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FIELD OF INTEREST 
The Field of Interest of the Electromagnetic Compatibility (EMC) Society involves engineering 
related to the electromagnetic environmental effects of systems to be compatible with itself and 
their intended operating environment. This includes: standards, measurement techniques and test 
procedures, instrumentation, equipment and systems characteristics, interference control tech-
niques and components, education, computational analysis, and spectrum management, along 
with scientific, technical, industrial, professional or other activities that contribute to this field.

Letter from the Editor

I attended the annual IEEE Panel of Editors meeting on April 23-24, 
2010 in New Brunswick, New Jersey. This meeting is held for the editors 
of all IEEE publications to learn about the latest developments in IEEE 
publications, new publication policies and services available, as well as 
where the IEEE stands competitively in the global publications arena.

This year, my colleague Heyno Garbe, the new Transactions on EMC 
editor, joined me at the meeting. It may have been a bit overwhelming 
for Professor Garbe to attend this meeting for the first time. After all, 
the meeting room is set for some 300 people classroom style with a 
large stage and screen at the front of the room. Most people attend with 
their laptop to follow the presentations on their computer since a CD 
is provided of all presentations. There is a table  microphone for every 
four seats. With the internet access also available, it is one wired meet-
ing! Breakout sessions are held for the separate publications so Transac-
tions Editors and Newsletter Editors can meet separately and talk with 
their peer editors in order to learn best practices and the like. In the 

continued on page 88
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Garbe, the new Transactions on EMC Editor-in-Chief, at the 
annual IEEE Panel of Editors meeting in New Jersey. Professor 
Garbe took the helm on January 1, 2010, succeeding Perry Wilson.

Peter Tuohy, Director - Periodicals Production Services for IEEE, 
gives a presentation at the Panel of Editors meeting regarding the 
challenges facing the IEEE traditional newsletter print model.



President’s Message
Francesca Maradei, President, EMC Society

This message is written as I just 
returned from a two-week trip to 
Asia where I attended the Asia-Pa-
cific EMC Week, and the inaugura-
tion meeting of the newly formed 
EMC Shanghai Chapter. 

The Asia-Pacific EMC Week 
was held at the Beijing International Convention Cen-
ter which is across the street from the famous Bird’s Nest 
Olympic Stadium. In this Symposium, chaired by Professor 
Jinliang He, more than 300 papers were presented in a full 
four-day symposium program, and some 500 delegates from 
43 countries attended the technical program and the joint 
Technical Exhibition on EMC and RF/Microwave Measure-
ments and Instrumentation. The IEEE EMC Society is happy 
to have provided technical co-sponsorship of this Symposium 
that in just a few years has achieved a remarkable growth in 
becoming one of the major EMC international conferences 
in the world. Congratulations to the Symposium President, 
Jinliang He, the General Chair, Erping Li, and the organizing 
committee for a wonderful, high quality event! I am sure that 
much more will be reported on this Symposium in a follow-
ing Newsletter issue.

While in Beijing, I was pleased 
to attend the IEEE-Chinese Experts’ 
Meeting on EMC Technical Exchange 
& Cooperation organized by the Safety 
& EMC editorial office. During the 
dinner meeting I provided a presen-
tation on the IEEE EMC Society, 

and I had the chance to meet EMC engineers from China. The 
meeting was productive and I am sure that the EMC profession 
will benefit from improved communication with EMC engi-
neers in China.

Stuck in Asia by a Volcanic Ash Cloud 
Originally, my trip to Asia was intended to last a week accord-
ing to a very tight schedule, but an extremely unpredictable 
natural event upset my plans as well as those of all the Europe-
ans attending the AP-EMC Week. None of us were able to fly 
back home due to the shutdown of the northern Europe air-
space caused by the ash cloud generated by a volcanic eruption 
in Iceland. When I initially heard about this eruption, which 
began on April 14, and the possible impact on the air traffic 
over the following days, I was pretty confident that I would 
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have made it home to Italy. 
Iceland lies on the mid-Atlan-
tic ridge, in a very remote part 
of the globe, so far away from 
Italy, that I was underestimat-
ing the exceptional disruption 
that it caused. So, after a very 
productive week, I was stuck 
in Asia, in the hands of for-
tune and weather conditions, 
luckily with some Italian col-
leagues and gracious Chinese 
hosts. It was extremely frus-
trating waiting and not know-
ing when I would be able to 
fly back home. I made it one 

week later than expected after rerouting my schedule through 
Southeastern Asia. 

Chapter Developments & Outreach Activity
Congratulations to the newly formed IEEE EMC Chapter in 
Nigeria! The effective date of this chapter formation is March 17, 
2010. I would like to take this opportunity to thank the Chapter 
Chair, Tunde Salihu, for his effort in leading the formation of our 
second chapter in Africa, and the first one affiliated with the EMC 
Society exclusively. 

I have just returned from China where I had the privilege of 
attending the inauguration meeting of the newly formed IEEE 
EMC Shanghai Chapter. The inauguration meeting was held 
on April 17, 2010, at Shanghai University Yanchang Campus, 
and was attended by about 20 EMC professionals. It was very 
challenging for me to arrive at the meeting on time to provide 
a presentation on the EMC Society and take part in the red 
ribbon-cutting ceremony after a headlong fall! From the photo 
below, you can see I arrived at the meeting in a wheelchair. 
Special thanks go to my Italian colleagues Marcello D’Amore, 
Mauro Feliziani and Alessio Tamburrano for their tremendous 
support. Without their help, it would have never been possible 
for me to attend.  See page 16 of this Newsletter for a report on 
this inauguration meeting.
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Composite map of the volcanic 
ash cloud  spanning 
14–25 April 2010.

A group photo was taken in Shanghai following the Chap-
ter inauguration meeting. Pictured from left are Franz 
Schlagenhaufer, Esa Korhonen, Francesca Maradei, Marcel-
lo D’Amore, Hongmei Fan and Mauro Feliziani.
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As part of the global outreach activity, I also visited the IEEE 
EMC Chicago Chapter. The meeting was held on March 9, 2010 
at the Illinois Institute of Technology, at their Rice Campus in 
suburban Wheaton, Illinois directly in the heart of the Illinois 
high tech corridor. More than 40 attendees participated in the 
meeting that was jointly organized with the Chicago branch of 
Women in Engineering.

While in San Diego for the March Board of Directors meet-
ing, the IEEE EMC Society sponsored a dinner meeting with 
the IEEE San Diego EMC Chapter and Section. The meeting 
was held at the Grande Colonial Hotel in La Jolla, Califor-
nia on March 11, 2010. Former EMC Society Distinguished 
Lecturer Alistair Duffy was the speaker on the topic of com-
munication cables.  

Looking Forward to Fort Lauderdale in July
Time flies and the 2010 IEEE International Symposium on 
EMC is just around the corner. The annual IEEE EMC Sympo-
sium is the best place for remaining technically current, and for 
networking both professionally and socially. A full week sym-
posium provides a wide offering which includes workshops, 
tutorials, technical sessions, meeting, experiments, demonstra-
tions, a technical exhibition, and the Global EMC University 
program. You are encouraged to join your engineering col-
leagues at this great event. Visit www.emc2010.org for more 
information and plan to attend!

Board of Directors Meetings
The first EMC Society Board of Directors (BoD) meeting in 
2010 was held in the beautiful city of La Jolla in Southern 
California on March 12. A brief summary of the most impor-
tant issues addressed during this meeting follows.

As a result of the hard work done by the Technical Advi-•	
sory Committee (TAC) on the Technical Committee (TC) 

reorganization, the Board approved the dissolution of tech-
nical committees TC-7 (Non-sinusoidal Fields) and TC-8 
(Product Safety). The motivation for disbanding the two 
TCs was due to the overlap of TC-7 with TC-5 (High 
Power Electromagnetics), and TC-8 with the Product 
Safety Society, as well as to the lack of papers on/interest in 
these topics at the EMC Society Symposia. I’d like to take 
this opportunity to thank all the people over the years that 
served on these TCs.
The Board of Directors approved the EMC Society award •	
recipients for 2010. The awards will be announced during 
the Awards Luncheon on July 29, 2010 held during the 
EMC Symposium in Fort Lauderdale. Please, mark this 
date on your calendar!
Representatives from three Chapters presented their •	
proposals for hosting the 2014 IEEE EMC Symposium. 
They are Research Triangle Park, Washington DC and 
Ottawa (Canada). The Board will vote on the Chapter 
and venue assignment for 2014 at its next meeting in 
Fort Lauderdale.
The next EMC Society Board of Directors meeting is 

scheduled on July 25 (9:00 am to 5:00 pm), during the 2010 
IEEE International Symposium on EMC in Fort Lauderdale. 
Remember, all meetings of the EMC Society BoD are open. 
Any members who want to attend will be most welcome. 
The schedule of the BoD meeting is posted on the website 
at http://www.ewh.ieee.org/soc/emcs/conferences.html, and in 
the Calendar section of the Newsletter. 

Call for Volunteers
Our Society has had the fortune over the years to benefit from 
the many fine volunteers who have contributed unselfishly of 
their time and talent. To keep up the pace, however, we need a 
continuous influx of new talent to carry on as vacancies occur 
and to support new areas of interest. Please, give serious consid-
eration to becoming involved in our broad and challenging 
goals and objectives. If your interests and skills are focused on 
specific Society functions, please contact the appropriate Vice-
President or Committee Chair. The full list of committees can 
be found on our website at http://www.ewh.ieee.org/soc/emcs/
directors.html. EMC

Francesca Maradei having dinner with friends of the Chi-
cago Chapter, including (from left) Ray Klouda, Bob Hof-
mann and Jack Black.

Francesca Maradei giving a technical presentation on 
power distribution network modeling at the Chicago Chap-
ter meeting on March 9, 2010.
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Chapter Chatter
Todd Robinson, Associate Editor

I was sweating bullets and squirming nervously; sitting in 
my faux leather office chair in the middle of my tiny 
office with a certificate of appreciation on the wall. Chief 

was sitting in her mahogany lined office surrounded by 
awards and photos with heads of state. Fortunately, there was 
a thousand miles of fiber between us. I finally got the cour-
age to say it, “Chief, I, um, think that it’s time for me to 
move on. I need to focus on developing my career in other 
directions. I was even thinking about writing a novel . . .”

Her answer, which came with not so much as a nanosec-
ond of delay, sent me reeling: “You can’t quit.” 

“But . . .” At this point I froze. Chief is a tough one to say 
no to, let along quit on. She leads by example and she is very 
dedicated to the organization. 

After another extremely short silence, she said, “You can’t 
quit because there is no one left in HR to find your replace-
ment.” 

“I didn’t think there ever was anyone in HR . . .”
“Good point.”
“Chief, what if I found my own replacement?” 
“Go on . . .”
“I could put out an extensive world-wide search though 

Chapter Chatter.”
“Strictly speaking,” she replied, “that would be a world-

wide search, but I don’t know about the ‘extensive’ part. Have 
you seen your column’s readership numbers lately? How else 
could you get the word out?”

“I could call a few people I know,” I responded des-
perately.

“That probably would be more effective.”
All in all, it went better than I expected. It’s a win-win 

arrangement. If I can find my own replacement, Chief 
wins. If I can’t find my own replacement, Chief wins. 
Anyway, I drafted the following announcement for Chief 
to review:

Position Available
An Associate Editor is being sought for a prestigious 
international technical publication. The Associate 
Editor for Chapter Chatter reports on the cutting edge 
of EMC Chapter news. You will be the first to know 
and report on who spoke where about what and who 
was there to hear it. To get the scoop firsthand, you 
will travel at your own expense to EMC Chapters in 
locations such Chicago, Singapore, Pittsburgh, Malay-
sia, St. Petersburg, Japan, Ukraine, Germany, Seattle, 
the UK and many, many more. Alternatively, you will 
communicate with Chapters around the globe by 
e-mail.

She wrote back that I should also include something about 
the organization seeking to upgrade the quality of humor in-
cluded in the Chapter Chatter column. What does she mean 
by that anyway?

Austria
Dr. Kurt Lamedschwandner reports that 
on March 18th, 2010, the 8th Annual 
Austria EMC Symposium took place 
at the campus Seibersdorf, Austria. 
The annual symposium was orga-
nized by the Austria Chapter of the 
IEEE EMC Society, along with the 
EMC Division of Seibersdorf Labo-
ratories and the Austrian Electro-
technical Association (OVE) in 
cooperation with the Institute for 
Electronics (TU Graz) and Johannes 
Kepler University Linz. More than 
90 participants from Austria and 
Germany visited the event. The aim 
of the Symposium is to exchange 
knowledge within the EMC com-
munity, consisting of members from 
industry, trade and research & devel-
opment. The technical program 

included eleven presentations covering a 
wide variety of EMC related topics, rang-
ing from “The use of mode-stirring cham-

bers for susceptibility testing” to “EMC 
of integrated circuits”. The referees for 
2010 included Peter Mair, Peter 

 Boxleitner (Fronius International, 
Wels-Thalheim, Austria); Uwe 
Karsten (Teseq, Berlin, Germany); 
Prof. Dr. Timm Ostermann 
(Johannes Kepler University, Linz, 
Austria); Lorandt Fölkel (Würth 
Elektronik, Waldenburg, Germa-
ny); Dr. Gunter Winkler (Graz Uni-
versity of Technology, Graz, Austria); 
Dr. Bernd Deutschmann (Infineon 
Technologies, Munich, Germany); 
Karl-Heinz Weidner (Rohde & 
Schwarz, Munich, Germany); Rüdi-
ger Späth (EM TEST, Kamen, Ger-
many); Christian Türk (Ministry of 
Defence and Sports, Vienna, Aus-
tria); and Dr. Kurt Lamedschwand-
ner (Seibersdorf Laboratories, 

The managing director Dr. Martina Schwaiger 
of the Seibersdorf Laboratories is shown with the 
secretary general, Mr.Peter Reichel, of the Austri-
an Electrotechnical Association (right) and Dr. 
Kurt Lamedschwandner, chair of the IEEE EMC 
Austria Chapter (left).
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Seibersdorf, Austria). In addition to the 
symposium, the attendants were informed 
about product novelties by the exhibiting 
companies Würth Elektronik, Rohde & 
Schwarz, UEI, deg and AKG.

Chicago
The Chicago IEEE EMC Chapter’s 2010 
opening evening meeting on February 
17th was hosted at ELITE Electronic 
Engineering in Downers Grove. In addi-
tion to the venue, ELITE also supplied 
complimentary pizza for the 30 attendees. 

After a brief general business meeting, 
Tom Revesz of HV Technologies spoke on 
transient testing. Tom reported on AC 
mains CDN improvements and advances 
in EFT measurements. Dips and interrup-
tions also have tighter and more refined 
waveforms. ESD improvement efforts and 
round-robin tests still show some incon-
sistencies. All were encouraged to exam-
ine and closely control the many factors of 
their ESD setups. Tom reported advances 
in modeling and simulation for ESD 
which are driving refinements in high 
bandwidth targets and their nearby 

 structures as well as discharge tip R/C 
network waveforms. On February 20, for 
the second year in a row, the Chapter sup-
ported the DuPage Engineers Week Expo 
at the IIT-Rice Wheaton campus. Hun-
dreds of young students were exposed to 
two full floors of engineering exhibits. 
Bob Hofmann and Jerry Meyerhoff dis-
played a Van DeGraff generator, radio 
noise emissions from dimmers or CFL 
bulbs and shielding effectiveness. The 
March 9th meeting was generously held 
at the IIT-Rice Wheaton campus and co-
hosted by the Chicago Chapter of Women 
in Engineering (WIE). The featured 
speaker was EMC Society President, Fran-
cesca Maradei, Associate Professor at Sapi-
enza University of Rome. The Chapter 
provided a catered complimentary Chica-
go-Style buffet dinner of fried chicken, 
Italian beef, salads and dessert cookies. 
The 35 attendees enjoyed the time to 
catch up and share stories. After dinner, 
the meeting moved to the comfortable 
seating of the auditorium. There was a 
brief  Chapter open business meeting with 
reports from the committees, orchestrated 
by Chapter Chair, Jack Black. Ms. Mara-
dei’s opening talk “The IEEE EMC Soci-
ety: The Present Picture and Short Term 

Austria EMC Chapter members, speakers and exhibitors.

Over 90 people participated in the one day EMC event  organized by the Austria EMC Chapter.

Steve Laya of ELITE urges guests to enjoy pizza at the 
 Chicago Chapter February meeting.

Tom Revesz of HV Technologies takes a question at the 
 Chicago Chapter February meeting.



• FEKO provides comprehensive EM simulations
and is a market leader in the analysis of antennas

in their operating environment.

• Antenna Magus has a wide range of
antennas which can be explored to find

and design according to specifications.
Designs can then be exported as

FEKO models.

• Together FEKO and Antenna
Magus provide a smooth

workflow from antenna design
to placement analysis,

enhancing productivity.

F E K O
C omp r e h e n s i v e
E l e c t r om a g n e t i c

S o l u t i o n s

FEKO is a product of EM Software & Systems - SA (Pty) Ltd
Antenna Magus is a product of Magus (Pty) Ltd www.feko.info

Antenna Magus is available
through the global FEKO

sales network

Maximum design flow,
Minimum solution time
Maximum design flow,

Minimum solution time
For antenna design and

antenna placement
For antenna design and

antenna placement



10

Directions” was an excellent overview of 
the many services and benefits provided 
to our Society’s members. During the 
Q&A session, the topic of the recent 
Toyota “unintended acceleration” was 
posed. Understandably, this was cause for 
a lively dialog among participants and the 
presenter. Clearly, we could not determine 
the role of EMC, if any, in this small 
forum. There was a hunger for more tech-
nical facts and a desire for some action 
from the EMC Society, to assure the pub-
lic that the industry and our profession is 
diligent with processes, procedures, stan-
dards and training to control such phe-
nomena. Francesca’s second detailed 
tech-talk, “Modeling of Power Distribu-
tion Networks in Printed Circuit Boards” 
addressed design challenges in high speed 
digital products. She described the under-
lying physical phenomena in high speed 
digital circuits, including standards such 
as IEC 62433 and explained the roots of 
impedance models for power planes. 
Then, she described prediction tools such 
as SPICE and 3-D full-wave solvers, 
including generic cases with comparisons 

against actual measurements. Using 
appropriate levels of complexity for the 
tools, the models converged toward one 
another and measurements. As a specific 
example was explained, various configu-
rations of bypass and decoupling capaci-
tors were analyzed, leading to some 
recommended guidelines for design. Dur-
ing the Q&A, Francesca enumerated addi-
tional analysis tools and participants 
shared their modeling experiences. The 
Programs Co-Chair, Tom Braxton, capped 
the extensive and enjoyable evening by 
awarding Francesca a Thank-You Event 
Plaque. Look to www.emcchicago.org for 
news, meetings and events, skillfully 
maintained by webmaster Frank Krozel of 
Electronic Instruments Associates. Our 
programs com  mittee of Andrea Spellman 
of UL and Tom Braxton of Shure Brothers 
has completed a great speaker lineup. In 
May, the Chapter is planning the 12th 
MiniSymposium featuring Bruce Archam-
beault of IBM, all organized by Frank 
Krozel. Our experienced Executive Com-
mittee is looking forward to another great 
year serving our members’ needs.

Oregon and SW Washington
Alee Langford, Chapter Vice-Chair, 
reports that the Oregon and SW Wash-
ington Chapter had their annual holiday 
party at Who Song and Larry’s on the 
beautiful Columbia River. Everyone 
enjoyed the parade of the Christmas Ship 
Fleet, and the wonderful food that was 
served. In January, Ed Blankenship pre-
sented “Extracting Useful Information 
from Radiated Emission Test Site NSA 
and VNSA Data Sets.” This presentation 
explored historical and technical details 
of the radiated emission site attenuation 
techniques. Dan Huumala of Würth 
Electronics presented February’s topic on 
the use of magnetics in EMC covering the 
basics of induction, coupling mode, filter 
topologies, simulation tools, measuring 
and application. The following month, 
Greg Kiemel of Northwest EMC Inc. 
presented the “FAQ’s at the Test Lab” 
answering commonly asked questions. 
Upcoming spring events include Distin-
guished Lecturer, Ji Chen presenting 
“Developing Nano-scale Structures for 
EMC/EMI” and Dr. Howard Johnson’s 

Bob Hofmann demonstrates a Van DeGraff  generator at 
the DuPage Engineers Week Expo in Chicago.

Chris Dewitt, Francesca Maradei, Jack Black, Marilyn 
Sweeney, and Don Sweeney (clockwise from lower left) 
enjoy dinner prior to the Chicago Chapter meeting.

At the March Chicago meeting, the featured speaker,  
Francesca Maradei, makes a point about PCB impedance 
plane modeling.

Tom Braxton, Programs Co-Chair, awards a speaker’s 
plaque to Francesca Maradei at the March Chicago  
meeting.
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video presentation followed by Q/A. The 
Chapter has scheduled all meeting topics 
for the rest of the year and looks forward 
to the exciting events still to come. Visit 
the Chapter website for details: http://
ewh.ieee.org/r6/oregon/emc/

Phoenix
Glen Gassaway reports that the first Phoe-
nix Chapter meeting of 2010 was held on 
January 19 at Garcia’s Mexican Restaurant 
in Tempe, AZ. This time we had the larg-
est attendance ever, completely filling the 
meeting room and several tables outside of 
the meeting room! Our originally sched-
uled speaker was not able to make it due to 
transportation problems. So, our Chapter 
Chair, Harry Gaul, stepped in at the last 
minute to give a presentation on Site 
VSWR Measurements for CISPR 16 Site 
Validation Above 1GHz. As of October 1, 
2011, the European Union will require 
product conformance to EN55022:2006 
A1 (2007), which requires radiated emis-
sions testing above 1 GHz for products 
with internal clocks greater than 108 
MHz. No “grandfathering” will be allowed 
for products already on the market. In the 
past, Normalized Site Attenuation (NSA) 
measurements were used to qualify a test 
facility for radiated emissions testing. 
However, NSA is not useful above 1 GHz 
since directional antennas are typically 
used in that frequency range. To verify that 
a test facility is adequate for testing above 
1 GHz, procedures for Site VSWR testing 
have been developed by CISPR/A and are 
presented in CISPR 16-1-4. The test 
methodology involves placing a receive 
antenna on a tripod and measuring the 
emissions of an omni-directional source 
antenna located in free-space or on a non-
conductive (e.g., polystyrene) table. At 

least 18 source antenna positions are 
required in both horizontal and vertical 
receive antenna polarizations. Test fre-
quencies should be in 50 MHz steps from 
1–6 GHz. The source antenna positions 
extend along the center line of the turnta-
ble and along a ‘V’ formed by the edges of 
the test volume. Maximum versus mini-
mum values cannot be apart by more than 
6 dB. Problems have been encountered 
when attempting to meet Site VSWR, 
even in an absorber lined chamber. Poten-
tial areas of concern include: EUT table 
material (polystyrene blocks work well as 
opposed to wood or high density plastic), 
tripods, antenna positioners, door handles, 
floor absorber layout and wall absorber 
characteristics. On Thursday, February 25, 
the EMC Chapter hosted Kyungjin “Jin” 
Min, Chief Operating Officer, Amber Pre-
cision Inc. (API), who spoke on “EMC 
Immunity Scanning – A New Way to 
Look at System Level Immunity.” Jin filled 
in for Michael Hopkins who could not 
make it because of a broken leg. Jin 
brought Michael’s slow motion video clips 
of a lightning strike that proved to be of 
great entertainment to the 18 attendees.

Santa Clara
On Tuesday, February 9, 2010, Dr. 
 Cheung-Wei Lam of Apple spoke to the 
Santa Clara Valley Chapter on the topic, 
“Common Misconceptions about Induc-
tance and Current Return Path.” In today’s 
high-speed digital system design, a good 
understanding of inductance and current 
return path is important to signal integrity 
and EMI control. Unfortunately, several 
key concepts about the two have often been 
misunderstood or overlooked. This presen-
tation discussed the key concepts and some 
common misconceptions about inductance 

and current return path. Examples were 
given by Dr. Lam to helpfully demonstrate 
these concepts at the chip and PCB levels. 
Dr. Cheung-Wei Lam is currently the 
Chief EMC Technologist at Apple where he 
has implemented a fully automated and 
customized EMC layout and schematic 
checking system. At Apple, he is also 
engaged in chip, PCB and system level 
EMC design and research. Prior to joining 
Apple, he was a Co-Founder and Principal 
Engineer at Transcendent Design Technol-
ogy and, earlier, a  Principal Engineer in 
Viewlogic’s Advanced Development Group 
(formerly Quad Design Technology). From 
1988 to 1993, he was with the MIT 
Research Laboratory of Electronics, where 
his focus was on modeling of high-speed 
interconnects and superconducting trans-
mission lines. Dr. Lam received the B.S. 
degree in electronics from the Chinese Uni-
versity of Hong Kong, and the S.M. and 
Ph.D. degrees in electrical engineering and 
computer science from MIT. He has 
authored or presented numerous technical 

Phoenix Vice-Chairman Daryl Gerke (standing at 
right) thanks Harry Gaul for his presentation on Site 
VSWR measurements to the Phoenix Chapter.
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Phoenix Chair Harry Gaul (left) presents Jin Min with an 
Arizona Highways calendar in appreciation for his presen-
tation to the Phoenix Chapter on Immunity Scanning.

P
h

o
to

 b
y

 S
t

e
v

e
 G

e
r

a
r

d

Dr. Cheung-Wei Lam of Apple addressed 
“Common Misconceptions about Induc-
tance and Current Return Path” with 
the Santa Clara Valley Chapter.
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papers and presentations on EMC and sig-
nal integrity related subjects in the US, in 
Europe and in Asia. He was a co-recipient 
of the best paper award at the 1996 IEEE 
EMC Symposium. He is a past IEEE EMC 
Society Distinguished Lecturer and cur-
rently serves on the IEEE EMC Society 
Respected Speakers Bureau. He has also 
served on the IEEE EMC Society TC-9 
Computational Electromagnetics commit-
tee, the IEEE EMC Society TC-10 Signal 
Integrity committee, and the SAE EMC 
Modeling Task Force committee. On March 
9, Dr. Sergiu Radu of Sun Microsystems, a 
2009-2010 IEEE EMC Society Distin-
guished Lecturer, was the guest speaker for 
the Santa Clara Valley Chapter. After net-
working time and a light dinner, Dr. Radu 
gave a very informative lecture entitled, 
“An Overview of Chip Level EMC Prob-
lems.” The CPUs and the VLSI chips are 
the primary sources of electromagnetic 
noise in all electronic equipment. Reduc-
ing electro  magnetic noise at the source 
level is usually the best and the most eco-
nomical solution. The presentation dis-
cussed typical interference mechanisms 
associated with CPU/VLSI, as well as miti-

gation methods at the die-level and pack-
age level. Among the aspects discussed 
were some power distribution issues, on-
die decoupling, package capacitors, routing 
aspects, the impact of back-bias and for-
ward-bias, and the impact of die-shrinks on 
the EMI performance of the VLSI chips. 
Dr. Sergiu Radu is currently Principal 
Engineer at Sun Microsystems, leading the 
EMC design group in Menlo Park, Califor-

nia. His role at Sun includes the develop-
ment and implementation of architectural 
frameworks for EMC design through 
design guidelines and best practices, and to 
provide forward looking solutions, root 
cause analysis of significant EMC prob-
lems, design methodologies involving soft-
ware simulations and better prediction 
techniques. Sergiu Radu received a M.S. 
and a Ph.D. in Electrical Engineering 
(Electronics) from the Technical University 
of Iasi, Romania, and until 1996 he was an 
Associate Professor at the same university, 
involved in electromagnetic compatibility 
 teaching and research. From 1996 until 
1998 he was a Visiting Scholar, as part of 
the Electromagnetic Compatibility Labora-
tory, at the University of Missouri-Rolla, 
currently Missouri University of Science 
and Technology. In 1998 he joined the 
EMC engineering group at Sun Microsys-
tems. Sergiu holds seven US patents for 
EMI reduction techniques in electronic 
systems and has many papers published in 
research journals, symposia, and magazines. 
He is a reviewer for IEEE Transactions on 
EMC. He is also a Distinguished Lecturer 
for the IEEE EMC Society.
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Dr. Sergiu Radu of Sun Microsystems 
shed light on the topic on Chip Level 
EMC for the Santa Clara Valley Chapter.

P
h

o
to

 b
y

 J
e

r
r

y
 r

a
m

ie



14

Seattle
Chapter Chair Dennis Lewis of Boeing 
reports that the Seattle EMC Chapter 
hosted EMC Society Distinguished Lec-
turer Omar Ramahi of the University of 
Waterloo in Ontario, Canada (www.ece.
uwaterloo.ca/~oramahi) at its quarterly 
half day meeting on March 23. The after-
noon started with a buffet lunch from 
Panera Bread. Following lunch, Chapter 
members visited several table top exhibit 
displays from companies that sponsored 
the excellent lunch. Many thanks to Lion-
heart Northwest, ETS-Lindgren, AR/RF 
Microwave Instrumentation and Cascade 
TEK for supporting the Chapter! Chapter 
members then enjoyed two presentations 
by Dr. Ramahi. The first presentation was 
titled, “The Exotic World of Metamateri-
als and its Relevance to EMI/EMC Engi-
neers.” Metamaterials refers to engineered 
material with properties that do not exist 
in naturally available media. Exotic prop-

erties of metamaterials includes negative 
permittivity, negative permeability or 
even negative permittivity and negative 
permeability simultaneously resulting in 
negative index of refraction. Such meta-
material created excitement over the past 
few years. Dr. Ramahi’s presentation 
addressed the following questions: Can 
metamaterial offer any practical implica-
tion or even application for EMI/EMC 
engineers? Can metamaterial provide 
cost-effective solutions to some of the 
severe challenges in the areas of shielding 
and filtering? In the presentation, the 
topic of metamaterials was demystified. 
Once the fundamental properties of the 
different types of metamaterials were pre-
sented, the effectiveness of such material 
in different EMI/EMC and other engi-
neering applications became clear. He 
explored some important applications of 
metamaterials in EMI/EMC applications. 
While the presentation covered the fun-

damental principles behind metamateri-
als, emphasis was placed on practical 
real-world engineering applications. The 
second presentation was titled, “What 
Causes Radiation?” Dr. Ramahi explained 
how the field of EMI/EMC shares its 
heritage with antenna and propagation 
engineers on the one hand, and physicists 
on the other. For the former group, much 
of the 20th century was spent on develop-
ing ways to predict the radiation due to 
some source through complex analytical 
and numerical schemes. Physicists, on the 
other hand, are interested in making the 
connection between the movement of the 
elementary charged particle, the electron, 
and the radiated field. Since the field of 
EMI/EMC engineering is related to a 
large degree to radiation, EMI/EMC engi-
neers would naturally be interested in the 
work of these two groups. However, EMI/
EMC engineers have keen interest in 
understanding which sources/currents are 

Attendees at the Seattle EMC Chapter meeting in March 
enjoyed seeing the DVD of EMC Society Founders sharing 
“War Stories” from the Society’s 50th Anniversary Symposium.

Dr. Omar Ramahi drew a good crowd for the Seattle EMC 
Chapter’s March meeting at Boeing.

Seattle EMC Chapter Chair, Dennis Lewis (left) of Boeing, 
showed the Chapter’s appreciation for Dr. Ramahi’s two 
excellent presentations with a gift of Starbuck’s Coffee.

Following the March meeting, Seattle Chapter officers 
stopped by the Museum of Flight to check out the space 
reserved there for the Chapter’s one day colloquium and 
exhibition on June 28.
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the ones that cause radiation; a question 
that is typically ignored by the two 
groups of physicists and propagation 
engineers. After all, if the source of radia-
tion is found, containing it becomes easi-
er than not knowing it in the first place. 
In his presentation, Dr. Ramahi explored 
the fundamental question of “what causes 
radiation” from a purely practical and 
engineering-relevant perspective. He 
showed that powerful numerical schemes, 
circuit models, and analytical techniques, 
while potentially providing elegant and 
full solution to the radiating problem, fail 
to highlight the physical phenomenon of 
interest to EMI/EMC engineers in the 
first place unless careful attention is paid 
to… the fundamental sources of radia-
tion! Following the second presentation, 
the meeting attendees were treated to an 
educational technical tour of Boeing’s 
EMC and lightning labs. Omar M. Rama-
hi is a Professor in the Electrical and 
Computer Engineering Department and 
holds the NSERC/RIM Industrial 
Research Associate Chair, University of 
Waterloo, Ontario, Canada. He holds 
cross appointments with the Department 

of Mechanical and Mechatronics Engi-
neering and the Department of Physics 
and Astronomy. He has authored and co-
authored over 200 journal and conference 
papers. He is a co-author of the book 
EMI/EMC Computational Modeling Hand-
book, 2nd Ed. (Springer-Verlag, 2001). 
Presently, he serves as an Associate Editor 
for the IEEE Transactions on Advanced 
Packaging. Professor Ramahi is an elected 
IEEE Fellow and is currently serving as 
an IEEE Electromagnetic Compatibility 
Society Distinguished Lecturer. The Seat-
tle EMC Chapter heartily recommends a 
lecture by Dr. Ramahi to other EMC 
Chapters. He is very knowledgeable and 
enthusiastic about his topics! For more 
information on the Seattle EMC Chapter’s 
quarterly activities, visit www.ieee-seat-
tle.org.

Shanghai – Welcome to the 
EMC Society’s Newest Chapter!
Hongmei Fan reports that on April 17, 
2010, at Shanghai University Yanchang 
Campus, about 20 EMC professionals 
from various countries gathered to cele-

brate the inauguration of the IEEE EMC 
Shanghai Chapter. After more than one 
year’s preparation, the Chapter finally has 
been founded. Mr. Esa Korhonen, the 
IEEE EMC Shanghai Chapter Chair, 
announced the establishment of this 
Chapter, which is composed of 12 mem-
bers from Esju, Cisco, Siemens, NXP, 
Alcatel-Lucent, Delta, Marvell, Intel, 
Jabil, Intertek, Bureau Veritas, and 
ViewTran. After his enthusiastic opening 
speech, Dr. Franz Schlagenhaufer, Senior 
Research Engineer with the Curtin Insti-
tute of Radio Astronomy at Curtin Uni-

Mr. Esa Korhonen, the IEEE EMC 
Shanghai Chapter Chair, announced 
the establishment of the Chapter.
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The Shanghai EMC Chapter inaugural event attendees included (first row from left) Xiaojun Mao, Yimin Xu, Jianhua Zhu, 
Hongmei Fan, Feihuang Hu, Dihua Shi, and Weigang Chen. Second row from left are Wei Wang, Rongzheng Zhou, Mauro Feli-
ziani, Franz Schlagenhaufer, Francesca Maradei, Esa Kornonen, Ke Zhang, Marcello D’Amore, AlessioTamburrano, and Bei Ni.

