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Donald R. Bush 
Member, EMC Society Board of Directors, 1942 - 2001 · 

D on Bush was born in 
Louisville, Kentucky in 1942. 
He passed away on December 

19, 2001 after a courageous battle 
with cancer. 

Don attended his first IEEE EMC 
Symposium in Washington DC in 1967 
and his last in Mone real in 2001, where 
he received an Honorary Life Member­
ship in the EMC Society and a Certifi­
cate of Technical Achievement for "Con­
tributions to the Development of Spread 
Spectrum Clocking Technology." At the 
time, Don commented, "The Honorary 
Life Membership in the EMC Society is 
my most cherished award." 

Upon graduation from the Speed 
Scientific School of the University of 

Louisville where 'he earned his BS and 
MS· degrees in Electrical Engineering, 
Don started his career in the IBM Office 
Products Division (OPD) in Lexington, 
Kentucky. Some years later he met 
Clayton Paul, who had joined the facul­
ty at the University of Kentucky. They 
were the only two members of the IEEE 
EMC Society in Kentucky and became 
life long friends. 

Don got involved in ESD simulation 
and commercial product support in 
1968. When the Federal Communica­
tions Commission (FCC) started looking 
at the interference potential of comput­
ers in the mid 1970's, the entire IBM 
EMC community was involved in study­
ing this very critical issue. Don was 

"I first met Don Bush at the 1974 IEEE EMC Symposium in San Francisco. We were 
the only two from Lexington, Kentucky and prior to that I didn't know him. We 
became friends and colleagues as well as fishing 'buddies' from that point on for 27 
years. Don was the most gifted experimentalist I knew. He could make measure­
ment gear 'talk'. One of Don's quotes that influenced me considerably was: 'Any­
one can construct a mathematical model and generate data. But if the predictions 
of your mathematical model do not match experimental data, either your model is 
worthless or your measurements are not done properly.' That caused me to blend 
experimental verification with my mathematical modeling. I learned a great deal 
about measurements from Don." 

Clayton R. Paul 
Sam Nunn Eminent Professor of Aerospace Engineering and 

Professor of Electrical and Computer Engineering 
School of Engineering 

Mercer University 
Macon, Georgia 

Don Bush was a Distinguished Lecturer for the EMC Society. In this capacity, he 
frequently traveled to various chapters of the EMC Society to present lectures on 

such topics as spread spectrum clocking technology. Mr. Bush won the EMC Society's 
"Certificate ofTechnical Achievement" at the 2001 IEEE International Symposi11m 

on EMC in Montreal for his contribtttions to the development of this technology. 
He will be remembered as a lively lecturer as evident in these photos. 

involved in the EMI measurement and 
suppression of the consumer products of 
IBM. Virtually all of these products con­
nected to 120 VAC outlets or were bat­
tery powered. Don led and originated 
several of the 120 V powerline conduct­
ed EMI studies, such as antenna proxim­
ity to Data Processing Systems. Over the 
years, IBM developed many internal 
EMC standards and design criteria, as 
did most other large companies. Don 
was named EMC coordinator and repre­
sented the low-end EMC issues in all 
corporate standards meetings. 

Don was named Corporate S~ndards 
Project Authority for Electromagnetic 

continued on page 33 
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Letter from the 
Editor 
Janet O'Neil 
Edito~ EMC Soci'ety Newsletter 

Happy New Year! 

Welcome to the first issue of the EMC Society Newsletter for 2002! 
You will surely see a few changes in this Newsletter, most notably 

the addition of paid advertising. The EMC Society Board of Directors 
approved the addition of paid advertising in the Newsletter as a means 
to offset some of the expenses of this quarterly publication. Advertis­
ing was first personally solicited at the 2001 IEEE International Sym­
posium on EMC in Montreal. Susan Schneiderman of IEEE Media, 
who handles the advertising for the Newsletter, walked the aisles in 
the exhibit hall from one end to the other to hand out media kits. She 
lined up commitments then and there for the full-page cover adver­
tisements you see contained in this issue! We also placed ads to noti­
fy members of the availability to advertise in the 2002 issues of the 
EMC Society Newsletter in the Summer and Fall 2001 issues. Eventual­
ly, it is expected that advertising will completely underwrite the cost 
of publishing the Newsletter. The addition of advertising in the 
Newsletter also takes us one step further in the direction of becoming 
a full-fledged EMC magazine; this transition is one of the long-range 
goals of the EMC Society Board of Directors. If you or your company 
is interested in advertising in the EMC Society Newsletter, please con­
tact Susan Schneiderman. Her contact information appears on page 3 
under Newsletter Staff. 

Speaking of page 3 and the "Newsletter Staff' box, some of you 
may have noticed a change in this issue in the listing of Associate Edi­
tors. Bob Olson is now the "Technical Editor" of the Newsletter. As 
the practical papers section of the Newsletter grew, it was only fitting 
that Bob's enhanced role in the publication of the Newsletter be rec­
ognized. We are very fortunate in having Bob's technical expertise 
supporting this publication. It helps the Board realize yet another 
long-range goal of the Newsletter/future magazine; that is, to be one 
of the premier technical EMC publications in the industry. We hope 
to attract and publish only the highest quality pracrical papers. 

Sadly, this issue also features profiles of three esteemed members of 
the EMC Society who passed away last year. Don Bush was a fellow 
member of the EMC Society Board of Directors so I knew him quite 
well. I will always remember his ready laugh and soft-spoken manner. 
He was a true southern gentleman who will be sincerely missed by all 
who knew him. Likewise, Tom Doeppner and Seymour Krevsky were 
bastions of the IEEE on the ease coast. I noted when reading the Chap­
ter Chatter text in this issue for the Dallas EMC Chapter, that one of 
their long time members, Dick Troup, also passed away in 2001. Dick 
was one of my first customers when I sold RF power line filters. I was 
working for LectroMagnetics, Inc. (LMI) and Dick was working for 
Electrospace, based in Richardson, Texas. I was just out of college and 
was very nervous on my first sales calls. Dick always made me feel wel­
come and would treat me to a cup of coffee in his company cafeteria 
whenever I came to visi t. I always appreciated his kind hospitali ty. 
The EMC Society lost some of its finest members in 2001. 

If you have any comments on our new "look" for 2002 , please send 
a letter to the Newsletter! EMC 

Edlt◊r~in.cCfiief 
. Jonel Nichol~,Q'Neil• 
ETS-lindgreri • 
Z21 17 NE 10th Place ___ _ 
Somrnam_isli, WA 98,074 

, . fi25;8~,25.58 · . 
fu>1: 425:8~8;0547,' 
e'mtiil: f.n.oneil@i~.org 

Tedinica/Editor 
Rc\beit G. oisen; Profe~sor 

· Schoi,I of .EECS 
Washington State Unii.ler$1/r 
Pullman, WA 99l6A-2752 -
509;335 . .4950 . 
fax: sb9:3J~.3ara. _ . · .. 
_ e-mail: olsen@~ecs.wsu.e<;lo -

EMCS BoD ACTIVITIES 
JorietNichols O'Neil 
ETS-Undgren . . . . . . 
22117-Nl: lOih Pfpce . •··· . 
Sdinmc;,mish, WA9'8074 •· 
4-25.8.$8.2568 . . . 
Fax;! ~25.86!t0547 

. !!"mtiii: l rr,oneil@Ieiie-;org 

EMCS eHorociMPHER · 
, Dick Ford/ : . . 
·6 WeskoHlface .. : . 
F~lmovth;VA 22405 
202:767,3440 , 
fax: 202.404:4064 ., .. , · · 
e-rli~il: .dford@rc.idor:nrl:n<J\)',mil . 

'.'ff/JJfM/~1?1.,: .. -, . 
· Moqsood Mohd. ' c: · 
: Sveiclr.up ,Techriolpgy;: Inc, 
lp!',S, .Group,c.Bldif :260 
P, "0 . 'BOll J 935 · , 

> ~glinAfB, _H.Jf.5'42: - . 
_ , .. 850.729.6115, . .. £ax; 850;]2$>';6377 , .a 

:. e·llioil: mqqs~d@i~e,oi\l , 
- iNr:£R.sodEIY: AcrNitri:s 
• -:o~id case . ·• · · ·· · 

Ci,sco;Sy~~msc .· _ ·.-.• 
. 3875 lmi~ , P~,- ., 

Akron;,0H·ij333-0~92: 
33<M65.7396 · ···- . . 
.fax~ 330:665.7301_· , 

· e·n:iail: dovecose@ci~;com 

IEE£ EMC SQCIE'FY NEWSLB1Ul (ISSN 1f:is9~0-is-5{ is . pub!i~h~. 
<!Uatft::lyby. the El~rni:n~snecic_ Cori)patiJ,ilitJi &;i:icfy-l)l'ithe Jnsfituce ·of 

. 'Elect deal _ai)d E.J~e-Bll.8,ineers,. Inc., 3 fork Av~nue.: rlth. l'loor, Ni,w 
Yotk. .1'/Y· l OOJM991. One d<>llat ($1,00 USO):per .,p~i' pe,: feat' 

. (indu.<led in th!~etyfre) for eac)i memb.;, ~~~he 1™<?.~ery; Petiod!7. . 
ta!• p,;,;tag~ paid ·at .N ew York, NY and ,iddit1pnal,mruliqg <>ffiGi:s. 'Pus 
news!~ ls pdnted in theUSA.fosrmasier: Sendad.d.ress di'!llgeH¢'Il;EE· 
'.!WC S<>cieey Newsletter-«I' 445 HQCS J.artt, l'ls""m,wny, NJ08855. _·. -, 

. '©'2002 iEE.£ Pe'rlnission ro copy<wjtlio~t;fo~~llo~pifr,ofaiiy'~aJ\i;ll 
-with!)U~-a' <copyright 'lli>tke. is gratit«l · p toit!<l<Od .. tllar · tHe c9pies -;ll'e nor • 
inade-0.r·distdliuted .(otdircct<:ommetciaLadvan~ge; ltlld rlie.ricfe of•h~ 
• public~tion o,od ,i~ 1lfr• •_pJ"'1'r on each q,py, To _copy'Jru1t<iri"1 wltl\ ,:a· 
• ,;opyrigbr no~kc !'t<JQ.rte,S specific p'er.ini:IS1o!i. Please QiieaiiU inq)tlrios gt 

· .req~ci• co lBJlEXol'yriglu;s Office. 



4 

President's Message 

Todd Hubing 
President~ EMC Society 

As I write my first President's 
Message for the Newsletter, I'm 
sitting at an airport gate in St. 

Louis. I missed my flight after waiting 
over an hour to pass through airport 
securiry. The world has changed in the 
past six months. Heightened securiry 
and concerns about terrorist attacks have 
caused all of us to rethink the way we do 
things. Countries around the world have 
declared a "war" against terrorism. EMC 
engineers will play an important role in 
this war. 

As someone who has 

thank Joe Butler, the immediate past­
president of the IEEE EMC Society. Joe 
worked hard for the Society during his 
two-year term and provided excellent 
leadership. Thanks largely to his efforts 
and the efforts of hundreds of other vol­
unteers; the EMC Society is larger, more 
global, more organized and more pro­
ductive than ever before. We're fulfilling 
our primary mission to serve the field of 
electromagnetic compatibiliry by spon­
soring conferences, publications, stan-

bers. T~ey have implemented an elec­
tronic submission and review process 
that promises to significantly reduce 
publication delays without sacrificing 
the quality of the published papers. 

If you've been to an annual IEEE 
EMC Symposium lately, you've 
undoubtedly noticed that this has 
become a major event. In addition ro a 
strong technical papers program, the 
annual symposium offers a huge EMC 
exhibition, software and laboratory 

demonstrations, tutorials, 
workshops, live entertain­

worked on the EM com­
patibility of commercial 
aircraft, I am reassured to 

know that the plane I will 
eventually be flying on is 
not susceptible to strong 
EM pulses or to the fields 
produced by most com­
mercial or military radio 
transmitters. However, it 
is a little disconcerting to 
know that someone famil­
iar with the plane and its 
electrical systems could 

The world has changed in the past six 
months. Heightened security and 

concerns about terrorist attacks have 
caused all of us to rethink the way we 
do things. Countries around the world 

have declared a "'war" against 
terrorism. EMC engineers will play an 

important role in this war. 

ment and the opportunity 
to meet and exchange 
ideas with over a thousand 
EMC professionals. 
Although many volunteers 
contribute to the ultimate 
success of any given sym­
posium, Henry Ott and 
Barry Wallen are the peo­
ple who ultimately ensure 
that things go smoothly 
year after year. 

It's not possible . to 
acknowledge everyone 
who devotes a significant 
fraction of his or her lives 
to the activities of the 

easily build a transmitter 
capable of interfering with 
those systems. The same 
vulnerability can be found in heli­
copters, trucks, automobiles, communi­
cations networks and anything else con­
trolled electronically. 

In the corning year, more EMC engi­
neers will find themselves working on 
the design of systems that are less sus­
ceptible to intentional EM disturbances. 
This will require the development of 
new design methodologies, new mea­
surement techniques and new rest stan­
dards. The IEEE EMC Society will play 
a significant role in this effort. Stay 
tuned. 

I want to take this opportunity to 

<lards and a wide variery of projects 
designed to inform, educate and pro­
mote communication between EMC 
engineers and the rest of the world. 

You may have noticed that the 
newsletter is thicker, more colorful and 
has more technical content than it did 
just two years ago. Janet O'Neil, Bob 
Olsen and others have worked hard to 
produce a publication that is both infor­
mative and entercammg. Marcello 
D'Amore, Flavio Canavero and their 
team of editors have invested a great deal 
of effort to improve the value of the 
IEEE EMC Transactions to our mem-

EMC Society in one Newsletter column. 
However, I've still got seven more to 
write as President, so I'll try to point out 
as many as I can in future columns. 

On a final note, we were all saddened 
to learn of the passing of Don Bush in 
December. Don was a prominent mem­
ber of the EMC community and a friend 
of mine since the days (many years ago) 
when we were both EMC engineers at 
IBM. Don contributed to the success of 
countless products and helped to educate 
many new EMC engineers. He was a 
kind person and will be missed by all 
who were privileged to know him. EMC 
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Chapter Chatter 

Todd Robinson, Associate Editor 

You Want Us to Test Where? 
Or 

Have Receiver, Will Travel 
Or 

"This Week We Meet Up With Our EMC Heroes Testing Somewhere in the Aegean Sea ... " 

An EMC testing project can be a major undertaking. 
For those visiting the EMC lab, the project can involve 

·· days of collecting functional EUT's, gathering support 
equipment, scheduling the necessary support personnel and 
possibly arranging for shipment and travel. For those operat­
ing the laboratory, preparing for test programs can also be a 
major undertaking. The process can involve gathering test 
equipment, preparing test fixtures, calibrating equipment, 
scheduling personnel, etc. The whole process can, at times, be 
a daunting undertaking. If an EMC test project ever becomes 
overwhelming for you, let the following story remind you of 
how good you have it. 

In the early 1960's, NATO decided to start a missile test 
range in the Aegean Sea. Genistron, a Southern California EMC 
testing and filter manufacturing company, was contracted to 
perform an RF survey of the area. The NATO folks were right­
fully concerned about supersonic missiles heading in the wrong 
direction due to RF interference. Genistron sent two survey 
teams to the Aegean: Team One to the Greek island of Crete and 
Team Two to the Greek Islands Santorini and Rodhos. Joe Fis­
cher, now the CEO of Fischer Custom Communications, was a 
member of Team Two that was sent to Sanrorini and Rodhos. To 
reach the area of Santorini, where the RF survey was to take 
place, Team Two had to pack their sensitive test equipment 10 
miles via mule train on a trail that traversed the side of an 
ancient volcano. If you have ever visited this island, or even if 

you have only seen pictures, you understand that this was an 
Indiana Jones type adventure. One piece of test equipment, 
along for the mule ride, was a(new at.the t.ime) Polarad 1 to 10 
GHz receiver. Evidently, bad connectors often made tl1is instru­
ment somewhat unreliable for the Genistron engineers. During 
the perilous trip, mule and 1 to 10 GHz receiver suddenly part­
ed company. After bouncing, sliding and rolling 30 feet down a 
rocky slope, the runaway receiver was retrieved and reloaded. 
According to Joe, the Polarad performed better than ever after 
the accident! After reaching the survey location, our heroes dis­
covered that one of their most reliable pieces of test equipment 
had been damaged en route. The Stoddart MMl0 had a broken 
control knob and their mission could not be accomplished with­
out the instrument. Some have experienced the hassle of loosing 
an important test-set during lab time, but the EMC adventur­
ers from Genistron couldn't use the cell phone and call "Equip­
ment Rents R Us." One of the team's Greek guides hiked 20 
miles to the nearest radio phone and ordered a replacement to 
the MMl0, which had to be shipped from Los Angeles! Amaz­
ingly enough, the replacement arrived on Santorini within 48 
hours. After overcoming the adversity on Santorini and also 
completing the survey on the Island of Rodhos, Team Two 
returned to Los Angeles after only 20 days. The next time you 
have to drive across town or even 100 miles into the hills to do 
EMC testing, be thankful that you don't have to travel by mule 
train to get there. 

Central New England 
The Central New England EMC 

Chapter meeting was held on Wednes­
day October 10th, 2001. The presenta­
tion described the new US Supplier's 
Declaration of Conformity (SDoC) 
process for certifying Telephone Termi­
nal Equipment (TTE). The speaker was 
Larry K. Stillings, President, Compli­
ance Worldwide, Inc., of Sandown, New 
Hampshire. Mr. Stilling shared that, on 
July 23, 2001, the Federal Communica­
tions Commission (FCC) formally priva­
tized the Part 68 process for TTE certifi­
cation. A new organization called the 

Administrative Council for Terminal 
Attachment (ACTA) now handles all 
TIE certification procedures with the 
exception of waivers. Mr. Stillings also 
explained the two new processes for how 
telephone terminal equipment may be 
approved, either by the use of a Telecom­
munications Certification Body (TCB) or 
through preparing an SDoC. The new 
labeling method for ACTA, filing 
requirements, and standards in develop­
ment to cover new technologies were 
also discussed. 11 members and guests 
attended and the speaker responded to 
active participation and questions from 

the audience. Unfortunately, the meet­
ing scheduled for November 1st had to 
be cancelled. The speaker was to have 
been Douglas C. Smith, Independent 
Consultant and Distinguished Lecturer 
(DL) for the EMC Society. We hope to 
reschedule this meeting in March, April 
or May 2002. We will also schedule a 
meeting with DL Colin Brench as the 
speaker around the same time in 2002. 
No other meetings are scheduled from 
December 2001 through February 
2002. The Chapter avoids meetings in 
January because of possible winter 
storms in New England, and because 



everyone is recovering from the Christ­
mas and New Year holidays. 

Dallas 
Bill Paschetag, Secretary/Treasurer of 

the Dallas EMC Chapter, reports that 
2001 was a very big year for the Chapter. 
They were honored to have presentations 
by three EMC Society Distinguished 

Lecturers, plus presentations by 
local EMC professionals. They 
also had their second annual war 
story session and plan to contin­
ue this at least once each year. 
The first monthly meeting of 
2001 was held at KTL in 
Lewisville, Texas, on January 
16th. Pizza and soft drinks were 

-----------

At the Febmary 2001 meeting of the Da.llas EMC 
Chapter, Doug Smith demonstrates that a plastic 
bag of coins can generate a significant level of 
BSD. NTS in Plano, Texas hosted the meeting. 

provided by KTL. The 
subject of the meeting 
was a presentation by 
Tom Tidwell, Manager, 
Wireless Test Group, 

Tom Tidwell ofKTL Wireless Test Group discmses 
measurement of occupied bandwidth at the Janu­
ary 2001 meeting of the Dallas EMC Chapter. 

KTL. Tom's topic was "EMC 
Issues in Low Power Wireless 
Systems." Being in the heart of 
the Telecom corridor, there was 
much interest in Tom's presenta­
tion. There were 34 attendees at 
the January meeting which 
included 1 7 IEEE members, 1 7 
non-IEEE; there were 11 new 
attendees. The second meeting of 
2001 was held at NTS in Plano, 
Texas, on February 26th. Pizza 
was provided by Byrt Scammel, 
Airep Electronics, and soft 
drinks were provided by Jim 

Abel, NTS. The subject of the meeting 
was a presentation by Doug Smith of 
D.C.Smith Consultants. Doug's topic 
was "Unusual Forms of ESD." Doug 
demonstrated potential interference 
from ESD produced by coins in a bag 
and from a standard office chair. A digi­
tal storage oscilloscope to display the 
voltage waveform of the ESD was pro­
vided by Harry Rosenberg of Agilent -
with pick-up and delivery by Jim Abel 
and Bob Shoffstall of NTS. There were 
32 attendees at the February meeting, 
20 IEEE members,12 non-IEEE; there 
were 5 new attendees. The third month-

11when you're down to the wire." 

Ferrite RFI Suppressors ... the simplest 
snap-on EMCfixto date. Radio sources usually 
radiate their RFI power above 30 MHz by way of 
the main cabling, which acts as an antenna. 

FerriShield RFI suppressors absorb the 
unwanted high frequency signals while 
allowing data signals to pass. · 

.Order your free catalog showing an 
extensive assortment of srz,es and styles for flat 
or round cables. 

FerrlShield; INC. 
Interference Control Components 

350 Fifth Avenue, Suite 7310 
New York; NY 10118-7591 

tel: 2l2.268.4020 • fox: 212.26&4023 
e-commerce web site: www.ferrishleld.com 

e-mail: info@ferrishield.com 
ISO 9000Reg/steted 
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Butler, President of the IEEE 
EMC Society and Marketing 
Manager of the Chomerics Divi-

Joe Butler of the Cbomerics Division of Parker 

sion of Parker-Hannifin. Joe's 
topic was "Why Don't We Have 
Shielding Effectiveness Stan­
dards?" There were 34 attendees 
at the March meeting, 16 IEEE 
members, 18 non-IEEE; there 
were 9 new attendees. The fourth 
monthly meeting of 2001 was 
held at NEMKO - Dallas, in 
Lewisville, Texas, on April 17th. 
A sandwich and fruit salad buffet 
and soft drinks were provided by 
NEMKO - Dallas. The meeting 

Hannifin discusses some of the problems ~issociated 
with shielding effectiveness meamrements at the 
March 2001 meeting of the Dallas EMC Chapter. 

ly meeting of 2001 was held at NTS in 
Plano, Texas, on March 20th. A Tex-Mex 
buffet was provided by Steve Kasachkoff 
of Chomerics, and soft drinks were pro­
vided by Jim Abel, NTS. The subject of 
the meeting was a presentation by Joe 

Ii& _ [ -~~----!~--_::~ 

:W,..."<' 
fi'?,:-

t_lntfc,du~ ·e- -,--:~ 

r ... l•C-c•· ~~ .• ,. ; :·.._.'. · -, -_ ~.<(" 

, .... --,) ._:~H_; ~ •::.•.~•,.; ,., •• 

;te ~-~~--- ~-.-~•· - · 
'$. ... J.4. . -

?.:·.·-: 

Werner Schaefer of Cisco Systems discmses 
some of the problems associated with auto­
mated EMC measnrements at the April 
2001 meeting of the Dallas EMC Chap­
ter. NE.l'l'IKO in Lewisville, Texas hosted 
the meeting. 

started with a welcome to NEMKO by 
Matt Fain, NEMKO Marketing Manag­
er. The subject of the meeting was a pre­
sentation by Werner Schaefer of Cisco 
Systems in San Jose, California. Werner's 
topic was "Factors Determining Test 

At the May 2001 meeting, Gary Shimko, 
Dallas EMC Chapter Chair (right), pre­
sents Jim Abel with an IEEE award for 
his outstanding contribution to the EMC 
Society for the year. NTS in Plano, Texas 
hosted the meeting. 

Speed of Automated EMI Measure~ 
ments." There were 20 attendees at the 
March meeting, 11 IEEE members, 9 
non-IEEE; there were 2 new attendees. 
The fifth monthly meeting of 2001 was 
held at NTS in Plano on May 15th. Pizza 
and soft drinks were provided by NTS. 
The meeting started with a presentation 
to Jim Abel of NTS for an outstanding 
contribution to the EMC Society for the 
past year. Gary Shimko, Chairman of the 
Dallas Chapter of the IEEE/EMC Soci­
ety, provided the presentation. It was 
also announced that Dick Troup, long­
time Dallas area EMC professional, had 
passed away in his sleep the previous 
Thursday (May 10) following a pro­
longed illness. The subject of the May 
meeting was "War Stories" with Carl 
Irby as the monitor. Steve Juett provided 
the first War Story on the EMC chal­
lenges facing biomedical instrumenta-

Steve Juett, Director of Biomedical Engi­
neering at Baylor Hospital in Dallas, dis­
cusses one of his two "war stories" at the 
Dallas EMC Chapter meeting in May. 

Jim Press ofNTS prepares to enlighten the attendees of the Sep­
tember Dallas EMC chapter meeting on the status of EMC 
requirements for Nuclear Power Plants. 

David Lohbeck of NEMKO Dallas discusses differences in regula­
tory requirements in the world marketplace at the November 
meeting of the Dallas EMC Chapter. 



tion in hospitals. He presented very 
straightforward slides illustrating 
the situation. The FDA has no 
immunity requirements for bio­
medical instrumentation. Not sur­
prisingly, the myriad of telemetry 1 · 

presented "Composite Magnetic 
Materials and Anisotropy," where 
he pointed out promising direc­
tions for further research on wide­
band absorbers. 

Germany 
The annual general meeting of the 

links and proliferation of personal 
computing devices and cellphones 
present challenges to medical 
equipment used ro save lives, the 
sensitivities of which can be in 
microvolts! Mark Bushnell shared 
his war story of how his company 
sought to save money and time on a 
lightning certification by perform­
ing analysis instead of testing. 
After review by the certifying 

Professor Klaus Erich Pollmann, rector of the Otto-von­
Guericke University (right) and Professor Juergen Nitsch 
(left) congratulated Reiko Haase (center) for his achieve­
ment. Professor Nitsch is a member of the IEEE EMC 

, IEEE German EMC Chapter took 
place November 21st in 
Frankfurt/Main. Chairman Professor 
Heyno Garbe from the University of 
Hannover welcomed 18 Chapter 
members and safely guided them 
through the agenda. Besides the more 
standard topics to be discussed, two 
points deserved special attention: 

committee of the German Section. 
agency, the analysis was returned 
after some time for a more detailed 
simulation. Finally, after the agency 
approved the analysis, they required the 
test anyway. Neither time nor funding 
for the test was saved. Even though tools 
may exist to perform a simulation with 
high fidelity, sometimes the easiest 
approach is just to execute the test . 
Finally, Steve Juett provided another 
story from the biomedical arena - trac­
ing down the source of an interference 
problem at the hospital to a local TV sta­
tion trying out its HDTV band. It took 
some effort to get in touch with the 
right individual at the TV station to 
resolve the problem] The Dallas Chapter 
takes a three-month summer break with 
no meetings during June, July and 
August. Similar to an academic sched­
ule, the regular September meeting is 
the start of the 2001-2002 year. The 
sixth monthly meeting of 2001 was held 
at NTS in Plano on September 18th. 
Pizza and soft drinks were provided by 

attendees at the October meeting, 13 
IEEE members, 10 non-IEEE; there were 
2 new attendees. The eighth monthly 
meeting of 2001 was held at NEMKO 
Dallas (Lewisville), on November 20th. 
Sandwiches, fruit, cookies and soft 
drinks were provided by NEMKO. The 
subject of the meeting was "Global Mar­
ket Access: Safety-EMC-Telecom Com­
pliance" presented by David Lohbeck, 
General Manager for NEMKO Dallas. 
The attendees were given a tour of the 
NEMKO facility. There were 25 atten­
dees at the November meeting, 14 IEEE 
members, 11 non-IEEE; there were 9 new 
attendees. This year's annual Holiday 
Social was held at Bennigan's Restaurant 
in Plano, Texas. Eleven persons attended, 
six IEEE members and five guests. 
Arrangements for the social were handled 
by Bob Shoffstall and Bob Stevens of 
National Technical Systems in Plano. 

