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Preface to the First Edition

This book grew out of a perceived need for a textbook on engineering noise control suitable for
use in an undergraduate or postgraduate course in Engineering or Applied Physics and which, at
the same time, would be useful as a practical yet rigorous and up-to-date reference for practising
engineers, architects and acoustical consultants.

Preliminary versions of this volume have been used for the past eight years as a basis of an
engineering noise control course for final year Mechanical Engineering students at the University
of Adelaide, and also for short courses on industrial noise control for practising engineers and
industrial design personnel.

The book begins with an introduction to terminology and basic concepts of acoustic wave
description and propagation. Included is a discussion of acoustical flow resistance, a simple but
fundamental property of porous materials which is basic to the understanding of a variety of
acoustical phenomena. Use is made of previously unpublished algorithms and flow resistance
information to calculate accurately properties of porous sound absorbing materials.

A discussion of the ear, the subject of Chapter 2, is used as a basis for the understanding
of such matters as acoustical masking and hearing damage due to excessive noise exposure. A
practical guide to instrumentation follows in Chapter 3. Microphone calibration is considered
in some detail and similarities between the microphone and the ear, in the perception of the
aural field, are pointed out. Criteria which always form the basis for a noise control solution
are considered in Chapter 4. Particular care has been given to the discussion of ambient level
specification for spaces where a number of different methods of specification are commonly
encountered in practice. A review of long accepted data is used to show that hearing loss due
to noise exposure is related to the integral of pressure, which is expressed in this book in terms
of a hearing deterioration index (HDI), and not the integral of energy (pressure squared), as
universally assumed and implemented in legislation throughout Europe and Australia.

In Chapter 5 a variety of commonly used idealised sources are briefly but comprehensively
considered. This information provides the basis for source identification; it also provides the
basis for understanding active (that is, noise-cancelling) control techniques. Also included is a
comprehensive discussion of outdoor sound propagation. The concept of flow resistance as applied
to ground reflection has only recently been recognised in the literature and is incorporated in
the discussion.

The importance of the internal impedance of sound sources is emphasised and discussed in
the first part of Chapter 6. This is followed by a consideration of the radiation field of sources,
its significance, and criteria for identification of the field. In particular, source directivity as
a far field phenomenon is emphasised and carefully defined. The remainder of this chapter is
concerned with the many methods of laboratory and field measurement of source sound power
and the uses of such information.

In Chapter 7 the elements of sound fields in enclosed spaces are considered. Some effort is
expended in establishing that rooms of any shape will exhibit modal response; use of splayed
walls or odd shaped rooms will not change the basic room behaviour. The point is also made
that the traditional description of the sound field in terms of sound absorption, being a property
of the wall treatment, is a gross simplification which makes tractable an otherwise very difficult
problem, but at the expense of precision. Within the limitations of the analysis the optimisation
of reverberation control is discussed.

In the discussion of barriers and enclosures of Chapter 8, new procedures are provided for
estimating sound transmission loss of single and double panel wall constructions. Similarly new
procedures are provided for investigating diffraction around barriers located either out-of-doors
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or indoors where wall and ceiling reflections must be taken into account. While these discussions
are based upon published literature, such sources are generally not understandable except to the
specialist, so that the authors have made a special effort to put the information into simple and
usable textbook form.

Muflling devices are considered in Chapter 9. Simple new procedures for estimating expected
attenuation of lined ducts of both rectangular and circular cross section are presented. These
procedures are based upon exact analyses and make use of the algorithms introduced in Chapter
1 and presented in an appendix for describing accurately the acoustical properties of porous
materials in terms of flow resistance. The analysis of insertion loss for the commonly used side
branch resonator, low pass filter and small engine exhaust muffler has been prepared especially for
this book. Results are given in terms of insertion loss for various types of source and termination,
thus providing an estimate of the expected difference in noise level obtained before and after
insertion of the muffler. This analysis is much more useful than the commonly used transmission
loss analysis which gives no indication of insertion loss. Consideration is also given to both flow
noise generation and pressure drop. Exhaust duct directivity information is new and is based
upon previously unreported model studies.

Chapter 10 is concerned with vibration control from the point of view of noise suppression.
Vibration isolation and the use of vibration absorbers are discussed in detail. The concepts of
resonant and nonresonant vibration modes, and how they contribute to sound radiation, are
discussed with reference to the appropriate use of vibration damping material. Semi-empirical
prediction schemes for estimating the sound power radiated by a number of commonly encoun-
tered industrial noise sources are presented in Chapter 11.

The book concludes with Chapter 12 in which several recently developed analytical techniques
for the estimation of radiated sound power of complex structures are reviewed.

Problems suitable for students using the text are included in Appendix A. Appendix B lists
important properties of a number of materials. The final three appendices are concerned with
the measurement and prediction of the statistical absorption coefficients and normal acoustic
impedances of constructions commonly used for sound absorption.

Where possible, references are given within the text to books, reports and technical papers
which may provide the reader with a more detailed treatment of their subject matter than is
possible here. The reference list at the end of the book is intended as a first source for further
reading and is by no means claimed to be comprehensive; thus, omission of a reference is not
intended as a reflection on its value.

We have spent considerable effort in the elimination of errors in the text but in the event
that more are found we will be grateful for notification from our readers.

David A. Bies
Colin H. Hansen



Preface to the Fourth Edition

Although this fourth edition follows the same basic style and format as the first, second and third
editions, the content has been considerably updated and expanded, yet again. This is partly in
response to significant advances in the practice of acoustics and in the associated technology
during the six years since the third edition and partly in response to improvements, corrections,
suggestions and queries raised by various practitioners and students. The major additions are
outlined below. However, there are many other minor additions and corrections that have been
made to the text but which are not specifically identified here.

The emphasis of this edition is purely on passive means of noise control and the chapter
on active noise control that appeared in the second and third editions has been replaced with
a chapter on practical numerical acoustics, where it is shown how free, open source software
can be used to solve some difficult acoustics problems, which are too complex for theoretical
analysis. The removal of Chapter 12 on active noise control is partly due to lack of space and
partly because a more comprehensive and a more useful treatment is available in the book,
Understanding Active Noise Cancellation by Colin H. Hansen.

Chapter 1 includes updated material on the speed of sound in compliant ducts and the entire
section on speed of sound has been rewritten with a more unified treatment of solids, liquids and
gases.

Chapter 2 has been updated to include some recent discoveries regarding the mechanism of
hearing damage.

Chapter 3 has been considerably updated and expanded to include a discussion of expected
measurement precision and errors using the various forms of instrumentation, as well as a dis-
cussion of more advanced instrumentation for noise source localisation using near field acoustic
holography and beamforming. The discussion on spectrum analysers and recording equipment
has been completely rewritten to reflect more modern instrumentation.

In Chapter 4, the section on evaluation of environmental noise has been updated and rewrit-
ten.

Additions in Chapter 5 include a better definition of incoming solar radiation for enabling the
excess attenuation due to meteorological influences to be determined. Many parts of Section 5.11
on outdoor sound propagation have been rewritten in an attempt to clarify some ambiguities in
the third edition. The treatment of a vibrating sphere dipole source has also been considerably
expanded.

In Chapter 7, the section on speech intelligibility in auditoria has been considerably expanded
and includes some guidance on the design of sound reinforcement systems. In the low frequency
analysis of sound fields, cylindrical rooms are now included in addition to rectangular rooms.
The section on the measurement of the room constant has been expanded and explained more
clearly. In the section on auditoria, a discussion of the optimum reverberation time in classrooms
has now been included.

In Chapter 8, the discussion on STC and weighted sound reduction index has been revised.
The prediction scheme for estimating the transmission loss of single isotropic panels has been
extended to low frequencies in the resonance and stiffness controlled ranges and the Davy method
for estimating the Transmission Loss of double panel walls has been completely revised and
corrected. The discussion now explains how to calculate the TL of multi-leaf and composite
panels. Multi-leaf panels are described as those made up of different layers (or leaves) of the same
material connected together in various ways whereas composite panels are described as those
made up of two leaves of different materials bonded rigidly together. A procedure to calculate
the transmission loss of very narrow slits such as found around doors with weather seals has
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also been added. A section on the calculation of flanking transmission has now been included
with details provided for the calculation of flanking transmission via suspended ceilings. The
section on calculating the Insertion Loss of barriers according to ISO9613-2 has been rewritten
to more clearly reflect the intention of the standard. In addition, expressions are now provided
for calculating the path lengths for sound diffracted around the ends of a barrier.

Chapter 9 has had a number of additions: Transmission Loss calculations (in addition to
Insertion Loss calculations) for side branch resonators and expansion chambers; a much more
detailed and accurate analysis of Helmholtz resonators, including better estimates for the effective
length of the neck; an expanded discussion of higher order mode propagation, with expressions
for modal cut-on frequencies of circular section ducts; a number of new models for calculating the
Transmission Loss of plenum chambers; and a more detailed treatment of directivity of exhaust
stacks.

In Chapter 10, the effect of the mass of the spring on the resonance frequency of isolated
systems has been included in addition to the inclusion of a discussion of the surge phenomenon
in coil springs. The treatment of vibration absorbers has been revised and expanded to include a
discussion of vibration neutralisers, and plots of performance of various configurations are pro-
vided. The treatment of two-stage vibration isolation has been expanded and non-dimensional
plots provided to allow estimation of the effect of various parameters on the isolation perfor-
mance.