Franz Schalgenhaufer, Francesca Maradei, Bei Ni, Esa Korhonen and Hongmei Fan (from left) participated in the red 
ribbon-cutting for the IEEE EMC Shanghai Chapter inaugural meeting.
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versity of Technology, Perth, Australia, 
gave a one-hour talk on “Electromagnetic 
Fundamentals for the EMC Engineer.” 
The talk demonstrated the relationship 
between theoretical and practical aspects 
of electromagnetics, using examples from 
inductive coupling and shielding. Later 
Professor Francesca Maradei, the IEEE 
EMC Society President, introduced the 
geographical distribution of the IEEE 
Society, benefits and procedures of IEEE 
membership and provided some useful 
links of the IEEE EMC Society. When 
Francesca showed up in a wheelchair fol-
lowed by three of her Italian colleagues, 
Professor Marcello D’Amore, Professor 
Mauro Feliziani and Dr. Alessio Tambur-
rano, the whole audience was quite sur-
prised. She fell down at her hotel in 
Shanghai and injured her ankle. The 
seminar room applauded, touched by her 
professional spirit. The inauguration 
became official with a ribbon-cutting cer-
emony. The red ribbon was held by Franz 
and Hongmei Fan (the IEEE EMC Shang-

hai Chapter Co-chair), and cut by Esa and 
Francesca with ‘golden’ scissors. The two-
hour event ended with many photos being 
taken by Bin Yang. Everyone present is 
confident the Chapter will become more 
active and beneficial over time.

Singapore
Richard Gao Xianke, Chair of IEEE EMC 
Singapore Chapter, reports that their 
Chapter invited Professor Qing Huo Liu 
from Duke University, USA, for a techni-
cal speech entitled “Computational Meth-
ods for Electromagnetic and Nanodevices,” 
on January 8, 2010. The seminar attracted 
28 people, of which 15 were IEEE mem-
bers. On January 28, Professor Joungho 
Kim from KAIST, Korea, delivered a Dis-
tinguished Lecturer talk entitled, “Signal 
Integrity of TSV Based 3D IC.” The Sin-
gapore Chapter held an administrative 
meeting on February 1. Dr. Richard Gao 
Xianke, Chapter Chair, hosted the meet-
ing and all members enthusiastically dis-
cussed the Chapter Plan for 2010. Dr. 
Chua Eng Kee, Chapter Treasurer, updated 
the financial balance in 2009. The com-

mittee passionately discussed the 2010 
work plan, which includes organizing 
seminars and Distinguished Lectures, short 
courses, membership development drive, 
EMC design/project student contest, social 
activities and forming a joint EMC/PSES 
Chapter. On February 2, Professor Raj 
Mittra from Pennsylvania State University 
delivered a speech entitled, “A New Look 
at the Performance Limitation of Small 
Antennas from the Viewpoint of an Anten-
na Designer.” Chapter Chair, Dr. Richard 

Professor Joungho Kim from the 
KAIST, Korea, gave a DL talk at the 
Institute of High Performance Com-
puting of A*STAR in Singapore on  
28 January 2010.

Participants listened attentively dur-
ing Professor Kim’s DL seminar for 
the Singapore Chapter.

Professor Joungho Kim (left) appreciat-
ed a speaker gift of a tie and a T-shirt 
with IEEE and EMC Society logos pre-
sented by Dr. Richard Gao Xianke, 
chair of the Singapore EMC Chapter.

Professor Kim is shown with Singapore EMC Chapter members (from left to right): Dr. Chua Eng Kee, Dr. Zhang Yaojiang, 
Dr. Liu Enxiao, Dr. Richard Gao Xianke, Professor Joungho Kim, Dr. Erping Li, Mr. Timothy Foo, and Dr. Wei Xingchang.

Dr. Franz Schlagenhaufer of the Curtin 
Institute of Radio Astronomy at Curtin 
University of Technology, in Perth, Aus-
tralia, presented “Electromagnetic Fun-
damentals for the EMC Engineer” at 
the Shanghai Chapter meeting.
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Gao Xianke, attended the IEEE Singapore 
Section first general committee meeting at 
Suntec Singapore International Conven-
tion & Exhibition Centre on February 12. 
All committee members discussed and 
reviewed the section reports and plans for 
2010. The meeting also provided a won-
derful dinner to all of the attendees. On 
February 27, the Chapter organized the 
first social event in 2010, “Chapter Com-
mittee Gathering with Families.” The 
event was held at Singapore Flyer which 
towers 165 meters above the city and is a 
brand-new waterfront attraction like no 
other. Eight committee members with 
their families experienced the world’s larg-
est observation wheel which has unob-
structed and breathtaking views of the 
city’s night scenery. After taking in the 
sights, committee members and their fam-
ilies enjoyed a delicious seafood dinner. On 
March 10, Professor Jin-Fa Lee from the 
Ohio State University, USA, delivered a 
half-day technical workshop entitled, 

“CEM Algorithm Workshop”, at Temasek 
Laboratories, Singapore. Professor Lee pre-
sented a number of topics which included 
“Integral Equation Domain Decomposi-
tion Method (IE_DDM)”, “Randomized 
Principle Component Analysis (PCA) to 
Speed Up ML-FMM”, “Non-Conformal 
DDM with Higher Order Transmission 
Conditions and Corner Edge Penalty”, 
“Multi-region/Multi-Solver DDM with 
Touching Regions”, and “Discontinuous 
Galerkin Time Domain (DGTD) Method 
with GPU Implementation”. The work-
shop was well attended with 21 total 
attendees, 12 of which were IEEE mem-
bers. On March 25, Professor W. H. Siew 
from the University of Strathclyde, Scot-
land, delivered a technical talk entitled, 
“Large Systems EMC”, at the Institute of 
High Performance Computing of A*STAR, 
Singapore. There were a total 29 attendees, 
of which nine were IEEE members.

Southeastern Michigan
Candace Suriano and Scott Lytle report 
that on February 18, 2010, Christopher 

Semanson presented an awesome talk and 
demonstrations to the Southeastern Mich-
igan EMC Society Chapter. Chris has 
voluntarily developed a series of invalu-
able and interesting labs to complement 
Mark Steffka’s undergraduate EMC class 
at the University of Michigan-Dearborn 
using the EMC Society’s Laboratory Man-
ual. Chris first gave attendees an overall 
understanding of the labs and their utility 
to understanding EMC. He strategically 
introduced the labs so that each lab built 
on the theory learned in the previous labs. 
Next, Chris took meeting attendees to a 
room where he had all the labs set up. 
They were allowed to enjoy interacting 
with the demonstrations used in the labs. 
Chris told us stories concerning the dem-
onstrations for the labs. One of the favor-
ite stories involved Chris talking to an 
instructor that told him that his circuit 
would not work without a zero point. 
Chris had the students measure noise 
inherent to a variety of conductors. They 
were stunned that a damaged coax cable 
would generate the most noise. His stu-
dents did an amazing job on their final 
project of making a DC permanent mag-
net motor quiet. Not only did this add a 
design project for ABET accreditation; it 
was fun for the students. One student 
even shorted the line to the case, as is 

Professor Jin-Fa Lee (center) from Ohio State University, USA, delivered a half-day 
workshop in the Temasek Laboratories at NUS, Singapore, on March 16.  
Dr. Richard Gao Xianke (third from right), Chapter Chair, showed his apprecia-
tion and presented him with a T-shirt having the IEEE logo following the meeting.

Professor W. H. Siew from the Univer-
sity of Strathclyde, Scotland, gave a 
technical talk at the Institute of High 
Performance Computing of A*STAR, 
Singapore, on March 25

Christopher Semanson begins his Feb-
ruary presentation on “Practical EMC 
Laboratory Experiments” to the South-
eastern Michigan Chapter.

One of the many practical EMC labo-
ratory experiments is demonstrated at 
the February SE Michigan meeting by 
Christopher Semanson (left).

Kimball Williams, past president of 
the EMC Society, enjoys an evening of 
lab experiments at the February meet-
ing of the SE Michigan Chapter.
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done in industry. If you want a great pre-
sentation, ask Chris to come visit. Enjoy! 

Twin Cities
Dan Hoolihan, Senior Member, reports 
that a meeting of the EMC Chapter of 
the Twin Cities Section was held on April 
14, 2010. The meeting was hosted by 
Brodie Pedersen, the Chapter Chair, at 
his place of employment, Nonin Medical, 
Inc. in Plymouth, Minnesota. It was a 
noon-luncheon meeting with a guest 
speaker from Wisconsin. Dr. Robert Nel-
son from the University of Wisconsin at 
Stout spoke on “Interference from Broad-
band over Power Line (BPL) – An Over-
view of the Problem and of Attempts to 
Predict It.” Dr. Nelson gave a power-
point based presentation on his research 
efforts including the use of Electromag-
netic Transients Program (EMTP) simu-
lations and Electromagnetics Interactions 
Generalized (EIGER) simulations. He 
also explained the difference between 
Power Line Carrier transmissions (which 
operate between 20–450 kHz) and BPL 
transmissions (which operate between 
2–80 MHz).

United Kingdom and  
Republic of Ireland
Paul Duxbury, Chapter Chair, reports 
that the UK&RI Chapter held their first 
meeting of the year on March 18 in 
Nottingham, with the support of CST 
UK. The first presentation was from 
Brian Copsey looking at the implica-
tions of the reassignment of parts of the 
UHF TV band to mobile communica-
tions – the so called ‘Digital Dividend’. 
During his talk he showed the results of 
several measurements he has taken to 
assess the level of interference which 
could be caused to analogue receivers 
due to the applications proposed for this 
band. As this is a very topical issue, and 
one which has a high probability of 
causing interference issues, a lively dis-
cussion followed the presentation. 
Attendees then heard from Zaid Muhi-
Eldeen Al-Daher of Nottingham Uni-
versity on research work which they 
have been doing looking at the mea-
surement of radiated emissions from 
equipment with cables inside GTEM 
cells as well as methods for characteriz-
ing the cell. The final two talks explored 
the subject of radar cross section (RCS), 

both in terms of the modelling of RCS 
and also the results of some work look-
ing at reducing the RCS of off-shore 
wind farms. During his talk, Paul Dux-
bury of CST described how, depending 
on the electrical size of the problem 
being considered, different computa-
tional techniques can be used for mod-
elling RCS. He also included a simple 
example demonstrating how the mate-
rial properties and shape of an object 
impact on its RCS. He concluded by 
showing how the design of a lunenberg 
lens, often used on small yachts, results 
in an RCS significantly bigger than its 
physical size. For his talk, John Terry of 
Hitek Electronic Materials showed a 
video of the radar display on a boat as it 
sailed close to an off-shore wind farm. 
In the video, the interference caused by 
multiple reflections from the towers of 
the wind farm could be clearly seen 
with ghost images of the turbine towers 
appearing on the radar display. He also 
went on to discuss some of the tech-
niques which can be used to reduce both 
the RCS of the towers and the radar 
interference.
 EMC

Jessica Pedersen of Tennant Company 
is shown in the front row with Nor-
man Shpilsher of Intertek on the left 
in the second row and Yuriy Litvinov 
of Intertek on the right at the Twin 
Cities Chapter meeting.

Dr. Robert Nelson (left) and Brodie 
Pedersen, Twin Cities Chapter Chair.

Attention All Chapter Chairs!
The new Chapter Coordinator of the IEEE EMC Society is Sergio Pignari.  Please 
send all updates for new chapter chairs and their contact information to Sergio 
for updating the IEEE List-
serve.  Sergio may be reached 
at s.pignari@ieee.org.

Some of you may remember 
Sergio as he and his col-
leagues provided the answer 
to the riddle posed in the 
Summer 2009 EMC News-
letter. He is shown at right 
with his colleagues in the 
EMC group at the Politecni-
co di Milano, Department of 
Electrical Engineering. They 
are standing with the solu-
tion to the riddle – the 
“unidentified apparatus” – 
which is a dynamo, a DC 
machine used to convert 
mechanical to electrical 
power, as patented by Thom-
as A. Edison. To read the 
complete story on the dyna-
mo, see the Fall 2009 issue 
of the EMC Newsletter.

Shown with the Edison dynamo (from left) 
are Giordano Spadacini, Flavia Grassi, and 
Sergio Pignari. Sergio is the new IEEE EMC 
Chapter Coordinator.
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Completed Careers
Don Heirman, Associate Editor

Since the printing of the Winter 2010 issue of the EMC 
Newsletter, it saddens me to report that Doug Robert-
son passed away.  Many thanks to Hugh Denny who 

provided the following tribute to Doug.  
I would like to continue to solicit your support in help-

ing me receive the names of EMC Society members that have 
recently passed away. You can either forward them directly 
to your local Chapter chair, or if you don’t know who that 

is, you can forward the names to me (d.heirman@ieee.org) 
or a member of the Completed Careers Committee directly, 
including Bruce Archambeault, Don Sweeney, and Andy 
Drozd. See page 3 of this Newsletter or the EMC Society 
website (www.emcs.org) for contact information of these 
committee members.  

Thank you in advance for your assistance as we honor 
EMC Society members who have completed their careers.

Doug Robertson, age 85, completed his 
career on February 18, 2010. Born a “small 
town boy” in Crawford, Georgia in 1924, 
Doug left home in 1941 to attend radar school 
and then joined the US Army Air Forces, 
where he performed early radar research and 
repair during WWII. After the war, he 
entered Georgia Tech where he earned a 
degree in Electrical Engineering and subse-
quently joined the Engineering Experiment 
Station (EES) at Georgia Tech, which is now 
the Georgia Tech Research Institute. He 
retired from GTRI as the Director of the Elec-
tronics Technology Laboratory in 1982.

His early research was focused on deter-
mining the characteristics of crystal resonators 
and on the development of VHF crystal controlled oscillators.  
He subsequently led an effort to develop an articulation scoring 
machine for evaluating the performance of voice communication 
systems in the presence of noise and interference. He became the 
Director of the Communications Division of EES in 1962.  Under 
his leadership, electromagnetic interference research expanded 
markedly.  A program for the US Army Signal Corp developed the 
EMI measurement techniques for determining the spectrum sig-
natures of communications equipment. Initially aimed at AM and 
FM voice communications systems, follow-on efforts  expanded 

the techniques to handle PCM and micro-
wave equipment.  The results of this pro-
gram were incorporated into the original 
MIL-STD-449. Many of the measurement 
practices were later incorporated into early 
variations of the MIL-STD-460 family as 
well. Several innovations in screen room 
measurements to include hooded antenna 
and compact antennas were also developed 
during this period.  

In addition to being a charter member 
of the IRE Professional Group on Radio 
Frequency Interference, he encouraged 
and fostered staff support of IEEE EMC 
Society activities which included organiz-
ing and hosting the 1978, 1988 and 1995 

EMC Symposia in Atlanta.  His mentoring, moral and financial 
support of the EMC Society culminated in three members of his 
staff being elected to the Board of Directors (James C. Toler, Don 
Clark and Hugh Denny), two members elected as President of 
the Society (James C. Toler and Don Clark), and three GTRI 
faculty being named IEEE Fellows from the EMC Society (James 
C. Toler, Don Clark and Hugh Denny). 

The EMC Society is deeply indebted to the foresight and ef-
forts of EMC pioneers such as Doug Robertson and his peers. 
 EMC

Doug Robertson
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EMC Personality Profile
Frank Sabath, Associate Editor

Introducing Farhad Rachidi

With this personality profile I 
would like to draw your 
attention to a colleague who 

has an international professional biogra-
phy. The person I would like to introduce 
is Farhad Rachidi. In the EMC Society, 
Farhad is well known for his research 
work on lightning discharge and its elec-
tromagnetic effects. In addition to his 
research activities, he is active in several 
societies, conference committees and tech-
nical committees. Personally, I have met 
Farhad several times at conferences. In 
2008, I had the honor to serve under his 
leadership on the EUROEM 2008 com-
mittee. As I thought about the profile for 
the current issue of the EMC Newsletter, 
I thought it was time to write something 
on Farhad Rachidi. Consequently, I wrote 
an email, asking for some background 
information. I expected a personal flavor, 
but Farhad’s response surprised me. 

Farhad Rachidi was born in 1962 
in Geneva where both his parents were 
studying. At the age of three months 
his family went back to Tehran where 
he grew up. He was raised in a family 
of artists. His father is a well-known and 
respected actor and director of theater 
and cinema. Farhad’s father is still active 
and one of his last plays he directed was 
Richard III by Shakespeare. Farhad has 
also two aunts in the movie business (one 
is a director and the other is an actress) 

and his little sister is 
also a theater actress in 
Tehran. After Farhad 
got his high school di-
ploma from the French 
School, he intended to 
stay in the family busi-
ness and study art. But 
his life turned to anoth-
er direction.

Due to the Iran revo-
lution, the universities 
were closed down and 
Farhad Rachidi had ei-
ther the choice of go-
ing to military service 
or studying abroad. The Iran government 
restricted studying abroad to studies in 
engineering and medical sciences. Farhad 
made his choice and started studying elec-
trical engineering at the Swiss Federal In-
stitute of Technology (EPFL) in Lausanne. 

Since then, his life has followed the 
typical path of an electrical engineer. He 
received the M.S. degree in electrical en-
gineering and the Ph.D. degree from the 
Swiss Federal Institute of Technology 
(EPFL), Lausanne, in 1986 and 1991, re-
spectively. From 1991 to 1996, he stayed 
with the EPFL at the Power Systems Lab-
oratory and had several short stays at the 
University of Florida and the NASA Ken-
nedy Space Center. In 1997, he left Swit-
zerland and joined the Lightning Research 
Laboratory of the University of Toronto 

in Canada. From April 
1998 until September 
1999, he was with Mon-
tena EMC in Switzer-
land. Finally, he returned 
to the Swiss Federal 
Institute of Technol-
ogy (EPFL) and became 
a professor. Currently, he 
is the head of the EMC 
Group at EPFL. His re -
search interests con-
cern electromagnetic 
compatibility, lightning 
electromagnetics and 
electromagnetic field in-

teractions with transmission lines. 
Farhad Rachidi is actively involved in 

the organization of various International 
Symposia in the field of Electromag-
netic Compatibility and Lightning as a 
member of the Scientific Committees as 
well as Organization Committees. For 
instance, in 2008 he served as Chairman 
of the 2008 European Electromagnetics 
International Symposium (EUROEM 
2008), Lausanne, Switzerland. Since June 
2008, he has served as the President of 
the International Conference on Light-
ning Protection (ICLP).

He is also active in research groups 
and scientific communities. He is a Fel-
low member of the IEEE and a member 
of various IEEE, CIGRE and CIRED 
working groups dealing with lightning. 

Farhad Rachidi

Farhad Rachidi with his wife at the EUROEM 2008  
cocktail party.

Farhad blowing an alp horn at the banquet of the EURO-
EM 2008 conference.
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Currently, he is the convener of the joint 
CIGRE-CIRED Working Group “Pro-
tection of MV and LV Networks against 
Lightning” as well as the chairman of the 
IEEE EMC Society Technical Committee 
TC5 on lightning. Farhad was the Vice-
Chair of the European COST Action P18 
“The Physics of Lightning Flash and its 
Effects” (2005–2009), Associate Editor of 
the IEEE Transactions on Electromagnet-
ic Compatibility, Deputy Editor-in-Chief 
of the Journal of Lightning Research, Co-
Editor of the Open Atmospheric Science 
Journal, member of the Editorial Board 
of Book Series on Advances in Electrical 
and Electronic Engineering, Wessex In-
stitute of Technology (WIT) Press, mem-
ber of the Editorial Board of Book Series 
on Lightning and its Effects, Elsevier 
Press, and member of the Electromagnet-
ics Academy. 

He is the author or coauthor of over 
300 scientific papers published in re-
viewed journals and presented at interna-
tional conferences. He was also the guest 
co-editor of the IEEE Transactions on 
Electromagnetic Compatibility (2009) 
special issue on lightning, of the Journal 
of Electrostatics (2004 and 2006), and 
special reporter for CIGRE (2004).

Due to his research achievements 
and scientific activities, Farhad Rachidi 
has been the recipient of several awards. 
For example, in 2005 the IEEE EMC 
Society presented him with the Techni-
cal Achievement Award for outstand-
ing contributions to the understanding 
of lightning discharge and its electro-
magnetic effects. He was also awarded 
the 2005 Technical Committee Award 
of the CIGRE (International Council 
on Large Electric Systems). In 2006, 
the Summa Foundation elected him as 
EMP Fellow and the French Association 

of Electrical Engineering, Electronics, 
Information Technology and Commu-
nication (SEE) awarded Farhad with the 
2006 Blondel Medal. 

On the personal side, Farhad has been 
married for over 20 years. Farhad and his 
wife met in Lausanne when they were 
both students. His wife studied French 
literature and linguistics. 

In addition to his work as an engineer, 
Farhad continues to appreciate art, espe-

cially the theater and movies. With his 
friend and colleague, Professor Marcos 
Rubinstein, he has made a few short mov-
ies for his Ph.D. students. Two movies 
are published on YouTube and they have 
received very nice comments. They illus-
trate the (hard) times of Ph.D. students. 
(The links are: http://www. youtube.com/
watch?v=zbaO8cWSvV8 and http://
www.youtube.com/watch?v=K5JaitjQM
ws&feature=related) EMC
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EMC Society History
Daniel D. Hoolihan, Associate Editor, History Committee Chair

Introduction to History Section 
For the Spring 2010 Newsletter of the EMC Society, we have 
three historically-oriented articles.

The first is the standard “50-25-10 Years Ago” article 
which looks at Newsletter information from 50 years ago, 25 
years ago, and 10 years ago. Once again, this issue is marked 
by having two Newsletters in the Spring time-frame in 1960; 
fifty years ago. 

The second article deals with a visit by the author of this 
section to a Communications Museum in Tokyo, Japan. The 
article is complete with pictures of the interesting radio 

equipment, transmitter hardware and vacuum tube museum.  
The EMC Society and the IEEE should start to develop such 
an impressive museum!

The third article looks at a continuing part of the EMC 
Newsletter titled “EMC Personality Profiles.” This part of 
the Newsletter has been around for over 36 years and is still 
going strong.  It was pioneered by Bill Duff and it continues 
under Bill and another Associate Editor, Frank Sabath.

Enjoy the history, both modern and ancient, of the EMC 
Society!

 EMC

April and May – 1960 – Two newsletters were 
published by the Institute of Radio Engineers 
(IRE) Professional Group on Radio Frequency 
Interference (PGRFI) in the second quarter of 
1960. The IRE Professional Group on RFI was the 
forerunner to the IEEE EMC Society.
Newsletter Number 10 was released in April of 1960. The 
cover page article was about the Second National Symposium 
on Radio Frequency Interference which was held June 13–14, 
1960 in Washington, DC.  The Chair of the Sponsoring Com-
mittee was James S. Hill from Jansky and Bailey and the Vice-
Chair was Herman Garlan of the United States Federal 
Communications Commission. The Advance Registration Fee 
was $2 for PGRFI members, $3 for IRE members, and $5 for 
non-members.

Newsletter Number 11 was printed in May of 1960. Its cov-
er page was also focused on the Second National Symposium on 
RFI. The Keynote Speaker on the first day was R. Randall from 
OSD-DDR&E who spoke on “Getting on Top of the Nation’s 
RFI Prediction and Measurement Efforts.”  The Chairmen of 
the three technical sections included Ralph Showers from the 
University of Pennsylvania, O. Salati from the University of 
Pennsylvania, and J. Egli from Fort Monmouth, New Jersey. 

Papers in the Showers section included “Characteristics 
Needed for RFI Prediction” by Donald R. J. White, “The 
 Jansky and Bailey Computer Simulation Model” by D. Ports, 
“The American Machine and Foundry Computer Simulation 
Model” by W. G. James, and “The GE Computer Simulation 
Model” by J. Lambert.

Papers in the Salati section included “Antenna Patterns” by 
E. Jacobs, “Aerial Pattern Measurements” by A. Albin, “Com-
munications Transmitter and Receiver Spectral Signature” by 

C. Blakely, “Radar Transmitter and Receiver Spectral Signa-
tures” by H. Sacks, and “Strong Signal Receiver Problems” by 
D. McClenon.

The Third Section, chaired by J. Egli, included “The Army’s 
Electromagnetic Environmental Test Facility” by J. Homsy, 
“Making RFI Predictions in the Field” by J. McShulskis, “Re-
ducing Interference to C-E Systems Through Standardization” 
by Major L. Yarbrough, “Designing RFI Reduction into Equip-
ments” by R. Keith and C. R. Billheimer, “Propagation Phe-
nomena” by H. Reed, and “Signal Acceptability Criteria” by 
R. Schwartz.

A field trip to the FCC Lab near Laurel, Maryland was part 
of the Second National Symposium. 

New books advertised in the Newsletter included “Cir-
cuit Theory of Linear Noisy Networks” by Hermann A. Haus 
and Richard B. Adler; “Principles and Applications of Ran-
dom Noise Theory” by Julius Bendat; and “Noise in Electron 
 Devices” by Louis D. Smullin and Hermann A. Haus.

A Note from the Editor (Rexford Daniels) said: “To those of us 
who have been in interference control work for many years, we have 
found that there is no substitute for knowing our “opposite num-
bers” in the various military and government departments who 
are charged with the preservation of the electromagnetic spectrum 
for the good of the country. This Symposium offers every member 
of PGRFI a unique opportunity to meet those in Washington who 
can help them in their problems, or can refer them to others nearer 
home who can also be of help. The Committee is well aware of 
the many and diverse interests of many who will be attending the 
Symposium and is making an effort to see that all questions can 
be answered. Your editor cannot urge you too strongly to attend 
this Symposium and meet the people in the government who can 
be continually of value to you in your work.”

EMC Society Newsletter Review –  
50–25–10 Years Ago
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Twenty-Five Years Ago – Issue  
No. 125 – Spring – 1985
The headlines of the Newsletter covered two topics: Nomina-
tions for Board of Directors and the 1985 IEEE International 
Symposium on EMC.

Nominations for the election of the EMC Society Board of 
Directors were being accepted by William G. Duff, Nomina-
tion Chairman. A petition form, including a biographical sum-
mary, had to be received by June 1, 1985. The Biographical 
Summary was not to exceed one-half typewritten page, contain-
ing the following: Education History, Work History, Technical 
Committee Service, and IEEE/EMC Membership.

The 1985 IEEE International Symposium on EMC was 
held August 20–22, 1985 at the Colonial Hilton in Wake-
field, Massachusetts. The symposium’s theme was “EMC – A 
Universal Goal.” The theme was chosen to stress the need for 
engineers of all disciplines to be concerned about EMC. The 
General Chairman was Chester (Chet) L. Smith and the Reg-
istration Chairman was Arthur Murphy.

The Newsletter from 1985 also included a Point and Coun-
terpoint article by Anthony (Tony) Zimbalatti; a Chapter Chat-
ter column by Charles F. W. Anderson, Book Reviews by Jim 
Hill, and EMC Abstracts by Melvin J. Johnson. The Editor was 
Robert Goldblum.

Ten Years Ago – Issue No. 185 – Spring – 2000
The cover of the Newsletter was shared by an article by Dan 
Hoolihan on “Mutual Recognition Agreements for Conformity 
Assessment: What are They?” and a picture of Art Wall of the 
FCC at an ANSI-ASC C63® committee meeting on EMC. 

The President’s message, by Joe Butler, was keyed to “Run-
ning on Electromagnetic Energy.” The Chapter Chatter column 
was written by Associate Editor Todd “Story Teller” Hubing. 
An important article on the Chapter Coordinators Retreat Re-
port was written by Henry Benitez. The Conference he attended 
was sponsored by the IEEE Technical Activities Board and IEEE 
Societies and the primary purpose was to get a status report of 
the current Society/Chapter relationship and share ideas on how 
we can improve them. The theme for the conference was “Im-
proving Chapter Relations: Key to Society Success.”

Colin Brench wrote a guest article on “TC-9 Computational 
EMC.” It addressed the Annual Applied Computational Elec-
tromagnetics Society (ACES) conference which draws computa-
tional electromagnetics enthusiasts from academia, government 
and industry. Bob Rothenburg, Associate Editor on Practical 
Papers, Articles, and Application Notes, published two articles 
in his column. The first one was by Stephane Laik on “Radio 
Disturbance Measurement and its Uncertainties” and the sec-
ond was by George Kunkel on “Penetration of Electromagnetic 
Fields through Shielding Barrier Material.”

Norm Violette, an Associate Editor for Book Reviews, re-
viewed a book by Reinaldo Perez titled “Wireless Communi-
cations Design Handbook Aspects of Noise, Interference, and 
Environmental Concerns – Volume 3: Interference into Cir-
cuits.” Don Heirman, Associate Editor for EMC Standards Ac-
tivity, had a column on the latest in EMC Standards. David Case, 
Associate Editor, wrote an article on “Inter-Society Activities.” 

Bill Duff, Associate Editor for Personality Profile, wrote an article 
on Marcello D’Amore. EMC Abstracts were presented by Osamu 
Fujiwara, Associate Editor. The Editor was Janet O’Neil. EMC
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Introduction
While on a business trip to Taiwan, I managed to squeeze an 
extra day into the trip for a stop in Tokyo. Takeo Yoshino, a 
long-time IEEE EMC Society Board member, had invited me 
to tour the Museum of Communications located in Chofu-shi 
and I decided to take him up on the offer.  Takeo is the Honor-
ary Chief Curator of the Museum. The tour was very interesting 
and the museum was populated with historically-significant 
artifacts. I hope you enjoy the pictures and the following 
description of my visit to the Museum.

Saturday, March 27, 2010
Takeo picked me up from my Tokyo hotel at about 1:00 pm on 
Saturday, March 27, and drove me to the University of Electro-
Communications in Chofu-shi, Tokyo, Japan where the Muse-
um of Communications is located. The main entrance of the 
Museum is shown below.

I was met at the Museum by three of Yoshino-san’s asso-
ciates; Takahiro Yukawa (Professor, Director of the University 
Library), Hisashi Ohtsuka (Researcher, UEC Communication 
Museum), and Masatomo Tanaka (Researcher of Historical 
 Museum).

We enjoyed some green tea and conversation in the meeting 
room of the Museum before the start of the tour. The picture 
below shows Takahiro Yukawa, on the left, then Mr. Hoolihan, 
Takeo Yoshino, and, on the far right, Hisashi Ohtsuka.

We then began the tour of the Museum of Communications. 
The Museum is located in a two-story building; it is 52 meters 
long and varies in width between 8 and 12 meters. It has a total 
of 1070 square meters of space with a little over one-half of that 
being devoted to Exhibition Floor Space (558 m2). A layout of 
the Museum is shown on the following page.

We started the first floor tour with a tour of Room 1 which 
is devoted to the “Transition to Wireless Apparatus” which 
includes transmitters, receivers, radio navigation aids, TV 

 transmitters, transceivers for microwave relays, and a model of a 
traditional radio station on board a ship. It includes both com-
mercial and military radio equipment.

Room 2 is located on the second floor of the Museum. It is 
devoted to vintage radio receivers – both Japanese and Ameri-
can. It has traditional audio-visual equipment as well as some 
of the first computers. Audio and video recording machinery is 
also displayed. One of the more unique artifacts was a model of 
a Thomas Edison record player (which they played for me) with 
the original “cylindrical” records and a black 30dB-gain horn 
speaker. See the picture on page 31 for an insight into Room 2 
and the Edison record player.

Room 3 has many radio receivers, both American and Japa-
nese and both commercial and military style. One of the more 
famous receivers is a Hallicrafter Skydiver Diversity DD-1 
equipped with an anti-fading function. Room 4 is adjacent to 
Room 3 and contains a remote sensing device called the GMS 
“Himawari” signal processing system. A picture of some of the 
radio receivers in Room 3 is shown on page 31.

Room 5 in the Museum is devoted to the origin of the Uni-
versity of Electro-Communications; the training of ship-based 
technicians with high-speed Morse code communication skills. 

Vacuum tubes of all sorts are found in Room 6. Everything 
from vacuum tubes by Thomas Edison and Nikola Tesla to 
modern-day vacuum tubes including a small vacuum tube from 
a Soviet MIG-29. The tubes were used in receivers, transmit-
ters, rectifiers, Cathode Ray Tubes, iconoscopes, and image or-
thicons and many other uses. Tubes to generate and amplify 
microwaves were also on view. 

One of the unique vacuum tube display cases was only par-
tially populated. It is waiting for a special vacuum tube from 
Sweden. It is custom-built with extra thick display glass and 
the lower-half of the case is a solidly-built metal case mounted 
on sturdy rollers. (Just in case an earthquake hits the Museum, 
the case will roll gently back and forth on its rollers and protect 
the valuable vacuum tubes.)

A Visit to the Museum of  
Communications in Tokyo, Japan
Daniel D. Hoolihan, Associate Editor
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The room full of vacuum tubes is worth a visit to the Mu-
seum to all of us who remember the days “before the invention 
of the transistor!”

The picture below shows some of the vacuum tubes on dis-
play in Room 6 of the Museum.

Room 7 in the Museum is dedicated to early University of Elec-
tro-Communication research into Nuclear Magnetic Resonance 
(NMR), Electron Spin Resonance, and radio-calibrated clocks. 

It should be noted that the Entrance Hall to the Museum also 
contains examples of radio apparatus on board the  INMARSAT 
ship earth station, a Narrowband Direct Printing System, an 
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Emergency Position Indicating Radio Beacon for maritime dis-
tress, and Safety Systems (GMDSS).