NTS. The subject of the meeting was France 
"EMC Concerns For A Nuclear Power 
Plant" presented by Jim Press, Director 
of National EMC Operations, National 
Technical Systems (NTS). There were 18 
attendees at the May meeting, 13 IEEE 
members, 5 non-IEEE; there was 1 new 
attendee. The seventh monthly meeting 
of2001 was held at Intertek Testing Ser­
vice (ITS) in Richardson, on October 
16th. Pizza and soft drinks were provid­
ed by ITS. The subject of the meeting 
was "Current Status of the R&TTE 
Directive" presented by Bill Holz, Man­
ager, Global Approval Management Ser­
vices, ITS. The attendees were given a 
tour of the ITS facility. There were 23 

The French chapter invited EMCS 
Distinguished Lecturer Professor Sabri­
na Sarto, of the University of Rome, "La 
Sapienza", to speak ar its meeting on 
December 17th, 2001. Professor Sarto 
presented a lecture titled "EM Perfor­
mance of Composite Materials and Met­
alized Plastics for Industrial Applica­
tions." It was a very complete account 
of recent work on these topics, touching 
such different subjects as coating tech­
nology, modeling of composite panels, 
numerical issues in FDTD simulation 
etc., and illustrated by a variety of 
examples. Following the presentation 
by Professor Sarto, Dr. Ferdy Mayer 

First, everybody was happy to hear 
about the "2001 Chapter of the Year 

Award" that was given to the German 
EMC Chapter at the 2001 International 
Symposium on EMC in Montreal. There­
fore, it was agreed to continue the many 
Chapter activities and good work. Second, 
in regard to the application of the German 
EMC Chapter to host the annual IEEE 
International Symposium on EMC in 
2006, it was reported that all necessary 
preparations and requirements are met. It 
is planned to hold the Symposium in the 
historic city of Dresden which will cele­
brate its 800th anniversary that year. The 
final and, hopefully, posirive decision of the 
Board of Directors to approve the applica­
tion is expected in the spring 2002. 

Israel 
On November 25, 2001, the chapter 

conducted a special evening meeting with 
four presentations concerning "Selected 
Topics in EMC Engineering." The meet­
ing was held in the headquarters of the 
Association of Engineers and Architects in 
Israel (AEAI), Tel Aviv. A total of76 peo­
ple attended the meeting, the majority of 
whom are members of the AEAI and the 
IEEE EMC Chapter in Israel. Chapter 
members and guesr experts prepared all 
the lectures, which were delivered during 
the three-hour meeting. The first two pre­
sentations were associated with potential 
adverse effects induced by utility lines 
El\11 - stray current and electromagnetic 
fields. The next two presentations dealt 
with EMI effects generated from light 
trains (electrical trams) that are used in 
urban mass transportation, and design 
considerations of a static electricity 
grounding system. The specific presenta-

9 



1 ,... 

EMC Society Distinguished Lecturer Doug Smith (standing at far right) 
teaches the Melbourne, Florida EMC Chapter how to safeg11ard their 
computers from prying eyes at their December meeting. 

The December meeting of the Melbourne EMC Chapter was 
held at the Indian River Brewing Company. Over 40 people 
attended the meeting, including students from the Florida Tech 
Student Chapter. 

tion titles were: "Mutual Effects Between 
Utility Lines and Underground Pipes 
Located within the Right-of-Way," by Dr. 
Yavgeni Katz, Israel Electrical Company 
(IEC); "EMC and Safety Aspects of 400kV 
Electrical Power Lines," by Dr. Yosef 
Peker-IEC and Moshe Netzer-RAFAEL; 
"Potential EMI Effects of the Light Train 
in the Israel Metropolises," by Mr. Oren 
Harral and Moshe Netzer - RAFAEL; and 
"Design Principals of ESD Grounding -
By What is it Different from Safety 
Grounding?" by Dr. Boris Veprik­
RAF AEL. The entire event was a great 
success as reported by all attendees. 

the Night." Doug gave an entertaining 
lesson in personal computer security, 
showing us how prevalent the problem of 
hacker intrusion into home computers is 
and how we can protect ourselves from 
unauthorized access. Doug's presentation, 
which included many examples taken 
from his personal experience, left the 
audience with the unsettling realization 
that security of our home computers is a 
serious concern that requires us to take 
preventive measures. Prior to Doug's lec­
ture, the crowd enjoyed pizza and cold 
drinks while mingling informally. The 
turnout for this meeting was very strong, 
with over 40 attendees. In addition to 

Korea local EMCS members, we welcomed a 
Professor Dong Chul Park, the outgoing large group of students from the Florida 

IEEE EMC Korea Chapter Chairman, Tech Student Chapter, and visitors from 
reports that the newly elected officers took the Canaveral, Daytona, and Orlando 
office on January 1, 2002. The new chair- IEEE Sections. Participation at our events 
man and secretary are as follows: Chairman: has increased steadily as the local EMC 
Professor Dong Il Kim, Department of community and nearby IEEE groups have 
Radio Science and Engineering, Korea learned of our activities. Dennis Molly 
Maritime University (E-mail: dikim@ and Kathy Reinhart, officers with the 
kmaritime.ac.kr/ Phone: +82-51-410- Melbourne and Canaveral sections respec-
4314), Secretary: Mr .. Jong Hwa .Kwon, . tively, have. been particularly helpful in 
Division of Radio Technology, Electronics spreading word of our Melbourne EMC 
and Telecommunications Research Insti- chapter activities. Of course, most impor­
tute (ETRl) (E-mail: hjkwon@etri.re.kr/ tant to the success of our meetings is the 
Phone: +82-42-860-6742). availability of excellent speakers such as 

Melbourne 
The Melbourne Chapter held its 

December meeting at the Indian River 
Brewing Company. The highlight of the 
meeting was a lecture by Mr. Doug 
Smith, an Electromagnetic Compatibility 
Society Distinguished Lecturer. Doug's 
talk was titled: Computer Security for the 
Engineer, "The Knock in the Middle of 

Doug Smith through the IEEE EMC 
Society Distinguished Lecturer Program. 

Minneapolis-St. Paul 
Curt Sponberg, Chair, reports that the 

Twin Cities chapter last held an official 
meeting in June, to coincide with the 
Board of Director·s meeting in Min­
neapolis. In September, the annual EMC 
event drew about 75 people, members 

and non-members, for a one-day tabletop 
show and seminars. The local chapter 
will not meet again until the latter part 
of 2002 due to the planning of the 2002 
IEEE Symposium on EMC in Minneapo­
lis. Several chapter members are part of 
the local committee. So, many of us are 
actually meeting more than ever, at least 
until August! 

Mohawk Valley 
After a summer hiatus, the Mohawk 

Valley Joint EMC/Reliability Chapter 
held two meetings in November and 
December of 2001. Both meetings were 
conducted by Chapter Chair Irina Kasper­
ovich of ANDRO Computational Solu­
tions in Rome, New York. The November 
meeting featured EMC Society Distin­
guished Lecturer Doug Smith of D.C. 
Smith Consultants in Los Gatos, Califor­
nia who gave the t;alk: Computer Security 
for the Engineer, "The Knock in the Mid­
dle of the Night." ' In the talk, Doug cov­
ered some of the undesirable things that 
can happen to 01;1e's personal computer 
'Y:her1_ surfiQg th~' Jn~~m~I.. 3=ncL l.10v._r __ to 
avoid them. Screetj shots from an attack on 
Doug's computer *ere shown. He demon­
strated how the ~anufacturer of the lap­
top leaves it wide 0pen to hackers so it can 
diagnose laptop ptoblems remotely. Dur­
ing a recent trip

1 
made by Doug, that 

weakness was probed four times in two 
hours over a dialup by hackers! Doug has 
also shown using a recording of the elec -
tromagnetic emissions from his home 
computer as heard on a shore-wave radio, 
that different cortjpurer aaiviries, such a 
surfing the Intern~t and printing files, can 
definitely be ident1fied audibly. This illus-



trates the critical nature of computer secu­
rity and the methods unscrupulous indi­
viduals can use to directly or even remote­
ly hack into a personal computer. We've 
all heard of the various methods of "sniff­
ing" and extracting electromagnetic sig­
nals from mobile communications and 
computing devices. What is not always 
apparent is that this can be done using 
simple radio receivers. Some recent cases 
of "cyber-terrorism" have been observed 
where hackers use homemade sniffer 
probes and consumer radios to measure 
output signals from personal digital assis­
tants (PDAs) and to decipher personal 
information. Doug provided the audience 
with a great deal of food for thought 
which was well received and appreciated. 
The December meeting featured Andy 
Drozd of ANDRO Computational Solu­
tions who presented the topic, Computa­
tional Electromagnetics (CEM): A Blend 
of Science and Art? In his presentation, 
Andy defined CEM as the blending of 
physics, computer science, mathematics, 
and electromagnecics engineering to solve 
sophisticated problems for simple-to­
complex structures with associated elec­
tromagnetic boundary conditions. The 
various factors that force one to ask 
whether CEM modeling and simulation is 
both an art and a science were raised. For 
example, what are the various methods 
that engineers use to solve problems and 
how do they compare? What are the 
unique features of CEM methods and 
codes? This talk attempted to answer 
these and other questions using practical 
illustrations. The presentation was based 
on a chapter on computer modeling for 
EMC contributed by Andy for the text­
book, Engineering Elearomagnetic Compati­
bility: Principles, Measurements, Technologies, 
and Computer Models, 2nd Edition by V. 
Prasad Kodali. The presentation 
overviewed CEM methods focusing on 
several widely used techniques and their 
applicability without rigorously delving 
into the theory. Although CEM codes have 
their basis in Maxwell's equations of one 
form or another, their applicability and 
associated accuracies depend on the 
applied physics, numerical solver 
approach (full or partial wave, non-matrix, 
etc.), mathematical basis functions, canon­
ical modeling primitives, inherent model­
ing limitations, built-in approximations, 
desired "observables" and so forth. Ocher 
factors such as analysis frequency and time 

or mesh discretization further compire to 

affect accuracy, solution convergence, and 
overall validity of computer models. Con­
cerns immediately arise when the results 
of predictions using one type of CEM code 
do not consistently agree with the results 
of other codes or against measurement 
benchmarks, begging the question, "which 
is correct?" Andy's familiarity with this , 
topic is due to his work in the areas of 
CEM engineering research and develop­
ment, multi-spectral information fusion, 
visualization, and collaborative engineer-

ing. He has over 26 years of experience in 
electrical and electromagnetic engineer­
ing, and more recently, in applying 
AI/expert system technologies to electro­
magnetic environment effects (E3) com­
puter modeling and simulation. He is cur­
rently leading the development of a new 
IEEE standard and recommended practice 
for validating CEM computer models. 
Andy plans to give an encore presentation 
at the spring 2002 Mohawk Valley 
EMC/Reliability Chapter meeting and for 
the Winter meeting of the Rome Acade-
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my of Sciences. The Chapter plans to 
invite at least two more Distinguished 
lecturer Program speakers for the 2002 
spring and fall meetings. 

Nanjing 
Wen Xun Zhang, Chapter Chair, 

reports that the Nanjing Chapter met on 
November 19th and November 26, 2001. 
The November 19th meeting was held to 
discuss chapter business. The meeting 
was attended by 9 IEEE members and 11 
guests. During the meeting on November 

26, two technical presentations were 
given. The fir:;t speaker was Da-Gang 
Fang of Nanjing University of Science 
and Technology who presented a paper 
entitled, "Optimized Design of 
Macrostrip Patch Array." The second 
speaker was Ru-Shan Chen of Nanjing 
University of Science and Technology 
who presented a paper entitled, "Vector 
FEM Techniques for 3-D Full Wave EM 
Problems." The technical presentations 
were well attended by 15 members and 
44 guests. 
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Orange County 
The Orange County Chapter met on 

October 24th at CKC laboratories in 
Brea, California. Robert Tozier of CKC 
Laboratories has taken over the Chapter 
Chair position from Randy Flinders who 
will continue as Vice Chair. The Orange 
County Chapter welcomed Brett Robin­
son of Robinson's Enterprises, a Consult­
ing and Engineering firm based in 
Chino, California. Mr. Robinson dis­
cussed the pros and cons of using COTS 
(circuit cards off the shelf) in "customer" 
driven designs, both commercial and 
military. For example, a manufacture 
elects to use an off the shelf video card 
with their FfN or TFT display. The ini­
tial assessment is, "great, it matches; very 
little design modifications are necessary, 
and the combination utilizes the latest 
technologies." However, the problem is 
that the entire system was not designed 
to meet the latest applicable EMC 
requirements (RTCA-DO160D, Mil­
Std-461/462D, Mil-Std-810E/F, CISPR 
22, FCC Class B, etc). The solution to 
these problems was discussed and includ­
ed back plane design techniques, enclo­
sure design, lightning protections via 
transorb utilization, custom designed 
compatible boards, shielding of cards, 
etc. We had a good turn-out of about 22 
attendees. We expect to continue having 
the meetings at the new location of CKC 
laboratories in Brea. 

Brett Robinson of Robinson's Enterprises 
spoke at the October meeting of the Orange 
Cottnty EMC Chapter on the pros and cons 
of using COTS (circuit cards off the shel/}. 
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Randy Flinders, immediate past chair of 
the Orange County EMC Chapter, takes 
a break at a recent chapter meeting. He's 
still a chapter officer thottgh,· currently he 
is lending his expertise as vice-chair of 
the chapter. 

Phoenix 
Harry Gaul reports that the speaker at 

the October 4th, 2001 meeting was 
Garth D'Abreu of ETS-Lindgren in 
Austin, Texas. The topic of Garth's talk 
was "Reverberation Chambers: Design, 
Testing and Control, A Simplified 
Approach" which provided a good intro­
duction to our Phoenix Chapter on the 
many uses of reverberation chambers. In 
this talk, we learned how reverberation 
chambers could be used to perform quick 
radiated emissions measurements. These 
chambers are often used for accurately 
measuring the shielding effectiveness of 
cables, gaskets, and conductive fabrics . 

A crowd gathered at the October meeting 
of the Orange County EMC chapter held 
at CKC Labomtories in Brea, California. 

One of the most exciting uses of these 
chambers is to perform radiated suscepti­
bility testing that is very repeatable, even 
after disturbing the cable and EUT place­
ment in a chamber. Garth explained that 
aluminum could be used for construction 
of reverberation chambers in order to 
minimize losses. But this comes at the 
expense of having resonant nodes at low 
frequency that are fairly narrow in band­
width. This effect can easily be corrected 
by adding some portable absorbers to 
"de-Q" the room, but of course at the 
expense of higher losses. His talk was 
concluded with a demonstration of soft­
ware that can be used for calibration and 
operation of reverberation chambers. 
Check out the Phoenix web site at 
http://www.ewh.ieee.org/ r6/phoenix/ 
phoenixemc/ for the latest schedule on 

upcoming meetings. 

Rocky Mountain 

Daryl Gerke of Kimmel Gerke Associates (left) presents 
Garth D'Abreu of ETS-Lindgren with a jar of salsa in 
thanks for his thought provoking presentation on rever­
beration chambers to the Phoenix Chapter. 

The Rocky Mountain 
Chapter of the IEEE EMC 
Society held its llth annual 
Regional EMC Symposium 
on Wednesday, October 3rd, 
2001 at the Radisson Inn 
Greystone Castle in North 
Denver, Colorado. The 
annual symposium has been 
a key element of our Chapter 
program, which has focused 
on providing the regional 
technical community with 
valuable EMC training and 
educacion. Attendance at 
the event was relatively 
good, considering the date 

Chip Fleury and Rhonda Saxson of TUV 
Product Service in San Diego attended the 
October meeting of the Orange County 
EMC Chapter. 

was in the shadow of the September 11 
tragedy. A total of 123 members and 
guests participated in the symposium. 
The event included 20 exhibitors; with 
exhibits set up in the area where break­
fast, breaks and lunch was provided for 
all attendees. 

The technical program was expanded 
this year to include three parallel tracks 
to provide for a broad range of interests . 
The program included: Full day Tutori­
al on Fundamentals of EMC by Dr. 
Clayton Paul; Workshop sessions 
exploring selected topics presented by 
experts in the EMC field, including Dr. 
Eric Bogatin, T.J. Ritenour, Dr. Karl 
Bois and Dr. David Quint, Dr. Scott 
Bennett, and Doug Smith; Technical 
papers on current EMC topics by 
regional and national authors including: 
0. Buhler, C. Marrero, Dr. R. Johnk, 
Dr. Novotny, C. Weil, M. Taylor, T. 
O'Hara, H. Holden, Dr. E. Bogatin, R. 
Georgerian, R. Duffy, R. Perala, M. 
VanDenBergh, G. Senko, T. Robinson 
and S. Monroe. 

The officers of the Rocky Mountain 
Chapter of the EMC Society wish co 
thank all who contributed to the suc­
cess of this event. Special thanks to 
RMC Chapter members Charles Grasso 
and Tony O'Hara for work in coordi­
nating the technical program and 
exhibitor arrangements. The complete 
symposium program, including ex­
hibitors and technical program with 
presentation downloads, is available at 
http://www.ieee.org/ rmcemc/. 
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The speakers at the Rocky Mountain EMC Chapter Symposium 
in October included, front row, left to right: Richard Georgerian, 
Carlos Marrero, and Charles Grasso. Back row, left to right: Bill 
Ritenour, David Quint, Clayton Paul, Robert]ohnk, Happy 
Holden, Ron Duffy, Ron Perala, and Eric Bogatin. 

During the table top show held in conjunction with the Rocky 
Mountain EMC Chapter Symposimn in October, exhibitor Brad 
Brim of Ansoft (left) explains the uniqueness of Ansoft soft­
ware to David Banas. Looking on are Drew Martin of Ansoft, 
(third from left) and Brian Gray (right). 

San Diego 
The San Diego Chapter finished a very 

successful year in 2001 with a pair of 
well-attended meetings featuring inter­
esting topics and excellent speakers. 
November brought a great meeting with 
both EMC and safety offerings. This 
exciting, double-header featured Don 
Heirman of Don HEIRMAN Consultants 
and Dan Hoolihan of Hoolihan EMC 
Consulting presenting their informative 
"EMC Measurement Uncenainty-What 
is Certain and What is Not?" Coupled 
with Deborah Madsen of Underwriters 
Laboratories educating us on the subject 
of "Protection Against Electric Shock: UL 
2601-1/IEC 60601-1 Insulation Dia­
grams," it made for a very full evening. 
The San Diego Chapter would like co 

thank the members of the EMCS Board of 
Directors that joined us for the meeting. 
They were in town for their last Board 
meeting of the year. It was a pleasure 
hosting them and we look forward to see­
ing them again soon. The San Diego 
chapter finished the year with a helpful 
and entenaining presentation from Dr. 
Brett D. Robinson of Robinson's Enter­
prises on the subject of "EMC Design and 
Test Considerations for Wireless Commu­
nication Products." This is a topic well 
suited to the San Diego area due to a local 
concentration of cell-phone and wireless 
communication companies. The San 
Diego Chapter looks forward to an even­
better year in 2002 and they wish the 
same for the other EMCS chapters around 
the country and the world! 

Seattle 
The Seattle Chapter held a four-hour 

workshop, from 4:00 to 8:00 pm, in 
October at CKC Labs in Redmond. 
Chris Kendall of CKC Labs spoke at the 
"Design for Test and Immunity Work­
shop." The workshop was attended by a 
"sell out" crowd of 40 people (attendance 
was limited so the instruction could be 
interactive). All students received a cer­
tificate of completion signed by the 
instructor and the chapter provided din­
ner at the half way point of the work­
shop. The immunity pan of the work­
shop covered such topics as grounding, 
bonding and shielding for immunity, 
design techniques for achieving required 
immunity, including system grounding, 
I/O cable shielding and shield termina-

John St,ulille of Ball Aerospace (left), Lyle Luttrell of MaxOpHx 

(center), and Jill Klancke of Harthun Associates (right) discuss 
shielding material applications during the exhibit hours of the 
Rocky Mountain EMC Chapter Symposium. 

Dr. Clayton Paul kept the attention of the Rocky Mountain 
EMC audience for the filil day ttttorial held dtffing the Rocky 
Mountain EMC Chapter Symposium in October. 



It was a full house at TUV Product Service for the November 
meeting of the San Diego EMC Chapter. 

Don Heirman is shown presenting a lecture on measttrement 
uncertainty to the San Diego EMC Chapter at their November 
meeting. Dan Hoolihan later joined Mr. Heirman as a lecturer 
on the topic. 

Flexible 
---- ------... 

Deborah Madsen of Underwriters "Laboratories in Brea presented 
the informative "Protection Against Electric Shock: UL 2601-
1/IEC 60601-1" to the San Diego EMC Chapter at its November 
meeting. She was part of their "double-header" program. 

tion, I/O filtering, PC board layout rules, PCB filtering rules, 
case shielding requirements, clamping methods, and RF com­
mon mode chokes. In addition, immunity analysis - transient 
and steady state, including the frequency domain transform of 
typical waveforms, radiated emissions levels and amount of 
cable voltage coupling was addressed. "Test Methods for Immu­
nity" covered such topics related to EN61000-4-2 (IEC 1000-
4-2, et al) such as ESD theory - how ESD is generated and 
basic physics that describe ESD including capacitance, imped­
ance, charge, voltage, current, and power, radiated immunity, 
electrical fast transient burst and conducted immunity. Mr. 
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It was a full house for the October Seattle EMC Chapter meet­
ing. Andrew Price, Katie Molina and Pat Andre (standing L­
R) of CKC Labs made their way through the crowd to distribute 
the speaker's notes for the "Design for Test and lmmrmity 
Workshop" presented by Chris Kendall. 

Some 40 people attended the November Seattle EMC Ch,1pte1· 
meeting held at AT&T Wireless in Redmond. Franz enter­
tained the crowd with his lively presentation, filled with his 
famotts colorful graphics. 

Dttring the break, several people toztred the laboratory at CKC 
Labs in Redmond, site of the October Seattle EMC Chapter 
meeting. Kimball Williams of Eaton Corporation (seated right) 
took advantage of a free chair to rest and finish his dinner. 

Dennis Kringer ofTechtnaster Electronics (right) greeted speak­
er Franz Gisin at the November Seattle EMC Chapter meeting. 
Techmaster Electronics treated the chapter to an incredible bar­
becue dinner catered by Tony Roma's. 

There was a short break during the Octo­
ber workshop sponsored by the Seattle 
EMC Chapter with plenty ofpizza for all. 

Chris Kendall received some local 
coffee as a Seattle memento follow­
ing his presentation at the October 
Seattle EMC Chapter meeting. 

Janet O'Neil, Seattle EMC Chapter Chair, intro­
duced speaker Franz Gisin of Samnina in San 
Jose to the chapter at their November meeting. 



Kendall concluded his presentation with 
a review of some product specific varia­
tions of test methods, including 
EN55024, Information Technology 
Equipment, EN5 5103-2, Professional 
Audio and Video Equipment, EN61326, 
Test, Measurement and Instrumenq1.tion 
Equipment, IEC60601-l-2, Medical 
Devices, EN50130--4, Security Systems 
and ETS 300 683, Intentional Radiators. 
This October workshop was FREE to all 
who attended. It's part of the extended 

later formatted into an article and it 
appears in this Newsletter on page 25. 
Check it out for all the details of the 
material presented. The meeting was 
held at AT&T Wireless in Redmond. The 
excellent barbecue dinner before the 
meeting was provided courtesy of Tech­
master Electronics. Over 40 chapter 
members and guests attended this pre­
sentation and many stayed well after the 
meeting to ask questions. 

presentation format scheduled by the Singapore 
Seattle Chapter each fall. In November, There was a good turn out for the 
the chapter was treated to an incredible November meeting that the Singapore 
graphics display with the lively presenta- EMC Chapter held jointly with the 
tion by Franz Gisin of Sanmina in San Institute of High Performance Comput­
Jose. The psychadelic graphics reminded ~ ing (IHPC, Singapore) who happened to 
many of those in the audience of "lava be holding a seminar on "Electromag­
lamps" from the 1960s. The title of the netic Compatibility Simulation and 
presentation was "How to Div Grad Design." In all there was 30 attendees. 
Kink and Curl Electrons Into Generating Three presentations were featured dur­
Unwanted Radiated Emis- sions." In fact, ing the meeting. The speakers were Dr. 
the presentation was so good that it was Chunfei Ye and Dr. Da-Ming Zhang of 

Il-IPC and Mr. Wee-Sing Chow of CET 
Technologies . The presentations covered 
various aspects of EMC simulation. Dr. 
Ye gave some useful insight into the role 
of various techniques and methods used 
in computational electromagnetics (CEM), 
such as the use of the Method of 
Moments or what was otherwise known 
as the Boundary Element Method in the 
frequency domain. With regards to sim­
ulations in the time domain, Dr. Ye 
explained the role of Finite Difference 
Time Domain and Finite Element Mod­
els with various Absorbing Boundary 
Conditions to free space with a finite 
computational volume. There was a brief 
introduction of the use of a Perfectly 
Matched Layer, Hidgon's operators and a 
few others. Several illustrations were 
presented by Dr. Ye dealing with the 
computation of the capacitance matrix 
for a wire bonded die in an IC package, 
radiated emission from PCB nets and 
several other applications of simulation. 

Singapore EMC Chapter chair, Associate Professor See Kye Yak, 
provided the opening remarks at the November meeting. 

Mr. Wee-Sing Chow showed an interesting example on the 
application of CEM tools for EMC modeling of a large-scale 
system integration project at the November meeting of the 
Singapore EMC Chapter. 

A presentation was provided by Dr. Chtmfei Ye on various 
numerical methods for CEM at the November meeting of the 
Singapore EMC Chapter. 

Dr. Da-Ming Zhang gave a presentation on the design and 
modeling of reverberation chambers at the Singapore EMC 
Chapter's November meeting. 
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Dr. Ye spoke about the 
results from the use of sim­
ulation and presented 
many illustrations on field 
distributions in a comput-
er chassis with many aper-..!! · 

3-
tures as well as arrow "' 

0 

charts on the power densi- ~ 

industry, and many of chem 
cook time off from their 
busy schedules to attend. 

Southeastern Michigan 
Chapter 

ty functions in the micro-~ .. 
scopic scale for a via-hole if ',,~ -· ~~.i 

The Southeastern Michi­
gan Chapter hosted an EMC 
Measurement Uncertainty 
Workshop on October 1 and 
2, 2001. The workshop 
instructors were Ed 

in a printed circuit board. Ed Bronaugh, Don Heirman and Dan Hoolihan (L-R) were the expert 
Mr. Chow's presentation speakers featured at the October EMC Measurement Uncertainty 
was entitled "System EMC Workshop hosted by the Southeastern Michigan Chapter. 
Engineering" and it was 
targeted at the application of CEM for 
large-scale system integration projects. 
The Naval Ship program and the Mass 
Rapid Transit (MRT) were cited as the 
examples of EMI/RFI modeling and sim­
ulation. The simulations were aimed to 
gee a better understanding of the elec­
tromagnetic environment and the likely 
EMI phenomena for a given platform. 
The results provided the necessary quan­
titative risk assessment for possible EMI 
situations at system and equipment lev­
els. Mr. Chow also spoke on the EMC 
management process throughout the 
entire project life cycle, in particular 
EMC requirements in areas of general 
equipment layout, earthing design, 
bonding implementation, cabling 
design and layout. This presentation 

introduced some installation guidelines 
and mitigation. Mr. Chow concluded his 
presentation with a theme based on the 
importance of EMC awareness and 
responsibilities among the different 
groups in an organization such as Pur­
chasing, Assembly/Production, Instal­
lation and Maintenance, besides the 
leading design and test group in a typ­
ical project team structure. Dr. Zhang 
gave a presentation on the Experimen­
tal Design and Analytical Modeling of 
a Reverberation Chamber. The meeting 
was held at IHPC in the afternoon and 
IHPC had generously provided the 
attendees with refreshments during the 
break between presentations. The event 
was a unique opportunity for chapter 
members to mix with members of the 

Bronaugh, Don Heirman 
and Dan Hoolihan. The workshop cov­
ered uncertainty basics, distribution 
functions, calculations and associated 
guides and standards. Attendees were 
given software to calculate uncertainties 
of actual instrumentation from their test 
laboratories . The workshop was attend­
ed by 39 participants and was coordi­
nated by Scott Lytle at the Yazaki North 
America facility in Canton, Michigan. A 
tour of the new Yazaki EMC Test Labo­
ratory followed the workshop. The 
Southeastern Michigan Chapter is now 
planning their third annual EMC Fest to 
be held on April 22, 2002. Details can 
be found on the chapter website at 
http://www. emcsociety.org 

continued on page 3 8 

TRANSACTIONS ON EMC: BACK ISSUES WANTED! 