Chapter 11 remains unchanged and Chapter 12 has been replaced with Chapter 13, where
the previous content of Chapter 13 now serves as an introduction to a much expanded chapter
on practical numerical acoustics written by Dr Carl Howard. This chapter covers the analysis
of complex acoustics problems using boundary element analysis, finite element analysis and
MATLAB®. Emphasis is not on the theoretical aspects of these analyses but rather on the
practical application of various software packages including a free open source boundary element
package.

Appendix A, which in the first edition contained example problems, has been replaced
with a simple derivation of the wave equation. A comprehensive selection of example prob-
lems tailored especially for the book are now available on the internet for no charge at:
http://www.causalsystems.com.

Appendix B has been updated and considerably expanded with many more materials and
their properties covered.

In Appendix C, the discussion of flow resistance measurement using an impedance tube
has been expanded and clarified. Expressions for the acoustic impedance of porous fibreglass
and rockwool materials have been extended to include polyester fibrous materials and plastic
foams. The impedance expressions towards the end of Appendix C now include a discussion of
multi-layered materials.
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The fifth edition of the book has been thoroughly updated and reorganised. It also contains a
considerable amount of new material. We have tried to keep the book as a suitable text for later
undergraduate and graduate students, while at the same time extending content that will make
the book more useful to acoustical consultants and noise control engineers.

Chapter 1 now has a section on the Doppler shift caused by moving sources and receivers as
well as a section on amplitude modulation and amplitude variation to complement the section
on beating.

Chapter 2 is now a combination of Chapters 2 and 4 of the earlier editions. It made sense
to us to combine the description of the ear, hearing response and loudness with criteria. New
measures for quantifying noise have been included as well as a section on low-frequency loudness
and the response of the hearing mechanism to infrasound. The discussion on weighting networks
has been extended to the G-weighting and Z-weighting networks and the frequency range covered
by weighting networks has been extended at the low end to 0.25 Hz.

Chapter 3 is now an updated version of what was in Chapter 3 in earlier editions. It has
been updated to reflect current digital instrumentation and current methods of data acquisition
and recording.

Chapter 4 has been rearranged so that it only includes the sound source descriptions that
were in Chapter 5 of earlier editions and it now includes sound power estimation schemes for
various sources that were previously considered in a separate Chapter 6 of the previous editions.

The new Chapter 5 is entirely devoted to outdoor sound propagation. The chapter has
been rearranged to first discuss principles underlying outdoor sound propagation calculations
(including infrasound propagation) and second to discuss the various sound propagation models
that are currently in use, with particular emphasis on the new model to be used by the European
Union and the detailed Harmonoise model. The required input data for each model and the
limitations of each model are also discussed. Finally a section is dedicated to uncertainty analysis
as we believe that it is very important that any noise level predictions are presented with an
associated uncertainty.

Chapter 6 on room acoustics and sound absorption is similar in content to Chapter 7 in
previous editions except that auditorium acoustics has been excluded, as there was insufficient
space available to do justice to such a complex topic that has been the sole subject of a number
of other excellent books.

Chapter 7 (Chapter 8 in previous editions) on sound transmission loss calculations and
enclosure design has been updated to reflect recent advances in Davy’s prediction model for
double panel walls and a more accurate model on the inclusion of the flexibility of connecting
studs. In addition, the European model (EN12354-1) for sound transmission loss calculations
has been included as well as a section on the effects of various stud spacings on the sound
transmission loss of double panel walls.

Chapter 8, which was Chapter 9 in previous editions, has been extended to include an
expanded treatment of the calculation of the insertion loss for splitter silencers in both circular
and rectangular section ducts, as well as an expanded treatment of pressure loss due to flow
through lined ducts and splitter silencers. The self-noise produced by silencers is now discussed in
more detail and procedures are now provided for its estimation. Noise generated by flow through
silencers is now discussed in more detail, including a discussion of pin noise in gas turbine
exhausts. Calculation procedures are provided for the estimation of noise generated by flow
through silencers and past pins holding on heat insulating material. The treatment of exhaust
stack directivity in previous editions did not mention the effects of exhaust stack temperature.
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In this edition, a qualitative description is provided of how exhaust stack temperature may be
taken into account. Finally a section, with a number of examples, has been added on 4-pole
analysis, which is an excellent technique for the analysis of sound propagation through duct and
muffler systems.

In Chapter 9, which was Chapter 10 in previous editions, the treatment of vibration absorbers
has been expanded; otherwise, not much else has changed from the fourth edition.

The Chapter 10 (Chapter 11 in previous editions) sections on fan noise and transportation
noise have been updated. In particular, the sections on the calculation of train noise and road
traffic noise have been extended and a number of models in current use have been described in
detail.

Chapter 11, which was Chapter 12 in the fourth edition, has been updated, but the content
has not changed much from the fourth edition.

Chapter 12 is a new chapter concerned entirely with frequency analysis. It is a very much
expanded version of Appendix D in previous editions. This material, which was partly covered
in an Appendix in previous editions, is an important part of understanding noise and vibration
problems and, as such, it deserves a chapter of its own.

Appendix A is new and has been included to provide the background material on matrix
algebra needed to fully appreciate the 4-pole material in Chapter 8 and the acoustic material
property measurement procedures in Appendix D.

Appendices A and B of the fourth edition are now Appendices B and C in this edition.
Appendix D (which was Appendix C in the fourth edition) has been updated with a description
of the two-microphone method for measuring the normal incidence absorption coefficient and
the normal impedance over a wide frequency range in a very short measurement time.

Appendix E is new and includes background material needed to appreciate the material
on the Harmonoise propagation model in Chapter 5. This appendix includes explanations of
how the Fresnel weighting coefficient for ground reflected waves, as well as the effects of ground
reflections and barriers on sound propagation, may be calculated.

Colin H. Hansen
Carl Q. Howard

May, 2017
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1/3-octave band, 42, 44
band limits, 42
bandwidth, 42
centre frequency, 42
number, 42

1/3-octave filter
response time, 670
rise time, 671

2-microphone method, 736

4-microphone method, 738
transmission coefficient measurement,

741

4-pole method, 459

double-tuned expansion chamber muf-
fler, 471

expansion chamber, 468, 469
Helmholtz resonator, 466
sudden contraction, 466
sudden expansion, 466

4-pole transmission matrices, 462
examples, 462
Helmholtz resonator, 463

quarter-wavelength resonator, 463, 464
side-branch resonator, 463
straight duct, 462

A-weighted
Equivalent Continuous Level, 84
Sound Exposure, 86
Sound Exposure Level, 87
A-weighting, 83, 84
Absorbing material
applications, 359
Absorption coefficient, 327, 337, 338, 342,
730, 733, 734
2-microphone method, 736, 737, 739
4-microphone method, 738
area-weighted average, 342
average, 342
bulk reacting, 735
combined, 342
impedance tube measurement, 729
measurement, 336
moving microphone method, 729
multiple layers of porous material, 744
normal incidence measurement, 732,
733, 736, 738
porous material with backing cavity,
743
porous material with limp impervious
cover, 744
porous material with limp material and
perforated sheet cover, 745
porous material with partitioned back-
ing cavity, 744
porous material with perforated sheet
cover, 745
reverberation room, 337
rigidly backed porous material, 744
Sabine, 729
statistical, 729
Accelerometer, 550-554
amplitude distortion, 551
base structure strain, 552
base temperature effect, 552
calibration, 553
earth loop, 553
frequency response, 552
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IEPE standard, 552
mass loading, 552
measurement error, 552
mechanical filter, 553
mounting, 553, 554
piezoelectric crystal, 551
piezoresistive, 554
ringing, 553
sensitivity, 551
transient measurement errors, 553
transverse sensitivity, 552
zero shift, 553
Acoustic impedance, see Impedance, acous-
tic
Acoustic intensity, see Sound intensity
Acoustic kinetic energy, 161
Acoustic liner, 341
mechanical protection, 341
perforated facing, 342
Acoustic modes, 316
Acoustic potential energy, 161, 660
Acoustic potential function, 16, 17, 19
Acoustic pressure, see Sound pressure, 17
Acoustic resistance, 435
Acoustic variables, 11
Acoustic velocity potential, 715
Active coil number, 531
Adverse health effects
motion sickness, 78
nausea, 78
sensitisation, 78
Air absorption, 327, 328
Air compressor noise, 568, 570, 571
axial compressors, 569
centrifugal compressors, 569
large compressors, 568, 571
reciprocating, 570
small compressors, 568
Air damper, 544
Air springs, 546
Aircraft noise, 631, 632
Aliasing, 687
Allowed exposure time, 102
Ambient noise
criteria, 118
specification, 117
Amplitude correction factor, 682
Amplitude modulation, 38
Amplitude reflection coefficient
plane waves, 230
Amplitude spectrum
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scaling factor, 682
Amplitude variation, 40
Anechoic, 424

definition, 206

duct termination, 424

room design criteria, 206
Annoyance threshold

low-frequency noise, 76
Antinode, 317, 527

room corner, 321
Arc length, 257
ASTC rating, 371
Atmospheric stability, 246
Atmospheric temperature profile, 245, 250
Attenuation constant

tube, 732
Audiometry, 90
Auditory canal, see Ear, auditory canal
Auditory nerve, see Ear, auditory nerve
Auto power spectrum, see Power spectrum
Auto spectrum, see Power spectrum
Auto-correlation function, 678, 698
Axial modes, 320
Axial quadrupole, 185