Conclusion
The Museum of Communications of the University of Elec-
tro-Communications is a Radio Frequency dreamland for 

engineers and other technically-oriented people. It is stocked 
with examples of early (vintage) radios and transmitters for 
radios and TVs. The vacuum tube collection is unique and 
growing. I recommend visitors to Tokyo take the time to 
visit this wonderful Museum and see mankind’s use of radio 
signals over the last 100 years.
 EMC

Introduction
One of the most consistent and popular articles in the EMC 
Society Newsletter has been the feature titled “EMC Personal-
ity Profile.” This feature was first seen in Newsletter #82 in the 
Summer of 1974, when Leonard William Thomas, Sr. was pro-
filed. The Associate Editor who did the profile was William R. 
(Bill) Duff who is still the Associate Editor for this popular 
item in the Newsletter. In the spring of 2005, Bill started get-
ting some help on “EMC Personalities” from another Associate 
Editor, Frank Sabath, who is based in Germany.  Frank concen-
trates on profiling EMC Society members outside the US, while 
Bill concentrates on profiling US-based members.

The Early Years
The first “EMC Personality Profile” was introduced with a 
minimum of fanfare; it showed up in Issue #82 with a suitable 
picture centered on the page with two stars to its right and two 
stars to its left. The article was four paragraphs long and sum-
marized Leonard Thomas’ career, his contributions to the EMC 
Society, and a few notes on his personal life.

This set the pattern for the next 134 EMC Personality Pro-
files over a period of 36 years.

The first ten EMC Personality Profiles, in addition to Mr. 
Thomas, included the historically-famous personalities of 
James S. Hill, J. Paul Georgi, William (Bill) C. Green, Joseph 
J. (Navy Joe) Fisher, Jacqueline (Jackie) Ruth Janoski, Heinz 
M. Schlicke, Aaron H. (Sully) Sullivan, Jr., Robert (Bob) D. 
Goldblum, and John J. O’Neil. 

Other interesting facts about the EMC Personality Profiles 
from a historical perspective:

Twelve women have been honored with their EMC Person-
ality Profiles including both female presidents, Jackie Janoski 
and Francesca Maradei. The other women included Terry Can-
tine, Penny Caran, Merri Jo Gamble, L. Gilda Haskins, Irina 
Kasperovich, Janet Nichols O’Neil, Vesna Roje, Maria Sabrina 
Sarto, Dawn Trout, and Charlotte Tyson.

A number of people have been EMC Personality Pro-
filed twice; this distinguished group includes John Duncan 
 McMillan Osburn (#173 – Spring – 1977 and #208 –Winter 
– 2006), Bernhard Keiser (#104 – Winter – 1980 and #127 
– Spring – 1988), Antonio Orlandi (#180 – Winter – 1999 
and #212 – Winter – 2007), Andrew S. Podgorski (#154 – 
Summer – 1992 and #212 – Winter – 2007), Robert Gold-
blum (#93 – Spring – 1979 and #204 – Winter – 2005), 
Andy Drozd (#181 – Spring – 1999 and #193 – Spring – 
2002) and Heyno Garbe (#202 – Summer – 2004 and #208 –  
Winter – 2006).

Frank Sabath has done 10 EMC Personality Profiles in his 
short tenure; Bill Duff has done the remaining 124 over a pe-
riod of 36 years; quite a feat of longevity coupled with excep-
tional performance. Congratulations, Bill!

The following table lists the EMC Personality Profiles 
over the last 36 years; it is alphabetized by the family 
name of the honoree.  If your name is not on the list, 
contact Bill or Frank and plead your case for a future spot 
in the popular “EMC Personality Profile” feature of the 
EMC Newsletter.

EMC Personality Profiles –  
A Historical Review
Daniel D. Hoolihan, Associate Editor

19 109 Spring – 1981 Allen, Carl Carson Bill Duff

129 221 Spring – 2009 Antonini, Giulio Frank Sabath

107 208 Winter – 2006 Archambeault, Bruce Bill Duff

113 211 Fall – 2006 Backstrom, Mats Frank Sabath

14 100 Winter – 1979 Bridges, Jack E. Bill Duff

21 111 Fall – 1981 Bronaugh, Edwin (Ed) L. Bill Duff

87 191 Fall – 2001 Bush, Donald (Don) R. Bill Duff

60 159 Fall – 1993 Caine, Stephen Bill Duff

The AlphAbeTicAl lisTing of eMc personAliTy profiles
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114 212 Winter – 2007 Canavero, Flavio Bill Duff

30 126 Summer – 1985 Cantine, Terry Bill Duff

91 194 Summer – 2002 Capraro, Gerry Bill Duff

74 178 Summer – 1998 Caran, Penny Bill Duff

32 129 Spring – 1986 Carlson, B. Leonard (Len) Bill Duff

39 136 Winter – 1988 Carstensen, Russell (Russ) V. Bill Duff

103 205 Spring – 2005 Catrysse, Johann Frank Sabath

85 189 Spring – 2001 Celozzi, Salvatore Bill Duff

35 132 Winter – 1987 Clark, Donald (Don) E. Bill Duff

84 188 Winter – 2001 Cohen, Lawrence (Larry) Bill Duff

72 176 Winter – 1998 Cory, William Eugene (Gene) Bill Duff

63 164 Winter – 1995 Costache, George Bill Duff

46 143 Fall – 1989 Crawford, Myron (Mike) L. Bill Duff

81 185 Spring – 2000 D’Amore, Marcello Bill Duff

37 134 Summer – 1987 Dash, Glen Bill Duff

94 196 Winter – 2003 Dawson, John Lawrence Bill Duff

18 105 Spring – 1980 Doeppner, Thomas W. Bill Duff

115 212 Winter – 2007 Drewniak, James L. Bill Duff

77 181 Spring – 1999 Drozd, Andrew (Andy) Bill Duff

89 193 Spring – 2002 Drozd, Andrew (Andy) Bill Duff

5 88 Winter – 1976 Fisher, Joseph  J. (Navy Joe) Bill Duff

98 200 Winter – 2004 Ford, Richard (Dick) Bill Duff

105 206 Summer – 2005 Gamble, Merri Jo Bill Duff

104 206 Summer – 2005 Gamble, William (Bill) Bill Duff

100 202 Summer – 2004 Garbe, Heyno Bill Duff

109 208 Winter – 2006 Garbe, Heyno Bill Duff

64 167 Fall – 1995 Gavan, Jacob (Jacque) Bill Duff

3 85 Spring – 1975 Georgi, J. Paul Bill Duff

53 150 Summer – 1991 Gerke, Daryl Bill Duff

124 218 Summer – 2008 Giri, D. V. Bill Duff

65 168 Winter – 1996 Gjertson, William (Bill) Bill Duff

102 204 Winter – 2005 Goldblum, Robert (Bob) D. Bill Duff

9 93 Spring – 1977 Goldblum, Robert (Bob) D. Bill Duff

57 155 Fall – 1992 Green, D. R. Martin Bill Duff

4 87 Fall – 1975 Green, William (Bill) C. Bill Duff

22 112 Winter – 1982 Hagn, George H. Bill Duff

26 120 Winter – 1984 Haislmaier, Robert J. Bill Duff

66 169 Spring – 1996 Hantulla, David (Dave) Bill Duff

28 122 Summer – 1984 Haskins, L. Gilda Bill Duff

68 171 Fall – 1996 Hatfield, Micheal (Mike) Bill Duff

134 224 Winter – 2010 Heather, Fred Bill Duff

12 98 Summer – 1978 Heirman, Donald (Don) N. Bill Duff

16 102 Summer – 1979 Herring, Thomas M. Bill Duff

2 83 Fall – 1974 Hill, James S. Bill Duff

125 218 Summer – 2008 Hoeft, Lothar (Bud) O. Bill Duff

43 140 Winter – 1989 Hofmann, H. Robert (Bob) Bill Duff

97 199 Fall – 2003 Howard, John Bill Duff
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108 208 Winter – 2006 Hubing, Todd Bill Duff

101 203 Fall – 2004 Hughes, Douglas J. Bill Duff

93 195 Fall – 2002 Hurst, William (Bill) Bill Duff

6 90 Summer – 1976 Janoski, Jacqueline (Jackie) Ruth Bill Duff

120 214 Summer – 2007 Jerse, Thomas (Tom) Bill Duff

82 186 Summer – 2000 Joffe, Elya Bernard Bill Duff

27 121 Spring – 1984 Johnson, Melvin J. Bill Duff

122 216 Winter – 2008 Kasperovich, Irina Bill Duff

49 146 Summer – 1990 Kavelak, George Bill Duff

106 207 Fall – 2005 Kebel, Robert Frank Sabath

17 104 Winter – 1980 Keiser, Bernhard E. Bill Duff

40 137 Spring – 1988 Keiser, Bernhard E. Bill Duff

45 142 Summer – 1989 Kelleher, John (Jack) J. Bill Duff

13 99 Fall – 1978 Kesselman, Warren A. Bill Duff

67 170 Summer – 1996 Kimmel, William (Bill) Bill Duff

62 162 Summer – 1994 Klouda, Raymond (Ray) Bill Duff

31 128 Winter – 1986 Knapp, Julius P. Bill Duff

130 222 Summer – 2009 Knighten, James (Jim) Bill Duff

25 115 Fall – 1982 Knowles, Eugene (Gene) D. Bill Duff

90 193 Spring – 2002 Kontorovitch, Valeri Ya Bill Duff

41 138 Summer – 1988 Kunkel, George Bill Duff

58 156 Winter – 1993 Lauber, Wilfred R. Bill Duff

119 213 Spring – 2007 Leferink, Frank Frank Sabath

88 192 Winter – 2002 Lenzi, William (Bill) Bill Duff

126 218 Summer – 2008 Li, Erping Bill Duff

96 198 Summer – 2003 Light, Arthur (Art) H. Bill Duff

38 135 Fall – 1987 Ma, Mark Bill Duff

51 148 Winter – 1991 Magyar, Ernest (Ernie) Bill Duff

121 215 Fall – 2007 Maradei, Francesca Frank Sabath

34 131 Fall – 1986 Mardiguian, Michel Bill Duff

111 209 Spring – 2006 Marvin, Andrew C. Frank Sabath

48 145 Spring – 1990 Mayher, Robert (Bob) Bill Duff

33 130 Summer – 1986 Mertel, Herbert (Herb) K. Bill Duff

80 184 Winter – 2000 Montrose, Mark Bill Duff

83 187 Fall – 2000 Nadeau, Benoit Bill Duff

24 114 Summer – 1982 Nalbandian, Andrew (Andy) Bill Duff

95 197 Spring – 2003 Norgard, John Bill Duff

44 141 Spring – 1989 O’Neil, Janet  Nichols Bill Duff

10 94 Summer – 1977 O’Neil, John J. Bill Duff

76 180 Winter – 1999 Orlandi, Antonio Bill Duff

116 212 Winter – 2007 Orlandi, Antonio Bill Duff

110 208 Winter – 2006 Osburn, John Duncan McMillan Bill Duff

70 173 Spring – 1997 Osburn, John Duncan McMillan Bill Duff

61 160 Winter – 1994 Parker, William (Bill) H. Bill Duff

36 133 Spring – 1987 Paul, Clayton R. Bill Duff

112 210 Summer – 2006 Perini, Jose Bill Duff

117 212 Winter – 2007 Podgorski, Andrew S. Bill Duff
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56 154 Summer – 1992 Podgorski, Andrew S. Bill Duff

55 152 Winter – 1992 Poggi, Walter Bill Duff

131 222 Summer – 2009 Radasky, William (Bill) A. Bill Duff

132 222 Summer – 2009 Ramahi, Omar M. Bill Duff

50 147 Fall – 1990 Rashid, Abdul Bill Duff

52 149 Spring – 1991 Richman, Peter Bill Duff

127 219 Fall – 2008 Roje, Vesna Frank Sabath

99 201 Spring – 2004 Sabath, Frank Bill Duff 

71 175 Fall – 1997 Sarto, Maria Sabrina Bill Duff

7 91 Fall – 1976 Schlicke, Heinz M. Bill Duff

128 220 Winter – 2009 Scully, Robert (Bob) Bill Duff

15 101 Spring – 1979 Showers, Ralph M. Bill Duff

69 172 Winter – 1997 Siarkiewicz, Kenneth Bill Duff

29 124 Winter – 1985 Smith, Chester (Chet) L. Bill Duff

86 190 Summer – 2001 Soohoo, Kwok Bill Duff

42 139 Fall – 1988 Southwick, Roger Bill Duff

8 92 Winter – 1977 Sullivan, Jr., Aaron H. (Sully) Bill Duff

20 110 Summer – 1981 Taggart, Harold (Bud) E. Bill Duff

23 113 Spring – 1982 Taylor, Ralph E. Bill Duff

123 217 Spring – 2008 Ter Haseborg, Jan Luiken Frank Sabath

1 82 Summer – 1974 Thomas, Sr., Leonard William Bill Duff

118 212 Winter – 2007 Tokuda, Masmitsu Bill Duff

78 182 Summer – 1999 Trout, Dawn Bill Duff

54 151 Fall – 1991 Tsaliovich, Anatoly Bill Duff

47 144 Winter – 1990 Tyson, Charlotte Bill Duff

92 194 Summer – 2002 Van Doren, Thomas (Tom) Bill Duff

73 177 Spring – 1998 Wallen, Barry Bill Duff

11 95 Fall – 1977 White, Donald R. J. Bill Duff

133 223 Fall – 2009 Wilson, Perry F. Frank Sabath

75 179 Fall – 1998 Windell, John Bill Duff

79 183 Fall - 1999 Yoshino, Takeo Bill Duff

59 157 Spring – 1993 Zoellner, J. Arthur (Art) Bill Duff

Back by Popular Demand! 
Clayton R. Paul Returns to Atlanta, Georgia 

Friday, October 15, 2010
“Signal and Power Integrity, Partial Inductance, and Pspice”

Sponsored by the Atlanta IEEE EMC Chapter
For more information: Contact Scott Proffitt, Atlanta EMC Chapter Chair

Phone: 770.831.8048
Email: sproffitt@acstestlab.com
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EMC EUROPE 2010 WROCLAW
thThe 9  International Symposium on EMC and

ththe 20  International Wroclaw Symposium on EMC

organized jointly on September 13-17, 2010, Wroclaw, Poland

EMC Section of Electronics and 
Telecommunications Committee 
of Polish Academy of Science

Conference Chair
T. W. Wieckowski, PL (Chairman)

International Steering Committee (ISC) 
J.L. ter Haseborg, D (Chairman)

H. Garbe D (Vice-Chairman)

International Steering Committee (ISC) 
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M. d'Amore, I F. Silva, E
M. Feliziani, I J.L. ter Haseborg, D
J. Catrysse, B N. Uzunoglo, Gr
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G. Cerri, I F. Leferink, NL
C. Christopoulos, GB A. Marvin, GB
P. Degauque, F G. Peres, F
H. Garbe, D M. Ramdani (F) 
E. Joffe, Is E. Rodriguez, E
W. John, D S. Sarto, I
Z. Joskiewicz, PL F. Sabath, D
A. Karwowski, PL J. Welinder, SE

Local Organizing Committee (LOC)
T. W. Wieckowski (Chairman)
Z. M. Joskiewicz (Executive Vice-Chairman)
A. Karwowski (Program Responsibility)
R. Zielinski  (Workshops and Tutorials)
J. Janiszewski (Sponsoring)
A. Kozlowska (Exhibition, Secretary and 

Reception Desk Coordinator)
A. Florek (Exhibition)
B. Andrasz (Secretariat)
R. Struzak (Adviser)
K. Aniserowicz, A. Kucharski, W. Moron

Organizers: 

Technical Co-sponsor:

 

Sponsors:

     

Contact:
EMC EUROPE 2010 WROCLAW 

Wroclaw University of Technology
Institute of Telecommunications, 
Teleinformatics and Acoustics
Wybrze¿e Wyspiañskiego 27 
50-370 Wroc³aw, POLAND

Phones:+48 71 3204582 (Secretariat)

+48 71 3204352 (payments,registrations, 
                                                                    hotel reservations)

Fax:   +48 71 3223473

e-mail:

Internet: 

emceurope@pwr.wroc.pl
secretary@emc.wroc.pl

www.emceurope.eu/2010
www.emceurope.org/2010

We cordially invite you to attend the EMC Europe 2010 Wroclaw - the joint International 
Symposia on EMC organized under the auspices of

 Dr  Hamadoun I. Touré  - Secretary-General of the International 
                                        Telecommunication Union

The EMC Europe 2010 Wroclaw will continue the tradition of the oldest regular European 
Symposia on Electromagnetic Compatibility conducted in Wroclaw (Poland) since 1972 as 
well as tradition of European Symposia organized since 1994 in Rome, Brugge, Sorrento, 
Eindhoven, Barcelona and Hamburg. EMC Europe 2010 Wroclaw will be the biggest 
international EMC symposium organized in the European Community in 2010. During this 

thevent we will celebrate 20  edition of the Wroclaw International Symposium on 
Electromagnetic Compatibility.

The Symposium will be hosted and organized by the Wroclaw University of Technology 
(WrUT) in a 750 years old town of Wroclaw, Poland, a friendly European city with dozens of 
historical and cultural places. The EMC Europe 2010 Wroclaw symposium will take place on 
the main campus of the Wroclaw University of Technology, located in the Wroclaw city center.

Special sessions, workshops, tutorials and EMC experiments 
th thWorkshops and tutorials will be organized on 13  and 17  September 2010. EMC 

thexperiments and measurement techniques will be presented on 15  September after lunch. 
Special session on „Spectrum management” is organized by URSI Commission E WG1 on 

th14  September 2010. The panel on Efficient Use of the Spectrum/Orbit Resource as well as 
workshop on the ITU IMT-Advanced Evaluation Process, Implementation of ITU GE06 
Agreement for Digital Broadcasting, and ITU WRC-12 Preparatory Activities  is organized 

thby ITU on 15   September 2010,

Young Scientists' Programme
High Intensity Radiated Field - Synthetic Environment (HIRF-SE) project funded by EU FP7 
is offering a Young Scientists' Programme (YSP) on EMC in Aerospace Systems. Young 
practitioners, Graduate Students and Senior Undergraduate Students are invited to 
participate in this two day event hosted by EMC Europe 2010 Wroclaw on the 13   and 14    
September 2010. Lectures are presented by experienced industrialists and academics 
working on the HIRF-SE project. The presentations cover a wide variety of topics in 
Aerospace EMC and are aimed at encouraging young scientists and engineers to consider 
making a career in the field. 

 Exhibition 
Traditionally, the Symposium will be accompanied by technical exhibition on EMC and 
RF/microwave measurements and instrumentation (September 14-16, 2010). We also 
invite manufacturers and distributors of EMC-related equipment and tools, measurement 
and EMC test systems, protecting device and components, microwave instrumentation, 
electromagnetic analysis and synthesis software.

th th

Participation
Do not hesitate to join EMC EUROPE 2010 in Wroclaw and taste the unique and 
unforgettable atmosphere of this event. Please use on-line conference systemfor 
registration and hotel reservation   (http://www.emceurope.org/2010/conftool/).

We are looking forward to meeting you in Wroclaw

Additional and detailed information is available on the website:      
                         or     www.emceurope.org/2010 www.emceurope.eu/2010

37



38

EMCABS
EMC Abstracts 
Osamu Fujiwara, Associate Editor

EMCABS Committee
Bob Hunter, Consultant 
r.d.hunter@ieee.org
Sha Fei, EMC Research Section, Northern Jiatong  
University, Beijing, China
emclab@center.njtu.edu.cn
Ferdy Mayer, 7, rue Paul Barruel, F-75015 Paris, France
ferdymayer@free.fr
Maria Sabrina Sarto, Department of Electrical Engineering, 
University of Rome, Italy
sarto@elettrica.ing.uniroma1.it

“How Can I Get a Copy  
of an Abstracted Article?”
Engineering college/university libraries, public libraries, com-
pany or corporate libraries, National Technical Information 
Services (NTIS), or the Defense Technical Information Center 
(DTIC) are all possible sources for copies of abstracted articles 

or 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 publica-
tions which were being listed in data files. Therefore, addi-
tional 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

Good friends gathered at the welcome reception held at the North Star Continental Grand Hotel in Beijing, China 
on Monday, April 12, including (from left) Professor Osamu Fujiwara of the Nagoya Institute of Technology in 
Nagoya, Japan; Professor Jinliang He of the Tsinghua University in Beijing, China; and Takeo Yoshino, Emeritus 
Professor of the University of Electro-Communications in Tokyo, Japan.  Professor He was the Symposium President 
of the successful Asia Pacific EMC (APEMC) conference held at the Beijing International Conference Center from 
April 12-16, 2010.
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EMCABS: 01-05-2010

STATISTICAL CHARACTERIZATION OF THE ELECTRO-
MAGNETIC ENVIRONMENT IN A HOSPITAL
+, ++ Javier Ferrer Coll, + Juan José Choquehuanca, + José 
Chilo and +, +++ Peter Stenumgaard
+ Center for RF Measurement Technology, University of Gävle 
SE-80176 Gävle, Sweden
++ School of Information and Communication Technology – 
KTH Royal Institute of Technology SE-16440 Kista, Sweden
+++ Swedish Defence Research Agency P.O. Box 1165, SE-58111, 
Sweden
javier.ferrer@hig.se
tet07jca@student.hig.se
jco@hig.se
peter.stenumgaard@foi.se
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 293-296.
Abstract: Thanks to advances in digital technology, many hospi-
tals are becoming populated with wireless medical applications 
to control life critical functions. Electromagnetic interference 
can cause severe performance degradations on these wireless 
applications. Several accidents have been reported which calls for 
a more thorough characterization of these interferences in areas 
where critical wireless applications are used. In this paper, the 
results of electromagnetic interference measurements performed 
in a hospital are presented. The amplitude probability distribu-
tion (APD) and the inter arrival pulse probability distribution 
(PSD) are used to characterize these environments. In addition, 
Middleton parameters can be calculated from the measured 
data. This study is considered to be a first effort to characterize 
the 20 MHz-2500 MHz band in hospitals.
Index terms: Hospital, wireless medical applications, electromag-
netic interference, APD, PSD.

EMCABS: 02-05-2010

A DESIGNATED CLOCK GENERATION AND DISTRI-
BUTION (DCGD) CHIP SCHEME FOR SUBSTRATE 
NOISE-FREE 3-D STACKED SIP DESIGN
+ Woojin Lee, ++ Chunghyun Ryu, + Jeonghyeon Cho, + 
Eakhwan Song, and + Joungho Kim
+ Dept. of EECS, KAIST, Korea, Terahertz Interconnection and 
Package Lab., Dept. of EECS, KAIST, 373-1 Guseong, Yuseong, 
Daejeon 305-701, Republic of Korea
++ Samsung Electronics, Korea, Flash Solution Team, Memory 
Division, Samsung Electronics,
Hwasung, Gyeonggi-do 445-701, Republic of Korea
ajin@eeinfo.kaist.ac.kr
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010,  Beijing, 
China, pp. 338-341.
Abstract: In this paper, we propose a new designated clock 
generation and distribution (DCGD) chip scheme to offer 
extremely low jitter clock delivery. The proposed scheme is 
especially suitable for 3-D multi-stack SiP applications. Con-
siderably enhanced timing jitter performance of the proposed 
scheme is enabled by the help of sufficiently improved simul-

taneous switching noise (SSN) isolation from the digital 
blocks and by lowered inductive parasitics of the clock distri-
bution networks. Substantial suppression of the timing jitter 
under a severe SSN environment was well proved through a 
series of design, fabrication, and a measurement process of test 
devices and packages.
Index terms: Simultaneous switching noise, SiP design, timing 
jitter.

EMCABS: 03-05-2010

CALIBRATION MEASUREMENT SETUP FOR BAND-SE-
LECTIVE PERSONAL ExPOSURE METERS
+ Oliver Lauer, + Hansruedi Benedickter, ++ Georg Neubauer, 
+++ Martin Röösli and + Jürg Fröhlich
+ Laboratory for Electromagnetic Fields and Microwave Elec-
tronics, Swiss Federal Institute of Technology, Zurich, Switzer-
land
++ Seibersdorf Labor GmbH, Seibersdorf, Austria
+++ Institute of Social and Preventive Medicine, University 
Basel, Switzerland
lauero@ifh.ee.ethz.ch
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 385-388.
Abstract: In this paper a calibration measurement setup for 
band-selective personal exposure meters is presented. The 
equipment and the methods of the measurement procedure 
are described together with the uncertainty assessment of the 
measurement equipment, the calibration and the measure-
ment procedure. The average measurement error for the refer-
ence measurement is ±0.32 dB, while the expanded uncer-
tainty with a confidence interval of 95% is calculated to 2.5 
dB. Furthermore, a straight forward calibration method is 
described and tested using the EME SPY 120 device from 
antennas. Up to seven different measurements must be per-
formed for a full characterization of personal exposure meters. 
The presented measurement setup leads to a higher accuracy 
of the calibration and the achieved results will allow for an 
improved exposure assessment in experimental and epidemio-
logical studies.
Index terms: Exposure assessment, band-selective personal expo-
sure meters, calibration measurement setup.

EMCABS: 04-05-2010

EFFECT OF THE SHAPES OF METAL ELECTRODES ON 
ESD CURRENT AND RADIATION NOISE
Takahiro Yoshida, Hiroshi Yoshihara, Kentaro Kawasaki, 
Noriaki Masui
Department of Electrical Engineering, Tokyo University of Sci-
ence 1-14-6 Kudankita, Chiyoda-ku, Tokyo, 102-0073, Japan
yoshida@ee.kagu.tus.ac.jp
masuil@bee.ee.kagu.tus.ac.jp
masui@ee.kagu.tus.ac.jp
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010,  Beijing, 
China, pp. 441-444.
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Abstract: In this study, we measure the discharge current and the 
radiation noise of ESD from charged metal to investigate the 
effect of the shapes of the metal electrodes. The ESD in this 
study is approaching and gaseous discharge with gap control. 
The radius of curvature of the high voltage (±6kV) electrode is 
10 types varying from 0.18 mm to 15 mm. From experimental 
results, it is found that the radius of curvature of the electrode 
affects the shape of discharge current, the gap length of dis-
charge inception, and their radiation noise, even if the applied 
voltage is the same.  When the radius is bigger, the gap length 
is narrower and the wave-front of the current is impulsive and 
the radiation noise is strong. When the radius is smaller, the gap 
length is wider and the wave-front of the current is moderate.
Index terms: Charged metal, ESD current, radiation noise, met-
al-shape effect.

EMCABS: 05-05-2010

REVERBERATION CHAMBER FIELD MODELING FOR 
APPLICATION TO THE SOURCE STIRRING TECH-
NIQUE
G. Cerri, V. Mariani Primiani, P. Russo
Dipartimento di Ingegneria Biomedica, Elettronica e Telecomu-
nicazioni (DIBET) Università Politecnica delle Marche, Italy, 
Via Brecce Bianche – 60131 Ancona
g.cerri@univpm.it
v.mariani@univpm.it
paola.russo@univpm.it
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 548-551.
Abstract: The paper describes an analytical model applied to study-
ing the behavior of an antenna moving inside a resonant cavity. It is 
the basic step to develop a source stirring mode reverberation cham-
ber (RC). The model is able to account for the different coupling of 
the source with the many cavity modes. The results obtained for a 
simple dipole are used to design an array of 50 dipoles, whose gen-
erated electromagnetic field shows good statistics when checked by 
the CDF and by means of a polar plot diagram. The antenna array 
allows using a fixed source for the chamber. Finally, the paper pres-
ents how to practically fabricate a well working array using broad-
band antennas, more suitable for actual RC applications.
Index terms: Reverberation chamber, cavity mode, source stirring 
technique.

EMCABS: 06-05-2010

IN-SITU EMC TESTING USING SURFACE CURRENT 
SENSE WIRES
+ Mart Coenen, ++ Tim Maas, +++ Yili Hu and ++++ Arthur 
van Roermund
+ EMCMCC bv, Eindhoven, the Netherlands
++ ASML bv, Veldhoven, the Netherlands
+++ Student Eindhoven University of Technology, the Nether-
lands
++++ Eindhoven University of Technology, the Netherlands
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 598-601.

Abstract: In-situ EMC testing is - for large fixed systems and 
installations within the scope of the European EMC Direc-
tive - not a primary requirement other than unintended RF 
emissions may not affect intended radio frequency communi-
cation services, like the requirements of IEC/EN 55011 out-
side the end-user’s premises. Whatever happens on the prem-
ises of the industrial end-user is a matter of negotiations and 
agreements between the various system suppliers and the 
end-user, in particular when EMC is lacking between two or 
more (sub-) systems installed. A formal standardized method 
for verification is IEC CISPR/TR 16-2-5 Ed. 1.0, but one of 
the root problems is the usage of a common EMC measure-
ment antenna nearby a conductive object, when performing 
in-situ EMC investigations, which remains doubtful. In a 
pan-European TEMCA-2 (ended 2007) project, several inves-
tigations have been carried out which have not (yet) resulted 
in a standardized test method, but their results have been 
reported at several international symposia. In this paper, part 
of an adapted in-situ measurement approach is presented 
which minimizes the interaction with the local EM-environ-
ment even further by using surface current sense wires. This 
new test method has already been submitted as a NP to the 
international standardization bodies concerned.
Index terms: EMC measurement, in-situ testing, surface current.

EMCABS: 07-05-2010

STUDY OF SUSCEPTIBILITY OF AN MCU CONTROL 
SYSTEM IN THE AUTOMOTIVE FIELD
Fayu Wan, Fabrice Duval, xavier Savatier, Anne Louis and 
Mazari Belahcene
IRSEEM/ESIGELEC Technopôle du Madrillet, Avenue Galilée 
– 76801 Saint Etienne du Rouvray - France
fayu.wan@esigelec.fr
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 622–625.
Abstract: This paper introduces a technique to detect the EMI 
environment of MCU relying on itself. The measurement 
setup is explained in detail. Furthermore, based on measure-
ment, an output signal data library and susceptibility results 
are achieved. Finally, we present a technique which can detect 
disturbance and PMS (program multi-switching) system 
which can increase the reliability of MCU control DC Motor 
system and guarantee system speed. The final objective of the 
work is to develop a software technique to increase the reli-
ability of the MCU system in the automotive field.
Index terms: Automotive field, MCU control system, susceptibil-
ity, EMI detection technique.
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Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 630-633.
Abstract: This paper presents an efficient algorithm for simula-
tion of long multiconductor transmission lines (MTL) subject to 
incident electromagnetic fields. The new method combines the 
merits of the recently developed delay extraction based passive 
macro model (DEPACT) for modeling of long delay intercon-
nects and waveform relaxation via transverse partitioning. The 
proposed algorithm is also suitable for parallel implementation, 
which enables it to exploit the emerging multi-core/multipro-
cessor computing platforms.
Index terms: Multi-conductor transmission lines, EMI analysis, 
delay extraction based passive macro model, simulation algo-
rithm.
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COMMON-MODE INTERFERENCE SUPPRESSOR FOR 
CHOPPER CIRCUIT BASED ON NEGATIVE CAPACI-
TANCE: APPLICATIONS AND IMPROVEMENTS
Anqi Hu, Weiming Ma, Jin Meng and Zhihua Zhao
Research Institute of Power Electronic Technology, Naval Uni-
versity of Engineering Wuhan 430033, Hubei Province, China
angelwho@hotmail.com
Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 649-652.
Abstract: In this paper, the common-
mode interference of a typical buck 
chopper circuit is studied, and it is 
shown that the parasitic capacitance 
between the IGBT module and the 
ground dominates the level of the inter-
ference. To eliminate the parasitic capac-
itance and suppress the interference, a 
common-mode interference suppressor is 
introduced, which is based on negative 
capacitance techniques. Simulation and 
experimental results indicate the valida-
tion and limitation of this suppressor. 
Finally, some measures are discussed to 
overcome the shortcomings and improve 
the performance.
Index terms: Buck chopper circuit, com-
mon-mode interference, suppressor 
based on negative capacitance.
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Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 699-702.
Abstract: This paper analyzes the electromagnetic disturbances 
in the driving system of a fuel cell bus. First, the distribution 
of the disturbance source in the driving system surveyed by 
measurements is introduced. Then, the characteristics of the 
conductive emission are presented. Based on the multiconduc-
tor transmission line model, the paper analyzes the electro-
magnetic conductive interference in the driving system. 
Finally, measures to restrain the disturbance propagation are 
also discussed.
Index terms: Electromagnetic disturbance, fuel cell bus, multi-
conductor transmission line.
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Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 1094-1097.
Abstract: The paper presents a generalized protocol to test and 
verify the reported results of EMI effects between RFID scanners 
and wearable infusion pumps. In addition, the protocol was cre-
ated to more precisely evaluate the amount of interaction between 
RFID and medical devices, and identify those factors which had 
a significant influence on the level of interaction. Experimental 
EMI testing was conducted between three wearable infusion 
pumps and two RFIDs; no interference was observed.

Index terms: RFIDs, infusion pumps, electromagnetic interac-
tion, in vitro protocol.
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FDTD CALCULATION OF LIGHTNING-INDUCED VOLT-
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Proceedings of the 2010 Asia-Pacific International Symposium 
on Electromagnetic Compatibility, April 12–16, 2010, Beijing, 
China, pp. 1327-1330.
Abstract: We have calculated lightning-induced voltages on a 
680-m long overhead two-wire line using the finite-difference 
time-domain (FDTD) method for solving Maxwell’s equations. 
The FDTD method employed here uses a three-dimensional 
non-uniform grid, which is fine (cell side length is 0.875 m) in 
the vicinity of overhead wires and coarse (maximum cell side 
length is 7 m) in the rest of the space. The overhead wires hav-
ing radii of several millimeters are simulated by placing a wire 
having an equivalent radius of about 0.2 m (< 0.23 × 0.875 m) 
in the center of an artificial rectangular prism having a cross-
sectional area of (2 × 0.875 m) × (2 × 0.875 m) and the modi-
fied electrical constants: low permittivity and high permeabil-
ity. The induced voltage waveform, calculated for the condition 
that the return-stroke wave-front speed is 130 m/μs, the 
ground conductivity is 3.5 mS/m, and the grounding resistance 
ranges from 30 to 75 V, agrees well with the corresponding 
waveform measured by Barker et al. in a rocket-triggered light-
ning experiment.
Index terms: Overhead two-wire distribution line, lightning 
induced voltages, FDTD calculation, three-dimensional non-
uniform grid.
 EMC

The IEEE Technology Management Council provides tools to
enhance your career and organizational effectiveness. We can
keep you current with managerial, business, and entrepreneurial
thinking whether you are an executive, an aspiring manager,
a technical professional, or student.

