Rare-earth
Information
Center INSIGHT

Ames Laboratory
Institute for Physical Research and Technology
lowa State University / Ames, lowa 5B0011-3020 / U.S.A,

Volume 4 MNovember 1, 1991 No. 11

S-I-L-E-N-C-E! The Roar of Rare Earths

You won't hear 'em, but they'll be there improving our quality of life -- the rare earths. In
our modern society the roar of cars and airplanes, the rumble of trains and trucks, the whine of
an engine, the racket of industrial machinery, the background din of refrigerators, heating and
cooling systems have become one of our top occupational and environmental health problems.
Rare earths, along with fast computer chips and powerful programming algorithms are going to
be even making more noise, and as a result, paradoxically, the world will be a much quieter and
pleasant place to live. In the USA over $1 billion is spent to control noise in the work place and
as noise control regulations become stricter this figure could rise exponentially. One of the
most promising technologies -- which is already commercially viable -- is active noise control
(ANC). ANC does not mask out nasty sounds with pleasant ones. Nor does it muffle noise by
soundproofing as most systems on the market do. Instead it cancels out sound with sound, by
generating sound waves which are equal in amplitude and frequency, but completely out of
phase with the noise one wishes to reduce or eliminate, and when the two oppositely phased
sound waves collide -- silence is the result. The basic idea of ANC is not new -- it was
demonstrated about 120 years ago by Lord Rayleigh. In theory ANC is simple, but in practice it
is a complex and difficult problem.

The main problem is to analyze the complex mixture of sound frequencies of the noise
and then to generate an exact mirror image of each component. Today powerful low cost
digital sound processors can convert analog sounds into digital signals, and then analyze the
signals, all on one computer chip. The ANC system consists of two microphones and one or
more speakers, along with the digital processor. The first microphone picks up the noise near
its source and feeds the signals into the processor. In addition to analyzing the signals, the
processor is programmed to predict how the characteristics of the sound will change as it
travels away from the source toward the ears of the person who would hear the noise. The
computer then generates the appropriate "anti noise" which is broadcasted from the speaker(s)
which are located away from the first microphone. A second microphone which is located near
the speaker provides an error correction feedback, which allows the processor to improve the
noise cancellation by adjusting its signals to the rare earth permanent magnet speaker.

One of the first ANC products on the market is a headset which is placed on a patient to
be given an MRI (magnetic resonance imaging) scan, because of the loud din produced by
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