple (and correct) answer is that the study of basic
concepts enables one to sort through the truth, semi-truth, myths and
flat-out errors that pervade the pro audio industry.
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“The transmission medium has
an affect on the propagation
of sound.”

The fundamentals of acoustics (and physics) do not change, although
some “experts” try to prove otherwise. New equipment, toys and
theories come and go, but the basic building blocks of sound and its
related concepts do not.

If university level training in audio or acoustics is not your calling, don’t despair. There are many
excellent seminars sponsored by industry, manufacturer, trade, and commercial organizations that
can further your knowledge.
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And did I mention books? There are numerous excellent texts available that cover almost every topic
imaginable in acoustics, sound and systems. Many are these are out-of-print in a matter of months,
but try resources such as the ProSoundWeb.com Bookstore and even Amazon.com and other on-line
book retailers (see below). Do some surfing - you’re certain to come upon valuable and useful
educational resources.
Further, on-line training courses are abundant, and some are quite good at covering the basics.
Intensive educational seminars, such as those provided by Syn-Aud-Con, can be invaluable if you
have a few days each year to devote to this worthwhile pursuit. In the meantime, let’s start with a
look at some of the bedrock concepts that can put you on the path to higher understanding.
PASSAGE OF PRESSURE
Sound is related to the sensation of hearing and the generation of vibrations that results in a physical
disturbance evoking the sensation of hearing. Briefly, sound is the passage of pressure changes
through an elastic medium via wave propagation caused by vibrational forces acting on that medium.
Acoustics is the study of sound transmission through fluid and solid media. Noise is unwanted sound.
But as some have said, one person’s sound is another’s noise.
Sound can be described and quantified in a variety of ways based on wave motion, pressure, particle
velocity, transmission medium density, wavelength, and frequency. A medium is necessary to
transmit sound.
Sound can travel quite readily through solids, liquids, and gasses. The transmission medium has an
affect on the propagation of sound, particularly its characteristic velocity. Sound originates from a
source (vibrating body), propagates through a medium (solid, liquid or gas), and is picked up by a
receiver (listener or microphone). This is commonly called the source-path-receiver model for sound
propagation.
The simplest way to depict sound uses the sine wave shown in
Figure 1. In reality, the sine wave representation is an
oversimplification of most sound sources, but does provide a good
starting point to visualize some of the salient physical
characteristics. In our figure, the X-axis represents time or distance
and the Y-axis can represents pressure, level, energy, or
transmission medium density.

Figure 1: The sine wave
representation is an
oversimplification of most sound
sources, but does provide a good
starting point.

Amplitude regions above the zero axis are positive (compression);
regions below are negative (rarefaction). The figure shows one sine
wave, characteristic of only one frequency, which is not that
common an occurrence. Most sound sources we encounter (music,
speech, and everyday noise) comprise many frequencies with
different amplitudes and phase relationships.

Sound is most commonly viewed as a change in pressure relative to atmospheric pressure. As a
sound source vibrates it disturbs the particles of the medium, resulting in regions of compression
(higher pressure) and rarefaction (lower pressure). The higher pressure regions result in an increase
above atmospheric pressure.
Conversely, the lower pressure regions result in a decrease below atmospheric pressure. These
pressure changes are surprisingly small: normal atmospheric pressure is around 100,000 pascals (Pa)
(14.7 lb/in2) and a 100 dB sound pressure level is only 2.8 Pa (0.0004 lb/in2 )! (Note that the pascal
is the metric unit of pressure.)
DENSITY OF THE MEDIUM
Sound has a characteristic propagation velocity. In air at “normal” room temperatures, sound travels
approximately 1,128 feet per second (ft/s) or 343 meters per second (m/s). Using velocity units
most of us are familiar with, sound travels approximately 770 miles per hour (m/h). The propagation
velocity increases as the density of the medium increases.
For example, in water, the velocity of sound is 4,856 ft/s (1,480 m/s) and in steel is 16,570 ft/s
(5,050 m/s). The velocity of sound is temperature dependent. For each degree increase in

temperature, the velocity increases about 1.1 ft/s (0.6 m/s) compared to normal room temperature.
In air, the velocity increases approximately 0.2 percent for 100 percent humidity compared to 50
percent relative humidity conditions.
Thus, humidity can generally be ignored when dealing with the velocity of sound. For purposes of our
discussions here and in future issues of Live Sound, we will concentrate on sound propagation in air.
The frequency is the number of times per second an event repeats itself. For sound the event will be
a vibration from some source. The units of frequency are hertz (Hz), or simply cycles/s. Lower
frequency sound will repeat the cycle less often than higher frequency sound.
The cycle can also be represented in terms of the number of degrees, with 360 degrees (2þ)
representing one complete cycle. The period is the time that it takes to complete one cycle. The
period and frequency are related to each other by the following equation:
where,
T = period, s
f = frequency, Hz
Equati on 1