Visit  www.ieee.org/tmc
to join your colleagues today!

Francesca Maradei
IEEE EMC Society President (2010-2011)

IEEE TECHNOLOGY MANAGEMENT COUNCIL



43



44 ©2010 IEEE

Practical Papers, Articles  
and Application Notes
Flavio Canavero, Technical Editor

This issue features another outstanding contribution 
belonging to the “Education Corner” series. The first 
article is entitled “A Brief SPICE (Pspice) Tutorial” 

and is authored by Professor Clayton R. Paul, who presents 
a concise and practical summary of the most popular electric 
circuit analysis computer program. Professor Paul’s intent is 
to suggest the use of SPICE as a standard tool to study cir-
cuit-modelled EMC problems, as one uses the calculator to 
evaluate mathematical expressions. This paper is derived by 
a repeated presentation on the subject by Professor Paul at 
the Global EMC University, a presentation that always 
received the highest appreciation of the attendees. Readers 
with a limited SPICE familiarity may try to reproduce the 
various examples of this tutorial and acquire, through them, 
the necessary skills to comfortably use this tool for their 
future circuit simulations.

The second article is an interesting contribution on 
 Supplement #1 of the Guide of Uncertainty in Measurements 
(GUM) and its application to EMC measurements, by Dr. 
Carlo F. M. Carobbi of Florence University in Italy. After hav-
ing discussed the use of dBs to express electrical quantities 
commonly employed in practice and the statistics of dB-relat-
ed uncertainties, Dr. Carobbi in this second paper points out 
the fundamental limitations of the GUM  uncertainty 

approach, and discusses the conditions for application of the 
numerical procedure described by GUM Supplement #1. 
Operators of EMC tests, required to determine the uncer-
tainty budget of their measurements, will undoubtedly ben-
efit from this explanation of the GUM Supplement.

The third paper is entitled “Lightning-generated 
Fields in Reinforced Concrete Buildings” by Michel 
Mardiguian, a French EMC expert and consultant. This 
contribution describes the results of extensive studies, 
models and validation of the amplitudes of the residual 
fields inside a one-story building struck by lightning, 
for different locations of lightning impacts. The author 
points out that formulas for magnetic field attenuation 
found in the relevant IEC documents are questionable, 
under certain conditions. 

In conclusion, I encourage (as always) all readers to 
actively participate to this column, either by submitting 
manuscripts they deem appropriate, or by nominating 
other authors having something exciting to share with the 
Community. I will follow up on all suggestions, and with 
the help of independent reviewers, I truly hope to be able 
to provide a great variety of enjoyable and instructive 
papers. Please communicate with me, preferably by email 
at canavero@ieee.org.

Abstract—A brief but sufficient tutorial on the use of 
SPICE or its personal computer version, Pspice, in solving 
lumped-circuit models of EMC problems is given. All 
electrical engineers and especially EMC engineers should 
develop a working knowledge of the use of Pspice and 
should use it as frequently as they use their common cal-
culators in solving electric-circuit models of everyday 
EMC problems.
This is a brief summary of the SPICE, or its personal computer 
version Pspice, electric circuit analysis program. SPICE is an 
acronym for Simulation Program with Integrated-Circuit 
Emphasis. The original SPICE computer program was devel-
oped to analyze complex electric circuits, and particularly inte-
grated circuits. It was developed at the University of California 
at Berkeley in the late 1960’s. Since it was developed under 
U.S. government funding, it is not proprietary and can be 
freely copied, used and distributed. This was written for use on 
large mainframe computers of the time. In the early 1980’s the 
MicroSim Corporation developed a personal computer version 

of SPICE called Pspice. A number of important modifications 
were made particularly in the plotting of data via the .PROBE 
function. Since then a number of commercial firms have modi-
fied and developed their own PC versions. But essentially the 
core engine is that of the original SPICE code. The MicroSim 
version of Pspice, version 8, was acquired by Cadence Design 
Systems. Theirs is version 10.0 called OrCAD Capture which 
also contains the primary simulation code Pspice A/D. A win-
dows based version is available free from www.cadence.com. 
The OrCAD Capture program was originally called Schematic 
in the MicroSim version and contains a number of enhance-
ments. A number of books [1–5] detail the use of SPICE and 
Pspice. Both the MicroSim version 8 and the OrCAD version 
10 are contained in a CD at the end of textbooks [6–7].

There are two methods of entering and executing a Pspice 
program. The first method is the Direct Method described here 
where one enters the program code using an ASCII text edi-
tor (supplied with Pspice). Note: SPICE and Pspice make no 
distinction between lower case and upper case letters. Then 

A Brief SPice (Pspice) Tutorial
Clayton R. Paul, Mercer University, Macon, GA (USA), paul_cr@mercer.edu
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this text file is run using the Pspice A/D section of the pro-
gram and the output is examined with the text editor. The 
second method is the Schematic Method (now called Capture) 
where the user “draws” the circuit diagram directly on the 
screen and then executes that program. The Direct Method is 
generally the most rapid method of solving relatively simple 
problems. The Schematic (Capture) Method has the advan-
tage of visually seeing whether the circuit components are 
connected as intended for more complex circuits but is a bit 
more time consuming to setup than the Direct Method for 
most simple EMC problems since numerous windows and 
drop down menus must be navigated in the Schematic or 
Capture method.

Once the Pspice program has been installed on your com-
puter, the following is a description of how you can input your 
program, run it, and examine the output. Although there are 
several ways of doing this, the simplest is to use the Design 
Manager. To load this you click or select the following in this 
sequence.
1) Start
2) Programs
3) MicroSim Eval 8
4) Design Manager
The Direct Method is to simply type in the Pspice program 
using the TextEdit feature. To enter this and prepare the pro-
gram we select the following in this sequence.
1) TextEdit (lower button on the vertical toolbar on the left)
2) Type the program
3) Save the program as XXX.cir or XXX.in and close it
4) Select Pspice A/D (second button on the vertical toolbar on 

the left)
5) Click on File, Open and select the previously stored file. The 

program will automatically run and the output will be stored 
in file XXX.out.

6) Click on File, Run Probe in order to plot waveforms or File, 
Examine Output in order to examine the printed output.

7) Alternatively you could recall the TextEdit progam and select 
File, Open, XXX.out to examine the printed output which is 
self explanatory.

i. creating the SPice or Pspice Program
SPICE and Pspice write the node-voltage equations of an elec-
tric circuit [1]. One node, the reference node for the node volt-
ages, is designated the zero (0) node. All circuits must contain 
a zero node. The other nodes in the circuit are labeled with 
numbers or letters. For example, a node may be labeled 23 or it 
may be labeled FRED. The voltages with respect to the refer-
ence node are positive at the node and denoted as V(N1), 
V(N2), etc. as shown in Fig. 1. The general structure of any 
SPICE or Pspice program is as follows:
 1. Title

 2.•Circuit Description

 3. Execution Statements
 4. Output Statements
 5. END
The first line of the SPICE program is the Title and is not pro-
cessed by SPICE. It is simply written on the output and any 
plots. A comment line is started with an asterisk (*) and is also 

not processed by the program. A line may be continued with a 
plus sign (1) at the beginning of the following line. The next 
set of lines, Circuit Description, describes the circuit elements 
and their values and tells SPICE how they are connected 
together to form the circuit. The next set of lines are the Execu-
tion Statements that tell SPICE what type of analysis is to be 
run: dc analysis (.DC), sinusoidal steady state or phasor analysis 
(.AC), or the full time-domain analysis consisting of the tran-
sient and steady state solution (.TRAN). The next set of state-
ments, Output Statements, tell SPICE what outputs are 
desired. The results can be printed to a file with the .PRINT 
statement or can be plotted with the .PROBE feature. And 
finally, all programs must end with the .END statement. Actu-
ally the above items 2–4 can appear in any order in the program 
but the program must begin with a Title statement and end 
with the .END statement.

ii. circuit Description
The basic elements and their SPICE descriptions are shown in 
Fig. 2. Fig. 2(a) shows the independent voltage source. It is 
named starting with the letter V and then any other letters. For 
example, a voltage source might be called VFRED. It is con-
nected between nodes N1 and N2. It is very important to note 
that the source is assumed positive at the first-named node. The cur-
rent through the voltage source is designated as I(VXXX) and 
is assumed to flow from the first-named node to the last-named 
node. The source type can be either dc for which we append the 
terms DC magnitude, or a sinusoid, to which we append the 
terms AC magnitude phase (degrees). A time-domain waveform is 
described by several functions which we will describe later, and 
these descriptions are appended (without the word TRAN). 
The independent current source is shown in Fig. 2(b). Its name 
starts with the letter I followed by any other letters. For exam-
ple a current source might be designated as ISAD. The current 
of the source is assumed to flow from the first-named node to the last-
named node. The types of source waveforms are the same as for 
the voltage source.

The resistor is shown in Fig. 2(c) and its name starts with 
the letter R, e.g., RHAPPY. The current through the resistor is 
designated as I(RXXX) and is assumed to flow from the first-
named node to the last-named node. SPICE does not allow ele-
ments with zero values. Hence a resistor whose value is 0 ohms 
(a short circuit) may be represented as having a value of 1E-8 or 
any other suitably small value. Similarly, an open circuit may 
be designated as a resistor having a value of 1E8 or any other 
suitably large value. Every node must have at least two elements 

Element
N1 N2

V(N1, N2)

V(N1) V(N2)

0

++

+ –

––

Fig. 1. Node voltage and element voltage notation in the 
SPICE (PSPICE) circuit analysis program.
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connected to it. Also SPICE requires that every node must have 
a dc path to ground (the zero (0) node). Placing a large resistor, 
e.g. 1MEG Ohm, between such nodes fixes this problem.

The inductor is shown in Fig. 2(d) and is designated with 
the letter L, e.g., LTOM. The current through the inductor as 
well as the initial inductor current at t 5 01, I(0), is assumed 
to flow from the first-named node to the last-named node. The 
initial condition can be specified at the end of the statement 
with IC=I(0). The capacitor is shown in Fig. 2(e) and is desig-
nated with the letter C, e.g., CME. The initial voltage across 
the capacitor at t 5 01, V(0), can be specified at the end of the 
statement with IC 5 V 10 2 , and this voltage is assumed to be 
positive at the first-named node.

All numerical values can be specified in powers of ten and 
written in exponential format, e.g., 2 3 1025 5 2E 2 5, or by 
using standard multipliers using standard  engineering  notation:

For example, 1 megohm is written as 1MEG, 1 kiloohm is 
written as 1K, 3 millihenries is written as 3M, 5 microfarads is 

written as 5U, 2 nanohenries is writ-
ten as 2N, and 7 picofarads is writ-
ten as 7P. A 3 farad capacitor should 
not be written as 3F since F stands 
for femto 5 10215.

The four types of controlled 
sources, G,E,F,H, are shown in Fig. 
3 along with their descriptions. The 
polarities of voltage and the currents 
through the elements conform to 
the previous rules governing these 
in terms of the first- and last-named 
nodes on their description state-
ments. For a current-controlled 
source, F or H, the controlling cur-
rent must be through an independent 
voltage source. Often we insert a 0 V 
source to sample the current. Some 
recent versions of Pspice allow the 
specification of the current through 
any element as a controlling current. 
But it is always a simple matter to 
insert a zero-volt voltage source.

Figure 4 shows how to specify 
mutual inductance. First the self 
inductances that are coupled are 
specified as before. The mutual in-
ductance is specified in terms of its 
coupling coefficient:

k 5
M

"L1L2

In order to keep the polarities 
correct, define the self inductances 
so that the dots are on the first-
named nodes when the two induc-
tors are defined; otherwise a negative 
coupling coefficient may need to be 
specified.

Figure 5 shows the last important 
element, the transmission line (loss-
less), that is used extensively in Signal 
Integrity analyses. This gives the exact 
solution of the transmission-line equa-
tions for a lossless line. There are many 

LXXX

I(0) = IC

optional

IC = I(0)valueN2N1LXXX

µ

IXXX
µ

descriptionwaveformTRAN

phasemagAC

magDC

N1N2IXXX

(NOTE : The direction of the current is from the first-named node
to the last-named node.)

RXXX

I(RXXX)
valueN2N1RXXX

(NOTE : The current through the resistor is from the first-named
node to the last-named node.)

(a)

(b)

(c)

(d)

(e)

VXXX

I(VXXX)
N2N1VXXX µ

descriptionwaveformTRAN

phasemagAC

magDC

(NOTE : The + of the voltage source is on the first-named node end,
and the current through it is from the first-named node to the
last-named node.) 

+
–

valueN2N1CXXX
V(0) = ICCXXX

optional

IC = V(0)

µ

+

–

N1

N2

N1

N2

N1

N2

N1

N2

N1

N2

Fig. 2. Coding convention for (a) the independent voltage source, (b) the independent 
current source, (c) the resistor, (d) the inductor, and (e) the capacitor.

Multiplier SPICE Symbol

109 (giga) G

106 (mega) MEG

103 (kilo) K

10–3 (milli) M

10–6 (micro) U

10–9 (nano) N

10–12 (pico) P
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ways to specify the important parameters for the (lossless) line but 
the one shown in the figure is the most widely used; specify the 
characteristic impedance of the line and the line’s one-way time 
delay. Alternatively you can create a lumped RLCG approximate 
model of a lossy line using lumped-circuit elements [6, 7]. But the 
per-unit-length parameters of resistance R and conductance G in 
that model must be constants although these are, in reality fre-
quency dependent which is not readily handled in an exact solution 
of the transmission-line equations [6–7].

Figure 6 shows how to specify the important time-domain 
waveforms. Figure 6(a) shows the PWL (piecewise-linear) 
waveform where straight lines are drawn between pairs of 
points that are specified by their time location and their value. 
Observe that the function holds the last specified value, V4 
in the figure. Figure 6(b) shows the periodic pulse waveform, 
PULSE, that is used to specify periodic clock or other tim-
ing waveforms. The function specifies a trapezoidal waveform 

that repeats periodically with period PER (the reciprocal is 
the fundamental frequency of the waveform). Note that the 
pulse width, PW, is not specified between the 50% points of 
the pulse as is the usual convention.

The sinusoidal function is specified by

SIN(Vo Va [[Freq [[Td [[Df [[Phase]]]]]]]])

which gives the waveform

x 1 t 2 5

Vo 1 Vasina2paFreq 1 time 2 Td 2 1
Phase

360
bbe2 1time2Td2Df

Brackets around items signify that they are optional. Hence to 
specify the general sinusoidal waveform

x 1 t 2 5 Asin 1nv0t 1 u2

where v0 5 2p f0 and f0 5 1
@PER is the frequency of the sinu-

soid we would write
SIN 10  A  nf0  0  0  u 2

iii. execution Statements
There are three types of solutions: dc, sinusoidal steady state or 
phasor, and the full time-domain solution (so-called transient 

(a)

n

m

vx � vx

γmn  N2N1GXXX

+

–

n

m

ix

VXXX � ix

σVXXXN2N1FXXX

(c)

+
–

vx
� vx

n

m

αmn  N2N1EXXX

(b)

+

–

+
–

n

m

ix

VXXX � ix

βVXXXN2N1HXXX

(d)

+
– +

–

N1

N2

N1

N2

N1

N2

N1

N2

Fig. 3. Coding convention for (a) the voltage-controlled cur-
rent source, (b) the voltage-controlled voltage source, (c) the 
current-controlled current source, (d) the current-controlled 
voltage source.

m

n

o

p

M

L2L1

M
coupling coefficient =

coupling coefficientL2L1KXXX

valuepoL2

n valuemL1

L1 L2

Fig. 4. Coding convention for mutual inductance between 
two coupled inductors.

N1

N2

M1

M2

ZC, TD

TD = TDZ0 = ZCM2M1N2N1TXXX

Fig. 5. Coding convention for the two-conductor, lossless 
transmission line.
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although it contains both the transient and the steady-state 
parts of the solution).

The dc solution is specified by

.DC V,IXXX start_value end_value increment

where V,IXXX is the name of a dc voltage or current source in 
the circuit whose value is to swept. For example to sweep the 
value of a dc voltage source VFRED from 1 V to 10 V in incre-
ments of 2 V and solve the circuit for each of these source values 
we would write

.DC VFRED 1 10 2

If no sweeping of any source is desired then simply choose one dc 
source in the circuit and iterate its value from the actual value to 
the actual value and use any nonzero increment. For example,

.DC VFRED 5 5 1

The sinusoidal steady-state or phasor solution is specified by

.AC {LIN,DEC,OCT} points start_ frequency end_ frequency

LIN denotes a linear frequency sweep from start_  frequency to 
end_ frequency and points is the total number of frequency 
points. DEC denotes a log sweep of the frequency where the 
frequency is swept logarithmically from the start_  frequency 

to the end_ frequency and points is the number of frequency 
points per decade. OCT is a log sweep by octaves where 
points is the number of frequency points per octave.

The time-domain solution is obtained by specifying

.TRAN print_step end_time [no_ print_time] [step_ceiling] [UIC]

SPICE solves the time-domain differential equations of the 
circuit by discretizing the time variable into increments of 
Dt and solving the equations in a boot-strapping manner. 
The differential equations of the circuit are first solved at 
t 5 0 Then that solution is used to give the solution at t 5 Dt. 
These prior time solutions are then used to give the solution 
at t 5 2Dt and so on. The first item, print_step, governs when 
an output is requested. Suppose the discretization used in the 
solution is every 2ms. We might not want to see (in the out-
put generated by the .PRINT statement) an output at every 
2ms but only every 5ms. Hence we might set the print_step 
time as 5M. The end_time is the final time that the solution 
is obtained for. The remaining parameters are optional. The 
analysis always starts at t 5 0. But we may not wish to see a 
printout of the solution (in the output generated by the 
.PRINT statement) until after some time has elapsed. If so 
we would set the no_ print_time to that starting time. SPICE 
and Pspice have a very sophisticated algorithm for determin-
ing the minimum step size, Dt, for discretization of the dif-
ferential equations in order to get a valid solution. The 
default maximum step size is end_time/50. However, there are 
many cases where we want the step size to be smaller than 
what SPICE would allow in order to increase the accuracy of 
the solution or to increase the resolution of the solution 
waveforms. This is frequently the case when we use SPICE in 
the analysis of transmission lines where abrupt waveform 
transitions are occurring at every one-way time delay. The 
step_ceiling is the maximum time step size, Dt 0 max, that will 
be used in discretizing the differential equations as described 

timet1 t2 t3 t4
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V4

PWL (0 0 t1 V1 t2 V2 t3 V3 t4 V4)

Pulse (V1 V2 TD TR TF PW PER)

(a)

time

PER
TD TR PW TF

V1

V2

(b)

Fig. 6. Coding convention for the important source wave-
forms: (a) the piecewise-linear waveform and (b) the pulse 
source waveform (periodic).
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 previously. Although this gives longer run times, there are 
cases where we need to do this to generate the required accu-
racy. The last item UIC means that SPICE is to use the initial 
capacitor voltage or inductor current specified on the ele-
ment specifications with the IC 5 command. In a transient 
analysis, SPICE will compute the initial conditions at t 5 01. 
If some other initial conditions are required, then we should 
set these on the capacitor or inductor specifications with the 
IC 5 command and specify UIC on the .TRAN statement. 
For example,

.TRAN 0.5N 20N 0 0.01N

would command SPICE to do a full time-domain (transient plus 
steady state) analysis for times from 0 to 20 ns, print out a solution 
at every 0.5 ns, start printing to the output file at t 5 0, and use a 
time discretization time step no larger than 0.01 ns.

iV. Output Statements
The output statements are either for printing to a file with the 
.PRINT statement or producing a plotted graph of any wave-
form with the .PROBE statement. The .PRINT statement has 
three forms depending on the type of analysis being run. For a 
DC analysis

.PRINT DC V(X) I(R)

prints the dc solution for the voltage of node X with respect to 
the reference node, and I(R) prints the dc solution for current 
through resistor R (defined from the first-named node to the 
last-named node on the specification statement for resistor R). 
For a sinusoidal steady-state analysis (phasor solution):

.PRINT AC VM(NI) VP(NI) IM(RFRED) IP(RFRED)

prints the magnitude and phase of node voltages and currents 
where the magnitude and phase of the node voltage at node NI 
are VM(NI) and VP(NI), respectively. For the currents through 
a resistor RFRED, the magnitude is IM(RFRED) and the phase 
is IP(RFRED). For the time-domain or so-called transient 
analysis the print statement is

.PRINT TRAN V(NI) I(RFRED)

prints the solutions at all solution time points (specified on the 
.TRAN line) for the voltage at node NI with respect to the 
reference node, and the current through resistor RFRED 
(defined from the first-named node to the last-named node on 
the specification statement for resistor RFRED).

In addition, the .FOUR statement computes the expansion 
coefficients for the Fourier series (magnitude and phase), cn/cn:

.FOUR f0 [output_variable(s)]

The .FOUR command can only be used in a .TRAN analysis. 
The fundamental frequency of the periodic waveform to be ana-
lyzed is denoted as f0 5 1/T where T is the period of the wave-
form. The output_variable(s) are the desired voltage or current 
waveforms to be analyzed, e.g., V(2), I(R1). The phase results 
are with reference to a sine form of the series:

x 1t2 5 c0 1 a
`

n51

cn sin 1nv0t 1/cn 2

There is an important consideration in using the .FOUR com-
mand. The portion of the waveform that is analyzed to give 
the Fourier expansion coefficients is the last portion of the 
solution time of length one period 1

@f0
5 T. In other words, 

SPICE determines the coefficients from the waveform between 
end_time–[1/f

0
] and end_time. Hence, end_time on the .TRAN 

command should be at least one period long. In situations 
where the solution has a transient portion at the beginning of 
the solution interval and we want to determine the Fourier 
coefficients for the steady-state solution, we would run the 
analysis for several periods to insure that the solution has got-
ten into steady state. For example consider an input signal 
that is periodic with a period of 2 ns or a fundamental fre-
quency of 500 MHz. An output voltage at node 4 would also 
have this periodicity but would have a transient period of at 
least five time constants. Suppose the maximum time con-
stant of the circuit is 4 ns. Then we would set the end time to 
20 ns or more in order to get into the steady state region of 
the solution at the end of the solution. The following com-
mands would be used to obtain the Fourier coefficients of the 
steady-state response of the node voltage at node 4:

.TRAN 0.1N 20N

.FOUR 500MEG V(4)

This would compute the solution for the voltage waveform at 
node 4 from t 5 0 to t 5 20 ns. Since the period (the inverse of 
500 MHz) is specified as 2 ns, the portion of the waveform from 
18 ns to 20 ns would be used to compute the Fourier coeffi-
cients for the waveform. If we wanted to compute the Fourier 
coefficients for the initial part of the waveform including the 
transient, we would specify

.TRAN 0.1N 2N

which would run for only one period. There is a FFT button on 
the tool bar that can compute the Fast Fourier Transform of the 
waveform. Essentially this valuable feature can turn Pspice into 
a “poor man’s spectrum analyzer”.

All printed output are directed to a file named XXXX.OUT 
if the input file is named XXXX.IN or XXXX.CIR. Plotting 
waveforms is the greatest enhancement of Pspice over the orig-
inal SPICE. This is invoked by simply placing the .PROBE 
statement in the program list. No additional parameters are re-
quired. Pspice stores all variables at all solution time points and 
waits for the user to specify which to plot.

V. examples
In this brief tutorial we have shown the basic commands that 
one can use to solve the vast majority of electric circuit analysis 
problems particularly those that are encountered in EMC prob-
lems. Essentially Pspice performs the tedious and laborious 
solutions of the lumped-circuit models of the problem. Solving 
these circuits by hand would not only be time consuming but 
would involve so many errors as to make the solutions obtained 
useless. We have conscientiously tried to minimize the detail 
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and purposely not shown all the possible options in order to 
simplify the learning. However there are a myriad of options 
that can simplify many computations and the reader should 
consult the references.

EXAMPLE 1 Use Pspice to compute the voltage Vout and the 
current I in the circuit of Fig. 7.

Solution The Pspice coding diagram with nodes numbered 
is shown in Fig. 7. Zero-volt voltage sources are inserted to 
sample the currents ix and I. The Pspice program is

 EXAMPLE 1
 VS 1 0 DC 5
 R1 1 2 500
 R2 2 3 1K
 R3 3 4 2K
 VTEST1 4 0 DC 0
 HSOURCE 3 5 VTEST1 500
 R4 5 6 500
 VTEST2 6 0 DC 0
 .DC VS 5 5 1
  *THE CURRENT I IS I(VTEST2) AND THE VOLTAGE 

1VOUT IS V(3) OR V(3,4)
 .PRINT DC V(3) I(VTEST2)
 .END

The result is I5I(VTEST2) 51.875E-3 and the voltage 
Vout5V(3)51.250E0.

EXAMPLE 2 Use Pspice to plot the frequency response of the 
bandpass filter shown in Fig. 8(a).
Solution The nodes are numbered on the circuit diagram and 
the Pspice program is

 EXAMPLE 2
 VS 1 0 AC 1 0
 RES 3 0 100
 LIND 1 2 159U
 CAP 2 3 1.6P
 .AC DEC 50 1MEG 100MEG
 .PROBE
  *THE MAGNITUDE OF THE OUTPUT IS VM(3) AND 

1THE PHASE IS VP(3)
 .END

The magnitude of the voltage is plotted in Fig. 8(b) in decibels 
using VDB(3) which means

VDB(3)=20log10VM(3)

Figure 8(c) shows what we get if we request VM(3): the data are 
highly compressed outside the bandpass region. The phase (in 
degrees) is plotted in Fig. 8(d). The resonant frequency is 10 
MHz. The phase is 190o below the resonant frequency due to the 
dominance of the capacitor in this range and is 290o above the reso-
nant frequency due to the dominance of the inductor in this range. 
This bears out the important behavior of a series resonant circuit.
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Fig. 8. Example 2, an example of a AC analysis.
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EXAMPLE 3 Use Pspice to plot the inductor current for t . 0 
in the circuit of Fig. 9(a). The circuit immediately before the 
switch opens, i.e., at t 5 02, is shown in Fig. 9(b) from which 
we compute the initial voltage of the capacitor as 4 V and the 
initial current of the inductor as 2 mA. The Pspice diagram 
with nodes numbered is shown in Fig. 9(c) and the Pspice pro-
gram is

 EXAMPLE 3
 IS 0 1 DC 10M
 R 1 2 2K
 VTEST 2 3
 L 3 0 10M IC52M
 C 1 0 100P IC54
 .TRAN .05U 50U 0 .05U UIC
 *THE INDUCTOR CURRENT IS I(VTEST) OR I(L)
 .PROBE
 .END

We have chosen to solve the circuit out to 50 µs, print the solu-
tion in steps of 0.05 µs, and have directed Pspice to use a solu-
tion time step no larger that 0.05 µs as well as to use the initial 
conditions given for the inductor and capacitor. The result is 
plotted using PROBE in Fig. 9(e). The result starts at 2 mA, the 
initial inductor current, and eventually converges to the steady-
state value of 10 mA, which can be confirmed by replacing the 
inductor with a short circuit and the capacitor with an open 
circuit in the t . 0 circuit as shown in Fig. 9(d).

EXAMPLE 4 Figure 10 shows an example where an intercon-
necting set of conductors (lands on a PCB) can cause severe 
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Fig. 9. Example 3, an example of a TRAN analysis.
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logic errors resulting in poor signal integrity. Two CMOS 
inverters (buffers) are connected by two inches of lands 
15 2 inches 5 5.08 cm 2  on a PCB. The output of the left 
inverter is shown as a Thevenin equivalent circuit having a low 
source resistance of 10 ohms. This is fairly typical of CMOS 
devices except that the output resistance is somewhat nonlin-
ear. The load on the line is the input to the other CMOS 
inverter which is represented as a 5pF capacitor that is also 
typical of the input to CMOS devices. We are interested in 
determining the voltage at the output of the interconnect line, 
VL 1 t 2 , which is the voltage at the input to the second CMOS 
inverter. The open-circuit voltage of the left inverter, VS 1 t 2 , is 
a 5 V, 50 MHZ (period of 20 ns), 50% duty cycle, clock trap-
ezoidal waveform having 0.5 ns rise/fall times. A 10 mil land 
lying on a glass epoxy PCB of 47 mils thickness has a ground 
plane below it. For the cross-sectional dimensions of the line 
the characteristic impedance is ZC 5 124V, and the velocity of 
propagation is v 5 1.7 3 108m/s. This gives a one-way time 
delay of TD 5 L/v 5 0.0508m/1.7 3 108m/s 5 0.3 ns. The 
response for the load voltage is computed with Pspice using 
the exact (lossless) transmission-line model contained in Pspice 
and is shown in Fig. 10(b).

Solution The nodes are numbered on the circuit diagram 
and the Pspice program is

 EXAMPLE 4
 VS 1 0 PULSE(0 5 0 0.5N 0.5N 9.5N 20N)
 RS 1 2 10
 T 2 0 3 0 Z05124 TD50.3N
 CAP 3 0 5P
 .TRAN 0.05N 40N 0 0.05N
 .PROBE
 .END

Typical thresholds for CMOS circuits are around halfway 
between the logic 1 and logic 0 levels which in this case are 
5 V and 0 V. Observe that there is severe “ringing” in the 
response (the input to the second inverter) and the response 
drops below the 2.5 V high level and rises above the 2.5 V low 
level thereby producing false logic triggering. Hence signal 
integrity is not achieved here.

Vi. The Subcircuit Model
SPICE (Pspice) has a handy way of utilizing models of devices 
in several places in a SPICE program without having to rede-
fine these models at every place of usage. This is similar to the 
subroutine in FORTRAN. It is called the SUBCKT model. 
For example, suppose we have developed an extensive model 
of, say, an Op Amp or a multiconductor transmission line 
(MTL) [6, 7]. The subcircuit model might have, for example, 
four external nodes that we have named 101, 102, 201, 202 as 
illustrated in Fig. 11 for a subcircuit model of a MTL. The 
nodes internal to the model are unique to this model and have 
no resemblance to the nodes of the SPICE program into which 
this model is to be imbedded (perhaps at several locations). 
However, the zero (0) or universal ground node is the only 
node that is common with the main program. The subcircuit 
model description is

.SUBCKT MTL 101 102 201 202
……..
………
.ENDS MTL

where MTL is the name given to the subcircuit, and its external 
nodes are 101, 102, 201, 202. The subcircuit model ends with .
ENDS and the name of the subcircuit model, MTL These node 
numbers are unique to the subcircuit, but their ordering is important. 
The call statement in the SPICE main program is formatted as

XMTL S NE L FE MTL

Hence the nodes of the subcircuit MTL are attached to the exter-
nal nodes of the main SPICE model as S5101, NE5102, L5201, 
FE5202 to connect the subcircuit to the MTL terminations as 
illustrated in Fig. 11. The subcircuit model must end with

.ENDS MTL

and the main SPICE program must end with the statement

.ENDS
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The GUM Supplement 1 and the Uncertainty 
evaluations of eMc Measurements
Carlo F.M. Carobbi, Department of Electronics and Telecommunications Via S. Marta 3,  
50139–Firenze, ITALY carlo.carobbi@unifi.it

Abstract—The “Guide to the expression of uncertainty in 
measurement” (GUM) provides the theoretical frame-
work which is worldwide adopted for the evaluation of 
measurement uncertainty, including the application to 
calibration and testing. The GUM uncertainty approach 
has however fundamental limits. If these limits are 
exceeded the results produced are no longer valid. The 
Supplement 1 to the GUM (GUMS1) describes a numeri-
cal technique aimed at extending the validity of the 
uncertainty evaluations to cases where the application of 
the GUM does not produce reliable results. The scope 
here is to point out the conditions under which it is nec-
essary to make use of the GUMS1 technique. Explicit 
reference to Electromagnetic Compatibility (EMC) mea-
surements will be made.

1. introduction
In 2008 Supplement 1 to the “Guide to the expression of 
uncertainty in measurements” (GUM) [1] was published by 
the Joint Committee for Guides in Metrology (JCGM). To 
the JCGM, which is chaired by the Bureau International 
des Poids et Mesures (BIPM), contribute the International 
Electrotechnical Commission (IEC), the International Fed-
eration of Clinical Chemistry and Laboratory Medicine 
(IFCC), the International Laboratory Accreditation Coop-
eration (ILAC), the International Organization for Stan-
dardization (ISO), the International Union of Pure and 
Applied Chemistry (IUPAC), the International Union of 
Pure and Applied Physics (IUPAP) and the International 
Organization of Legal Metrology (OIML). The Supplement 
1 to the GUM (GUMS1) was prepared the Working Group 
1 of the JCGM, which has the task to promote the use of 
the GUM and to prepare Supplements in order to broaden 
the range of its applications.

The GUMS1 provides an easy to implement numerical ap-
proach to the evaluation of measurement uncertainty named 
“propagation of distributions”. The GUMS1 approach goes be-
yond the limits inherent to the GUM theoretical framework, 

which is based on the law of propagation of uncertainty and on 
the central limit theorem.

The GUMS1 is consistent with the GUM, in that the basic 
concepts and the terminology inspiring the guides are nearly 
the same. However some subtle, but deep, differences exist, the 
main consequence being the absence, in the GUMS1, of the 
Welch-Satterthwaite formula and of the concept of effective de-
grees of freedom [2, Appendix G]. 

The scope here is to clearly identify the situations where the 
application of the GUM uncertainty approach does not produce 
reliable results, and the numerical technique described by the 
GUMS1 is therefore needed. The operation of the propagation 
of distributions technique is briefly outlined and the few con-
ceptual modifications introduced by the GUMS1 are also ana-
lyzed. An exemplification is offered through an application to 
Electromagnetic Compatibility (EMC) tests, in order to show 
how an uncertainty budget can be appropriately handled in the 
GUMS1 framework. 

2. Uncertainty evaluations in the  
GUM Theoretical Framework
The theoretical framework of the GUM is based on: a) the law 
of propagation of uncertainties (LPU), and b) the central limit 
theorem (CLT). In order that an uncertainty evaluation made 
according to the procedure described by the GUM may be cor-
rect the assumptions required for the validity of both LPU and 
CLT must be satisfied. Let us recall these assumptions starting 
from LPU.

