
  Welcome to Our Special Honoring Session 

  

Friends, Colleagues and Gentleman 

World Class Noise and Vibration Consultants 

   Dick Lyon           Eric Ungar             István Vér 



Special Session Honoring Richard L. Lyon,  

Eric E. Ungar and István L. Vér 

   

INCE-USA NoiseCon 2016 Conference 

 Co Chairs   Gladys L. Unger  and  Eric W. Wood 

 

   1:05 – 2:10  Richard Lyon  

   2:10 – 3:30  Eric Ungar 

   3:30 – 4:50   István Vér  

   4:50 – 5:30    Honorees followed by 

      Social Gathering 

 
Friends and Colleagues 



Special  Honoring Session Time Schedule 

  

1:00 – 1:05 Session Introduction 

  

Richard H. Lyon  

1:05 – 1:10 Introduction   

1:10 - 1:25 David Bowen,  Group Director Acentech 

1:25 – 1:40 Gladys Unger,  Senior Consultant Acentech 

1:40 – 1:55 Richard De Jong,  former SEA colleague 

1:55 – 2:10 Kathy Davis,  daughter 

  

Eric E. Ungar  

2:10 – 2:15 Introduction   

2:15 – 2:30 Jeff Zapfe,  President Acentech 

2:30 – 2:45 Jim Barger,  Chief Scientist Raytheon BBN Technologies 

2:45 – 3:00 Yoram Kadman,  President Kadman-Berman Ltd. 

3:00 - 3:15 Hal Amick,  Vice President Colin Gordon Associates 

3:15 – 3:30 Sharon Lane,  daughter 

  

István L. Vér  

3:30 – 3:35 Introduction   

3:35 – 3:50 Nelson Kiang,  Founder and Former Director Eaton-Peabody Laboratory 

3:50 – 4:05 Michael Roark,  Burns & McDonald 

4:05 – 4:20 Kevin Shepherd,  Head, Structural Acoustics Branch NASA Langley Research 

4:20 – 4:35 Jim Barnes,  Principal Consultant Acentech 

4:35 – 4:50 Marika Ver 

  

Time for Honorees to Speak followed by Social Gathering with Family and Friends   



Dick Lyon Session Schedule 

1:05 – 1:10 Introduction 

1:10 – 1:25 David Bowen,  Group Director Acentech 

1:25 – 1:40 Gladys L. Unger,  Senior Consultant Acentech 

1:40 – 1:55 Richard De Jong,  former SEA colleague 

1:55 – 2:10 Kathy Davis,  daughter 

 



Dick Enjoying Our Tea Party Last Summer 

. 



Dick with Two Other Undergrads in the Physics 

Lab at the University of Evansville  early 1950’s 

. 



Dick at BBN 1960’s 

. 



Dick and Jean Enjoying an Evening Together 



Dick with Youngsters    

. 



Jean and Dick with Lovely Family Members 



 

 

 

 

 

Slides presented for Dick Lyon by David Bowen, 

Principal Consultant and Division Director at Acentech 
 



Some Reflections on  
My Years with Dick Lyon 

David L. Bowen 
Director, Noise & Vibration Group 

ACENTECH 

33 Moulton Street 
Cambridge, Mass. 

Acoustics   AV/IT/Security   Vibration 

 



(Just Some of) 
Dick’s Areas of Interest & Contributions 



RH Lyon Corp 



Diesel Engine Diagnostics 



Recovery of Cylinder Pressure from Vibration 
(using cepstral windowing & inverse filtered engine block vibration) 

Several cycles of 
measured accel. 



Move to Cambridge 



Diagnostics of Motor-Operated Valves 
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MOVs (con’t.) 



Process Monitoring (Bologna) 



Process Monitoring (con’t.) 



NO Correction 

      

WITH Correction 

Disturbance Force 

Vibration 

Response 

Transient Disturbance  
 

Correction 

Active Control (of Transients) 

WITH Correction 

NO Correction 



Cepstral smoothing 
of transfer functions:  
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Home Theater System Design 
(loudspeakers & signal processing) 

 
 
 



“Delevator” 



(More) Transducer Design 

 
 

The Air Force / Navy active noise reduction earplug system 

Miniature 
Driver and 
Microphone 

10 prototype high output drivers shipped to the Air Force 
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Circuit diagram model for the balanced armature driver 
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Push-Pull Bimorph and Electret Designs 
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Sound Quality 



Sound Quality (con’t.) 

 
 

 

 

 

 

 
 

 
 

 How acceptable is this sound   for a washing machine? 

Extremely 

Acceptable 

Extremely 

Unacceptable 

Fairly 

Unacceptable 

Fairly 

Acceptable  Okay 

 What is your overall impression of the washing machine; its quality, reliability, effectiveness? 

Very 

Negative 

Very 

Positive 
Fairly 

 Positive 

Fairly 

Negative Neutral 

 

 
 

 

 

 

 

 
 

 
 

 How acceptable is this sound   for a washing machine? 

Extremely 

Acceptable 

Extremely 

Unacceptable 

Fairly 

Unacceptable 

Fairly 

Acceptable  Okay 

 What is your overall impression of the washing machine; its quality, reliability, effectiveness? 

Very 

Negative 

Very 

Positive 
Fairly 

 Positive 

Fairly 

Negative Neutral 

 



    

(Air tool example) 

Resulting Response Surface Contours 
Show Route to Better SQ Designs 

• Quantifies tradeoff 
between perceived 
SQ and changes in 
sound levels of the 
various components. 

• Contours show  
designs of equal    
SQ values. 