The physical parameters of frequency, velocity, and wavelength of sound are related by this
equation:
where,
f = frequency , Hz
c = velocity of sound, ft/s (m/s)
l = wavelength, ft (m)
Equati on 2

The equation readily shows that frequency is inversely proportional to wavelength. Thus,
low-frequency sound will have a longer wavelength than high frequency sound. This phenomenon has
a direct impact on acoustical design issues relating to controlling the radiation from loudspeakers,
noise control, and surface effects (absorption, reflection, and diffusion) of architectural materials.
Also, note that the characteristic velocity of sound is independent of frequency. Thus both low and
high frequency sounds will reach a receiver at the same time, even though the low frequency sound
repeats itself through fewer oscillations than the higher frequency sound.
Another way to describe the frequency dependent nature of sound is by the wave number, the spatial
analogue of angular frequency, which is commonly used to describe radiating sound sources. The
wave number is defined by:

Equati on 3

Equati on 4

k = wave number
2þ = constant for one complete cycle
l = wavelength, ft (m)
c = velocity of sound ft/s (m/s)

The second equation for the wave number (Equation 4) makes use of the relationship given in
Equation 2.
IN REALITY
Let’s put some of the above into practice. Assume you’re mixing sound in an outdoor music shed
during an evening show. The low-frequency and high-frequency limits of the loudspeaker array are
32 Hz and 16,000 Hz, respectively.
Using Equation 2, we can determine the reproduced wavelength to range from approximately 32 feet
(9.75 m) to 0.8 inches (25 mm), a range of about 460 to 1! The large low frequency wavelength
makes for difficulty in controlling low frequency sound radiation. Both loudspeaker manufacturers and
shed managers are acutely aware of this.
The temperature in the lawn seating area changes 10 degrees relative
to the shed seating. This will affect the signal delay required for the
lawn towers, as the propagation velocity has changed about 11 ft/s (3.4
m/s) due to the relative temperature change between the two seating
areas.
How long will it take sound to propagate from the shed to the nearby
property line 1,000 yards (914 meters) away, where Mr. and Mrs. Public
are hoping to enjoy a beautiful summer evening?

Look around – there are plenty
of excellent books for more
understanding.

Knowing the velocity of sound, the outside temperature, and that
distance equals velocity multiplied by time, we can compute a time of
approximately 2.8 seconds.

RULES OF THUMB
Try to remember the following, or key them into your PDA or computer “cheat sheet:”
• Sound travels approximately 1 foot in 1 millisecond.
• The wavelength at 1,000 Hz is approximately 1 foot. Halving the frequency (500 Hz)
will double the wavelength to approximately 2 feet. Doubling the frequency (2,000 Hz)
will halve the wavelength to approximately 0.5 foot.
• Low frequency sound has a long wavelength and vice versa.

Next time we’ll cover several abstract concepts of sound to include: pressure, density, particle
velocity, and volume velocity. Don’t be late, and bring a sharpened number 2 pencil!
Educational Resources: Acoustics
Many of the sites below offer similar – and outstanding – acoustics/systems books, but shop around
for the best deals.
ProSoundWeb.com - Study Hall (FREE!)
www.prosoundweb.com/studyhall
ProSoundWeb.com Bookstore
www.prosoundweb.com/bookstore
21 North Main
www.21northmain.com
Abebooks
www.dogbert.abebooks.com
Backbeat Books
www.backbeatbooks.com
Barnes & Noble
www.bn.com
Direct Textbook
www.directtextbook.com
Powell’s
www.powells.com
Half.com by e-bay
www.half.ebay.com
eCampus
www.ecampus.com
Happy Reading!

Neil Thompson Shade has 22 years of experience in consulting and teaching acoustics, noise control,
and sound system design. He is president and principal consultant of Acoustical Design Collaborative,
Ltd., located in Baltimore, Maryland, and for the past three years, has also been teaching acoustic,
sound system design, computer modeling and related topics at the Peabody Institute of Johns
Hopkins University. He can be reached at neil@akustx.com
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