T here were many responses to the advenisement for a FREE complete 
set of the Transactions on EMC from 1982 to 2000 that appeared on 

page 8 of the Fall 2001 issue of the EMC Society Newsletter. This set was gen­
erously offered by past EMCS President, Bob Hofmann. If you have any 
past issues of the Transactions on EMC that you would like to share with oth­
ers, please contact the following people who indicated that they would also 
pay for the shipping costs to receive free sets of the Transactions on EMC. 

Shirley Chen, Shirley@quietek.com 
Chang-yu Wu, changywu@us.ibm.com 
Professor S. N. Shrivastava, shrinath@ece.iitkgp.ernet.in 
Lieven Decrock, lieven.decrock@tycoelectronics.com 

· , . :< · ~1t'~lhlflft~n.n.)f!~S. tl/e[fi,st person _to re~pf>t!</ to:tbe 
. : :'ft:efp~~e~~fo1(¢J!{~J;!,, <;rdnp-!~t/$.iit ·()f;the T-ra:nsdctio,ns on 
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Practical Papers, Articles 
and Application Notes 
Bob Olsen, Associate Editor 

In this issue you will find two practical papers and two let­
ters that should be of interest to the EMC community. 
The first paper is entitled, "SE Measurement Comparison 

of a Conductive Plastic Modem Enclosure Employing GTEM 
-ceff oi: Mode-niried Revetbetatio11·Chatnber Methodology" by--­
Y. J. Wang, W. J. Koh, C. K. Lee and Y.K. Tai of Singapore. 
In it, methods to evaluate conductive plastic shields similar 
to those described in the Summer 2001 Newsletter article by 
Sabrina Sarto et. al . are compared. It appears that interest in 
this type of enclosure is increasing. The second paper is enti­
tled, "How to Div Grad Kink and Curl Electrons Into Gen­
erating Unwanted Radiated Emissions" by Franz Gisin and 
Zorica Pantie-Tanner. This paper was submitted in response 
to rave reviews from Franz's presentation of the material at 
the Seattle EMC Chapter meeting. I think that you will find 
the authors' discussion of the origin of radiation quite "illu­
minating." We hope to see more on this topic from the 
authors . Please contact the authors or me if you have some 
specific questions on this topic that have not yet been 

addressed. Finally, there are letters from Clayton Paul and lex 
Van Duersen in response to my request for comments on 
Colin and Bronwyn Brench's article in last summer's issue on 
EMI Measurements and Modeling. I said then that I hoped 
this paper would be_ the beginning of a long conver~.ation_ 
between those who primarily make measurements and those 
who primarily do numerical modeling. lex and Clayton have 
responded with some very insightful comments. Enjoy these 
letters and feel free to add your two cents to the discussion. 

Submission of material to the Practical Papers section of 
the Newsletter is encouraged. While all material will be 
reviewed prior to acceptance, the criteria are different from 
those of Transactions papers. Specifically, while it is not nec­
essary that the paper be original or archival, it is necessary 
that the paper be correct, useful and of interest to readers of 
the Newsletter. 

Comments from readers concerning these papers are wel­
come, either as a letter (or e-mail) to the Associate Editor or 
directly to the authors. 

SE Measurement Comparison of a Conductive Plastic Modem Enclosure Employing 
GTEM cell or Mode-tuned Reverberation Chamber Methodology 

Y. ]. Wang 1, W. ]. Kohl, C. K. Lee2 and Y. K. Tai1 

1 DSO National Laboratories, Singapore 
20 Science Park Drive, Singctpore 118230 
Email: wyajun@dso.org.sg 

2 Nanyang Technological University, Singapore 
Nanyang Avenue, Singapore 639798 
Email: ecklee@ntu.edtt.sg 

Abstract: The paper presents two methodologies for performing 
shielding effectiveness measurements of a USB modem enclo­
sure shielded by conductive plastic material, by the aid of either 
a GTEM cell or a mode-tuned mini-reverberation chamber 
with two orthogonal and mechanical stirrers. The measurement 
set-ups and underlying mechanisms are described. Both shield­
ing effectiveness measurement results using different facilities 
are evaluated and discussed. The methodology by the use of the 
reverberation chamber is proven to be preferable for assessing 
the shielding effectiveness of the shielding enclosure. 
Key Words: SE, GTEM cell, reverberation chamber, conductive 
plastics, and EMC 

1. Introduction 
The rapid development and widespread proliferation of 

sophisticated electronic equipment, such as wireless commu­
nications, information technologies, and military industries, 

have accelerated interest in electromagnetic compatibility 
(EMC). One of major factors in achieving conformant EMC 
requirements is electromagnetic interference (EMI) shield­
ing. Enclosing a circuitry in a shielding enclosure is a good 
way to control radiated emissions and improve immunity or 
reduce susceptibility to external EMI. Traditional shielding 
is based on the use of metal materials with well-understood 
electromagnetic properties. However, driven by economics, 
miniaturization and complexity, metals are increasingly 
replaced by conductive thermoplastics or composite materi­
als for housing both commercial electronic equipment [l], 
such as computers and telecommunications, and military 
applications, such as spacecraft, aircraft, naval, transporta­
tion, and construction structures. 

The conductive thermoplastic enclosures provide designers 
with lighter weight, lower cost, greater flexibility, more com­
plex designs and more aesthetic appeal when compared wirh 
metallic counterpart [2}, [3}. Most common thermoplastics 
available for shielding bases include polycarbonate (PC), acry­
lonitrile buradienestyrene (ABS), polystyrene, nylon, poly 
phenylene oxide, polypropylen and maleated polystyrene co­
polymer. The key conductive coating processes applied to the 
thermoplastic substrates can be electroless coatings, electrolyt­
ic coating, conductive spraying, and vacuum metallizing, etc. 

In general, both insertion loss and twin antenna technigues are 
employed in industry to assess shielding effectiveness (SE) of the 
conductive thermoplastic enclosure [ 4}. The insertion loss tech-
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nique is widely used by manufacturers when evaluating 
the material shielding performance, while the twin 
antenna technique is utilized to assess the shielding 
effeaiveness of an enclosure itself. The SE measurement 
methodology using a mode-tuned or mode-stirred 
reverberation chamber has been increasingly generat­
ing lots of interest recently [8}. Numerous rest stan­
dards on the SE measurements of conductive materials 
or enclosures have been established, which result in the 
application of hybrid techniques co various shielding 
products. Some SE measurement techniques available 
co date are inclusive of ASTM 4935/89, ASTM ES7-83 
dual chamber rest fo..'ture, MIL-STD-285, VG 95373, 
TEM-T cell, circular coaxial transmission line holders, 
dual TEM for near-field SE measurement, transfer 
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impedance approach, time-domain approach, complex '---------------------------------' 
permittivity approach, and apertured TEM cell in a Figure I. SE Measurement Set-up Using a GTEM Cell. 
reverberation chamber [5}-[7]. 

The use of a mode-tuned or mode-stirred reverberation 
chamber for performing EMC measurements, such as shielding 
effectiveness evaluations and radiated susceptibility testing of 
equipment and subsystems, has become accepted practically. 
The concept used in the reverberation chamber is to excite 
available electromagnetic wave propagation modes co set up 
variable standing wave patterns in the chamber. The electro­
magnetic (EM) fields inside the chamber are regarded as statis­
tically isotropic, randomly polarised, and uniformly homage­
nous within an acceptable uncertainty and confidence limit. 
The reverberation chamber method is cost-effective and time­
efficient compared to some other conventional testing methods 
(ll}-(13}. Extensive interest in introducing the reverberation 
chamber measurement technique into various standards has led 
to the attempt to develop performance-based criteria for rever­
beration chambers. These standards include IEC 61000-4-21, 
IEC 61000-4-3 (Annex), MIL-STD-461E, MIL-STD-1344A, 
EIA-364-66A, RTCA/DO-160D, SAE Jl 113/27, GM-9120P, 
CISPR 16-1, CISPR 16-2, FAA HIRF user guides, etc. 

In this paper, a SE measurement methodology using a 
GTEM (gigahertz tra6sverse electromagnetic mode) cell is 
employed initially to quantitatively evaluate the SE of a stylish 
modem enclpsure made of conductive plastic material, within 
the frequency range of interest. Another novel SE measurement 
methodology by the aid of a mode-tuned mini-reverberation 
chamber with two orthogonal and mechanical stirrers is also 
p~oposed. Both results are compared and discussed. 

The studied device under test (DUT) is a commercially 
a ailable USB (universal serial bus) modem with a stingray­
sl aped appearance. Its maximum external dimensions are 
amund l 7crpX13cmX4cm. There is no complete perforation 
e1cept some shallow holes simulating the stingray skin in the 

3
astic cop-cover of the modem, while several holes are perfo­

r ted in the plastic bottom-cover of the modem, which are 
ainly used: for the top-bottom closure purpose and are ade­

q111ately sealed with a conductive gasket ring. The internal con-

~

iltctive parts of both the top-cover and the bottom-cover of the 
odem are specially designed such that they can be properly 

Ii ked to the ground planes of both sides of the printed circuit 
bbard (PCB). No inner gasket is installed between the top-cover 
atld the bottom-cover of the modem. 

2. Shielding Effectiveness Measurement Set-ups 

2.1. GTEM Cell 
A GTEM cell is a single-taper development of an asymmet­

rical TEM (transverse electromagnetic mode) cell with an offset 
septum plate for increased working volume. It has a current 
load connected to the septum and distributed wave termination 
in the form of RAM (radio absorbent material) wall at the end 
of the enclosing taper. It may be viewed as a careful combina­
tion of aspects of a TEM cell and an anechoic chamber. The SE 
measurement made with a GTEM cell (9] is based on the use of 
coaxial transmission lines supporting TEM mode propagation: 
the DUT is placed between the tapered coaxial lines and is 
immersed in an almost uniform plane-wave field. 

The experimental set-up is shown in Fig. l. The source of RF 
(radio frequency) signal generator feeds the input of the GTEM 
cell via RF amplifier and RF coupler. The function of the RF 
coupler is to make sure that the injected power into the GTEM 
cell is stable throughout the measurements. A properly designed 
monopole antenna is placed within the modem shielding enclo­
sure after removing its internal circuitry. The monopole is sup­
ported by some tiny nonconductive substrate to avoid touching 
the inner conductive layer of the enclosure material. All the con­
necting cables with high SE are chosen to avoid externally ambi­
ent EMI; the coaxial cable linking the monopole and the outlet 
of the GTEM cell is properly shielded with film copper to min­
imize possible EM coupling from the plane wave. The monopole 
requires adequate grounding connection to the internal conduc­
tive layer of the modem enclosure to ensure accurate results. The 
appropriate positioning of the monopole with respect to the 
field polarization of the plane wave is essential to the acquisition 
of SE measurement data. 

The ability of a shield to screen out EM fields is defined 
quantitatively in MIL-STD-285 (10} as the attenuation or the 
ratio of the received power on both sides of the shield when it 
is illuminated by EM radiation. Similarly, in the case of SE 
measurement of a shielding enclosure, the shielding effective­
ness can be expressed as 

p 
SE = 10 log ---1 

p2 (1) 
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Or 

E 
SE= 20log-1 

E2 (2) 

Where P1, E1 and P2, E2 are the received powers and electric 
field strengths of the receiving monopole antenna without and 
with the modem enclosure, respectively. It is well known that 
SE measurement result of a practical enclosure is widely influ­
enced by the enclosure material, material thickness, enclosure 
shape;-fietd • intidence, and functional apertures, unintentional 
leakage, seams and joints, etc. 

The measurement procedure using this methodology 
demands the initial received power measurements without the 
enclosure and the received power measurements with the enclo­
sure, within the frequency range of interest. Three different 
enclosure orientations are studied to cover possible polariza­
tions and directions of the EM coupling into the enclosure: 
enclosure rop-cover normally facing the GTEM RF inlet, enclo­
sure bottom-cover normally facing the GTEM RF inlet, and 
enclosure side horizontally facing the GTEM RF inlet. 

2.2. Mini-reverberation Chamber 
The mode-tuned mini-reverberation chamber applied in the 

course of the SE measurement has the dimensions of 113.6cm 
(length)X77 .Ocm(width)x54.5cm(height). The LUF (lowest 
usable frequency) of the chamber was determined to be around 
0.74GHz; the field uniformity within the frequency of interest 
satisfies the specific requirements proposed by IEC standards 
(IEC-61000-4-3 or IEC-61000-4-21). The reverberation cham­
ber itself is a shielded rectangular enclosure made of aluminium 
material. A rectangular door cut in the chamber top is of double­
layer structure: one layer of transparent wire-meshed conductive 
plastic sheet above the lower layer of removable aluminium sheet. 
High quality finger gaskets are lined evenly along the door 
perimeters to avoid radiation leakage when the door is closed. 
The door is sealed shut during measurements by the use of a 
series of forth latches surrounding the four sides of the door. 
There are totally cwo orthogonal Z-shaped stirrers (rotating pad­
dle wheels) inside the chamber, which are mumally at right 
angles. The vertical stirrer reaches from the floor to the ceiling of 
the chamber, while the horizontal stirrer is parallel to the width 
edge of the chamber at the opposite top. The extended lengths of 
the vertical stirrer and the horizontal one are 48.0cm and 
60.0cm, respectively. Both have the same width of 12.0cm. 

The schematic of the SE measurement is plotted in Fig. 2. 
A small horn antenna, attached to a RF amplifier and RF gen­
erator, is placed nearby the corner of the chamber to transmit 
RF signal into the chamber. A monopole antenna, identical to 
the one used in the GTEM cell methodology, is utilised to 
detect the received power. A step motor assembly, which is 
operated by a laptop with a GPIB port, is connected to both 
stirrers. The rotations of both stirrers are controlled by a spe­
cific operating program developed in the laptop. 

A spectrum analyzer is used to collect data at discrete sam­
pling frequencies, which are spaced at 0.25GHz interval. The 
receiving monopole will monitor the received powers co the 
spectrum analyzer, which are then recorded into che same lap-

Spectrum 
Analyzer 

Laptop 

OUT 

~- --------- -------~ I I I Mini~reverberation Chamber 1 
I I ~------------------J 

r-----t DC Power 
Supply 

Translator 
Logic 

E-probe 

Field 
Meter 

Drive 
Amplifier 

Tx Antenna 

RF 
Amplifier 

Stepper 
Motors 

Stirrers 

Signal 
Generator 

Figure 2. SE Measurement Set-up Employing Mini-reverbera­
tion Chamber Methodology. 

top by the aid of some instrumental measurement software. 
With these collected raw data, the software will go through a 
series of post-processing calculations. A three-axis isotropic E­
probe is used as a reference antenna co ensure the same field 
strength inside the chamber in two cases with and without the 
modem enclosure immersed. Due to the loading effect of the 
modem enclosure, it is essential to increase the RF power 
injected to the chamber appropriately, based on the calibration 
results obtained by the E-probe. 

3. Results and Analyses 
Fig.3 compares the SE measurement results of the USB 

modem shielding enclosure by using two different methodolo­
gies. The frequency band was limited to 0.1GHz - 1.0GHz in 
the GTEM cell methodology due to the facility constrains. The 
frequency band for the mini-chamber was chosen to be 0.5GHz 
- 1.0GHz. Since the LUF of the chamber was originally 
designed to be around 0.74GHz, the field uniformity at much 
lower frequencies than the LUF is supposed to be unacceptable 
for practical applications [12}. 

Three different orientations of the modem enclosure were 
investigated due to che vertical polarization of the plane wave 
in the GTEM cell: the top-cover, bottom-cover and wide side of 
the enclosure normally facing the GTEM power inlet, respec­
tively. Similarly, three orthogonal orientations of the modem 
enclosure were also tested in the case of the mini-reverberation 
chamber methodology, the average received power of all the 
three orientations at one specific frequency was used for the SE 
pose-processing. 

It can be seen that big fluctuations of SE measurement 
results are obvious in the GTEM methodology, within the fre­
quency range of interest, as shown in Fig.3. The SE variation 
with the enclosure top-cover facing the GTEM RF power inlet 
is similar co chat with the enclosure bottom-cover facing the 
GTEM RF power inlet except at few frequencies. This may be 
due to the quasi-symmetrical structure and the similar materi­
al characteristics of both the cop and bottom of the modem 
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Fig.3. Comparison of SE Measurement Results for Two Different 
Methodologies. 

enclosure. The SE results with the enclosure side facing the 
GTEM RF power inlet show better performance compared tO 

the above two cases, which may be associated with the perfect 
contact between the peripheral conductive parts of both the cop 
and bottom enclosure covers. Most of the SE values in the 
GTEM methodology are within the range of 20 - 40dB, while 
the poorest SE at 0.35GHz and 0.825GHz might be related to 

the enclosure resonant modes. 
In the mini-reverberation chamber methodology, the SE 

results are relatively more scabile compared to the GTEM 
methodology. Two additional important aspects are observed. 
Firstly, the SE values within the frequency range of 0.5GHz -
0.725GHz are apparently lower compared to chose within the 
frequency range from 0.75GHz to 1.0GHz; there are big dif­
ferences (up to 20dB) in the SE measurements by using the 
GTEM cell or the mini-reverberation chamber set-ups at the 
frequency range of 0.5GHz - 0.725GHz. This is principally 
due to the LUF, i.e. 0.74GHz, of the mini-reverberation cham­
ber, where lower mode density and non-uniform field strengths 
will exist under evanescent modes. The discrepancy suggests 
that the mini-reverberation chamber will not be suitable for 
frequencies lower than the LUF of 0.74GHz. On the contrary, 
this phenomenon could be regarded as the possible verification 
of the LUF of the chamber. In the second aspect, the dynamic 
range of the SE results is limited to about 18 - 27dB from 
0.75GHz to 1.0GHz, which is close to chat measured applying 
the GTEM methodology except at the possible enclosure reso­
nant frequencies. The mini-reverberation chamber methodolo­
gy may imply the worst case for the SE measurements, as the 
EM coupling into the enclosure are highly due to the random 
polarization within the chamber. 

It should be noted that the correlation between the SE 
results using the two different methods is not investigated_ As 
the radiation conditions in the GTEM cell are not satisfied 
everywhere, the presence of the DUT enclosure would modify 
the field distribution and polarization and introduce the load­
ing effect. Therefore, great attention should be paid to the use 
of Formula (1) or (2) for the SE calculation in the case of the 
GTEM methodology. As for the loading effect of the DUT 

enclosure, one could increase the input RF power accordingly 
by introducing and monitoring a small sensor inside the GTEM 
cell. The similar problem occurs in the mini-reverberation 
chamber methodology, where a three-axis isotropic E-probe, as 
shown in Fig. 2, is applied as a reference antenna to ensure the 
same field strength within the chamber with or without the 
DUT enclosure immersed. 

4. Conclusions 
Two methodologies, employing either a GTEM cell or a 

mode-tuned mini-reverberation chamber, for experimentally 
measuring the shielding effectiveness of a USB modem, made 
of conductive plastic material, have been presented and com­
pared. In the case of the enclosure SE measurement within the 
frequency range of interest, the reverberation chamber method 
offers better testing repeatability, more stable outcome, more 
aspect angles and significant time-effectiveness over the GTEM 
cell counterpart. 
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How to Div Grad Kink and Curl Electrons Into Generating 
Unwanted Radiated Emissions 

Franz Gisin, Senior Member IEEE, and Dr. Zorica Pantie-Tanner, Senior Member IEEE 

Introduction 
Anyone who has spent any length of time wandering around 

within the EMC discipline, will, on occasion, take time out to 

pause and reflect on exactly what it is about pushing electrons 
around on conducting materials that causes them to generate 
propagating electromagnetic waves in their wake. We know 
structure size plays an imponant role. Antennas and enclosure 
apertures excited at their natural resonant frequencies radiate at 
higher levels. If we dig a bit deeper into what is actually going 
on we notice size, especially length, does not always equate to 

higher emission levels. Anyone who has tried to debug a failing 
product on an Open Area Test Site (OATS) quickly discovers 
simply moving cables around, without appreciably changing 
their length, can also be used to reduce emission levels, a phys­
ical fact that can be quite frustrating when emission levels at 
"minimum" orientation are comfonably below the applicable 
regulatory agency limit while emissions at "maximum" orien­
tation rocket to embarrassingly high levels. 

Analytical expressions for the total radiation from a simple 
dipole antenna show more radiation occurs at the ends and the 
middle of a dipole than uniformly along its entire length {1}, 
(2], {3]. Figure 1 shows one frame from an FDTD animation of 
a dipole excited by a single pulse, graphically ponraying the 
power magnitude of the electromagnetic field, IEXHI, around 
the dipole right after the pulse reached the ends of the dipole 
(4}. The "puffs" of increased radiation from the ends of the 
dipole can clearly be seen. 

If radiation along the dipole is not uniform, then we should 
not be surprised if it is also true for other shapes, in which case 
we must ask ourselves what intrinsic qualities inherent in the 
shape of a structure causes electrons in some areas to generate 
higher levels of electromagnetic radiation than others. 

Maxwell's Equations 
The differential form of Maxwell's equations are shown in (1) 

through (4). Equations (1) and (2) are Gauss's law for electric 
and magnetic fields, (3) is Ampere's original circuit law with an 
added displacement current term, an/at, describing, for exam­
ple, how alternating current behaves when it flows between the 
plates of a capacitor, and (4) is Faraday's law. 

VD=pv (1) 

VB =O (2) 

an 
VxH = J+ dt 

(3) 

cJB 
VxE = --

cJt (4) 

Figttre 1: Radiation from the ends of a dipole antenna 

Associated with the four Maxwell equations are the three 
constitutive relationships relating the two field quantities, E, 
and H, with three field densities, D, B, and J. 

D=EE B=µH J=oE (5) 

Since most of us do not work with Maxwell's equations on a 
daily basis, a quick overview of the mathematical notation used 
in (1) through (4) will help strengthen our intuitive under­
standing of the physics behind undesired radiation. In the 
Cartesian coordinate system, the del differential operator is 
defined as 

a a a 
V=-a +-a +-a ax X c}y y c)z z (6) 

Applying the del operator to different electromagnetic field 
quantities tells us how the fields behave in space. If we combine 
the del operator with the vector dot product and then apply it 
to a vector, we get the divergence, or div, of that vector. For 
example, applying this combination to the displacement flux 
density, D, results in Gauss's law for electric fields. 

cJDX cJDY cJDZ 
div D=VD=-+--+--=q ax dy Oz v (7) 

From (7) we can see that Gauss's law relates a spatial proper­
ty of the electric field at a point, its divergence V•D, to a 
known quantity, the charge density qv at that point. How much 
the electric field diverges from a p~int is dependent on the 
amount of charge located at that point. 

If we combine the del operator with the vector cross prod­
uct and again apply it to a vector, we get the curl of that vec­
tor. Applying this combination to the electric field, we get 
Faraday's law. 
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Figure 2: Spectator Wave Motion 

ax ay a, aB 
curl E=VxE= a/ ax a I ay a/ ax =---at 

E,. E E z (8) )' 

From (8) we can see that Faraday's law also relates a spatial 
property of the electric field at a point, the curl of the electric 
field VxE, to the time rate of change of magnetic field occur­
ring at that point. 

We can use the del operator to define other spatial relation­
ships. For example, we can define the Laplacian of the electric 
field, V2E, as the gradient (grad) of the divergence of E minus 
the curl of the curl of E. 

V 2E = v(v e E) - V X (v XE) 
a2E a2

E . a2E 
= ax; ax + ay2} ar + az2, a , 

(9) 

What is important to keep in mind is not the derailed math­
ematical manipulations required to come up with expressions 
such as (9), but the fact chat expressions containing the del 
operator, V, describe some aspect of the spatial characteristics of 
electric and magnetic fields at a point in space. If we confine 
ourselves to regions of space where the materials properties, €, 

µ, and cr, are linear, isotropic, and homogenous - an assumption 
we can confidently apply to our case where good conductors are 
surrounded by air - we can rake the first two relationships of (5 ), 
substitute them into (3) and (4), and after some crafty mathe­
matical thrashing about that includes (9), we arrive at the fol­
lowing three elegant equations [3]. 

c)E 
Vx H = ea; 

aH 
VxE=-µ­at 

(11) 

(12) 

From (10) we can see that a time varying current, J, creates a 
distortion in the electric field, E, (e.g . an electric field that varies 
both in time and space) around the current carrying conductor. 
In the region of space around the wire, we can set the conduc­
tion current in (3) to zero, in which case (3) can be expressed as 
( 11 ). Once a time varying electric field is created, then ( 11) says 
a distortion in the magnetic field is also created, which in turn 
creates a distortion in the electric field (12). Equation (10) is the 
governing equation that describes how a disrortion in the elec­
tromagnetic field is launched, while (11) and (12) describe how 
this distortion propagates through space. If the current, J, does 
not vary in time, for example when there is no current flowing 
or the current is flowing at a constant (DC) rate, then no time 
varying distortions are created in the electric field, and no prop­
agating electromagnetic field is created. Since current is defined 
as the velocity of charge, the derivative of the current is equal to 
the acceleration of charge. Equations (10) through (12) basically 
state that whenever we have acceleration of charge, we create 
propagating electromagnetic fields. 

An analogous process occurs in all physical waves, even the 
spectator "waves" so popular at sporting events. Referring co 
Figure 2, a "source" spectator launches a wave by standing up 
and then sitting back down. The spectator sitting beside the 
source decides to do the same, and also stands up and sits back 
down. The third spectator, sitting beside the second spectator, 
also decides to participate. The process continues on, and the 
"wave" starts propagating down the bleachers . Once the wave is 
launched, the "source" spectator is no longer needed. He/she 
can leave to go buy another soft drink or hot dog, and the wave 
will continue unimpeded. We should note that neither the elec­
tromagnetic wave or the spectator wave, travel at infinite veloc­
ity, both waves exhibit time retardation. 

Once the source of the electromagnetic wave, the accelerat­
ing charges that form the basis for the time varying current J, 
launch the wave in accordance with (10), the wave continues 
on its own volition in accordance with (11) and (12). The 
charge, no longer needed to maintain the outwardly propagat­
ing wave, can then concentrate on other things, like heating up 
the wire. 

Electric Fields Around a Positive Charge 
While (10) through (12) make sense from a conceptual point 

of view, they tell us Ii ttle about what the distortion we created 
in the electromagnetic field looks like. To find out exactly what 
is happening, we can study the electric field around a collection 
of stationary charge, briefly accelerate the charge to a DC cur­
rent level, wait for a short period of time to let the distortion 
propagate outward a bit into space, and then decompose the 
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Figure 3: Electric lines of flux around a point charge 

distortion into vector components tangential and normal to the 
direction of propagation. 

Figure 3 shows a cross section of a sphere surrounding the 
charge centered at the origin, 0. Lines of electric flux emanate 
radially outward from the charge. The lines of electric flux only 
show vector direction, not magnitude. They show the path a 

... ____ smalLpositive rest.charge would-follow if-we-placechrin the 
field and then let it go. Within the engineering world, a variety 
of methods are used to indicate magnitude, including varying 
either the length or the thickness of the vector line in propor­
tion to its magnitude. In our case the spacing between the lines 
of flux is used to represent the magnitude of the electric flux 
density, D. As we approach the charge, the lines of flux come 
closer together and the magnitude of the flux density, D, 
increases. As we move away from the charge, the lines of flux 
spread farther apart and the magnitude ofD decreases. 

