Au
EDITED BY GLEN BALLOU go

o
ngineering
Ci

HANDBOOK FOR

SOUND

ENGINEERS

FIFTH EDITION




Handbook for Sound Engineers

Fifth Edition



Handbook for Sound Engineers

Fifth Edition

Glen M. Ballou
Editor

Focal Press

Taylor & Francis Group

NEW YORK AND LONDON




First published 1987 by Howard W. Sams & Co., Inc.

This edition published 2015 by Focal Press
70 Blanchard Road, Suite 402, Burlington, MA 01803

and by Focal Press
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

Focal Press is an imprint of the Taylor & Francis Group, an informa business
© 2015 Glen Ballou. Published by Taylor & Francis. All rights reserved.

The right of the editor to be identified as the author of the editorial material, and of the
authors for their individual chapters, has been asserted in accordance with sections 77 and
78 of the Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this book may be reprinted or reproduced or utilised in any
form or by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying and recording, or in any information storage or retrieval system,
without permission in writing from the publishers.

Notices

Knowledge and best practice in this field are constantly changing. As new research and
experience broaden our understanding, changes in research methods, professional
practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in
evaluating and using any information, methods, compounds, or experiments described
herein. In using such information or methods they should be mindful of their own safety
and the safety of others, including parties for whom they have a professional
responsibility.

Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Library of Congress Cataloging in Publication Data

Handbook for sound engineers / Glen M. Ballou, editor. -- Fifth edition.

pages cm

ISBN 978-0-415-84293-8 (hardback)

1. Acoustical engineering--Handbooks, manuals, etc. 2. Sound--Recording and
reproducing--Digital techniques.



I. Ballou, Glen.
TK7881.4.H36 2015
621.389’3--dc23
2014036047

ISBN: 978-0-415-84293-8 (hbk)
ISBN: 978-0-203-75828-1 (ebk)

Typeset in Times New Roman and Optimum
By Glen Ballou



Contents

Preface
Trademark Acknowledgments

Contributors
Part 1—Introduction to Sound and Acoustics
Chapter 1

Audio and Acoustic DNA—Past and Present

Don and Carolyn Davis
Chapter 2

Subjective Methods for Evaluating Sound Quality

Ken Pohlmann
Chapter 3

Psychoacoustics

Peter Xinya Zhang
Chapter 4

Hearing Physiology—Disorders—Conservation

S. Benjamin Kanters

Chapter 5



Fundamentals of Audio and Acoustics

Pat Brown

Part 2—Acoustics

Chapter 6
Small Room Acoustics
Doug Jones
Chapter 7
Acoustical Noise Control
Doug Jones
Chapter 8

Acoustical Treatment for Indoor Areas
Jeff Szymanski

Chapter 9

Room-acoustical Fundamentals for Auditoriums and Concert Halls
Dr. Wolfgang Ahnert and Hans-Peter Tennhardt

Chapter 10

Worship Styles in the Christian Church

Doug Jones
Chapter 11

Stadiums and Outdoor Venues



Ron Baker and Jack Wrightson
Chapter 12

Surround Sound for Cinema

Steve Barbar
Chapter 13

Acoustical Modeling and Auralization

Dominique J. Chéenne
Part 3—Electronic Components
Chapter 14

Resistors, Capacitors, and Inductors

Glen Ballou
Chapter 15
Audio Transformers
Bill Whitlock
Chapter 16

Tubes, Discrete Solid State Devices, and Integrated Circuits
Glen Ballou, Leslie B. Tyler, and Wayne Kirkwood

Chapter 17

Heatsinks and Relays
Glen Ballou and Henry Villaume



Chapter 18

Transmission Techniques: Wire and Cable

Steve Lampen and Glen Ballou
Chapter 19

Transmission Techniques: Fiber Optics

Ron Ajemian
Part 4—Electroacoustic Devices
Chapter 20

Microphones
Glen Ballou and Joe Ciaudelli

Chapter 21

Loudspeakers

Tom Danley and Doug Jones
Chapter 22

Loudspeaker Cluster Design
Ralph Heinz

Part 5—Electronic Audio Circuits and Equipment
Chapter 23

Circuit Protection and Power Supplies
Glen Ballou



Chapter 24

Amplifier Design
Bob Cordell

Chapter 25

Preamplifiers and Mixers
Ray Rayburn and Bill Whitlock

Chapter 26
Attenuators
Glen Ballou
Chapter 27
Filters and Equalizers
Steven McManus
Chapter 28
Delay
Steven McManus
Chapter 29

Consoles, DAWs, and Computers

Steve Dove
Chapter 30

Audio Output Meters and Devices



Glen Ballou
Part 6—Recording and Playback
Chapter 31

Analog Disc Playback

George Alexandrovich and Glen Ballou
Chapter 32

Magnetic Recording and Playback

Doug Jones
Chapter 33

MIDI
David Miles Huber

Chapter 34

Optical Disc Formats for Audio Reproduction and Recording

Ken Pohlmann
Part 7—Design Applications
Chapter 35

DSP Technology
Dr. Craig Richardson

Chapter 36

Grounding and Interfacing



Bill Whitlock

Chapter 37
System Gain Structure
Pat Brown
Chapter 38
Sound System Design
Pat Brown
Chapter 39

Computer Aided Sound System Design
Dr. Wolfgang Ahnert, Stefan Feistel, and Hans-Peter Tennhardt

Chapter 40

Designing for Speech Intelligibility

Peter Mapp
Chapter 41
Virtual Systems
Ray Rayburn
Chapter 42

Digital Audio Interfacing and Networking
Ray Rayburn

Chapter 43



Personal Monitor Systems

Gino Sigismondi
Chapter 44

Message Repeaters, Museum and Tour Group Systems, Voice
Evacuation/Mass Notification Systems

Glen Ballou and Hardy Martin

Chapter 45
Interpretation Systems
Glen Ballou
Chapter 46
Assistive Listening Systems
Glen Ballou
Chapter 47
Intercoms
Glen Ballou
Chapter 48

The Fundamentals of Display Technologies

Alan C. Brawn
Part S —Measurements

Chapter 49



Test and Measurement

Pat Brown
Chapter 50

Fundamental and Units of Measurement
Glen Ballou

Index



Preface

When the first edition of the Handbook for Sound Engineers came
out in 1987, it was subtitled The New Audio Cyclopedia so that
people who were familiar with Howard Tremain’s Audio Cyclopedia
would understand that this is an updated version of it. When the
third edition came out in 2002, the subtitle was dropped and the
Handbook for Sound Engineers has stood on its own since.

We have seen a tremendous change in the field of sound and
acoustics since 1987. Digital has certainly made its place in all forms
of audio, but analog systems will still be around for a long time.
After all, sound is analog and the transfer of sound waves to a
microphone is analog, and from the loudspeaker to our ears is
analog. However, as Steve Dove said, “digital won”; and with all of
the new digital circuitry in microphones, electronic circuits,
loudspeakers, and test equipment, digital has, without a doubt,
revolutionized the way we produce, reproduce, and measure sound.

The Handbook for Sound Engineers discusses sound through
eight sections: Introduction to Audio and Acoustics, Acoustics,
Electronic Components, Electro-Acoustic Devices, Audio Electronic
Circuits and Equipment, Recording and Playback, Design
Application, and Measurements.

Much has changed in this, the fifth edition of the Handbook for
Sound Engineers. Four new chapters have been added: Subjective
Methods for Evaluating Sound Quality, Hearing Physiology—
Disorders—Conservation, Worship Styles in the Christian Church,
and Surround Sound for Cinema.



We have new authors for six original chapters or sections of
chapters: Stadiums and Outdoor Venues, Loudspeakers,
Preamplifiers and Mixers, Amplifier Design, Sound System
Design, and Message Repeaters, Museum and Tour Group
Systems, Voice Evacuation/Mass Notification Systems.

The book also covers message repeaters, interpretation systems,
assistive listening systems, intercoms, modeling and auralization,
surround sound, and personal monitoring, subjects that are not
often covered in audio books.

This edition is not a replacement for the previous editions as the
information in the past four editions is relevant today; however the
fifth edition brings us into the digital age and numerous new ideas.
A good audio library will contain all five editions of this book plus
books written by many other authors including Don and Carolyn
Davis, Pat Brown, Ken Pohlmann, Bob Cordell, Doug Jones,
Wolfgang Ahnert, Stefan Feistel, David Miles Huber, Steve Lampen,
Peter Mapp, and Craig Richardson, all authors who have
contributed in this book.

Technical authors write to share their knowledge that they spent
a lifetime gathering so we can learn from them. No one person can
be knowledgeable in all the fields of sound and acoustics. I have
been extremely fortunate to have exceptional authors, who are
considered by many the most knowledgeable in their field, give of
their time to contribute so much in this book.

Glen Ballou
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Joe Ciaudelli

Joe Ciaudelli leads Spectrum Affairs, consulting for Sennheiser
USA. Upon graduating from Columbia University with an electrical
engineering degree, Joe was hired by Sennheiser in 1987. He
provided frequency coordination for large multi-channel wireless
microphone systems used by Broadway productions, major theme
parks, and broadcast networks. He wrote the Turbo-RF software
which became the industry standard planning tool of the time. He
also wrote the white paper “Large Multi-Channel Wireless Mic
Systems”, published by industry trade journals, the NAB and
InfoComm proceedings, and the Handbook for Sound Engineers.
Joe has served in various capacities at Sennheiser USA including:
Director of Marketing, Director of Market Development &
Education, and Director of Advanced Projects & Engineering. Joe
also holds patents for the narrow angle hologram technology.

Bob Cordell



Bob Cordell is an electrical engineer who has been deeply involved
in audio for over four decades. He began his professional career at
Bell Laboratories where he designed linear integrated circuits and
fiber optic communications systems. Bob is a prolific designer of
amplifiers, audio test equipment, loudspeakers and other audio
gear. In 1983 he published a power amplifier design combining
vertical power MOSFETs with error correction, achieving distortion
levels of less than 0.001% at 20 kHz. He has published articles on
power amplifier design in the popular press and in the Journal of
the Audio Engineering Society. Bob holds 17 patents, including one
for a loudspeaker “Equalized Quasi Sealed System” (EQSS). In 2010
he authored the book Designing Audio Power Amplifiers,
published by McGraw-Hill. Bob is a member of the JAES Review
Board and he maintains an audiophile website at
www.cordellaudio.com.

Tom Danley


http://www.cordellaudio.com

Tom Danley has been interested in radio, electronics, loudspeakers
and “hifi” since childhood. In 1979 he joined Intersonics Inc, a
NASA hardware contractor working with acoustic levitation. One of
his first inventions was a levitation sound source, which was 100
times more efficient than the St. Clair source that had previously
been used.

While at Intersonics, Tom was awarded 17 patents for acoustic
and electromagnetic levitation devices, as well as the Servodrive
subwoofer; an air cooling system that eliminated power
compression, and the Rotary driver used in the Phoenix Cyclone. In
addition to his inventions, Tom designed and built major portions
of hardware flown on space shuttle flights STS-7 and STS-51a.

In 2005 Tom and Mike Hedden founded Danley Sound Labs.
Since starting DSL he has developed:

e The Synergy Horn, an improvement over the Unity Horn that
preserves waveshape and radiates as a single source.
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Tom was one of the early TEF-10 users and is thankful that his
boss had the insight to send him to a few SynAudCon seminars and
to join AES.

Don and Carolyn Davis

Don and Carolyn Davis form a unique husband and wife team
working in audio and acoustics. Celebrating their 65th wedding
anniversary in 2014; they started their first business in 1951 with
the Golden Ear in Lafayette, Indiana selling eclectic high fidelity
equipment. Selling their three stores in 1955, they took a three



months trip to Europe in order to try out their Porsche on European
racetracks. Returning home they served at the Christian Science
Church headquarters in Boston until 1958. Returning again to
Europe to acquire another Porsche, they observed an inadequate
display of sound equipment at the world’s fair in Brussels. They
returned to the United States to convince the State Department to
allow them to take a full representation of the best component high-
fidelity equipment made in the United States at that time.
Returning again to Europe with two friends, they demonstrated live
recording versus playback in the Pavilion Theatre at the Fair. This
early travel led to over 22 trips abroad during the ensuing years.

Upon returning from the second trip Don became Paul Klipsch’s
“President in Charge of Vice” in Hope, Arkansas, where he was able
to accomplish the incorporation of Klipsch and Associates. In 1959
Don went to work for Altec Lansing, eventually becoming one of the
Vice President’s of the company. Don was co-inventor of the Altec
one-third of an octave equalizer system and trained their
contractors in advanced system design and utilization of equalizers.

The Davises founded Synergetic Audio Concepts in 1973 in
response to the growing need in the audio industry for training in
the fundamentals of sound reinforcement. Their work in
equalization, speech intelligibility, and recording technologies
provided the backbone for developing training seminars and
workshops. When they turned Syn-Aud-Con over to Pat and Brenda
Brown in 1995, Don and Carolyn had been responsible for the
education (training yes, but more important, a new mindset which
did bespeak education) of more than 10,000 sound contractors,
designers, and consultants.