2.1 The law of Propagation of Uncertainty
Let

 Y 5 f 1X1, X2, ..., XN 2  (1)

be the mathematical model linking the input quantities 
X1, X2, ..., XN to the output quantity Y. Y is the quantity 
of interest, for which we need to evaluate the best estimate y, 
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its  standard uncertainty u 1y 2 , and a coverage interval having 
 half-width U 1y 2 . Let the inaccuracy of the mathematical model 
be smaller than the uncertainty we are going to estimate, and 
the best estimates x1, x2, ..., xN of each input quantity, and the 
corresponding standard uncertainties u 1x1 2 , u 1x2 2 , ..., u 1xN 2 , be 
available. Correlation between two ore more input quantities is 
neglected here for several reasons: a) correlation is unessential 
for the analysis developed, b) in order to keep the treatment as 
simple as possible and c) correlation is a side issue in EMC testing 
while it may be not always negligible in calibration1, since un-
certainties can be one order of magnitude lower than in testing.

Note that an upper case letter, such as X andY, is used to 
denote: a) the name of a quantity, b) the unique, although un-
known, value of that quantity, c) any possible random value 
associated to that quantity. The meaning will be different de-
pending on the context.

LPU permits to obtain an estimate of u 1y 2  given by

u 1y 25Åa
df

dX1

u 1x1 2b
2

1 a df

dX2

u 1x2 2b
2

1 ... 1 a df

dXN

u 1xN 2b
2

 (2)

The partial derivatives are named sensitivity coefficients and 
they are evaluated at the best estimates x1, x2, ..., xN. It is ap-
parent from that the sensitivity coefficients are the weights of 
each standard uncertainty u 1xi 2 , contributing to the combined 
standard uncertainty u 1y 2 . LPU provides an accurate estimate 
of u 1y 2  if the non-linearity of the function f  is negligible in a 
neighborhood of each value x1, x2, ..., xN having half amplitude 
u 1x1 2 , u 1x2 2 , ..., u 1xN 2 , respectively. In such neighborhoods it 
must be verified that

 f 1X1, X2, ..., XN 2 < f 1x1, x2, ..., xN 2 1 a
N

i51

df

dXi

1Xi 2 xi 2
 (3)

1 Also of EMC measuring instruments and auxiliary equipments, 
devices and networks. 

and we say that the model is quasi-linear. In most cases the 
validity of (3) can only be demonstrated through numerical 
computation, with the exception represented by a very simple 
function f  having few (say three at most) input quantities. A 
necessary, but not sufficient, condition for assuming negligible 
non-linearity is that

df

dXi

<
f 1x1,..., xi 1u 1xi 2 ,..., xN 2 2f 1x1,..., xi 2 u 1xi 2 ,..., xN2

2u 1xi 2
 (4)

for any i 5 1, 2, ..., N, which is less elaborate than (3). Equa-
tion (2) can be easily modified in order to take correlation into 
account (see [2, sec. 5.2]).

Oddly enough, due to the extensive use of log-units, model 
non-linearity is not frequent in EMC. Indeed in EMC, as in many 
other fields of engineering, the mathematical models describing 
the phenomena are in most cases monomial expressions, that is 
product of powers of quantities expressed in linear units. When 
converted to log-units a monomial is transformed into a linear 
combination of the same quantities expressed in log-units. In 
Tab. 1, left column, is reported a short list of monomial expres-
sions in use in EMC for evaluation or prediction purposes. The 
corresponding expressions in log-units are in the right column.

Note that (see the log-units column in Tab. 1) the weights 
of the linear combination (i.e. the sensitivity coefficients) are 
all equal to 61. This is due to the fact that the conversion to 
log-units takes into account the power or field nature of each 
quantity through the appropriate 10 or 20 multiplier. It is 
important to observe that one takes advantage of the use of 
log-units only when the model is a monomial expression. In 
the case of different types of non-linearity the only effect of the 
use of log-units is to further complicate the model. Examples 
of this kind of non-linearity are the uncertainty due to the im-
perfect knowledge of the distance between the equipment un-
der test and the receiving antenna when reactive fields are not 
negligible and/or ground plane is present [3], the mismatch 
uncertainty [4] when both the VSWRs of the source and the 
receiver are large, the uncertainty due to the imperfect realiza-
tion of the artificial mains network impedance (amplitude and 
phase) [5, sec. 6.4].

Table 1: lisT of monomial expressions frequenTly used in emC. The meaning of eaCh symbol is The 
following: e - disTurbanCe eleCTriC field, af - anTenna faCTor, lc- Cable aTTenuaTion, vr- reCeived 
volTage, v- disTurbanCe volTage, lamn- arTifiCial mains neTwork volTage division faCTor,  
p- disTurbanCe power, lac- inserTion loss of The absorbing Clamp, r- inpuT resisTanCe of The reCeiver 
(50 V), et- TransmiTTed eleCTriC field, pt- TransmiTTed power, g - gain of The TransmiTTing anTenna,  
d - disTanCe from The equipmenT under TesT, Z - resisTanCe of empTy spaCe (377 V).

Linear units Log-units

  e 5 vr
# af # lc   E 5 Vr 1 AF 1 Lc

   v 5 vr
# lamn

# lc  V 5 Vr 1 Lamn 1 Lc

  p 5
vr

2

R
# lac

2 # lc
2

  P 5 Vr 1 Lac 1 Lc 2 10log 1R 2

et 5
lc
dÅ

Z
4p

 pt
# g

Et 5 P 1 Gt 1 Lc 2 D 1 10log 1z/4p 2
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2.2 The Central Limit Theorem
CLT applies when: a) the model is linear or quasi-linear, that is 
it must be verified, at least approximately, that

 Y 5 c0 1 c1X1 1 c2X2 1 ... 1 cN 
XN (5)

b) input quantities are independent, c) 0 ciu 1xi 2 0  have compa-
rable magnitude, d) N is sufficiently large (say N $ 3). If the 
requirements a) through d) are satisfied then Y approximately 
follows a normal distribution having expected value y and stan-
dard uncertainty u 1y 2 , where

 y 5 c0 1 c1x1 1 c2x2 1 ... 1 cN 
xN (6)

and

 u 1y 2 5"3c1u 1x1 2 42 1 3c2u 1x2 2 42 1 ... 1 3cN 
u 1xN 2 42 (7)

Note that the combined uncertainty u 1y 2  is the root-sum-of-
the-square of the weighted contributing uncertainties2. Due to 
the nature of the quadratic summation it may easily happen 
that one contribution is dominant, especially if N is small (say 
2, 3, 4). In this case the probability distribution of y is nearly 
that of the dominant contribution. If this last is non-normal 
then y is non-normal too and CLT does not apply.

To summarize we have that:
A.  If the model is not linear or quasi-linear LPU does not 

apply and CLT does not apply
B.  If the model is linear or quasi-linear and few non-normal 

contributions are dominant LPU applies and CLT does 
not apply

Note that in the case B we can obtain an accurate estimate of 
u 1y 2  but the calculation of the coverage interval is not immedi-
ate since we do not know the probability distribution of Y. In 
this case we have to make use of very general3 inequalities like 
the Tchebycheff inequality or the Chernoff bound [6, pp. 
113–115] which provide looser bounds (wider coverage inter-
vals), for a stated coverage probability, than those obtained from 
the normal distribution. A pragmatic approach is that followed 
in [7, Appendix C] where tables are given providing coverage 
coefficients4 for all the combinations in pairs5 of rectangular, 
normal and U-shaped probability distributions, for various val-
ues of the ratio of their corresponding standard deviations. It is 
a method which lacks of generality and it is rather inelegant, 
but effective when the available options apply. In the case A we 
cannot even obtain a reliable estimate of u 1y 2 . GUMS1 provides 
a solution both in the case A and in the case B.

3. Uncertainty evaluations by Using  
the GUMS1 Numerical Approach
The approach to the evaluation of measurement uncertainty 
described by the GUMS1 essentially consists in the numerical 
implementation of the Monte Carlo method. The technique of 
the propagation of distributions, a rather evocative terminology 

2 Just the same as in (2).
3 In that they are applicable to any probability distribution or to wide 
categories of distributions.
4 Corresponding to 95.45% coverage probability.
5 Except the normal-normal combination, which is again normal.

to distinguish from the propagation of uncertainties, permits 
to numerically obtain the probability distribution of Y propa-
gating the probability distributions of the input quantities 
through the model (1). The technique works both in the case 
of uncorrelated or correlated input quantities, linear or non-
linear model, presence or absence of one (few) dominant 
contribution(s).

A sample of length M of random numbers Xi,112, Xi,122, . . .,
Xi,1M2 is numerically generated for each input quantity Xi  
(i 5 1, 2, ..., N) according to its probability distribution. If, 
for ease of notation, we define X 5 X1, X2, ..., XN, so that 
X1 j2 5 X1, 1 j2, X2, 1 j2, ..., XN, 1 j2, then we have

 Y1j2 5 f 1X1j2 2  (8)

for j 5 1, 2, ..., M. From the sample of output values 
Y112, Y122, ..., Y1M2 a discrete approximation of the continuous 
probability distribution of Y is readily obtained. The value M  
is adaptively selected through a procedure aimed at obtaining 
a required tolerance on the coverage interval. Typically [1, note 
in 7.2.1], a value of M  of the order of 106 is expected to deliver 
a 95% coverage interval for Y such that its length is correct to 
one or two significant decimal digits. Random number genera-
tors are common and reliable tools provided by the commercial 
software for numerical and statistical analysis. The time needed 
for processing the inputs in order to obtain the probability dis-
tribution of the output largely depends on the complexity of the 
model and on the sample length M, however typically this time 
does not exceed few seconds. 

Apart from the details of the numerical approach proposed 
by the GUMS1, what is important here is to draw attention 
to some general considerations. Firstly, the GUMS1 technique 
gets over the limitations inherent to the GUM uncertainty ap-
proach: mainly the inability to appropriately deal with model 
non-linearity and with the presence of one or few dominant 
uncertainty contributions. Also correlation (once identified and 
quantified) can be easily added to the recipe. Secondly in the 
GUMS1, the GUM concept of degrees of freedom as a mea-
sure of the reliability of an uncertainty estimate6 is abandoned. 
The odd practice of assigning an infinite number of degrees of 
freedom to type B uncertainty evaluations, the “original sin” of 
type A evaluations having, by necessity, a small number of de-
grees of freedom, and the Welch-Satterthwaite formula do not 
exist in the GUMS1.

Both in the case where: a) the (effective) number of degrees 
of freedom comes along with the best estimate of a quantity 
and its standard uncertainty from a calibration report, and b) a 
quantity is estimated through repeated measurements, a shifted 
and scaled Student’s t probability distribution with n degrees of 
freedom is assigned to that quantity. The shifting parameter is 
the best estimate, the scaling parameter is the standard uncer-
tainty, and the number of degrees of freedom is the value in the 
calibration report or the number of measurements minus one. 
This assignment is a direct consequence of the application of the 
Bayes theorem to the statistical inference of the unknown value 
of a quantity starting from the available prior knowledge. Once 
adopted the Bayesian approach the uncertainties derived from 
the available information are exact, regardless of their type A or 

6 The uncertainty of uncertainty.
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type B evaluation. It is likely that also the GUM will undergo a 
significant revision according to the concepts here outlined [8].

4. Application of the GUMS1 to eMc  
Measurement Uncertainty evaluations
The scope here is to show how an uncertainty budget and the 
calculation of the coverage interval can be handled by using the 
GUMS1 technique. For sake of comparison the results obtained 
through the application of the GUM procedure are also report-
ed. The case considered is that of radiated emission testing, in 
the 30–200 MHz frequency range, horizontal polarization, 3 m 
distance. Reference is made to [9, Table A.4].

In Fig. 1 is represented the Graphical User Interface (GUI) 
created by using Matlab® and designed to interact with the 
routine implementing both the GUMS1 technique and the 
GUM procedure. The values of the uncertainty contributions 
are those in the column in the left side of the figure. They 
are the same as those appearing in [9] and adopted there to 
calculate the reference uncertainty value UCISPR. For the ex-
planation of the meaning of each contribution and the cor-
responding probability distribution see the caption of Fig. 

1. In the plot of the same figure is 
represented the normal probability 
distribution (blue continuous line), 
as it is obtained through the GUM 
approach, and the discrete prob-
ability distribution (red circles with 
dots) calculated with the GUMS1 
technique. The vertical bars repre-
sent the 95.45 % coverage intervals 
corresponding to the two probabil-
ity distributions (blue vertical bars 
for the GUM distribution, red ones 
for the GUMS1 distribution). The 
coverage interval delimited by the 
red bars is the probabilistically sym-
metric one7. It is evident from the 
plot that we obtain nearly the same 
results by using the GUM and the 
GUMS1 approaches. The smallest 
and the largest values in the cover-
age interval are 25.0 dB and 15.0 
dB (GUM) or 25.4 dB and 15.5 
dB (GUMS1) the difference being 
only 0.9 dB. It is assumed that the 
internal attenuation of the receiver 
is 0 dB and no matching pad is 
placed at the output terminals of 
the receiving antenna. In this case 
the VSWR at the receiver input 
may reach 2.0 to 1 (see [10, section 
4.1]). The VSWR at the antenna 
terminals is 2.0 to 1, that is a rela-
tively moderate value.

Let us now change the antenna 
VSWR to 30 to 1 (as in the case of 
the biconical antenna at few tens 
of megahertz, without any match-
ing pad). All the other contribu-
tions to measurement uncertainty 

are left the same. The corresponding probability distribu-
tion is that plotted in Fig. 2. It is evident, see the red plot, 
that the mismatch uncertainty contribution is dominant, 
since the shape of the distribution is strongly affected by 
the resultant asymmetric U-shaped distribution [11]. The 
probability distribution obtained through the GUMS1 
technique largely deviates from the normal distribution 
obtained following the GUM procedure. Also the coverage 
intervals are very different. Their extreme values are 66.5 
dB (GUM) and 27.9 dB, 18.9 dB (GUMS1). In conclu-
sion the GUM approach provides a conservative estimate 
of the coverage interval, which deviates from the GUMS1 
estimate by about 4 dB.

7 The probabilistically symmetric coverage interval is such that the 
probability that Y is less than the smallest value in the interval is 
equal to the probability that Y is greater than the larger value in the 
interval [1, definition 3.15].
8 Although the two options of the probabilistically symmetric and the 
shortest length coverage interval are presented in the GUMS1.
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Fig. 1. GUI used to interact with the routine implementing the GUMS1 technique 
and the GUM approach to the evaluation of measurement uncertainty. The case rep-
resented here is that of radiated emission measurements. The uncertainty budget is 
that in [9, Table A.4]. The meaning of each contribution is the following: 
Vr - Receiver reading (normal, k 5 1), Lc - Attenuation: antenna-receiver (normal, 
k 5 2), AF - Biconical antenna factor (normal, k 5 2), dVsw - Receiver correction 
for sine wave voltage (normal, k 5 2), dVpa - Receiver correction for pulse amplitude 
response (rectangular), dVpr - Receiver correction for pulse repetition rate response 
(rectangular), dVnf - Receiver correction for noise floor proximity (normal, k 5 2), 
VSWR Antenna - VSWR of antenna input (contribution to mismatch uncertainty), 
VSWR Receiver - VSWR at receiver input (contribution to mismatch uncertainty), 
dAFf - Biconical antenna correction for AF frequency interpolation (rectangular), 
dAFh - Biconical antenna correction for AF height deviations (rectangular), 
dAbal - Biconical antenna correction for balance (rectangular), dSA - Site correction 
for site imperfections (triangular), dd - Site correction for separation distance (rect-
angular), dh - Site correction for table height (normal, k 5 2).
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conclusion
In the GUMS1 is described a numer-
ical technique which permits to 
obtain the probability distribution 
of the quantity of interest also in 
those cases where the GUM uncer-
tainty approach does not work, 
namely when the model non-linear-
ity is not negligible and/or when 
one or few non-normal uncertainty 
contributions are dominant. 

Two remarks are however worth 
noting here. The first is that if the 
probability distribution of the out-
put quantity, obtained through the 
application of the GUMS1 tech-
nique, is asymmetric and/or multi-
modal the choice of the best estimate 
and of the coverage interval is in any 
case left to the user of the method. 
The GUMS1 does not provide rules 
to follow in these circumstances8 
simply because they do not exist, 
the optimal solution depending on 
the specific problem at hand. The 
second is that it is not convenient to adopt the GUMS1 tech-
nique as the standard practice for uncertainty evaluation. This 
is because, being an entirely numerical technique, you lose in-
sight into the measurement process, making more difficult the 
identification and analysis of the most significant contribu-
tions to the combined uncertainty.
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Fig. 2. The same as Fig. 1 but with the VSWR at the antenna terminals equal to 30 
to 1 instead of 2 to 1.
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Lightning-Generated Fields in  
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Abstract— This contribution presents a study, model and  validation 
of the amplitudes of the residual fields inside a one-story building 
for different locations of lightning impacts. The special case where 
a second gridded structure exist inside the main building, forming 
a box-in-the-box configuration, is  analyzed. We show also that 
formulas for magnetic field attenuation found in the relevant IEC 
documents are questionable, under certain conditions.

i. introduction
When a lightning strikes a building (direct hit) or a nearby 
point, besides the abrupt change in local ground potential, an 
intense electromagnetic field radiates from the lightning chan-
nel. Even with a gridded concrete building like the one investi-
gated here, the residual field inside can still induce transient 
voltages which can damage electronic equipment and electrical 
hardware. Although a large amount of data and standard docu-
mentation are available regarding conducted and radiated effects 
of lightning on steel-reinforced facilities, certain areas are not 
fully covered, like the case where a second gridded structure 
exists inside the main building, forming a box-in-the-box con-
figuration. Generally, with ordinary facilities, a risk analysis is 
conducted, to balance the cost of the lightning protection mea-
sures versus the financial loss incurred if there was no protection. 
However in a case like ours, the cost of the systems installed in 
the building was such that a maximum risk coverage was 
requested. That is, we did not have to gamble about the fact that 
a worst lightning current might happen, but to take for certain 
that it will happen. The present article is a shortened version of 
our study, stripped of many calculation details and focusing 
mostly on the validation experiments carried on a representative 
1/40 scale model. More details are available from the Author.

A. Structure Under Study
The building can be assimilated to a 40 m 3 20 m 3 4 m 
cubicle with reinforced concrete walls, ceiling and floor slab. 
Electromagnetic shielding is made by 0.50 m grid with 20 mm 
diameter steel bars, welded at intersections. The floor slab is 
resting on a soil of unknown conductivity, but goose leg-type 
earthing electrodes are evenly spread at 8m intervals on the 
perimeter, each one with an earthing resistance # 10 V.

Inside the building, at a 1.8m distance from the overall grid,  
few specific zones are protected by a second barrier with similar 
0.50 3 0.50 grid, welded to the concrete floor armature. The access 
doors are metallic, with bonding contacts  at regular intervals.

B. Lightning Parameters
IEC norms provide a precise formula for the time domain wave-
form I 1 t 2of the stroke current, which is different from the usual 
double exponential, avoiding a singularity at the curve start-

up, whereas the exponential would rise from a null to a finite 
slope in a zero time interval [1]. The essential features of these 
two waveforms are shown on Table 1 and Fig. 1.

In the modelling analysis, these currents are regarded as ide-
al current sources, whose amplitude and slope are not altered by 
the target impedance (tower, down conductor, grid etc..). This 
assumption is totally valid with lightning.

The dI/dt rising slope has practically no influence on the cur-
rent distribution in the grid elements of the target. This is an 
important aspect, because it allow for establishing this distri-
bution once and for all, whatever the waveform. Yet, the slope 
plays a major role in the calculation of the voltage rise of  various 
parts of the building versus the ground level, and the field-to-
cable induced effects inside the building.

The subsequent fast stroke exhibits four times less amplitude 
than the initial “slow”one, but its derivative is 10 times greater. 
Thus, everything being equal, the induced effects by the subse-
quent stroke in a same structure will be 10 times worse than with 
the initial stroke, eventhough this latter is causing more conduc-
tion effects (voltage differences, Joule effect heating etc ..).

Table 1. waveforms for The Two  
(severiTy Class one) lighTning pulses.

First Stroke Subsequent Stroke

Peak Amplitude 200 kA 50 kA

Rise time  (10%–90%) 10 µs 0.25 µs

Average rising slope 20 kA/µs 200 kA/µs 

Mid-amplitude 
 Duration

360 µs 100 µs

Equivalent 
 Frequency  (Spectral 
domain)

30 kHz 1.2 MHz

Fig. 1. Lightning Current Waveforms #1 and 2, with respec-
tive time derivatives (dotted lines, kA/µs) per IEC (Ref.1)
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ii. Summary Of Modeling Approach

A. Parameters, constraints and  
simplifications used 

Each rise time defines an “equivalent frequency”, allowing 
for quick results when calculations are easier to carry out in 
frequency than time domain. For a first order coupling mecha-
nism, this equivalent frequency is taken as: 

Fequ. 5  0.32/tm where tm is the 10%–90% risetime. This 
will be used to define the penetration depth in the ground, skin 
effect in the steel rebars, Near-to-Far Field transition distance etc ... 

Each bar of the outer and inner grids are modeled as cylin-
ders with length l 5  0.50 m, and diam. d 5  20 mm. Each 
wire is modelled by an impedance 

Z 5  Rac 1 jvL 

with Rac : resistance of the steel bar at frequency Fequ., account-
ing for the skin effect and the decrease in  relative permeability 
µr above hundred kHz 
Rac 5  Rdc / 1d/4d 2  
Rdc (up to the beginning of skin depth regime)= 
rl/s 5  0.16 mV
r : steel resistivity < 10 mV.cm 
d :  skin depth 5  0.3 /UfkHzfor steel up to hundreds of kHz
L : self-inductance of one
0.50 m bar 5  0.2 Ln 14l/d 2 .0.50 m 5  0.46 mH.

Several buildings were foreseen in different locations, with 
ground resistivities varying from 30 V.m to 1000 V.m. How-
ever, since the earthing electrodes resistances were defined as a 
fixed parameter and considered as the only dependable link to 
the ground, essential calculations can be made without the 
need of ground resistivity. 

All parameters used as modeling inputs are summarized in 
Table 2 and allow to validate some simplifications.

B. Conclusion About Parameters
Impedance of grid bars is dominated by self-inductance, even •	
for the slow-rising front 
Inductance & Resistance of grid bars have no influence on the •	
injected current amplitude and waveform, which are imposed by 
the quasi-perfect current source of the lightning phenomena.
They have no effect either on the spread of currents in the  •	
grid members, since the current source and the 10 V earth 
rods have impedances much greater than those of the grid 
cells. 
The penetration depth in ground gives the distance of the •	
image plane (virtual ground plane) where one can consider 
that the reflection of incident field will take place ( Ref.6).
All radiated couplings take place in the near-field, or quasi-•	
static domain. 
the grid cell size (0.50 •	 3 0.50 m) is such that concrete capa-
city and resistivity, that are shunting the steel bar impedance, 
can be neglected in calculations. We are also far below the self 
resonance of a concrete-buried cell (100 MHz). 
the cell dimension makes the bar-to-bar mutual induc-•	
tance negligible. Two parallel bars can be seen as indepen-
dent inductances, the current in one having no influence 
on the other.

Table 2. essenTial modeling parameTers.

tm 10 µs 1 µs 0.25 µs

Fequ. 32 kHz 320 kHz 1.2 MHz

Wavelength in air, l 9.4 km 940 m 240 m

Near-Far Field 
transition distance, 
l/2p

1.5 km 150 m 37 m

Steel Bar Impedance 

vL 0.046 V 0.46 V 1.84 V

Skin depth d 0.05 mm 0.016 mm 0.01 mm

Rac: 0.017 V 0.05 V 0.1 V

Z = !(Rac)
2 + (Lv)2 0.05 V 0.46 V 1.84 V

Penetration depth in ground (approxim.)

sand, gravel 90 m 28 m 14 m

earth 16 m 5 m 2.50 m

Electrical Constants for Concrete

Resistivity for a cement/sand ratio 1/5  300 Vm

Dielectric constant for concrete er 5  10

Absorption loss, for 
1 m thick concrete

0 dB 0.5 dB 1 dB

C. Considerations on Lightning  
Couplings & Effects

Direct (radiated effects)
The building height is small compared to its perimeter. During a 
direct hit, assumed to take place on the highest zones, lightning 
current will spread in the grid cells to reach the various earth elec-
trodes. Current density will be higher in the grid region between the 
impact and the nearest earth rod, decreasing progressively as one 
move away towards farther cells. Beyond the 5th column of cells, less 
than 5% of the main current is found in the cell elements. 

Major effects are:
voltage differences along the grid, caused by •	 I.R and L.dI/dt 
a general rise of the building structure potential versus sur-•	
rounding ground, caused by current sink through earthing  
a magnetic field (H) radiated by the whole network of bars •	
taken as individual dipoles. This time-varying field is causing 
a time-varying flux in any loop area intercepting the H vector.

indirect Hit, 20 m distance  
(conducted & Radiated effects)
With a 20 m distance stroke, as requested for the study, the cur-
rent is mostly spreading in the ground, causing significant lon-
gitudinal ground voltages (tens to hundreds of kV) between the 
impact and other points around. These common mode voltages 
represent a serious threat for all services (power, fluids, signals 
etc...) entering the building. 

In addition an intense magnetic field (Fig. 2) is radiated by 
the lightning channel, which, by an acceptable simplification 
(Biot & Savart law), will be regarded as a single vertical conductor 
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 connected to the ground. This semi-infinite wire, thanks to the 
image method, has the same radiating properties as an infinite 
vertical wire in free space. This H field is calculated as it would 
be received inside the building without any screening, then wire 
grid attenuation coefficients are applied, taking into account the 
near-field conditions. Finally, like for the direct effect, the flux can 
be used for deriving the induced voltage into exposed loops.

iii. Hypothesis for  
Field calculations and Mapping

A. Zones Retained for H & E Fields Calculations 
In order to limit the number of elements, calculation domain has 
been limited to a 1/26m zone each side of the impact point, result-
ing in about 150 to 200 nets and 4 to 500 current dipoles. The areas 
of particular interest are those located 3 to 5 m away from the walls, 
where some critical facility elements can be installed. A sensitivity 
test was made to quantify the uncertainty introduced by these 
boundaries, compared to a closed or quasi infinite mesh. The pessi-
mistic error in the current values, hence in the associated fields, was 
found acceptable since it affect mostly the zones farthest from the 
impact point, where the field amplitudes are lower. 

For the direct impact, we neglect the field radiated by the 
upper portion of the current channel, between the roof and the 
storm cloud. Calculations and measurements [3] have shown 
that this contribution is negligible, compared to that of the 
currents in the building structure. 

B. H field Waveform 
Due to the near H-field conditions ( see Table 2), we are in 
quasi-static conditions whereas time (or frequency) terms do 
not appear in the expression of the field. The waveform of the 
field is homologous to the injected current waveform. We have 
kept this assumption for the indirect stroke as well, considering 
that for such a short distance ( impact at 20 m), the waveform 
distorsion in the ground layer can be neglected. 

c. Arcing in concrete walls
The possible arcing inside the concrete walls, or side-flashing, 
has not been considered as an element that could change sig-
nificantly the current distribution, but simply a risk of physical 
damage to masonry. 

iV. Brief Description of the calculation Routine
Simple formulas are available (IEC[1]) giving H field ampli-
tude inside a gridded-type structure, but we they were not 
accurate enough for our needs, and had few shortcomings: 
a) the values given for H (inside) are assuming implicitly that 

the building is uniformly connected to a perfect ground 
b) the IEC Fig.A, Annex A, is bearing a wrong, misleading scale 

on the distance axis 
c) In this same document, formula in Annex A.3, Table A.2 for 

the H field attenuation of a grid is announced for “plane 
wave”, a condition never satisfied in critical lightning situa-
tions, where the lightning channel is typically at few tens 
meters from the grid. 
Therefore we have preferred to conduct detailed calculations, 

taking into account the lumped nature of the earth connections.

A. Calculation Routine, Direct Hit
The current is injected on the grid, at selected top locations like 
building edges (because of the peculiar current distribution for 
such “suitcase corner” shapes), and other roof edge places, but 
always above an earth rod location, to emphasize the correspond-
ing current concentration. 

Individual currents in each grid bar are extracted from a R, L 
meshed network of the whole structure, treated by SPICE. From 
these current dipoles, the resulting H field is calculated by a spe-
cific MATHCAD program. It calculates for a given point P, the 
H,xyz projection from each individual dipole current. All contri-
butions of individual currents are then superimposed, producing  
the three  components of the total magnetic field in the x, y, z 
directions. The worst possible H-field amplitude is finally com-
puted as the quadratic sum of total field components  at point P. 
Field mapping is displayed as detailed numerical tables, or  fan-
cier 3-D colour plots. For some selected zones, the attenuation of 
the second grid, is applied to the relevant H field amplitude. 

B. Calculation of E field
In conditions of intense, near H field, the knowledge of the true E 
field value is of little interest, since the H field term will always be 
the highest contributor to coupling in cables and equipments. 
Besides, while the H field close to a heavy current-carrying loop is 
easily calculated, it is not so for the E field component, because it 
implies a near field correction term 2 p.r/l which is continuously 
variable. Therefore, as a broad approximation, we have associated 
to the true H field value an average wave impedance Z rw. This term 
is calculated for each point P, as a function of its distance to the 
grid and the current rise time. So, the average value of E is 
 computed as E 5 Z rw.H.This application of a virtual wave imped-
ance is a gross estimate, but certainly closer to reality than an 
assumed far-field condition, with Zw5377 V.

V. Few Typical Prediction Results, Direct impact

A. Significance of the H (x),(y),(z)  
Terms in the 3-D Domain
For each spatial point P 1x,y,z 2 , the H field contributions of the 
discrete grid element are computed on the 3 planes (xOy, yOz, 
xOz) intersecting at point P. After summing up, the total 
Hx, Hy, Hz components are added quadratically: 

Fig. 2. Indirect hit.
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Htot 5  U Hx
2

 1  Hy
2

 1  Hz
2

So, the amplitude of this ultimate vector Htot is always 
greater than the largest of its components, giving the worst 
possible exposure for the illuminated victim cable loops and 
equipments inside. 

Results are shown in A/m for 1 kA injected in Fig. 4. From 
this, H can be extrapolated for any value  of lightning current. 
For visibility, some true values of H have been also displayed for 
the 200 kA/10 ms and 50 kA/0.25 ms  strokes. 

Calculated values of E field are comparatively higher for the 
subsequent stroke than for the “slow” one, because of the front 
steepness (0.25 ms) forcing a higher wave impedance.

B. Example of Lightning Current  
Distribution in a Corner Zone
Fig. 3 give a partial overview of the way currents are spreading 
in the grid, for an impact at the top of the building corner. 
Although they are generally branching downward, some cur-
rents in the lower bars are changing directions, heading for the 
lesser impedance to the nearest earth rod. This aspect, caused 
by the lumped nature of the earthings, create a difference vs 
some published models [1, 3] where the contact is assumed as 
continuous via the building lower belt. So, our results are more 
realistic, eventually conservative. We verified that, beyond the 
sixth vertical column of cells, adding or deleting an earth elec-
trode did not change the distribution of currents, hence associ-
ated fields, in the zone under study. 

C. Some Discrete Values of H

impact at a corner  
Field at point P

1
 x 5 3 m, y 5 3 m, height z 5 1 m :

S on each axis, (A/m)/kA  Hx 5 3.8 Hy 5 23.8 Hz 5 1.6.1023

 H
tot

 5 U Hx2 1 Hy
2
 1 Hz2 5 5.3 (A/m)/kA

Application to:
 Wave #1,200 kA/10 ms  Waveform #2, 50 kA/0.25 ms
H

tot
, bulk value:  1060 A/m 260 A/m

associated E field:  0.8 kV/m  7.4 kV/m
H

tot
 after attenuation (9 dB)

of a second grid:  350 A/m  87A/m

b) Impact at Façade
Field at point P

2
, facing the impact, y 5 3m, height z 5 1m

S on each axis, (A/m)/kA  Hx 5 9.65 Hy 5 0 Hz 5 0
  Htot 5 U Hx2 1 Hy2 1 Hz2 5 9.65 (A/m)/kA
Application to: 
  Wave #1, 200 kA/10 ms   Wave #2, 50 kA/0.25 ms
Htot, bulk value:  1930 A/m 480 A/m
associated E field:  1.7 kV/m  13.5 kV/m
Htot after attenuation (9 dB)
of a second grid:  640 A/m  160 A/m

D. General Remarks about  
Field Distribution (All Zones)
a) The field amplitudes are in general slightly higher than those pub-

lished in some documents [1]. This can be due to the fact that: 
we always assume the worst possible configurations •	

the building base is not in continuous contact with a per-•	
fect ground plane, but connected via scattered 10 V earth 
electrodes 
all simplifying assumptions we used were made in a con-•	
servative sense 

b) Although some papers in the literature seem to imply that 
corner zones are the highest field spots, we found that it is not 
always so. Inside locations facing a sidewall near a ground rod 
can exhibit H fields about 50% higher than a corner zone, at 
the same distance from the lightning impact. 

c) The Hx component (parallel to wall plane and ground) is 
always the dominant one, this being coherent with general 
direction of largest current-carrying grid elements.  