By taking Gauss's law (1), integrating both sides over the 
entire volume of the sphere, and then applying the divergence 
theorem, we find the flux density, D, and electric field, E, are 
equal to [5}. 

D 
q A 

=--2ar 
4nr 

D q " E=-=--a 
E 4nEr2 

r (13) 

From (13) we can see the electric field also varies with 
increasing/decreasing distance from the source. 

Restrictions on Lines of Flux 
There are several other subtle points we need to address with 

respect to lines of flux. Gauss's law (1) states that at points 
where charge exists, the divergence of D is not zero. Geometri­
cally this means lines of flux either start (if the net charge den­
sity is positive at the point of interest) or end (if the net charge 
density is negative). 

Ar the center, 0, V•D :t:- 0, charge is present AND lines of 
flux line start from that point. Conversely, at points where V•D 
= 0, no charge is present AND no flux lines start from or ter-

Figure 4: Field line kink due to accelerating charge 

minate at that point. In region Vk, no charge exists, and hence 
field lines passing through this region must be continuous. 

Kinks in the Electric Field 
We are now ready to see what happens co the ele.£~ric_fjeld 

when webfiefly acceTei-ai:e-our collection of charge. Referring to 
Figure 4, at time t = 0, our charge is at rest at position, 0, and 
the flux lines emanating from the charge are identical to the 
lines of flux shown in Figure 4. Shortly thereafter, we apply an 
acceleration, a, for a brief period of time, ilt, bringing the 
charge velocity up to v = al::i..t. Now the lines of flux start from 
point O' instead of 0. It takes a finite amount of time for the 
position of the new flux lines to propagate outward - they can­
not go faster than the speed of light. 

On the outwardly propagating "wave-front", for example in 
volume Vk, we are in a region with no charge, and Gauss's law 
requires the flux lines be continuous across the wave-front. The 

(aM)t sine 

?a~ (aM)tj 

0 O' P 

Figure 5: Kink detail 
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Direction of Propagation 

C B 

Figure 6: A propagating digital pulse 

A 

(15) 

(16) 

This is another good point to pause and reflect on exactly 
what these two equations mean from a physical standpoint. We 
see from (15) and (16) that the radial component of the electric 
field kink, E,., decreases as the square of the distance, 1 lr2 , while 
the normal component, E0, decreases linearly with distance, l fr. 
Far away from the source only the normal component of the 
kink remains. From (16) the magnitude of E0 is proportional to 
the rate of charge acceleration, a. Because current is defined as 
the velocity of charge, I = dqldt, acceleration of charge occurs 
whenever we generate a time-varying current, dlldt = c/2q/dt2 ::t:-

C B A 
______ ····""'l•1-__ ----__ -_-___ -'l_1'"'11◄.4_-___ -__ _ -__ -___ -__ -__ .,..,-i-1••---. ----i,j ___________ __ _ 0. These resuks _'.1r!= __ c1Jso in ~gr~p:1e11t_~1"ir!ijl_O)_. .... _____ _ 

The magnitude of Ee is dependent sin0. From Figure 5, 
maximum radiation occurs at points perpendicular to the direc­
tion of charge motion, minimum magnitudes occur at points in 
line with charge motion. This angular dependence explains why 
broadside radiation from a resonant dipole antenna is maximum 
while end-fire radiation is minimum. 

Figure 7: E and H fields around a digital pulse 

only way chis condition can hold is if the lines of flux are 
kinked. Since the electric flux density, D, and its associated 
electric field , E, are both defined in terms of the electric lines of 
flux, they coo end up being kinked. We can therefore conclude 
accelerating charge creates a kink in the electric field, E. 

Nore the kinks are not constant on the wave-front - they 
change with respect to angle . · ··· ··~··~-···· 

Referring to Figure 5, if we now wait for a short period of 
rime, t, to let the kink propagate outwards a bit, the charge 
will have moved to the right by a distance vt = (al>..t)t to 
point P. 

The field lines due to the charge must still remain connect­
ed, and so we still have a kink, although it is now a bit larger. 
In the limiting case, where !>..t ➔ 0, distance OP z O'P z vt = 
(a!>..t)t, and the normal component of the electric field kink, 
Ee, is proportional to distance AB = (a!>..t)t sin0. The tangen­
tial component of the kink, Er, is proportional to distance BC 
= c!>..t. Taking the ratio of these two electric field components, 
we get 

~ AB (afu )t sin0 at sin0 

E,. BC cf1t C (14) 

Substituting (11) for Er in (17), and nocing that the distance 
PA = r = ct, we finally obtain the tangential and normal com­
ponents of the electric field kink. 

And finally, we should keep in mind that (14) through (16) 
assumes the electron velocity, also known as the conduction 
drift velocity, is much less than the speed of light. For most 
conductors, such as copper, steel, and aluminum, this holds 
tme. Convection electrons, inside a particle accelerator for 
example, can travel significantly faster, and then the relativistic 
forms of these expressions must be used [6}. 

Charge Acceleration on a Wire Segment 
Now let's take a look at what happens when a digital logic 

device launches a pulse down a conductor cowards a load. The 
pulse can be divided into three distinct regions . During the 
logical zero to one cransinon, region A in Figure 6, current 
increases, and charge accelerates. During the logical high level, 
region B, a constant current is flowing, and no charge accelera­
tion takes place. And finally, during the logical one co zero tran­
sition, region C, charge deaccelerares. 

Referring to Figure 7, we can see during the leading and 
trailing edges of the digital pulse (regions A and C), the 
spacing between the lines of electric flux change. The elec­
tric flux density, D, and its associated electric field, E, both 
change with time, creating a kink in the electric field. Dur­
ing the logical high level, however, the spacing between the 
electric lines of flux remain constant, no kinks are created in 
the electric field. 

Figure 8 shows three frames from an FDTD simulation 
where a source launches a current pulse into a horizontal 
wire . The simulation supports this geometrical interpreta­
tion. Notice that as the pulse propagates down the wire 
towards the right, the two kinks, one due to the leading edge 
of the pulse, region A, the ocher due to the trailing edge of 
the pulse, region C, propagate radially outward from the 
location of the source . 
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\ 
Figure 8: Propagation of a digital pulse kink-pair 

Figure 9: Propagation around a condttctor bend 

If we look closely at Figure 7, we also see the magnetic flux 
density changing during the logical transitions (e.g. the mag­
netic lines of flux come closer together during the leading edge 
of our pulse, and moving farther apart during the trailing 
edge). This does not surprise us since we know from (11) and 
(12) that propagating fields contain coupled electric and mag­
netic field components. 

Bends in Conductors 
We also need to ask ourselves what happens when the lead­

ing or trailing edge of our propagating digital pulse encounters 
a bend in the conductor. 

Referring to Figure 9, the leading edge of our digital pulse 
propagates down the wire with velocity, v. At time ta, the veloc­
ity is va, and a bit later, at time tb, the velocity is vb. The mag­
nitude of the velocity, v, remains the same, just the direction 
changes. The acceleration, a, is defined as the time rate of 
change of veloci cy 

(17) 

From geometry, we can see that 

l!.v l!.v l!.r 
-=-=- ⇒ 

r 

Substituting (17) into (18) and taking the limit we get 

l!.v v l!.r l!.r v 2 

a=-=--=> lim-=v=>a=-

(18) 

Af r Af t.Ho l!.t r (19) 

From (19) we can see that another region where charge can 
accelerate is around conductor bends. A smaller bend radius 
increases the acceleration of charge, and produces a correspond­
ingly larger kink in the electromagnetic field. 

To reduce radiation from printed circuit boards, trace right angle 
bends can replaced by two 45 degree bends or bends with a smooth 
continuous radius. Figure 10 shows an example of how this is 
accomplished as traces are routed through a connector via field. 

Figure 11 shows a serpentined delay line with rounded ends 
to minimize radiat ion from the bends. 

Impedance Mismatches 
We know from transmission line theory that terminating a 

transmission line into an impedance not equal to its character­
istic impedance produces a reflection. As a result, a portion of 
the charge associated with the pulse must de-accelerate until 
they come co a complete stop, tum around, and then accelerate 
back towards the source. Impedance mismatches are also loca­
tions where charge acceleration can take place. No wonder the 
ends of the dipole radiate so efficiently. 

Figures 12 shows a cross section of a printed circuit board 
card edge connector from an FDID simulation. The printed cir­
cuit board is located in the lower right corner of Figure 13. On 
the left are the shielded twisted pair cables. In the center are the 
mated sections of the two connector halves. 

Figure 13 graphically shows the results of the FDID simula­
tion when a single digital pulse propagates through the connec­
tor. As can be seen from Figure 13, a significant number of kinks 
propagate outward from each bend in the connector structure. 

Summary of Potential EMC Problem Areas 
Whenever charge accelerates, time/spatially varying kinks 

are created in the electric field surrounding the region where the 
charge is being accelerated in accordance with (10). 

Figure 10: 4 5 degree trace routing through via fields 
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Figure 11: Serpentine delay lines 

Figure 12: Cross section of card edge connector 

Figure 13: Simulation of PCB edge connector 

(10) 

The kink in the electric field produces a propagating electro­
magnetic field in accordance with the coupled curl equations 

dD 
VxH=£­

cJt 

cJH 
VxE= - µ­

dt 

(11) 

(12) 

Locations where charge acceleration is enhances include 
sources, bends with small radius of curvarure, and locations in 
transmission line structures where a constant impedance is not 
maintained. 
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Comments on EMI Measurements and Modeling 

I read the article by Colin and Bron­
wyn Brench in the Practical Papers, 
Articles and Application Notes in the 
Summer 2001 issue of the EMC 
Newsletter. It rekindled some thoughts 
I have had about the issue of modeling 
versus experimentation. I realize that 
Colin and Bronwyn were addressing 
modeling in the context of modem 
Computational Electromagnetics Mod­
eling (CEM) by numerical solution of 
Maxwell's equations as represented by 
Method of Moments (MOM), Finite Ele­
ment Method (FEM), Finite-Difference 
Time-Domain (FDTD), and the like but 
I chink the definition and concept of 
modeling should be broadened. The 
other part of their article that struck a 
chord with me is that they bring up the 
issue of what seems to be a longstanding 
divide between "modelers" and "experi­
mentalists". This creates an artificial 
division between practitioners of EMC 
that is unfortunate and results in a form 
of "distrust" between the two camps. I 
would like to address · both issues in 
order to bring us closer together. 

The thing that distinguishes the EMC 
discipline from other traditional Electri­
cal Engineering disciplines such as 
antenna designers, microwave circuit 
designers, etc. is that the nonideal 
aspects of a system cannot be avoided or 
designed out of the system. For example, 
parasitic effects are one of the dominant 
effects that determine how a practical 
system behaves from an EMC stand­
point. Granted microwave circuit 
designers have to consider these parasitic 
effects but, for the most part, these are 
known beforehand and can be incorpo­
rated into their simulations which give 
highly accurate correlation with mea­
sured results. But for the EMC practi­
tioner, the nonideal aspects that must be 
confronted are not something we can 
design around but are a "given" that we 
have little control over. Assymetries in 
the physical system tend to cause com­
mon-mode currents. In EMC these com­
mon-mode currents are often the critical 
aspect in determining the radiated emis­
sions from a product. In the operation of 
a microwave circuit, these common­
mode currents are present but their effect 
is dominated by the desired or differen-

rial-mode currents in the functional per­
formance of the device. Common-mode 
currents are extremely difficult to pre­
dict, whereas differential-mode currents 
are predictable with considerably more 
accuracy and repeatability. These nonide­
al aspects make modeling of EMC sys­
tems much more difficult and imprecise, 
and it's a fact that we must expect and 
live with. It's also an aspect of EMC that 
initially intrigued me and continues to 
stimulate my interest in the discipline. 

I think the concept of "modeling" and 
"experimentation" are a matter of degree. 
I firmly believe chat all of us in EMC 
should consider ourselves as being both 
modelers and experimentalists. For 
example, a board designer whose respon­
sibility is the + 5V power distribution 
does a lot of Ohm's law "modeling". 
Another example is sizing a bypass 
capacitor to divert a 100MHz noise sig­
nal from a cable where it would have 
radiated and caused radiated emissions 
problems. In determining the proper 
value of that bypass capacitor we should­
n't use a value of capacitor that "seems 
right" but should calculate a value cif 
capacitance that will give, say, a 1 ohm 
impedance at 100MHz. This is modeling 
although not as detailed as what Colin 
and Bronwyn were discussing. I always 
tell my students that you must "do the 
numbers". On the other hand, we all ac 
one time or another perform experi­
ments. These also range in degree. For 
example, final testing of a product for 
compliance requires a great deal of skill if 
we expect to get valid data. My good 
friend, the late Don Bush, was the most 
gifted experimentalist I know. He could 
make measurement gear "talk". Being a 
ham radio enthusiast, he also was very 
skilled in constructing test jigs and mak­
ing measurements that gave reliable 
results, i.e., what he was measuring was 
indeed the desired item rather than some 
ocher variable that was corrupted by test 
probes, etc. In order to understand the 
basic mechanisms responsible for radiat­
ed and conducted emissions, he and I 
constructed many simple experiments. 
These experiments were not made on 
complete systems such as a laser printer 
but were simple items such as a pair of 
lands on a printed circuit board driven by 

a canned DIP oscillator. A great deal of 
what I understand about these basic phe­
nomena came from what we learned from 
those · simple experiments. But he and I 
did not stop there, we always construct­
ed mathematical models (generally only 
simple models were needed because of 
the simple nature of the experiment) so 
that we could ascertain whether the "pre­
dictions" of the model matched the 
experimental results. We certainly didn't 
expect 100% accuracy, but 3dB error was 
sufficient to indicate that our under­
standing was in the "ballpark". Don used 
to say that "Anyone can conscruct a 
mathematical model and generate data. 
But if the predictions of your mathemat­
ical model do not match experimental 
data either your model is worthless or 
your measurements are not done proper­
ly." Once you can get both to agree with­
in a reasonable degree you can study the 
mathematical model you developed and 
be assured that it will tell you what is 
really going on. I grant that this kind of 
experimentation/ modeling is not of the 
same degree as comparing measured data 
from an entire system to a computer sim­
ulation of the entire system (which is not 
feasible today and probably won't be in 
the future). But it is a combination of 
experimentation and modeling to under­
stand what factors influence the basic 
phenomenon. I strongly believe that all 
of us involved in EMC should combine 
modeling and experimentation to some 
degree, and so we should not divide into 
two camps. We should respect the skills 
and abilities of modelers and experimen­
talists even though we are more profi­
cient in one aspect and not so proficient 
in the other. It's a matter of degree. 

Ap.d finally, there are simple prob­
lems and there are difficult problems. 
We should all be aware of this difference. 
For example, in today's digital systems 
having GHz clock rates and picosecond 
rise/fall times, factors such as intercon­
nect lands that were inconsequential in 
systems twenty years ago are critical 
today. The modeling of these factors 
becomes more complicated and there is 
nothing we can do about it. Kirchhoff's 
laws become invalid for structures that 
are electrically large (i.e., a significant 
portion of a wavelength), and numerical 
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solution of Maxwell's equations (or an 
appmp<~ate aJ:>J:>rOllimation of d1em such 
as the solution of the transmission line 
equations) is the only way to generate 
data that matches the physical world. 
We have no choice. For example, a pair 
of lands on a FR4 printed circuit board 
(PCB) that are 10cm in length (about 4 
inches) will have a propagation delay of 
about 0.6ns or 600ps. Twenty years ago 
with clock speeds in the tens of MHz 
these interconnect delays were inconse.:. 
quential; the propagation delay through 
the gates was the only concern. In 
today's high-speed designs this delay 
caused by the interconnect lands is 
becoming extremely important. For 
simple problems where the structure is 
electrically small, we do not need to uti­
lize the sophisticated full wave models; 
simple models will do. The key thing 
here is to be aware of when a model of 
simple sophistication and detail is ade­
quate and to use it. But when a simple 
model is invalid, recognize that a 
sophisticated model must be used and 
use it (or get a person skilled in its use 
such as Colin to use it properly for you). 

This cooperation and trust between 
modelers and · experimentalists is 
increasingly needed in today's digital 
system designs and more so in the 
future. We should respect each other's 
skills. In our earlier association, Don 
was the more skilled at experimentation 
and I tended co do the modeling. But as 
we worked together, I learned from him 
and he learned from me. We increased 

. our proficiency in each other's primary 
area of expertise. We should respect 
each other's primary skills and make use 
of them. We're all in this together and 
will increasingly need each other's skills 
in the future. We cannot continue to 
progress in successful EMC design 
without this cooperation and respect for 
each other's primary skills. 

Clayton R. Paul 
School of Engineering 

1Wercer University 
1400 Coleman Avenm 

Macon, GA 31207 

The summer issue of the EMC 
newsletter started, as we may hope, a 

series on practical papers. The first dis­
cussion had an interesting subject, the 
comparison of measurements results and 
calculations; the latter often called a 
numerical model (NM). To the points 
brought forward by the authors, one 
could only add a few. 

All numerical modeling is based on a 
theory. Maxwell's equations have been 
formulated to describe experiments in 
electricity and magnetism carried out 
earlier in the 18th and 19th century. 
The validity of the theory was shortly 
after its appearance beautifully demon­
strated by Herz's radiation experiments. 
Since that time, the electromagnetic 
theory is generally accepted as a highly 
accurate description of the physical EM 
phenomena in the macroscopic world. 
The equations are simple to write down; 
their full solution is a formidable task 
except for a free space or other simple 
boundary conditions. 

EM models build on an approxima­
tion of Maxwell's theory. The comput­
ing power increases steadily, as does the 
complexity of systems one wishes to 

analyze: chips, PCB's or large installa­
tions. Ultimately, the model that fits 
within limits of time and budget and is 
accurate enough for the goals set, is the 
one that will be preferred mostly. But 
the limits of validity for the approxima-' 
tions should be carefully and constantly 
regarded. For instance, at power fre­
quencies a grounding electrode in the 
soil can be described by a current distri­
bution determined by the soil resistivi­
ty. As the system becomes larger or the 
frequency increases, inductance cannot 
be neglected anymore. A similar situa­
tion occurs in the steadily faster micro­
processors. Also, induction phenomena 
have to be taken into account added to 

the usual RC transmissions lines. 
A good model is able to predict, per­

haps a posteriori, the outcome of an 
experiment; practical circumstances 
should reflect the model boundary con­
ditions. But for many 'real world' prob­
lems, the circumstances of the experi­
ment may be less known. For instance, 
in safety grounding or lightning protec­
tion, the amount of known buried con­
ductors depends on the good bookkeep~ 
ing of an installation throughout its 

lifetime. If other parties bury their 
metal contraptions nearby, this will 
influence the envisaged safety, either in 
a positive or in a negative way. Modifi­
cations of an existing installation, age­
ing and corrosion affect even the known 
conductors. In such a case, NM may 
provide us with the sensitivity of the 
safety with respect to uncertainty in or 
degradation of the installation. But in 
the case of lightning protection of a 
critical installation, e.g. a nuclear power 
plant, a real measurement on the actual 
installation would be useful to convince 
ourselves and others, until sufficient 
experience has been gained to trust the 
next installation without further tests. 

Such a sensitivity analysis can be 
quite sobering. The EMI coupling of 
PCBs often shows sharply peaked reso­
nances. Minot changes in the NM para­
meters shift the calculated resonance 
frequencies. If the PCB circuits operate 
near a resonance, large differences may 
occur between NM and the measured 
EMI, and perhaps also between vari.ous 
measured samples. 

Many EMC solutions for acute indus­
trial problems have to be given without 
any time for modeling, not to mention a 
full analysis. This 'fire brigade' type of 
activity is quite common for EMC con­
sultants. Apparently, a fast mental picture 
is · possible for the behavior of currents 
that guides one effectively to EMC solu­
tions. Modeling, even afterwards, is very 
useful to extend this mental database. 

It is sometimes advocated to compare . 
the results of various NM codes, to find 
out whichever suits better. Such enter­
prise is certainly useful to enhance che 
quality of the codes. However, a careful­
ly designed experiment requires as 
much diligence as modeling, but a dif­
ferent experience. So the effort of the 
authors to combine NM and measure­
ments should really be appreciated. 
After all, the modeling is carried out to 
make a real piece of electronics work. 

Lex van Dettrsen 
Department of Electrical Engineering 

E indhoven University of Technology 
5600 MB Eindhoven 

The Netherlands 
EMC 



Donald R. Bush 
contintted from page 1 

Susceptibility in 1985, and held this post 
until 1991, when IBM decided to spin off 
what had become the PC printer and 
typewriter division. Lexmark was born. 
Don was a Senior Engineer and technical 
team leader of the Lexmark EMC labora­
tory. He held a patent on Spread Spec­
trum Clock Generation, which was 
assigned co Lexmark International. 

Don retired from IBM/Lexmark in 
1996 and founded dBi Corporation 
which provided EMC services such as 

In Memoriam 

Thomas W. Doeppner,, 
Active Member of the 
Washington, DC/Northern 
Virginia EMC Chapter 

The Washington, 
DC/Northern Virginia 
Chapter of the IEEE 
EMC Society has lost 
one of its most respect­
ed members. Thomas 
W. Doeppner, who was 
81 years old, died 
December 1, 2001 at 
the Mount Vernon · 
Nursing home in 

Thomas W. 
Doeppner 

Alexandria, Virginia. He had Alzheimer's 
disease. 

Tom was born in Germany and lived in 
the Netherlands before coming to the 
United States in 1939. He graduated from 
Kansas State Universiry with a degree in 
electrical engineering before entering the 
Anny in 1944. Tom was commissioned 
the next year and served with World War 
II occupational forces in Germany. 

He served in Japan during the Korean 
War and later taught ROTC courses at 
the University of California at Berkeley 
where he received a master's degree in 
electrical engineering. Tom was also sta­
tioned in Taiwan and graduated from the 
Command and General Staff College at 
Fort Leavenworth, Kansas. He was 
assigned co the Advanced Research Pro­
jects Agency (ARPA) in Vietnam and at 

Don Bush enjoyed bis membership in the 
dB Society. He regularly attended their 

annual "picnic" along with his wife 
Sandy. They are shown here at the dB 

Society's French themed picnic in Montre­
.:Il, Canada in August 2001. 

seminars, EMI/EMC measurements, and 
design consultation. He was a registered 
professional engineer and a NARTE cer­
tified EMC engineer. He was elected co 
the IEEE EMC Society Board of Directors 
for a three-year term beginning in 1999. 

Don is survived by his wife Sandra, three 
d1ildren, and three grandchildren. EMC 

the Pentagon before retiring from active 
duty as Chief of the Army Electronics 
Directorate with the Army General Staff. 
He was a colonel when he retired and his 
military decorations included the legion 
of Honor and two Bronze Stars. 

Afrer retiring from active duty, 
Colonel Doeppner was a manager at Gen­
eral Research Corporation from 197 3 to 

1985 and then taught at the Defense Sys­
tems Management College at Fort 
Belvoir before retiring again in 1988. 

Tom was a Fellow of the IEEE. The 
Citation on his Fellow Award was for 
"leadership in advancing electromagnetic 
compatibility in the design, develop­
ment, and operation of military telecom­
munication systems." He received numer­
ous ocher IEEE awards including the 
IEEE Centennial Metal, Washington, DC 
and National Capital Area Council Patron 
Awards, and the IEEE USAB Professional 
leadership Award. 

The "old timers" in the EMC Society 
may remember that Tom was active in 
several IEEE International EMC Sym­
posia. He held the positions of Publica­
tions Chairman in 1976, Vice Chairman 
in 1983 and General Chairman in 
1990. Tom was also Chairman of the 
Washingron, DC/Northern Virginia 
Chapter of the EMC Society in 
1975/76. In addition to his IEEE EMC 
activities, Tom was very active in the 
Washington, DC Secrion and the 
National Capital Area Council. 

Tom is survived by his wife Marjorie; 
two sons Thomas Jr. and Ronald; and 
three grandchildren. He will be missed 
by all who knew him. 

Seymour Krevsky, 
Former New Jersey 
Section Chair 

Seymour Krevsky, IEEE Senior Mem­
ber, died June 5, 2001. He was 80 years 
old. Mr. Krevsky earned bachelor's and 
master's degrees from the Newark Col­
lege of Engineering in Newark, New Jer­
sey. He worked with the Signal Corps 
Engineering labs, RCA and US Army 
Communications Systems Agency. 

He was active in the IEEE and other 
engineering associations. Mr. Krevsky 
was chair of the then New Jersey Section 
from 1972 to 1973. He edited the 1984 
IEEE Centennial History and the IEEE 
Engineering Management Society newslet­
ters . He also held executive positions in 
the Antennas and Propagation, Vehicu­
lar Technology and Electromagnetic 
Compatibility Society Chapters. He was 
the Assistant Treasurer for the EMC 
Society from 1986 to 1991. He pub­
lished over a dozen technical papers on 
topics ranging from filter and antenna 
design to global communication systems 
in IEEE Transactions and Symposia Pro­
ceedings. 

He is survived by his wife, cwo daugh­
ters, and two grandsons. EMC 



Introducing Members Newly Elected to the EMC 
Society Board of Directors 

The following members began a three-year term on the Board effective January I, 2002. 
Abbreviated biographies of these members are shown below. 

__ Ron Brewer _ . ____ --· _ E. Tho_m.:i~ _ 
Ron Brewer is Vice 
President, EMC/Tech­
nical Services for Laird 
Technologies, 
Delaware Water Gap, 
Pennsylvania. Laird 
Technologies is the 
world's largest RF gas­
ket manufacturer, and resulted from the 
merger of Instrument Specialties (ISC) 
and Advanced Performance Materials 
(APM). He has been with the company 
for 19 years. Ron is responsible for tech­
nical planning, coordination, and con­
sulting for the EMC/technical services 
organization and works in conjunction 
with the Pennsylvania based World 
Compliance Center (WCC), which he 
established in 1983. The WCC was one 
of the first non-European EMC test and 
consulting facilities in the USA to 
receive European Competent Body 
endorsement. 

Ron is a NARTE certified EMC/ESD 
engineer and has worked full time in 
the EMC/BSD/TEMPEST engineering 
field for over 30 years. His specialty is 
EMC Systems Design. He serves on 
three EMC technical committees, has 
published numerous papers on EMC 
design for systems, PCB EMC design, 
and Shielding. Ron is the inventor/co­
inventor of 13 EMC/TEMPEST related 
devices and circuits and has four patents 
in the EMC field. He also has an inter­
est in ham radio, and holds an FCC 
Extra Class license KE3TH. An inter­
nationally recognized EMC authority, 
Ron has made over 260 EMC technical 
presentations in 29 countries world­
wide and was named Distinguished 
Lecturer by the IEEE EMC Society. Ron 
did both his undergraduate and gradu­
ate work in Engineering Science and in 
Physics at the University of Michigan, 
Ann Arbor. 

Chesworth 
Dr. E. Thomas Ches­
worth is a registered 
professional engineer 
with a Ph.D. in Physics 
and two other degrees 
from Pennsylvania State 
University. He has 
more than 30 years experience in EMC at 
Penn State's Radio Astronomy Laborato­
ry, HRB-Singer, Inc., Locus, Inc. and, 
since 1979, his own consulting firm, 
Seven Mountains Scientific, Inc. He is a 
NARTE certified EMC engineer and a 
technical expert for the National Insti­
tute of Standards and Technology's 
NVLAP program, assessing EMC testing 
laboratories to perform measurements to 
FCC Part 15, FCC Part 68, IEC 61000-
4-x and MIL-STD-461/462. As a techni­
cal expert in EMC for the United Nations 
Industrial Development Organization 
(UNIDO), he helped to establish the cen­
tral EMC facility and taught EMC semi­
nars at SAMBER in Madras, India. He is 
a Senior Member of the IEEE. He is also 
technical editor of the bimonthly EMC 
magazine, Electromagnetic News Report, 
and author of more than 40 technical 
articles in other journals. 