 



 

 

 

 

 

Slides presented for Dick Lyon by Gladys Unger, Senior 

Consultant at Acentech 
 



RH Lyon Corp – All in the Family 

Gladys Unger, Ph.D. 
Senior Consultant, Noise & Vibration Group 

ACENTECH 

33 Moulton Street 
Cambridge, Mass. 
Acoustics   AV/IT/Security   Vibration 



Product Noise and Vibration Reduction 
 

 

We view sound and vibration as the 
manufacturer’s allies.  Properly modified, 
sound can enhance a product’s image and 

appeal.  Properly understood, vibration 
signatures can provide sensitive diagnostics. 



Sound Provides Context 



Product Noise Projects 

Vacuum Cleaners Blenders 

Dishwashers Shop Vacs 

Washing Machines Pumps 

Fans Compressors 

Dehumidifiers Air-powered Tools 

Air Conditioners Lawn Mowers 

Hair Dryers String Trimmers 

Refrigerators Leaf Blowers 

Sewing Machines Garage Door  Openers 



Product Noise Projects 

Copiers Plug-in Air Fresheners 

Computer Hard Drives Toys 

Digital Projectors Cell Phones 

Sleep Apnea devices Electrically Powered Window Shade 

Oxygen Concentrators Liquid Soap Dispenser 

Centrifuges Cameras 

Golf Clubs Night Vision Goggles 

Powered Toothbrushes Diver’s Helmet Air Regulator 

Mechanical Baby Swing Elevators 





In the beginning… 



Dick Lyon: lover of all things that go vroom… 



Noise Audit of a Riding Lawn Mower 



Venting  the Exhaust Gases 



Covering Noise Sources 



Covering Noise Sources 



Sound Trademarks 



Origin of the Harley Sound 



Origin of the Harley Sound 



Sound Trademark for Harley Davidson 



Investigating  a  “Defect” 



Jeep Engine Knock 

• Plaintiffs allege: that their 4.0L Jeep 
Cherokees, Model years, 1991-1996, are 
defective due to an idle knocking noise in the 
engine. 

• Plaintiffs request judgment:  repair engines or 
refund the cost of their warranties 

 

• Chrysler formed an “idle knock task force” to 
investigate 

 



Jeep Engine Knock 

• Plaintiffs hire Richard Lyon to be their expert 
witness in the case of Hasek v. 
DaimlerChrysler 



Defect in Product Sound 

A product is defective when it fails to provide the 
performance, utility, and/or enjoyment that the provider 
promises (expressly or by implication) or the user has a right 
to expect. When a product produces a sound that is 
unexpected and of such a nature as to annoy the user or 
promote anxiety and loss of enjoyment on the part of the 
user, the product is defective because of its sound. If that 
unusual and unexpected sound is not present, there is no 
defect due to sound, even though there may still be a defect 
in the construction or operation of the product. A defect in 
the sound is as much of a product defect as a mechanical 
condition that would lead to failure or diminished 
performance of the product. 
 



Tasks in Preparation for Testimony 

• Reviewed over 60,000 Chrysler documents. 

• Measured engine timing, 5 accelerometer 
signals, and 1 microphone signal. 

• Analyzed above recordings as well as those 
made by Chrysler. 

• Was deposed. 

 



End Result(s) 

• The suit was settled in Chrysler’s favor  “the 
mere fact that the car made noises is not 
proof that these difficulties were caused by 
defects….” 

• Sue left for graduate school – and not in 
acoustics! 



 

 

 

 

 

Slides presented for Dick Lyon by Rich De Jong co-

author with Dick on the second edition of their highly 

regarded textbook, Theory and Application of Statistical 

Energy Analysis.   



Dick Lyon 

SEA and More  

Richard G. DeJong 

Sc.D. MIT 1977 



SEA 

 

STATISTICAL ENERGY ANALYSIS OF DYNAMICAL 

SYSTEMS 

THEORY AND APPLICATIONS 

RICHARD H LYON 

MIT PRESS 



Acoustical Scale Modeling 



Machinery Noise 



Machinery Diagnostics  



Sound Quality 



Marine SEA 



Marine SEA 





Statistical Phase Analysis 

F 

A 



Statistical Phase Analysis 



Statistical Phase Analysis 

(x) = A cos(kx) + B sin(kx) + C cosh(kx) + D sinh(kx) 



Statistical Phase Analysis 



Statistical Phase Analysis 



Statistical Phase Analysis 

  

N11 N11  

N11 N11  

FEA Polynomial Interpolation Function DEA (kL=.01) Interpolation Function 

DEA (kL=3) Interpolation Function DEA (kL=10) Interpolation Function   

N11 N11  

N11 N11  

FEA Polynomial Interpolation Function DEA (kL=.01) Interpolation Function 

DEA (kL=3) Interpolation Function DEA (kL=10) Interpolation Function 

(x,y) = A cos(¼ k2xy) + B sin(¼ k2xy) + C cosh(¼ k2xy) + D sinh(¼ k2xy) 



Statistical Phase Analysis 

   

 
Dash Panel - Sound Transmission Loss
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Flat Panel SEA
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Lyon Statistical Mode Shape Functions 

1D: 

2D: 

3D: 

(x) = A cos(kx) + B sin(kx) + C cosh(kx) + D sinh(kx) 

(x,y) = A cos(¼ k2xy) + B sin(¼ k2xy) + C cosh(¼ k2xy) + D sinh(¼ k2xy) 

(x,y,z) = A cos(k3xyz/6) + B sin(k3xyz/6) 



Hobbies 



Hobbies 



SEA 

Response of Strings to Random Noise Fields 

Richard H. Lyon, J. Acoust. Soc. Am. 28, 391 (1956) 



 

 

 

 

 

Slides presented for Dick Lyon by daughter Kathy Davis.   
 

