New Capabilities in Digital

Low-Frequency
Spectrum Analysis

A new Fourier analyzer and two fast-transform periph-

erals adapt to a wide range of applications.
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PECTRUM ANALYSIS, a powerful technique
of signal and system analysis, is the process of
resolving a physical waveform into sinusoidal com-
ponents having appropriate phase relationships.
That this can be done was shown by ].B.]. Fourier
in the 18th century. The reason for its great utility
is that a simple statement of spectrum content or
bandwidth often makes possible engineering judg-
ments about a problem that couldn't be made on the
basis of observations of the waveform itself.

In spite of its usefulness, applications of spec-
trum analysis were concentrated for many years in
the radio and electronic sciences, where the fre-
quencies encountered are in the megahertz range
and higher. Now, however, the use of spectrum
analysis at low and moderate frequencies is on the
increase, partly because many more people realize
its power as an engineering tool, but mainly because
accurate and stable instrumentation has recently
become available for this frequency range. Prob-
lems in mechanical vibrations, underwater sound,
biomedicine, communications, machine mainte-
nance, feedback control systems, speech, and acous-
tics are now yielding to spectrum analysis. The in-
struments being used are mostly digital analyzers
which compute spectra by means of one form or
another of the fast-Fourier-transform (FFT) algo-
rithm.’

Within the last year, faster computers and hard-
ware FFT processors have significantly increased
the speed of Fourier analysis, to the point where
real-time spectrum analysis to beyond 10 kHz can
be done using entirely digital instruments. Among
Hewlett-Packard’s second-generation Fourier-anal-
ysis instruments are a new Fourier Analyzer, a new
plug-in FFT Arithmetic Unit for HP computers, and
a new peripheral Fast Fourier Processor.
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Why Digital?

Why did the use of spectrum analysis at low fre-
quencies have to wait for the development of digital
instruments before becoming widespread? The an-
swer can be seen by comparing digital analyzers
with previously available instruments.

The simplest way to resolve a waveform into its
spectral components is to use a narrow bandpass
filter and a voltmeter. Measuring the portion of the
signal passed by the filter gives an approximation
to the size of the sinusoidal component at the filter
center frequency. If the filter is tunable, spectrum
analysis can be carried out over a range of frequen-
cies. This is the principle of the wave analyzer, the
most elementary spectrum analyzer.

The wave analyzer has the basic limitation of all
spectrum analyzers. The bandwidth of the filter,
and therefore its resolution, determines its response
time. A period of time approximately equal to the
reciprocal of the analyzer passband must be spent at
each frequency to get an accurate estimate of the
spectral content at that frequency. This isn't a seri-
ous problem at frequencies in the megahertz range
and higher, but at low frequencies, where the reso-
lution needed may be on the order of one hertz, a
single-frequency measurement may take as much as
one second.

If the signal being analyzed is random, each read-
ing must be averaged over an even longer period of
time to get a statistically stable or smooth result. A
measurement made in this way may correctly meas-
ure the spectrum at 1.0 kHz while missing a short
term event at 1.5 kHz.

For these reasons, wave analysis is suitable only
when the signal being analyzed is stationary and
when comparatively long periods of time are avail-
able to sweep over the band of interest. Heterodyne