Elya B. Joffe 
Elya B. Joffe (M'80-
SM'90) graduated with 
a BSEE from the Ben 
Gurion University in 
Beer-Sheva, Israel, in 
1981. Elya is the Vice­
President of Engineer­
ing for K.T.M. Project 
Engineering, an engineering consulting 
company, located in Israel. Elya has been 
involved in EMC design, development 
and engineering since 1981. He is cur­
rently active as an EMC consulting spe­
cialist in the EMC design of commercial 

--~~c:l_ llli_li~ary _ ~y~_!!:!_ms, from circuits to 
platforms and large-scale installations 
and facilities. His work covers EMC, 
EMP and Lightning Protection design, 
as well as numerical modeling for solu­
tion of EMC Problems. He is also well 
known in Israel and abroad for his activ­
ities in EMC training, as an author and 
instructor of several courses on Electro­
magnetic Compatibility worldwide. 
Elya is a Senior Member of IEEE, a 
member of the IEEE EMC Society and 
the Immediate Past Chairman of the 
Israel IEEE EMC Chapter (having served 
for 5 years). Under his leadership, activ­
ities of the Chapter have increased as 
well as have participation in its meet­
ings. Elya served as a member and of the 
IEEE EMC Society Board of Directors 
(BoD) during the term 1999-2001. In 
addition to his being a member at-large, 
Elya also serves the Board (and the Soci­
ety) as the Region 8 Membership and 
Chapter Coordinator and as the "Angel" 
of the Region 8 Chapters. In this capac­
ity, he supported the start-up of two new 
Region 8 (the fastest growing region in 
the IEEE) EMC Chapters, in Russia and 
Turkey. Elya is also a member of the 
EMCS Education Committee and of the 
EMCS Standards Development Commit­
tee (SDCom). In particular, he is the 
chairman of the Working Group for the 
revision of IEEE STD 473 (Practices for 
Conducting Electromagnetic Site Sur­
veys). Elya has authored and co-authored 
over 30 papers in EMC and EMC-related 
topics, both in the IEEE Transactions on 
EMC, as well as in the IEEE EMC Soci­
ety and other EMC Symposia proceed­
ings. Elya is a past Associate Editor of 
the IEEE Transactions on EMC and 
serves as a reviewer of various EMC 
books, for IEEE Press and others. He is 
also the General Chairman of the 2003 
IEEE International Symposium on EMC, 
which will rake place in Tel-Aviv, Israel. 
He is active in EMC Standardization, in 



the development of Israeli EMC Stan­
dards as Chairman of the Israeli Nation­
al EMC Standards Committee for EMC, 
and member of several expert commit­
tees for human exposure and for light­
ning protection. Elya is a NARTE-Certi­
fi ed EMC and ESD Control Engineer 
and a member of the dB Society. 

John Norgard 
Dr. John Norgard 
received a BSEE degree 
from Georgia Tech in 
1966 (as a cooperative 
scudent with the 
Charleston Naval Ship­
yard). He received MS 
and PhD degrees in 
applied physics from Caltech in 1967 
and 1969, respectively. During this 
time, he was an associate engineer with 
NASA's Jet Propulsion Laboratory. In 
1970, he was a Post-Doctoral Fellow at 
the University of Oslo and worked for 

· - - ·the Norwegian Defense Research Insti~ 
tute and the Auroral Observatory. From 
1970 to 1985 he was a professor in the 
School of Electrical Engineering at Geor­
gia Tech and consulted for the Bell Tele­
phone Laboratories. Since 1985, he has 
been a professor in the Department of 
Electrical & Computer Engineering at 
the University of Colorado at Colorado 
Springs and works part time for the Mis­
sion Research Corporation, JAYCOR, 
NavSys, and Sequel. Professor Norgard 
received the Chancellor's Award, the 
Outstanding Research Award, and the 
HKN Teaching Award at the University 
of Colorado. He also received the PE 
Society Award for Outstanding Accom­
plishments in Research at Georgia Tech. 
He was the EMC Atlanta Chapter Chair­
man while at Georgia Tech. He has 
served on numerous technical program 
committees for APS, MTT, EMC, and 
URSI and on several steering commit­
tees for MTT, EMC, and AMTA. He has 
been the Interim Dean of the EAS Col­
lege, the Acting Chairman and Associate 
Chairman of the ECE Department, and 
the Chairman of the MAE Department 
at the University of Colorado. He is the 
Director of the Elecrromagnetics Labora­
tory and the Microwave Anechoic Cham­
ber. He has been a Visiting Professor at 
the US Air Force Academy and the Tel­
Aviv University. He was an AFOSR Fel-

low at AFRL/RRS (Rome Lab) and an 
IPA at AFRL/PRS (Phillips Lab). Dr. 
Norgard is a Fellow of the IEEE (for 
Infrared Metrology), an Associate Editor 
of the IEEE/EMC Transactions (on 
Antennas), the Chairman of Commission 
A (Metrology) ofURSI, a member of the 
Board of Physics and Astronomy for the 
National Academy of Sciences, and a 
Registered Professional Engineer in 
Georgia and Colorado. He has served as 
the panel chair of the National Science 
Foundation Graduate Fellowship Pro­
gram in Engineering. His interests 
include applied computational electro­
magnetics, plasmas, lightning, EMP, 
multipair transmission lines, high field 
emission, coupling problems (EMC, 
EMI, EMS/V), EM numerical code veri­
fication, time domain metrology, ane­
choic chamber measurement techniques, 
and infrared thermography and hologra­
phy. He has obtained numerous grants 
and has published over 100 papers in 
these areas. 

Zorica Pantie-Tanner 
Zorica Pantie-Tanner is 
Founding Dean of the 
College of Engineering 
at the University of 
Texas at San Antonio 
(UTSA), one of the 11 
women engineering 
deans in the US. She 
spearheads the growing 
efforts toward research, including devel­
opment of Ph.D. programs and a new 
$83-million building. She serves on the 
Texas Engineering and Technology Con­
sortium for development of a high-tech 
workforce and on the Brooks Develop­
ment Authority that manages the 
Brooks Technology & Business Park, a 
partnership project between the City of 
San Antonio and Brooks AFB. 

Before joining UTSA, Dr. Pantie-Tan­
ner was Director of the School of Engi­
neering and Computer Science at San 
Francisco State University (SFSU) from 
1997-2001. Under her leadership, the 
engineering programs had improved in 
quality and for the first time ranked 
among the top 50 in the US News Best 
Undergraduate Programs. She worked 
with the California State University Engi­
neering Deans on the California Strategic 
Workforce Initiative that resulted in a 

$ 10 million grant for the California State 
Universities, and played a crucial role on 
the $480,000 Pathways Project to estab­
lish upper division engineering courses at 
Canada Community College in Redwood 
City. She enhanced the SFSU engineering 
graduate program by strengthening the 
environmental engineering area and 
introducing the wireless communications 
area. Under the sponsorship of the IEEE 
EMC Society, and using a major National 
Science Foundation grant and donations 
from Silicon Valley companies, she devel­
oped a Center for Applied Elecrromagnet­
ics; the only center on the West Coast that 
supports undergraduate EMC education 
and research. 

Dr. Pantie-Tanner received her B.S., 
M.S., and Ph.D. degrees in Electrical 
Engineering from the University of Nish 
in Yugoslavia in 1975, 1978, and 1982, 
respectively. From 1984 to 1989 she was a 
Fulbright Fellow in the Electromagnetics 
& Communications Lab at the University 
oflllinois-at Urbana-Champaign. In 1989, 
she joined the SFSU School ofEngineering 
as an Associate Professor and she was pro­
moted to Full Professor in 1995. 

Dr. Pantie-Tanner's research and 
teaching interests are in the area of 
Applied Electromagnetics. She has pub­
lished more than 80 papers in refereed 
journals and conference proceedings on 
topics ranging from analysis and design 
of microwave circuits and printed circuit 
boards to electromagnetic interference 
and optical properties of biological 
macromolecules such as proteins. 

Dr. Pantie-Tanner is a Senior IEEE 
Member and served as an officer of the 
Santa Clara Valley Chapter of the IEEE 
EMC Society from 1996-2000 (Secretary, 
Treasurer, Vice Chair and Chair). She is 
currently a member of the EMCS Educa­
tion Committee, University Grant Com­
mittee, Vice-Chair of the EMC Numerical 
Modeling Committee (TC-9), Technical 
Program Committee member for the 2002 
IEEE Antennas and Propagation Sympo­
sium, and Technical Program Committee 
chair for the upcoming 2004 IEEE Inter­
national Symposium on EMC. She also 
belongs to the IEEE Women in Engineer­
ing Association and IEEE EMB Society. 
Dr. Pantie-Tanner is active in the Ameri­
can Society for Engineering Education 
(ASEE) and has served on the Board of 
Directors of the ASEE Pacific South West 
Section. She also belongs to the American 
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Association for Higher Education (AAHE) 
and AHEE Women's Caucus. 

Ghery S. Pettit 
Ghery S. Pettit, NCE, is 
a Senior Member of the 
IEEE and has been a 
member of the IEEE 
EMC Society since 1977. 
He received the BSEE 
degree from Washington 
State University in 1975 . 
He has been employed full time in EMC 
and related matters for 26 years with the 
U.S. Navy, Martin Mariet ta Aerospace 
(Denver), Tandem Computers and Imel 
Corporation. He presently is the Corpo­
rate EMC Engineer in the Corporate 
Product Regulations department at Intel. 
In this position he serves as the corporate 
focal point for EMC regulations issues. 
He is the past Chairman of the Seattle 
Chapter of the IEEE EMC Society, is a 
member of the Board of Directors of the 
IEEE EMC Society and is the EMC expert 
on the Board on Assessment of NIST Pro­
grams under the National Research 
Council. He is a member of the U.S. 
National Committee for the IEC / Tech-

nical Advisory Group (TAG) for CISPR 
Subcommittee I, is a member of CISPR 
Subcommittee I WG2, WG3 and WG4 
and is the Chairman of the Information 
Technology Industry Council's EMC 
technical committee (TC5). Mr. Pettit has 
written seven technical papers and articles 
for publication, is a member of the dB 
Society, is a NARTE Certified EMC Engi­
neer with the Accredited Test Laboratory 
Engineer Endorsement and holds an 
Amateur Extra class amateur radio license 
(N6TPT). Most recently, he was appoint­
ed as the EMC Society's Assistant Vice­
President for Communication Services. 

Kimball Williams 
Kimball Williams is a 
principal EMC engineer 
for Eaton Corporation at 
the Eaton Engineering 
and Research Center in 
Southfield, Michigan 
where he directs the 
technical operation of its 
Electromagnetic Environmental Effects 
laboratory. He holds a BSEE degree from 
Lawrence Technological University in 
Southfield, Michigan and is pursuing a 

master's degree through the National 
Technical University. His professional 
EMC Society experience includes the fol­
lowing: member of the IEEE EMC Soci­
ety Board of Directors and VP of Techni­
cal Services, member of the IEEE EMC 
Society Standards Committee, member of 
the IEEE Education Activities Board -
Continuing Education Committee, Past 
Chair of the IEEE EMC-S Education 
Committee, Past Chair of the IEEE EMC­
S Technical Advisory Committee, and 
Secretary/ Treasurer of the South Eastern 
Michigan Chapter of the IEEE EMC-S. In 
addition, he is a National Association of 
Radio and Telecommunications Engi­
neers (NARTE) certified EMC engineer 
and a member of the Board for NARTE. 
He is a member of the SAE EMI and 
EMR Committees as well as a member of 
the US Technical Advisory Groups to 
CISPR and ISO. He is also an amateur 
radio operator (N8FNC), scuba diver and 
private pilot. 

We wish the newly elcted members of 
the Board of Directors srtccess and thank 
all candidates for their willingness to 
serve and for permitting their names to 
be included on the ballot. EMC 
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Two New Distinguished Lecturers 
for 2002-2003 
By Lee Hill, Chairman of the EMCS Distinguished Lecturer Committee 

D r. Keith Hardin and Dr. Cheung­
Wei Lam have recently begun 
their two-year terms as the 

newest Distinguished Lecturers (DLs) of 
the IEEE EMC Society. They replace Doug 
Smith and Werner Schaefer whose terms 
expired on December 31, 2001. Our other 
three DLs, Dr. Maria Sabrina Sarto, Dr. 
Bud Hoeft, and Colin Brench continue 
their terms through December of 2002. 

Before introducing Dr. Hardin and Dr. 
Lam, I want to acknowledge the contri­
butions of Doug and Werner over the past 
two years. During their terms, they vol­
unteered to spend days away from home 
and family in planes, cars, and shuttle 
busses in order to give presentations all 
over the Unites States and Europe. The 
Distinguished Lecturer Program depends 
upon these bright and learned volunteers 
who can make an EMC Society Chapter 
meeting or special event a very entertain­
ing and educational experience. Please 
join me in thanking our retiring Dls, and 
welcoming our new expert speakers. 

Here are our new Distinguished Lectur­
ers for 2002-2003. Please feel free to contact 
them directly by phone or email to discuss 
hosting them at your next chapter meeting, 
university class, or other special event. 

Dr. Keith Hardin is cur­
rently a Senior Technical 
Staff Member and Techni­
cal Team Leader in the 

, EMC Department of Lex­
, mark International in 

Lexington, Kentucky. In 
this role, Keith is responsible for overseeing 
all technical aspects of Lexmark's EMC 
product development and test activities. 
He has been involved with product design 
and EMC at Lexmark and its former parent 
company IBM since 1981. 

Keith received his M.S. and B.S. in 
Electrical Engineering from the Universi­
ty of Louisville in Kentucky. He received 
his PhD in Electrical Engineering from 
the University of Kentucky where he 
studied under the tutelage of Dr. Clayton 
Paul. He is a prolific author and inventor 

who has published 20 technical publica­
tions in peer reviewed journals and inter­
national symposia. He holds seven US 
patents in the field of EMC. He is a 
NARTE certified EMC engineer and a 
registered professional engineer in the 
state of Kentucky. In 2001, he received 
the IEEE EMC Society's Certificate of 
Technical Achievement for contributions 
to the development of spread spectrum 
clocking technology. 

Keith is prepared to give several 
favorite lectures on EMC including Spread 
Spectrum Clock Generation (SSCG), Two­
Layer PCB Design far EMC, and Radiated 
and Conducted Emission Debug Techniques. 
You may contact him at khardin@lex­
mark.com, telephone (859) 232-7797. 

Dr. Cheung-Wei Lam is 
currently a Senior EMC 
Engineer at Apple Com­
puter, where he has imple­
mented an EMC design 
and analysis process to 
facilitate on-time compli­

ance at lower cost. At Apple, he is also 
engaged in IC, PCB and system level EMC 
R&D. Prior to joining Apple, he was a Co­
Founder and Principal Engineer of Tran­
scendent Design Technology. In addition to 
Transcendent, he bas worked in Viewlogic's 
Advancement Development Group (for­
merly Quad Design Technology). During 

his years in the EDA industry, he has played 
key roles in the design and development of 
EMC, signal integrity and ground bounce 
analysis software tools. From 1988 to 1993, 
he was with the MIT Research Laboratory 
of Electronics, where his focus was on mod­
eling of high-speed interconnects and 
superconducting transmission lines. 

Dr. Lam received the B.S. degree in 
electronics from the Chinese University 
of Hong Kong, and the S.M. and PhD 
degrees in electrical engineering and 
computer science ftom MIT. 

Dr. Lam has served on the IEEE 
EMC/S TC-9 Computational EMC com­
mittee and the SAE EMC Modeling Task 
Force committee. He has given numer­
ous papers, seminars, workshops, tutori­
als, and training courses on various EMC 
and signal integrity topics in the US, 
Europe and Japan. He was a co-recipient 
of the best paper award at the 1996 IEEE 
International Symposium on EMC. He is 
listed in Who's Who in Science and 
Engineering, Who's Who in America, 
and Who's Who in the World. 

Dr. Lam is prepared to give several EMC 
design related lecmres including Obtaining 
Benefit from EMC Analysis Toots, Signal 
Integrity Design versm Radiated Emission Con­
trol, Transmission Lines: Beyond the Basics, and 
PCB Layo11t: Dos and Don'ts. You can reach 
him at (408) 974 0769, or via email at 
lan1@apple.com. EMC 

The EMC Society's Distinguished Lecturer Program provides speakers for 
Society chapter meetings and similar functions. Each Distinguished Lecturer (DL) 
usually can offer one of several pre-prepared presentations on various EMC top­
ics. DLs are appointed by the EMC Society Board of Directors to two-year terms. 
Currently the Society has five speakers serving on alternating terms. 

Distinguished Lecturers may give up to six talks per year under the Program, 
which reimburses the DL for their approved traveling expenses up to a recom­
mended limit of $750 USO per US engagement, or $1000 USO for internation­
al engagements. To provide as many opportunities to as many members as pos­
sible, the Society encourages hosting chapters whenever possible to absorb some 
part of the speaker's costs, such as by providing or paying for local transportation, 
meals, and lodging. 

For more information about the EMC Society's Distinguished Lecturer Program, 
visit our Web site at http://www.emcs.org/lectur.html. You may also contact Lee 
Hill at 1-603-578-1842 x203, or via email at LHill@silent-solutions.com. 
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Chapter Chatter 
continued from page 18 

Toronto 
Ramesh Abhari, Chair of the IEEE 

Toronto Electromagnetics and Radia­
tion (MTT-S/ AP-S/EMC-S) joint 
chapter, reports that they enjoyed a 
meeting and technical presentation on 
October 26, 2001. The lecture, given 
by Dr. Amir Mortazawi, was entitled: 
"Quasi-Optical and Extended Reso­
nance Power Combining Structures." 
Dr. Mortazawi is an Associate Profes­
sor in the Department of Electrical 
Engineering and Computer Science at 
the University of Michigan in Ann 
Arbor, Michigan. The well-attended 
meeting was held in the Medical Sci­
ences Building at the University of 
Toronto. EMC 
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2007: The EMC Society's 
50th Anniversary 
by Daniel D. Hoolihan 

The EMC Society will be celebrat­
ing its 50th anniversary as an 
IEEE Society in 2007. 

The Board of Directors of the EMC 
Society has formed an ad hoc committee 
to begin planning for the anniversary. 
The members of the 50th Anniversary 
Committee are Dan Hoolihan (Chair), 
Henry Ott, Warren Kesselman, Herb 
Merrel, Len Carlson and Elya Joffe. 

The EMC Society was formed in 1957 
as the Professional Group on Radio Fre­
quency Interference, which was part of 
the Institute of Radio Engineers in New 
Jersey. Some of the original founders were 
Ralph Showers, Warren Kesselman, Fred 
Nichols, Harold Schwenk, Herman Gar­
lan, Leonard W. 
Thomas, Sr., and 
Anthony Zimbalatci. 

Newsletter co submit additional sugges­
tions for the location of the 2007 Sympo­
sium to Dan Hoolihan at hoolihan@emcx­
pert.com. Please include a short summary 
of why you think your recommendation 
would be the best choice for the EMC 
symposium location. The Board of Direc­
tors would like to make a preliminary 
choice of location by their November 
2002 meeting. 

Other preliminary ideas for the 50th 
anniversary include a gold commemora­
tive coin, a special issue of the Transac­
tions on EMC which will cover the second 
25 years of the EMC Society, unique and 
different activities at the 2007 EMC Sym­
posium, cooperative activities with the 

IEEE History Center, 
special Newsletter 
editions, essays by 

The 1982 issue of 
__ the _ EMC S.9ciecy 

Transactions was 
devoted to the histo­
ry of the first 25 
years of the EMC 
Society. It makes for 

-- Qlte 'o.fc.the k.~y . distinguished EMC 
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One of the key 

decisions co be made 
by the committee is 
the location of the 
2007 IEEE Incerna-

-tEEEJnternatioaal:. 
, :$y~p()SfOnt~n fMC~. 

tions and additional 
items to be thought of 
and revealed as the 
Committee meets 

tional Symposium 
on EMC. (This decision will, of course, be 
subject co the review and approval of the 
EMCS's Board of Direcrors.) Initial sug­
gestions for the location have included 
Hawaii (because it is the 50th state of the 
United States), Las Vegas (because it is 
easy to travel to and has lots of conven­
tion space), Orlando (because of Disney 
World), and San Diego (because of its 
convention facilities and its great weath­
er and location). 

We are asking the readers of this 

over the next five 
years. If you have 

some unique thoughts on celebratory 
ideas, please send them to Dan Hoolihan 
at hoolihan@emcxpert.com or any of the 
committee members. 

We plan on making the 50th anniver­
sary celebration of the EMC Society a 
major series of events. We welcome your 
ideas and your participation. Please con­
tact any committee member with your 
ideas and suggestions. 

Remember, 2007 is only a short five 
years away! EMC 
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EMC Personality Profile 
Bill Duff, Associate Editor 

Introducing Bill Lenzi Ordnance (HERO) Program. 
In 1971, he began investigat­
ing spurious responses in 
avionics and ground support 
equipment that were occur­
ring aboard aircraft carriers. 
Bill determined these phe­
nomena were created by ship­
board radar and communica­
tion transmitters and present­

B ill Lenzi was born and raised in 
Sharon, Pennsylvania. He graduat­
ed from Youngstown University in 

1965 with a Bachelor of Science Degree 
in Physics. In 1965, Bill entered the US 
Army as an Ordnance Officer. He attend­
ed the Missile Maintenance Officer's 
Course at Redstone Arsenal, Alabama and 
graduated in 1966. After graduation from 
the Officer's Course, Bill was assigned as a 
training instructor in the Nike Hercules 
High Power Acquisition Radar and 
Radar Simulator Branch at Redstone 
Arsenal. Subsequently, he was assigned as 
a training supervisor for the same branch. 

ed his findings co the Naval 
Air (NAVAIR) Systems Com­ Bill Lenzi 

From 1992 to 1997 Bill was 
on detail from NSWC serving as 
the Program Manager for the 
Joint Spectrum Center's Joint­
Service Ordnance Electromag­
netic Environmental Effects 
(E3) Program. In July of 1997, 
Bill joined the Joint Spectrum 
Center to lead efforts to develop 
and manage the Joint-Service 
Ordnance E3 Program. In April 
of 1999, Bill was assigned 

In August 1968, Bill joined the Naval 
Surface Weapons Center (NSWC) at 
Dahlgren, Virginia as a Physicist in the 
Hazards of Electromagnetic Radiation co 

mand. This action led co the 
establishment of NAVAIR's Electromag­
netic Vulnerability (EMV/ EMC intersys­
cem) test program. In 1983, Bill was 
assigned as Head of Systems EM Effects 
Branch, F52, at NSWC, Dahlgren Divi­
sion. In 1992, Bill Lenzi began addressing 
the problems associated with tri-service, 
joint operations on board Navy ships. 

Get FREE samples, 
technical literature & 
an educational CD! 

For over 20 years the EMC community has turned to 
Spira to solve their cost-sensitive and high shielding 
applications. (818) 764-8222 • info@spira-emi.com 

duties as Chief of the E3 Engi­
neering Division at the Joint Spectrum 
Center. His current duties include man­
aging the DoD Joint E3 Program. 

Bill was a presenter at the 2000 IEEE 
Symposium on EMC in Washington, DC. 
His topics were "Ordnance Use in Future 
Joint Operations" and "Incorporating E3 
and Spectrum Certification in Acquisi­
tions." 

Bill is married to the former Merry 
Ellen (Ellie) Cochran from Hermitage, 
Pennsylvania and they have four children. 
His son Billy is an electronic engineer at 
the Naval Surface Warfare Center, 
Dahlgren and his son Mark won two 
Olympic medals in 3-meter springboard 
diving: Gold in 1992 and Bronze in 
1996. Bill's hobbies include fishing, golf­
ing, and hunting. EMC 

COMMENTS 
WANTED ON IEEE 
STANDARD 11 28 

IEEE STANDARD 1128 (Recom­
mended Practice for RF Absorber 
Performance Evaluation in the 
Range 30 MHz to 5 GHz) is due for 
reaffirmation in 2003 . If you have 
any comments, suggestions, or cor­
rections, please send them to jperini 
@)ieee.org prior to the end of August 
2002 so chat they can be included in 
the reaffirmation process. 



EMC Standards Activities 
Don Heirman, Associate Editor 

This article is another in the series of calls for experts to assist in maintaining currency of our EMCS standards. 
This particular standa,rd is especially important since it addresses calibration of probes and sensors w~ll into the GHz range where there 
is increased emphasis for product compliance. Such compliance can be aided by ming these probes during exploratory investigations of emis­
sions from these products. Not only do we need volunteers, bitt we also need to be sttre that they represent a balance of interested parties 
including those who are immediately affected by the standard such as probe manufacturers and users. I hope that after you read the fol­
lowing article by John Kraemer, you will send him an email announcing your availability to help in this important task. 

Revision of IEEE Standard 1309: IEEE Standard for Calibration of Electromagnetic 
Field Sensors and Probes, Excluding Antennas, From 9 kHz to 40 GHz 

by John G. Kraemer PE, Member - Standards Development Committee 

A. IEEE Standard 1309 - 1996 at 
a Glance 

IEEE STD 1309 provides calibration 
methods for electromagnetic (EM) field 
sensors and field probes, excluding anten­
nas per se, for the frequency range of 9 kHz 
to 40 GHz. It was published in 1996 as a 
new standard authored by a committee 
consisting of several probe and sensor man­
ufacturers and users of EM field probes and 
sensors, as well as those with a general 
interest in the subject area. Per IEEE pro­
cedures, the standard is due for reaffirma­
tion or start of revision in 200 l. The IEEE 
EMC Standards Development Committee 
recently approved a project authorization 
request ro revise the standard. 

B. Overview of IEEE Standard 
1309 

EM field sensors are defined as electri­
cally small, passive devices used for mea­
suring electric and magnetic fields with 
minimum perturbation of the field being 

measured. Unlike antennas, they are 
designed to extract minimum energy 
from the field . EM field probes, by defi­
nition, consist of one or more field sen­
sors and interfacing electronics (e.g. 
diodes, resistors, amplifiers) to provide an 
indication of field strength. 

Field probes and sensors are used in 
two principle areas: 1) radiated EM 
effects immunity testing under popular 
standards such as MIL-STD-461E, DO-
160D, and IEC 61000-4-3, and 2) radia­
tion hazard measurements, such as those 
applicable to ANSI C95.3. They are also 
used to characterize transient fields such 
as those produced by ESD and lightning. 

STD 1309 provides three calibration 
methods for EM field probes and sensors: 
calibration using a transfer standard, cal­
ibration using calculated field strengths, 
and calibration using a primary standard 
(reference) sensor. Most of the standard is 
devoted to calibration using calculated 
field strengths; it provides methods for 
creating standard electric and magnetic 

NOTICE: IEEE STANDARD 140 WITHDRAWN 

At its December 2001 Board Meeting, the IEEE Standards Associa­

tion withdrew IEEE-STD-140-1990 (R1995) .l✓lfff Recommended 

Practice for Minimization of Interference from Radio-Frequency 

Heating Equipment.v Persons wishing to obtain a photocopy of 

the last version of the standard should go to 
http://standards.ieee.org or call 1-800-678-IEEE. 

fields for sensor and probe calibration and 
provides direction on probe orientation 
in the field . 

Per STD 1309, calibration shall 
address the characteristics of amplitude 
response, frequency response, accuracy 
(uncertainty), linearity, and isotropy. 
Additionally, the calibration may address 
response time, time constant, and 
response co modulation characteristics . 
Procedures for each of these measure­
ments are included in the standard. 

The number of calibration measure­
ments made and which are quantized 
into various "grades" of calibration for 
each applicable characteristic, depends 
upon the probe or sensor design, the 
manufacturer's specification, and the 
needs of the user. The standard provides 
descriptions of the various "grades" of 
calibration for each characteristic to aid 
in the specification of a calibration. 