Background noise
criteria, 118
specification, 117
subtraction, 36
Balanced Noise Criteria (NCB) curves, 123
Bark scale, 66, 67
Barriers, 265, 267274, 418, 420
attenuation, 264, 265, 267
curved sound ray, 273
diffraction, 264
double diffraction edge, 270
Fresnel number, 265
ground reflection loss, 269
indoor, 419
noise reduction, 36
outdoor, 266
spherical wave, 269
temperature effects, 273
temperature gradient effects, 273
thick, 270
vertical surface reflection, 274
wind gradient effects, 273
Basilar membrane, see Ear, basilar mem-
brane
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characteristic frequency, see Ear, basi-
lar membrane characteristic fre-
quency
group speed, see KEar, basilar mem-
brane group speed
travelling wave, see Ear, basilar mem-
brane travelling wave
undamped resonance, see Ear, basilar
membrane undamped resonance
undamped resonance frequency, see
Ear, basilar membrane undamped
resonance frequency
Beamforming, 167
depth of field, 167
disadvantages, 168
dynamic range, 167
frequency range, 167
spatial resolution, 167
spherical array, 167
spiral array, 167
theory, 168
Beating, 37, 73
Bellmouth, 505
Bending stiffness, 364
effective, 365
orthotropic panels, 367
simply supported panel, 376
two layer composite, 365
Bending wave, 364
impedance, infinite orthotropic panel,
377
wavelength, 366
Bessel function, 190
Bias error, 683
Blackman window, 684
coefficients, 684
Blackman—Harris window, 684
coefficients, 684
Boiler noise, 592
Boundary element method, 636, 653
CHIEF, 638
direct method, 637
example, 641
indirect, 638
meshing, 638
problem formulation, 639
software, 640
Break-in noise, 514
Break-out noise, 426, 512
Building sound radiation, 199
Bulk reacting, 316, 484, 735

805

C-weighted
Sound Exposure Level, 87
C-weighting, 83, 84
Calibration
acoustic, 145
electrical, 145
reference, 144
sound level meter, 144
Cavity
rigid walls, 658
Centrifugal compressor noise, 569
Centrifugal fan noise, 566
airfoil blades, 566
backward curved, 566
forward curved, 566
radial blade, 566
Characteristic ~ impedance,  see  also
Impedance, characteristic, 18,
227, 726, 734
ground, 231
Charge amplifier, 551
Circular convolution, 697
Circular mufflers
self-noise, 511
CNEL, 88
Cochlea, see Ear, cochlea
Cochlear
length, see Ear, cochlear length
partition, see Ear, cochlear partition
Cochlear nerve, see Ear, cochlear nerve
Coherence, 692
Coherent output power, 695
Coherent reflection, 235
Coil spring, 544
surging, 535
Coiled wire rope spring, 545
Coincidence, 366
Community complaints, see Noise control
strategies, community complaints
Community Noise Equivalent Level, 88
Complex compressibility, 726
Complex density, 726
Complex elastic modulus, 559
Complex propagation constant, 726
Compressibility
complex, porous material, 726
Compressor noise, 568, 569, 571, 572
axial, 569, 570
centrifugal compressors, 569
chiller, 572
large compressors, 568, 571
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reciprocating, 570
small compressors, 568
Computational fluid dynamics, 652
Concave ground
model, 753, 754
segment, 752
CONCAWE, 276
accuracy, 314
atmospheric absorption, 276
barrier attenuation, 279
excess attenuation, 276
geometrical spreading, 276
ground effects, 276
in-plant screening, 280
input data, 310
limitations, 280
meteorological effects, 245, 276
source height effect, 278
uncertainty, 281, 312, 314
vegetation screening, 280
Concentric tube muffler, 472
extension tube lengths, 475
transmission matrix, 474
Constant acoustic-pressure source, 202, 205,

429
reflecting surface effect on sound
power, 203

Constant power source
reflecting surface effect on sound

power, 203
Constant volume-velocity source, 202, 204,
429
reflecting surface effect on sound
power, 203

Constrained layer damping, 557
Control valve noise, 579-581, 583-591
acoustical power coefficients, 584
cavitation, 590
critical pressure ratio, 583
efficiency factor, 580
external SPL, 586, 588
flow coefficient, 586
high exit velocity, 589
internal sound power, 580
internal SPL, 585
liquid, external SPL, 590
liquids, 590
noise control, 589
peak frequency, 586
pressure recovery, 581
steam, 591
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valve style modifier, 582, 586
vena contracta pressure, 583
wall transmission loss, 587
Convex ground segment, 752
Convex hull, 753
Convolution, 696, 697
Convolution operator, 690
Cooling tower noise, 572
axial, 572
centrifugal, 572
propeller, 572
Cork, 545
Cosine weighting, 196
Coupling loss factor, 661, 663
Criteria
A-weighted environmental, 128
acceptable noise limits, 93
ambient noise, 118
background noise, 118
community noise, 128
environmental noise, 128
hearing damage risk, 103, 104
speech interference, 115, 116
speech privacy, 127
Critical bandwidth, 672
Critical damping coefficient, 531
Critical damping ratio, 531, 635
Critical frequency, 364, 366, 377
corrugated panel, 368
double layer, 366
orthotropic panel, 368
Critical frequency band, see also Ear, criti-
cal frequency band
bandwidth, 65, 67
Bark, 66
Critical frequency range
orthotropic panels, 376
Cross-correlation function, 698
Cross-spectral density, 691
Cross-spectrum, 691
single-sided, 691
two-sided, 691
Cut-on frequency, 459
circular ducts, 494
rectangular ducts, 494
Cylindrical room
resonance frequencies, 322

Damping, 557-560
constrained layer, 557
conversion between measures, 561
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critical damping ratio, 531, 635
damping ratio, 323
hysteretic, 324, 532, 559, 635
logarithmic decrement, 323, 560
loss factor, 635, 661-663, 665, 668
measurement, 558
measurement, impact hammer, 560
quality factor, 323
resonator, 441
specific damping capacity, 560
viscoelastic material, 557
viscous, 558, 635
Damping constant, 539
Damping ratio, 323, 531
Data loggers, 150
Day-Night Average Sound Level, 88
Deconvolution, 697, 698
Density
complex, porous material, 726
gas, 478
variation with pressure, 478
variation with temperature, 478
Diesel engine noise, 593
casing, 594
exhaust, 594
inlet, 594
Diffraction, 747, 750
attenuation factor, 265
barrier, 264
efficiency, 747
most efficient diffraction edge, 747
three or more diffraction edges, 748
two diffraction edges, 748
wedge, 757
Diffuse sound field, 213, 325
effective intensity, 325, 369
Diffuser, 427
Digital filter, 152, 669
constant frequency bandwidth, 670
constant percentage bandwidth, 669
settling time, 672
Dipole source, 175-179, 182
characteristic impedance, 177
fluid mechanical, 182
Green’s function, 179
near—field sound pressure, 178
particle velocity, 179
potential function, 177
radiated power, 177
radiation efficiency, 178
sound pressure, 177
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Direct field, 328
Direct ray
distance, 257
Directivity, 199, 200, 204
cosine weighting, 196
effect of reflecting plane surface, 200
exhaust stack, 520
factor, 199, 200, 204, 328
index, 199, 200, 237
Discrete Fourier transform, 674, 675
Dispersion, 15
Displacement transmissibility, 534
Dissipative mufflers, see Mufflers, dissipa-
tive
Doppler shift, 44
Dosimeter, 150
Dosimeters, 150
Double diffraction edge, 270
Double wall transmission loss, 386, 388, 395
cavity absorption, 395
limiting frequency, 387
line-line support, 388
line—point support, 388
mass-air-mass resonance frequency, 387
panel damping, 395
point—point support, 388
staggered studs, 395
stud spacing, 394
Double-tuned expansion chamber
extension tubes effective length, 470
transmission matrix, 469
Downwind refraction, 244
Duct
anechoic termination, 424
break-in noise, 514
breakout noise, 512
cut-on frequency, 459, 493
dispersive propagation, 496
end reflections, 500
temperature gradient, 477
Duct bend
insertion loss, 500
Duct noise
break-in, 514
break-out, 426
whistling, 507
Dynamic viscosity
air, 503