E. Expressing the Reduction  
Factor of the First Grid
An interesting criteria, constantly used in EMC, is the reduction 
factor, or shielding effectiveness (SE) for a given barrier. It is used 
here to quantify the benefit of the gridded envelope, compared to 
an ordinary wall. For a direct impact, we define it as follows: 

for a given stroke current I•	 0 , we retain the highest field value 
found behind the first barrier, for instance Hx, 3 m behind 
façade. 
we calculate the field amplitude H•	 0 that would be received by 
this same point, without the grid, if the full current I0 was 
concentrated as a single vertical channel, centered on the 
impact

Fig. 3. Example (partial) of currents distribution in grid 
cells, seen from the inside, for injection at top of a corner zone. 
The 3-D configuration has been transformed in a 2-D sche-
matic. Currents shown in % of total I injected. Notice the 
direction reversal of horizontal currents, from top to bottom.
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the ratio H•	 0/Hx is the shielding effectiveness of the gridded 
envelope, or, in dB: 

S.E =20Log H0/Hx 

Using Ampère’s law, and normalizing calculations to 1kA and 
at distance R from impact,  H0 5 I/2p R  (eg,  
H0 5 53 A/m/kA at 3 m distance). Calculations indicate, for 
an impact centered on sidewall zone (worst case) and at the 
same 3m distance from the grid:

Hx at 3 m 5 9.6 A/m/kA (5.3 A/m/kA for corner)

SE (dB) 5 20 Log 53/ 9.6 < 15 dB ( 20 dB for corner)

These figures correlate fairly well with published results mea-
sured in actual buildings 

F. Ground Voltage Rise  
within the Building Perimeter
Although this was not the main purpose of the study, the SPICE 
model of the grid network allowed a  calculation of the voltage rise 
at some selected building locations. For instance, the voltage rise 
between the builing top belt and the floor slab was of particular 
interest. This voltage surge for Waveforms #1 & 2 are shown in 
Fig. 5. Thanks to the gridded structure, the combined R.I and 
LdI/dt effects are relatively moderate, not likely to cause a side-
flashing. But yet, waveform #2 generate a DV of 35 kV (Fig. 5, 

curve C) , which can appear as a common mode 
voltage between an electrical device under the roof 
and its  controlling equipment at ground level. For 
instance, if a remote device (floating sensor, actua-
tor, luminaire etc ...) is located near the ceiling, 
while its associated  equipment is resting on the 
floor, the above 35 kV is a common mode emf 
impressed between the remote device and the frame 
of the master equipment.

Vi. Lightning impact 
at 20 m, indirect effect
This time, the effect is that of a field H0 incident 
on the grid, instead of a current injection. The 
field inside the building is calculated by: 
Hx 5  H0 x Shielding Effect (SE)

This S.E. value is not the same as the one 
found for the direct impact. The formula for the 
S.E. of a wire-type grid in Near H field is derived 
from Schultz in [5]: 
 SE(dB) 5 20 Log (0.32 R/g)
 with R 5  distance from H field source,
 g 5  largest dimension of grid.

This simplified formula is based on the ratio 
of the incident wave impedance over the equiva-
lent surface impedance of the wire grid. In our 

Fig. 4. Example of field distribution in a corner zone, for height z 5 
1.50 m. H-field values are normalized in (A/m)/kA.
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case, for R 5 20 m and g 5 0.50 m, SE 5 22 dB. 
For those specific indoor areas which are protected by a second 
grid, the additional attenuation has been evaluated at 9 dB. 

Vii. Scale Model Validation
The validation tests via a downscale model were an interesting 
part of the study. The design of this mock-up has been a trade-
off between multiple constraints: 

the mock-up had to be lightweight, easy to carry and install, •	
because it had to be moved to several places for quick 
 demonstrations to facilities managers. 
the scale factor had to match the risetime of the kiloVolt pulse •	
generator used for current injection, but also match with the 
grid size of the mock-up. 
the mock-up had to offer an optional, smaller mesh-grid box •	
inside the main cage, with an easy mounting fixture  
calibrated H-field and current sensors had to be small enough •	
to fit inside both boxes, without interfering significantly with 
the natural field-distribution 
the whole measuremen gear, coaxial cables, connectors and •	
memory oscilloscope had to be enough decoupled/shielded, 
preventing the measurements from being corrupted by the 
strong kV and tens of Amperes pulse injection. 

A. Description
A 1/40 scale factor was chosen, allowing for the injection of a down-
scaled lightning pulse. It granted both an easy handling and the 
setting of the miniature H-field and current probes in various 
places. The entire mock-up, with a first meshed cage, representing 
the building envelope and the second cage inside, was mounted 
above a large ground plane (Fig. 6, 7). This scale factor was also a 
convenient trade-off considering that 1.25 cm steel meshes are avail-
able at ordinary hardware stores. The size reduction dictates a com-
mensurate shrinking of the risetime, hence a corresponding increase 
in frequency and bandwidth of the selected instrumentation.

By contrast with the simulation set-ups mentioned in the 
reference studies, the floor grid of the mock-up cage is not in 
direct contact with the ground plane. It is elevated by a height 
equivalent to the ground penetration depth for the waveform #2, 
the only contact to ground plane being 12 3 10-Vresistors.

B. Examples of Measured Results on Mock-up
A complete set of field measurements were conducted on the 
mock-up in both time and frequency domains, for validating 
our calculations for the actual building, and check that our 
dynamic range was adequate. 

C. Summary of a Typical Measurement Routine
1) Simulated Lightning: current was injected via a wide metal foil 

stripe, for reducing self inductance of this feeder wire. 
2) H field measurement: by a 40 mm diam. loop, shielded against 

E-fields (Moebius loop). 
3) Frequency-Domain Measurements: a spectrum analyser and its 

tracking generator provided the current injection and H field 
reading. The input sensitivity (<3 µV) allowed for a good 
dynamic range, even with only 5–10 mA of injected current. 

4) Time-Domain Measurements: we used a TDS3054 sampling 
oscilloscope (500 MHz B W) and IEC 61000-4-4  fast tran-
sient generator, with 0.5 to 4 kV output, and 5–8 ns rise 
time, that matched well our down-scaling factor. 

  With this “miniature lightning” being a strong local dis-
turbance, it is paramount to make sure that no parasitic 
response of the oscilloscope could obscure actual measure-
ments of internal H field. This is checked by a “blank shot”, 
all cables in place but without the field sensor. 

5) Closed cage Measurement, with inside field sensor in place (for inst. 
at 7.5 cm from the wall, corresponding to 3m in reality). Col-
lected data are H 1A/m 2 /Iinj.

6) Same measurement as 5) is repeated with the small cage inside. New 
values of H 1A/m 2 /Iinj are collected.

7) Reference Measurement, corresponding to lightning exposure for a totally 
unshielded building: Current is injected on a 20 cm vertical rod 

Table 3. summary of aTTenuaTions and reCeived 
field, 3m inside, for indireCT impaCT aT 20m.

 Basic received H field at 20 m 1 3 m (Eq.1) :  

 H0 5  I0 / 2p x 23 5  0.007. I0
 Attenuation of 0.50 3 0.50 grid alone (Eq.2) :   
22 dB (that is a 0.075 transmission factor )

 Waveform #1  Waveform #2

H0 at 20 m 1 3 m 1380 A/m  350 A/m

Atten. of 1st grid  
(Eq.2) 0.075(22 dB) 0.075

Atten. of 2nd grid :  0.35 (9 dB) 0.35

Cumulated  
attenuation. 0.027 (32 dB) 0.027

Residual Field HX: 37 a/m  9.5 a/m

Table 4. moCk-up sCaling parameTers.

Actual Config. Mock-up

Width 20 m 0.50 m

Length 40 m 0.80 m *

Height 7 & 4 m 0.10 & 0.17 m

Steel mesh 0.50 x 0.50 m 1.25 x 1.25 cm

Risetime 250 ns 6 ns (Waveform #2)

Required 
instrument 
Bandwidth

>1.2 MHz >50 MHz

(*) a little too short, but at no prejudice for validation

Fig. 6. General view of the mock-up.
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representing the lightning channel. The H-field sensor is located 
7.5 cm outside the cage, at the same height than for 5 or 6). 
Notice that this current injection is somewhat asymmetrical, 

because of our single-side arrangement of the feeder stripe, from 
the generator to the injection structure. This does not correctly rep-
licates reality, since it creates an opposite H-field. With  actual lightning, 

the “feeder wire” is the whole cloud -and-earth system. Other experiments 
(Metwally, Ref.7) used a coaxial structure where the feeder is concentric 
to the injection wire. Although this make a symetrical injection, 
it creates artificially a strong horizontal E-field (perpendicular to 
the injected current path) that we preferred to avoid.
A few typical results (Injection on façade, sensor 7.5 cm inside) 
a) Frequency sweep, 10–60 MHz

F(MHz) I inj.  H in the x direction, H with 2nd grid  S.E, 2nd grid
 (one grid)
 dBµA/m(*) mA/m dBµA/m(*) 

10 6 mA 62 1.2 50 12 dB

20 5 mA 60 1 50 10 dB

30 4 mA 58 0.8 46 12 dB

40 3.5 mA 56 0.7 48   8 dB

50 2.6 mA 54 0.5 44 10 dB

(*) After taking into account the loop antenna factor.

H-field/ Current ratio, averaged on sample size: 

0.2 (A/m)/Amp 

For extrapolating this H field-to-current ratio to the full 
size building, we must account for the 40/1 scaling factor ( see 
rationale in Annex A), shifting the 7.5 cm results to 3 m, and 
convert into A/m/kA, so: 0.2 A/m 3 1000/ 40 5 (5 A/m)/kA 

Our calculations, for an impact on façade were giving 7.6 
to 9 A/m/kA, depending on wether the measurement point is 
exactly aligned with a grid member, or half-pitch shifted. 

b) Pulse Injection, 500 V, I peak 5 8 A, rise time 7.5 ns.
The calibrated time-domain response of our small loop sensor 
for such rise time is 13.5 dB, that is 4.8 A/m/V 
Result with 1st grid only: 0.1 1A/m 2 /Amp 
Result with 2nd grid:   0.022 A/m ( a four times improvement)
Reference with sensor outside, at  
7.5 cm from rod:  1.5 1A/m 2 /Amp 
Hence the corresponding reduction factors: 
1st grid only: 1.5/0.1 5  15 123.5 dB 2
With 2nd grid added: 1.5/0.022 5  68 137 dB 2

Viii. Summary & conclusions
A set of equivalent networks, representing the various zones of the 
gridded enclosure allowed for an accurate mapping of all current 
segments. Each current segment was used to calculate the internal 

Fig. 7. Closer view on the second gridded cage, with 
 Moebius loop field sensor.

Fig. 8. Pulse measurements. Parasitic signal picked-up by 
the set-up, without field sensor.

T

1

Ch1 1.00 mVΩ M 20.0ns

T 20.00 %

A Ch1 720µV
7 Sep 2005

09:38:36

∆: 280µV
@: 60.0µV

∆: 12.8ns
@: –126ns

TTeK Arret^

Fig. 9. Pulsed field. Sensor 7.5 cm inside. Only one grid. 
Scale : Ch.1 : 20 mV 5 100 mA/m. The overshoot after the 
first peak is deemed to be the reflected pulse bounced-back 
after its two-way trip.

TeK Arret

T

1

Ch1 20.0 mVΩ M 10.0ns

T 14.00 %

A Ch1 –74.8mV
7 Sep 2005

09:47:40

∆: 47.2mV
@: –800µV

∆: 12.8ns
@: –5.60ns

T
^

Fig. 10. Same as Fig. 9, but with the second trace showing 
the injected current (Ch. 2: 2A/div).

TeK Arret^

T
T

2

Ch1 50.0mVΩ Ch2 2.00 A M 20.0ns Ch1 –75.0mV

T 14.00 %
7 Sep 2005

09:57:33

∆: 9.56 A
@: –9.72 A

Ch1 Ampl
141.5mV

A



65©2010 IEEE

H fields in x, y, z directions, and their vectorial combination. 
Considering that our calculations were made with several worst-case 
assumptions, they correlate fairly well with both published results and 
the 1/40e scale model results, the latter ones showing approximately 8 
dB margin. The external 0.50 3 0.50 m grid provides a mini-
mum H-field reduction factor of 15 dB. An additional 9 dB is 
obtained by a second, internal, gridded cage. 

Thanks to this combined attenuation of two enclosures, the 
H-field, 3 m inside for the most exposed case (impact at fa-
çade, ground with poor conductivity) remains ,640 A/m and 
,160 A/m for waveform #1 and #2, respectively. Yet, wave-
form #2 remains a bigger threat because of its dH/dt derivative. 
For  instance, residual H field wave #2 will induce 850 V (open 
 circuit) per sq.meter of exposed loop, assuming maximum flux 
intercept. This is still significant, but it can be reduced 100 to 
1000 times by conventional EMC techniques like cable rout-
ing/shielding, transient suppressors and filters. 

It is always the Hx component, parallel to the façade where 
impact occurs, which dominates.

The earth rod resistances have no effect on the H-field val-
ues, but they do influence the voltage rise of various structural 
points versus the ground. The number of earth rods has some 
influence, since a larger number helps spreading the currents 
around the building footprint.

Indirect Impact at 20m
Because of the distance factor increasing the wave imped-
ance, the attenuation of the first and, eventually, the second 
grid are slightly higher, resulting in indoor H-field values of 
37 A/m and 9.5 A/m for waveforms #1 and 2, respectively. 
The main danger with indirect hit comes from the coupling 
with external lines (overhead or moderately buried) pene-
trating the facility.
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Annex A. Scaling factor for H-field extrapolation
In Par. VIII.B, the mock-up scaling factor has been also applied to 
the measured H-field values. Given that the 1/40 downscaling had 
been applied to dimensions and rise-time, one might argue that 
there is no need to adjust the results for the field sensor-to-grid dis-
tance, since the grid-to-target viewing angles are unchanged.

However, we must remember that it is the H
x
-field (in the 

« x » direction) that is dominant, which means the major contri-
butors are the vertical current-carrying wires. At close distance 
from such conductors, the H-field is that of a quasi-infinite wire, 
with a 1/D dependency (Ampère’s Law). Therefore, at 7.5 cm dis-
tance, a given current will always produce an H-field 40 times 
larger than at 3 meters.
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At the time this column was written, the stan-
dards committees of the EMC Society were bus-
ily preparing for all their meetings at the Fort 

Lauderdale EMC Symposium.  The Standards Develop-
ment Committee (SDCom), the Standards Advisory and 
Coordination Committee (SACCom) and the Standards 
Education and Training Committee (SETCom) will 
meet at their usual time on Monday morning at the 
start of the symposium week.  A review of the activities 
of these committees will be reported in this column 

when the next EMC Newsletter is published, following 
the symposium.  

There continues to be interest in our standards and what 
is involved in doing the technical work and how to get to 
publication.  We have asked the Chairman of the SETCom –  
Qiubo Ye of the Canadian Research Center – to provide a 
refresher on the process which we now highlight.  Additions 
to the information were provided by Bill Ash of the IEEE 
Standards Association (SA staff liaison to the EMC Society) 
and Don Heirman, Associate Editor of the EMC Newsletter.

EMC Standards Activity: 
A Standards Process Refresher
Don Heirman, Associate Editor

The IEEE EMC Standards Development Process includes 
following seven procedures: Formation of Working 
Groups; PAR – Project Authorization Request; Work-

ing Group Management; Distribution of Working Group 
Drafts & Copyrights; Balloting Draft Standards; Appeals; and 
Following the Publication of a Standard. It is very important to 
understand and follow all these procedures to make a new stan-
dard. The on-line details of this process are found on: 

http://standards.ieee.org/resources/development/index.html 
This article will explain them briefly.
First of all, a Working Group (WG) has to be formed. The 

WG is set up under the auspices of the EMC Society Standards 
Development Committee (SDCom). While it is highly desir-
able, but not mandatory, group members should consist of an 
adequate balance of producers/manufacturers, users, and gen-
eral interest individuals (P/U/G). A Working Group is open to 
any person with a material interest in the efforts of the Work-
ing Group; participants need not be EMC Society members.  
The Working Group Chair should seek out members who have 
knowledge and experience in the field of interest, and willing-
ness and ability to contribute to the working group’s products. 
The WG Chair is required to submit P/U/G classification lists 
of all WG members annually to the EMC Society Standards 
Development Committee (SDCom). The WG may define active 
membership requirements and the required distribution for 
such items as minutes, meeting notices, consensus ballots, etc.  
Active WG membership may include such items as a record 
of a commitment to attend a required percentage of meetings, 
return of all consensus ballots within a specified time, and the 
timely completion of action items.

After the WG is formed, a PAR – Project Authorization Re-
quest – is submitted to initiate an EMC Society standard by the 

proposed WG Chair to the EMC Society SDCom for approval. 
After review and simple majority approval by the SDCom, the 
PAR is sent to New Standards Committee (NESCOM).  Note 
that these forms are available on line and can be found using the 
URL stated above. Updates to the WG roster should be pro-
vided to SDCom/NESCOM to reflect changes in membership 
profile or status over time. SDCom/NESCOM may request for 
additional information and coordination from producers, users, 
and materially interested organizations.

The WG is managed by a Chair, Vice-Chair and Secretary. 
The Vice-Chair acts as a backup for the Chair in case of absence 
or inability. The Secretary’s duty is to keep detailed minutes 
of all meetings, process all draft standards, etc. The WG may 
have a coordinator assigned by the EMC Society SDCom who 
will act as liaison between SDCom and the WG. The WG may 
have its own written policies and procedures approved by the 
SDCom. The WG Chair can be reimbursed for reasonable ad-
ministrative expenses (reproduction of drafts, teleconferences, 
etc.) associated with standards development efforts. The ex-
penses should be pre-approved, including the amount, justifi-
cation, and benefit to the standards development process. The 
WG Chair or his/her designee is strongly encouraged to at-
tend a specific number of SDCom meetings per year in order 
to present the status of the PAR to the Committee. When that 
is not possible, the WG is expected to submit a report to the 
Secretary of the EMC Society SDCom prior to each scheduled 
meeting of the SDCom. 

Distribution of WG Drafts is restricted generally to WG 
members, members of standards organizations identified as co-
ordinating groups, and members of the EMC Society SDCom. 
Standards drafts being developed by WGs are IEEE proprietary 
and are copyrighted by the IEEE.

IEEE EMC Standards Development Process
by Qiubo Ye, Chair for IEEE Standards Education & Training  
Committee (SETCom), qiubo.ye@crc.gc.ca
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The sponsor ballot process begins 
when the request to form the sponsor 
ballot group is received by the IEEE-
Standards Association (SA) through 
the “myBallot” system. Once the 
request is processed by the IEEE-
SA, an invitation is sent to all those 
that signed up in the activity area in 
“myProject” for this proposed stan-
dard. In order to join a sponsor bal-
lot group you need to be an IEEE-SA 
member, pay a per ballot fee, or be 
an invited expert. For those that are 
not IEEE-SA members, the SDCom 
can either ask these individuals to 
join the SA or petition the SA to 
accept them on the balloting group 
as an invited expert.  Note that it 
is required that all members of the 
SDCom are members of the SA.  SA membership includes a 
nominal fee beyond that of the IEEE and IEEE EMC Society 
membership.  WG Chairs are encouraged to also be members.

Once the invitation period has closed and the sponsor ballot 
group is deemed to be balanced (no one interest category can be 
50 percent or more of the total group), then the initial ballot can 
open for 30 days. At least 75% of all ballots sent out shall be 
returned and 75% of those returned shall be in the affirmative 
(75/75 rule).  After the initial round of balloting, an attempt 
shall be made to resolve all negative ballots. Written records of 
this resolution process shall be maintained. The WG Chair is the 
key at this stage to aggressively bring the ballot to a successful 
conclusion. All comments shall be considered by the WG. Bal-
lot comments marked “must be satisfied” and associated with a 
negative vote must be addressed. All technical and substantial 
changes to the draft and the comments within the scope of the 
ballot marked “must be satisfied” with their rebuttals or accep-
tance must be recirculated to the sponsor ballot group. It is not 
necessary to accept comments suggesting change, but all com-
ments must be considered and those marked “must be satisfied” 
need to be addressed.  The comment resolution may be unac-
cepted if there is a technical reason for that decision. If comments 
are out of scope or require more research, the resolution might be 
to consider that comment in the next edition of the standard.  

Once the balloting and comment resolution process is com-
plete and 75 percent approval is achieved, the complete ballot-
ing package of the proposed standard is sent to the SA Review 
Committee (REVCOM) which makes recommendations to 
the IEEE Standards Association Standards Board (SASB) for 
approval. After the standard is recommended for approval by 
REVCOM and approved by the IEEE SASB, the WG Chair 
receives a certificate from the SA in appreciation of the work.  
The Chair may also identify other key members of the WG to 
get an acknowledgement as well.

After the approval of the new standard, persons who have been 
or will be adversely affected by a standard shall have the right to 
appeal. Clearly all such issues should  have been resolved as the 
standard was developed.  But at times there may be an incident 
where there is a challenge.  Appeals shall first be made to the Chair 
of the WG before escalation to the EMC Society SDCom. Every 
attempt shall be made to resolve concerns informally. If informal 
attempts fail to resolve a concern, the SDCom shall forward the 

appeal to the IEEE SASB. However, the IEEE SASB will only hear 
procedural appeals as technical issues are still the responsibility of 
the Working Group. The appellant shall file a written complaint 
with the WG Chair as soon as possible after an action, but not 
later than ninety days after the appellant knew of the action to be 
appealed. The complaint shall state: the nature of the objection(s), 
including any adverse effects with respect to the issue; and the spe-
cific remedial action(s) that would satisfy the appellant’s concerns. 
Previous efforts to resolve the objection(s) and the outcome of each 
shall be noted, and the official record of all challenged actions shall 
be included. Within 30 days after receipt of the complaint, the 
respondent (WG Chair, Vice-Chair or Secretary) shall respond in 
writing to the appellant, specifically addressing each allegation of 
fact in the complaint to the extent of the respondent’s knowledge. 
If the appellant and the respondent are unable to resolve the written 
complaint, the WG Chair shall schedule a hearing with an appeals 
panels, giving at least ten (10) working days notice. The appeals 
panel shall consist of at least three individuals who have not been 
directly involved and will not be materially or directly affected by 
any decision made in the dispute. At least two members shall be 
acceptable to the appellant and two members shall be acceptable to 
the respondent. After the hearing, the appeals panel shall render its 
decision within 30 days, stating findings of fact and conclusions, 
with reasons based on a preponderance of the evidence.

Following the publication of a standard, the issues of mainte-
nance for possible revisions or withdrawal of existing standards 
still remain, along with responding to interpretation requests. 
If the standard remains stable, only a reaffirmation vote is con-
ducted where no changes are allowed.  This happens as the stan-
dard approaches being five years old. The WG Chair should 
identify people early on in the standards development process to 
maintain the standard after approval. If the standard needs to be 
revised eventually, then the SDCom can reactivate the WG.

A flow chart of the process is provided above which summa-
rizes the EMC standard development procedures.

References
[1] Don Heirman, “IEEE Standards Association and Standards Development 

Process,” EMC Standards Workshop, IEEE EMC Symposium, Aug. 2006, 
Portland, Oregon, USA.

[2] IEEE EMC Society Standards Development Committee Policies and Proce-
dures, Revised 11/16/09. See: http://grouper.ieee.org/groups/emc/emc/
ieee_emcs_-_sdcom_mainpage.htm EMC

Flow chart summarizing EMC standards development procedures.
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Emission Measurements (ANSI C63.4),  
Antenna Calibration (ANSI C63.5) and Time Domain (TD) Applications 

(Visit www.c63.org for more information)

This workshop is presented in three parts over a two day period:  
(1) review of the 2009 edition of ANSI C63.4 (now accepted by 
the FCC for use), (2) review of ANSI C63.5-2006 and proposed 
changes for the next edition and (3) application of TD for test site 
validation and antenna calibration.  These workshops are designed 
to increase your understanding of these standards and the TD 
approach.  For the C63.4 workshop, there will be an analysis of 
the test site validation including using the CISPR SVSWR 
method or arranging absorber material on the ground plane for 

use above 1 GHz. The C63.5 portion of the second workshop will 
lead the user through the document, highlighting which tech-
nique should be used based on the type of antenna being cali-
brated and how it is changed from the 1988 and 1998 editions.  
This is essential to ensure that the right antenna factor is obtained, 
especially when validating semi-anechoic chambers.  Proposed 
application of the same TD method to validating test sites will 
also be presented. As time permits, attendees will get a chance to 
apply what they learned by solving real world applications.

In the C63.4 workshop, you will learn:
RF emission measurement procedures•	
National and international regulatory •	
implications
Test facility and instrumentation re -•	
quirements
Equipment test arrangements and con-•	
figurations

In the C63.5 workshop, you will learn:
General test conditions•	
Appropriate measurement geometry•	
Application of standard site method•	
Rationale for geometry specific correc-•	
tion factors for biconicals
Measurement uncertainty guidelines•	
How to take actual measurements•	
Changes proposed for 2009 edition•	

The Time Domain workshop will present:
Application for site validation•	
Application for antenna cal.•	

Support material
A complete lecture notebook•	
FCC handouts and references•	

Who Should Attend
Those responsible for determining com-
pliance with FCC Rules and Regulations 
(and CISPR 22), including:

Product Managers and Developers•	
EMC Engineers and test technicians•	
Regulatory Compliance Managers•	
Test Instrumentation Developers•	
Those  using and calibrating antennas •	
in making radiated emission compli-
ance measurements
Calibration technicians•	
Calibration and measurement accredi-•	
tation bodies
Lab quality assessors•	
Test instrumentation and chamber •	
manufacturers

Date and Location 
July 23-24, 2010
Location near the Convention Center
(Transportation will be provided to/from 
hotels and the workshop venue.) 

Hotel
For hotel info see www.emc2010.org  
Registrants are responsible for securing and 
paying for their own hotel reservations.

Expert Instructors
Workshops feature leading industry 
experts and ANSI C63® members, 
including Don Heirman, Workshop 
Director, (Don HEIRMAN Consultants), 
Mike Windler (UL), Zhong Chen (ETS-
Lindgren), and Bob Hofmann (Hofmann 
EMC Engineering)

Fee Includes:
Complete lecture notebook, continental 
breakfast, lunch, breaks, and completion 
certificate. Fee does NOT include copies 
of the draft or published standards.

Agenda
ANSI C63.4
July 23: Registration: 8:30 am
 Class:  9:00 am to 5:00 pm 
ANSI C63.5/Time Domain
July 24: Registration: 8:30 am  
 Class:  9:00 am to 5:00 pm

Registration Form            Contact:  Janet O’Neil
Telephone:  425-868-2558     j.n.oneil@ieee.org

Ms./Mr.__________________________________________
Company_________________________________________
Address__________________________________________
City_____________________State_____Zip____________
Daytime Phone________________Fax__________________
Email___________________________________________
Credit Card (check one):  MC_____Visa______Amex_______
Credit Card No:___________________________________
Expiration Date:___________________________________
Signature:________________________________________
Check or Credit Card Number must accompany registration.

Make check payable to U.S. EMC Standards Corporation in U.S. dollars 
drawn on a U.S. bank.  Mail to: 
 Janet O’Neil, ETS-Lindgren 
 22316 Northeast 19th Street
 Sammamish, WA  98074               
NOTE:  You are not registered until you receive confirmation

C63.4 workshop only – July 23
By June 15*: $500 USD________
C63® & S/C Members (by June 15) $425 USD________

C63.5/TD workshops only – July 24
By June 15*: $500 USD________
C63® & S/C Members (by June 15) $425 USD________

Both workshops
By June 15*: $900 USD________
C63® & S/C Members (by June 15) $825 USD________
Add $200 if after June 15 or at the door for either workshop 
or both workshops  $200 USD________

Add’l copy of both workshop notebooks**  
 $100 USD each ____
 Total   USD $______

*Please do not mail after 30 June.
**Order by June 30 for pickup at the workshop.

The organizing committee reserves the right to substitute speakers, modify the program (or lecture notes), restrict attendance or to cancel the workshop(s). In the event the 
workshop(s) is/are canceled, registration fees will be refunded.  No refunds will be made to individuals who cancel after June 1. Substitutions are allowed. Workshops without a minimum 
of 15 attendees registrants by 15 June 2010 will be cancelled and registration fees returned.  It is suggested that you book refundable travel arrangements as appropriate if workshop(s) is/(are) cancelled.
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At the Telecommunications Cer-
tification Body Council 
(TCBC) meeting in Baltimore 

the week of April 26, 2010, there was 
an opportunity to present the ANSI 
ASC C63® membership certificate to 
the TCBC.  This organization provides 
significant contribution via its primary 
representative on C63® – Art Wall, a 
consultant with his own company, 
Radio Regulatory Consultants. At a 
break in the TCBC meeting, the Vice 
Chairman of C63® – Dan Hoolihan of 
Hoolihan EMC Consulting – presented 
the certificate to the secretary of the 
TCBC. See the photo at right for the 
short ceremony.

ANSI ASC C63®  handed out similar 
certificates to its members at its meeting 
on 22 April 2010 in Piscataway, New 
Jersey, in conjunction with its meeting 
series held at IEEE headquarters.  

Included with this article are a few 
photos showing members receiving 
their certificates.

ANSI ASC C63® Recognizes  
Member Contributions
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The Telecommunication Certification Body Council’s Workshop was held in Balti-
more, Maryland on April 26-28, 2010. During the course of the Workshop, Art 
Wall gave a summary presentation on two ANSI ASC C63® standards; C63.10 
(Unlicensed Wireless Devices) and C63.26 (Licensed Wireless Devices). In front of 
100 attendees, the Vice-Chair of C63®, Dan Hoolihan (left), presented the 2010 
Membership Certificate for the TCB Council to Chris Harvey (center), the Execu-
tive Director of the TCB Council, as Art Wall (right), the Chairman of the Work-
ing Group that developed C63.10, looks on approvingly. Mr. Hoolihan thanked the 
TCB Council for their support and encouraged their continued participation in 
the development of the next edition of C63.10 and the first edition of C63.26. 
Telecommunication Certification Bodies are doing about 98% of the Certifica-
tions for FCC Compliance in the USA.

REVERBERATION CHAMBER  
THEORY/EXPERIMENT SHORT COURSE 

September 20 – 24, 2010
OKLAHOMA STATE UNIVERSITY 

Location: OSU-Stillwater, OK

The theory portion covers the statistical nature of reverberation chamber testing, characterization of the EM test conditions, and 
the tradeoff between uncertainty in test results and test time. The experimental portion includes demonstrations, test setups and 
instrumentation, statistical sampling techniques (mechanical tuner operation and frequency sweeps), and chamber characteriza-
tion and calibration measurements. While the experimental portion includes reverberation chamber demonstrations it consists 
primarily of a series of hands-on experiments conducted in 4 to 5 person groups. The notes format includes the objective, a 
description of the experiment, instrumentation, test setup, procedures, and room for specific measurements, analyses, results, and 
conclusions. The experiments and demonstrations are conducted in the small OSU reverberation chamber and an ETS-Lindgren 
SMART 80 chamber. The small chamber, constructed in-house by OSU students for less than $1000, indicates the flexibility of 
the reverberation chamber concept. The small chamber can be used for radiative immunity and emission testing above 1 GHz in 
accordance with several standards. The chamber demonstrates the statistical equivalence of the electromagnetic environment in all 
conductive cavities independent of size and construction materials. Participants will have a thorough understanding of the opera-
tion of a reverberation chamber for EMC testing. They will have developed a test plan for an immunity test with specified condi-
tions and objectives. They will also have a permanent record of data collected and analyzed, and an extensive set of notes.

$2,500: If registered before August 20, 2010 
$2,750: If registered after August 20, 2010 

4.0 CEUs/40 PDHs 
http://rc-course.okstate.edu

Presenters 
Gus Freyer, Chuck Bunting and Vignesh Rajamani 

Note: Refer to the RC course website for information on a RC Technician course
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Don Heirman, Chair of ASC C63®, presents the member 
certificate to Jeff Silberberg (left) who received it for his 
agency – the Food and Drug Administration. Jeff has 
served his agency well by keeping ASC C63® and its Sub-
committee 8 up to date on FDA EMC activity and the work 
of IEC SC62A which covers EMC aspects of medical electri-
cal equipment.

Don Heirman, Chair of ASC C63® , presents the member 
certificate to Marcus Shellman (left) who received it for his  
agency—the US military Joint Spectrum Center.  Marcus  
provides the major link between the military and the  
committee especially in maintaining the ASC C63® diction-
ary of EMC terms that are used by the US military as well 
as the committee in its own standards. 

Dan Hoolihan (right), Vice Chair of ASC C63®, presents 
the member certificate to Don Heirman who received it for 
his sponsor—The IEEE Standards Association (SA). Don 
represents the interests of the IEEE SA in chairing the 
 committee and maintaining a close link between the SA 
and the secretariat which the SA holds.

Don Heirman, Chair of ASC C63®, presents the member 
certificate to Steve Coston (left) who received it for his com-
pany—Sony Ericsson. Steve has served his company well in 
bringing technical and administrative input into the work 
of ASC C63® on EMC between cellular phones and users 
wearing hearing aids.

Don Heirman, Chair of ASC C63®, presents the member 
certificate to Ed Hare (left) who received it for his organi-
zation—the American Radio Relay League. Ed has served 
the ARRL as chairman of a subcommittee that maintains 
the ASC C63® product immunity standards.  He also spends 
much of his own time to prepare maintenance of the com-
mittee website which he then presents to the webmaster  
for implementation. 

Don Heirman, Chair of ASC C63®, presents the member 
certificate to Bill Hurst (left) who received it for his 
 agency—the Federal Communications Commission. Bill 
presents the needs of the FCC that can be satisfied in large 
part by the standards that the committee publishes and 
which are then referenced in the FCC Rules.
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Joe Morrissey died in April 2010. He left 
behind his wife Kay and his son Patrick. Joe 
received undergraduate and masters degrees 
in the biological sciences from the Univer-
sity of South Florida, a graduate degree in 
Molecular Biology from Stanford University 
Medical School, and did post-doctoral stud-
ies on molecular pathways in hormone-re-
sponsive cancer development at the 
University of Miami. In 1996, he designed 
and led a project contracted by Motorola 
looking at stress response gene expression in 
the brains of mice exposed to a novel radiof-
requency signal. Upon completion of that 
study, a position within Motorola developed 
to assist with management of other research 
projects and Joe started his work as a researcher for Motorola. 
In the last decade, Joe expanded his responsibilities to include 
areas of electromagnetic interference and compatibility, includ-
ing interactions between mobile phones and hearing aids, 
medical devices, aircraft navigation/communication systems, 
etc. He was actively involved in many standards committees, 
including those relevant to RF exposure limits to protect 
against human health effects. He chaired the literature surveil-
lance working group of IEEE ICES (International Committee 
on Electromagnetic Safety), keeping him well acquainted with 
the relevant RF health effects literature. In addition, he was 
chairman of Subcommittee 8 of ANSI Accredited Committee 
C63® which deals with EMC of medical devices. There he 
worked on EMC aspects of cell phones used by those wearing 
hearing aids. The standard associated with this work is refer-
enced in the FCC Rules, thus showing the importance and the 
culmination of his tireless work for the hearing impaired. 
Finally, Joe was not only a master of his technology, but he was 

a gentleman trying his best at all times 
to accommodate opposing opinions in 
working with his contemporaries and 
coming to a resolution of conflicts. He 
has left behind many that have relied on 
his expertise. His contributions will be 
his legacy for all of us to try to emulate. 