Although most of the standard's text 
is dedicated co frequency domain calibra­
tion, methods are provided for time 
(transient) domain calibration. Included 
are methods co generate standard tran­
sient fields used for time calibration. 

C. Why Revision? 
As with almost any new standard, the 

first few years of use will bring about 
ideas for improvement. Areas of improve­
ment, and hence expanded usefulness to 
the EMC community, may include the 
addition of characteristics to measure chat 

41 



may be applicable to one or more rive feedback and participate in the mak- John G. Kraemer is 
probe/sensor type, more direction on ing of changes to this relatively new scan- a principal EMIIEMC 
determining measurement uncertainty, or dard as part of an active working group. engineer at Rockwell 
maybe an informarive annex explaining Collins, Cedar Rapids, 
how a particular calibration characteristic Iowa. His responsibili-
relates co a specific application of a field D. Call for Volunteers ties incl11de EMIIEMC 
probe (e.g. burst peak measurement). Do you have an interest in participat- design leadership and ~ ' 

Several EM field probe and sensor ing on the IEEE STD 1309 revision analysis on defense/aero- Ila..& _,_ 
developers and general interest EMC working group? If you are a user or man- space communication, navigation, and cockpit 
practitioners have expressed interest in ufacturer of EM field probes and/or sen- display products. He also leads company-wide 
adding descriptions of new probes types sors, or if you have a general interest in EMIIEMC training programs and has 
to the standard. This may prompt the this area and would like to be part of this recently produced an in-house interactive com­
need to include new acceptable methods activity, please let us know. We currently puter based training course covering the design 
of field generation and calibration. Cur- plan to have our first working group of aircraft equipment for EMI control. With 
rently, the standard includes the TEM meeting the week of August 19, 2002, in over 19 years of EMI, EMC, TEMPEST 
cell, Helmholtz coil, open-ended wave- conjunction with the IEEE EMC Sympo- and signal analysis experience, he is also 

·· - .. .. .. ·guitles · and --pyramidal horn antennas-as -· -sium-in-M-iru1eapolis. - • -· -- -teaching a newgraduatelevel..caurs.e.1m.EMC. 
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preferred methods of field generation for Our goal is co maintain a useful, up- for Iowa State University. He is the chair-
frequency domain calibration. to-date standard. man of the committee that developed IEEE 

Most importantly, the revision process For more information, please contact STD 1309, is a registered professional engi-
will provide a wide opportunity for probe John Kraemer at: jgkraeme@rockwell- neer in the State of Iowa, and is a NARTE 
and sensor users, manufacturers, and gen- collins.com. certified EMC engineer. He may be contacted 
eral interest parties to provide construe- at jgkraeme@rockwellcollins.com. EMC 
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Call for BoD Nominations 11!!!!::!lttlf:(:::~;: ♦IEEE 
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N ominations are now being accepted for candidates for the IEEE EMC Society 
Board of Directors. In accordance with the Bylaws, nominations may be made 
by petition or by the Nominations Committee. Petitions shall carry a mini­

mum of 15 names of Society members in good standing (dues paid), excluding those 
of students. Nominees should possess professional stature and significant technical 
skills in electromagnetic compatibility. They must have adequate financial support 
outside the Society and have the approval of their organizations or employers to active­
ly participate. Duties include attendance at three of four Board meetings a year and 
participation on committees, both of which require telephone, fax, mail and e-mail 
communications. Nominees must be full members of the IEEE and members of the 
EMC Society. Elected Directors must serve a three-year term starting January 1, 2003. 
Attendance at the last meeting of the 2002 year is also desirable. No member can serve 
more than two consecutive three-year terms, including partial terms. All nominees are 
required to submit a biographical summary to the Nominations Chairman for inclu­
sion on the ballot. The summary must not exceed a one-half typewritten page and 
must be in the following format: 

First paragraph Name, title, place of employment, 

educational background 

Serond paragraph Technical and professional experience 

Third paragraph IEEE service and activities including 

offices, committees, etc. 

Please submit petitions and biographical summaries to the Nominations Chairman: 

Joe Butler 
Parker Chomerics 

77 Dragon Court 

Woburn, MA 01888 

phone: 781.939.4267 . 
fax: 781.939.4213 

· jbutler@parker.com 

Submissions must pe postmarked no later than May 31, 2002. Information can he obtained 
from M~.·Butler or any member of the BoD. 
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NOMINATION PETITION 
ELECTROMAGNETIC COMPATIBILITY SOCIETY 

BOARD OF DIRECTORS 
(Nomination guidelines given on preceding page.) 

I. NOMINEE'S NAME: ________________________ _ 

MEMBERSHIP NUMBER: _______________________ _ 

ADDRESS: ___________________________ _ 

PHONE: ____________________________ _ 

11. BIOGRAPHICAL SUMMARY: Attach Typed Copy 

Ill. SIGNATURES: (Minimum of 15 names.) We, the undersigned, all of whom are current 
IEEE Electromagnetic Compatibility Society (EMCS) members in good standing, nominate the 
above-mentionea person to serve on the EMCS BoD for a three-year term beginning January 1, 2003. 

MEMBER'S NAME (PRINT) SIGNATURE MEMBERSHIP NUMBER 

1. -------------------------------

2. -------------------------------

3. -------------------------------

4. -------------------------------

5. -------------------------------

6. -------------------------------

7. -------------------------------

8. -------------------------------

9. -------------------------------

10. -------------------------------

11. -------------------------------

12. -------------------------------

13. -------------------------------

14. -------------------------------

15. -------------------------------



Book Review 
Reinaldo Perez, Associate Editor 

EMI/EMC Computational Modeling 
Handbook, 2nd edition, 311 pp. 
Authors: Bruce Archambeault, Colin 
Brench, and Omar M. Ramahi 
Publisher: Kluwer Academic Pub­
lishers, 2001 

There are many books in computation­
al electromagnetics, but this book special­
izes in the usage of computational electro­
magnetics for EMC problems. Most 
EMC/EMI engineers come from the test­
ing world (where EMC actually got start­
ed with the nascence of testing require­
ments and standards) and some come from 
the abstract world of electromagnetic the­
ory. Both groups have learned to apply 
what they know to the often-misunder­
stood concepts of EMC and EMI, but the 
complexities of EMI problems have ren­
dered the analytical approaches to the 
solution of interference and compliance 
problems very difficult to implement. 

Now comes to the rescue the art of 
computational electromagnetics. For 
years, such computational techniques 
have been used for different types of EMI 
problems with different degrees of suc­
cess (unless you understand the EMI 
problem, you can't model it properly). 
This book serves as a bridge for those in 
the EMC world who want to learn about 
modeling of EMI problems via computa­
tional electromagnetics (CEM). It may 
also be useful to the experienced CEM 
modeler who wants to know about the 
EMI world. The book is introductory in 

.. . .the JeveL oLdifficulty .and light. in the . 
mathematics. The purpose of the book is 
to teach the art of modeling for EMI 
rather than derail the CEM techniques. 

The book is divided into 11 chapters. 
Chapters 4, 5, and 6 deal with the most 
commonly used CEM techniques such as 
FDTD, Method of Moments, and FEM, 
respectively. The rest of the book (Chap­
ters 7 through 11), deals with the appli­
cation aspects of EMC. The first three 
chapters are introductory in nature. For 
the experienced CEM modeler who wants 
to know about the applicability of CEM 

to EMI, I suggest starting with Chapter 
1 and proceeding with Chapters 7 
through 11. For the EMC engineer who 
is starting to learn CEM, a cursory read­
ing of the book from Chapters 1 through 
11 is recommended. 

Chapter 1 introduces the reader to the 
basic principles of EMI and what is the 
state of the art in EMI modeling. The 
"tool box" approach, as described in the 
chapter, allows the EMC engineer to look 
at an EMI problem and choose the appro­
priate CEM tool (FDTD, MoM, or FEM) 
to analyze the situation. The choice of the 
appropriate CEM tool requires some intu­
ition and experience. A successful model­
er is one who has an intuition of what is 
the nature of the interference/compliance 
problem and one that has some experience 
on what each CEM is capable of deliver­
ing for that particular situation. The 
chapter ends with a brief description of 
FDTD, MoM, and FEM. Chapter 2 intro­
duces the reader to the basic concepts of 
electromagnetic theory and eases the 
reader into the CEM techniques resulting 
from · the manipulation of the mathemat­
ics embedded in Maxwell equations. 

The introduction to CEM techniques 
starts with Chapter 3 where the FDTD 
method is discussed. The chapter is 
devoted to the details ofFDTD. Two and 
three dimensional FDTD are discussed, 
with the emphasis of course on the 3D 
approach as outlined by the Yee cell. The 
chapter covers the modeling of radiation 
sources and the inherited dispersion issues 
-that are-part- of-every-FDTD-rnedeling 
approach. The chapter ends with mesh 
truncation techniques and the sources of 
FDTD modeling errors. Chapter 4 covers 
the method of moments which is used less 
in EMI analysis than FDTD, mostly 
because it is more complex mathematical­
ly, mostly used for surface currents, and 
more complex when using inhomoge­
neous media. Therefore, from the EMI 
point of view, only those problems in EMI 
where there is a need to calculate current 
distributions (e.g antenna emissions prob­
lems) does the method of moments pro-

vide an advantage. The material discussed 
in Chapter 4 is for the method of 
moments of perfectly conducting sur­
faces. Chapter 5 addresses the finite ele­
ment method. The chapters covers the 
basic principles of FEM, such as creating 
the finite element matrix, matrix assem­
bly, matrix solution and the solution of a 
two-dimensional Helmholz equation. 

Chapter 6 prepares the reader for the 
world ofEMI modeling. The first aspect of 
this is the consideration of how modeling 
tools can be used. Depending upon the 
frequency range and the physical size of 
the device to be modeled, quasi-static or 
full wave tools may be more appropriate. 
If the geometry of the problems permits 
it, two-dimensional models may be used 
to avoid the model complexity and higher 
computer resources necessary for full 
three-dimensional models. If detailed fre­
quency responses are desired, the use of 
time domain tools is advantageous, as a 
wide bandwidth is modeled with a single 
run instead of multiple runs that are 
required with frequency domain methods. 
Therefore, it is up to the reader to weigh 
the pros and cons of the main CEM tech­
niques for a given EMI problem based 
upon the data available for the problem 
and what is really wanted as a solution. 

Chapter 7 presents the steps required 
to create practical EMC models for differ­
ent computational techniques. In addi­
tion, examples of practical problems are 
presented to illustrate the use of model­
ing and to show some of the most critical 
areas. -Good geometries- -are- important--to 
the construction of models, especially if 
such geometries are well defined. How­
ever, it is always important to realize that 
EMI models are often unusual in their 
needs and applications, and often require 
further attention to make sure the prob­
lems being solved are the ones of interest, 
and not those from a perfect model. 

Every modeling task has its own prior­
ities and criteria and the creation of EMI 
models can often be a difficult process. 
However, a guide to the steps needed to 
prepare for modeling, using the three 
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main CEM techniques, is provided in the 
next chapter. Chapter 8 covers a wide 
range of modeling topics of interest to 
EMC engineers. Multiple stage models 
can be used when several sections are elec­
tromagnetically separable, and the mod­
eling techniques can be varied to allow 
each individual stage to be optimized. 
Test sites can be evaluated before con­
struction to show effects of changes to 
typical recommendations. Antennas and 
other measuring probes can be modeled as 
part of the evaluation process or as a 
method to allow their effects to be includ­
ed in the overall results. Chapter 9 talks 
about the EMI modeling validation and 
the usage of different techniques, depend­
ing upon which is most appropriate. Val­
idation is important in order to ensure the 
correctness of the model and help under­
stand the basic physics behind the model. 
Measurements can be used to validate 
modeling results, but extreme care must 
be used to ensure the model correctly sim­
ulates the measurements made. 

Chapter 10 covers standard EMI/EMC 
modeling problems. A set of well defined 
and designed modeling problems can be 
used as test beds for new software and it 
can serve as an important tool in the 
process of selecting an appropriate model­
ing technique. Taking time to consider 
the actual uses for such software and creat­
ing suitable problems is the key to getting 
the most value from such problems. The 
objective is to have a problem that is not 
only representative of the challenges of an 
EMC engineer, but also one that is not so 
complex that the answers can not be veri­
fied. Several examples are shown in the 
chapter that can be used as standard EMI 
modeling problems. These benchmark 
problems can be used to evaluate present 
and future modeling tools that may show 
up in the market. The last chapter in the 
book, Chapter 11, addresses advanced 
modeling techniques. The chapter 
describes the PEEC and TIM modeling 
techniques. These techniques are relative­
ly new to EMC modeling activities, but 

can be extremely useful for certain EMC 
modeling applications. The PEEC tech­
nique is an equivalent circuit technique 
much more suitable than SPICE. PEEC is 
a full wave simulation tool because it does 
include the propagation delay. It is suited 
for EMC problems that include lumped 
circuit elements, such as power/ground 
plane decoupling, including capacitors, 
via inductance, and other printed circuit 
board related EMI problems. PEEC is also 
very suitable to interface directly with tra­
ditional quasi-static TEM based signal 
integrity tools to provide the full wave 
part of the problem for traces running over 
splits in their ground-reference planes, or 
traces with connectors between boards. 
The TIM converts the electromagnetic 
problem into a series of transmission lines. 
It is similar in some aspects to the FDTD, 
however, there is the ability of TIJ\1 to 
have the voltage and currents in each node 
located at the same point in space. This is 
an advantage when changing cell size or 
modeling very thin objects. EMC 
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Fiscal matters continue to dominate 
the_ ac:ivity hori~on in Piscataway, 
so 1t 1s appropriate to once more 

review the following challenges for fiscal 
improvement mentioned in this column 
back in March, 2001: 
l. Selection and management of initia­

tive programs within the Institute 
2. Periodic review of the Corporate 

Infrastructure activities 
3. A closer look at (read "simplifica­

tion of') the complicated set of busi­
ness rules that are required to sup­
port the many offerings of the Soci­
eties and Councils 

4. A financial model that more proper­
ly allocates expenses among users 

As of December, there is additional 
progress to report on these challenges, 
which, recall, are being put in place for 
2002 and beyond. 

1. Initiative Programs 
An adhoc committee of the Board of 

Directors has been looking closely at i_ni­
tiative spending throughout the year. 
Necessary expenditures such as informa­
tion technology (ITJ and revitalization 
initiatives with revenue payoffs such as 
IEEE Spectmm are continuing. IT alone 
accounts for over half of the total continu­
ing initiative budget for 2002. Other ini­
tiatives, better suited for oversight within 
organizational unit operating budgets, 
have been dropped or absorbed. After a 
year of activity, it is clear that there is 
more work to do on initiative selection, 
review, and sunsetting. Hopefully, these 
items will be addressed in 2002. 

2. Infrastructure Cost Distribu­
tion within TAB 

The 2002 budget distributes infra­
structure costs to TAB and the other 
organizational units (RAB, P2SB, EAB, 

SA, IEEE-USA) in accordance with the 
financial model proposed by the Over­
head Administrative Recovery Commit­
tee (OARC). TAB is now developing a 
distribution method for passing these 
costs to the Society/Council users. 
Briefly, infrastructure activities support 
the IEEE business "engine", including 
our growing portfolio of electronic prod­
ucts, and an increasingly complex busi­
ness (perhaps too complex ... see discus­
sion below). 

The OARC proposal allocates the cost 
of direct core functions by use in the fol­
lowing categories: 

• Controllers 
• Payroll 
• Human Resources 
• Business Administration 
• Member Services 
• Application Processing 
• Procurement 
• IT-Common 



• IT-Membership 
• IT-Financial 
And allocates the cost of indirect cor­

porate and other core functions through 
algorithms specific to TAB: 

• IP Revenue Sharing 
• Elimination of the TAB allotment 

from Member Dues 
• First 6% of Investment Returns on 

Reserves 

Metric 

Reserves 

Pkg Revenue 

Membership 

Use (expense) 

Exec Offices 

Total 

Blended 

69.8% 

30.2% 

-
-

-

100% 

Method 
Principles Simplified 

20.6% 39.7% 

16.5% 16.5% 

33.1% 19.1% 

24.2% 19.1% 

5.6% 5.6% 

100% 100% 

Based on target budgets for 2002, the 
list above sums to around $15M for Soci- Table 1: Percentage of the Total Bill Based Upon the Given Metric 

eties and Councils, excluding any invest­
ment returns. The Infrastructure Task 
Force looked at a number of distribution 
algorithms, including one based only on 
Reserves; a Blended method, which added 
the concept ofIP revenue sharing (yes, you 
may call it a tax); the Principles method, 
which attempts to link Society/Council 
activity to ead1 allocation item (except for 
those designated as initial conditions by 
the OARC); and a Simplified method, a 

Metric 

Reserves 

Pkg Revenue 

Membership 

Use (expense) 

Exec Offices 

Unit 

% 

% 

$/member-

% of expenses-

$/head-

variation of the Principles method. The Table 2: Society/Cozmcil Bill Estimator 
tables at right (based on the same target 
budgets) show how the total bill is divid- also shared the opinion of the Task Force 
ed among the activity metrics (Table 1), that this algorithm could cause short term 
and how the bill would be calculated for financial hardship for a small number of 
an individual Society/Council (Table 2). Societies/Councils. Accordingly, the Task 

Method 
Blended Principles Simplified 

20.3% 6% 11.5% 

75.1% 40% 40% 

- $20.55 $11.10 

- 10.6% 8.4% 

$8,371 $8.371 

like if each Society had the same mem­
bership fee? Etc, etc. Keeping it simple 
will save money! You will probably be 
hearing about chis through TAB shortly. 

These tables give two completely dif- Force was tasked to consider rescue plans to 
ferent, but complementary, views of the be used on an as-needed basis, and will 4. Financial Model and the Bud-
infrastructure bill: Table 1 shows how the report back in February. get Update 
percentage of each of the five components In summary, IEEE and TAB have The Board approved the OARC's rec-
of the bill vary among the methods pro- made substantial progress on the issue of ommendacions for use with the 2002 
posed, while Table 2 shows how the bill how to DISTRIBUTE Infrastructure Budget process at its July meeting, and 
for a particular Society/Counil would be costs, so that the next step will be co the philosophy of pay-by-the-drink is now 
calculated. In Table 2, for example, using focus on the issue of how ro REDUCE being driven down to the Society/Coun-
the Principles method, the bill for your them. Stay tuned. cil level by efforts such as those by TAB's 
Society would consist of 6% of your Soci- Infrastructure Task Force. Mentioned 
ety/Council reserves, 40% of your Society's 3. Business Rule Com}?~~~i_ty _. ____ above, bur.. -worth- repeating: this- wi1l 

___ package.re.venue, a charge 0f$2055-per - · Tne Societ"ies·anct Councils can save as allow us to identify the costs of doing 
Society member, 10.6% of your Society much as $3M/year by simplifying the fol- business, and is a necessary step in the 
expenses, and $8.371K per staff head in lowing areas: Institute, Society, and stu- process of reducing those costs. 
Society Executive Offices in Piscataway. dent Membership pricing, publication In November, the usual time for the 
Important note: These numbers are from pricing, payment options, additional IEEE BoD to approve the budget for the 
the challenge budget to TAB from last information requests, and the solicitation following year, the proposed budget still 
May, and are for illustrative purposes only. process. A spread sheet summarizing the showed a shortfall of $1.7M. The BoD 
In the interim, a number of cost-cutting options for 2001 Products (a 27 option decided that the 2002 budget process will 
and revenue enhancing activities from by 270 product matrix, spreading over be continued until February, charging 
other OUs have been inserted into the six legal size pages in five point type) was IEEE FinCom and Staff to balance the 
2002 budget. These will change the shown co illustrate the tangled web that budget to net zero using only dividends 
entries in the two tables, and will improve we the Societies/Councils have woven. In and interest as a source of income. Other 
the Society/Council financial picture. November, the Infrastructure Oversight returns on our investment portfolio are 

At its November meeting, the voting Committee (IOC) requested the BoD to budgeted at zero percent. The anticipated 
members of TAB, in a straw poll, agreed authorize RAB and TAB to investigate planned spending of reserves (which 
that the Principles method seemed to have business rule changes co realize savings in would have reduced Society/Council 
the features linking metrics co use/activity a minimum feattJre alternative, and the 
chat lead to good business practices, and motion was passed. What would it be contimted on page 58 



Board of Directors Activities 

San Diego, California 
Noveml:ier 13, 2001 

THE PRESIDENT'S OPEN­
ING REMARKS 

lL ... _ ,-~ 

cially successful society, including 
the surplus/member ratio, sur­
plus/reserves, and expenses/mem­
ber. The EMC Society has good 
numbers in these categories. Mr. 
Staecker summarized his report 

= by advising that all costs need to 

{ be continually monitored and we 
-- ~ need to question all assumptions 
· .s regarding expenses. 
~ 
-'= 
Cl. 

President-elect Todd Hubing 
called the meeting to order at 
8:30 am. He advised that Presi­
dent Joe Butler was not able to 
attend this meeting. He wel­
comed John Norgard, newly 
elected Board member, and 
Peter Staecker, IEEE Division IV 
Director. A round of introduc­
tions was made. Board members 

Dick Ford, Bmce Crain and Todd Hubing (L-R) relax after 
the adjournment of the November EMC Society Board of 

CONFERENCE SERVICES 
Henry Ott, Vice President for 

Conference Services, presented his 
report. Regarding the 2000 Wash­

ingron DC symposium, the IEEE has 
completed the audit. The surplus was 
$189,000. Mr. Ott then called upon 
Barry Wallen, Chair of the International 
Symposia Committee. Mr. Wallen intro­
duced Benoit Nadeau, chairman of the 
2001 IEEE International Symposium on 
EMC in Montreal. Mr. Nadeau present­
ed an overview of the Montreal sympo­
sium. The total number of attendees was 
1,706; of which 486 were full registra­
tions, 296 non-members, 247 exhibitors, 
exhibitor free passes were 262. The bal­
ance was companions. Out of the 296 
non-members, three were session chairs 
and 46 were speakers. The registration 
distribution was then reviewed by coun­
try. Regarding the exhibition, there were 
163 exhibitors occupying 250 booths, 
which generated a net income of 
$557,190 USD. Most of this income was 
generated early by booth sales at the pre­
vious year's symposium. There are a few 
outstanding bills to be reconciled, and 
reports to be filed, including a tax rebate 
report, to close the books on the sympo­
sium. The symposium expense and 
income budgets were reviewed. The 
patron program generated a net income 
of $57,000 USD. Mr. Ott complimented 
Mr. Nadeau and his committee for doing 
an excellent job in organizing the Mon­
treal symposium. He brought it to the 
Board's attention that the committee has 
already submitted a 75 page final report 
on the symposium. Barry Wallen then 
reviewed the status of future symposia as 
follows: 2002 Minneapolis: Chair Dan 
Hoolihan reported chat all is going well 

Directors meeting. 

present included H. Benitez, L. Carlson, 
B. Crain, A. Drozd, R. Ford, F. Heather, 
D. Heirman, D . Hoolihan, T. Hubing, E. 
Joffe, D. Millard, M. Montrose, J. Nor­
gard,]. O'Neil, H. Ott,]. Perini, G. Pet­
tit, C. Sartori, K. Williams, and T. Yoshi­
no. Board members absent included J. 
Butler, D. Bush, T. Chesworch, L. Cohen, 
W Kesselman, J. Muccioli, A. Podgors­
ki, and D. Smith. Guests present includ­
ed H. Denny, J. Fischer, B. Nadeau; P. 
Scaecker, and B. Wallen. The agenda was 
approved as presented. 

TREASURER'S REPORT 
Mr. Hubing advised that Treasurer 

Warren Kesselman's flight to San Diego 
yesterday was cancelled due to the airline 
accident outside New York. Therefore, he 
was not able ro attend the meeting. In his 
absence, Mr. Hubing distributed his 
report. IEEE's 30 September 2001 finan­
cial reports indicate that the EMC Soci­
ety's 2001 cumulative surplus was 
$173.8K. 

SECRETARY'S REPORT 
The minutes from the Board meeting 

on June 15, 2001 were reviewed. A few 
changes were required. The minutes were 
approved as amended. 

DIVISION IV DIRECTOR'S 
REPORT 

Todd Hubing introduced Peter 
Staecker, IEEE Division IV Director, who 

then presented a report on the IEEE cur­
rent state of financial affairs. Mr. Staeck­
er advised that IEEE is a $200M busi­
ness. Reserves in 2000 were approxi­
mately $120 million. He reviewed the 
roles of the major boards within the 
IEEE, (TAB, TAB and EAB) and the 
IEEE corporate infrastructure, including 
the cost of doing business. The IEEE 
budget versus actual numbers for the 
years 1996 to 2001 were reviewed. Start­
ing in 1998, the actuals were more than 
budgeted. Basically, the IEEE started out 
in 1996 spending to improve services 
offered by the IEEE to its members. The 
cost for these services had been covered 
by the excellent returns from invest­
ments. However, starting in 1998, the 
investment returns did not cover the 
expenses and thus the deficit grew. The 
IEEE staff is working hard now to reduce 
costs. At the start of 2000, the net IEEE 
losses had eliminated corporate reserves. 
Thus, the question arose of how to pay for 
IEEE business costs, including paying for 
a $27 million dollar deficit budget. The 
initial 2002 budget proposal (dared May 
1, 2001) was reviewed. The Findlay 
Financial Model was reviewed. This bud­
get is named after Ray Findlay who 
chaired the IEEE committee that created 
this budget. The TAB Infrastructure 
Cost Distribution was reviewed. Methods 
under consideration include addressing 
reserves, membership, expenses, package 
revenue and the executive offices. The 
IEEE staff level was discussed over the 
years from 1996 to 2002. For 2002, Mr. 
Staecker reviewed what qualifies a finan-



with this symposium. The symposium 
website address is www.2002-ieee­
emc.org; 2003 Bosron: Jon Curtis of Cur­
tis-Strauss is the new chairman for the 
2003 Boston Symposium Steering Com­
mittee. They have contracted with IEEE 
Conference Management Services to run 
this symposium. All of the hotels are 
within walking distance of the Heinz 
Auditorium where the symposium will 
be held; 2003 Tel Aviv: Elya Joffe pre­
sented a report on this symposium. He 
reported that the symposium is on track 
with all milestones; 2005 Chicago: 
Derek Walton has stepped down as Chair 
of this Symposium. Tom Braxton was 
approved as the new Chair of the 2005 
Symposium steering committee; and 
lastly, 2006 Location to be Determined: 
There are three proposals for locations for 
this symposium, including Singapore, 
Portland and Dresden (Germany). Mr. 
Wallen advised that the potential impact 
on the revenue from exhibitors at these 
locations needs to be considered. Mr. Ott 
then called upon Henry Benitez to pre­
sent a proposal from the Portland chapter 
to host the 2006 symposium. Mr. Ben­
itez reviewed the convention center capa­
bilities, the hotels available nearby, and 
transportation to the city of Portland. 
The proposed steering committee was 
identified. In swnmary, Mr. Benitez 
emphasized that the Oregon and SW 
Washington chapter is very strong and 
has been for years. They have eight offi­
cers and are supported heavily by indus­
try in the area, including Hewlett 
Packard, Intel, In Focus, and Tektronix, 
among other companies. Mr. Ott then 
addressed the Board and reviewed the 
three potential symposium locations for 
the year 2006. He presented viewgraphs, 
which stated the pros and cons of each 
city. The Board planned to confirm the 
2006 Symposium location at its February 
2002 Board meeting. Regarding the 
symposium in the year 2007, which is 
the 50th anniversary of the EMC Sociery, 
Mr. Ott suggested that San Diego be 
considered as a location for this sympo­
sium. San Diego has a relatively new con­
vention center on the waterfront. It 
opened in 1989. There are many attrac­
tions nearby. A Hyatt Regency Hotel is 
located one block from the convention 
center and the Marrion Hotel is located 
adjacent to the convention center. Janet 
O'Neil then presented her report as 

A long-range planning session was held the d~ty after the November 13 Board meeting 
in San Diego. Board members informally met to brainstorm and strategize about 
future EMCS activities, including symposia, awards, and technical programs, among 
other topics. 

