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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Vibration and Acoustic Fatigue Committee.
This Committee first met in 1966 and now has the following membership:

Chairman

Prof. R.D. Adams — University of Bristol
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Mr A.R. Harris® — Northrop Grumman, USA

Dr D.M.A. Millar" — Bombardier Aerospace Short Brothers plc, Belfast
Mr C.D. Munger* — The Boeing Company, USA

Dr S. Patsias — Rolls-Royce plc, Derby
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Mr E. Smyth — Bombardier Aerospace Short Brothers plc, Belfast
Prof. R.G. White — University of Southampton (Member Emeritus)

Dr Ir. J.J. Wijker — University of Twente, Netherlands.

Corresponding Member

The construction and subsequent development of the Data Item were undertaken by

Dr J. Anderson — Principal Engineer
Dr M. Bratos-Anderson — Consultant.

The person with overall responsibility for the work in this subject area is Dr C.B. Chinoy, Head of the Aircraft Noise
and Structural Dynamics Group.
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OCTAVE AND FRACTIONAL-OCTAVE BAND FILTERS

1. NOTATION

Jurt intermediate band limits Hz
S centre (midband) frequency Hz
SoroSerSos centre frequencies of third octave filters Hz
115 fu lower and upper band limits for octaves (Sketch 3.1) Hz
/. reference frequency Hz
1215 lower and upper band limits of (l/q)th octave bands Hz
N, M natural numbers
n series of integer numbers
q reciprocal of bandwidth designator
Abbreviations
BSI British Standards Institution
ISO International Standards Organization

GENERAL

Filters which are used for the analysis of signals within a certain frequency bandwidth are called bandpass
filters. They are usually classified as constant bandwidth or constant percentage. A series of filters may be
used to cover a large frequency range. With constant bandwidth filters the same bandwidth, for example
10 Hz, is used throughout the frequency range. In the case of constant bandwidth filters the bandwidth
increases as the frequency increases. Constant percentage filters are often defined in terms of their centre
frequencies which are related to the bandwidths by a fixed ratio. Constant bandwidth filters are useful for
the detection of unrelated pure tones. Constant percentage filters may be preferred for the analysis of signals,
such as, for example, sound from rotating machinery which may exhibit a blade passing frequency and

higher harmonics.
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3. OCTAVE FILTERS AND THEIR FRACTIONAL VARIANTS

The octave band filter is the best known of the constant percentage filters. Fractional-octave band filters,
such as the one-third, one-sixth and one-twelfth filters, are also used. An octave is a unit of frequency
interval in the base-two logarithmic scale. The frequency interval between two frequencies, f, and f; , is
represented by the ratio of the frequencies or by the logarithm of the frequencies. The value of the frequency
interval expressed in octave units is log,(f,/f]) . Hence, the value of one for the frequency interval refers
to the ratio of frequencies, f,/f; = 2. A decade is a unit of frequency interval in the base-ten logarithmic
scale and refers to the ratio of frequencies, f,/f; = 10. Hence, the value of the frequency interval between
frequencies f, and f; in decade units is log,,(/,/f|) . An octave filter has an upper band limit which is
twice the lower band limit. The centre (or mid) frequency is the geometric mean of the lower and upper
band limits. There are three one-third octave filter bands required to cover the bandwidth of the octave
filter. The ratio of the upper band limit to the lower band limit is always a constant, 2 in the case of octave
filters, 2!/ for one-third octave filters, or 274 for a ( l/q)th octave filter. The reciprocal of ¢ is called the
bandwidth designator, since it designates the fraction of the octave band.

The arrangement for three contiguous one-third octave filters is shown in Sketch 3.1, where the relative

response of the filter is shown. The centre frequencies of the one-third octave filters are f.,,f., and f,5,
whilst f, and f, are intermediate band limits.
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Sketch 3.1 Scheme for ideal octave and one-third octave filters
In Sketch 3.1 the abscissa is the logarithm of frequency. One advantage of using the logarithm of frequency
is that the bandwidths appear equal and the centre frequencies are distributed at equal intervals. The lower
octave band limit is f; and the upper octave band limit is f, , where f, = 2f;.

3.1 Centre Frequencies

Octave, one-third octave and, in general, ( l/q)th octave band filters are designated by their centre or midband
frequencies. Values of centre frequencies can be exact, approximate or nominal (preferred).
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