His wife has established an educa-
tion fund for their 5-year old son Patrick. 
Should anyone wish to contribute, here 
are the particulars:

The Patrick Morrissey Education Fund
Citibank
Account #9117764483
aba/routing #266086554
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Book Review
Thomas A. Jerse, Guest Reviewer, The Citadel

Title: Electromagnetic Compatibility Engineering
Author: Henry Ott
Publisher: John Wiley, 2009
ISBN: 9780470189306

Henry Ott is one of the true pioneers of EMC education at the 
professional level, and his widely read book Noise Reduction 
Techniques in Electronic Systems (1976, 2nd edition 1988) has 
served as an entry point for many engineers in our field. Mr. 
Ott began his latest offering by contemplating a third edition 
to this venerable text, but the changes and additional material 
became so extensive that it grew into a new one. The author has 
taught professional EMC courses for many decades, gaining a 
vast experience that adds considerable depth and clarity to the 
text because in explaining the material, he also answers the 
many “what about?” and “what if?” questions 
that his students have posed over the years. He 
also explicitly dispels many of the myths of EMC 
that he has heard along the way.

Mr. Ott retains the philosophy found in his 
earlier works that although precise solutions to 
real-world EMC problems are seldom reached 
by mathematical calculation, an understanding 
of functional dependence of the various param-
eters involved is highly valuable for the practic-
ing engineer. Equations are given for simple cases 
where a closed form solution exists, and they sub-
sequently are graphed to give the reader a feel for 
the parametric variation. Further, electromagnet-
ic phenomena are modeled by lumped element 
circuits where possible to give insight more easily 
to engineers who are generally more familiar with circuit con-
cepts. This approach leads to a text that is highly practical in 
nature. The book offers an abundance of specific EMC design 
practices, but the reader is provided sufficient background and 
insight to understand why they work and how they can be ap-
plied to actual situations.

The author divided the material in the text into two parts: 
the first ten chapters dedicated to the theory of EMC, and the 
last eight presenting the application of the principles to EMC 
design. The first chapter gives basic principles, motivating 
examples of EMI problems, and a fairly detailed exposition of 
commercial regulations and military standards. The second 
chapter discusses coupling to cables, primarily for electrically 
short cables. Chapter 3 covers grounding techniques in ac pow-
er distribution, in signal transmission, and in systems. It also 
discusses ground loops and some mitigation methods. Chapter 
4 describes the use of balanced signal transmission which is be-
coming increasingly popular and filtering. In the fifth chapter, 
the electrical behavior of various passive components includ-
ing ferrites and their non-idealities are examined. It is here 
that transmission line theory is given, although it is used in 

the fourth chapter to explain decoupling filters. Basic shielding 
theory is presented in the sixth chapter. Schelkunoff’s approach 
is used to show that, except for very low frequency magnetic 
fields, direct penetration of electromagnetic waves through a 
shield wall is not an issue. Some basic equations for the shield-
ing effectiveness of apertures are given along with a description 
of the properties of seams formed between mating parts. A vital 
feature is the emphasis on the importance of providing adequate 
contact pressure between the two pieces that form the seam. 
Throughout the second half of the chapter, the concept – crucial 
to the design of effective shields, that the shield must provide a 
low-impedance with a minimum of discontinuities for the sur-
face current induced by an impinging field – is emphasized. 
Chapter 7 discusses contact protection and the switching of in-
ductive loads. The eighth and ninth chapters characterize vari-

ous sources of random noise found in passive and 
active devices along with the classic technique for 
calculating the overall noise in a system formed 
by cascading blocks. The first half of the text ends 
with chapter 10 where the grounding of digital 
circuits is examined with an eye to minimizing 
the noise voltage induced in the ground system.

Chapter 11 begins the EMC applications half 
of the book with a detailed examination of digital 
circuit power distribution. The relatively wide-
band spectrum of the transition pulses drawn 
through the power supply leads of digital logic 
devices are discussed, and a particularly valuable 
section points out the potentially deleterious 
parallel resonances that occur when capacitors of 
different sizes are placed in parallel. The twelfth 

chapter covers radiated emissions from digital circuits, de-
composing them into the two mechanisms, differential mode 
and common mode. The characterizations used are for radiat-
ing structures that are somewhat smaller than a wavelength, 
but the design principles gained by examining parametric de-
pendence are effective even at higher frequencies. Conducted 
emissions are discussed in Chapter 13 with an emphasis on 
switch-mode power supplies. Power line filters are also covered 
with a wealth of practical information on their application and 
mounting. Chapter 14 is devoted to product immunity from 
RF radiation and transients. Audio rectification of RF is ex-
plained, but unlike some of the author’s previous work, the role 
of resonances in exacerbating it is absent. The chapter contin-
ues with a thorough survey of the devices and their application 
for protecting power and signal lines from transients. Atten-
tion is paid to devices for high-speed digital lines where the 
quiescent shunt impedance of the device must be very high. 
Electrostatic discharge (ESD) is covered in Chapter 15 with 
mitigation techniques for both grounded and ungrounded 
products. Some of the most crucial elements in product design 
for EMC are the printed-circuit boards which are the focus of 
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Chapters 16 and 17. A myriad of critical decisions must be 
made on layout, power and ground plane sectioning, and layer 
stack up, and these chapters give invaluable practical guidance 
on these issues. The difficult task of designing PCB contain-
ing mixed analog and digital signals to achieve signal integrity 
and product compliance is directly addressed with attention to 
the tradeoffs that come into play. In keeping with the author’s 
practical bent, the final chapter (18) gives a variety of tech-
niques of pre-compliance testing that can be done in a design 
lab to diagnose and solve problems without paying for time in 
a certified EMC measurement lab. The use of various probes 
and receivers along with a kit of mitigation devices that are 
valuable for troubleshooting are described.

Four appendices are used to house additional information 
on the decibel, the behavior of low-frequency magnetic fields 
inside a shield wall, dipoles, and the powerful concept of partial 
inductance. Another appendix highlights ten common design 
mistakes that raise the level of emissions from a product.

The text is “intended primarily for the practicing engineer 
who is involved in the design of electronic equipment or sys-
tems” and that target is well met. But it also has sufficient clar-
ity and depth to be used in an EMC undergraduate course. The 
extensive use of lumped element models will benefit students 
who are almost always more comfortable with circuits than 
with electromagnetics. For a one semester course, the instructor 
would have to choose a subset of the text, but the linkages are 
such that this could be done fairly easily. In fact, drafts of this 
book were used in the EMC course at the University of Michi-
gan Dearborn and feedback was incorporated into the final 
product. The author supplies over 250 end-of-chapter problems 
that can be used to test and enhance student knowledge. A final 
appendix provides the answers to each one.

The overall impression of the text is one of thoroughness and 
practicality, presented in a particularly lucid style. With this 
latest book, Mr. Ott maintains his standing in the top rank of 
EMC authors and educators. This rare text possesses the simul-
taneous qualities of accessibility for the novice EMC engineer, 
even at the undergraduate student level, while providing suf-
ficient depth to benefit a more experienced practitioner. It is 
destined to become a classic.

Thomas Jerse has over 30 years experience with Hewlett-Pack-
ard and Boeing in solving EMI problems both at the circuit and sys-
tems level, and has earned a Ph.D. in EMC from the University of 
Kentucky. He presently holds dual positions as Professor of Electrical 
Engineering at The Citadel and Associate Technical Fellow of the 
Boeing Company. EMC

Comments from an EMC Student

By Chris Semanson

The author is a student at the University of Michigan 
Dearborn who used a final draft of the text in an EMC 
course taught there by Mark Steffka.

The book Electromagnetic Compatibility Engineering by 
Henry Ott is a very comprehensive book that is usable both 
in the classroom and in real life situations. His chapters on 
crosstalk and the methods used to correctly recognize it, 
and then alleviate it, are useful and are so descriptive that 
I’ve been able to model laboratory experiments using just 
those chapters for reference in explanation. In addition, he 
clearly describes the different types of noise, explaining 
how each type has different causes and different cures.

The way Mr. Ott explains each topic by focusing on 
the physical aspects and then reinforcing that concept with 
math makes this the ideal book for a laboratory setting, as 
well as being able to explain topics on a conceptual basis 
so that everyone gets the general idea. Students should not 
only get why they’re doing what they’re doing, but also 
understand the phenomena as well. In addition, his newer 
material talking about PCB design and layout has proven 
useful in learning how to not only identify transient sig-
nals but how to control their interaction with the rest of 
the hardware. This is a very common problem in the power 
electronics field and he targets the problem well. 

Editor’s Note:  Mr. Semanson will provide examples of his 
laboratory experiments using Henry Ott’s new book in the Summer 
2010 issue of the EMC Newsletter.  Stay tuned!

Author Henry Ott Receives  
Prestigious PROSE Award
Congratulations to Henry Ott whose latest book is 
the recipient of the prestigious 2009 PROSE 
Award! The PROSE Awards were created by the 
Association of American Publishers to recognize 
books, journals and electronic products that best 
exemplify a sound contribution to professional and 
scholarly publishing, maintaining both the high-
est editorial standards and the highest standards of 
design and production consistent with the objec-
tives of the project. The 2009 PROSE Awards 
received a record-breaking 441 entries – more 
than ever before in its 34-year history – from more 
than 60 professional and scholarly publishers 
across the country.  This makes Mr. Ott’s award 
particularly noteworthy!
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Student Paper and Design Contests
Graduate and undergraduate students are invited to 
compete in our Best Student Paper and Best Student 
Design contests for cash and other prizes! Follow the 
submission schedule for Call for Papers.

Call for Special Sessions
Special Sessions focus on areas of interest not addressed 
in Technical Papers. Acceptance criteria are the same as 
for Technical Papers.
Proposals Accepted: Nov 1, 2009 - Jan 10, 2010
Notification of Acceptance: Mar 12, 2010
Final Submissions Due: April 30, 2010

Call for Workshops & Tutorials
Workshops and Tutorials are informal, interactive 
educational presentations, typically addressing the 
practical side of understanding and solving EMC issues. 
These sessions are held on the days before and after
the Technical Paper sessions.
Proposals Accepted: Nov 1, 2009 – Jan 10, 2010
Notification of Acceptance: Mar 12, 2010
Presentation Materials Due: April 30, 2010

Call for Experiments & Demonstrations
Experiments and demonstrations utilize hardware and 
software to demonstrate a principle or phenomena of 
EMI/EMC. The  presentations are informal and 
non-commercial; they are usually conducted in specific 
areas within the Exhibit Hall.
Proposals Due: April 30, 2010
Notification of Acceptance: May 30, 2010

Call for Exhibitor Demonstrations
Exhibitors are invited to demonstrate the EMC application 
of their products. Commercial Demonstrations are 
presented by exhibitors and are not committee reviewed.
Proposals Due: April 30, 2010

Benefits of Attending
• Hear top-rated peer reviewed technical 
  papers presented by experts in multi-
  track sessions over a three-day period
• Attend two days of practical peer 
  reviewed workshops and tutorials 
• See experiments and demonstrations 
  presented by experts
• Visit exhibitors and learn about the latest 
  offerings in EMC products and services
• Renew friendships and network with 
  industry gurus
• Share fun-filled social events with family 
  and friends

Leading Edge Info On
• Electromagnetic Interference
• Electromagnetic Environments
• Lightning 
• Electromagnetic Pulse
• Grounding & Bonding
• Transient Suppression
• Spectrum Management
• RF Radiation Hazards
• Electrostatic Discharges

  Enjoy navigating the technical and 
  networking events at the spacious and 
  modern Fort Lauderdale Convention Center, 
  and the wide range of choices of luxury to 
  economy hotels on the Atlantic coast.

Author Submission Schedule        Paper Formats
Preliminary Full Paper Manuscript  • Traditional Oral Presentation
November 1, 2009 - January 10, 2010  • Six-page paper maximum, 20 minute presentation.
(Late papers will not be accepted)      A page in the Proceedings allows for approx. 1200 words, including formulae, figures and tables.

Acceptance Notification: March 12, 2010 • Poster Paper Presentation
      • A visual presentation on a 4 feet wide by 3 feet high board with 
Final Material Due: April 30, 2010    graphics, illustrations and text.
        

To get more information, make Technical Submissions,
Symposium Registration and Hotel Reservations go to: 

www.emc2010.org
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EMC Society Board of Directors Activities
The Grande Colonial Hotel  
San Diego, California 
March 12, 2010

The President’s Opening Remarks
President Maradei called the meeting to order at 9:00 am. A 
round of introductions was made. Board members present 
included H. Benitez, C. Brench, L. Cohen, R. Davis , A. Duffy, 
R. Ford, F. Heather, D. Heirman, D. Hoolihan, T. Hubing, E. 
Joffe, R. Jost, J. LaSalle, F. Maradei, A. Marvin, J. Norgard, M. 
Oliver, J. O’Neil, G. Pettit, W. Schaefer, R. Scully, K. Wil-
liams, and T. Yoshino. There were no members absent. Guests 
included B. Archambeault, J. Drury, T. Jerse, K. Phipps, and 
Q. Ye. Ms. Maradei reviewed Board meeting protocol, the IEEE 
code of ethics, and upcoming activities. She welcomed the new 
Board members, including Larry Cohen, Alistair Duffy, Dan 
Hoolihan, Andy Marvin, Mike Oliver, Takeo Yoshino and 
Vesna Roje. Ms. Maradei reviewed the activity of the Excom 
meeting held the previous evening. The meeting addressed 
administrative points including the agenda review, motions to 
be presented, etc. All items discussed are included on the meet-
ing agenda. She reviewed the procedure for making and voting 
upon a motion during the Board meeting. Regarding Global 
Outreach activity, Ms. Maradei noted she gave a presentation at 
the Chicago EMC Chapter on March 9. She will attend the Asia 
Pacific EMC (APEMC) conference in Beijing and then travel to 
Shanghai to give a presentation at the inaugural EMC Chapter 
there. She will also visit the Seattle EMC Chapter and present 
there in June. Finally, she will attend EMC Europe in Wroclaw 
in September.

Consent Agenda Motions
The agenda was presented for review. The consent agenda 
included approval of: The March 2010 meeting agenda, the 
November 2009 Board meeting minutes, the slate of Nomina-
tions and Appointments committee members, recording and 

archiving e-votes protocol, discussion and voting protocol dur-
ing electronic voting, on-line archive/repository of forms, 
GOLD travel reimbursement policy, 2011 non-IEEE member 
subscription fee price list in accordance with IEEE recom-
mended pricing, optional member Transactions on EMC print 
copy fee of $20 in accordance with IEEE recommended pricing, 
charter for the Standards Advisory and Coordination Commit-
tee, EMC Society certificates of appreciation, acknowledgement 
and recognition awards. The Board approved the consent 
agenda as presented. The approved November 2009 Board 
minutes will be posted to the EMC Society website.

Treasurer’s Report
John LaSalle presented a report on EMC Society finances. 
Regarding 2009 operations, the budget showed a net deficit of 
$27.7k while the actual was a net deficit of $36.3k – this is a 
negative variance of $8.6k and resulted in an overall negative 
position. The major contributors to the net deficit included the 
categories of Periodicals, Newsletter and Meetings/Conferenc-
es. For 2010, operations are considered to be “normal” with a 
surplus of $109.1k. The Society is tracking toward the bud-
geted net $18.4k. Committee expenditures are minimal, oper-
ating toward an approved budget of $255.6k (deficit). Under 
miscellaneous activity, he noted that the Board approved the 
$30k loan to the 2012 Symposium Committee; Angel funds 
approved included a payment to Dr. Jamal Shafii, Rock River 
Valley, North Central Illinois; the University Grant is in-pro-
cess to Dr. Uma Balaji, Farmingdale State College; and the 
proposed GOLD Representative Financial Guidelines were 
submitted for inclusion in EMC Society Financial Policy – this 
was sent to the FinCom Chair. The first pass budget for 2011 
will be issued next month.

The Board hosted a reception prior to the San Diego 
EMC Chapter meeting. Ready to welcome the Chapter 
members are (from left) Bruce Archambeault of IBM, 
Francesca Maradei of the University of Rome “La Sapi-
enza”, Janet O’Neil of ETS-Lindgren and Andy Marvin 
of the University of York, United Kingdom.

There was plenty of networking at this reception table! 
Joining the EMC discussion were (from left) David Hilton, 
Bob Scully of NASA, Dave Southworth and Chris Dilay. 
David, Dave and Chris are with the Space and Naval 
Warfare Systems Center - Pacific in San Diego.
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Technical Services 
Bob Scully, Vice President for Technical Services, presented his 
report. He reviewed the Technical Committees (TCs) TC7 
(Non-sinusoidal Fields) and TC8 (Product Safety) and noted an 
interest in reducing the number of TCs and maintaining clear 
responsibilities for all TCs. TC7 has had little activity, while 
TC8 is now a separate Society of the IEEE. The Board approved 
dissolving TC7 (Non-sinusoidal Fields) and TC8 (Product 
Safety), and update the EMCS Handbook as appropriate. Mr. 
Scully then addressed the papers submitted for EMC 2010. A 
total of 151 papers were submitted, with 131 being accepted 
and 20 being rejected. In comparison, for EMC 2009, a total 
of 195 papers were submitted, with 163 being accepted and 32 
being rejected. Bruce Archambeault, Technical Advisory Com-
mittee (TAC) Chair, reported on the activities of his commit-
tee. They held a telecom meeting on February 23. The 
committee has been active with the paper review process for 
EMC 2010. Of the papers submitted, TC2 (EMC Measure-
ments) had the highest number of papers to review having 
received 50 papers. TC4 (EMI Control) received 37 papers, 
TC9 (Computational EMC) received 28 papers and TC10 (Sig-
nal Integrity) received 18 papers. The balance of the TCs 
received eight or less papers. Six special sessions were proposed 
by the TCs and all were accepted. Ten workshops/tutorials 
were proposed by the TCs and all were accepted. Dr. Archam-
beault noted the Symposium Technical Guidance Document 
was approved by TAC and the TAC Manual is under revision. 

Technical co-sponsorship requests have been received and dis-
cussed. Finally, there is a new communication tool for TAC 
that includes past/present TCS requests, a discussion forum 
and an E-mail list server. The next TAC meeting will be a face-
to-face meeting on May 17–18 in the Washington DC area to 
organize the paper sessions.

Communication Services
Todd Hubing, Vice-President for Communication Services, 
presented his report. EMC Newsletter Editor Janet O’Neil 
reported the Fall 2009 issue is the third issue composed with 
the new IEEE process of outsourcing this work to a company 
in India. She and Todd Hubing are pursuing a course of 
action to take this composition work outside IEEE. It will be 
brought to the IEEE PSPB in 2010. Financially, the Fall 
2009 issue of 112 pages cost $21,150 for the printing and 
mailing of 4,895 Newsletters. There were 13 advertisers in 
the issue that generated $16,677.76 in billed ad revenue, of 
which the EMC Society received a net of $9,173. The Winter 
2010 issue is in production and will feature a cover story and 
related articles on the topic of inductance. Ms. O’Neil will 
attend the IEEE Panel of Editors meeting in New Jersey next 
month. She will meet with IEEE personnel about outsourcing 
the composition of the EMC Newsletter outside IEEE. Trans-
actions on EMC Editor in Chief Professor Heyno Garbe reports 
that a total of 298 new paper submissions were made in 2009. 

(From left) Darryl Ray of Covidien, Mike Violette of Wash-
ington Labs, Mark Arthurs of Sony and Herb Mertel 
enjoyed visiting during the reception.

San Diego Chapter members attending the reception 
included (from left) Tyler Reid, Jim Knighten of Teradata, 
Mark Frankfurth of Cymer, Maryann Burcar and Paul 
Bellfy. Maryann and Paul are with Carefusion Corp.

Lunch provided a time for Board members to relax after a 
busy morning meeting. Enjoying the sunshine are (from 
left) Andy Marvin, Vesna Roje of the University of Split, 
Croatia, and John Norgard of NASA.

Also enjoying the lunch break and pleasant weather in 
Southern California were (from left) Tom Jerse of The 
 Citadel, Kimball Williams of Denso International 
 America, and Kermit Phipps of EPRI.
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Some of these on printed circuit boards (PCBs) will appear in 
a special issue on this topic in May 2010. As of February 20, 

47 papers have been submitted, which indicates the total 
papers for the year would likely be 248. The TAB budget for 
2011 was set at 1,100 pages including the special issue on 
PCB Level Signal Integrity. This special issue is being guest 
edited by Joungho Kim of KAIST in Korea and Erping Li of 
IHPC in Singapore. Currently there is no backlog of unpub-
lished papers. Professor Garbe will organize a special lun-
cheon for the Associate Editors during the EMC 2010 
symposium. Dan Hoolihan, History Chair, reported that a 
series of articles on the History of the EMC Society is being 
published in every issue of the EMC Newsletter; it includes a 
“look-back” in EMC-S History (50 years, 25 years, and 10 
years) and other historical articles of interest. Mr. Hoolihan 
noted he has been appointed to the IEEE History Committee 
and will be attending his first meeting with that committee 
on March 7 in Newark, New Jersey. He is working with the 
EMC Society Awards Committee about revising the display 
of the EMC Society Hall of Fame Award winners on the Soci-
ety’s website. Work continues on the digitization of EMC 

Society historical documents. Mr. 
Hubing talked about improve-
ments to the EMC Society web-
site. In the past few months, he 
has worked on cleaning up, orga-
nizing and updating the website. 
The TC5 and TC6 pages have 
been updated as well as several 
other pages.

Standards Services
John Norgard, Vice-President for 
Standards, presented his report. 
Standards activity covers three 
major areas: The Standards Educa-
tion and Training Committee 
(SETCom), the Standards Advisory 
and Coordination Committee 

Board members listen intently to the report by Bruce Archambeault (standing 
at left) on the 2010 EMC Society Awards Nominations. 

San Diego EMC Chapter and Section Chair, Mark Frank-
furth (left) thanks speaker Alistair Duffy of De Montfort 
University in Leicester, United Kingdom for his presenta-
tion to the Chapter.  

Colin Brench (left) of Southwest Research Institute caught 
up with Mike Oliver of MAJR Products to talk about EMC 
2012 – the Symposium Mike will chair in Pittsburgh.

Qiubo Ye (left) of the Communications Research Centre 
Canada and Jacques Drury of the Ottawa Convention 
 Center attended the Board meeting to present Ottawa  
as a potential EMC Symposium venue.
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(SACCom), and the Standards Development Committee 
(SDCom). The SETCom Chair is Qiubo Ye, the Vice-Chairman 
is Professor Johan Catrysse and the Secretary is Jinliang He. 
On SACCom, Werner Schaefer is the Chair. The SDCom chair 
is Andy Drozd, Colin Brench is Vice-Chairman and Ed Hare is 
Secretary. Regarding SACCom, Werner Schaefer advised he 
has received confirmation from 17 liaisons (new and current) 
to contribute actively. The list of liaisons is included in the 
Standards report. The SACCom web pages are being revised. 
Templates have been obtained and modifications will be 
implemented to present more useful and current information. 
Mr. Schaefer presented the revised and updated SACCom char-
ter. He explained why/how the document was revised. The 
Board approved the revised SACCom charter as presented. 
Regarding SDCom, Andy Drozd was not able to attend the 
meeting held yesterday. Don Heirman presented a report in his 
absence. He reported 27 members and guests attended the 
meeting. Members of the Canadian Standards Association 
attended and gave a presentation on the need for a joint project 
on power-line harmonic standardization including application 
to Smart Grid. Updates to the SDCom website include a clear 
summary of SDCom activities - listing of current development 
projects either per link to SDCom web page, or distilled from 
SDCom meeting minutes – and a main content of projects. 
Smart Grid remains the important high profile activity that 
will occupy much of the committee’s attention this coming 
year. The new Policy and Procedures (P&P) document was 
approved and forwarded to the IEEE Standards Association 
Audit Committee in November 2009. The results of the IEEE 
audit will be reported at the next Board meeting. The com-
mittee will complete the Operating Procedures for Working 
Groups on active projects.

Member Services Report
Bob Davis, Vice-President for Member Services, presented his 
report. His report includes a review of the current VP Member 
Services budget and a breakdown of travel expenses. The 
Board approved changing the name of the EMC Honorary Life 
Member Award to the EMC Society Honored Member Award. 
Along with the name change, the benefits of this award will 
be clarified as follows: “An Honored Member of the EMC 

Society will receive a certificate and their Society membership 
shall be waived for life. Additionally Honored members shall 
receive free admission to the annual symposium (international 
or national).” Mr. Davis advised that the EMC Society needs a 
marketing brochure that can be handed out at the annual sym-
posia and at other meetings and conferences around the world. 
The only thing we have at the present time is our membership 
application, which isn’t designed to be a marketing brochure. 
Jim Blaha, our Publicity Chair, has been contacted and advised 
that it would cost approximately $450.00 for 1,000 tri-fold 
color brochures. The Board approved the cost to develop and 
produce an EMC Society Marketing/Publicity Brochure. Mr. 
Davis talked about staffing the EMC Society membership 
booth at the annual symposia. In the past, Flo Haislmaier 
staffed this booth and was reimbursed some $2,000 for her 
hotel, airfare and other incidental travel expenses. Currently, 
we do not have a specific person to staff the booth for EMC 
2010 and future symposia. The Board approved paying the 
non-labor related expenses for a person to staff the EMC Soci-
ety booth at the annual EMC Society symposium during the 
hours the exhibit area is open to the registrants (in an amount 
not to exceed $3k and reimbursed in accordance with IEEE 
guidelines). A discussion was then held related to the EMC 
Society photographer and reimbursing the photographer for 
the non-labor related costs for the membership provided pho-
tographer at the annual symposium. The not to exceed amount 
discussed was $3k. The Board agreed that this expense should 
fall under the VP Member Services budget and not the sym-
posium budget. Colin Brench advised five members have been 
elevated from member to senior member this year to date, and 
eight had been elevated in November 2009. Current member-
ship is at 4,170, which is a decline of 124 members or 2.9%. 
There remain a number of issues in accessing the database 
including looking at members who have let their membership 
lapse such as retired members - this is important for the com-
pleted careers searches. There is also difficulty determining 
the true join dates; even if this is addressed, there is a date 
limitation of what was moved forward into the new database. 
Mr. Brench noted he will be at IEEE in Piscataway next month 
and if possible he will meet with his IEEE contact and see if 
any further progress is practical or possible. He closed his 
report advising there are regular IEEE membership 

Todd Hubing of Clemson University 
enjoys a nice dessert that happens to 
match his tie!

An active working group at the Strategic Planning meeting included (from left) 
Bob Davis of Lockheed, Alistair Duffy, Takeo Yoshino of the University of Elec-
tro-Communications, Elya Joffe of KTM Project Engineering, and Larry Cohen 
of the Naval Research Lab.
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 development meetings; these are all held on Saturdays, a day 
that is unavailable for him to attend, therefore he would like 
to step down from being the Membership Chair so that some-
one with the time and the appropriate enthusiasm for this 
work can become involved. Fred Heather reported on the 
membership survey conducted at EMC 2009. There were a 
total of 263 responses to the survey that included 50 ques-
tions. Bruce Archambeault reported on Awards. The Awards 
follow up activity has been completed for 2009. On the 2010 
EMCS Awards, nominations will be presented later in the 
meeting. Regarding Awards procedures, the document is 
being updated and should be completed by July 2010. Don 
Heirman reported on the “Completed Careers” committee 
(CCC) activity. The CCC is working to institutionalize the 
process. Active members of the committee are the chair (Don 
Heirman) and Janet O’Neil (Secretary of the EMCS Board). 
Ralph Calcavecchio was honored in the Winter 2010 EMC 
Newsletter. The CCC continues to process the EMC Society 
major contributors that have passed away. They are looking for 
new CCC members that can be active. Mr. Heirman plans to 
attend the Chapter Chair Training session or Luncheon at 
EMC 2010 in order to introduce the CCC to the chapter chairs 
and to reiterate the need for their support. Bruce Archam-
beault reported on the Distinguished Lecturer (DL) program. 
The DLs for 2009-2010 include Ji Chen, Sergui Radu and 
Joungho Kim. The DLs for 2010-2011 include Dr. Giulio 
Antonini, Mark Steffka, and Dr. Omar Ramahi. In 2009, there 
were 17 DL presentations made in North America, eight in 
Europe and seven in Asia. From the DL surveys, approxi-
mately 49% attendees are IEEE members, approximately 27% 
are EMC Society members and 92% of the attendees claim to 
be technical. Bruce Archambeault noted in his report that the 
Respected Speakers Bureau (RSB) program was announced at 
the Chapter chair lunch at the Austin EMC Symposium and 
an article on the program was published in the EMC Newslet-
ter. Two RSB talks have been presented in 2010. The current 
speaker list includes Colin Brench, Alistair Duffy, Jim 

Drewniak, Tzong-Lin Wu, Cheung-Wei Lam, Eric Bogatin, 
Werner Schaefer, David  Pommerenke, Bruce Archambeault, 
Elya B. Joffe, Jun Fan and Chris Holloway. Frank Sabath pro-
vided a detailed report for Region 8 which has 1,302 active 
EMC members (77 Arrears, 125 Inactive, and three Resigned). 
The report provides a breakdown on chapter activity in 
Europe, the Middle East and Africa. There is also detailed 
information on the membership grade of Region 8 members 
(member, senior member, Fellow, etc.). Maria Alejandra Mora 
reports that since her last membership report, EMC Society 
membership in Region 9 has been stable, with a slight increase 
in South Brazil, Argentina, and Venezuela. The top five sec-
tions in Region 9 include the largest being South Brazil, fol-
lowed by Argentina, Columbia, Mexico and Venezuela. The 
goal is to create EMC Chapters in Mexico and Venezuela; how-
ever, it has been difficult to work with the Section Chairs, as 
they don’t respond to e-mail. The Mexico Section has 13 EMC 
members with valid signatures for creating a chapter. The 
Venezuela Section has six members with valid signatures for 
creating a Chapter. We lost four members, so plans are to work 
to increase membership. Takeo Yoshino reported on Region 10 
activity. There has been no major EMC event in Region 10 
since the Board of Directors meeting in Huntsville. He 
researched the new officer member’s name and structures of 
the IEEE EMC Society Chapters in Region 10 for 2010 and 
2011. In Thailand, Professor Yoshino believes that there are 
enough members to form a chapter. He was not able to get a 
response from Dr. Werachet Khan-ngern (Chapter Chair Can-
didate) to his several e-mails. He will attend the Asia-Pacific 
EMC Week (APEMC Beijing 2010) next month in Beijing, 
China and set up a booth for IEEE EMC Society Member Ser-
vices to recruit new members. Future plans include trying to 
increase membership in the new highly industrialized devel-
oping countries in Region 10. The goal is to establish new 
chapters in Australia, Thailand, Philippines, Vietnam, Cam-
bodia, Indonesia, Myanmar, Pakistan, Nepal, New Zealand 
and North Korea. He will work with the VP for Member 

At the Strategic Planning meeting held the Saturday following the Board meeting, the Society’s goals were addressed in 
this working group by (from left) Todd Hubing, Henry Benitez of Electromagnetic Investigations, Francesca Maradei, 
Don Heirman of Don HEIRMAN Consultants, and Vesna Roje.
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 Services on forming a strategy to increase membership in 
China. Chapter Coordinator Sergio Pignari reported on the 
Chapter awards for presentation at EMC 2010. The newest 
Chapter was formed in Shanghai. President Maradei will 
attend and present at their inaugural meeting in April. There 
are now 72 EMC chapters around the world. Regions 1–6 have 
33 Chapters; Region 7 has four Chapters; Region 8 has 19 
Chapters; Region 9 has three Chapters; and Region 10 has 13 
Chapters. A joint EMC/MTT/AP South Africa Chapter was 
formed on June 12, 2009. The Chair is Dr. Riana Geschke of 
the University of Stellenbosch. She will receive the Chapter 
Founder Award at EMC 2010 along with Steven McClain of 
the newly formed joint Chapter in Vancouver, British Colum-
bia, Canada. Professor Pignari is reviewing the Chapter Angel 
assignments. Chuck Bunting is the new Sister Society Coordi-
nator. His report includes the vision of the Sister Societies 
Committee, namely to increase cooperation and awareness of 
global EMC issues that are essential to the continued develop-
ment of safe and reliable electronic systems and devices, to 
increase the participation of individual members of the IEEE 
EMC Society with global partners, and to facilitate the growth 
and support of emerging and expanding technologies. Profes-
sor Bunting will write an article for the EMC Newsletter that 
promotes the Sister Society committee activity. He will obtain 
Board approval of the committee’s MOU and make contact 
with three target societies in India, Japan, and China. The 
report of the GOLD representative to the Board, Andre Pavas, 
notes that GOLD members are usually in close contact with 
young EMC Society members, including students, graduated 
students and other GOLD EMC Society members. The report 
details the strategies and the timeline for increasing the num-
ber of GOLD members in 2010–2011.

EMC Society Awards
Bruce Archambeault, Awards Chair, presented the list of the 
Society’s major awards and candidates for each award. Dr. 
Archambeault gave a presentation on each award category 
and listed each candidate along 
with their letters of support. He 
noted many worthy candidates 
were nominated this year. The 
results of the voting will be 
announced at this year’s Awards 
Luncheon held during EMC 
2010 in Fort Lauderdale. Dr. 
Archambeault noted that some 
awards will be determined later, 
such as the Chapter of the Year 
Award, Best Student Paper, Best 
Symposium Paper, etc. The 
Chapter Coordinator, the ESAC 
Chair, the TAC, and the Trans-
actions Editor will notify him of 
these award winners for 2010.