Exhibitor Liaison. The revised policy 
which addressed the gray areas in the 
exhibitor "points system" was sent out 
for review to an unofficial "exhibitor 
advisory committee" for comment/cri­
tique. Once their comments are received 
back, IEEE's legal department will 
review this revised policy. Then, the 
material will be posted to the EMCS 
website along with the updated point 
allocation grid (which needs to be updat­
ed). The "exhibitor advisory committee" 
is small, represents long time and brand 
new exhibitors, large companies and 
small companies, so there is balanced 
representation. Future considerations for 
the Exhibitor Liaison include the points 
to be awarded in 2003 to exhibitors who 
exhibit in Boston and/or Tel Aviv and 
also the institutionalization of the pro­
gram advertising/sponsorship component 
of each symposium committee. This lat­
ter effort is on going. Janet O'Neil then 
presented her report as Regional Confer­
ences chair. There are five regional EMC 
chapter tabletop shows scheduled to date 
for early 2002. The dates and locations 
will be noted in the calendar section of 
the EMC Society Newsletter. A future 
tabletop show is in the initial planning 
stages for June 2002 in Florida. This will 
address military EMC and is being orga­
nized with the assistance of Maqsood 
Mohd and the Melbourne EMC chapter. 
Mr. Ott then advised that Jose Perini 
would be the new Global Symposia Coor­
dinator. The outgoing Global Symposia 
Coordinator, Elya Joffe, advised that the 

document "How t0 Obtain EMC Sympo­
sium Sponsorship" has been reviewed by 
the Board and is close to being ready to 
being posted t0 the EMCS website. Mr. 
Ott advised that he has received requests 
for EMC Society co-sponsorship from the 
following symposia steering committees: 
EMC Workshop in Rhodes, Greece, 
October 7-11, 2002 and EMC Confer­
ence (5th annual event) in St. Petersburg, 
Russia, June 2003. The Board approved 
the EMC Society as a technical co-spon­
sor of the EMC Workshop in Rhodes, 
Greece on October 7-11, 2002. The 
Board declined the request of the St. 
Petersburg, Russia EMC conference 
steering committee. 

COMMUNICATION SERVICES 
Len Carlson, Vice-President for Com­

munication Services, verbally presented 
his report. In the absence of Professor Mar­
cello D'Amore, Transactions Editor-in­
Chief, Len Carlson advised that the Trans­
actions budget would be overrun this year 
since the page count for 2001 has been 
exceeded. Newsletter Editor Janet O'Neil 
verbally reported that the current issue 
(Summer 2001) is 48 pages and contains 
three practical papers, including one by 
ANSI ASC C63 hisrorian Ed Bronaugh on 
the quasi-peak detector. The issue 
includes an announcement regarding 
advertising in the 2002 issues of the 
Newsletter. The Distinguished Lecturers 
for 2001 are introduced with photos and 
bios. EMCS Treasurer Warren Kesselman 

Li o 
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submitted an article on the year 2000 
EMCS financial summary. Chapter Chat­
ter has a strong showing in this issue. The 
Fall 2001 issue will focus on che Montreal 
symposium and is expected to exceed 48 
pages in length. Mark Montrose then pre­
sented his report as IEEE press liaison. He 
advised that he attended the meeting of 
the IEEE Press Board held on September 
28-29 in New Brunswick, New Jersey. 
Representatives from both Wiley and 
IEEE Press presented an overview of their 
partnership. Specific assignments as 
detailed in che MOU (valid for three years) 
were discussed. The Mission Statement 
was examined and revised. His report 
included a list of the books currently spon­
sored by EMCS and potential books for 
EMCS sponsorship. Andy Drozd next pre­
sented his report as che EMCS Webmascer. 
He advised that the committee has made 
numerous updates to the Society home 
page, including adding a link to the 2002 
Minneapolis EMC symposium website. 
There are currently three advertisers for 
the EMCS website and two more compa­
nies have expressed interest. Doug Smith 
is supporting the committee by checking 
the web hie counter, and exploring various 
security issues related to the website. The 
committee is maintaining che website on 
a regular basis and they are looking at hir­
ing a firm to create a new "look" for the 
sire and make it more attractive and pro­
fessional. He attended the EMCS Panel of 
Webmasters meeting in Montreal during 
the symposium week. The group will pre­
pare a "Web Page Summary Guideline" to 
provide essential information on how to 
develop and properly maintain web pages 
in accordance with IEEE policies and pro­
cedures. Web page templates are being 
developed. Funding to support future 
website development and maintenance 
needs to be considered by the Board. 
There was no report on Public Relations 
in the absence of committee chair Tom 
Chesworch. 

MEMBER SERVICES REPORT 
Andy Drozd, Vice-President for Mem­

bership Services, presented his report. 
Bruce Crain advised that he submitted an 
article on the Membership booth activity 
during che Montreal symposium for pub­
lication in the EMC Society Newsletter. 
He has followed up with those who 
applied for a Senior Member upgrade at 

the Montreal sympo­
sium. "Solutions for 
Today's Innovators" is 
a new IEEE ad to pro­
mote membership. It 
was suggested that 
chis ad be run in the 
EMCS Newsletter. 
Andy Drozd reported 
for Lee Hill, chair of 
the Distinguished Lec­
turer (DL) program. 
The Board approved 
the appointment of 
Dr. Keith Hardin of 
Lexmark and Dr. Che- .._,... __ ""'!!"! 
ung-Wei Lam of L. 

Apple Computer as Henry Ott of Henry Ott Consultants (left) visited with John 
EMCS Distinguished Norgard who was attending his first Board of Directors meet-
Lecturers for the ing as a newly elected Board member. 
2002-2003 term. 
Henry Benitez then reported on Awards. 
This committee is following up on the 
cash awards due to the Montreal award 
recipients. There was a delay this year in 
issuing these checks due to a turn over in 
personnel at IEEE. Next year, you can 
submit an award entirely on line and 
there will be no need to down-

member program. In Israel, he has sent 
the chapter information about the Senior 
member program via e-mail. He reviewed 
the new chapter activity in Region 8. He 
maintains contact with che chairmen of 
these newly formed, or forming, chapters. 
Mr. Joffe concluded his report with a dis-

load it, complete it and snail 
mail a hard copy to IEEE. 
Ghery Pettit next reported on 
Chapter Activities. During 
2001, he noted that an 
inquiry has been received 
from Australia and Romania 
about forming new chapters; 
the new Benelux chapter was 
approved in October; a new 
chairman was named for the 
Israel chapter (Moshe Netzer); 
in Malaysia, the Antennas and 
Propagation chapter added 
Microwave Theory and Tech­
niques and EMC to create a 
joint chapter; and in Singa­
pore, the EMC group has bro­
ken off from a joint AP, MTT 
and EMC chapter to form a 
separate EMC chapter. Elya 
Joffe reported on Region 8 
activities. Since che Montreal 
symposium, there have not 
been ,any EMC symposia in 
this region. He visited Russia 
and che chapter there recently 
and promoted IEEE member­
ship. He also informed the 
chapter about our Senior 

Dan Hoolihan of Hoolihan EMC Consulting, Takeo 
Yoshino of the Awara Space Radio Observatory, Fttkui 
University of Technology and Hugh Denny (L-R) 
enjoyed the mild climate of San Diego during a break 
in the meeting of the EMC Society Board of Directors. 



cussion on proactive membership initia­
tives, including a regional chapter chair­
men meeting in addition to the annual 
EMC symposium chapter chairman's lun­
cheon, special free material from the EMC 
Society, including CDs of symposia pro­
ceedings, etc. Jose Perini then reported on 
Region 9 activities. He advised chat there 
is not much EMC activity in Argentina 
right now due to the poor economic cli­
mate. However, there is much activity in 
Brazil and the newly formed Sao Paulo 
EMC chapter will be organizing a rwo­
day EMC conference in November 2002. 
Carlos Sartori will chair this event. Mr. 
Sartori advised that he would coordinate 
his efforts with Janet O'Neil so chat a 
tabletop show can be held in conjunction 
with the technical program. Takeo Yoshi­
no reported on EMC activity in Region 
10. There are several EMC conferences 
being organized in his region, including 
the international EMC Japan 2004. There 
will be an international EMC conference 
in Bangkok, Thailand on July 25-27, 
2002. The Korea-Japan AP/EMC/EMT 
joint conference was held in Korea on 
September 10-11, 2001. Regarding 
Nominations and Bylaws, Dao Hoolihan 
advised that the newly elected members 
to the Board include: Ghery Pettit, Ron 
Brewer, Zorica Panic-Tanner, Elya Joffe, 
Tom Chesworth, John Norgard and Kim­
ball Williams. This election resulted in a 
tie for the sixth place position on the 
Board. The EMCS bylaws do not address 
what to do in a tie election. Thus, both 
members who tied were allotted a spot on 
the Board. Mr. Hoolihan will prepare a 
proposal to revise the bylaws to address 
this situation. Outgoing Board members 
this year include Doug Smith, Don Bush, 
and Dave Millard. Approximately 18% 
of the EMCS membership 
returned a ballot. Mr. 
Drozd reported for Bill 
Duff that six Fellow nom­
inations were received this 
year. The awards will be 
presented next year. The ~ 
committee does not expect b 
any significant activity j 
until next summer. Dick :i 

returned. The survey 
results were com­
pared over a six-year 
window, from the 
Santa Clara (1996) to 
the Montreal (2001) 
symposia. He is 
planning a major 
revision to the survey 
for next year. There 
will be a new give­
away for those who 
complete the survey. 
The survey fill race 
has gone from 75% 
co 60% over the 
years. This decrease 
will be rectified in 
next year's survey. 
Regarding his report 
as the Society's pho-

Dave Bernardin ofTUV Prodttct Service (left) received the IEEE 
EMC Society "Certificate of Acknowledgement" award for his 
contrib11tions to the San Diego EMC 2001 T11torial and Exhibi­
tion. Henry Benitez of Hewlett Packard, EMCS Awards Chair­
man, (center) presented the award at the November annual din­
ner. EMCS President-elect Todd H11bing of the University of 
Missouri at Rolla was on hand to offer congratulations. 

tographer, he distributed copies of photos 
taken during the Montreal symposium. 
Several of these are on the Montreal sym­
posium website. Many of the exhibitors 
wanted photos taken of their booths this 
year. This was in dramatic contrast to lase 
year's symposium where very few 
exhibitors wanted photos taken of their 
booths. There was no report submitted by 
the PACE chair, Bill McGinnis. 

TECHNICAL SERVICES 
Kimball Williams, Vice President for 

Technical Services, presented his report. 
There are new chairmen of Technical 
Committees TC-3, TC-4, and TC-9. The 
Board approved the appointment of these 
new chairmen, including Don Gilliland 
of IBM for TC-3, Robert Scully of NASA 
for TC-4 and Chris Holloway of NIST for 
TC-9. The Board approved the revised 

TC-4 charter as presented. Regarding 
TC-8 (Product Safety), Mark Montrose 
advised that the committee has devel­
oped a business and marketing plan. This 
was submitted co Mary Ward Callahan of 
the IEEE for review. The committee 
expects the IEEE to approve their request 
to be a separate, new society in February 
2002. The technical committees expect 
to review many papers for the Minneapo­
lis symposium. Mr. Williams relayed the 
Education Committee report for chair 
Maqsood Mohd. He reported chat the 
fundamentals tutorial is being planned 
for the Minneapolis symposium. The 
experiments demonstrations for next 
year's symposium have been solicited in 
the EMCS Newsletter. The modeling 
demonstrations are still being worked on 
and developed since they are very new. 
They were presented for the first time at 
the Montreal symposium. The student 

Ford discussed the Annual ] t" 
Symposium Survey. He "-

paper and student 
design contests for the 
Minneapolis sympo­
sium are being promot­
ed now. Mr. Williams 
advised chat RAC Chair 
Dave Case reports that 
they will hold their tra­
ditional RAC/SACCom 
luncheon at the Min­
neapolis EMC Sympo­
sium. They are seeking 
an appropriate speaker 
for a special RAC ses­
sion to be held during 
the symposium. Mark 

The Board's annual November dinner often includes long time volunteers to presented a spreadsheet, 
which showed the results the IEEE EMC Society, such as Joe and Virginia Fischer of Fischer Cttstom 
of the some 100 complet- Comtnrmications and Herb and Jill Mertel of Mertel Associates (L-R). It's 

just one way the Board can thank these volunteer for their valuable contri­ed surveys which were 
butions to the Society. 



STANDARDS SERVICES 
Don Heirman, Vice-President of 

Standards, presented bis report. It was 
noted that the webpage (http://www. 
ewh.ieee.org/soc/emcs/) for EMC Stan­
dards is now operational thanks to the 
work of Andy Drozd. Standards activity 
is currently at an all time high and cov­
ers three major areas: The Standards 
Education and Training Committee 
(SETCom) chaired by Hugh Denny, the 
Standards Advisory and Coordination 
Committee (SACCom) chaired by Elya 
Joffe and the Standards Development 
Committee (SDCom) chaired by Stephen 
Berger. Mr. Heirman, reporting for 
Stephen Berger, advised that the SDCom 

i ~~~ : 
i: !fd( 

· • meeting was held on Monday, 12 
November at The Grande Colonial 
Hotel in La Jolla, California. Eight Board member Ghery Pettit of Intel (stand­

ing) enjoyed catching up with Scott Roleson 
of Hewlett Packard and his guest Linda 
Emsley at the November annual dinner. 
Scott was the chairman of the Society's Dis­
tinguished Lecturer program for many years. 

Montrose then reported that he attended 
the Nano Technology symposium in 
Maui, Hawaii. Circuits and systems are 
being taken to the electron level. There 
will be a meeting of the Intelligent 
Transportation Systems Council, which 
Mark Montrose will also attend as a rep­
resentative of the EMC Society. The qual­
ity of the technical papers was excellent. 
Student participation was very good. He 
also distributed a report regarding the 
ITS (Intelligent Transportation Sys­
tems) conference he attended as a repre­
sentative of the EMC Society. This 
meeting was held on August 25-29 in 
Oakland, California. 225 of the 280 
papers submitted were presented at this 
conference. There 
were 230 paid atten­
dees. This was strictly 
a technical confer­
ence; there were no 
exhibitors. Mr. Mon-

members of the committee were present. 
There were two visitors. Hence there was 
a quorum. The overall result of the meet-
ing is that all EMC standards are cur­
rent. The subject/titles for each standard 
number to follow were listed. SDCom 
revisions are now underway on Standards 
187, 473, 1302, and 1309. New stan­
dards are the subjects of PARs 1530, 
1560 and 1597. SDCom voted to retire 
Standard 140. A notice to this effect will 
be printed in the EMCS Newsletter to 
provide the community an opportunity 
for comment. STD-377 is being evaluat­
ed for potential reaffirmation or with­
drawal. Recommendations have been 
solicited from the SAE and from auto­
motive radio manufacturers who at this 
point have expressed a desire to retain 
the document. PAR 1530 continues to 
encounter delays in timely completion. 
The SDCom decided to see if Joe Butler 
would act as an "angel" to see if this 

development effort can be expedited. 
Andy Drozd is nearing completion of 
tailored website templates for the VP for 
Standards, the SDCom, the SETCom, 
and the SACCom. The template devel­
oped by David Case for the RAC is being 
used as the basis for the Standards Web 
Site. An article on PAR 1597 by Andy 
Drozd appeared in the Fall 2001 issue of 
the EMCS Newsletter. John Kraemer 
will prepare the next Newsletter article 
on Standard 1309 and the need for 
experts for the next revision. Hugh 
Denny, SETCom Chair, reported that 
another workshop session on EMC Stan­
dards is planned for next year's sympo­
sium in Minneapolis. Several options 
were discussed for shifting the thrust of 
the workshop to broaden the appeal to 
Symposium attendees. The topics for 
this workshop will be coordinated with 
Elya Joffe, the SACCom chair. Topics 
considered include description of active 
standards in SDCom as well as those 
from liaison representatives in SACCom. 
The other thrust of SETCom, i.e. 
increasing public awareness of EMC 
standards, continues by submitting 
EMC Society Newsletter articles and work­
ing with the IEEE Standards Association 
staff via our EMCS liaison. Elya Joffe, 
the SACCom chairman, advised that 
they held their quarterly meeting as part 
of the VP for Standards series of meet­
ings in conjunction with EMCS Board 
meetings on November 12, 2001. A 
total of 10 attendees were present, 
including six members and four guests. 
During the meeting, lively discussions 
were held relating to measurement tech­
niques as implemented by CISPR 22 
(Information Technology Equipment 
Emission Measurements) versus those in 

ANSI C63.4. Another 
point of interest was 
the possible involve­
ment of the EMCS 
SDCom and SACCom 
in biological hazard 
measurements related 
to EM fields especially 

i from cellular tele­
~ phones. SACCom has 
.& existing liaisons with 
{ IEEE Standards Coor­
~ dinating Committees 

trose spoke with rep- ·· 
resentatives from 
other societies to dis­
cuss their participa­
tion in the new Prod­
uct Safety Society, 
cross promoting the 
respective confer­
ences, recruiting new 

Los Angeles EMC Chapter Chair, Ray Adams of Hughes Space and Comm1mica- SCC 28 arrcl 34 , w_h~ch 
tions, is shown with his wife Sylvia and Bruce Crain of Northrop Grumann have standards activity 
(L-R) at the November annual dinner. Bruce is the Society's Membership Chair. on RF hazard levels and members, etc. 



motion he submitted electroni­
cally about the policy regarding 
distribution of the excess EMC 
symposia CDs, programs, etc. 
He also asked IEEE to review 
the motion and they had com­
ments regarding legal implica­
tions of the distribution of this 
material. Mr. Drozd would like 
to incorporate these comments 
into a new policy and have 

ACTION ITEM REVIEW 
President-elect Todd Hubing reviewed 

the action items discussed during the 
meeting. Dan Hoolihan then reviewed 
the electronic balloting research he has 
undertaken to date with Joe Butler. The 
EMC Society has done considerable work 
on this and other Societies are soliciting 
us for input on how this works. 

IEEE review this. NEXT MEETING 

Patti and Dave Traver attended the November 
annual dinner to visit with the EMCS Board mem­
bers. Dave is with Sony Electronics in San Diego 
and he was Secretary of the EMCS Standards Com-

NEW BUSINESS 
The following items were 

discussed under New Business: 
mittee for many yecirs. 

cell phone specific absorption rate (SAR) 
measurements, respectively. This issue 
will be a matter for discussion in a future 
SI)Com rn~eting .. _where .. interest was 
expressed to consider possible future 
involvement. The committee has 
received status reports on the EMC stan­
dards activity in their member organiza­
tions in a regular manner prior to each 
meeting. These reports are distributed to 
the membership and interested parties in 
the format of "compilation of reports." 
SACCom is continuously searching for 
representatives from new EMC standard­
ization organizations, in order to increase 
the exchange of information among 
them. Regarding SDCom, Mr. Heirman 
noted that SDCom Chair Stephen Berg­
er is now chairing the new IEEE Stan­
dards Association voting eguipment 
standard 1583. The SDCom is providing 

- -Goordinarion--and supporno this project, 
which includes a liaison with che Feder­
al Election Commission. This is a very 
high profile effort being undertaken by 
the EMC Society. In fact, it is anticipat­
ed that the PAR 1583 will be moved to 

a proposed Standards Coordinating 
Committee (SCC). It is expected that the 
IEEE SA Standards Board at its Decem­
ber meeting will approve this SCC. An 
article on this voting equipment stan­
dard effort was the lead story in a recent 
issue of the IEEE Institute and is on the 
IEEE home page. 

OLD BUSINESS 
Regarding the dissemination ofEMCS 

material, Andy Drozd spoke about the 

EMCS Administrator: Dan 
Hoolihan discussed the role of 

Warren Kesselman as the EMC Society's 
paid administrator and our on-sire repre­
sentative at IEEE in Piscataway. The 

.. Board-approved theappoimmeritof War­
ren Kesselman as the EMC Society 
Administrator for 2002. 

EMCS Board Meeting Schedule in 
2002: Todd Hubing advised that the 
following dates have been set for the 
Board meetings in 2002, including Feb­
ruary 13 in Tempe, Arizona, May 31 in 
Boston, Massachusetts, August 18 and 
22 in Minneapolis and Sunday, Novem­
ber 24 in Sao Paulo, Brazil. There will 
also be a one and a half to two day EMC 
workshop sponsored by the Sao Paulo 
EMC Chapter in conjunction with the 
November Board meeting. A tabletop 
EMC exhibition will also be organized. 
Carlos Sartori will chair this workshop 
and he is working withJanet Q'._~eil.orL _· 
the arrangements and exhibits. The . 
speakers for the workshop will include 
Board members as well as members of 
the Sao Paulo EMC chapter. 

Planning Session: Mr. Hubing dis­
cussed the planning session for the fol­
lowing day, November 14. He dis­
cussed the format of the session and 
some of the agenda topics, including 
our awards program, our technical co­
sponsorship policy for global EMC 
symposia, membership initiatives and 
overall EMCS Board organization. 
There will be four tables with one of 
these topics assigned per table. Board 
members are invited to sit at the table 
whose topic mosc interests chem. The 
planning session will be from 8:00 am 
to 12:00 pm. 

The next meeting of the EMCS Board 
of Directors will be on Wednesday, Feb­
ruary 13 in Tempe, Arizona from 8:30 
am to 5 :00 pm. There being no further 
business, the meeting then adjourned at 
5:00 pm. 

Submitted by: 
Janet O'Neil 

Secretary, EMC Society 
_'f?oa,:t:l of Pi.rec/ors 
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J,ttp:llwww.ortra.com/e111c2003/ 

Call For Papers 
Dear Colleagues and Fellow EMC Engineers, Shalom from Israel, 

We are delighted to announce the 2003 IEEE International Symposium on EMC to be held in Tel-Aviv, Israel on 
May 11-16, 2003. Workshops, tutorials, "Birds of a Feather'' panels and special invited sessions will be organized on 
stimulating topics. The Symposium will be accompanied by a technical exhibition. 

Paper Submission 
Prospective authors are invited to submit, by July 15, 2002 abstract and preliminary manuscripts in English, either 
electronically, via e-mail or by regular mail. The official language is English. For detailed instructions on paper 
submission please visit the Symposium's official web site at http:/ /www.ortra.com/ emc2003. 

Technical Exhibition 
The Symposium will be accompanied by a technical exhibition on EMC. Prospective exhibitors are invited to order a 
Exhibitor's Kit from the Symposium Secretariat for exhibition space, constructed stands, showcases, mural display 
areas and advertisement ·space in conference publications. We expect exciting new product launches and exhibitor 
events during the Symposium. J)o not miss this unique opportunity! 

Tel-Aviv - one ofisrael's largest cities, is a thriving vibrant metropolitan that never sleeps! Often nicknamed in Israel 
"The Non Stop City". As an exciting and cosmopolitan mi.-.. of leisure activities, Tel-Aviv offers something for 
evei.yone - to be fully enjoyed in the ideal Mediterranean climate. Outdoor cafes, ethnic restaurants and culmral 
centers will compete for your attention with historic sites, open oriental markets and of course the Mediterranean 
coast and its golden beaches. 

The Symposium will take place in the David Intercontinental Hotel, featuring Israel's largest Convention Center and 
Banqueting facility and ideally situated on the seafront, opposite the buzzing beachfront promenade. 

FOR FURTHER INFORMATION PLEASE CONTACT THE S\'MPOSIUM SECRETARIAT: 

ORTRALtd. 
1 Nirim Street, P.O. Box 9352, 61092 Tel-.Aviv, Israel 

Tel: +972-3-6384444 Fax: +972-3-6384455 e-mail: emc2003@ortra.co.il 

Association of Engineers and 
Architects in Israel (AEAI) 

OR VISIT OUR WEB SITE AT: 
Web site: http://www.ortra.com/emc2003 

m 
IEE 

Institute of Electrical Engineers (IEE) International Union of Radio 
Science (URSI) Commission E 



EMCABS 
EMC Abstracts 

Osamu Fujiwara, 
Associate Editor 

Following are abstracts of papers from previous EMC 
symposia, related conferences, meetings and publications. 

EMCAB COMMITTEE 
Bob Hunter, Consultant 
r. d. h11nter@ieee.org 
Sha Fei, EMC Research Section, Northern Jiatong 
University, Beijing, China 
emdab@center. njt11. ed11. en 
Ferdy Mayer, LE.A.D., Maisons, Alfort France 
Ferdy Mayer LEAD France@compmerve.com 
Maria Sabrina Sarto, Department of Electrical Engineering, 
University of Rome, Italy 
sarto@elettrica. ing.ttnironzal. it 

NHow Can I Get a Copy of an Abstracted Arti­
cle?" 

Engineering college/university libraries, public libraries, 
company or corporate libraries, National Technical Informa­
tion Services (NTIS), or the Defense Technical Information 
Center (DTIC) are all possible sources for copies of abstracted 
articles of papers. If the library you visit does not own the 
source document, the librarian can probably request the 
material or a copy from another library through interlibrary 
loan, or for a small fee, you can order it from NTIS or DTIC. 
Recently it became clear that EMCABs were more timely 
than publications which were being listed in data files. 
Therefore, additional information will be included, when 
available, to assist in obtaining desired articles or papers. 
Examples are: IEEE, SAE, ISBN, and Library of Congress 
identification numbers. 

As the EMC Society becomes more international, we will be 
adding additional worldwide abstractors who will be review­
ing articles and papers in many languages. We will continue 
to set up these informal cooperation networks to assist mem­
bers in getting the information or contacting the author(s). 
We are particularly interested in symposium proceedings 
which have not been available for review in the past. Thank 
you for any assistance you can give to expand the EMCS 
knowledge base. EMC 

EMCABS: 01-2-2002 

CORRELATION OF TEST FACILITIES FOR RADIATED 
EMISSION MEASUREMENTS USING A SPHERICAL 
DIPOLE RADIATOR: OATS, FULLY ANECHOIC CHAM­
BER AND GTEM CELL 
Tae-Weon Kang+ , Joo-Gwang Lee+ and Hyo-Tae Kim++ 
+ Electromagnetics Group, Division of Electromagnetic 
Metrology, Korea Research Institute of Standards and Science, 
P. 0. Box 102, Yusong, Taejon 305-600, Republic of Korea 
+ +Department of Electrical Engineering, Pohand University 
of Science and Technology, Pohang, Kyoungbuk 790-784, 
Republic of Korea 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-11, 2001 , pp.98-102. 

Abstract: The correlation of test facilities for radiated emission 
measurements are considered in the frequency range of 30 to 
1000 MHz. The facilities considered are an open area test sire 
(OATS), a fully anechoic chamber (FAC) and a gigahertz­
TEM (GTEM) cell, and only vertically polarized case is taken 
into account. A spherical dipole radiator (SDR) is employed 
as a reference emitter. Results show that the correlation of the 
three test facilities agrees within +-4. 7 dB and +-5. 7 dB for 
3 m and 10 m distances , respectively. 
Index terms: Correlation, radiated emission, open area test site, 
GTEM cell, fully anechoic chamber. 

EMCABS: 02-2-2002 

SAR REDUCED EFFECT OF THE FERRITE BEAD 
INSIDE OF THE CELLULAR PHONE ANTENNA 
Yun'n M'young Gimm, Ki Hwea Kim and Seung Bae lee 
Dept. of Electronics Engineering, Dankook University 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-11, 2001 , pp.200-205 . 

Abstract: We are proposing a new mobile phone antenna, 
which has a specially manufactured Mn-Zn cylindrical ferrite 
bead inside of the helical coil of the antenna. The extended 
antenna radiation patterns and the spatial peak SAR averaged 
over 1 gram simulated tissue with and without the ferrite 
bead insertion were measured at 824 MHz. The results show 
that the ferrite bead resulted in a SAR reduction of about 
20%, and a reflection coefficient increase of about 7% for the 
extended antenna. The applicability of this scheme to the 
antenna mass production is quite feasible. 
Index tenns: Mobile phone, antenna, ferrite bead, SAR reduction. 