 



































Eric Ungar Session Schedule 

2:10 – 2:15 Introduction 

2:15 – 2:30 Jeff Zapfe,  President Acentech 

2:30 – 2:45 Jim Barger,  Chief Scientist Raytheon BBN   

  Technologies 

2:45 – 3:00 Yoram Kadman,  President Kadman-Berman Ltd. 

3:00 - 3:15 Hal Amick,  Vice President Colin Gordon Associates 

3:15 – 3:30 Sharon Lane, daughter 

 



Eric and Goldie at BBN 



Eric and Goldie Enjoying Our Tea Party Last Summer 



. 

Four Lovely Ungar Daughters 



. 

Eric with Grandsons 



. 

Eric with Grandchildren 

 

 



 
 
 
 
 

Slides presented for Eric Ungar by Jeff Zapfe who serves 

as president of Acentech. 
 



A Tribute to Eric Ungar 

 
NoiseCon 2016 

June 14, 2016 

Providence, RI 



NoiseCon-16 2 

Eric Ungar 



NoiseCon-16 3 

The Effects of Vibration Consulting 



NoiseCon-16 4 

The Effects of Vibration Consulting 



NoiseCon-16 5 

How Eric Got Here 



NoiseCon-16 6 

Research 

• Early 1950’s 

• First JASA paper 1959 

• Publications - lots 



NoiseCon-16 7 

Guides and Courses 

• Vibration Sensitive Facilities 

– Vibration Criteria (VC) Curves  

• AISC Design Guide11 

• Penn State Acoustics and Vibration Course 

• Acoustics from A to Z 



NoiseCon-16 8 

Paul Erdos 



NoiseCon-16 9 

Research Areas 

• Viscoelastic Damping 

• Damping of Structural Joints 

• Aeroacoustic Loading on Structures 

• Vibration Mounts 

• Rail Vibration 

• Stiffness of Entrapped Air 

 

 

 



NoiseCon-16 10 

Stiffness of Entrapped Air 

Design of floated Slabs to Avoid Stiffness Effect of Entrapped Air 

Noise Control Engineering, July-August 1975 



NoiseCon-16 11 

Vibration Propagation in Buildings 
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NoiseCon-16 12 

Biographical Listings 

• American Men and Women of Science 

• Who's Who in Aviation and Aerospace 

• Who's Who in the East 

• Dictionary of International Biography 

• Who's Who in Technology Today 

• Who's Who in Engineering 

• Men of Achievement 

• Who's Who in America 

• Who's Who in the World 

• Who's Who in Science and Engineering 

• Biographical Directory of Occupational Health and Safety Specialist 

• The International Who's Who of Contemporary Achievement 

• International Who's Who in Engineering  

• Personalities of America 

• Who's Who in Consulting 

 



NoiseCon-16 13 

Awards 

• INCE, Board Certified Member, President (1985) 

• ASA,  Fellow, President (1992-93), Gold Medal (2011), Trent-Crede Medal (1983)    

• ASME, Life Fellow, Per Bruel Gold Medal (1994), Centennial Medallion (1981)  

• Associate Fellow, American Institute of Aeronautics and Astronautics 



 

 

 

 

 

Words presented about Eric Ungar for Jim Barger former 

vice president, division director, and chief scientist at 

BBN. 



Eric Ungar at NOISE CON 
 

James Barger 
May 27, 2016 

 

Jim Barger invented, developed, and demonstrated an 

extraordinary number of innovative acoustic systems and devices.  

Many for the Defense Advanced Research Projects Agency and the 

U.S. Navy.  Some have served to help protect our country.  Jim is 

unable to attend today in person.  He is here in sprit.  I will read the 

words that he provided: 

 

 

I was a newly commissioned Ensign, USN, starting duty in 1957 

at the United States Navy Underwater Sound Laboratory in 

New London, CT.  I had found on my Midshipman cruises that 

sonar didn’t work very well, and I wanted to do what I could to 

fix that problem.  Most of the civilian staff at USNUSL were 

electrical engineers, and they explained to me that the main 

problem hearing echoes was masking by electrical shot-noise, 

originating in vacuum tubes.  It sounded like turbulent flow to 

me.  I set about performing experiments designed to elucidate 

this idea.  My commanding officer agreed to pay my way to the 

Acoustical Society of America meeting where I was to deliver a 

paper on my TBL experiments if I were to join the society.  



Subsequently I attended every ASA meeting, and read the 

Journal.  I found that there was a small group of engineers at a 

place in Cambridge called Bolt Beranek and Newman that 

seemed already to know a lot about what I was trying to learn: 

Ira Dyer, Preston Smith, Dick Lyon, and Eric Ungar.  I 

corresponded with all members of this group, and made 

several trips from New London to Cambridge to pick their 

brains.  These early interactions with Eric and his colleagues 

convinced me that physics is more interesting than the Naval 

career that I had planned. 

 

To improve my math and physics abilities I left active duty at 

the end of my UNUSL tour and enrolled in Physics at Harvard, 

with Ted Hunt as my advisor.  Leo Beranek had been his first 

PHD student, and once I became one of his last, I started work 

at BBN. 

 

The first project that I worked with Eric had to do with 

understanding sound radiation from an elastic plated excited 

by turbulent boundary layer pressure fluctuations.  I put 

together the partial differential equations and their boundary 

conditions, but I asked Eric to solve them.  He did so in a very 

short time, but I was slightly disheartened to see that he had 



solved the equations by infinite series.  It seemed it would take 

forever on a calculator to turn Eric’s solutions into numbers 

that the client needed.  Fortunately, BBN took delivery at that 

time of PDP 1, serial No. 1.  This was the first computer 

delivered by the Digital Equipment Corporation, and the first 

digital computer designed for scientific calculations, rather 

than for accountant’s arithmetic.  I found someone to program 

Eric’s series, and we pumped out everything our client (ONR) 

needed in a short time. 