Ear, 49
acoustical compliance, 59
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active response time, 57
afferent nervous system, 55
auditory canal, 51
auditory nerve, 52
basilar membrane, 53, 56, 58, 61, 69
characteristic frequency, 58
group speed, 60
travelling wave, 58
undamped resonance frequency, 62
basilar membrane model, 70
basilar membrane, undamped reso-
nance, 57
canal, 50
central partition, 56, 58, 65
central partition compliance, 58
central partition motion, 58
central partition response, 60
cochlea, 51, 52
cochlear duct, 52
cochlear length, 52
cochlear nerve, 55
cochlear partition, 51, 52, 54, 55
cochlear partition maximum response,
60
cochlear response, 57
critical bandwidth, 68
critical frequency band, 65, 66, 69, 73
damage, 91
damage mechanism, 54
directional information, 70
dynamic range, 55
ear canal, 50
eardrum, 50
efferent nervous system, 55
eustachian tube, 51
excessive noise, 54
external part, 50
frequency resolution, 69
frequency response, 65
fullness, 51
hair cells, 54, 55, 61
half-octave shift, 62, 65
hearing aid, 70, 92
hearing loss, 69
hearing mechanism, infrasound, 77
helicotrema, 52
Hensen’s stripe, 54
infrasound response, 51, 76-78
inner, 51
inner hair cells, 54, 56, 62, 63, 69, 74
lower gallery, 52
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middle, 50, 51
middle calcification, 51
middle reflex action, 51
motility, 54
neural encoding, 55
neurons, 55
nonlinearity, 62
organ of Corti, 53, 54
ossicle linkage, 51
ossicles, 50
outer hair cell damage, 70
outer hair cells, 54, 62, 63, 65, 74
oval window, 50, 52
pinna, 50
psychoacoustic response time, 57
quasi-stationary response, 57
recruitment, 70, 74
Reissner’s membrane, 52
reticular lamina, 54
rise time, 672
round window, 52
semicircular canals, 51
stapes, 51
stereocilia, 54
tectorial membrane, 54
temporary threshold shift, 63, 92
threshold shift, 72
tunnel of Corti, 55, 62
tympanic membrane, 50
undamping, 50, 55, 57, 62, 70
upper gallery, 52
variable damping, 57
Eardrum, see Ear, eardrum
Earmuffs, see Hearing protection
Earth loop, 553
Effective length
extension tubes of DTEC muffler, 470
Effective Perceived Noise Level (EPNL), 88
Effects of noise
health, 116
physical, 116
psychological, 116
work efficiency, 117
Eigenvalue, 706
Figenvector, 707
Electric motor noise, 597, 598
DRPR, 598
large, 598
small, 597
TEFC, 597
Enclosures, 238, 316, 407-412, 416, 417
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access, 414
acoustic resonance, 317
boundary incident energy, 327
close fitting, 416
crossover frequency, 325
high-frequency range, 317
inside noise, 407
leakages, 412
noise reduction, 407, 410
outside noise, 407
partial, 417
personnel, 410
resonance frequencies, 318
resonances, 415
reverberant field, 207
reverberation time, 325
statistical analysis, 325
ventilation, 414
vibration isolation, 415
windows, 412
End correction, 430-432, 434, 440
orifice, 433
perforated plate, 434
quarter-wavelength tube, 463
unflanged tube, 433
Energy density, 26, 160, 327
3-D, 161
instantaneous, 26
kinetic, 26
potential, 26
reverberant field, 316
sensor, 160
time-averaged, 26, 327
Energy transmissibility, 534
Envelope analysis, 689
Envelope signal, 38
Environmental noise
noise impact, 132
Noise Impact Index, 133
Total Weighted Population, 132
Environmental noise criteria, 128
Environmental noise surveys, 130, 132
duration, 131
measurement locations, 130, 131
measurement parameters, 132
EPNL, 88
Equation of State, 713
gas, 15
Equivalent continuous A-weighted noise
level, 143
Equivalent Continuous Level, 84
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Equivalent continuous level, 143
Error function, 232
Euler’s equation, 712, 713
Fustachian tube, see Ear, eustachian tube
Evanescent wave, 13
Excess attenuation, 237, 243
atmospheric absorption, 238
atmospheric turbulence, 244
barrier effects, 238
ground effect, 238, 242
meteorological effects, 238, 244
reflection from vertical surfaces, 238
shadow zone, 262
source height effects, 238
vegetation effects, 238
Exhaust stack
noise reduction, 524
Exhaust stack directivity, 520
cross flow effect, 526
definition, 522
effect of sound-absorbing material, 524
field measurements, 520
model studies, 520
temperature gradient effect, 520, 525
theoretical analysis, 520
Expanded uncertainty, 312, 314
Expansion chamber
transmission matrix, 468
Expansion chamber muffler
1-D wave analysis, 453
constant acoustic-pressure source, 449
constant volume-velocity source, 448
effect of flow, 450
frequency range, lumped element anal-
ysis, 451
insertion loss, 448, 449
lumped element analysis, 448
measured data, 450
quality factor, 451
transmission loss, 451, 469
Exponential window, 685

Fan noise, 564, 566
axial, 564
centrifugal fans, 566
tube axial, 564
vane axial, 564

Far field
criteria, 205

Felt, 545
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FFT analysis, see also Frequency analysis,
672
square wave, 672
Figure of merit, 236
Filter, 670
bandwidth, 670
constant frequency bandwidth, 670
constant percentage bandwidth, 669
digital, 670
error, 671
response time, 670
rise time, 671
settling time, 672
Filtered signal
RMS value, 670
Finite element analysis, 634, 636, 647, 651,
653, 658
acoustically rigid wall, 650
displacement formulated elements, 649
element formulations, 649
flexible wall condition, 652
fluid—structure interface, 650
mean flow, 651
mesh density, 651
practical aspects, 651
pressure formulated elements, 649
rigid wall condition, 652
unsymmetric matrix, 650
Fitzroy equation, 332
Fitzroy-Kuttruff equation, 333
Flat room, 317, 346, 347, 349-353, 355
diffusely reflecting floor and ceiling, 350
diffusely reflecting floor and specularly
reflecting ceiling, 353
specularly reflecting floor and ceiling,
348
Flat-top window, 685
coefficients, 685
Flexural wavelength, 368
Flow, 651
Flow effects, 491
Flow noise
air conditioning system elements, 512
circular mufflers, 511
mitred bend, 508
mufflers, 507
unlined duct, 508
Flow resistance, 46, 723, 725
measurement, 723
Flow resistivity, 46, 723, 725
data, 226

Index

ground, 230
ground surfaces, 226
Flow-generated noise, 437
Fluid—structure interaction
symmetric matrices, 650
Force transmissibility, 534
two-stage isolator, 539
Forced response, 366
Four-isolator systems, 536
Four-microphone method, see 4-microphone
method
Four-pole method, see 4-pole method
Fourier transform pair, 674
Free field
anechoic room, 206
Frequency, 20, 82
cut-on, 493
cylinder firing, 454
Frequency analysis, 42
aliasing, 687
amplitude correction factor, 682
bias error, 683
Blackman window, 684
Blackman-Harris window, 684
coherence, 692
complex spectral amplitude, 673
error, 681
exponential window, 685
FFT analysis, 672
flat-top window, 681, 685
Gaussian window, 685
Hamming window, 684
Hanning window, 684
Kaiser—Bessel window, 684
leakage, 679
overlap processing, 687
Poisson window, 685
random noise, 674
rectangular window, 681
scaled spectrum, 682
side lobes, 680
triangular window, 683
uncertainty principle, 689
Welch window, 686
windowing, 680
zero padding, 688
Frequency bound
low to high, 322
Frequency of maximum acceleration, 532
Frequency of maximum displacement, 532
Frequency of maximum velocity, 532
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Frequency resolution, 674
Frequency response function, 696
Fresnel ellipse, 761
Fresnel ellipsoid, 761
Fresnel number, 265
Fresnel parameter, 760
Fresnel weight, 753, 761, 762
Fresnel zone, 759
area, 761
reflection from flat ground, 759
Furnace noise, 595, 597
air flow noise, 596
combustion noise, 597
fuel gas flow, 595

G-weighting, 84
Gas constant
specific, 479
universal, 479
Gas engine noise, 593, 594
inlet, 594
Gas turbine exhaust
sound power measurement, 212
Gas turbine noise, 593
casing, 593
exhaust, 593
exhaust muffler, 593
inlet, 593
Gas vent noise, 579
Gaussian window, 685
coefficients, 685
Gearbox noise, 600
Generator noise, 599
Geometric near field, 205, 207
Geometrical spreading factor, 238
line source, 238
plane source, 238
point source, 238
Geometry weighting factor, 753, 754, 756
Green’s function, 636
dipole source, 179
Ground effect, 241
ground wave, 241
reflected wave, 241
surface wave, 241
Ground profile, 752
segmentation, 303
segments, 751
valley-shaped, 753
Ground reflection, 202, 226, 229, 232, 235,
236, 259
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index of refraction, 229
locally reactive, 235