EMCABS: 03-2-2002 

RESOLUTION IMPROVEMENT OF E-FIBLD PROBE 
USING A SIGNAL PROCESSING TECHNIQUE 
Hiroshi Hirayama and Yoshio Kami 
The University of Electro-Communications, 1-5-1 Chofugao­
ka, Chofu-shi, Tokyo 182-8585, Japan 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-1 l, 2001, pp.206-209. 

Abstract: This report describes a new method to improve reso­
lution of an E-field probe with a signal processing technique 
without hardware modification. In order to reduce an emission 
from a PCB, for example, it is useful to study near field distri­
bution. Most conventional methods have obtained the distrib­
ution of E-field strength by scanning an E-field probe [1} and 



multiplying its antenna factor by the output voltage. However, 
che method has the following disadvantages: 1) a correlation 
between near E/M field distribution and the probe output volt­
age has not been proved, 2) not enough resolution for a latest 
small schematic can be obtained. In this report, we propose a 
new method, which makes it possible to overcome these prob­
lems by using a de-convolution technique with E-probe's spa­
cial responses. Experimental results show that the proposed 
method has a capability co distinguish two near null points, 
which cannot be separated with a conventional method. 
Index terms: Convolution, model for E-field, measurement and 
de-convolution. 

EMCABS: 04-2-2002 

EFFECT OF GROUNDING ON LIGHTNING-INDUCED 
VOLTAGES OF TELECOMMUNICATION SUBSCRIBER 
CABLE 
Jae CheolJu+ and Dong Chul Park++ 
+Dept. of Electronic Eng., Chungnam Nae'! Univ., Daejeon, 
Korea 
++Dept. of Radio Science and Eng., Chungnam Nac'l Univ., 
Daejeon, Korea 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-11, 2001, pp.210-213 . 

Abstract: The lightning-induced voltages on a telecommunica­
tion subscriber cable with multipoint grounding both on a 
cable shield and on an overhead ground wire are discussed. The 
shielding effectiveness due to multipoint grounding is affect­
ed by ground position, cable length, grounding resistance, and 
amplitude and wave shapes of lightning electromagnetic 
fields. In chis paper, the characteristics of lightning-induced 
voltages between cable shield and twisted-pair wires inside are 
calculated by using the FDTD method. The shielding effeet by 
changing the grounding position of the cable shield and the 
overhead ground wire is also examined. A finitely conducting 
ground plane is taken into account in both lightning electro­
magnetic field calculations and surge propagation along che 
cable shield for a practical simulation. 
Index terms: Telecommunication subscriber cable, lightning­
induced voltage, grounding effect, FDTD analysis. 

EMCABS: 05-2-2002 

DEVELOPMENT OF WIDE-BAND FERRITE FIN ELEC­
TROMAGNETIC WAVE ABSORBER PANEL WITH VAR­
IOUS SURFACE LAYERS 
Toshihiro Yamane+, Shigeo Numata+, Tecsuya Mizumoco++ 
and Yoshiyuki Naito++ 
-i:_Shimizu ~orporacion, Engineering R&D Department, Insti­
tute of Technology, 3~4'.:.17, Bfrhujima, Koi:6-ku; Tokyo 135-
8530, Japan 
++ Tokyo Institute of Technology, 2-12-1, Ookayama, 
Meguro-ku, Tokyo 152-0033, Japan 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-11, 2001, pp.234-237. 

Abstract: In Japan, television ghost caused by tall buildings 
becomes a problem to be solved [1}. The area where severe 
ghost is observed can be remarkably reduced by suppressing 
reflection due to the building walls <-14dB [2}. Mose 
absorbers currently used are narrow band types for either VHF 
or UHF band . Absorbers are expected co suppress reflection in 
a wide frequency range, since both VHF and UHF bands are 

used for TV broadcasting in Japanese urban area. We have 
developed single layer ferrite grid absorbers as wide band 
absorbers, which are often used in RF anechoic chambers [3}. 
The grid absorber works for both vertically and horizontally 
polarized waves. Vertical fin structure is sufficient to absorb a 
horizontally polarized wave (4}, which is often used as a TV 
broadcasting radio wave in the Japanese urban area. In this 
paper, the ferrite fin structure is used for an absorber on the TV 
ghost problem. For tall building walls, PC (Precast Concrete) 
curtain walls are often used to shorten the construction period. 
The PC curtain walls consist of the building materials. This 
paper describes development of a wide band absorber panel as 
a PC curtain wall using the ferrite fin with various surface lay­
ers . The absorber panels are designed by raking into account 
building materials located in front of the ferrite fin. The char­
acteristics are measured usingmock=ups-of the absorber panel. 
Index terms: TV ghost problem, electromagnetic wave absorber, 
ferrite fin absorber panel, measurement. 

EMCABS: 06-2-2002 

DESIGN OF CUTTING CONE SHAPED AND HEMI­
SPHERE SHAPE-ADDED FERRITE ABSORBER 
Dong 11 Kim, June Young Son and Jae Young Bae 
Dept. of Radio Sciences & Engineering, Korea Maritime Uni­
versity 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-11, 2001, pp.238-241. 

Abstract: Due to the progress of the electronic industry and radio 
communication technologies, mankind enjoys an abundant life. 
On the other hand, serious social problems such as EMI by 
unnecessary electromagnetic (EM) waves occur due to the 
increased use of electromagnetic waves. Therefore, the organiza­
tions such as CISPR, FCC, ANSI, etc., have provided the stan­
dard of the EM wave environment for the countermeasure of the 
EMC. The absorption ability of EM wave absorber has required 
more than 20 dB, and the bandwidth has been required through 
30 MHz to 1,000 MHz for satisfying the international standards 
about an anechoic chamber for EMI/EMS measurement. From 
November of 1998, however, CISPR has accepted the extended 
frequency band from 1 GHz to 18 GHz additionally in the 
bandwidth ofEMI measurement {1}. In this paper, we proposed 
the hemisphere shape-added absorber on the cutting cone-shape 
in order to satisfy the above requirements and carried out broad­
band design using the equivalent material constants method. 
Furthermore, the experiments were carried out over the fre­
quency band from 30 MHz to 3 GHz, and the validity of the 
proposed design theory was confirmed. 
Index tenns: EMI measurement, cutting cone shaped and 
hemisphere shape-added ferrite absorber, broadband design, 
experim ent. 

EMCABS: 07-2-2002 

AN EXPERIMENTAL STUDY OF A LAMBDA/4 WAVE 
ABSORBER USING FSS FOR TWO FREQUENCIES 
Akihiko Itou+, Kouji Wada++ and Osamu Hashimoto++ 
+ Technical Research Institute, TOPPAN PRINTING CO., 
LTD., 4-2-3 Takanodai-minami, Sugito-machi, Kira-kacushi­
ka-gun, Saitama 345-8508, Japan 
+ +College of Science and Engineering, Aoyama Gak:uin Univer­
sity, 6-16-1 Chitosedai, Setagaya-ku, Tokyo 157-8572,Japan 
Proceedings of Korea-Japan AP/EMC/EMT Joint Conference, 
Taejon, Korea, September 10-11, 2001, pp.242-245. 



Abstract: Technologies of a frequency selective surface (FSS) are 
of considerable practical concern for good frequency-selection 
in recent complicated frequency bands [1]. We previously 
studied basic characteristics of the FSS and their application to 
a single-layer lambda/4 wave absorber. To the author's knowl­
edge, there are no studies of the lambda/4 wave absorber using 
the FSS for consisting of the reflection film. We consider chat 
the shielding characteristics with the frequency-selection of 
the presented wave absorber can be obtained as well as the real­
ization of the absorption characteristics with the frequency 
selection [2]. First, basic operations of the FSS are examined 
experimentally. Second, a larnbda/4 wave absorber using the 
FSS is proposed, fabricated and measured. In this study, two 
types of new wave absorbers using the FSS are proposed, which 
are fabricated by double absorption films and double FSS 
films, respectively. Moreover, the design of the double absorp­
tion films type wave absorber can be performed by point 
matching method. As for the design of the double FSS films 
type wave absorber, the classical design of the single-layer 
absorber is applied. 
Index terms: Electromagnetic wave absorber, frequency selective 
surface (FSS), lambda/4 wave FSS absorber, measurement. 

EMCABS: 08-2-2002 

RADIO ELECTRO-MAGNETIC COMPATIBILITY AND 
APPLICATION OF HIGH-TC SUPERCONDUCTING 
TECHNOLOGY 
Toshio Nojima, Yoshiaki Tarusawa and Shoichi Narahashi 
Radio Environment Technology Research Laboratories, 
NTTDoCoMo Inc., 3-5 Hikarino-oka, Yokosuka-shi, 239-
8536, Japan 
Proceedings of 2001 Asia-Pacific Microwave Conference, 
Taipei, Taiwan, December 3-6, 2001, pp.1000-1003. 

Abstract: Recent research and development activities on mea­
surement technologies and countermeasures for establishing 
the electromagnetic compatibility (EMC) of mobile radio 
equipment with electronic devices and biological safety issues 
are introduced. EMC studies of medical devices are focused on, 

structure, in which an equivalent noise voltage source located 
at the connector excites the attached cable against the enclo­
sure to produce radiated emissions. A simple method for pre­
dicting the CM radiation from the cable/enclosure structure 
was proposed in this paper. The method combines an equiva­
lent dipole approximation with sinusoidal current distribution 
and CM current measurement at a specified location on the 
cable. The predicted resonance frequencies and CM radiation 
levels were validated with engineering accuracy, i.e., within 30 
MHz and 6 dB, respectively, from the measured and FDTD­
modeled results in the frequencies above 130 MHz. 
Index terms: Conducting enclosure, attached cable, common­
mode radiation, prediction, equivalent dipole approximation, 
FDTD calculation, measurement. 

EMCABS: 10-2-2002 

AN IMPROVEMENT OF FIELD UNIFORMITY OF 
REVERBERATION CHAlvfBER BY THE VARIANCE OF 
DIFFUSER VOLUME RATIO 
Jong-Chel Yun, Joong-Geun Rhee, Ph. D . and Sam-Young 
Chung 
Dept. of Electronic Eng. Hanyang University 
Proceedings of 2001 Asia-Pacific Microwave Conference, 
Taipei, Taiwan, December 3-6, 2001, pp.1119-1122. 

Abstract: A conventional reverberation chamber is a rectangu­
lar structure including mode-stirrers or mode-tuned stirrers to 
obtain the field uniformity inside the chamber. In this paper, 
we used Schroeder diffusers to obtain field uniformity of a rec­
tangular reverberation chamber, and field uniformity charac­
teristics were investigated with the condition of a diffuser vol­
ume ratio of 0.9, 1.35, and 1.8 % of the total rectangular 
empty volume. The Finite-Difference Time-Domain (FDTD) 
simulation method was used to analyze the field homogeneous 
characteristics of these reverberation chambers. 
Index terms: Reverberation chamber, field uniformity, Schroed­
er diffusers, FDTD simulation. 

EMCABS: 11-2-2002 

and SAR measurement technologies for mobile radios are dis- COMPOSITE EFFECTS OF REFLECTIONS AND 
cussed. Moreover, a cryogenic receiver front end using high GROUND BOUNCE FOR SIGNAL VIAS IN MULTI­
temperature super-conducting filter for mobile base stations is LAYER ENVIRONMENT 
proposed as a promising technology that allows the transmis- Sheng-Mou Lin and Ruey-Beei Wu 
sion power of mobile communication systems co be lowered, a Dept. of Electrical Engineering and Graduate Insticuce of 
desirable result with regard to EMC. Communication Engineering, National Taiwan University, 
Index terms: EMC, mobile radio equipment, medical devices, Taipei, Taiwan, 10617, R.O.C. .. 
SAR measurement, high temperature super-conducting filte:r~- -- Proceedings of 2001 Asia-Pacific Microwave Conference, 

Taipei, Taiwan, December 3-6, 2001, pp.1127-1130. 

EMCABS: 09-2-2002 

A SIMPLE METHOD FOR PREDICTING COMMON­
MODE RADIATION FROM A CABLE ATTACHED TO A 
CONDUCTING ENCLOSURE 
Jianqing Wang+, Osamu Fujiwara+ and Kohji Sasabe++ 
+Nagoya Institute of Technology, Gokiso-cho, Showa-ku, 
Nagoya 466-8555, Japan 
+ +Matsushita Electric Works, Ltd ., 1048, Kadoma, Osaka 
571-8686,Japan 
Proceedings of 2001 Asia-Pacific Microwave Conference, 
Taipei, Taiwan, December 3-6, 2001, pp.1119-1122 . 

Abstract: Common-mode (CM) radiation from a cable attached 
to a conducting enclosure is typically a dipole-type antenna 

Abstract: The signal propagating down the vias in a multi-layer 
environment will suffer from composite effects of reflected noise 
by via discontinuity and ground bounce between power/ground 
planes. An equivalent circuit modeling is proposed to simulate 
these effects, which consists of transmission line for signal line, 
lumped inductance and capacitance for via discontinuity, and 
two-dimensional fields solver for the region between power and 
ground planes. Simulations are performed for a four-layer struc­
ture and three different cases are considered to characterize both 
effects. Results show that the via discontinuity is dominant for 
reflected noise in the early time response, while the ground 
bounce is dominant in the late time response. 
Index terms: Multi-layer environment, via, ground bounce, 
equivalent circuit modeling, simulation. 

57 



Still More Comments on the 
IEEE Fiscal State of Affairs 
continued from page 4 7 

reserves by approximately $4. lM in the beginning of the 
year) reported in June has been reduced to zero through addi­
tional cost savings at headquarters in core functions (infra­
structure), continuing initiatives, staff compensation, travel 
expenses, and by recognizing only the most certain aspect of 
investment income, dividends and interest. Here is the sig­
nificant sound bite: No budgeted depletion of reserves for 2002. 
Operating net has improved by nearly $22M over 2001, and 
it has taken an effort from every part of the Institute to 
achieve this goal. 

Discussion 
Financial fucus has been intense during 2001, and 

processes are being implemented or studied which will 
make our volunteer organization fiscally stronger in the 
years to come. The details of OARC's blueprint for itemiz­
ing and distributing the costs of IEEE infrastructure are in 
place. 'rhe next step, reducing the costs, has already started. 
My email address is at the top of this column. I welcome 
your thoughts. EMC 

EMCABS 
continued from page 57 

EMCABS: 12-2-2002 

EMI INDUCED BY THE SIMULTANEOUS SWITCH­
ING NOISE ON THE PARTITIONED DC PLANES 
]. N. Hwang, J. J. Lin and Tzong-Lin Wu 
EMC Laboratory, Department of Electrical Engineering, 
National Sun Yat-sen University, Kaohsiung 804, Taiwan 
Proceedings of 2001 Asia-Pacific Microwave Conference, 
Taipei, Taiwan, December 3-6, 2001, pp.1135-1138. 

Abstract: Based on the FDTD modeling approach, the 
bridging effect of the isolation moat on the EMI caused 
by simultaneous switching noise is investigated. We find 
that isolating the noise source by the slits (or moats) is 
effective to eliminate the EMI, but bridges connecting 
between two sides of the slits wiil significantly degrade 
the effect of EMI protection. The measured and modeled 
results of the EMI strength at 3m are compared and they 
are quite consistent. 
Index terms: Switching noise, EMI, partitioned DC planes, 
isolation moat, FDID modeling, measurement. EMC 

The grooming of a future EMCABS 
contributor! Alessio Morucci is shown at 
three-and-a-half months. His mother is 
Maria Sabrina Sarto, a long-time member 
of the EMCABS committee. Alessio looksi . 
forward to reviewing papers for publit:a ... 
tion in the EMCABS column one day.. 



IEEE Press - Wiley Partnership 
By Mark Montrose, EMCS Liaison to the IEEE Press and Press Authors 

Last year, IEEE Press and Wiley 
entered into a partnership that now 
provides a wealth of benefits not 

only for IEEE members, but also for any­
one wishing to purchase a technical book 
within any field of engineering. The rea­
son for the partnership provides a finan­
cial benefit to both companies. IEEE, as 
an entity, has had financial problems as 
detailed in past EMCS Newsletters. The 
cost of book preparation (copy-edit, com­
position, typesetting), printing, ware­
housing, managing inventories and tax 
consequences were extensive. Technical 
books do not sell in large numbers, like 
books written by Stephen King. There­
fore, the profit margin for technical pub­
lishers is not great. By off-loading this 
aspect of the publication arena, IEEE 
Press can focus on maintaining high­
qualiry manuscripts while retaining the 
best authors within their particular field 
of specialty, thus benefiting the engineer­
ing community worldwide. 

To briefly describe the partnership, the 
following is presented in bullet format. 

Summary of o~erations: IEEE 
Press (Staff of five, one office) 

-- _. -· Seek- newauthors and topics. 
• Solicit proposals and write contracts. 
• Guide authors through the develop­

ment and review process. 
• Develop manuscripts along with 

peer review. 
• Deliver finished manuscript to Wiley. 
• Assist in marketing. 
• Maintain no inventory or warehous­

ing expenses. 

Summary of operations: Wiley 
(Staff of thousands, offices 
world-wide) 
• Produce, manufacture, market, sell 

and distribute titles exclusively. 
• Administer author and series editor 

royalties. 
• Contribute titles to be marketed 

through imprint. 

• Maintain all the inventory and asso­
ciated warehousing expenses. 

Most of the books published by IEEE 
Press were transferred to Wiley last year. 
Those not chosen for adoption have been 
sold to other companies or removed from 
inventory. All new books, and those that 
go through another round of printing (to 
replenish inventories), will have both 
IEEE Press and Wiley logos imprinted on 
the front cover as well as on the inside, 
known as front cover page. IEEE Press 
retains the copyright for all Press authors. 

Why Publish with IEEE 
Press/Wiley? 

lishing the best books in all fields of 
engineering, working with each 
author ro determine what assistance 
they may offer during preparation of 
the manuscript and the production 
steps needed to turn an author's 
vision into realiry. 

• IEEE Press/Wiley Sellr Books! As the 
largest professional society for elec­
trical and computer engineers, this 
partnership offers unrivaled access to 
the engineering community interna­
tionally. They are an effective multi­
channel promoter of books. 

If one desires to be an author, or 
desires additional information, contact 
me at "m.montrose@ieee.org." EMC 

Stop DW-

Authors come from all 
areas of the engineering pro­
fession: academic, research 
laboratory, production, the 
consultant's office, and man­
agerial suites, to name a few. 
Some authors only publish 
technical papers or teach pro­
fessional seminars or short 
courses. All are experts in 
their field and share a com­
mitment to providing timely, 
ptattrtiil, --effective" -iriforma: · ·· -

(Disruptive Wideband Interference) 

tion to help readers solve 
work-related problems. 
• Visibility and Prestige. 

IEEE Press and Wiley 
have published some of 
the greatest names in the 
profession, and are 
known for timely, 
authoritative, practical 
books. 

• Friendlier, Professional 
Folks! The staff at IEEE 
Press and Wiley is able 
to provide personalized 
assistance, making the 
job of writing a book 
easy. 

• Higher Quality Books. 
IEEE Press and Wiley 
are committed to pub-
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Fair-Rite's line of simple to use snap on ferrite 
suppressors for round or flat cables effectively attenuate 
unwanted noise over a wide frequency range 

Fair-Rite ducts or . 
P.O. Box J, One Commercial Row, Wallkill, NY 12589-0288 
Phone (888) FAIR RITE e FAX (BBB) FERRITE 

(845) 895-2055 e (845) 895-2629 
e-mail ferrites@fair-rite.com • web site www.fair-rite.com 

59 



Inter-Society Activities 
By David A. Case NCE, RAC Chair 

Representative Advisory Committee (RAC) 

still get an occasional question on 
what exactly is RAC and what does 
it do. RAC is the Representative 

Advisory Committee. This committee 
acts a liaison forum for non-IEEE groups 
that deal with or are concerned with 
EMC issues. It provides a link for these 
organizations to the Board of the IEEE 
EMC Society. 

RAC has sponsored a special session at 
the last several EMC symposia. For exam­
ple, during the last two years, RAC spe­
cial sessions have dealt with wireless 
issues from certification to SAR and MPE 
issues. Last year's session was chaired in 
my absence by my Vice Chair, Steve 
Berger, and Bill Graff. RAC is currently 
investigating hosting a session at the 
next symposium. 

Currently the RAC has 13 organiza­
tions as part of the group. A few of the 
groups that are RAC members are 
shown below: 

♦IEEE 

AAES: The Association of Access Engi­
neering Specialists. This organization 
was formed under the umbrella of 
NARTE to deal with the requirements 
of section 256 of the 1996 Telecommu­
nications Act. This organization address­
es the access issues of telecommunica­
tions for the disabled. Those interested 
in these issues can obtain more informa­
tion from the NARTE website. 

ACIL EMC: American Council of Inde­
pendent Laboratories. The ACIL EMC 
group is made up of EMC Society mem­
bers who belong to ACIL. The group 
deals with various EMC issues from the 
point of view of ACIL members. Infor­
mation can be obtained from the ACIL 
web site at www.acil.org 

NARTE: The National Association of 
Radio and Telecommunication Engi­
neers, Inc. is a non-profit organization 

4th Annual Chicago EMC MiniSymposium 
Tuesday May 21, 2002 

Holiday Inn - Itasca, IL 
860 West Irving Park Rd. 

The Chicago IEEE EMC Society Chapter is presenting 
our fourth MiniSymposium. 

http://www.ewh.ieee.org/soc/emcslchicagol 

exhibits .... contact Frank Krozel 
at 630-924-1600 

that specializes in certification. Cur­
rently NARTE certifies engineers and 
technicians in the fields of EMC, ESD 
Control, Telecommunications, and now 
Unlicensed Wireless Systems Installers. 
NARTE recently signed an MOU with 
the IEEE EMC Society and one with 
the American Radio Relay League 
(ARRL). Further information can be 
obtained from the NARTE web site at 
www.narte.org. 

USCEL: The United States Council of 
EMC Labs is open to any test lab, manu­
facturer, or consultant interested in 
addressing worldwide EMC issues. Orig­
inally USCEL's mission was dealing with 
European Union (EU) issues only, but 
currently they write technical opinions 
addressing various EU issues and have 
addressed non-EU issues. For further 
information on USCEL, you can check 
the website www.uscel.org 

TCB Council: The Telecommunication 
Certified Body (TCB) Council is the 
organization that addresses TCB issues 
and concerns. The organization has two 
levels of membership, TCB and Associ­
ate members. Full TCB membership is 
open to any designated TCB. The asso­
ciate membership is open to any com­
pany or entity interested in the TCB 
program. The council sponsors several 
training sessions each year conducted 
by the FCC or the TCB trainers on such 
topics as spread spectrum testing, SAR 
testing, and overview of the FCC rules . 
As an associate member, you can partic­
ipate in the TCB meetings that general­
ly provide additional chances to meet 
with the FCC. For information on the 
council, you can access the web site at 
www.tcbc.org 

RAC will be hosting next year's RAC 
/SAC luncheon at the 2002 IEEE Inter­
national Symposium on EMC in Min­
neapolis. I look forward to seeing you 
there! EMC 



Calendar 

EMC Related Conferences 
& Symposia 

2002 

May 12-15 
Sponsored by the IEEE Computer Soci­
ety - Test Technology Technical Council 
and by the IEEE Components, Packag­
ing and Manufacturing Technology 
Society 
6th IEEE Workshop on Signal Prop­
agation on Interconnects 
Convention Center "II Ciocco" 
Castelvecchio (Pisa), Italy 
http:!/www.tet.1mi-hannover.de/SPI 

May 21-24 
Sponsored by the Chinese Institute of 
Electronics (CIE) 
2002 International Symposium and 
Technical Exhibition on EMC 
Beijing, China 
Professor Liu, Dayong 
Phone: +861Q68283463 
Fax: +8610.68283458 
E-mail: dyliu@public.bta.net.cn 
http:!lwww.cie-china.org/ernc2002/ 

June 3-7 
AMEREM 2002 
(combined conferences for High 
Power Electromagnetics, Ultra­
WideBand Short-Pulse Electromag­
netics and Unexploded Ordnance 
Detection and Range Remediation) 
US Naval Academy 
Annapolis, MD 
Terence Wieting, 202.767.2101 
Terence.wieting@nrl.navy.mil 
http:!lwww.AMEREM.org 

June 25-28 
16th International Wroclaw Sympo­
sium and Exhibition on EMC 
Wroclaw, Poland 
Professor W. Moron 
Phone: +4871-348-3051 
Fax: +4971-372-8878 
E-mail: emc@il.wroc.pl 
http://wwUJ.emc.wroc.pl 

September 9-13 
Organized by the Associazione Elet­
trotecnica ed Elettronica Italiana, the 
University of Rome "La Sapienza", the 
University ofL'Aquila, the University 
of Naples "Federico II" 
EMC Europe 2002 
Sorrento, Italy 
Massimo Iandolo 
Phone: +39.02.77790-218/230 
Fax: +39.02.798817 
E-mail: emceurope2002@aei.it 

October 7-11 
Technically Co-Sponsored by the IEEE 
EMC Society 
2nd International Workshop on 
"Biological Effects of Electromagnet­
ic Fields" 
Rhodes, Greece 
Ms. Kety Aposrolou 
Workshop Secretary 
Conf2002@imm.demokriros.gr 
http:!!imm.ariadne-t.grlbioeffects 
http:!/www.uoi.gr/conf_sem/bioeffects 

November 3-8 
AL"WTA 2002: 24th Annual Meeting 
and Symposium 
Sponsored by the Antenna Measure­
ment Techniques Association (AMTA) 
Cleveland, OH 
Sally Kronk, 614.888.2700 x218 
Sally.kronk@lintek.aeroflex.com 
http:!lwww.amta.org 

EMCS Cooperating 
Symposia 

U.K.: Biannually, even years, 
in September 

Zurich: Biannually, odd years, 
in February 

Wroclaw: Biannually, even years, 
in June 

EMCS Symposia Schedule 
2002 Minneapolis/St. Paul 

Hyatt Regency, Minneapolis 
Dan Hoolihan 
651.213.0966 
E-Mail: d.hoolihan@ieee.org 

2003 Tel-Aviv, Israel 
(International IEEE) 
ElyaJoffe 
Fax: 972.9.765.7065 
E-Mail: emc2003@ortra.co.il 

2003 Boston, MA 
Sheraton Boston 
Jon Curtis 
978.486.8880 

2004 Santa Clara, CA 
Franz Gisin 
408.495 .3783 

2005 , Chicago, IL 
Tom Braxton 
630 .759.8674 

IEEE EMC Society Board of 
· Directors Meetings 

(For information on all meetings, contact 
Janet O'Neil, 425.868.2558) 

May 31, 2002 
Boston, Massachusetts 

August 18 and 22, 2002 
Minneapolis, Minnesota 
(in conjunction with the IEEE EMC 
Symposium) 

November 24, 2002 
Sao Paulo, Brazil 

IEEE EMC Chapter Colloquium and 
Exhibition ''Table-Top Shows" 

April 22, 2002 
Southeastern Michigan Chapter, 
Automotive EMC 
Contact: Kimball Williams, 
248.354.2845 
E-mail: k.williams@ieee.org 
(See ad on page 24) 

May 21, 2002 
Chicago Chapter, 4th Annual Chicago 
EMC Mini-Symposium 
Contact: Frank Krozel, 630.924.1600 
(See ad on page 60) 
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benefits electronically. 
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COMING IN 2002! 
The IEEE EMC Society Newsletter will include advertising beginning with the March 
2002 issue. Impact this hard-to-reach audience in their own Society publication. For 
further information on product and recruitment advertising, call your local sales office. 

IEEE EMC Society Newsletter Advertising Sales Offices 
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Product Advertising 
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New England/Eastern Canada 
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