Don and Carolyn have authored four books, Acoustical Tests and



Measurements in 1965; How to Build Speaker Enclosures in 1968,
co-authored with Alex Badmaieff, which sold over 200,000 copies,
Sound System Engineering, available from 1973 to 1975 in a ring
binder, and in 1975 as a bound edition, and in 2013 a fourth edition,
and in 2004, If Bad Sound were Fatal, Audio would be the Leading
Cause of Death, containing non-technical items from over 23 years
of Newsletters along with current comments on the excerpts. (this
book contains personal experiences with their sports cars such as
how Don got an international competition license from the FIA and
how Carolyn decided to attend classes at Gunsight which led to a
personal friendship with Col. and Mrs. Jeff Cooper the founder of
the school). In the process of communicating with the grads of their
seminars on audio and acoustics, a quarterly Newsletter was
established. Most of the Newsletter was technical in nature, but it
also contained the evolving mindset that bonded teachers and grads
into something not originally expected—a fraternity of people
dedicated to changing an industry.

The Davises spent their professional careers writing and lecturing
on sound system engineering. The audio industry has generously
recognized their efforts as instrumental in the better sound quality
we enjoy today. Don and Carolyn are both Fellows of the Audio
Engineering Society and have received many awards in the audio
industry including the distinguished award in Sound Design and
Technology from USITT. Don has a Gold certificate from the
Acoustical Society of America, and is a senior member of the IEEE.
Both Don and Carolyn received the 1999 Heyser award, and most
recently the Adele De Berri Pioneers of AV award from InfoComm
International in 2010.

Don and Carolyn remain active shooters with Don having been a



Provost coach at the famous Gunsight Academy, Inc. in Arizona.
This training has enabled Don to train members of his local sheriff’s
department at the shooting range on their farm. Don and Carolyn
continue to work on his “Great American novel” which may never
be published but they’ll of had the pleasure of writing it. Fellow
shooters include Dr. Petronas, Pat and Brenda Brown, and various
young friends they have trained over the years. Don and Carolyn are
both Life Members of the NRA and strong supporters of the Second
Amendment to the Constitution of the United States.

Steve Dove

Native to Oxfordshire, England, much traveled and now screeched
to a halt on a beach in Florida, Steve Dove has designed mixing
consoles and signal processing in every genre from valves to DSP,
and plug-ins since before they were even called that.

On the basis of an early foray with ICs, he was made a wireman
(until fired for his atrocious soldering), a designer, and later a
director of Alice, a then major manufacturer of broadcast, film, and
recording consoles. Concurrently he provided engineering and
acoustics expertise to major rock bands, theatres, and studios
worldwide.



He is “Minister of Algorithms” for Wheatstone Corporation, a
prominent broadcast and signal processing manufacturer. Former
clients as a design consultant include Sony Broadcast, Shure Bros.,
Solid State Logic, Altec Lansing, Clair Bros., Harman/JBL, Crest,
and Peavey.

A widely published author with a long list of innovative design
techniques and award-winning products to his credit, he is one of a
very few to have designed large-format consoles in both analog and
digital.

Dipl.-Phys. Stefan Feistel

Stefan Feistel studied physics at the University of Rostock,
Germany, and at the Humboldt University, Berlin, Germany, and
received a Master’s degree in theoretical physics in 2004. He
defended his PhD thesis on computational modeling of sound
systems at the RWTH Aachen University in 2013.

In 2000, together with Wolfgang Ahnert, he founded SDA
Software Design Ahnert GmbH, which is dedicated to the
development of acoustic modeling and measuring software. In 2002
the nonprofit organization ADA Foundation was established to
support universities and colleges with software products such as the



simulation software EASE and the measurement tool EASERA. To
coordinate these activities, the Ahnert Feistel Media Group (AFMG)
was established in 2006. Stefan Feistel is a member of the AES, the
ASA, and of the DEGA.

Mr. Feistel authored or coauthored more than 60 papers focusing
on software projects and the related mathematical, numerical, and
experimental background studies. The JAES article on Methods and
Limitations of Line Source Simulation has been distinguished with
the AES Publications Award 2010. Stefan Feistel is the author of the
book Modeling the Radiation of Modern Sound Systems in High
Resolution, and a coauthor of the books Messtechnik der Akustik,
edited by M. Moser, and Handbook for Sound Engineers, edited by
Glen Ballou.

Ralph Heinz

As the son of Renkus-Heinz founder and president, Harro Heinz,
you could say that Ralph Heinz was born to design loudspeakers.
With a background in mechanical engineering and manufacturing
prior to joining his father’s company, Ralph Heinz has been the
principle loudspeaker designer for Renkus-Heinz since 1992. His
accomplishments include the development of the company’s



proprietary and patented “Complex Conic” and “Co Entrant”
waveguides and transducers. Most recently, Ralph has turned his
attentions towards “steerable” line arrays, and the fundamental
principles that enable this new technology in the Renkus-Heinz
“Iconyx” series loudspeakers.

Ralph Heinz resides in Norco, CA with his wife and two sons.
Along with designing loudspeakers, Ralph enjoys photography and
music (preferably live).

David Miles Huber

David Miles Huber is a three times Grammy-nominated producer
and musician in the electronic dance and surround-sound genres,
whose music has sold over the million mark. His style is energized
and balanced out by lush beats and live acoustic instruments that
combine to create a “Zen-meets-Tech experience”. His latest music
and collaborations can be heard on www.davidmileshuber.com.

DMH received his degree in music technology from Indiana
University and the University of Surrey in Guildford, England. His
most prominent book Modern Recording Techniques is the
standard recording industry text worldwide.

Doug Jones


http://www.davidmileshuber.com

Doug Jones is Professor of Acoustics Emeritus and the founder of
the Audio Arts and Acoustics department at Columbia College
Chicago. He has worked in acoustics on six continents on projects
ranging from radio stations in developing countries to
internationally recognized recording studios. He is still waiting for
that hot gig in Antarctica!

Doug is the author of Sound of Worship (Focal Press 2010) a
book which examines the relationship between theology and the
acoustics of worship spaces.

He is also a studio musician, engineer and producer with
numerous album credits. He performs regularly with a number of
bands in the Chicago area, as well as weekly gigs playing Irish folk
music.

Doug is responsible for Danley University, the education arm of
Danley Sound Labs, as well as product development and technical
support. Doug is a member of the AES and the ASA.

S. Benjamin Kanters



Benj has been on the faculty of Columbia College Chicago since
1993 as an Associate Professor and Associate Chair, Department of
Audio Arts & Acoustics, where he directs the Audio Design &
Production Program. His teaching responsibilities include
recording technology, audio theory and hearing physiology.

Prior to Columbia, he spent 20 years in the audio and music
industries, including fourteen years as an adjunct professor of audio
in the Schools of Music and Communications of Northwestern
University. Through the 1970s, he was partner and sound engineer
with the Chicago area concert club Amazingrace. During the 1980s,
he was partner and chief managing engineer of Studiomedia
Recording Company in Evanston.

Since studying hearing physiology during his graduate studies in
2000, he continues to research developments in the field, including
hearing disorders and conservation. In 2007, he founded The
Hearing Conservation Workshop, visiting colleges and universities
to teach hearing awareness to future audio and music industry
professionals. More recently, he has been invited to speak to
students and professionals in audiology, offering new perspectives
in hearing health care.

He has a BS Speech, Northwestern University and a MM Music
Technology, Northwestern University. Benj is a member of the



Audio Engineering Society, National Hearing Conservation
Association, and the Performing Arts Medicine Association. He is
an advisory board member of the Hugh Knowles Hearing Center of
Northwestern University and The Foundation for Hearing & Speech
Rehabilitation.

Wayne Kirkwood

Wayne Kirkwood began his career in audio at age eight when he was
given a tape recorder. The following Christmas he received a Radio
Shack “50 in 1”7 Science Fair™ kit which ended his recording career
and sparked a life-long interest in audio circuit design. Mr.
Kirkwood is self-taught and has worked in the sound recording and
broadcast industries since his youth. He moderates the popular Pro
Audio Design Forum (www.proaudiodesignforum.com) which
showcases his and others’ circuit designs for use in recording and
mastering. He has co-authored several application notes for THAT
Corporation and the AES paper “The 48V Phantom Menace
Returns” with Rosalfonso Bortoni.

Mr. Kirkwood quips: “I particularly enjoyed working on the
Phantom Menace because it gave me the opportunity to identify the
various failure modes from stored charges on the input capacitors. I


http://www.proaudiodesignforum.com

had a lot of fun with that project.” Partly as a result of that research,
Mr. Kirkwood has since designed a phantom-tolerant active
microphone preamp which has no input capacitors.

Steve Lampen

Steve Lampen has worked for Belden for twenty-three years and is
currently Multimedia Technology Manager and also Product Line
Manager for Entertainment Products. Prior to Belden, Steve had an
extensive career in radio broadcast engineering and installation,
film production, and electronic distribution. Steve holds an FCC
Lifetime General License (formerly a First Class FCC License) and is
an SBE Certified Broadcast Radio Engineer. On the data side he is a
BICSI Registered Communication Distribution Designer. In 2010,
he was named “Educator of the Year” by the National Systems
Contractors Association (NSCA), and in 2011 was named “Educator
of the Year” by the Society of Broadcast Engineers. His book, The
Audio-Video Cable Installer’s Pocket Guide is published by
McGraw-Hill. His blog appears weekly at www.belden.com/blog.
He can be reached at steve.lampen@belden.com

Peter Mapp, BSc, MSc, FIOA, FASA, FAES, CPhys, CEng,


http://www.belden.com/blog

MinstP, FinstSCE, MIEE.

Peter Mapp is principal of Peter Mapp Associates, an acoustic
consultancy, based in Colchester, England, that specializes in the
fields of room acoustics, electro-acoustics, and sound system
design. He holds an honors degree in applied physics and a master’s
degree in acoustics. He is a Fellow of the Institute of Acoustics, the
Acoustical Society of America, and the Audio Engineering Society.

Peter has a special interest in speech intelligibility prediction and
measurement and has authored and presented numerous papers
and articles on this subject both in Europe and the United States.
He currently serves on both British and International Standards
committees concerning the sound system design and speech
intelligibility.

Peter has been responsible for the design and commissioning of
over 500 sound systems, varying from concert halls and theatres, to
churches, cathedrals, and other religious buildings, to arenas,
stadiums, power stations, and transportation terminals. He is also
known for his extensive research work into Distributed Mode
Loudspeakers and their application to sound reinforcement.

Peter is a regular contributor to the audio technical press, having
written over 100 articles and papers. He is also a contributing



author to a number of international reference books including the
Loudspeaker Handbook. He is currently the chairman of the AES
international working group on speech intelligibility and convenor
of IEC 60268-16, the standard relating to the measurement of STI
and Speech Intelligibility.

Hardy Martin

Musical talent came naturally for Hardy Martin and guitar was his
instrument of choice playing with many bands from country to rock
and roll. He is a lifetime member of the American Federation of
Musicians.

With a world of knowledge learned from experience with audio
products, Hardy formed a company and began to design and
manufacture mixing consoles for recording studios, radio and TV
production, and showrooms from 1965-1978.

Innovative Electronic Designs, LLC (IED) followed in 1978, and
Hardy being one of the founders, was named president of the
company and remained until 2008.

Through the following years, IED has been credited for many
firsts in the audio industry: 1981-Digital Record and Playback
System; 1982—Computer Controlled Paging System; 1984—



Computer Controlled Stadium/Arena and Convention Center
System; 1985—Computer Controlled Automatic Mixer; 1986—
Modular Class D Power Amplifier; 1987—Multi-Channel Software
Controlled Ambient Analysis System; 1990—Automated Flight
Announcement System (FAS); 1990-DSP Sound System; 1995-
Integrated Transit Station Audio and Visual Controller; 1996—
Ethernet Network Audio/Visual Paging System; 1997—Courtesy
Announcement System; 2003—Integrated Airport Paging and
MUFIDS/GIDS System; 2004—Network (CobraNet) based
Microphone Station with Dynamic Routing; 2006—Networked
DSP/Modular Power Amplifier System; 2007—Paging System that
was 100% digital and networked from Paging Station to Power
Amplifier; 2010—Virtual Announcement Control System.

IED’s Announcement Control System can be found in 200+
airports around the world (75% of the top 100 U.S. airports). Mass
Transit Systems are installed in the New York City Transit, Chicago
Transit Authority, Los Angeles Metro Red Line, and many more.
Government installations can be found at NASA and AFB and many
similar venues. Industrial systems include automotive,
pharmaceutical and healthcare facilities.

Hardy is the co-author of many patents in audio/visual related
topics. He is currently Chief Technology Officer (CTO) at IED. He is
a past member of the AES, and current member of the National Fire
Protection Association, NFPA.

Hardy enjoys life with many hobbies from sports cars, airplanes
to senior sports events. He holds a commercial pilot’s certificate
with both instrument and multi-engine ratings. He is currently a
player on the Louisville Thunder Senior Softball Team and plays in
tournaments throughout the United States. He is a proud Eagle



Scout and supports the Boy Scout Organization of America.

Steven McManus

Steven McManus graduated from the University of Edinburgh in
1990 with a B. E. in Electrical and Electronic Engineering. During
this time he also worked on a computer-aided navigation and
charting project through the University of Dundee.