plane wave, 269

porous ground, 230
spherical wave, 232, 235, 269
turbulence effects, 235

Ground transmission, 227
Group speed, 16, 20

Hair cells, see Ear, hair cells
Half-power points, 323
Hamming window, 684

coefficients, 684

Hanning window, 680, 684

coefficients, 684

Harmonoise, 298

atmospheric absorption, 299

atmospheric  turbulence scattering,
300, 306

barrier effect, 305

coefficient of coherence, 301, 756

combination of sound rays, 300

concave ground model, 754, 755

convex hull, 752

coordinate transformation, 299, 302

diffraction effect, 305, 747, 749

engineering model, 298

excess attenuation, 299

Fresnel weight, 755, 762

Fresnel zone, 759

geometrical spreading, 299

geometrical weighting factor, 756

ground between diffraction edges, 757

ground effect, 305, 747, 751

ground profile, 303

ground, terrain and barriers, 302

incoherence effects, 300

input data, 310, 312

limitations, 309

meteorological effects, 245, 302

modified Fresnel weight, 756

multiple sources, 305

radius of curvature of sound ray, 299

reference model, 298

reflection from a vertical surface, 306,
307

scattering attenuation, 305

scattering through trees, 305

segmented terrain profiles, 303

terrain model, 759

transition ground model, 757
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turbulence, 301
turbulence scattering, 305
uncertainty, 312, 314
valid maximum distance, 299
Health effects of noise, 116
Hearing aid, see also Ear, hearing aid, 92
Hearing conservation program, 106
Hearing damage risk, 92, 93, 95, 96, 98, 99,
102
alternative formulations, 97
Bies & Hansen formulation, 97
calculation, 92
continuous noise, 103
criteria, 103
Dresden formulation, 97
Dresden group formulation, 98
impact noise, 104-106
impulse noise, 103, 105, 106
1S01999, 94
Macrae correction, 97
post-exposure, 98
quantification, 95
speech recognition, 93
threshold shift, 94
trading rules, 101
Hearing level, 90
Hearing loss, 69, 71, 90, 91, 93
damage mechanism, 69
noise-induced, 69, 92
observed, 99
percentage risk, 99
Hearing mechanism
critical bandwidth, 672
rise time, 672
Hearing mechanism, infrasound, see Ear,
hearing mechanism infrasound
Hearing protection, 107
A-weighted exposure level, 108
A-weighted protected level, 110, 112
ANC, 114
C-weighted exposure level, 112
degradation of performance, 113
derating, 108
earmuffs, 107
earplugs, 107
electronic devices, 114
HML rating, 110
lapses, 113
Noise Level Reduction Statistic, 109
Noise Reduction Rating, 108
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Noise Reduction Rating Subjective Fit,
109
overprotection, 114
protected noise level, 108
Single Number Rating, 110
SLCS80, 112
Sound Level Conversion, 112
standard deviation, 113
Hearing protectors, see Hearing protection
Hearing threshold, 76, 77, 94
Hearing threshold level, 94
Helix angle, 531
Helmholtz equation, 635, 715
Helmholtz method, 635
Helmholtz resonator, 438, 466
acoustic impedance, 466
axial resonance frequencies, 446
effect of flow, 446
end correction, 440
flow effect on performance, 443
impedance, 438, 445, 463
insertion loss (IL), 442
insertion loss, constant pressure source,
442
insertion loss, constant volume-velocity
source, 442
optimum location, 442
quality factor, 441, 443
transmission loss, 443
HELS, 167
Hilbert transform, 689, 690
Hohenwarter’s cosine weighting, 196
Hull segment, 752
reflection coefficient, 753
Hydrodynamic near field, 205
Hysteretic damping, 532, 635

Identity matrix, 705
I1C, 374
Impact Insulation Class, 374
Impact isolation
measurement, 373
spectral adaptation term, 375
Impedance, 45, 202, 430, 732-734, 744, 745
acoustic, 45, 46, 429, 430, 434-436, 651,
734
characteristic, 18, 23, 29, 734
characteristic, porous material, 726
characteristic, spherical wave, 23
definitions, 460
high sound pressure levels, 431
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measurement, 481
measurement, in situ, 730
mechanical, 45
modal, 635
orifice, 430
orifice with flow, 431
perforated plate, 433, 434, 485
porous acoustic material, 745
quarter-wavelength resonator, 463
radiation, 45, 202
resistance, 431, 435, 485
slits, 431
slits, resistive, 436
source, 481
specific acoustic, 45
specific acoustic normal, 735
spherical wave, characteristic, 23
termination, 481
transmission-line analysis, 431
volume, 436
Impedance tube, 729, 730, 732, 733
propagation loss, 732
Impulse response, 696
Incident wave, 228
Incoherent plane source, 195-199
sound pressure, 197
Incoherent reflection, 235
Indoor barriers, 419
Infrasound, see also Ear, infrasound re-
sponse, 51
adverse health effects, 78
human response, 78
sensors, 143
Inlet correction, 496
Inner hair cells, see Ear, inner hair cells
Insertion loss, 424
definition, 424, 461
duct bends, 500
Helmholtz resonator, 442
muffler measurement, 424
quarter-wavelength tube, 442
unlined duct, 500
Intensity, see Sound intensity
Inverse discrete Fourier transform, 697, 699,
700
1S09613, 281
accuracy, 314
barrier attenuation, 283
double edge diffraction, 285
excess attenuation, 281
ground effects, 282
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industrial site propagation, 282
input data, 311
limitations, 287
meteorological effects, 245, 283
miscellaneous effects, 282
reflections from vertical surfaces, 286
uncertainty, 312, 314
vegetation screening, 285
Isolation of vibration, see Vibration isola-
tion, 528, 529, 532-534, 536, 538—
540, 542
equipment stiffness, 542
mobility, 540
resonance frequency, 539
superimposed loads, 543
support structure stiffness, 542
Isotropic panels, 364
bending wave speed, 367

Jerk, 5, 528
Jet noise, 186, 575, 577-579
control, 579

Kaiser—Bessel window, 684
coefficients, 684

Kinetic energy, 530

Kirchhoff laws, 437

Laser doppler velocimeter, see Laser vi-
brometer
Laser vibrometer, 12, 555
Lateral quadrupole, 184
Leakage, 679
Lighthill
jet noise, 186
Limiting angle, 378
Line source, 187, 188
coherent, 187
finite coherent, 188
finite incoherent, 188
incoherent, 187, 188
infinite, 186
sound power, 188
sound pressure, 186188
sound pressure error, 187
Linear spectrum, 679
Lined bends
insertion loss, 500
Lined ducts, 483
Locally reactive, 316, 327, 484
criterion, 230
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Logarithmic decrement, 323, 560
Long room, 317, 346, 347, 357
circular cross section, 357
diffusely reflecting walls, 357
rectangular cross section, 358
specularly reflecting side walls, 358
specularly reflecting walls, 355
Longitudinal quadrupole, 185
acoustic pressure, 185
sound power, 185
Longitudinal wave, see Wave, longitudinal
Longitudinal wave speed
3-D solid, 14
effect of boundary stiffness, 14
fluid in pipe, 14
solids, 13
spring, 536
thin plate, 14, 364
thin rod, 14
Loss factor, 323, 324, 377, 559, 635, 717
damping, 661-663, 665, 668
Loudness, 74, 75, 81
equal loudness curves, infrasound, 76
low-frequency, 76
number, 79
phon, 75, 79
sone, 79
Loudness index, 79
Low-level jet, 260
Low-pass filter, 454
constant acoustic-pressure source, 457
constant volume-velocity source, 456
high-frequency pass bands, 458
insertion loss, 454
iterative design procedure, 458
long tailpipe, 457
short tailpipe, 457

Mach number, 186
Masking, 71, 73, 74
Material properties
density, 478
Matrix, 703
addition, 703
adjoint, 708
cofactor, 706, 708
determinant, 705
eigenvalue, 706
eigenvector, 707
Hermitian transpose, 705
identity matrix, 705
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inverse, 707
multiplication, 703, 704
non-negative definite, 706
orthogonal, 707
orthonormal eigenvectors, 707
positive definite, 706
pseudo-inverse, 708, 709
rank, 706
singular, 706
singular value decomposition, 708
square, 703
subtraction, 703
transpose, 705
transposition, 705
vector, 703
Maximum height
sound ray, 251
Mean free path, 327, 331, 334
Mean square quantities, 25
Measurement of noise
data loggers, 150
recording, 151
Mechanical impedance, see Impedance, me-
chanical
Mesh density, 651
Metal springs, 544
Meteorological attenuation
CONCAWE, 276
Harmonoise, 302
1S09613, 283
NMPB-2008, 291
Parkin and Scholes, 261
Microflown sensor, 153
Microphone, 137, 139
accuracy, 142
calibration, 140, 142
capacitance, 137
condenser, 135-137
diaphragm, 137, 138
diffraction effects, 140
diffuse-field response, 140
diffuse-field type, 141
dust effect, 147
electret, 135, 136
electrostatic response, 141
externally polarised, 135
free-field, 141
free-field correction, 140
free-field type, 141
frequency response, 141
humidity effect, 147
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infrasound, 143
MEMS, 136
normal incidence response, 141
piezoelectric, 138, 139
pistonphone calibrator, 142
pre-polarised, 135
pressure response, 139
pressure type, 141
random incidence type, 141
response, 141
sensitivity, 140
vent, 138
Middle ear
calcification, see Ear, middle calcifica-
tion
reflex action, see Ear, middle reflex ac-
tion
Millington—Sette equation, 332
Minimum audible level, 13
Mitred bend self-noise, 508
MLS excitation, 700, 701
Mobility, 540, 541
Modal analysis, 635, 653, 693, 694
boundary conditions, 653
resonance frequencies, 653
Modal bandwidth, 323, 324
Modal coupling, 316
Modal coupling analysis, 653
acoustic modal volume, 657
advantages, 657
coupling coefficient, 655
example, 658
heavy coupling, 657
normalising mode shapes, 656
number of modes needed, 657
software, 657
Modal damping, 323
Modal density, 323, 663
Modal force, 655
Modal impedance, 635
Modal mass, 635, 656
Modal mean free path, 331
Modal overlap, 324, 325
Modal response
rectangular room, 318
Mode
acoustic, 316, 317
antinode, 317
node, 317
vibration, 316
Mode shapes, 653

815

Modulo 2 sum, 701

Modulus of elasticity, 377, 536
complex, 324

Modulus of rigidity, 377

Monopole source, 172-174
fluid mechanical, 175
intensity, 174
radiated sound power, 174
radiation efficiency, 178
sound power, 174