 

My interests drifted away from consulting towards R and D.  

Eric’s interests drifted toward consulting.  I remember that one 

of his clients was the company that had the contract to design 

the METRO in Washington D.C.  Eric consulted in particular 

with his client on the proper way to isolate train-induced 

ground vibration from neighboring structures.  The METRO 

authority held many hearings with abutters along the 

proposed rights of way.  One of these interested parties was 

Murray Strassberg, a very competent, but contrarian, physicist 

who worked at the David Taylor Model Basin.  I knew Eric was 

in trouble when Murray told me how he had figured out how 

BBN’s (Eric’s) analysis could be challenged, and how he 

proposed to do just that.  I would guess that Eric has some 



residual memory of the fuss that Murray caused.  After this, the 

President of BBN, Steve Levy, got the idea that many of our 

noise-control consulting clients were too heavily lawyered-up.  

He decided to divest of our acoustical consultants. This idea led 

to the formation of Acentech. 

 

Eric left BBN then and went across the street with Acentech.  

Fortunately, he continued to eat at the BBN cafeteria, and so it 

didn’t seem as if he had left.  Nevertheless, our professional 

interactions ground slowly to a complete halt – until May 2011, 

when I received from the ASA a Silver Medal at the same 

meeting that Eric received the Gold Medal. 

 

I am grateful to Eric Ungar, Ira Dyer, Preston Smith, Dick Lyon, 

and Leo Beranek for enticing me to join with them at BBN 52 

years ago.  The whole BBN experience was, I’m certain, much 

more exciting that the Naval career I’d planned for. 



 

 

 

 

 

 

 

Text of presentation for Eric Ungar by Yoram Kadman. Yoram served 

as a Senior Engineering Scientist at BBN for ten years after which he 

returned to Israel. He is now president of Eco Environmental & 

Acoustical Engineering Limited.  He continues providing consulting and 

litigation support services in the areas of environmental noise and 

vibration control. 
 

 

 



 

 

 
 

 

 

 
 

 

 

 

 

 

 

Honoring Eric E. Ungar 

Noise-Con 2016 

Providence, R.I. 
 

 

 

14 June, 2016 
 

 

Yoram Kadman 

 
  



Honoring Eric E. Ungar 
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Honoring Eric E. Ungar 

It is 50 years, almost to the day, since I first met Eric. You must appreciate that 

these were gentler and simpler times and much more normal. 

I was a semi-wild nature boy from Israel and at the end of my first graduate year 

at MIT the dean of foreign students sent me for a summer job to an obscure 

company called BBN. 

The appointment was at early June of 1966 and all my career advisors insisted 

that this was a business meeting and I have to go dressed with a suit – 

including a jacket and a tie.  

You have to realize that I did not wear a suit even for my wedding and my wife 

complains, until this day, that the meeting with Eric was more important to me 

than my wedding. 

That June day was very hot and there I was, dressed for a funeral, walking 

among the young crowds of Cambridge, all dressed in torn jeans and T-shirts. 

By the time I found the address I was close to fainting.   

By the time I was waiting in the BBN lobby I was sure that I will die from the 

heat and the choking of the tie, and then Eric came out and saved my life. As I 

remember, his first words were:  

YOU CAN TAKE OFF YOUR TIE AND YOUR JACKET. 

I was a mechanical engineer straight out of the classroom and my knowledge of 

acoustics and vibrations was very sketchy and limited to Den Hartog’s course in 

MIT. 

I started my apprenticeship under Eric and as I learned later, this was a career, 

and to a degree, a life changing experience. I found out that I was not the only 

one so affected by the pleasure of working with and under Eric.  

The first job he assigned to me was to determine the minimum distance allowed 

between a rogue Atlas rocket and the mission control building before the rocket 

should be destroyed. I had not the faintest idea on how to approach the subject 

but Eric – gently and slowly – guided me and showed me how to start, how to 



Honoring Eric E. Ungar 

 

3 
 

define the problem and the tools that I should use in the solution. Needless to 

say he wrote the final report – longhand – and managed to give me the good – 

but somewhat false feeling that I did a good job. 

Those days – before the PC and the word processor - Eric would sit in his office 

and write reports in a very neat handwriting and in orderly fashion, with almost 

no correction and erasures and the professional and logical progression of his 

work were of the highest quality.  

This clarity and knowledge made him a superb teacher, author and lecturer and 

indeed many engineers – including myself – still turn to his lectures, course 

notes and books whenever we are faced with a sticky problem.  

Eric contributed to almost every handbook that deals with vibration and 

damping.  He translated to English the classic book of Cramer and Heckel -

Structure-borne Sound - and I am proud to have an autographed copy that he 

sent me which I regularly consult. 

His professional authority was certainly enhanced by the fact that he is built like 

a tank and has a black belt in Karate for many years. 

We spent in Boston 11 years and some of our fondest memories are my 

friendship with Eric, Goldie and the daughters and the Friday evening dinners at 

the Ungars. 

Every now and then a small sample of the vast Ungar family visits us in Israel 

and the bond now extends to the third generation. 

Eric is also the Godfather of my youngest son – who is now 40 years old. 

I don’t have to delve into the Eric’s contribution to our professional organizations 

– his award of many medals and testimonials are evidence of his deep 

involvement with the advancement of our profession. 

Eric is a standard bearer of our society, a pillar of the community and a rock to 

his family. 

As the bible said about Moses: 

"HIS EYE IS UNDIMMED AND HIS VIGOR UNABATED". 



Honoring Eric E. Ungar 
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Eric defined clearly his views on the role of the consultant: 

 

My consultant is my shepherd; I shall not fail. 

He enableth me to dream of green pastures,  

to be calm like still waters.  