An early interest in sound recording expanded into a production
and installation company that he ran for 8 years. Steve moved to
the United States in 1999 after returning to Herriot-Watt University
for an update in programming skills.

He was with the TEF division of Gold Line for 6 years working on
both software and hardware. He is currently working for Teledyne
Benthos in Massachusetts with underwater acoustic communication
and navigation systems.

Ken C. Pohlmann



Ken C. Pohlmann has worked extensively in the research,
development, and testing of new audio technology. He serves as a
consultant in the development and sound quality evaluation of
digital audio products and sound systems for audio and automobile
manufacturers. He also serves as a consultant and expert witness in
patent infringement litigation. Some of his consulting clients have
included: Alpine Electronics, Analog Devices, Apple Computer,
Bertlesmann Music Group, Blockbuster Entertainment, BMW,
Canadian Broadcasting Corporation, Cirrus Logic, Daimler-
Chrysler, Eclipse, Ford, Fujitsu Ten, Harman International,
Hewlett-Packard, Hughes Electronics, Hyundai, IBM, Kia Motors,
Lexus, Lucent Technologies, Microsoft, Mitsubishi Electronics,
Motorola, Nippon Columbia, Onkyo America, Philips, Real-
Networks, Recording Industry Association of America, Samsung,
Sensormatic, Sonopress, Sony, SRS Labs, TDK, Time Warner,
Toyota, and United Technologies.

Ken is a professor emeritus at the University of Miami in Coral
Gables, Florida where he served as a tenured full professor and
director of the Music Engineering Technology program in the Frost
School of Music. He initiated new undergraduate and graduate
courses in digital audio, advanced digital audio, internet audio,
acoustics and psychoacoustics, and studio production. In 1986, he



founded the first master’s degree program in Music Engineering
Technology in the United States. Mr. Pohlmann holds Bachelor of
Science and Master of Science degrees in Electrical Engineering
from the University of Illinois in Urbana—Champaign.

He is the author of Principles of Digital Audio (McGraw-Hill);
this book has appeared in six editions and has been translated into
Dutch, Spanish, and Chinese. He is also author of The Compact
Disc Handbook (A-R Editions); this book has appeared in two
editions and has been translated into German. He is co-author of
the sixth edition of The Master Handbook of Acoustics (McGraw-
Hill) and the second edition of Sound Studio Construction
(McGraw-Hill). He is also co-author of Writing for New Media
(John Wiley & Sons), and editor and co-author of Advanced Digital
Audio (Howard W. Sams). Since 1982, he has written over 3000
articles for audio publications and is columnist and blogger for
Sound & Vision magazine.

Mr. Pohlmann chaired the Audio Engineering Society’s
International Conference on Digital Audio in Toronto in 1989 and
co-chaired the Society’s International Conference on Internet Audio
in Seattle in 1997. He was presented AES Board of Governor’s
Awards in 1989 and 1998 and was named an AES Fellow in 1990 for
his work as an educator and author in the field of audio
engineering. He was elected to the AES Board of Governors in 1991.
He served as AES convention papers chairman in 1984 and papers
co-chairman in 1993. He was elected as the AES Vice President of
the Eastern U.S. and Canada Region in 1993. He was presented the
University of Miami Philip Frost Award for Excellence in Teaching
and Scholarship in 1992. He served as a Non-Board Member of the
National Public Radio Distribution/Interconnection Committee



(2000—2003). He served on the Board of Directors of the New
World Symphony (2000-2005). He served on the Advisory Board
of SRS Labs as the charter member (2009—2012).

Ray A. Rayburn

Ray A. Rayburn is Principal Consultant with Sound First, LLC. He is
a Life Fellow of the Audio Engineering Society, and an emeritus
member the Acoustical Society of America. He is Chairman of the
AES Standards Subcommittee on Interconnections, and the
working group on Audio Connectors. He is a member and former
Chairman of the AES Technical Committee on Signal Processing
and is a member of the AES Standards working group on
Microphone Measurement and Characteristics. He was one of the
developers of the ANSI/InfoComm Standard on Audio Coverage
Uniformity, and currently leads the InfoComm Standards working
group on Spectral Balance.

Ray has an ASET from New York Institute of Technology and has
worked in the fields of audio, electroacoustics and
telecommunications for over 43 years. He has taught audio at
Eastman School of Music, Institute of Audio Research, and Info-
Comm. He designed recording facilities for Broadway Video,



Eurosound, Photo-Magnetic Sound, db Studios, and Saturday
Night Live. His recording credits range from the Philadelphia
Orchestra to Frank Zappa. Equipment he has designed includes
film dubbers, tape duplicators, specialty telecommunication
equipment for the stock brokerage industry, and a polymer
analyzer. He has been a consultant on sound systems for the U.S.
Senate, U.S. House, Wyoming Senate and House, Georgia Dome,
Texas House of Representatives, and University of Hawaii Special
Events Arena, among many others.

Dr. Craig Richardson

Dr. Craig Richardson is a vice president and general manager of
Polycom’s Installed Voice Business. In this role, Richardson leads
the development of installed voice products and recently introduced
the Sound Structure audio conferencing products—the first
installed conferencing products that provide both mono and stereo
echo cancellation capabilities for an immersive conferencing
experience.

Prior to joining Polycom, Craig was president and CEO of ASPI
Digital and focused the company on creating the EchoFree™
teleconferencing products for the audio/video integrator
marketplace. ASPI’s products allowed users to experience full-



duplex communication in situations never before thought possible,
such as distance learning, telemedicine and courtroom applications.
In 2001, ASPI Digital was acquired by Polycom Inc., the leader in
unified collaborative communication.

Dr. Richardson led algorithm development at ASPI Digital as the
director of Algorithm Development working on an advanced low-
bit-rate video coder, the MELP military standard voice coder,
digital filter design products, computer telephony products,
multimedia algorithms for speech, audio, and image processing
applications for TMS320 family of digital signal processors. He has
written numerous papers and book chapters, has been granted four
patents, and is the co-author (with Thomas P. Barnwell, III, and
Kambiz Nayebi) of Speech Coding A Computer Laboratory
Textbook, a title in the Georgia Tech Digital Signal Processing
Laboratory Series published by John Wiley & Sons.

He is a member of Tau Beta Pi, Sigma Xi, and a senior member of
the IEEE. He was graduated from Brown University with a
bachelor’s degree in electrical engineering and received both his
master’s and doctoral degrees in electrical engineering from the
Georgia Institute of Technology.

Gino Sigismondi




Gino Sigismondi, a Chicago native and Shure Associate since 1997,
has been active in the music and audio industry for nearly 15 years.
Currently managing the Technical Training division, Gino brings
his years of practical experience in professional audio to the
product training seminars he conducts for Shure customers,
dealers, distribution centers, and internal staff. Gino spent over 9
years as a member of Applications Engineering, assisting Shure
customers with choosing and using the company’s vast array of
products, and is the author of the Shure educational publications
Selection and Operation of Personal Monitors, Audio Systems
Guide for Music Educators, and Selection and Operation of Audio
Signal Processors. He was recently awarded status as an Adjunct
Instructor by the InfoComm Academy.

Gino earned his B.S. degree in Music Business from Elmhurst
College, where he was a member of the jazz band as both guitar
player and sound technician. After college, he spent several years
working as a live sound engineer for Chicago-area sound
companies, night clubs, and several local acts. Gino continues to
remain active as a musician and sound engineer, consulting
musicians on transitioning to in-ear monitors and expanding his
horizons beyond live music to include sound design for modern
dance and church sound.

Jeff D. Szymanski



Jeff D. Szymanski is an Acoustical Engineer with Black & Veatch
Corporation, a leading global engineering, consulting, and
construction company specializing in infrastructure development in
energy, water, information, and government markets. Jeff’s
experience covers many areas of acoustics, including architectural
acoustics design, industrial noise and vibration control,
environmental noise control, and A/V systems design. He has over
19 years of experience in the acoustical manufacturing and
consulting industries. Jeff has written and presented extensively on
the subjects of architectural acoustics and noise control. He is a full
member of the Acoustical Society of America and a Board Certified
Member of the Institute of Noise Control Engineering. Jeff holds
two US patents for acoustical treatment products, is a licensed
professional engineer, and spends his free time jamming in the
fantastic cover band “The Heather Stones.”

Hans-Peter Tennhardt



Hans-Peter Tennhardt was born in Annaberg/Erzgebirge, Germany
in 1942. From 1962—-1968, Mr. Tennhardt studied at the Technical
University Dresden, Department of Electrotechnics—Low-current
Engineering. His field of study was Electroacoustics with Professor
Reichardt.

Mr. Tennhardt graduated in 1968 as a Diploma’d Engineer for
Electrotechnics—Low-current Engineering at the TU Dresden, with
an extension of the basic study at the Academy of Music Dresden.
His Diploma thesis was on the subject “Model Investigations in
Town Planning.” From 1968—-1991, Mr. Tennhardt was a Scientific
Collaborator in the Department Building and Room Acoustics at the
Building Academy in Berlin, with Professor Fasold. He became
Deputy Head of the Department Building and Room Acoustics of
the Institute for Heating, Ventilation, and Fundamentals of
Structural Engineering at the Building Academy in 1991. In 1992
Mr. Tennhardt became Group Leader for room acoustics at the
Institute of Building Physics (IBP) of the Frauenhofer Institute
Stuttgart, Berlin Branch.

Since then he has been Head of the Department Building Physics
and of the Special Section Building and Room Acoustics at the
Institute for Maintenance and Modernization of Buildings (IEMB)
of the Technical University Berlin.



Leslie B. Tyler

Leslie “Les” Tyler is president of THAT Corporation, which provides
high-performance audio technology in the form of integrated
circuits to the professional audio industry, and licensed intellectual
property to the consumer audio industry. Mr. Tyler co-founded the
company in April of 1989 along with other senior managers and
engineers from dbx, Inc.

Immediately prior to founding THAT, Mr. Tyler spent 10 years at
various engineering and engineering management positions at dbx,
including vice president for engineering and vice president for
technology. Prior to dbx, he spent two years as the chief recording
engineer at Pyramid Sound in Ithaca NY.

Mr. Tyler holds three U.S. patents. He attended Cornell
University where he obtained a B.S. in electrical engineering. He
plays several instruments, especially acoustic jazz piano.

Bill Whitlock



Bill Whitlock was born in 1944 and was building vacuum-tube
electronics at the age of 8 and operating his own radio repair
business at the age of 10. He grew up in Florida, attended St.
Petersburg Junior College, and graduated with honors from Pinellas
County Technical Institute in 1965. He held various engineering
positions with EMR/Schlumberger Telemetry, General Electric
Neutron Devices, and RCA Missile Test Project (on the USNS
Vandenberg, now an artificial reef off Key West) before moving to
California in 1971.

His professional audio career began in 1972 when he was
interviewed by Deane Jensen and hired as chief engineer by custom
console maker Quad-Eight. There he developed Compumix®), a
pioneering console automation system, and other innovations.
From 1974 to 1981, he designed automated image synthesis and
control systems, several theater sound systems, and patented a
multichannel PCM audio recording system for producers of the
Laserium® laser light show. In 1981, Bill became manager of
Electronic Development Engineering for Capitol Records/EMI
where he designed high-speed cassette duplicator electronics and
other specialized audio equipment. He left Capitol in 1988 to team
with friend and colleague Deane Jensen, developing hardware for
Spatializer Audio Labs and other clients. After Deane’s tragic death
in 1989, Bill became President and Chief Engineer of Jensen



Transformers, a position he held until his semi-retirement in 2014.

His landmark paper on balanced interfaces was published in the
June 1995 AES Journal. He is an active member and former
chairman of the AES Standards Committee Working Group that
produced AES48-2005. Over the years, Bill has presented many
tutorial seminars and master classes for the AES as well as
presentations to local AES chapters around the world. He suggested
major changes to CMRR measurement methods for IEC standards,
which the IEC adopted in 2000. He has written numerous magazine
articles and columns for Mix, EDN, S&VC, System Contractor
News, Live Sound, Multi-Media Manufacturer, and others. Since
1994, he has taught myth-busting seminars on grounding and
interfacing to tens of thousands at industry trade shows and invited
lectures at SynAudCon workshops, private companies, and
universities, including MIT.

Bill is a Life Fellow of the Audio Engineering Society and a Life
Senior Member of the Institute of Electrical and Electronic
Engineers. His patents include a bootstrapped balanced input stage,
available as the InGenius® IC from THAT Corporation, and a
mechanically and electrically compatible balanced version of the
ubiquitous RCA connector. Bill currently does system
troubleshooting and analog circuit design work as Whitlock
Consulting. He is married and lives in Oxnard, CA. In his leisure
time, Bill enjoys travel, hiking, music, and restoring vintage radio
and TV receivers.

Jack Wrightson



Jack Wrightson is one of the founding partners of Wrightson,
Johnson, Haddon and Williams (WJHW), a multi-discipline
consulting design firm based in Dallas, Texas, where he oversees all
aspects of the company’s operations. Following graduate school in
1982, Jack began his career with Joiner, Pelton Rose; later known
as the Joiner Rose Group where he was involved in a variety of
acoustical and electroacoustical sports projects. In 1990, Jack along
with three colleagues founded WJHW to provide A/V and
acoustical consulting services to both sports and non-sports clients.
Today, Jack continues to advise sports clients worldwide on audio
and technology enhancements for stadiums and arenas.