Motility, see Ear, motility, 54

Mufflers, 423, 427, 497
4-pole method, 459
acoustic performance, 424
bulk-reacting liner, 484
classification, 427
concentric tube, 472
cut-on frequency, 494
design charts, dissipative, 486-492
design requirements, 425
diffuser, 427
dissipative, 425, 483
dissipative liner, 483
dissipative liner specifications, 484
dissipative, circular section, 486, 489
dissipative, expansion effect, 497
dissipative, flow effects, 491
dissipative, high frequency perfor-

mance, 493
dissipative, 1L, 487-493
dissipative, least attenuated mode, 486
dissipative, lined 1 side, 488
dissipative, lined 4 sides, 489
dissipative, lined on 4 sides, 486
dissipative, performance, 486
dissipative, rectangular section, 486
dissipative, self-noise, 510
dissipative, splitter, 497
dissipative, temperature effects, 493
double-tuned expansion chamber, 469
electrical analogies, 429, 437, 438
expansion chamber, 448, 459, 466, 468,
469

expansion effects, 497
flow noise, 507
Helmholtz resonator, 438, 466
insertion loss, 424, 461
internal combustion engines, 437
limp membrane, 486
lined ducts, 483
locally-reacting liner, 484
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low-pass filter, 454
lumped element, 429
noise reduction, 424, 425, 461
perforated facing, liner, 486
perforated plate liner, 483
perforated tube, 472
performance, 425
performance metrics, 461
physical principle, 425
plenum chamber, 515
practical requirements, 426
pressure loss, 502
pressure loss, circular section, 506
pressure loss, dynamic, 503, 505
pressure loss, friction, 502
pressure loss, splitters, 503, 506
pressure loss, staggered splitters, 507
protective facing, liner, 484
quarter-wavelength tube, 438, 463, 481
reactive, 425, 437, 438
resonator, 446
resonator types, 447
resonator wall thickness, 447
self-noise, see also Flow noise, 426,
508-512
small engine exhaust, 453
splitter, 497
splitter, self-noise, 510
temperature gradient, 477
transmission loss, 424, 461
transverse tube, 464
Multi-degree-of-freedom system, 537
Multi-leaf spring, 545
Multiple ground reflections, 259, 261
number of, 260

NAH, 161, 162
Nausea, 51
Near field, 206
geometric, 205
hydrodynamic, 205
Near—field acoustic holography, 161, 162
theory, 163
Neper, 732
Neutral atmospheric conditions, 246
Neutral axis, 365
location, 367
NIPTS, see Noise-induced permanent
threshold shift
NMPB-2008, 288, 289
atmospheric absorption, 289
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diffraction effect, 292
directivity index, 288
downward refracting atmosphere, 289
excess attenuation, 289
geometrical spreading, 289
ground effect, 290
ground+diffraction effect, 294
input data, 311
limitations, 297
mean ground plane, 289
meteorological effects, 245, 291
neutral atmosphere, 289
reflection from vertical surfaces, 297
uncertainty, 312
vertical edge diffraction, 297
Node, 317, 527
Noise bandwidth, 680
Noise control, see Noise control strategies
Noise control strategies, 3, 5, 9
airborne vs structure-borne noise, 10
community complaints, 4
existing facilities, 3, 7, 9
fluid flow, 6
maintenance, 5
mechanical shock reduction, 5
new facilities, 3, 9
noise sources, 8
peak impact force reduction, 5
receiver control, 7
source control, 5
steps, 4
structural vibration, 6
substitution, 5, 6
transmission path control, 7, 10
turbulence, 6
work method change, 6
Noise Criteria (NC) curves, 120, 121
Noise effects, see Effects of noise
Noise Exposure Level, 85
Noise impact, 132
Noise Impact Index, 133
Noise Level Reduction Statistic, 109
Noise measurement, 148
instrumentation, 148
Noise Rating (NR) curves, 119, 120
Noise reduction, 369, 424
barrier, 36
combining, 36
definition, 425, 461
Noise Reduction Coefficient, 337
Noise Reduction Rating, 108
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Noise Reduction Rating Subjective Fit, 109
Noise-induced permanent threshold shift,
94, 95
Nonlinear effects, 16
Nord2000 propagation, 298
Normal impedance, 227, 734
multiple layers of porous material, 744
porous material with limp material and
perforated sheet cover, 745
porous material with limp material
cover, 744
porous material with non-partitioned
backing cavity, 744
porous material with partitioned back-
ing cavity, 744
porous material with perforated sheet
cover, 745
Normal incidence absorption coefficient, 733
Normal incidence impedance, 735
measurement, 734
Normal mode, 317
Normalised frequency, 681
Norris-Eyring equation, 332
Noy, 89
NRC, 337
NRR, 108
NRR(SF), 109
NRS, 109
Numerical distance, 232

Oblique modes, 320
Octave band, 42, 44
band limits, 42
bandwidth, 42
centre frequency, 42
number, 42
Octave filter
response time, 670
rise time, 671
OITC rating, 371
One-third octave band, see 1/3-octave band
Order tracking, 689
Organ of Corti, see Ear, organ of Corti
Orthotropic panel, 364, 367, 368
bending stiffness, 367
bending wave speed, 367
resonance frequencies, 377
Oscillating sphere, 180
Ossicle linkage, see Ear, ossicle linkage
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Outdoor sound propagation, see also Sound
propagation, 237, 238, 243, 246,
248, 261, 262
atmospheric absorption, 239
barrier attenuation, 264
CONCAWE, 276
geometrical spreading, 238
ground effect, 240, 242
Harmonoise, 298
1S09613, 281
meteorological effects, 244, 246
modelling approach, 275
NMPB-2008, 288
reflection loss, 241
shadow zone, 262
uncertainty, 275
Outer hair cells, see Ear, outer hair cells
Overlap processing, 687

Panel
clamped edge, 346
critical frequency, 345
radiation efficiency, 345, 346
resonance frequency, 345
simply supported, 346
Panel absorbers, 342, 344-346
absorption coefficient, 343, 344
analytical prediction, 344
empirical absorption prediction, 343
Parkin and Scholes
meteorological attenuation, 261
Particle velocity, 11, 12, 17
Particle velocity sensor, 154
Perforated plate
effect on porous material absorption,
342
impedance, 434
Perforated tube, 472
4-pole matrix, 472
grazing flow, 473
percentage open area, 473
Personal sound exposure meter, 150
Personnel enclosures, 410
noise reduction, 410
Phase speed, 13, 16
duct, 494
phon, 75
Physical effects of noise, 116
Piezoelectric crystal, 139
Pin noise
exhaust stack, 512
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Pink noise, 672
Pipe flow noise, 591, 592
Pipe lagging, 422
porous material, 420
porous material+jacket, 420, 422
Piston source, 190-194
directivity, 191
far field, 189
far—field sound pressure, 190
geometric near field, 193
infinite baffle, 189
mass reactance, 194
near field sound pressure, 191, 192
on-axis sound pressure, 192
radiation impedance, 193, 194
sound intensity, 191
sound power, 194
Pistonphone calibrator, 142
Pitch, 81-83
Plane source
incoherent, 195-198
incoherent sound power, 199
incoherent sound pressure, 197
sound power, 197
sound pressure, 197
Plane wave
acoustic pressure, 18, 20
characteristic impedance, 18
particle velocity, 18, 20
propagation, 18
reflection coefficient, 230, 231
Plenum chamber
insertion loss, 515
TL with ASHRAE method, 516
TL with Wells model, 515
TL, complex methods, 516
PNR, 111
Point force impedance, 663
Point moment impedance, 663
Poisson window, 685
coefficients, 685
Poisson’s ratio, 364, 377, 717
Porous liner, 337
impervious blanket wrapping, 341
mechanical protection, 341
perforated metal cover, 341
Porous material, 726, 727, 729, 730, 732,
734, 735
absorption coefficient, 729, 733, 735
backing cavity, 743
characteristic impedance, 726
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complex compressibility, 726
complex density, 726
multiple layers, 744
normal impedance, rigidly backed, 744
partitioned backing cavity, 744
perforated sheet cover, 745
rigidly backed, 744
sound attenuation, 727
transmission loss, 728
Porous medium
propagation loss, 226
Potential energy, 531
Potential function, see Acoustic potential
function
Power, see Sound power, 214, 217, 219, 221,
223
Power spectral density, 675, 678
RMS value, 686
scaling factor, 682
single-sided, 679
Power spectrum, 674, 675, 678
RMS value, 686
scaling factor, 682
single-sided, 679
Presbyacusis, 90, 91
Pressure loss, 502
Pressure-Intensity Index, 157, 158
Probe tube, 732
Propagation
porous medium, 226
Propagation constant, 226, 230, 231
complex, 726
Propagation loss, 226
Propagation model
approach, 275
CONCAWE, 276
Harmonoise, 298
input data, 310
1S09613, 281
NMPB-2008, 288
uncertainty, 312
Properties of materials, 717
density, 717
Young’s modulus, 717
Pseudo-random noise, 672, 700
Psychoacoustic response time, see Ear, psy-
choacoustic response time
Pulsating doublet, 176
Pulsating sphere, 172-174
intensity, 174
radiated sound power, 174
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Pump noise, 575

Quadrupole source, 182-184
acoustic pressure, 183
fluid mechanical, 185
intensity, 183
lateral quadrupole, 184
longitudinal quadrupole, 185
particle velocity, 183
potential function, 183
sound power, 186
Quality factor, 323, 324, 441, 443
effect of flow, 451
mean flow effect, 443
Quarter-wavelength tube, 438, 441
flow effect on performance, 443
impedance, 438, 445
insertion loss (IL), 442
insertion loss, constant pressure source,
442
insertion loss, constant volume-velocity
source, 442
optimum location, 442
quality factor, 441, 443
transmission loss, 443
Quasi-stationary response, see Ear, quasi-
stationary response