He restoreth my faith; he leadeth me in the paths of efficiency, 

 for my project’s sake.  

Yea, though I walk through the valley of the shadow of doubt, 

 I will fear no failure for he adviseth me; 

 His help and his staff’s, they comfort me.  

He prepareth tables before me in the presence of mine personnel,  

He anointeth my head with ideas;  

My cup runneth over. 

Surely success and progress shall follow me  

all the days of my work and 

I will dwell in debt to my consultant forever. 

 

So, Eric, for being a scientist, an engineer, a friend and mentor and all around 

real MENTCH – Thank you!  

  

 



 

 

 

 

 

Slides presented for Eric Ungar by Hal Amick who serves 

as vice president of Colin Gordon Associates located in 

Brisbane, California.    

 

 



Eric Ungar has contributed many great things to engineering, quite a few of them as a 
collaborator.  This presentation is about one of those contributions, one which keeps 
evolving with the times and growing in popularity … Generic Criteria

1



Decades ago, during the infancy of semiconductors and the world of “computer 
chips,” Eric Ungar at BBN Cambridge and Colin Gordon were being approached by 
makers of semiconductors and designers of cleanrooms for help controlling 
vibrations.  As engineers, they needed a design objective.  They joined forces to 
collect the existing criteria published by manufacturers in an attempt to define a 
common thread to use for design.  They gave us what we now call the generic 
vibration criteria.

They are analogous to the NC criteria for noise in spaces, in that they are somewhat 
independent of the specifics upon which they are based.  They are based on what is 
going to be done in a facility, rather than upon the specific brand and model of 
equipment it will be done with. Presumably, if an instrument is going to work with 
relatively large features on a chip, it might be relatively insensitive to vibration. On 
the other hand if it is working with smaller features it will be more sensitive tothe other hand, if it is working with  smaller features, it will be more sensitive to 
vibration.   Those two features defined the beauty of the generic criteria: categories 
of instruments rather than specifics, and geometry size.
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In this presentation, we will review the history of the generic criteria, from their 
creation and first publication in the early 1980s, to where we are now with their 
usage.  Because of how Eric and Colin set them up, the criteria were able to evolve 
with the changing needs of technology.

Now, in their fourth decade, they are the most commonly used form for defining and 
assessing criteria in the technology environment, and have been published in 

l i lmultiple venues.

Now we who practice vibration control for tech environments wrestle with the design 
goal some clients give us, which some define with an acronym: AQAP: As Quiet as 
Possible.  How quiet is now possible?
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Eric and Colin started working with these facilities and collecting data in the late 70s 
and very early 80s.  They shared what they had found with their peers in three 
seminal papers in 1983 and 1985.  The 1983 papers define the complexity of working 
with the criteria provided by manufacturers.  The last of the three gives the initial 
form of the criteria we know today.

(A few months after the 1985 paper was given, Hal Amick returned to BBN 
C b id ll b i d i i ’ bi b i h b hiCambridge, eventually being attracted into Eric’s orbit to begin what became his 
passion.)
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These figures from the 1983 papers illustrate the complexity of designing to 
manufacturers criteria.  The top figure shows criteria for photolithography 
instruments for chip making, all with the same objectives.  The bottom one shows 
criteria for electron microscopes of similar capabilities.  The question they faced was: 
“How do we design a facility for these?  For an individual instrument?   Or for all of 
them?”  

h i l i i d b h d li hi h l h dd d i h lTheir solution is suggested by the red line, which Hal has added.  It is the lower 
bound of the set of photolithography instruments in the graph.  It is also a line 
representing velocity on this acceleration spectrum: one decade per decade, or 6 dB 
per octave.  
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With some finessing, the final product was ready for prime time in 1985, with the 
generic curves as given in the 1985 paper.  The dashed line represents the human 
threshold of perception, as given as the baseline curve in ANSI and ISO standards.  
The three curves above it and the one just below are from those standards.  
Borrowing the same shape, Ungar and Gordon extended the shape downward in 6 dB 
steps creating four new criteria, which they denoted by letters, A, B, C and D.

C i i i h h S d SO di i h d fi d h i fContinuing with they ANSI and ISO tradition, they defined the curves in terms of one 
third octave bands.  They elected to use velocity rather than acceleration because 
most of the significant vibration in facilities was between 10 and 100 Hz, and the 
criterion shape was flat in this range, and thus more compact visually.

Two key features became problematic in a few years:
1 They were undefined below 4 Hz and1. They were undefined below 4 Hz, and
2. They were relaxed below 8 Hz.
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The next five years were somewhat stable, and the criteria gained acceptance.

Eric gave us some explanations as to why the 1/3 octave bands were useful over 
other options, such as narrowband or PSD representation

Eventually, one of the more problematic aspects of 1/3 octaves became the fact that 
non‐acousticians started working with the criteria.  Structural engineers had no idea 
h hi b i h d l i h b i i il l d iwhat this meant, because it had no place in the basic civil or structural dynamics 

education.  Hal Amick was able to sympathize.  He was originally a structural 
engineer, and had to learn acoustics jargon.

Because the two creators were both with BBN and used the curves on BBN projects, 
the curves became popularly known as the “BBN Curves”.  In many instances, the 
graphs were labeled “BBN A” and so forthgraphs were labeled  BBN‐A  and so forth.

Toward the end of the decade, as semiconductors approached the magic “1‐micron” 
feature size, Curve E was added, which was 6 dB below Curve D.  The family of curves 
seemed complete.
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In 1990, two key things occurred.