Jack earned a BA degree in Biopsychology from Rutgers
University, a Masters in Psychoacoustics from the University of
Wisconsin—Milwaukee and a Masters of Business Administration
from Southern Methodist University.

Dr. Peter Xinya Zhang



Dr. Peter Xinya Zhang is a tenured associate professor at Columbia
College Chicago. His research interests include psychoacoustics
(especially binaural hearing, spatial hearing, 3D sound simulation,
and virtual reality), auditory physiology, singing voice, acoustics
and its applications in media arts. He received his degree of
Bachelor of Science in physics from Peking University, P. R. China,
and received his Ph.D. in physics from Michigan State University,
U.S.A. In his doctoral thesis, he investigated human binaural pitch
effects to test various binaural models, and developed a new
technique to simulate 3D sound field for virtual reality with
loudspeakers.

Dr. Zhang served as president of the Chicago Chapter, Acoustical
Society of America from 2010 to 2013. He is a member of the
Acoustical Society of America, and of the Audio Engineering
Society. Dr. Zhang has published papers at journals on acoustics
and hearing, such as the Journal of Acoustical Society of America
and Hearing Research. He has been the author of the chapter on
psychoacoustics in this handbook since the 4th edition. Dr. Zhang
has presented at various conferences, and served as co-chair in the
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1.1 Introduction

This chapter is the DNA of my ancestors, the giants who inspired
and influenced our lives. If you or a hundred other people wrote
this chapter, your ancestors would be different. We hope you find
reading the DNA of our ancestors worthwhile and that it will
provoke you into learning more about them.

Interes t in my audio and acoustic ancestors came about by
Carolyn and I starting the first independent Hi-Fi shop, The Golden
Ear, in Lafayette, Indiana in early 1952. The audio enthusiasts from
Purdue came to our shop to meet the great men of hi-fi; Paul
Klipsch, Frank McIntosh, Gordon Gow, H.H. Scott, Saul Marantz,
Rudy Bozak, Avery Fisher—manufacturers who exhibited in the Hi-
Fi shows at the Hollywood Roosevelt and the Hilton in New York
City. We sold our shops in Indianapolis and Lafayette in 1955, and
took an extended trip to Europe. In 1958 I went to work for Paul
Klipsch as his “President in Charge of Vice.” Mr. Klipsch introduced
me to the writings of Lord Kelvin, the Bell Labs West Street
personnel, as well as to his untrammeled genius.



Don and Carolyn Davis and “The Golden Ear”

Altec was the next stop, with my immediate manager being “the
man who made the motion picture talk.” At Altec I rubbed against
and was rubbed against by the greats and those who knew the
Greats and those who knew the Greats from the inception of the
Art. This resulted in our awareness of the rich sense of history we
have been a part of and we hope that sharing our remembrance will
help you become alert to the richness of your own present era.

In 1972 Carolyn and I were privileged to work with the leaders in
our industry who came forward to support the first independent
attempt at audio education, Synergetic Audio Concepts
(SynAudCon). These manufacturers represented the best of their
era and they shared freely with us and our students without ever
trying to “put strings on us.”

Thoughts for Today. I want to discuss many of my
contemporaries in this new section because in conversations with
newcomers to the field I have shared several of those stories with
them and they have found them inspiring. Each of these individuals
led my thinking in a new direction and often, as indicated, were a
direct assistance to the task at hand. They all possessed traits of
character, that made them valuable members of society. Carolyn



and I have always sought alertness to talented individuals in any
field. They are fun to know, a challenge to keep up with, and a guide
to a fuller understanding of viewpoints not formerly considered.

Few of us ever chose audio and acoustics as a career but rather
those subjects chose us as we were led by our innate experiences
(love of music, ham radio, etc.) into appreciation of the how, what,
and why of the technology behind the toys that gave us pleasure in
our early lives.

1.2 Gestalt Theory

While men and women attracted to acoustics are often listeners to
classical music and appreciators of visual art, their counterparts in
audio are often more fastened on the scientific aspects of the
material components used in their work.

Ernst Mach wrote, We do not perceive the world in itself, if we
did we would perceive chaos. Thus we have evolved senses that
perceive contrasts of perception, relations of perception.
Sensations by themselves can have no organic meaning; only the
relations of sensations to one another can have meaning.

Perception, Mach believed, is never perception of direct stimuli.
Sensations are not simply raw experiences, but the interaction of
experience with a preformed cognitive structure. For instance,
when we hear a known melody, we recognize it no matter what key
it is played in. It can be hummed, buzzed, or strummed on a guitar.
Furthermore, even if one or more notes are incorrect, we still
recognize it.



Ernst Mack

Mach asks, What constitutes a melody? It seems incorrect to say
that the actual sound vibrations constitute the melody as we have
just seen that numerous different sounds can make the same
melody. But on the other hand, it seems empirically odd to say that
a melody is not constituted out of its sounds. The actual melody,
then, exists in our ability to recognize it. It is formed by experience
of one or more examples of the melody, but it is an idealization of
that experience. Significantly, the idealization captures not the
actual sounds, but the relationships of the sounds to one another.
For Mach, this process is at the basis of all perception.

Experience requires an “a priori,” but that “a priori” is itself
formed by experience. Men and women who have, through
experience, learned the deceptive nature of the five physical senses,
learn more readily the nuances of acoustic measurements as well as
the optimum number and placement of microphones in recording
situations. It is the inept in recording work that resorts to close
miking and asks “where shall I place the microphone” for a
measurement.

They have ears that receive signals but the “listening capability”
between them is relatively unprogrammed. There is a great deal of
evidence that the current generation in audio have been exposed to
highly undesirable “a priori” both in program material and cultural
background.



In all professional work one should seek out the real standards
that apply which are not necessarily those that are currently in use
by the majority. To measure anything meaningfully requires:

1. Experience with similar devices.

2. Mathematical analysis of the device and its most likely
performance.

3. Cut and try experimentation.

Obviously the mathematical approach is often the quickest.
Experience with similar devices occurs when someone
knowledgeable guides you through a process they are already very
familiar with. Cut-and-try can overtime, hopefully with a minimum
amount of destruction, lead to experience. In the long run, all
measurement runs up against a trained listener’s perception. Yes! I
know any untrained listener can be satisfied with trash, but any
professional’s goal should be acceptance by the trained listener.
When that occurs you have gained membership in a privileged peer
group.

Ernst Mach 1838-1916, a contemporary of Gustav Fechner the
psycho-acoustician, was acknowledged by Einstein as being the
philosophical forerunner of relativity. Early in his life Mach
defended Christian Doppler against two prominent physicists,
Petzval and Angstrom who had challenged the “Doppler effect” by
building an apparatus that consisted of a six foot tube with a whistle
at one end that rotated in a vertical plane. When the listener stood
in the plane of the axis of rotation no changes in pitch could be
heard. But if the observer stood in the plane of rotation, fluctuations
in pitch that corresponded to the speed of rotation could be heard.

Mach discovered that the eye has a mind of its own; we perceive



not direct stimuli but relations of stimuli. The visual system
operates through a process of continual adaptation of the present
sensation to previous ones. We do not experience reality but rather
experience the after effects of our nervous systems adaptations to
new stimuli. Our cognitive structure is itself formed through
previous experience, and our current experience is structured by it
in turn. Mach claimed “We do not perceive the world in itself, if we
did we would perceive chaos.” From Gustav Fechner’s work.

1.3 Music in Acoustics

The following is from Frederick V. Hunt, The Origin of Acoustics.

The broad implications of what Sarton called “The cause
and cure of Scholasticism” may seem to be strange grist for
the acoustic mill. There were at least two reasons, however,
why the branch of acoustics dealing with music was able to
make a unique contribution toward the ultimate conquest of
scholasticism. The first was that music was insured a firm
continuing hold on its place in the scholastic sun by virtue of
its role as a part of the classical quadrivium (Astronomy,
Geometry, Mathematics, Music.) Educators, philosophers,
encyclopedist, and commentators alike had pre-force to deal
with music and with the evolution of musical science. The
second basis for the close relation between music and
scholasticism stemmed from the fact that music is, sui genertis,
an epitome of experimental science. Objective in execution and
humanistic in appreciation, its three aspects of composition,
performance, and appreciation exemplified—and held up
continuously for conscious or unconscious regard—the



scientific credo of hypothesis, experiment, and conclusion.

Almost every medieval writer who considered the theory of
music felt obliged to devote at least one section of his treatise
to the production of sound and to the factors that influence
pitch. Since the Greeks had already achieved an
understanding of the physical nature of sound that
represented almost as much sophistication as could be
sustained without explicit formulation of the laws of dynamics
and of the physical nature of the sound medium, it was left for
the Moslem scientists of the time to sort out many of the false
ideas expressed along with the true by the Greeks; that
clarified if not augmented the Greek acoustical tradition and
was thus conserved in Islam for retransmission—“on the
wings of a song,” as it were—to the West.

I was studying the above when I was asked by a scholar of
medieval history, “What was there on acoustics in the 1100s?” Just
such exchanges were what jump started the Renaissance. The
synergy generated by having literature arrive on the scene for which
the readers had no “a priori” conditioning prods the human
consciousness to a higher level of brain activity than that normal to
familiar environments.

It was the Christian church in the period surrounding the
Crusades that began the idea of Universities for the education of the
chosen by means of the quadrivium (defined above) and trivium
(grammar, logic, rhetoric) and the catalyst provided by the Hindu —
Moslem number system, (where the missing number in the Roman
numerals, Zero) led thinkers into more rational systems of thinking.
The study of Western thought from the Crusades to the early 1900s



is replete with acquired “a priori” from unexpected sources. I would
suggest that a fruitful area of investigation for a doctorate candidate
would be why this path was so one-way to the benefit of the West in
so far as the physical sciences were concerned. The secular West
when compared to the more religiously based East has advanced
materially in science at the expense of spiritual values. The East has
demonstrably fallen behind the material needs of their people.
Perhaps both sides would benefit from a deep reevaluation of what
the real goals are for a truly educated individual.

I have, since high school, preferred apprenticing myself to
talented, thinking individuals willing to point out my shortcomings
and provide me with tasks that advanced me. This allowed me to
follow my enthusiasms which in turn provided the motivation to
master subjects I otherwise would have avoided in the normal
course of academic work.

I was very definitely a student that benefited from waiting until I
was ready before I approached difficult subjects. The world as a
whole seemingly can’t allow masses that luxury. The best students I
observed when I attended Purdue were returning veterans from
World War II, empowered by the G. I. Bill to attend the university
of their choice. The students were truly motivated, street-smart in
an international sense, and knew how to work hard. Subsequently it
is has been my opinion that attending and finishing a high-quality
high school should be followed by multiple years of either military
service or its equivalent involving manual labor in civilian life
before being allowed to take university level classes. Manual labor
provides clarity of thought regarding a career.

1.4 Sales or Communication?



Many times excellent technical solutions fail to achieve execution
due to the lack of ability on the part of the engineer to communicate
with the client. One such case was a well-designed church, from the
standpoint of acoustics, that gave remarkable support to an
extremely talented soloist and the pipe organ but needed assistance
in terms of speech intelligibility for anyone speaking from the
platform.

A prominent architectural feature was the ornate grill in front of
the organ pipes. When the engineer proposed installing a large
tencell multicellular horn in the center of the organ grill, a gasp of
horror escaped the lips of the building committee. Being a
resourceful communicator, the engineer suggested making a
cardboard model of the front of the horn, painting it the same color
as the grill, and installing it for one Sunday service on the front of
the grill to see how the congregation would react to its presence.
Interestingly, no one in the audience indicated that they had
noticed the horn and when questioned, went back to look at it. The
building committee immediately approved the installation of the
horn.

The pictures show a close view of the grill with the real horn
installed and a second view from the balcony area. The result was
unsullied architecture, superb musical qualities, and acceptable
speech intelligibility. The installed system containing theater
quality electronics as well as theater quality loudspeakers had a life



expectancy of at least 25 years.

1.5 Motional Impedance

From Frederick V. Hunt, Electroacoustics, pages 96-102.

The term Motional Impedance was first introduced by A. E.
Kennelly and G. W. Pierce in 1912 when they were studying
the variation of impedance with frequency for a telephone
receiver. They discovered that the electrical impedance could
be influenced by the motion of the coupled mechanical system.
The circumstances of this discovery are not without interest.
In making their measurements, one of the experimenters
would balance the impedance bridge while the other tended
the signal source, a not always reliable Vreeland oscillator
that was located in a nearby room. Quite by chance, one of
them would habitually lay the receiver on its side on the
laboratory bench while adjusting the bridge. The other always
turned it facedown, thereby altering the acoustic loading on
the diaphragm, its motion, and the electrical impedance! It is
easy to understand how alarmed they were when their
measurements showed a complete lack of agreement at all
frequencies in the neighborhood of resonance. In the course of
pursuing the source of this discrepancy, they finally decided to



abandon the careful nursing of the oscillator and watch each
other balance the bridge, whereupon the difference in their
procedures became apparent at once. Kennelly and Pierce
both appreciated the physical significance of the effect
immediately, and each succeeded in working out a
substantially complete theoretical analysis of the phenomenon
within a few hours.