Radiation coupling, 366

Radiation efficiency, 345, 661
flat panel, 222

Radiation field
sound source, 205

Radiation impedance, see Impedance, radi-

ation, 202, 203

Radius of curvature, 245, 273
Harmonoise model, 251
refracted wave, 246
sound ray, 248, 250
sound ray, Harmonoise, 255
wind gradient, 251

Radius of gyration, 537

Railway noise, 613

Random amplitude variation, 40

Ray path
circular, 246
length, 246

length calculation, 255
Rayleigh integral, 646
RC curves, 122
Reactive impedance
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open duct, 432
REAT, 108
Receiver control, see Noise control strategies
Recording of noise, 151
Rectangular room, 318
axial modes, 320
frequency response, 318
high frequencies, 323
low frequencies, 323
mode shape, 320
oblique modes, 320
resonance frequency, 320
standing wave, 320
tangential modes, 320
Rectangular window, 681
coeflicients, 683
Reference plane, 256
Reference sound intensity, see Sound inten-
sity level, reference
Reference sound power, see Sound power
level, reference
Reference sound pressure, see Sound pres-
sure level, reference, 31
Reflection, 226, 227, 229-232, 235-237
coherent, 235
ground, 225, 230
incoherent, 235
locally reactive surface, 230
propagation constants, 227
turbulence effects, 235
Reflection coefficient, 331
complex, measurement, 738
normal incidence, complex, 737, 739
plane wave, 230, 241
spherical wave, 231, 234, 235
Reflection effects, 200
receiver and source near reflecting
plane, 201
receiver near reflecting surface, 201
Reflection loss, 241
ground, 230, 235
Refraction
atmospheric, 245
Reissner’s membrane, see Ear, Reissner’s
membrane
Residual Pressure-Intensity Index, 157
Resistance, see Acoustic resistance
Resonance
acoustic, 317
Resonance frequency, 376, 377
horizontal, 536
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mass-spring system, 531
rocking, 536
undamped, 530
Resonant response, 366
Resonator
optimum location, 442
Resonator mufflers, 446
wall thickness, 447
Reverberant field, 207, 328, 359, 360
enclosure, 207
reduction, 360
Reverberation control, 360
Reverberation time, 329, 330, 332, 333
energy absorption at boundaries, 329
Fitzroy, 333
Fitzroy-Kuttruff, 333
flat room, 333
Kuttruff, 333
long room, 333
Millington—Sette, 332
Neubauer, 333
Norris-Eyring, 332
Sabine, 330
RMS value, 26
Road traffic noise, 602
CNOSSOS model, 602
CoRTN model, 606
FHWA model, 611
other models, 613
Room, 318, 322-324, 327, 328, 330
absorption coefficient, 327, 329
air absorption, 327
axial modes, 321
boundary reflection coefficient, 331
crossover frequency, 325
damping, 324
direct field, 328
high frequencies, 323, 325
low frequencies, 317, 323
mean free path, 331, 334
Millington—Sette equation, 332
modal bandwidth, 323
modal damping, 323
modal density, 322
modal description, 330
modal mean free path, 331
modal overlap, 324
modal response, 318
Norris-Eyring equation, 332
oblique modes, 321
rectangular, 318
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resonance frequency, 320

reverberant energy, 331

reverberant field, 328

reverberation time, 325, 329, 330, 332,

333

statistical analysis, 325

steady-state response, 328

tangential modes, 321

transient response, 329
Room constant, 217, 334-336

definition, 329

measurement, 334

reference sound source measurement,

335

reverberation time measurement, 335
Room corner antinode, 321
Room Criteria (RC) curves, 121-123
Room Noise Criteria (RNC) curves, 124, 126
Rotating sound diffuser, 213
Rotating vector, 21, 24
Rubber, 544

Sabine absorption coefficient, 330
measurement, 336, 337
Sabine room, 316, 317
absorption, 317
absorption coefficient, 329
low-frequency range, 317
modal decay rate, 331
modal response, 318
normal mode, 317
pure tone excitation, 317
resonance frequency, 318
Sampling frequency, 674, 687
Scaled spectrum, 682
Scattering problems, 637
Segmented terrain profile, 303, 753
SEL, 87
Self-noise generation, 426, 508
air conditioning system elements, 512
circular duct, 511
commercial dissipative mufflers, 510
mitred bend, 508
splitter mufflers, 510, 511
unlined duct, 508
Semicircular canals, see Ear, semicircular
canals
Settling time
filter, 672
filter output accuracy, 672
Shadow zone, 262
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Shape function, 656
Shear wave, see Wave, shear
Side branch resonator, 438
flow effect on performance, 443
insertion loss, 442
optimum location, 442
transmission loss, 443
Signal-to-noise ratio, 166
SIL, see also Speech Interference Level, 116
Silencers, see Mufllers
Simple source, 172, 174
intensity, 174
radiated sound power, 174
volume flux, 174
Simply supported panel
resonance frequency, 376
Sinc function, 679
Single Number Rating, 110

Single-degree-of-freedom system, 529, 532—

534, 540, 541

equation, 529

Singular value decomposition, 708

SLC80, 112

Small engine exhaust, 453

Snell’s law, 229

SNR, 110

Snubber, 535

SODAR, 250

SONAH, 161, 165

Sone, 79

Sonic gradient, 245
direct calculation, 246
indirect calculation, 249
temperature, 250
wind, 248

Sound intensity, 27, 28, 32, 207, 325, 327
active, 28
definition, 27
diffuse field, 327
direct frequency decomposition, 159
far field, 29
finite difference approximation, 157
instantaneous, 27, 28, 156
instantaneous, spherical wave, 29
level, 32
measurement, 153
measurement, direct, 169
measurement, direct, advantages, 170
measurement, p—p method, 153, 155
measurement, p—u method, 153
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measurement, p—u method accuracy,
154
measurement, random errors, 158
measurement, reactive sound field, 170
measurement, single microphone, 160
measurement, spectrum analyser, 160
meter, 153, 208
microphone phase mismatch, 157
normalised error, 158
plane wave, 29
Pressure-Intensity Index, 157
probe, 159
reactive, 28, 30
reference, 33
Residual Pressure-Intensity Index, 157
sound power measurement, 207
spherical wave, 29
systematic errors, 157
time averaged, 28
Sound intensity level, 33
reference, 33
Sound Level Conversion, 112
Sound level meter, 143
acoustic calibration, 145
background noise error, 146
calibration, 144
class 1, 144
class 2, 144
dust error, 147
dynamic range, 144
electrical calibration, 145
fast response, 144
frequency response, 145
humidity error, 147
impulse response, 144
measurement accuracy, 145
measurement error, 146
noise-floor, 144
peak response, 144
reflection error, 148
slow response, 144
temperature error, 147
vibration causing error, 146
wind noise error, 146
windscreen, 147
Sound power, 30, 31, 207-210, 212-214, 217,
219, 221, 223, 633
estimation, finite element analysis, 647
estimation, low-frequencies, 634
estimation, Rayleigh integral, 646
reflection effects, 200
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uses, 223
Sound power level, 31
reference, 31
Sound power measurement
absolute method, 214
anechoic room, 209
diffuse field, 213
diffuse field, absolute method, 214
diffuse field, lowest frequency, 213
diffuse field, rotating sound diffuser,
213
diffuse field, substitution method, 214
field measurement, 215
field measurement, dual test surface
method, 217
field measurement, reference sound
source substitution method, 216
field measurement, reference sound
source to obtain absorption coef-
ficient, 215
free field, 208
gas turbine exhaust, 212
intensity, 208
near field measurement, 218
reverberation room, 213
semi-free field, 208
substitution method, 214
surface vibration measurement, 221
Sound pressure, 11
relation to sound power, 204
units, 30
Sound pressure level, 31
addition, coherent, 33
addition, incoherent, 34, 35
coherent addition, 33
combining noise reductions, 37
incoherent addition, 34
reference, 31
subjective response, 71
subtraction, 36
Sound propagation, see also Outdoor sound
propagation, 237
atmospheric absorption, 239
barrier attenuation, 264
CONCAWE, 276
decay rate, 260
directivity index, 237
excess attenuation, 237
geometrical spreading, 238
ground effect, 240
Harmonoise, 298
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infrasound, 274
1S09613, 281
low-frequency noise, 274
meteorological effects, 244
modelling approach, 275
NMPB-2008, 288
ray tracing, 258
reflection loss, 241
shadow zone, 262
turbulence effects, 236
uncertainty, 275
Sound ray
arc length, 257, 258
ground-reflected ray, 259
maximum height, 251, 258
radius of curvature, 252, 273
ray tracing, 258
reference plane, 251
travel time, 258
variables, 257
Sound Reduction Index, 371
Sound source localisation, 161
beamforming, 167
Helmholtz Equation method, 167
near—field acoustic holography, 161,
162
SONAH, 161, 165
Sound speed gradient, 244
Sound speed profile, 246
Sound transmission class, 370
Source
constant acoustic-pressure, 429
constant volume-velocity, 429
volume-velocity, 442
Source control, see Noise control strategies
Source impedance, 481
Specific acoustic impedance, see also
Impedance, specific acoustic, 734
normal, 229
normal, measurement, 738
Specific damping capacity, 560
Spectral
analysis, 669
density, 40, 42, 44, 674
leakage, 682
line, 679
Spectrum, 41
Spectrum analyser, 151
anti-aliasing filter, 152
external clock input, 152
real-time frequency limit, 152
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sampling rate, 152
waterfall display, 152
zoom, 152
Spectrum analysis, see Frequency analysis
Speech interference
broadband noise, 115
criteria, 115, 116
telephone communication, 116
tone, 116
understanding, 329
Speech Interference Level, 116
Speech privacy criteria, 127, 128
Speed of sound, 13, 16, 250
air, 15
fluid, 14
gases, 15
gradient, 245
group speed, 16, 20
phase speed, 13, 20
temperature, 246
temperature gradient, 250
vertical gradient, 246
Spherical source
volume flux, 174
Spherical wave, 22
acoustic pressure, 22, 23
characteristic impedance, 23
particle velocity, 22, 23
propagation, 22
reflection coefficient, 235
Splitter mufflers, 497
entrance losses, 498
exit losses, 498
insertion loss, 497
self-noise, 510
Spring
surge frequency, 536
Staggered studs, 395
Standard uncertainty, 312
Standing wave, see Wave, standing
amplitude, see Wave, standing ampli-
tude
Stapes, see Ear, stapes
Static deflection, 530
Statistical absorption coefficient, 332, 734,
735
data, 337
locally reactive surface, 735
measurement, 337
porous blanket material, 337
Statistical energy analysis, 660, 666, 667