Colin Gordon left BBN to form his own firm near Silicon Valley, and

Eric Ungar and two of his younger colleagues, Doug Sturz and Hal Amick (mostly Eric, 
though) published another paper about the criteria.  

h S d i k i i d d h i f i h h dIn the Ungar, Sturz and Amick paper, Eric introduced the notion of removing what had 
come to be called the “knee” at 8 Hz, extending the curves as a flat line down to 1 Hz.  
By this time, many of the most sensitive instruments were incorporating internal 
pneumatic isolation, and their greatest vibration sensitivity was then at frequencies 
below 8 Hz, often below 4 Hz.  In the original form, the criteria were either relaxed or 
undefined at the airspring resonance.

It was quite a while before this change actually appeared in a publication, though 
consultants from both the Ungar school and the Gordon school were applying the flat 
form in practice.

Shortly after Colin left, he published a paper in which he replaced the “BBN” 
designation with “VC” based upon the “NC” for “noise criteria”.designation with  VC  based upon the  NC  for  noise criteria .  
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Jumping ahead to 2005, Hal Amick introduced a slightly spruced up version of the 
criteria in a paper at a conference.

It was metric.

It showed the flat version of the more stringent curves, from VC‐C on down, and the 
version with the knee for Curves A and B, because microscopes and other less 

i i i i h i i ll did b h hsensitive instruments without airsprings actually did behave that way.

It added new curves, following the Ungar and Gordon scheme of 6 dB steps  and 
iteration of letter designation.

The original intent was simply to added VC‐F as a means to characterize 
measurements that were “below VC E” The idea actually came from a couple ofmeasurements that were  below VC‐E .  The idea actually came from a couple of 
clients.  It made some sense, and it also made some sense to add one more below 
that to accommodate “even quieter than VC‐F” measurements, if they turned up.  
The intent at that time was not to use them as design goals.
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The world of nanotechnology and advanced materials introduced us to the notion of 
“as quiet as possible” in terms of vibration and acoustic criteria.

Researchers wanted environments in which neither of these variables would act as 
spurious variables in their experiments.  They didn’t know how quiet it needed to be, 
just that they didn’t want the results to skew their experiment.

h i hi b f i d b ld iBy the way, we were using this acronym before it was coopted by world security to 
refer to a terrorist organization.

We knew that theoretically, there was no such thing as “zero vibration,” but we didn’t 
really know how quiet was possible, or achievable, or economically practical.
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Hal Amick and his colleagues at CGA have designed and evaluated 36 slab‐on‐grade 
floors, many of which had AQAP as a design goal.  

Some were in rather challenging environments.  A couple are in cities.

Several are in basements.  The deepest is two stories below surface elevation.  
(Several at this depth.)

Some employ thick slabs.  The thickest is 2 meters.

In order to answer the question, “How does my floor compare with other AQAP 
floors?” a statistical study was done of the measured performance of the 36 floors.  
The results are shown here in terms of the four quartile regions, along with 
progressively more stringent VC curves.

Some of the ones that appear less impressive actually involve impressive attenuation 
of a challenging site.

All 35 are better than VC‐E

Half meet VC‐G

The best so far is VC‐G.

The cost generally increases as we move downward

The main variables are:
1. Going below grade
2. Thickened slabs 11



The Ungar and Gordon criteria have been published in many places.  Some are shown 
here
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Probably a thousand facilities have been designed to this family of criteria, used by 
the majority of consultants doing consulting on these facilities

The de facto standard

When the criteria were created, feature size (called “line width” in semiconductors) 
was on the order of a few micrometers (called “microns” at the time)

By 2016, imaging resolution is sub‐Angstrom, and line widths are a few tens of 
nanometers

Intel and other chip makers put their collective foot down and said they wouldn’t 
continue to build facilities to increasingly stringent criteria because of the costs 
involved They would continue building their facilities to VC E or VC D and theinvolved.  They would continue building their facilities to VC‐E or VC‐D, and the 
equipment manufacturers had to “live with it” and solve it internal to the machine

Nobody told the nanotechnology and imaging folks.  FEI is now routinely specifying 
VC‐F and VC‐G for some of their more demanding electron microscopes.
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Thank you for listening

Thank you to Eric Ungar for being such a great collaborator, mentor, consultant, and 
all the other hats he’s worn.

In particular, we are thankful to have know a man of such great integrity and honor.
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István L. Vér  Session Schedule 

3:30 – 3:35 Introduction  

3:35 – 3:50 Nelson Kiang,  Founder and Former Director 

  Eaton-Peabody Laboratory 

3:50 – 4:05      Michael Roark, Burns & McDonald 

4:05 – 4:20 Kevin P. Shepherd,  NASA Langley Research 

  Center (ret) 

4:20 – 4:35 Jim Barnes,  Principal Consultant Acentech 

4:35 – 4:50 Marika Ver 

 



Younger Istvan 



Istvan and Marika (formal and less formal) 



View from their Lakeside Home 



Afternoon Lakeside Party 



Istvan’s 80th Birthday Party with Brenda Wood 



Daughter Kristina during Precision Championship Event 



. 

Istvan at Wedding for Daughter Kristina   August 2005 



Grandson Rowan from Daughter Kristina (2007) 



Istvan and Jet Engine Exhausts 



 

 

 

 

 

Slides presented for Istvan Ver by Nelson Kiang founder 

and former director of the famous Eaton-Peabody 

Laboratory jointly operated by Harvard, MIT, the 

Massachusetts Eye and Ear Infirmary and the 

Massachusetts General Hospital.   