The motional modifications of the mechanical and the
electric impedances are seen to be proportional to the negative
product of the two transduction coefficients. It follows that the
magnitude and nature of the motional impedances will
depend on the size of these coefficients and on whether they
are real or complex.

Interestingly Dr. Hunt employed Nyquist-type vector plots to
show all of the components including the admittance which is
probably why Richard Heyser suggested using the admittance
values in his last papers on the measurement of impedance. Hunt’s
book contains all the equations relative to impedance including the
fleas on the back of fleas.

1.6 Genesis

The true history of audio consists of ideas, men who envisioned the
ideas, and those rare products that represented the highest
embodiment of those ideas. The men and women who first
articulated new ideas are regarded as discoverers. Buckminster
Fuller felt that the terms realization and realizer were more
accurate.



Isaac Newton is credited with “We stand on the shoulders of
giants” regarding the advancement of human thought. The word
science was first coined in 1836 by Reverend William Hewell, the
Master of Trinity College, Cambridge. He felt the term, natural
philosopher, was too broad, and that physical science deserved a
separate term. The interesting meaning of this word along with
entrepreneur-tinkerer allows one a meaningful way to divide the
pioneers whose work, stone by stone, built the edifice we call audio
and acoustics.

Mathematics, once understood, is the simplest way to fully
explore complex ideas but the tinkerer often was the one who found
the “idea” first. In my youth I was aware of events such as Edwin
Armstrong’s construction of the entire FM transmitting and
reception system on breadboard circuits. A successful
demonstration then occurred followed by detailed mathematical
analysis by the same men who earlier had used mathematics to
prove its impossibility. In fact, one of the mathematician’s papers
on the impossibility of FM was directly followed at the same
meeting by a working demonstration of an FM broadcast by
Armstrong.

The other side of the coin is best illustrated by James Clerk
Maxwell (1831-1879), working from the non-mathematical seminal
work of Michael Faraday.

Michael Faraday had a brilliant mind that worked without the
encumbrance of a formal education. His experiments were with an
early Volta cell, given him by Volta when he traveled to Italy with
Sir Humphry Davy as Davy’s assistant. This led to his experiments
with the electric field and compasses. Faraday envisioned fields of
force around wires where others saw some kind of electric fluid



flowing through wires. Faraday was the first to use the terms
electrolyte, anode, cathode, and ion. His examination of inductance
led to the electric motor. His observations steered his good friend,
James Clerk Maxwell, to his remarkable equations that defined
electromagnetism for all time.

A conversation with William Thomson (later Lord Kelvin) when
Thomson was 21 led Faraday to a series of experiments that showed
that Thomson’s question as to whether light was affected by passing
through an electrolyte...it wasn’t, led to Faraday’s trying to pass
polarized light past a powerful magnet to discover the magneto-
optical effect (the Faraday effect). Diamagnetism demonstrated that
magnetism was a property of all matter.

Faraday was the perfect example of not knowing mathematics
freed him from the prejudices of the day.

James Clerk Maxwell was a youthful friend of Faraday and a
mathematical genius on a level with Newton. Maxwell took
Faraday’s theories of electricity and magnetic lines of force into a
mathematical formulation. He showed that an oscillating electric
charge produces an electromagnetic field. The four partial
differential equations were first published in 1873 and have since
been thought of as the greatest achievement of the 19th century of
physics.




Michael Faraday

At the time of Maxwell’'s death in 1879, his theory of
electromagnetism was only one among several and by no means the
clear leader. By 1890 it had swept its rivals from the field and was
taking its place as one of the most successful and fundamentals
theories in all of physics. G. F. Fitzgerald, (1851-1901), Oliver
Lodge (1851—1940), and Oliver Heaviside (1850—1925) recast the
theory, confirmed it experimentally, and extended it in directions
that Maxwell himself would have scarcely anticipated.

James Clerk Maxwell

Oliver Heaviside hit on the energy flux theorem independently a
few months after J.H. Poynting and saw it as central to Maxwell’s
theory. Heaviside was inspired to recast the long list of equations
Maxwell had given in his Treatise into the compact set of four
vector equations now universally known as “Maxwell’s equations.”
These equations led to the energy flux formula (S = E x H) in a
simple and direct way that clarified many other aspects of
Maxwell’s theory.



Oliver Heavyside

Maxwell’s equations are the perfect example of mathematics
predicting a phenomenon that was unknown at that time. That two
such differing mind-sets as Faraday and Maxwell were close friends
bespeaks the largeness of both men.

These equations brought the realization that, because charges can
oscillate with any frequency, visible light itself would form only a
small part of the entire spectrum of possible electromagnetic
radiation. Maxwell’s equations predicted transmittable radiation
which led Hertz to build apparatus to demonstrate electromagnetic
transmission.

J. Willard Gibbs, America’s greatest contributor to
electromagnetic theory, so impressed Maxwell with his papers on
thermodynamics that Maxwell constructed a three-dimensional
model of Gibbs’s thermodynamic surface and, shortly before his
death, sent the model to Gibbs.

G.S. Ohm, Alessandro Volta, Michael Faraday, Joseph Henry,
Andre Marie Ampere, and G. R. Kirchhoff grace every circuit
analysis done today as resistance in ohms, potential difference in
volts, current in amperes, inductance in henrys, and capacity in
farads and viewed as a Kirchhoff diagram. Their predecessors and
contemporaries such as Joule (work, energy, heat), Charles A.
Coulomb (electric charge), Isaac Newton (force), Hertz (frequency),



Watt (power), Weber (magnetic flux), Tesla (magnetic flux density),
and Siemens (conductance) are immortalized as international S.I.
derived units. Lord Kelvin and Ampere have their names inscribed
as an S.I. base unit.

As all of this worked its way into the organized thinking of
humankind, the most important innovations were the technical
societies formed around the time of Newton where ideas could be
heard by a large receptive audience. Some of the world’s best
mathematicians struggled to quantify sound in air, in enclosures,
and in all manner of confining pathways. Since the time of Euler
(1707-1783), LaGrange (1736—1813), and d’Alembert (1717-1783),
mathematical tools existed to analyze wave motion and develop
field theory.

By the birth of the 20th century, workers in the telephone
industry comprised the most talented mathematicians and
experimenters. Oliver Heaviside’s operational calculus had been
superseded by LaPlace transforms at MIT (giving them an enviable
technical lead in education).

Oliver Heaviside wrote in his book, Electromagnetic Theory,
volume III page 519:

As the universe is boundless one-way, towards the great, so
it is equally boundless the other way, towards the small; and
important events may arise from what is going on in the
inside of atoms, and again, in the inside of electrons. There is
no energetic difficulty. Large amounts of energy can be very
condensed by reason of great forces at small distances. How
electrons are made has not yet been discovered. From the
atom to the electron is a great step, but it is not finality.



Living matter is sometimes, perhaps generally, left out of
consideration when asserting the well known proposition that
the course of events in the physical world is determined by its
present state, and by the laws followed. But I do not see how
living matter can be fairly left out. For we do not know where
life begins, if it has a beginning. There may be and probably is
no ultimate distinction between the living and the dead.

Heaviside in these few words revealed his understanding of
Markov processes, the potential energy that can be confined in
extremely short distances, and that what we call life, which could be
the defining principle of the universe, needs our consideration.
Heaviside would’ve been quite comfortable with John Wheeler and
the universe as “Its from Bits.”

1.7 1893—The Magic Year

At the April 18, 1893 meeting of the American Institute of Electrical
Engineers (AIEE) in New York City, Arthur Edwin Kennelly (1861—
1939) gave a paper entitled “Impedance.”

The truly extraordinary Arthur Edwin Kennelly left school at the
age of thirteen and taught himself physics while working as a
telegrapher. He is said to “have planned and used his time with
great efficiency,” which is evidenced by his becoming a member of
the faculty at Harvard in 1902 while also holding a joint
appointment at MIT from 1913-1924. He was the author of ten
books and the co-author of eighteen more, as well as writing more
than 350 technical papers.



Arthur Edwin Kennelly

Edison employed A.E. Kennelly to provide physics and
mathematics to Edison’s intuition and cut-and-try experimentation.
His classic AIEE paper on impedance in 1893 is without parallel.
The reflecting ionosphere theory is jointly credited to Kennelly and
Heaviside and known as the Kennelly-Heaviside layer. One of
Kennelly’s Ph.D. students was Vannevar Bush, who ran American’s
WWII scientific endeavors.

In 1893 Kennelly proposed impedance for what had been called
apparent resistance, and Steinmetz suggested reactance to replace
inductance speed and wattless resistance. In the 1890 paper,
Kennelly proposed the name Henry for the unit of inductance. A
paper in 1892 that provided solutions for RLC circuits brought out
the need for agreement on the names of circuit elements. Steinmetz,
in a paper on hysteresis, proposed the term reluctance to replace
magnetic resistance. Thus, by the turn of the 20th century the
elements were in place for scientific circuit analysis and practical
realization in communication systems.

That same year General Electric, at the insistence of Edwin W.
Rice, bought Rudolph Eickemeyer’s company for his transformer
patents. The genius Charles Proteus Steinmetz (1865—1923) worked
for Eickemeyer. In the saga of great ideas, I have always been as
intrigued by the managers of great men as much as the great men



themselves. E.W. Rice of General Electric personified true
leadership when he looked past the misshapen dwarf that was
Steinmetz to the mind present in the man. General Electric’s
engineering preeminence proceeded directly from Rice’s
extraordinary hiring of Steinmetz.

Charles Proteus Steinmetz

Arthur E. Kennelly’s writings on impedance were meaningfully
embellished by Charles Proteus Steinmetz’s use of complex
numbers. Michael Pupin, George A. Campbell, and their fellow
engineers developed filter theory so thoroughly as to be worthwhile
reading today.

Steinmetz was not at the April 18, 1893 meeting, but sent in a
letter of comment which included,

It is, however, the first instance here, so far as I know, that
the attention is drawn by Mr. Kennelly to the correspondence
between the electric term “impedance” and the complex
numbers.

The importance hereof lies in the following: The analysis of
the complex plane is very well worked out, hence by reducing
the technical problems to the analysis of complex quantities
they are brought within the scope of a known and well
understood science.



The fallout from this seminal paper, its instantaneous acceptance
by the other authorities of the day, its coalescing of the earlier work
of others, and its utilization by the communication industry within
a decade, makes it easily one of the greatest papers on audio ever
published, even though Kennelly’s purpose was to aid the electric
power industry in its transmission of energy.

The generation, transmission, and distribution of electromagnetic
energy today has no meaning in itself, but only gains meaning if
information is conveyed, thus the tragedy of the use of mankind’s
precious resources to convey trash.

Nikola Tesla (1856—1943) working with Westinghouse designed
the ac generator that was chosen in 1893 to power the Chicago
World’s Fair

Nikola Tesla

Dr. Michael I. Pupin of Columbia University was present at the
Kennelly paper. Pupin mentioned Oliver Heaviside’s use of the
word impedance in 1887. This meeting established the correct
definition of the word and established its use within the electric
industry. Kennelly’s paper, along with the ground-work laid by
Oliver Heaviside in 1887, was instrumental in introducing the terms
being established in the minds of Kennelly’s peers.



Dr. Michael I. Pupin

1.8 Bell Laboratories and Western Electric

The University of Chicago, at the end of the 19th century and into
the 2o0th century, had Robert Millikan, America’s foremost
physicist. Frank Jewett, who had a doctorate in physics from MIT,
and now worked for Western Electric, was able to recruit Millikan’s
top students.

George A. Campbell (1870-1954) of the Bell Telephone
Laboratories, had by 1899 developed successful “loading coils”
capable of extending the range and quality of the, at that time,
unamplified telephone circuits. Unfortunately, Professor Michael
Pupin had also conceived the idea and beat him to the patent office.
Bell Telephone paid Pupin $435,000 for the patent and by 1925 the
Campbell-designed loading coils had saved Bell Telephone Co.
$100,000,000 in the cost of copper wire alone.

Frank Jewett



To sense the ability of loading coils to extend the range of
unamplified telephone circuits, Bell had reached New York to
Denver by their means alone. Until Thomas B. Doolittle evolved a
method in 1877 for the manufacture of hard drawn copper, the
metal had been unusable for telephony due to its inability to
support its own weight over usable distances. Copper wire went
from a tensile strength of 28,000 lbs/in* with an elongation of 37%
to a tensile strength of 65,000 lbs/in®, an elongation of 1%.

George A. Campbell

Campbell’s paper in 1922, “Physical Theory of the Electric Wave
Filter” is still worthwhile reading today. I remember asking Dr.
Thomas Stockham, “Do digital filters ring under transient
conditions?” Dr. Stockham replied “Yes” and pointed out that it’s
the math and not the hardware that determines what filters do.
Papers like Campbell’s are pertinent to Quantum filters, when they
arrive, for the same reasons Dr. Stockham’s answer to my question

das

about digital filters was valid.