Conference Services 
Ghery Pettit presented his report 
for Vice-President of Conferences. 
He reported briefly on EMC 2009 

in Austin. The unaudited final surplus shows a net of 
$256,539.04. For EMC 2010 in Fort Lauderdale, preliminary 
numbers show 15 people have registered so far (it’s early), and 
128 booths have been sold to date to 72 participating exhibi-
tors. The goal is to sell 225 booths to a total of 150 exhibitors. 
On the finances, the projected income is $1,199,233, with 
projected expenses of $928,930. The projected surplus is 
$270,304, with a budgeted surplus of $239,847. Following 
Mr. Pettit’s report, Darryl Ray, Chairman of the Symposium 
Site Selection Committee, talked about the candidate cities for 
the EMC 2014 symposium. He noted three potential venues for 
EMC 2014 were on the agenda to give presentations: Raleigh/
Research Triangle Park, North Carolina, Washington DC, and 
Ottawa, Canada. Bruce Archambeault represented Research 
Triangle Park, Mike Violette represented Washington DC and 
Qiubo Ye represented Ottawa, Canada. Following the presenta-
tions, the Board discussed the merits of each city. After much 
discussion, the Board agreed to postpone voting on the EMC 

The newly elected Board members were hard at work at their first Board and Strate-
gic Planning meetings, including (front row from left) Alistair Duffy, Dan Hoolihan 
of Hoolihan EMC Consulting, and Andy Marvin;  (back row from left) Vesna Roje, 
Larry Cohen, Mike Oliver, and Takeo Yoshino.

It was “pupping” season in San Diego during the March 
Board meetings. This area is a protected bay which the 
seals thoroughly appreciated for their nap time.
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2014 city until the July Board meeting in Fort Lauderdale. In 
the meantime, Board members were tasked to contact Ghery 
Pettit should they have any questions on the presentations.

Past President Report
Elya Joffe presented his report on the Nominations and 
Appointments (N&A) Committee and the Constitution and 
Bylaws (C&BL). He led a discussion on nominations, elections 
and electioneering.

Strategic and Long Range Planning
Elya Joffe presented a review of past strategic planning activity 
and the agenda for the planning meeting following the Board 
meeting, on Saturday, March 13. He would like to see all five 
goals finalized with a map created to link the “Mega-Issues” to 
the Strategic Goals. The planning meeting will feature break-
out groups of 3–5 members.

Additional Issues
Francesca Maradei showed a presentation on the Angel program 
training. She reiterated that the Chapter Angels serve as liai-
sons between the EMC Society Board of Directors and the 
Chapters on all matters relating to Chapter Activities. She 
reminded Board members who serve as Angels to a Chapter be 
proactive and initiate contact with their Chapters. This is 
important to keep Chapters successful and of service to our 
members. John LaSalle reminded Board members about IEEE 
travel expense guidelines. He reviewed IEEE policy on expense 
reimbursement and advised that in order to be reimbursed, all 
potential expenses must be pre-approved.

Old/Unfinished Business
The following items were discussed under old business:

Committee Vacancies/Appointments – Ms. Maradei presented 
the list of appointments to the Government Relations Com-
mittee on IEEE USA’s Government Relations Council. The 
Society is seeking volunteers to fill several of these vacancies, 
including:

Energy Policy Committee•	
Committee on Communications Policy•	
Committee on Transportation and Aerospace Technology •	
Policy
Medical Technology Policy Committee•	
Research & Development Policy Committee•	
Critical Infrastructure Protection Committee•	
Career and Workforce Policy•	
Intellectual Property•	
Call for Candidates for IEEE Standards Association President-

elect – Ms. Maradei advised thee IEEE Standards Association 
Nominations & Appointments Committee is calling for can-
didates for the position of IEEE-SA President-elect to serve 
on the IEEE SA Board of Governors (IEEE SA-BOG) begin-
ning in 2012 through 2013. All candidates shall be members 
of the IEEE-SA and of IEEE Member, Senior Member, or 

Fellow grade.   The names and credentials (one page bio/
CV) of all candidates are to be submitted to Rona Gertz at 
r.gertz@ieee.org at the IEEE Standards Office no later than 1 
June 2010.  It is to be noted that travel expenses are NOT 
INCLUDED as a part of the IEEE SA-BOG membership.

Pictorial Board of Directors Directory – Ms. Maradei showed a 
slide from the IEEE website on the TAB committee. Photos are 
shown of each member near their contact information. She 
asked that all Board members send their headshot photo to 
Todd Hubing for includision on a new similar directory for the 
EMC Society Board on the EMC Society website.

Video DL Program – Ms. Maradei noted that information on 
the Video DL program was sent to Chapter Chairs by email in 
the past, but most of them are not aware of this program. Mul-
tiple copies of DVDs were prepared. They are free of charge for 
the Chapters and can be obtained by contacting Jun Fan. She 
asked Bruce Archambeault to regulate the Video DL program 
for publicity at the next Chapter Chair’s Training Session and 
Luncheon in Fort Lauderdale.

Next Meeting – The following dates were announced for the 
two remaining Board meetings in 2010. These are July 25 and 
29, 2010 in Fort Lauderdale, Florida and November, 12–14, 
2010 in Pittsburgh, Pennsylvania. For 2011, she proposed four 
meetings as noted in her report. These will be confirmed at a 
later date.

New Business
Ms. Maradei noted it was time to establish a 5-year EMC Society 
Review Committee composed of all present Board officers. A 
copy of the last 5-year Society review material will be distributed. 
Officers are requested to start gathering the required material.

Summary of Financial Impact  
of Approved Motions
Elya Joffe advised there was no financial impact from the 
motions approved at the meeting. 

Action Item Review
Secretary O’Neil reviewed the action items discussed during 
the meeting. An updated, consolidated list of action items will 
be sent to the Board following the meeting.

Adjournment
Ms. Maradei reminded the Board that the strategic planning 
session would begin on Saturday, March 13 at 9:00 am. There 
being no further business, the meeting adjourned at 5:15 pm. 

Submitted by:

Janet O’Neil  
Secretary, EMC Society Board of Directors

 EMC
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EMC Society Governance
By Elya Joffe, Immediate Past President of the IEEE EMC Society

The following amendments to the EMC Society bylaws were 
approved by the EMC Society Board of Directors as its meet-
ings held during 2009. These amendments were approved by 
the IEEE and will become effective after this Newsletter Notice 
has been distributed to the membership.

Policy to Allow for both Paper and Online/ 
Electronic Balloting During Annual Board  
of Directors Election Cycle
Institute a revision in our Constitution and Bylaws (C&BL) 
that expands the balloting process, as follows:

4.6•	  On or before 15 August, IEEE Headquarters will send an 
email ballot request or mail paper ballots to Society members, 
with the request that the ballots be submitted or returned to 
IEEE Headquarters by 1 October. EMC Society Members 
who have an IEEE web account will be notified by the IEEE 
to use the online voting system, whereas members who do not 
have a web account, Internet access or who have previously 
indicated that paper ballots are preferred, will be notified by 
paper ballot and cover letter. The official ballot and cover let-
ter (online or paper medium) of the final nominations package 
shall advise voters to “VOTE FOR NO MORE THAN 
SIX“candidates from the approved slate of nominees.
4.7•	  IEEE Headquarters will count the online and paper bal-
lots returned, and by 15 October notify all nominees and the 
Board of Director officers the results of the election, with 
term of office to be effective 1 January of the following year. 

Creation of a GOLD Representative  
Position on the Board of Directors
Institute a new policy in our C&BL that covers the process for 
appointment, term of services and charter of activity of a 
GOLD Coordinator on the Board of Directors, as follows:

Section 17: GOLD Coordinator  
Appointment and Participation
A GOLD (Graduate of the Last Decade) Representative 
[Defined in IEEE Member & Geographic Activities Manual, 
Section 4.7] shall be appointed by the President with a major-
ity approval vote of the Board of Directors at the last Board 
meeting of the year prior to the commencement of his/her term 
as the ruling President effective 1 January. The term of this 
appointment shall be for three (3) years beginning 1 January 
(consistent with the term limits for elected Board of Directors 
Members-at-Large), extendable for a maximum of one (1) addi-
tional term contingent on the appointee meeting the require-
ments of GOLD status during his/her term of service on the 
Board. The VP of Member Services shall be responsible for 
seeking and nominating or recommending to the President 
qualified EMC Society volunteers who are willing to serve as a 
GOLD Coordinator. The GOLD Representative, if not an 

Elected Member of the Board of Directors (Director-at-Large), 
shall have the status of an Ex-Officio (non-voting) member dur-
ing his or her tenure in that office. The GOLD Coordinator 
shall not be counted as part of the quorum. 

Creation of a GOLD Representative  
Position on the Board of Directors
The charter of activities for the GOLD Coordinator shall 
include, but not be limited to:

Bringing motions to the floor at Board of Directors meetings •	
and having all discussion privileges in matters before the 
Board of Directors, except that no vote shall be cast. The 
GOLD Coordinator shall not be included in a quorum count. 
Serving on or chairing standing and ad hoc committees.•	
Leading committees or teams focusing on engaging young •	
volunteers at the student branch and chapter levels to partici-
pate in EMC Society activities. 
Undertaking Board special projects and problem solving studies. •	
Implementing ideas and organizing conferences. •	
Editing and contributing to newsletters.•	
Also, renumber Sections 15 and 16 to 16 and 17, respectively.

Remove Term Limits for  
Secretary & Treasurer Positions
Move to modify the following policy statement in our C&BL 
which states:

5.1 Term of Office: The term of office for the President shall 
be two calendar years immediately following a one-year term 
as President-elect. The President shall not be eligible for re-
election to President-elect until a lapse of three years. The Vice-
Presidents shall be limited to a two-year term, renewable twice. 
However, if circumstances warrant, the term limit may be 
waived on an individual basis by a two-thirds vote of the Board 
of Directors. Term limits shall not apply to the Secretary and 
Treasurer positions. The Secretary and Treasurer shall be elected 
based on a majority approval vote of the Board of Directors at 
the last Board meeting of the year prior to the commencement 
of his/her term as the ruling President effective 1 January. The 
Secretary and Treasurer will occupy those respective offices for 
the succeeding two years. It is of benefit to the Society that both 
the Secretary and the Treasurer be encouraged to serve at the 
request of the Board of Directors for a minimum of two terms 
in order that the expertise developed by these officers is not lost 
to the Society by early replacement. All officers shall continue 
to serve until their successors take office. 

Modifications on EMC Society ExCom  
Operations & Openness of its Meetings
Add Section 11.1 to the EMC Society Bylaws as follows:

11.1 The ExCom shall make such rules and regulations as 
from time to time it may deem proper for its own Governance 
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and for the duly authorized transaction of business of the Soci-
ety (including policies for operations and openness of its meet-
ings), as documented in the Society’s Operations, Policy and 
Procedure Manual.

Add Sections 8.3.1 & 8.3.2 to the EMC Society Ops, Policy 
& Procedures Manual as follows:

8.3.1 ExCom Operations
The ExCom shall make such rules and regulations as from time 
to time it may deem proper for its own Governance and for the 
duly authorized transaction of business of the Society. In par-
ticular, the ExCom specifically will:

 a. act for the Board of Directors in urgent situations 
where time is not available to call a special electronic meeting 
of the Board of Directors and subject to the limitations of the 
subparagraphs below; and

 b. assist the President, as necessary.
8.3.1.1 The Board may, by a majority of the votes cast at any 

meeting, overrule any act or decision of the ExCom.
8.3.1.2 The Board may direct any plan or action of the 

 ExCom. 

8.3.2 ExCom Meetings and Openness
The ExCom shall meet at the call of the President or upon the 
request of any three (3) Members of the ExCom or any five (5) 
Members of the Board to conduct business by telephone com-
munication and balloting.

8.3.2.1 The ExCom shall meet in conjunction with the 
Board meetings, and as often as otherwise required to properly 
conduct the duly authorized business of the Society.

8.3.2.2 Board Members are welcome to attend and partici-
pate in ExCom meetings, but cannot vote.

8.3.2.3 ExCom may hold all or a portion of any of its meet-
ings in the form of an Executive Session. An Executive Session 
is a question of privilege, and therefore is adopted by a major-
ity vote of only the ExCom members. Only members, special 
invitees, and such employees or staff members as ExCom or 
its rules may determine to be necessary shall be allowed to re-
main. Members of the Board not members of the ExCom, and 
sometimes non-members, may be invited by the Chair to at-
tend, as necessary, but they are not entitled to attend. However, 
in any matters involving individual actions or behavior, the 
individual(s) involved shall be entitled to attend and participate 
in such discussions and to provide a defense if desired.

8.3.2.4 When the ExCom meets in an Executive Session that 
will be indicated in the meeting agenda as approved. If such a 
session is required to be ad-hoc, it shall require approval by the 
ExCom as early as possible in the course of the meeting, based 
on justification provided.

8.3.2.5 The agendas and minutes of all ExCom meetings shall 
be provided to all Members of the Board when the agenda and min-
utes of the Board of Directors meeting are distributed, respectively.

8.3.2.6 Items discussed in an ExCom Executive Session, due 
to their sensitive (e.g., personal or private) nature, shall not be 
included in the ExCom agenda and minutes which are released to 
the Board of Directors. Executive Session minutes shall be taken, 
but shall be maintained separately. Such minutes are for ExCom 
review and use only, but may be requested by any person who is 
the direct subject of an ExCom Executive Session action covered 
by these minutes. Such requests may only be denied by a 2/3 vote 
of the entire ExCom.  If the request is denied, the requestor will 
be provided all reasons for such denial. EMC

Joining the IEEE Electromagnetic Compatibility Society opens your way to networking with other top minded EMC profes-
sionals and colleagues and provides the structure you need to be successful in your career. We invite you to put your mem-
bership into practice by volunteering to serve on technical, standards, or education committees, edit a journal, get involved 
in local and regional activities through your EMC chapter, or in any other way. The experience you gain puts you on the 
career path for continued success.  For more information, contact Bob Davis, EMC Society Member Services Vice-President, 
at robert.h.davis@lmco.com.

Mahboube Safarydehnavi
Subha A
Sevda Abadpour
Shereen Abeid
Michael Adelabu
Mahmuda Afroz
Shahid Ahmed
Orazio Aiello
Silas Akaneme
Umasivajyothi Akkina
Alberto Alcocer
Mohammed  Alhaddad

Mohamed Ali
Mohammad Almalkawi
Salah Al-Mously
Jonathan Alter
Fujio Amemiya
Gholamali Aminian
John Kweku Amoo-Otoo
Joseph Anyenda
Ikuro Aoki
Christopher Arldt
Gunnar Armbrecht
Mr Arun

Gundars Asmanis
Andreas Aupke
Curtis Autin
Mohammed Bait Suwailam
V Balasubramaniam
Joe Banda
Divya Bapatu
Sarala Beeram
Diego Bellan
Scott Bennett
Jodi Bennett
David Berla

Welcome New Members of the EMC Society
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Alpesh Bhobe
David Bloodworth
Ralph Bording
Francois Bourzeix
William Brabec
Joey Bray
Zdenko Brlecic
Raymond Brown
Frits Buesink
Gordon Burkhead II
Anthony Bussan
Sandeepkumar C
Jeremy Campbell
Linfeng Cao
Ronald Carnes
Carlo Carobbi
Luca Catarinucci
Bruce Cavender
Remy Cellier
Jerdvisanop Chakarothai
Madhumita Chakravarti
Weng Yew, Richard Chang
Suresh Channarasappa
Huiren Chen
Jingjing Chen
Kerwin Chen
Qinghua Chen
Yih-Peng Chiou
HeeSeob Cho
Sungrae Cho
Jeonghyeon Cho
Yuehta Chung
Chihome Chung
John Contreras
James Coombes
Anne Corwin
Devin Crawford
Adrienne Croneiser
Nicolo D Amico
Michael Daan
Warren Davis
Emmanuel De Jaeger
Raul De Lacerda-Neto
Jean Degraaf
Ross Degroot
Fahimeh Dehkhoda
Jose Descardeci
Jacobo Dibella
Sergei Dobershtein
Gary Drescher
Graham Drummond
Edwin Dunlap
Laurent Duval
Nadezhda Dvurechenskaya
Victor Ehr
Andrew Errato Jr
Walter Escurra Onieva
Jordi Espina
Eric Eubank

Davidson Eziuzo
John Farley
Ronald Farrington
Peter Feilen
Gang Feng
David Fenyes
Francesco Ferranti
Wallace Ferreira
Bozidar Filipovic-Grcic
Tony Flores Pulgar
Fadwa Foda
Jason Folks
Michael Francis
Rosaire Francoeur
Michael Frankel
Neil French
Fabrizio Frezza
Matthias Friedrich
Shinji Fukui
Craig Fuller
Qiang Gao
Marcie Gard
Azeddine Gati
Simone Germani
Ehab Ghanem
Angelo Gifuni
Mariano Giuntag
Mario Gonzalez
Antonis Gotsis
Ravichand Gottumukkala
Robert Gudgel
Thomas Gunther
Prem Gupta
Remash Guyah
Matthew Habib
Hassan Hage-Mourad
Dale Hallstrom
David Hamann
Genevieve Hankins
Katie Hauck
James Herrmann
Masaaki Hirose
Kent Hsu
Ruifeng Huang
Douglas Hughes
Wang Hui
Alan Hutley
Lars Ibsen
Hirofumi Ichikawa
Daijiro Ishibashi
Masanori Ishii
Janvin Itteera
Wen Ivan
Todd Jack
Neli Jacobowitz
Perry Jarmuszewski
Yves-Thierry Jean-Charles
Shen Jianxiang
Alejandro Jimenez

Sungho Jin
Gary Johnson
Sean Johnston
Christopher Jones
Charles Jullien
Mao Jun Fa
Uensal Kabuk
Sandeepak Kakatkar
Mahesh Kala
Muhammad Ramlee Kamarudin
Amay Kamat
Eva Kentshitswe
Lev Khruslov
Ji hyung Kim
Kyung Sin Kim
Jieun Kim
Ruslan Kirichek
Frank Kloer
Kurt Knox
Geoffrey Koch
Soon-Cheol Kong
Mark Koop
Rama Koppineedi
Fukuro Koshiji
Michael Kozak
David Kvale
Cecile Labarre
Cooper LaFond
Erik Laines
Bruce Lane
Craig Lang
Brett Langley
Robert Lansing
Nickolas Lasorte
Mohamed El-Hadi Latreche
Foxmen Lee
Jerry Lee
Jonghun Lee
Chung-Hee Lee
Traute Lehner
Marcin Lewandowski
Thomas Lindell
Thomas Lipski
Andrew Little
Sai Kit Loke
Francisco Lopez Banuelos
Gus Lott
Dino Lozina
Drazen Lucic
Vladimir Lyashev
Jifeng Ma
Mathias Magdowski
Laszlo Maior
Babu Malathi
Edgardo Marchi
Evan Marchman
Pascal Marcoux
Pavel Margulis
Richard Marshall
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Sina Mashayekhi
Takashi Masuzawa
Sumikazu Matsuno
Tsuyoshi Matsuoka
Gordon Mayhew-Ridgers
Mateusz Mazur
Barnabas Mbachu
Hugh Mc Cafferty
Kelly Mcclain
Benjamin Meade
Youssef Mejdoub
Mike Mendala
David Michelson
Bo Millevik
Ramin Mirzahosseini
Dan Mitchell
Ankush Mohan
Matt Monkevich
John Montefusco
Takehiro Morioka
Abbas Mosaddeghi
Todd Moucha
Juan Moya
Raul Munoz
Chisha Musonda
Ross Myrehn
Sudheer Mysore
Leonel Najera
Micaela S. Niemi
Jeroen Nijenhuis
Konstantina Nikita
Georgi Nikolov
Chris Nwabueze
Camilo Obana
Patrick Obi
Todd Oblak
Manoj Parihar
Daniel Pasquet
Nalinee Pawar
Charles Peart
Robert Pellegrini
Harry Peterson
Dan Petrulian
Carl Pettiford
Paul Phrommany
Scott Pierskalla
Heli Pihlajamaa
Davy Pissoort
Susan Plastino
Sekhar Ponnam
Jeff Poole
Grant Porter
Robert Provenzano
Christopher Pulley

Kaydar Quboa
naraiah rairala
Samuli Raisanen
Subramanya Varma Rajasagi
Arun Rajmohan
Elagiri Ramalingam Rajkumar
Srinu Naik Ramavath
Jonathon Ray
Kamla Ray
Ronald Reak
Elaine Reeves
Howard Revell
Holger Richter
Shane Rismeyer
Bryan Robertson
Ignacio Rocca
Andres Rodriguez
Petrus Rohland
Carlos Alberto Romero Romero
Paul Rosensteel
Alastair Roxburgh
Alastair Ruddle
Kenneth Ryder
Shyamsundar S
Ramona Saar
Terje Saether
Martin Salter
Rahul Sankar
Sachin Sawalapurkar
Jean-Luc Schanen
Edgar Schmidhammer
Adam Schreiber
Hyunsoo Seol
Eko Setijadi
Ahmed Shaik
Douglas Shepherd
Anil Shetty
Abdolhamid Shoory
Marius Silaghi
Saoer Sinaga
Paul Smith
Troy Sommerfeld
Kosol Son
Leonardo Soto Sumuano
Scott Stanley
David Stewart
Larry Stillings
Helmut Stoll
Leonardo Strac
Kevin Strom
Marshall Strouse
Roanld Stull
Kris Sujatmoko
Linas Svilainis

Jayat
Hamid Tabaie
Tian Tan
Hsueh Chuan Tang
Chris Tanley
Luciano Tarricone
Timothy Taubert
Kakha Tavzarashvili
Furkan Titiz
Oliver Tong
Suresh Tr
Hiroshi Tsukada
Huseyin Ulku
Steve Van Kirk
Hari Varier
John Varzgar
Daniel Vasilescu
Viesturs Veckalns
Alexander Vershinin
Venkata Vetukuri
Andiappan Vikramathithan
Elena Virjoghe
Paul Vizcaino
Ion Voncila
Angie Wan
Xiaochuan Wang
Mark Webster
Xing Chang Wei
Thomas Weidinger
Lawrence Williams
Kevin Wilson
Vincent Woerdeman
Siu Fai Wong
Edward Worley
K Woweries
John Wruble
Qun Wu
Tasiu Saad Wudil
Kazuo Yamamoto
Ravinder Yerram
Ka Yi Yeung
Simon Yip
Wai Mun Yong
William Young
Richard Young
Wangling Yu
Chang Yu-Jui
James Yuzwalk
Giorgi Zakradze
Anand Zanwar
Qin Zhang
Luyu Zhao

The above members joined in the year 2009. We apologize if we have inadvertently not included your name. In this case, please contact the 
EMC Society Vice-President for Membership, Mr. Bob Davis, at robert.h.davis@lmco.com.
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Congratulations for your elevation to the grade of Senior Member of the IEEE Electromagnetic Compatibility Society. The 
Senior Member grade constitutes a mark of recognition of your high professional standing and experience. Only 3%, approx-
imately, of the entire IEEE membership hold the grade of Senior Members, and we are proud to have you joining this 
 prestigious class.

Congratulations!

Announcing the New Senior Members of the IEEE EMC Society

Martin Armstrong
Lowell Kolb
Paul Vertannes
Jose Descardeci
Junhong Deng
Koji Michishita
Masahiro Aoyagi
Rodolfo Areno

Richars Hoard
Hideki Sasaki
Paul Stover
Hongmei Fan
Thomas Heckman
Branko Misljenovic
David Thomas
Murray Marple

Keith Tinsley
Yakup Bayram
Abdelber Bendaoud
Jacek Izdorczyk
Michael Oliver
William Parker

There has been significant confusion between the EMC 
Society’s Honorary Life Member Award and the IEEE 
Life member grade. To alleviate this confusion, the 

Board of Directors has changed the name of the award to “EMC 
Society Honored Member Award” rather than “EMC Society Hon-
orary Life Member Award”. The benefits have also been expand-
ed to formally include complimentary registration at the 
annual symposia.

IEEE Life membership is a grade of membership automati-
cally awarded to all IEEE members at the time that their age 
plus number of years of membership total 100 or more years. 
This is managed at the IEEE level and does not reflect any Soci-
ety membership or activities. The EMC Society does recognize 
IEEE Life members’ long commitment by providing reduced 
rate symposium registration fees.

All those who previously received the former EMC Honor-
ary Life Member Award did so for their outstanding service to 
the EMC Society. This was not automatic but a specific Soci-
ety award. This award provided the person being honored with 
complimentary Society membership for life and a certificate. 
Complimentary symposium registration was not an official part 
of this award, rather it was a courtesy extended by the indi-
vidual symposium chairs.

This outstanding achievement (Honorary Life) award was 
first given in 1970 to Rexford Daniels, who was a Founder of 
the EMC Society, served on the Administrative Committee, and 
among many other things, was a long standing editor of the 
Newsletter, from 1954 to 1968 (Issues 2–53). [1] These awards 

have been given out almost yearly since that time, sometimes 
to one individual, sometimes up to five individuals. Just re-
cently, in 2008, eight awards were given; three to currently ac-
tive members, and five to past active Founders. While some of 
the award recipients are also Life members of the IEEE, there 
are many who receive this award for outstanding service to the 
EMC Society who are not in that category. For further back-
ground on the history of the EMC Society awards, see the article 
in the EMC Society Newsletter, Issue No. 204 [2].

In summary, the EMC Society Honored Member Award 
is primarily a name change to avoid the above mentioned con-
fusion; it maintains the existing benefits of the old EMC Life 
member award and adds complimentary registration to the an-
nual symposium to the benefits. IEEE Life members who have 
not received the EMC Honorary Award will continue to receive 
reduced EMC Symposium registration rates. A letter will be 
sent shortly to all who have received the EMC Honorary Mem-
ber award to personally notify them of these changes. If you 
have any questions, please contact the author at colin.brench@
ieee.org.

http://www.conformity.com/artman/publish/printer_201.1) 
shtml
 Hoolihan, Daniel D.; “EMC: A Brief History of the IEEE 
EMC Society”; Conformity, Jul 1, 2007.
http://www.emcs.or2) g
 Hoolihan, Daniel D.; “EMC Society Awards – An Historical 
Review”; IEEE EMC Society Newsletter, Winter 2005; Issue 
No. 204. EMC

IEEE EMC Society Honored Member Award
By Colin E. Brench, Membership Coordinator/Awards Committee
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newsletter breakout session, we learned about newsletter con-
tent now being added to Xplore.

Speaking of Xplore, IEEE’s digital library, a detailed presen-
tation is given each year which I find particularly interesting, 
especially as concerning the trends in topics of the most down-
loaded papers. The IEEE’s Gerry Grenier, Staff Director, Pub-
lishing Technologies, gave a very interesting presentation this 
year on Xplore usage and content. Can you guess how many 
PDFs are downloaded each month via Xplore? I was amazed to 
learn 8.5 million – yes million! – PDFs were downloaded in 
March 2010.

Mr. Grenier noted Xplore version 3.0 was launched on Febru-
ary 13, 2010. A key new feature allows users to receive email 
alerts for keyword searches. We learned the top five search terms 
include “cloud computing” – this was ranked the highest and 
followed by “smart gird”, “RFID”, “data mining” and “cogni-
tive radio”. EMC Newsletter readers will note that “smart grid” 
and “cognitive radio” are topics actively addressed by our EMC 
Standards Committee. The current number one search term (by 
total search variations) is “antenna” – a device of great interest 
to EMC engineers!

I trust you will find this issue of the EMC Newsletter of 
great interest as well. EMC Society President Maradei recounts 
her interesting travels this year and the impact of the Iceland 
volcano in her President’s Message on page 4. Chapter Chatter 
starts on page 7 – don’t miss Associate Editor Todd Robinson’s 
lead in article about a “new position” available. Reminds me a 
little of James Bond and M! History Chair Dan Hoolihan adds 
a travel tip to his regular column on EMC History. He must 

have been overjoyed to visit a museum in Tokyo that is full 
of historic communications equipment! Read the details on 
page 30. We have three practical papers from notable authors 
in this issue starting on page 44 while Don Heirman keeps us 
abreast of the latest EMC Standards developments starting on 
page 66. Guest Reviewer Tom Jerse provides an excellent re-
view of the new, noteworthy book by Henry Ott on page 72. 
Our immediate past President, Elya Joffe, has been active in up-
dating our EMC Governance documents as found on page 83. 
Finally, welcome to our new members of the EMC Society (page 
84) and congratulations to our new senior members (page 87). 
Many thanks to Colin Brench for providing this membership 
news and for his article on the Society’s new “Honored Member 
Award” found on page 87.

I hope to see you in Fort Lauderdale, Florida over July 25-30 
at the 2010 IEEE International Symposium on EMC!

Janet O’Neil and Don Heirman attend the EMC Society 
Awards Luncheon at EMC 1990 in Washington, DC. This 
year’s Awards Luncheon on July 29 promises to be equally 
memorable in Fort Lauderdale, Florida at EMC 2010.

Comments from Readers

March 30, 2010
Dear Technical Editor,
I would like to commend the editorial staff for the two 
articles in the “Practical Papers” section of the Fall 2009 
issue of the EMC Newsletter. Clayton Paul’s paper on Digi-
tal Bandwidths is absolutely brilliant in putting some 
order in certain rules of thumb. So is David Pommerenke’s 
paper on EMI Failure Analysis Techniques. I deeply 
enjoyed both.

Sincerely,
Michel Mardiguian 

May 2, 2010
Dear Editor,
Just dropping you a line to thank you for a really great issue 
of the EMC Newsletter. It’s always good, but the Winter 2010 
issue was particularly good. The mixture of historical and 
technical content was truly outstanding!

The top three articles that piqued my interest are the 
partial inductance article reprinted from the IBM Journal, 
specifically including the introduction by Clayton Paul. 

It is the introduction that established the importance of 
it; without that, I might have scanned it lightly and just 
passed over it, because it is pretty mathematical and I 
wouldn’t have understood the importance on my own. In 
turn, your great letter from the editor notified me to look 
for it in the first place.

Another article I really liked was the reprint from the 
1961 Saturday Evening Post. It isn’t technical at all, writ-
ten by a layman for the layman, but you get a feel for where 
things were back then.

The two book reviews also caught my eye. A.A. Smith 
wrote the seminal book on RF fields interacting with 
transmission lines, and here is another treatment. And the 
review of Dr. Paul’s new inductance book, which harkens 
back to a book from the forties by Grover - which I have 
- is interesting.

There seems to be a lot of retreading going on in our busi-
ness: rewriting what has already been said, ad infinitum. You 
see that in the academic papers that are presented on PCB de-
sign at the EMC Symposia. But these two authors, Paul and 
Ruehli, are above that sort of “publish or perish” mentality.

Keep up the good work,
Ken Javor

Letter from the Editor
continued from page 3



Calendar
EMC Related  
Conferences & Symposia

2010
July 23–24 
ANSI C63® Workshops 
Fort Lauderdale, Florida 
www.c63.org 
(See ad page 68)

September 13–17 
EMC Europe 2010 
Wroclaw University of Technology 
Wroclaw, Poland 
www.emceurope.org/2010 
(See ad page 37)

September 20–24 
Reverberation Chamber Theory/ 
Experiment Short Course 
Oklahoma State University 
Stillwater, Oklahoma 
http://rc-course.okstate.edu 
(See ad page 69)

October 10–15
AMTA 2010 
The 32nd Annual Meeting of 
the Antenna Measurement 
Techniques Association 
Westin Hotel 
Atlanta, Georgia 
www.amta2010.org

October 24–27
19th IEEE International Conference 
on Electrical Performance of 
Electronic Packaging and Systems 
Crowne Plaza Hotel (IH-35) 
Austin, Texas 
www.epeps.org

November 23–24 Workshop
November 25–26 Conference
International Conference on 
Electromagnetic
Interference and Compatibility 
(INCEMIC)
Bangalore, India 
www.semcei.org

2011
May 16–19 
Asia Pacific EMC Symposium 
Jeju Island, Korea 
www.apemc2011.org
(See ad page 43)

EMCS Annual  
Symposia Schedule
 
2010   July 25–31, Fort Lauderdale, Florida
 Fred Heather, 301.342.6975

2011 August 14–19, Long Beach, California
 Ray Adams, 310.303.3300

2012 August 5–10, Pittsburgh, PA
 Mike Oliver, 814.763.3211  

2013  Dates to be Announced,  
Denver, Colorado

 Danny Odum, 303.693.1778 

IEEE EMC Board of  
Directors and Standards  
Committee Meetings
Please note the Standards committee meetings of 
the IEEE EMC Society are held the day prior 
to the EMC Board meetings listed below. All 
Standards committee meetings are open to any-
one with an interest in EMC standards. To 
attend a Standards committee meeting at one of 
the locations below, contact Don Heirman at 
d.heirman@ieee.org. Board meetings are also 
open to those interested in the administration of 
the EMC Society. For information on the 
Board meetings, contact Janet O’Neil, 
425.868.2558, j.n.oneil@ieee.org. Your 
involvement is welcome! 

July 25 and 29, 2010 
Fort Lauderdale, Florida

November 12–15, 2010 
Pittsburgh, Pennsylvania

EMC Chapter Colloquium  
and Exhibition  
“Table-Top Shows”

2010
June 28 
Seattle, Washington 
Museum of Flight
The Latest Developments 
in Global EMC
Commercial and Military Test Standards
Speakers include:
EMC Society President Francesca Maradei
of the University of Rome “La Sapienza”
Don Heirman of 
Don HEIRMAN Consultants
Dave Walen of the FAA
Janet O’Neil, ETS-Lindgren
Phone: 425.868.2558
Email: janet.oneil@ets-lindgren.com
www.ieee-seattle.org

August 24
Dayton, Ohio (Wright Patterson AFB)
Advances in Antenna Test and 
Measurement
The highlight will be an exclusive
private evening event at the nearby
National Museum of the US Air Force 
(www.nationalmuseum.af.mil) 
on August 23
Janet O’Neil
ETS-Lindgren
Phone: 425.868.2558
Email: janet.oneil@ets-lindgren.com
www.amta.org

October 15
Atlanta, Georgia
Signal and Power Integrity, 
Partial Inductance, and Pspice
Clayton R. Paul
Mercer University and
Emeritus Professor of Electrical Engineering
University of Kentucky
Scott Proffitt
Advanced Compliance Solutions
Phone: 770.831.8048
Email: sproffitt@acstestlab.com

2011
May 10
Chicago, Illinois
With multiple speakers on various topics
Frank Krozel, Electronic Instruments
Phone: 630.924.1600
Email: frank@electronicinstrument.com

If you would like to add your name to the list of 
exhibitors to receive direct announcements in advance 
of these upcoming tabletop shows, please send an 
e-mail to j.n.oneil@ieee.org
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Please Note:  For more information, IEEE-
sponsored and co-sponsored symposia can 
be found at the following page: http://www.
ieee.org/conferencesearch/. Enter the sym-
posium name, time frame, and/or other 
pertinent information (partial information 
is also acceptable) to search for a particular 
symposium.
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