 

 

 

 



“István L. Vér and the Eaton-Peabody Laboratory” 

Nelson Yuan-sheng Kiang 
Institute of Noise Control Engineering Conference 

Providence, Rhode Island 
June 14, 2016 

I.  Designing Low-Noise Chambers 

A.  Requirements 

B.  Solutions 

II. Using the Chambers 

A.  Physiological Experiments 

B. Chamber-Raised Animals 

C. Pathophysiology of Acoustic Trauma 

D. Efferents 

III.  Implications for Noise Control 



Design concept for the chambers 

     (Vér, Brown & Kiang, 1975) 



Vér, Brown & Kiang, 1975 





Kiang, 1965 



Kiang, 1984 



Spike Trains from 2 Auditory Nerve Fibers in Response to 2.3 Hz Tone Bursts 
      (Kiang, 1965) 



Tuning Curves from One Cat (Kiang, 1965) 
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Data from 12 cats (Kiang, 1965) 
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Kiang, 1965 



Data from 29 cats (Kiang, 1965) 
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Kiang, 1984 





Data from 4 chamber-raised cats (Liberman, 1977) 



Kiang, Keithley & Liberman, 1983 



1978 



Kiang, 1990 



Outer hair cells - cellular 

motors that amplify motions 

Inner hair cells --transduce 

information into 

electrochemical signals 

Cochlear nerve fibers -

carry the signals from inner 

hair cells to the brain 

System is optimized to amplify low-level signals  

Courtesy of Prof. Nelson Kiang 



Two Reflex Pathways (Kiang, Guinan, Liberman, Brown & Eddington, 1987) 



Cochlear Innervation: Afferents and Efferents 
                  (Kiang & Peake, 1988)  



 

 

 

 

 

Slides presented for Istvan Ver by Mike Roark of Burns 

& McDonald. 
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https://www.bing.com/images/search?q=navy+jet+engines&view=detailv2&&id=27D86480212A70D92F81E9B217D2A1B332CDFACB&selectedIndex=178&ccid=IWbiOP6l&simid=607998199962272522&thid=OIP.M2166e238fea5e6d9208472ea6bd3681eo0


“Model-Scale Experimental Comparison Study of the 
Exhaust Configuration of the T-10 Jet Engine Test Cell 

Utilizing Lined Augmenters of Round and Square Cross 
Section” (I. Ver) 
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“Dr. Ver is truly a trusted adviser.  His knowledge and experience are 
unparalleled in the industry.  When there are acoustic issues that require 
unique solutions – Dr. Ver is the guy you want on your team.  Sometimes he 
doesn’t tell you what you want to hear, but he always tells you what you 
need to know.  His recommendations are always spot-on and his 
contributions to our BMcD test cell projects have been crucial.  There is 
nobody in the industry that I have more confidence in than Dr. Ver.” 
 

Leonard J. Danaher, Jr., PE*, FPE*, LEED® AP  \  Burns & McDonnell 

Senior Associate Mechanical Engineer \  Aviation & Federal  
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Navy Aircraft Acoustical Enclosures 
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“Istvan was an integral part of the initial design 
consultants team. He was responsible for developing the 
Navy's standard design for over 35 years of reliable 
service. He contributed his acoustical expertise resulting 
in the Department of Defense benchmark standard  for 
jet engine testing in an enclosed facility.  He was referred 
to as the man with the 4' wide brain who could simplify 
his solutions to allow practicing engineers to implement 
acoustical protection into the building design. His 
contributions resulted in a much safer working 
environment.” 
  

Vincent Donnally | Special Assistant to the NAVFAC 

Chief Engineer on Aviation Facility matters | Retired  
 

A word of gratitude for Istvan's many 
years of dedicated service to the Navy's 
jet engine test cell program: 
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Full Capability Run Stations 

Client wrote, “I would defer to Dr. Ver on the subject of acoustical 
dampening materials, Istvan Ver wrote my reference books on those 
subjects”  
 

Anthony R. Pilon, Ph.D. 
LM Fellow – Advanced Development Programs 
Lockheed Martin Aeronautics Co. 
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“It is instructive to consider what is involved in predicting the sound field resulting from a 
single sound source in a rectangular space. Visualize two vertically and parallel oriented 
rectangular glass plates partially immersed in a lake, to serve as a two-dimensional 
representation of the geometry of the run station. If a small sphere that is partially 
immersed in the water, located where the engine exhaust would be, is set into vibration 
at a given frequency. One would observe first concentrically spreading waves and then 
the waves reflected and multiply re-reflected from the two parallel plates. Eventually one 
would also see a complicated wave pattern exiting the aft and front openings. Consider 
then measuring the amplitude of these escaping waves at all directions at a large radius 
after steady state conditions are reached.  By repeating the process at all frequencies you 
would have a data set of radiation patterns analogous to those that have been measured 
at 100ft radius with the F35 engine operating in the run station” 

Istvan Ver, Ph.D. 
Consultant in Acoustics. 

Noise and Vibration Control 
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GE Jet Engine Test Facility Tests Production Engines GE90, GEnx , GE9X & LEAP Engines 
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“Preliminary Acoustic Design Report of the General Electric Peebles Test 
Cell 5C for the GE90-115 and GE CF6-80C2 Engines” (I. Ver)  

Report submitted to Burns & McDonnell Engineering Company, 16 
March 2006 

“Diagnostic Study of the Apparent Low Frequency Trust Fluctuations 
in the General Electric Company's 5D Test Cell in Peebles.” 
Letter Reports submitted to Burns & McDonnell Inc., 2013 
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Thank You 
Dr. Ver 
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István Vér 
Contributions to NASA 

Kevin Shepherd 

NASA Langley Research Center 

Hampton, VA 

NoiseCon 2016 
June 13-15 
Providence, RI 



First Visit to NASA Langley 



István’s Contributions to NASA 

• Facility design 

• Research activities 

• Personal Recollections 



Wind Tunnels 

National Transonic Facility 

Langley Full Scale Tunnel (30x60) 

V/STOL (14x22) 

Ames 40x80 

National Full-Scale Aerodynamics Complex 
(40x80) 



NASA Langley 
Acoustics Research Laboratory         

Exterior Effects Room 

Quiet Flow Facility 



Other Research Activities 

• Vacuum bubbles  

• Hardware in anechoic chambers 

• Sonic boom simulator  

• Acoustic reciprocity 

 



Sonic Boom Simulator (Canoga Park) 



Acoustic Reciprocity 





Dodecahedra Sources 



Calibrated Reciprocal Transducer  
(source and receiver) 



Recollections 
• I knew of István before I knew him 

  

• What I have learned since: 
• He is creative 
• He is thorough  
• He loves teaching 
• He is a true gentleman 

 



 



 

 

 

 

 

Slides presented for Istvan Ver by Jim Barnes principal 

Consultant at Acentech in Cambridge. 