Harold D. Arnold

Bell Telephone Laboratories made an immense step when H.D.
Arnold designed the first successful electronic repeater amplifier in
1913.

H.D. Arnold at Bell Laboratories had taken DeForest’s vacuum
tube, discarded DeForest’s totally false understanding of it, and, by
establishing a true vacuum, improved materials and a correct
electrical analysis of its properties enabled the electronic
amplification of voice signals. DeForest is credited with putting a
“grid” into a Fleming valve.

Sir John Ambrose Fleming (1848-1945) is the English engineer
who invented the two-electrode rectifier which he called the
thermionic valve. It later achieved fame as the Fleming valve and
was patented in 1904. DeForest used the Fleming valve to place a
grid element in between the filament and the plate. DeForest didn’t
understand how a triode operated, but fortunately Armstrong,
Arnold, and Fleming did.

Sir Ambrose J. Fleming

Another Fleming—Sir Arthur (1881—-1960)—invented the
demountable high power thermionic valves that helped make
possible the installation of the first radar stations in Great Britain
just before the outbreak of WWILI.

The facts are that DeForest never understood what he had done,



and this remained true till his death. DeForest was never able, in
court or out, to correctly describe how a triode operated. He did
however; provide a way for large corporations to challenge in court
the patents of men who did know.

With the advent of copper wire, loading coils, and Harold D.
Arnold’s vacuum tube amplifier, transcontinental telephony was
established in 1915 using 130,000 telephone poles, 2500 tons of
copper wire, and three vacuum tube devices to strengthen the
signal.

The Panama Pacific Exposition in San Francisco had originally
been planned for 1914 to celebrate the completion of the Panama
Canal but the canal was not completed until 1915. Bell provided not
only the first transcontinental telephony, but also a public address
system at those ceremonies.

The advances in telephony led into recording technologies and by
1926—1928 talking motion pictures. Almost in parallel was the
development of radio. J.P.

Maxfield, H.C. Harrrison, A.C. Keller, D.G. Blattner were the
Western Electric electrical recording pioneers. Edward Wente’s
640A condenser microphone made that component as uniform as
the amplifiers, thus insuring speech intelligibility and musical
integrity.

In 1933, Harvey Fletcher (1884-1981), Steinberg and Snow,
Wente and Thuras and a host of other Bell Lab engineers gave birth
to “Audio Perspective” demonstrations of three-channel
stereophonic sound capable of exceeding the dynamic range of the
live orchestra. In the late 60s, William Snow was working with John
Hilliard at Ling Research, just down the street from Altec Lansing.
It was a thrill to talk with him. He told me that hearing the



orchestra level raised several dB was more astounding to him than
the stereophonic part of the demonstration.

Harvey Fletcher

Edward C. Wente and Albert L. Thuras were responsible for full
range, low distortion, high-powered sound reproduction using
condenser microphones, compression drivers, multicellular
exponential horns, heavy duty loaded low-frequency enclosures, the
bass reflex enclosures, and both amplifiers and transmission lines,
built to standards still challenging today. The Fletcher loudspeaker
was a three-way unit consisting of an 18 inch low-frequency driver,
horn loaded woofer, the incomparable W.E. 555 as a mid-range,
and the W.E. 597A high-frequency unit.

Edward Wente



Albert L. Thuras

In 1959, I went with Paul W. Klipsch to Bell Labs where we jointly
presented our redo of their 1933 Audio Perspective geometry tests.
The demo was held in the Arnold Auditorium and afterward we
were shown one of the original Fletcher loudspeakers. Western
Electric components like the 555 and 597 are to be found today in
Japan where originals sell for up to five figures. It is estimated that
99% of the existing units are in Japan. (As a side note, I genuinely
earned a “Distinguished Fear of Flying Cross” with Paul Klipsch in
his Cessna 180, the results of which entertained many SynAudCon
classes.)

Paul Klipsch in the cockpit of his Cessna 180

The Western Electric 640A was superseded by the 640AA
condenser microphone in 1942, still used today as a measurement
standard by those fortunate enough to own one. The 640A was a
key component in the reproduction of the full orchestra in 1933.
When redesigned in 1942 as the 640AA, Bell Labs turned over the



manufacturing of the capsule to Briiel and Kjaer as the B&K 4160.

Rice and Kellogg’s seminal 1925 paper and Edward Wente’s 1925
patent #1,333,744 (done without knowledge of Rice and Kellogg’s
work) established the basic principle of the direct-radiator
loudspeaker with a small coil-driven mass controlled diaphragm in
a baffle possessing a broad mid-frequency range of uniform
response.

Paul Kilpsch and his assitant in his lab in Hope, Arkansas

Rice and Kellogg also contributed a more powerful amplifier
design and the comment that for reproduced music the level should
be that of the original intensity.

1.8.1 Negative Feedback—1927

In 1927 Harold S. Black, while watching a Hudson River ferry use
reverse propellers to dock, conceived negative feedback for power
amplifiers. With associates of the caliber of Harry Nyquist and
Hendrik Bode, amplifier gain, phase, and stability, became a
mathematical theory of immense use in remarkably diverse
technical fields. Black’s patent took nine years to issue because the
U.S. Navy felt it revealed too much about how they adjusted their
big guns and asked that its publication be delayed.



Harold S. Black

The output signal of an amplifier is fed back and compared with
the input signal, developing a “difference signal” if the two signals
are not alike. This signal, a measure of the error in amplification, is
applied as additional input to correct the functioning of the
amplifier, so as to reduce the error signal to zero. When the error
signal is reduced to zero, the output corresponds to the input and
no distortion has been introduced. Nyquist wrote the mathematics
for allowable limits of gain and internal phase shift in negative
feedback amplifiers, insuring their stability.

Hendrik Bode

Harry Nyquist (1889-1976) worked at AT&T’s Department of
Development and Research from 1917 to 1934 and continued when
it became Bell Telephone Laboratories in that year, until his
retirement in 1954.



Harry Nyquist

The word “inspired” means “to have been touched by the hand of
God.” Harry Nyquist’s 37 years and 138 U.S. patents while at Bell
Telephone Laboratories personifies “inspired.” In acoustics the
Nyquist plot is by far my favorite for first look at an environment
driven by a known source. The men privileged to work with Harry
Nyquist in thermal noise, data transmission, and negative feedback
all became giants in their own right through that association.

Nyquist worked out the mathematics that allowed amplifier
stability to be calculated leaving us the Nyquist plot as one of the
most useful audio and acoustic analysis tools ever developed. His
cohort, Hendrik Bode, gave us the frequency and phase plots as
separate measurements.

Karl Kupfmuller (1897-1977) was a German engineer who
paralleled Nyquist’'s work independently, deriving fundamental
results in information transmission and closed-loop modeling,
including a stability criterion. Kupfmuller as early as 1928 used
block diagrams to represent closed-loop linear circuits. He is
believed to be the first to do so. As early as 1924 he had published
papers on the dynamic response of linear filters. For those wishing
to share the depth of understanding these men achieved, Ernst
Guillemin’s book, Introductory Circuit Theory, contains clear steps
to that goal.



Today’s computers as well as digital audio devices were first
envisioned in the mid-1800s by Charles Babbage and the
mathematics discussed by Lady Lovelace, the only legitimate
daughter of Lord Byron. Lady Lovelace even predicted the use of a
computer to generate musical tones. Harry Nyquist later defined
the necessity for the sampling rate for a digital system to be at least
twice that of the highest frequency desired to be reproduced.

Nyquist and Shannon went from Nyquist’s paper on the subject
to develop “Information Theory.” Today’s audio still uses and
requires Nyquist plotting, Nyquist frequency, the Nyquist-Shannon
sampling theorem, the Nyquist stability criterion, and attention to
the Johnson-Nyquist noise.

1.8.2 The dB, dBm and the VI

The development of the dB from the mile of standard cable by Bell
Labs, their development and sharing of the decibel, dB, the dBm,
and the VU via the design of VI devices changed system design into
engineering design.

Of note here to this generation, the label VU is just that, VU, and
has no other name, just as the instrument is called a volume
indicator, or VI. In today’s world, a majority of technicians do not
understand the dBm and its remarkable usefulness in system
design. An engineer must know this parameter to be taken
seriously.

1.8.3 Bell Labs and Talking Motion Pictures

Bell Telephone Laboratories by the mid to late 1930s had from the
inception of talking motion pictures in 1927-1928 brought forth the
condenser microphone, exponential high frequency horns,



exponential low frequency loudspeakers, compression drivers, the
concepts of gain and loss, the dBm, the VU, in cooperation with the
broadcasting industry, and installed sound in 80% of the existing
theater market.

Yes, there were earlier dabblers thinking of such ideas but their
ideas remained unfulfilled. What generated the explosive growth of
motion picture sound—even through the deepest depression—was
that only (1) entertainment, (2) tobacco, and (3) alcohol were
affordable to the many and solaced their mental depression.

For physicists, motion picture sound was that age’s “space race”
and little boys followed the sound engineers down the street saying,
“He made the movie talk.” Dr. Eugene Patronis sent me a picture of
the W.E. loudspeaker system installed in the late 1930s in which the
engineer had actually aligned the H.F. and L.F. drivers. Dr. Patronis
had worked in the projector booth as a teenager. He later designed
an outstanding loudspeaker system for the AMC theater chain that
was aligned and installed above rather than behind the screen,
thereby allowing much brighter images. The system maintained
complete spatial location screen-center for the audio.

W.E. loudspeaker system installed in the late 1930s

1.8.4 Motion Pictures—Visual versus Auditory



The first motion pictures were silent. Fortunes were made by actors
who could convey visual emotion. When motion pictures acquired
sound in 1928, a large number of these well-known personalities
failed to make the transition from silent to sound. The faces and
figures failed to match the voices the minds of the silent movie
viewers had assigned them. Later, when radio became television,
almost all the radio talent was able to make a transition because the
familiar voices predominated over any mental visual image the
radio listener had assigned to that performer.

Often, at the opera, the great voices will not look the part but, just
a few notes nullify any negative visual impression for the true lover
of opera, whereas appearance will not compensate for a really bad
voice.

1.8.5 The Transition from Western Electric to Private
Companies

A remarkable number of the giants in the explosion in precision
audio products after WWII were alumni of Western Electric-Bell
Labs, MIT, and General Radio, and in some cases, all three.

In 1928, a group of Western Electric engineers became the
Electrical Research Products, Inc. (ERPI), to service the theaters.
Finally a consent decree came down, as a result of litigation with
RCA, for W.E. to divest itself of ERPI. At this point the engineers
formed All Technical Services or Altec. That is why it is pronounced
all-tech, not al-tech. They lived like kings in a depressed economy.
As one of these pioneer engineers told me, “Those days were the
equivalent of one ohm across Fort Knox.” They bought the W.E.
Theater inventory for pennies on the dollar.

The motion picture company MGM had assembled, via Douglas



Shearer, head of the sound department, John Hilliard, Dr. John
Blackburn, along with Jim Lansing, a machinist, and Robert
Stephens, a draftsman, produced a proprietary theater loudspeaker
which was named the Shearer horn. Dr. Blackburn and Jim Lansing
did the high frequency units with Stephens, adapting the W.E.
multicell to their use. It was this system that led to John Hilliard’s
correction of the blurred tapping of Eleanor Powell’s very rapid tap
dancing by signal aligning the high and low frequency horns. They
found that a 3 inch misalignment was small enough to not smear
the tapping. (Late in the 1980s, I demonstrated that from o to 3
inch misalignment resulted in a shift in the polar response.)
Hilliard had previously found that there was on the order of 1500°
in phase shift in the early studio amplification systems. He
corrected the problem and published his results in the 1930s.

-

John Hilliard

After WWII, Hilliard and Blackburn, who both were at MIT doing
radar work during the war, went their separate ways, with Hilliard
joining Altec Lansing. Hilliard received an honorary Ph.D. from the
Hollywood University run by Howard Tremaine, the author of the
original Audio Cyclopedia, the forerunner to this present volume,
Handbook for Sound Engineers.

Robert Lee Stephens left MGM in 1938 to found his own



company. In the early 1950s I witnessed demonstrations of the
Altec 604, the Stephens TruSonic co-axial and the Jensen Triaxial,
side by side in my hi-fi shop, The Golden Ear. The Tru-Sonics was
exceptionally clean and efficient. Stephens also made special 15 inch
low-frequency drivers for the early Klipschorns. Hilliard, Stephens,
Lansing and Shearer defined the theater loudspeaker for their era
with much of the design of the Shearer multicells manufactured by
Stephens.

In 1941, Altec bought Lansing Manufacturing Company and
changed the Altec name to Altec Lansing Corp. James Lansing was
enjoined by Altec to the use of JBL rather than Lansing for product
names. He committed suicide in 1949, and JBL would have
vanished except Edmond May, considered the most valuable
engineer ever at JBL, stepped into the design breach with a
complete series of high quality products.

In 1947, Altec purchased Peerless Electrical Products Co. This
brought in not only the first designers of 20—20,000Hz output
transformer, Ercel Harrison and his talented right-hand man, Bob
Wolpert, but also the ability to manufacture what they designed.
Ercel Harrison’s Peerless transformers are still without peer even
today.