823

amplitude response, 665
coupling loss factor, 663
damping loss factor, 662
energy balance equation, 662
energy components, 660
example, 666
group velocity, 663
impedance, 663, 664
modal density, 665
modal overlap, 660
software, 665
Statistical noise descriptors, 89
Statistical quantities, 148
Statistically optimised near—field acoustic
holography, 161, 165
theory, 165
STC rating, 370
Steam vent noise, 579
Stereocilia, see Ear, stereocilia
Subjective response
sound pressure level, 71
Surface density, 365, 377
Surface mass, see Surface density
Surface roughness, 246, 248
Surge frequency, 536
Swept sine signal, 672
Synchronous averaging, 689
Synchronous sampling, 689

T60, see Reverberation time
Table of files, 765
Tangential modes, 320
Taylor’s series, 179
Temperature gradient, 244
4-pole transmission matrix, 479
duct, 477
Temporary threshold shift, see Ear, tempo-
rary threshold shift
Termination impedance, 481
Terrain profile, 752
Terrain shielding, 273
Threshold of hearing, 75, 90
Threshold shift, 90
Time-varying sound
measurement, 148
Torsional vibration measurement, 556
Total Weighted Population, 132
Trace wavelength, 366
Trading rules, 101
Traffic noise, 602, 609, 610, 612, 613
CNOSSOS model, 602
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CoRTN model, 606
FHWA model, 611
other models, 613
Train noise, 613, 627, 629-631
Dutch model, 613
European Commission Model, 618
German model, 613
Nordic model, 614
UK model, 626
Transformer noise, 599
Transition ground effect model, 753
Transition ground segment, 752
Transmissibility, 533, 540, 541
complex force, 539
displacement, 534
energy, 534
force, 534
hysteretic damping, 534
viscous damping, 534
Transmission coefficient, 230, 368, 377-379,
398
normal incidence, 377
orthotropic panel, 378, 379
random incidence, 377
Transmission loss, 369, 370, 379, 382, 384,
388, 390, 393-395, 397, 398, 406,
424
R;, Ry, 371
airborne sound, 391
ASTC, 371
building materials, 398
cavity absorption, 393, 395
composite wall, 398
Davy model, double wall, 390
Davy model, single isotropic panel, 382
definition, 424, 461
double wall, 385
double wall, Davy model, 390
double wall, EN12354-1 model, 394
double wall, Sharp model, 386, 387
double-tuned expansion chamber muf-
fler, 469
European prediction scheme, single
isotropic panel, 383
expansion chamber muffler, 469
field incidence, 369
flanking, 406
isotropic panel, 379
isotropic single panel, panel resonance
frequency, 382

Index

isotropic single panel, stiffness con-
trolled region, 382
measurement, 369
muffler measurement, 424
multileaf panels, 395
noise reduction, 398
normal incidence, 369
OITC, 371
orthotropic panel, 379, 384
panel damping, 395
quarter-wavelength resonator, 464, 465
quarter-wavelength — resonator with
damping, 465
random incidence, 369
sandwich panel calculation, 385
Sharp model, 388
Sharp’s prediction, 379
Sharp’s prediction, single isotropic
panel, 380
single-leaf panel, 375
sound intensity measurement, 370
staggered studs, 395
STC, 370
STC prediction, 386
steel stud sections, 392
steel studs, 386, 392
structure-borne sound, 391
stud spacing, 394
stud wall constructions, 396
thickness correction, 383
triple walls, 397
Transmission matrix, 459
double-tuned expansion chamber, 469
double-tuned expansion chamber muf-
fler, 471
expansion chamber, 468
sudden contraction, 467
sudden expansion, 467
Transmission path control, see Noise control
strategies
Transmission-line analysis, 431
Transportation noise, 602
Transverse wave, see Wave, transverse
Triangular window, 683
coeflicients, 683
Tunnel of Corti, see Ear, tunnel of Corti
Turbine noise, 593
casing, 593
exhaust muffler, 593
steam, 593
steam, sound power, 593
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Turbulence
effect on sound propagation, 236
figure of merit, 236
Harmonoise, 302
measurement, 302
Two-stage vibration isolation, 539
Tympanic membrane, see Ear, tympanic
membrane

Uncertainty, 312
accuracy, 312
combining, 313
CONCAWE, 281
expanded, 312, 314
Harmonoise, 314
ISO9613 propagation, 314
principle, 689
range, 312
sound propagation, 275
standard, 312
standard, type A, 313
standard, type B, 313
Undamped resonance frequency, 532
Undamping, 55
Units
acceleration, 556
displacement, 556
force, 556
sound intensity, 30
sound power, 30
sound pressure, 30, 31
sound pressure level, 31
velocity, 556
Universal gas constant, 15
Unlined duct
insertion loss, 500

Velocity
laser vibrometer transducer, 555
measurement, 554
moving coil transducer, 555
phase, 16
Vertical sound speed gradient, 246
Vertical temperature gradient, 246
Vertigo, 51
Vibrating sphere, 181
force acting, 181
sound power, 181
Vibration absorber, 546548
displacement amplitude, 549
mass ratio, 548
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resonance frequencies, 548
Vibration control
damping, 528, 557
isolation, 528
modification of generating mechanism,
528
modification of structure, 528
Vibration isolation, 528, 529, 532-534, 536,
538-540, 542
audio-frequency range, 539
equipment stiffness, 542
four isolators, 536
mobility, 540
multi-degree-of-freedom, 537
resonance, 529
SDOF system, 529
static deflection, 530
superimposed loads, 543
support structure stiffness, 542
surging, 535
transmissibility, 533
two-stage, 538
Vibration isolator types, 543, 544
air springs, 546
coiled wire rope, 545
compression pads, 543
cork, 545
felt, 546
metal springs, 544
rubber, 544
shear pads, 543
wire mesh springs, 545
Vibration measurement, 550-553, 555
acceleration, 550, 551, 556
displacement, 556
velocity, 550, 554, 556
vibration units, 556
Vibration modes, 316
Vibration neutraliser, 550
Vibration units, 556
Viscous damping, 635
Volume velocity, 429

Water injection
noise reduction, 518
Wave
addition, 24
bending, 12, 364
evanescent, 13
longitudinal, 12, 40
plane standing, 24
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shear, 12
spherical standing, 25
standing, 24, 320
standing amplitude, 25
thermal wave, 12
torsional, 12
transverse, 12
Wave equation, 11, 17, 711, 713-715
acoustic particle velocity, 18
complex notation, 22
conservation of mass, 711
continuity equation, 711
equation of motion, 711
equation of state, 711, 713
Euler’s equation, 712
linearised, 17, 714
linearised equation of state, 713
plane wave, 22
solution, 18
spherical coordinates, 22
spherical wave, 22
Wave speed
longitudinal, 364
Wave summation, see Wave, addition
Wavelength, 20
structure-borne, 366
Wavenumber, 19
complex, 726
Weighted Normalised Impact Sound Pres-
sure Level, 374
Weighted Sound Reduction Index, 371

correction factors, 372

Index

Weighted Standardised Impact Sound Pres-

sure Level, 374
Weighting curves, 119
NCB curves, 123
NC curves, 120
NR curves, 119
RC curves, 121
RNC curves, 124
A-weighting curve, 85, 86
C-weighting curve, 85, 86
comparison, 126
G-weighting curve, 85, 86
Z-weighting curve, 85, 86
Weighting networks, 83
Welch window, 686
coeflicients, 686
White noise, 672
Wind gradient, 261
Wind shear, 244, 261
Wind shear coefficient, 246, 247
Wind speed profile, 244
Wind turbine noise, 601
Windscreen, 147
Wire mesh springs, 545

Young’s modulus, 377, 536
complex, 324

Z-weighting, 84
Zero frequency, 673
Zero padding, 688
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