 
 

 

 



NoiseCon-16 Providence, RI 

István Vér, 
Scientist, Engineer, 

Consultant & Teacher 

James D. Barnes 



NoiseCon-16 Providence, RI 

 

 

 

Early BBN Years 
 

My first impressions 



NoiseCon-16 Providence, RI 

 

 

 

•General Technical Information 

•Room Acoustics 

•Sound Absorption 

•Transmission Loss 

•Structure-Borne Transmission Loss 

•Noise Sources 

•Future Material 

•Standards, Criteria, and Codes 

•Sound System Design 

•Acoustical Measurements 

BBN 

Engineering Information (EI) Sheets 



NoiseCon-16 Providence, RI 

 

 

 

Led Technical 

Research 



NoiseCon-16 Providence, RI 

 

 

 

Premier 

Acoustical 

Consultant  



NoiseCon-16 Providence, RI 

 

 

 

Technical Research 



NoiseCon-16 Providence, RI 

 

 

 

Guidebook 



NoiseCon-16 Providence, RI 

 

 

 

ASHRAE Studies 



NoiseCon-16 Providence, RI 

 

 

 



NoiseCon-16 Providence, RI 

 

 

 

ID Fan Noise 

Research Study & 

Design Guide 



NoiseCon-16 Providence, RI 

 

 

 
pse.com 

Tuned-Dissipative 

Muffler 



NoiseCon-16 Providence, RI 

 

 

 

C. Burroughs review in Noise Control Engineering, July-August 2008 



NoiseCon-16 Providence, RI 

 

 

 

delekus.com 



NoiseCon-16 Providence, RI 

Thank You 

István 



 

 

 

 

 

Slides presented for Istvan Ver by Marika Ver. 

 

 





















 

 

 

 

 

Slides presented for Istvan Ver by Nelson Kiang founder 

and former director of the famous Eaton-Peabody 

Laboratory jointly operated by Harvard, MIT, the 

Massachusetts Eye and Ear Infirmary and the 

Massachusetts General Hospital.   

 

 

 

 



ISTVÁN L. VÉR (Professional Problem Solver) 
Consultant in Acoustics, Noise and Vibration Control 

     Educational History: 
Moving Rural to City 
Secondary Schooling 
B.S., Electrical Engineering, Technical University, Budapest, 1956 
M.S., Electrical Engineering, Technical University, Aachen, Germany, 1959 
Ph.D. (Dr.-Ing), Acoustics, Technical University, Munich, Germany, 1963 





Notable “Hungarians”  
a sample from Paul Lendvai’s “The Hungarians: A Thousand Years of Victory in Defeat”  

translated by Ann Major, Princeton University Press (2003) 

Paul (Pal) Erdös ………………….. mathematician 
John G. Kemény …………………. mathematician 
John (János) von Neuman ….. mathematician 
Georg Pólya ……………………….. mathematician 
Leo Szilárd …………………………. physicist 
Edward Teller …………………….. physicist 
Eugene (Jenö) Wigner ………… physicist 
Theodore von Kármán ……….. rocket scientist 
Georg von Békésy ………………. acoustician 
Georg von Hevesi ………………. chemist 
Gyögy Oláh ………………………… chemist 
Albert von Szentgyörgy ………. biologist 
Ernö Rubik …………………………. inventor 
Andy Grove (András Gróf) …. founder of Intel 
Marcel Breuer ……………………. architect 
Thomas C. Szaz ………………..... psychiatrist 



Elie Wiesel …………………………. writer 
Arthur Koestler ………………….. writer 
George (György) Mikes ………. writer, humorist 
Ferenc Molnar …………………… writer, playwright 
George (György) Tábori …….. playwright 
József Pulitzer ……………………. journalist 
Stephan Lorant ………………….. photojournalist 
Gyula Halász ………………………. photographer 
Béla Bartók ………………………… musician 
Eugene Ormandy (Jenö Blau). musician 
George Szell ………………………. musician 
Adolph Zukor …………………….. founder, Paramount Studios 
William Fox ……………………………… founder, Fox Studios 
Michael Curtiz (Mihály Kertész) .. film director 
Sir Alexander Korda (László Sándor Kellner) .. film director & producer 
Gabor sisters (Eva, Magda, Zsa Zsa) … actresses 
Béla Lugosi ………………………… actor 
Paul Lukas …………………………. actor 
Ilona Massey ……………………… actress 
Tony Curtis (Bernie Schwartz) actor 
Moholy-Nagy …………………….. designer 
Lord Nicholas Káldor …………. economist 
George Pataki ……………………. politician 
Nicolas Sarkozy ………………….. politician 
George (György) Soros ………. philanthropist 
many chess, bridge, sports players 
 



Possible Factors in Producing Istváns 

1. Genetics 
2. Language 
3. Historical Contacts 
4. Schooling 
5. Survivingness 
6. Diaspora 
7. All of these…plus ? 
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from “Eastern Europe” by Tomek Jankowski (2013) 

Hungary 