In 1949, Altec acquired the Western Electric Sound Products
Division and began producing the W.E. product lines of
microphones and loudspeakers. It was said that all the mechanical
product tooling, such as turntables and camera items were dumped
in the channel between Los Angeles and Catalina.

Jim Noble, H. S. Morris, Ercel Harrison, John Hilliard, Jim



Lansing, Bob Stevens and Alex Badmieff, my co-author for How to
Build Speaker Enclosures, were among the giants who populated
Altec and provided a glimpse into the late 1920s, the fabulous
1930s, and the final integration of W.E. Broadcasting and
Recording technologies into Altec in the 1950s.

Jim Noble

Paul Klipsch in 1959 introduced me to Art Crawford, the owner of
a Hollywood FM station, who developed the original duplex
speaker. The Hollywood scene has always had many clever original
designers whose ideas were for “one only” after which their ideas
migrated to manufacturers on the West coast.

Alex Badmaieff

Running parallel through the 20s and 30s with the dramatic
developments by Western Electric, Bell Labs, and RCA were the



entrepreneurial start-ups by men like Sidney N. Shure of Shure
Brothers, Lou Burroughs and Al Kahn of what became Electro-
Voice, and E. Norman Rauland who from his early Chicago radio
station WENR went on to become an innovator in cathode ray tubes
for radar and early television.

When I first encountered these in men in the 50s, they sold their
products largely through parts distributors. Starting the 1960s they
sold to sound contractors. Stromberg-Carlson, DuKane, RCA, and
Altec were all active in the rapidly expanding professional sound
contractor market.

A nearly totally overlooked engineer in Altec Lansing history is
Paul Veneklasen, famous in his own right for the Western Electro
Acoustic Laboratory, WEAL. During WWII, Paul Veneklasen
researched and designed, through extensive outdoor tests with
elaborate towers, what became the Altec Voice of the Theater in
postwar America. Veneklasen left Altec when this and other
important work (the famed “wand” condenser microphone) were
presented as Hilliard’s work in Hilliard’s role as a figurehead.
Similar tactics were used at RCA with Harry Olson as the presenter
of new technology. Peter Goldmark of the CBS Laboratories was
given credit for the 33% long playing record. Al Grundy was the
engineer in charge of developing it, but was swept aside inasmuch
as CBS used Goldmark as an icon for their introductions. Such
practices were not uncommon when large companies attempted to
put an “aura” around personnel who introduced their new products,
to the chagrin and disgust of the actual engineers who had done the
work.

From Who Shot Liberty Valance:



This is the west, sir, and when a legend and the facts
conflict, go print the legend.

1.9 LEDE Studio

As Carolyn and I have looked back through our 66 years of travel we
remember Starmusik Studios in Hamburg, Germany in 1985 as the
scene of an international collection of “critical mass” of diverse
audio and acoustic talent imaginable. Chips Davis had provided
Ralf and Jenny Arnie, the owners, with an up-to-date LEDE control
room and we were invited to conduct a seminar.

The staff was extraordinary and included Dr. Eugene Patronis,
Richard Heyser, Ron McKay, along with Mr. and Mrs. Arnie.
Starmusik Studios had produced the hit record in the studio “You're
My Heart, You're My Soul” that year.

Dr. Eng Wolfgang Ahnert attended as our guest and brought
along with him a “friend” from the East German broadcasting
system who later turned out to be a STASI agent writing negative
reports on Dr. Ahnert. When the Berlin wall came down the STASI
files were opened to the victims.

1.10 Audio Publications

Prior to WWII, the IRE, Institute of Radio Engineers, and the AIEE,
American Institute of Electrical Engineers, were the premier
sources of technology applicable to audio. The Acoustical Society of
America filled the role in matters of acoustics. I am one year older
than the JASA, which was first published in 1929. In 1963, the IRE
and AIEE merged to become the IEEE, the Institute of Electrical
and Electronic Engineers.



In 1947, C. G. McProud published Audio Engineering that
featured construction articles relevant to Audio. Charles Fowler and
Milton Sleeper started High Fidelity in 1954. Sleeper later
published Hi Fi Music at Home. These magazines were important
harbingers of the explosive growth of component sound equipment
in the 1950s.

The Audio Engineering Society, AES, began publication of their
journal in January 1953. The first issue contained an article written
by Arthur C. Davis entitled, “Grounding, Shielding and Isolation.”

Readers need to make a clear distinction in their minds between
magazines designed as advertising media for “fashion design”
sound products and magazines that have the necessary market
information requiring the least reader screening of foolish claims.
The right journals are splendid values and careful perusal of them
can bring the disciplined student to the front of the envelope
rapidly.

1.11 The “High” Fidelity Equipment Designers

By the beginning of WWII, Lincoln Walsh had designed what is still
today considered the lowest distortion power amplifier using all
triode 2A3s. Solid state devices, even today, have yet to match the
perfection of amplifiers such as Lincoln Walsh’s Brook with its all
triode 2A3s or Marantz’s EL34 all triode amplifier. The Walsh
amplifiers, with the linearity and harmonic structure achieved by
these seminal tube amplifiers, are still being constructed by
devotees of fidelity who also know how to design reasonable
efficiency loudspeakers. One engineer that I have a high regard for
tells the story,



It wasn’t that long ago I was sitting with the editor of a
national audio magazine as his $15,000 transistor amplifier
expired in a puff of smoke and took his $22,000 speakers
along for the ride. I actually saw the tiny flash of light as the
woofer voice coil vaporized from 30A of dc offset—true story
folks.

Lincoln Walsh

In the 1950s, a group of Purdue University engineers and I
compared the Brook 10W amplifier to the then very exciting and
unconventional 50W McIntosh. The majority preferred the 10W
unit. Ralph Townsley, chief engineer at WBAA, loaned us his peak
reading meter. This was an electronic marvel that weighed about
30lbs but could read the true full peak side-by-side with the VU
reading on two beautiful VI instruments. We found that the ticks on
a vinyl record caused clipping on both amplifiers but the Brook
handled these transients with far more grace than the McIntosh.

We later acquired a 200W tube-type McIntosh and found that it
had sufficient headroom to avoid clipping over the Klipschorns,
Altec 820s, etc.

When Dr. R.A. Greiner of the University of Wisconsin published
his measurements of just such effects, our little group were
appreciative admirers of his extremely detailed measurements. Dr.
Greiner could always be counted on for accurate, timely, and when



necessary, myth-busting corrections. He was an impeccable source
of truth. The home entertainment section of audio blithely ignored
his devastating examination of their magical cables and went on to
fortunes made on fables.

Music reproduction went through a phase of, to this writer,
backward development, with the advent of extremely low efficiency
book shelf loudspeaker packages with efficiencies of 20—40dB
below the figures which were common for the horn loudspeakers
that dominated the home market after WWII. Interestingly, power
amplifiers today are only 10—20dB more powerful than a typical
1930s triode amplifier.

I had the good fortune to join Altec just as the fidelity home
market did its best to self-destruct via totally unreliable transistor
amplifiers trying to drive “sinkholes” for power loudspeakers in a
marketing environment of spiffs, department store products, and
the introduction of source material not attractive to trained music
listeners.

I say “good fortune” as the professional sound was, in the years of
the consumer hiatus, to expand and develop in remarkable ways.
Here high efficiency was coupled to high power, dynamic growth in
directional control of loudspeaker signals, and the growing
awareness of the acoustic environment interface.

1.12 Sound System Equalization

Harry Olson and John Volkmann at RCA made many advances with
dynamical analogies, equalized loudspeakers, and an array of
microphone designs.

Dr. Wayne Rudmose was the earliest researcher to perform



meaningful sound system equalization. Dr. Rudmose published a
truly remarkable paper in Noise Control (a supplementary journal
of the Acoustical Society of America) in July 1958. At the AES
session in the fall of 1967, I gave the first paper on the 1/3-octave
contiguous equalizer. Wayne Rudmose was the chairman of the
session.

Harry Olson

In 1969, a thorough discussion of acoustic feedback that
possessed absolute relevance to real-life equalization appeared in
the Australian Proceedings of the IREE. “A Feedback-Mode
Analyzer/Suppressor Unit for Auditorium Sound System
Stabilization” by J.E. Benson and D.F. Craig, illustrating the step-
function behavior of the onset and decay of regeneration in sound
systems.

Dr. Wayne Rudmose

These four sources constitute the genesis of modern system



equalization. Fixed equalization was employed by many early
experimenters including Kellogg and Rice in the early 1920s,
Volkmann of RCA in the 1930s, and Dr. Charles Boner in the 1960s.

Dr. Boner is shown here in the midst of installing filters
hardwired one at a time “until the customer ran out of money”—was
a famous quote. His demonstrations of major improvements in
sound systems installed in difficult environments encouraged many
to further investigate sound system design and installation
practices, followed by custom 4 octave equalization. His view of
himself was “that the sound system was the heart patient and he
was the Dr. DeBakey of sound.”

Dr. Charles Boner

The equalization system developed at Altec in 1967 by Art Davis
(of Langevin fame), Jim Noble, chief electronics engineer, and
myself was named Acousta-Voicing. This program, coupled
precision measurement equipment and specially trained sound
contractors, resulted in larger more powerful sound systems once
acoustic feedback was tamed via band rejection filters spaced at
1/3-octave centers.



Art Davis in his lab at Altec

Equalization dramatically affected quality in recording studios
and motion picture studios. I introduced variable system
equalization in special sessions at the screening facilities in August
1969 to the sound heads of MGM—Fred Wilson, Disney—Herb
Taylor, and Al Green—Warner Bros/7 Arts.

Sound system equalization, room treatment such as Manfred
Schroeder’s Residue Diffusers designed and manufactured by Peter
D’Antonio, and the signal alignment of massive arrays led to
previously unheard of live sound levels in large venues.
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In the early days of equalization we never bothered to know the
frequency, the wavelength, or the amplitude of the signals we were
dealing with. We would bring the sound system into acoustic
feedback, tune an uncalibrated oscillator to zero beat by ear or with
Lissajous figures on an oscilloscope, followed by connecting the
output of the oscillator to the filter to be tuned using a decade
capacitor box to null the oscillator signal.

The filters were tapped inductors placed in the high side of an



unbalanced line. By picking the correct taps we adjusted the depth
of the filter. This tedious “one filter at a time” technique was
replaced at the advent of one-tenth decade summing filter sets and
the first real-time spectrum analyzers that were also set at one-
tenth decade intervals. (The frequency centers were labeled in one-
third octave intervals.)

One of the virtues of the old way was that you learned how to
listen to the room/filter interaction. With the advent of real-time
analysis, the focus of the user shifted to the visual display to the
sometimes detriment of not listening to the step-by-step application
of the filters. The orthogonal axes of the Lissajous display at a single
frequency was a good preparation for understanding the Hilbert
transform of all frequencies when Dick Heyser led us into the TEF
world.

Measurement of any kind depends upon an observer. The most
meaningful measurements are those made by an observer who has
mentally conceived of what he wants to measure and consequently
his training, sensitivity, and prejudices enter into the equation. The
most interesting measurements one can encounter are those that
occur unexpectedly in the midst of a carefully constructed
“scientific” experiment. To quote Schrodinger,

So we come back to this strange state of affairs. While the
direct sensual perception of the phenomenon tells us nothing
as to its objective physical nature (or what we usually call so)
and has to be discarded from the outset

as a source of information, yet the theoretical picture we
obtain eventually rests entirely on a complicated array of
various informations, all obtained by direct sensual
perception. It resides upon them, is pieced together from them,



yet it cannot really be said to contain them. And using the
picture we usually forget about them, except in the quite
general way that we know our idea of a sound wave is not a
haphazard invention of a crank but is based on experiment.

Democritus in the s5th century introduces the intellect
having an argument with the senses about what is real. The
former says: ostensibly there is color, ostensibly sweetness,
obstinately bitterness, actually only Atoms and the void, to
which the senses retort: poor intellect, do you hope to defeat
us while from us you borrow your evidence? Your victory is
your defeat.”

Those of you with a love of the art and science of audio and
acoustics and who can afford the luxury of the time it takes to stop
and think as well as listen, the rewards are rich. Getting the job
successfully completed using the tools you are already sure of is a
question of craftsmanship, another highly regarded virtue by me
and it’s what pays the bills. I have full respect for those in the quest
for either.

1.13 Real-time analysis RTA

Back in 1967 while attending a technical conference where Hewlett-
Packard (H.P.) was demonstrating their 8051A loudness analyzer
dedicated to the single function of measuring the loudness
according to Zwicker, I realized that they had the capacity to build
the one-third octave analyzer of my dream. I told them who I was
and stated “I would purchase such an analyzer if they produced it.”
Roughly a year later they came to my office at Altec Lansing with
their new HP model 8054A with a price tag of $9225.00. Altec was



not willing to pay such a price, at that time, so I went down to the
bank and I borrowed the money personally. I went out and
remeasured each system I had equalized earlier using seconds
instead of days to make the measurements along with the Altec one-
third octave filter set I had developed with Art Davis (not related),
thereby achieving greater acoustic gain and smoother amplitude
response in every case—in some cases dramatically due to seeing for
the first time in “real-time” what was actually going on in the
environments we were working in. Altec soon reimbursed me and
offered in a descending series of prices these real-time analyzer
models to their sound contractors:

HP 8054A 1/3-octave analyer

HP 8054A at $9225.00.
HP H23 — 8054A act $5775.00.
HP 8056A at $3500.00 which was designed to use any

oscilloscope as the display.
Altec/HP 8050A at $2660.00 which was low enough in price to

sell over 500 units.

All of this within a two-year time period which left the Altec
sound contractors involved with the AcoustaVoicing program in
temporary charge of “audio planet Earth” as expressed by a
contemporary student of the era. Today all forms of equalization are
available, some to the improvement of quality, while others



contribute to the confusion of newcomers. Proper use of
equalization initially requires training and a full understanding of it
requires education.

Altec/HP 8050A analyer

1.14 Altec Classes

The photograph of the first Acousta-Voicing contractor class shows
them utilizing GR1650A impedance bridges, GR 1564 one-third of
an octave analyzers, and the GR1382 random noise generators.
These basic instruments allowed acoustic frequency response
curves of loudspeakers in situ, and matching of the filter sets to the
electronics.

A year later, Altec was able to provide the contractor’s with the
special Altec-HP 8050A real-time analyzer plus an Altec-HP 8058A
sound level meter. Shown in the photo is the original test set of
filters that included a full set of one-third octave BRF filters from
50Hz to 12,500Hz plus a set of octave band filters from 62Hz to
8000Hz. Also in included were a pair of filters for high-frequency
and low-frequency cutoff points. Provision was made for switching
between having the filter set in and out of the circuit. A precision
attenuator was provided to measure the increased acoustic gain
before feedback with and without the filters.



Using this arrangement at a Los Angeles AES convention in the
late 1960s, I was able, in a 20 minute session, to predict the
probable acoustic gain for the environment we were in. We were
using an HP9100A calculator, equalized the Altec A7 loudspeaker,
and measured that we had slightly exceeded the expected gain.

One of the unintended consequences of this title wave of
development was the almost complete overshadowing of Richard C.
Heyser’s TDS (time delay spectrometry) accomplishments where
only one licensee was acquired in the first 10 years after Caltech
first offered them. At that point my SynAudCon classes had begun
to introduce Heyser’s technology with the result that Caltech
approached us to conduct the licensing in their name. We agreed to
do so and in 6 months, renaming it the TEF (Time Envelope
Frequency) process, we acquired 120 licensees. At that point our
classes had the generous support of both Caltech and Dick Heyser
and we requested that Caltech free us from the paperwork which
they graciously did. Our remuneration for this work was the close



association it gave us with Dick Heyser and his cornucopia of new
ideas for presentation in our classes. Many of Heyser’s techniques
have been “borrowed” by today’s FFT based programs such as
spread spectrum, etc. while missing the deep significance inherent
in greater signal-to-noise immunity.

Nothing in my experience better demonstrated the difference
between training and education than these two measuring system.
Few academicians have risen to the mental challenges Heyser
proposed with the notable exception of Eugene Patronis at Georgia
Tech. Now, 47 years later, the Heyser transform has yet to be
exploited fully. In terms of real-time analysis two of the best
publications by qualified people were Briiel and Kjaer’s Technical
Reviews No. 1, 1968 and No. 2, 1968 describing their efforts at
utilizing some of Heyser’s basic concepts. In studying the basics
underlying TEF, Dick read Dennis Gabor’s papers on “Theory of
Communication” (1944), and especially Gabor’s later paper
“Communication Theory and Physics” (1953) wherein he stated,

Nor must one forget that vision, one of the most important
paths of communication, is based essentially on quantum
effects, and further I have been rightly criticized for having
left out noise, which is an essential feature of all
communication. In technical theories of thermal noise it is
usually forgotten that it is not the noise power but it’s
fluctuations which caused a disturbance. This will be
remedied here and at the same time will be brought in line
with modern physics.” Gabor remarked in his 1953 paper “We
will limit the discussion to electric communications, though
most of results will apply equally well to sound, or in short, to
communication by any quantity which is considered as



continuous in classical physics.

Papers like these have led to research by the military and
intelligence communities into work that we won’t hear about for
years to come, witness the nearly 30+ years between Dr. Sidney
Bertram’s “Hells Bells” spread spectrum detection of mine fields by
audio for the U.S. Navy in World War II and its publication in the
IEEE literature 30+ years later. Perhaps it’s not beyond reasonable
hope that some really bright, well-educated, young man or woman,
not willing to just accept the accepted, will resurrect Heyser’s

energy theorem and solve the “its from bits” potential therein.

For those in audio in need of a hint of where to start Dragan
Samardzija (Bell Labs Holmdel, N.J.) paper entitled “Some
Analogies Between Thermodynamics and Shannon Theory” wherein
he comes to the conclusion that the average energy needed for the
adiabatic compression of the ideal gas to 1/N of its initial volume is
the same as the average energy needed to achieve the Capacity C =
log,N of the equivalent AWGN (additive white Gaussian noise)
channel by utilizing a piston in a tube, provides a useful link
between acoustics and information theory. Ah to be young again.

1.15 JBL

MGM Studios used Jim Lansing’s small company for the machining
of the high-frequency drivers being designed by Hilliard and
Blackburn. Among the key employees, that would later be taken
over by the ERPI personnel when they became Altec, were Jim
Lansing, Bill Martin (Jim Lansing’s brother—they both changed
their last names from Martinelli after observing that in Hollywood
most of the people they met had changed their names as well), and



Ercel Harrison. Harrison was Peerless Transformers and had
designed the first 20—20,000Hz audio output transformer for the
electronics that John Hilliard had designed for MGM. Bill Martin
became the head of the machine shop at Altec. Later during World
War II the very knowledgeable Leo Beranek came to these man for
advice in how to measure sound and ended up employing the early
Western Electric sound level meter. The epitome of practical
electro-acoustic achievements at that time lay on the West Coast.
Altec, during World War II produced among other things, magnetic
anomaly detectors for the detection of mines. One of the “other
things” was the “Voice of the Theater” loudspeaker system that
dominated the sound in postwar motion picture theaters.

1.16 Acoustics

As Kelvin was to electrical theory so was John William Strutt, Third
Baron Rayleigh, to acoustics. He was known to later generations as
Lord Rayleigh (1842-1919). I was employed by Paul W. Klipsch, a
designer and manufacturer of high quality loudspeaker systems in
the late 1950s. He told me to obtain and read Lord Rayleigh’s The
Theory of Sound. I did so to my immense long term benefit. This
remarkable three-volume tome remains the ultimate example of
what a gentleman researcher can achieve in a home laboratory.
Lord Rayleigh wrote,



The knowledge of external things which we derive from the
indications of our senses is for the most part the result of
inference.

The illusionary nature of reproduced sound, the paper cone
moving back and forth being inferred to be a musical instrument, a
voice, or other auditory stimuli, was vividly reinforced by the
famous Chapter 1 from The Theory of Sound.

In terms of room acoustics, Wallace Clement Sabine was the
founder of the science of architectural acoustics. He was the
acoustician for Boston Symphony Hall, which is considered to be
one of the three finest concert halls in the world. He was the
mountain surrounded by men like Hermann, L.F. von Helmholtz,
Lord Rayleigh, and others—early insights into how we listen and
perceive. As one both researches and recalls from experience the
movers and shakers of the audio-acoustic industry, the necessity to
publish ideas is paramount.

Wallace Clement Sabine

Modern communication theory has revealed to us a little of the
complexity of the human listener. The human brain has from 10" to
10'7 bits of storage and we are told an operating rate of 100,000
Teraflops per second. No wonder some “sensitives” found
difficulties in early digital recordings and even today attendance at



a live unamplified concert quickly dispels the notion that
reproduced sound has successfully modeled live sound.

Boston Symphony Hall

We have arrived in the 21st century with not only fraudulent
claims for products (an ancient art) but deliberately fraudulent
technical society papers hoping to deceive the reader. I once
witnessed a faulty technical article in a popular audio magazine that
caused Mel Sprinkle (authority on the gain and loss of audio
circuits) to write a Letter to the Editor. The Editor wrote saying Mel
must be the one in error as a majority of the Letters to the Editor
sided with the original author—a case of engineering democracy.
We pray that no river bridges will be designed by this democratic
method.

Frederick Vinton Hunt of Harvard was one of the intellectual
offspring of men like Wallace Clement Sabine. As Leo Beranek
wrote,

At Harvard, Hunt worked amid a spectacular array of
physicists and engineers. There was George Washington
Pierce, inventor of the crystal oscillator and of
magnetostriction transducers for underwater sound; Edwin
H. Hall of the Hall effect; Percy Bridgeman, Nobel Laureate,
whose wife had been secretary to Wallace Sabine; A.E.
Kennelly of the Kennelly-Heaviside layer; W.F. Osgood, the



mathematician; O.D. Kellog of potential theory; and F.A.
Saunders, who was the technical heir at Harvard to Sabine.

Hunt’s success in 1938 of producing a wide range 5gram
phonograph pickup that replaced the 5 oz units then in use led
to Hunt and Beranek building large exponentially folded
horns, a very high power amplifier and the introduction of
much higher fidelity than had previously been available.

Dr. Hunt attended the technical session at the Los Angeles AES
meeting in 1970 when I demonstrated the computation of acoustic
gain for the sound system at hand, followed by Acousta-Voicing
equalization in real time on the first H.P. Real Time Analyzer, all in
20 minutes. Dr. Hunt’s remark to the audience following the
demonstration insured the immediate acceptance of what we had
achieved without any questions from the previous doubters. Dr.
Hunt took genuine interest in the technology and was generous in
his praise of our application of it. He said, “I don’t fully understand
how you have done it, but it certainly works.”

The primary use of audio equipment is to take an acoustic signal
(speech, music, noises, etc.), transform it into an electric signal to
be amplified, recorded, measured, etc., and in most cases
transformed back into an acoustic signal.

In this process the input and the output of the system goes from
acoustic to acoustic and real-world environments such as acoustic
noise, reverberation, echoes, etc. become an unwanted part of
either the input or the output or both. While this is true for spaces
as small as a phone booth all away up to miles of speech warning
systems outdoors and mammoth arenas this is the one factor most
beginners fail to recognize. Experience, especially failures, teaches



that the acoustic source and the acoustic output are step number
one in any sound system design.

Don and Carolyn Davis and Ron McKay

I have been privileged in my career to have worked with many
talented acoustic consultants such as Ron McKay, Rolly Brook,
Dave Klepper, Victor Peutz, and others that truly understood the
complexities of acoustic environments as well as the complexities of
electro-acoustic apparatus. These men many times helped us teach
our classes in many parts of the world. At the same time they were
designing world class acoustic spaces such as the Walt Disney
Music Hall in Los

Angeles, and IRCAM in Paris. These men and others made it
possible for us to make TEF measurements in Sabine’s Boston
Symphony Hall, the Grosser Musikvereinsaal in Vienna, the
Concertgebouw in Amsterdam, and the Troy Savings Bank Music
Hall in Troy, New York. It was the late George Szell, who said that if
the Troy Savings Bank Music Hall was ever in danger of being torn
down, he would rush to Troy and stand outside the entrance, arms
outstretched. There may be halls that come close to equaling these
four but none that will surpass them. The experience of hearing live
performances in each of these halls followed by detailed
measurements provided the baseline for what we call Fidelity.



Dave Klepper

A highly respected music critic for the New York Times, Harold
Schonberg, wrote after hearing a concert in the Troy Hall,

Everyone In the audience was saturated with rich glowing
sound—uwith strong tone of velvet sheen of incredible presence
and sweetness, with a spectacular bass response that never
sounded booming or artificial, with solo instruments coming
through bigger than life and the various orchestral choirs
perfectly balanced.

Dorian Records, true pioneers in solving quality problems in
early digital recordings, uses Troy for many of their recordings of
exceptional young artists.

1.17 Professional-Level Audio Equipment Scaled
to Home Use

World War IT had two major consequences in my life (I just missed
it by one year). The first was going to college with the returning
G.IL.s and discovering the difference in maturity between a gung-ho
kid and a real veteran only one or two years older. The chasm was
unbridgeable and left a lifelong respect for anyone who has served
their country in the armed services.

As a young ham operator, I had obtained a very small



oscilloscope, McMillan, for use as a modulation monitor. I had seen
the General Radio type 525A at Purdue University, without
realizing until many years later, the genius it embodied by Professor
Bedell of Cornell, inventor of the linear sweep circuit, and H.H.
Scott while working on it as a student at MIT with a job at General
Radio as well.

The second was the pent-up explosion of talent in the audio
industry especially that part misnamed hi-fidelity. Precision high
quality it was, fidelity we have yet to achieve.

Directly after WWII a demand arose for professional level sound
equipment scaled to “in the home use.” Innovators such as Paul
Klipsch, Lincoln Walsh, Frank McIntosh, Herman Hosmer Scott,
Rudy Bozak, Avery Fisher, Saul Marantz, Alex Badmieff, Bob
Stevens, and James B. Lansing met the needs of those desiring
quality sound capable of reproducing the FM broadcasts and the
fuller