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Henry W. Ott  is President and Principal 
Consultant of Henry Ott  Consultants 
(www.hott consultants.com), an EMC training 
and consulti ng organizati on.  He has literally 
“writt en the book” on the subject of EMC 
and is considered by many to be the nati on’s 
leading EMC educator.  He is the author 
of the popular EMC book Noise Reducti on 
Techniques in Electronic Systems (1976, 1988).  
The book has sold over 65,000 copies and 
has been translated into six other languages.  
In additi on to knowing his subject, Mr. Ott  
has the rare ability to communicate that 
knowledge to others.

Mr. Ott ’s newly published (Aug. 2009) 872-page 
book, Electromagneti c Compati bility Engineering, 
is the most comprehensive book available on 
EMC.  While sti ll retaining the core informati on 
that made Noise Reducti on Techniques an 
internati onal success, this new book contains 
over 600 pages of new and revised material.

Prior to starti ng his own consulti ng company, 
Mr. Ott  was with AT&T Bell Laboratories, 
Whippany, NJ for 30 years, where he was a 
Disti nguished Member of the Technical Staff  
and a consultant on EMC.

Mr. Ott  is a Life Fellow of the IEEE and has served 
the EMC Society in various capaciti es including:  
membership on the Board of Directors, Educati on 
Committ ee Chairman, Symposium Committ ee 
Chairman and Vice President of Conferences.  
He is also a member of the ESD Associati on and 
a NARTE certi fi ed ESD engineer.  He is a past 
Disti nguished Lecturer of the EMC Society, and 
lectures extensively on the subject of EMC.

CABLING
Electric and magnetic � eld coupling, crosstalk. Cable types: 
coax, twisted pair and ribbon cables. Cable shielding and 
terminations.

GROUNDING PRINCIPLES
Why do we ground? Ground systems: single point, multipoint, 
hybrid. Ground loops. Return current paths, split reference 
planes. EMC grounding philosophy. AC power grounds.

DIGITAL LAYOUT & GROUNDING
Noise sources, PCB layout, power distribution, ground grids, 
characteristics of ground planes. Decoupling capacitors: 
value, placement, resonance and limitations.

HIGH SPEED DIGITAL DECOUPLING
Alternative decoupling methods, use of distributed 
decoupling capacitance, power supply isolation, e� ect of 
paralleling capacitors. Embedded PCB capacitance.

DIFFERENTIAL-MODE EMISSION
Radiated emission mechanisms. Fourier spectrum. 
Methods of controlling di� erential-mode emission. 
Clock dithering. Cancellation techniques.

COMMON-MODE FILTERING
Basic C-M � lter theory. Filter source and load impedances. 
Single and multi-stage � lters. Ferrite chokes versus shunt 
capacitors. E� ectiveness of various � lter con� gurations. 
Filter mounting and layout.

TRANSMISSION LINES
What is a transmission line? Transmission-line e� ects, 
transmission-line radiation, and matching. How currents � ow 
on transmission lines. Series, shunt and AC terminations. 
Simulation.

MIXED SIGNAL PCBs
De� ning the problem, A/D converter requirements, return 
current paths, split ground planes, PCB partitioning, bridges & 
moats, routing discipline.

RF & TRANSIENT IMMUNITY
RF immunity: circuits a� ected, PCB layout, audio recti� cation, 
RFI � lters. Transient immunity: circuits a� ected, the three-
prong approach, keeping transient energy out, protecting the 
sensitive devices, designing so� ware/� rmware for transient 
immunity.

CONDUCTED EMISSION
AC power line conducted emission models, switching power 
supplies, parasitic capacitance, layout. Common-mode and 
di� erential-mode conducted emission, common-mode chokes, 
saturation. Power line � lters.

SHIELDING
Absorption and re� ection loss. Seams, joints, gaskets, slot 
antennas, and multiple apertures. Waveguides below cuto� , 
conductive coatings. Cabinet and enclosure design.

COURSE DATES/TIME: April 17-19, 2012
Tuesday and � ursday   8:30 a.m. to 4:30 p.m.
Wednesday   8:30 a.m. to 5:00 p.m.

COURSE LOCATION: Wyndham Peachtree Conference Center, 
2443 Highway 54 West, Peachtree City, GA 30269

COURSE FEE:  $1,495 ($1,295 until 3/2/2012).  Fee includes notes, 
textbook*, breakfast, luncheon and beverage breaks. Payment required 
prior to course.  Hotel accommodations are NOT included.

CANCELLATION POLICY: You may cancel your registration 
up to two weeks prior to the course and receive a full refund.  For 
cancellations received a� er this time there will be a $100 cancellation 
fee, or you can send a substitute, or use the registration for a future 

course.  No-shows will not receive a refund; however the seminar fee 
may be applied to a future course.

TO REGISTER: Call 973-992-1793, fax 973-533-1442 or mail the 
registration form.

HOTEL RESERVATIONS:  Call the Wyndham Peachtree 
Conference Center toll free at 877-999-3223 or 770-487-2000.  
Room rates are $129 per night.  Government rate is $79 (must have 
proper ID).  Room rates are good until 10 days prior to the conference 
and based on availability. You must mention In Compliance Magazine 
when making reservations to get this special rate.  � e hotel is holding 
a limited block of rooms. 

*Electromagnetic Compatibility Engineering,  by Henry W. Ott

In this 3-day intensive course we’ll cover practical aspects of 
noise and interference control in electronic systems and provide a 
working knowledge of EMC principles.  Ideas are illustrated with 
examples of actual case histories and mathematic complexity is 
kept to a minimum.  Participants will gain knowledge needed to 
design electronic equipment compatible with the electromagnetic 
environment and in compliance with national and international 
EMC regulations.
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Electromagnetic Compatibility Engineering
Training for Noise and Interference Control in Electronic Systems

presented by EMC expert

Henry Ott

Feedback from recent participants
“� is is really a fantastic course. Everything is very 
practical, and I have a much more intuitive feel for 
what is important in EMC and why.”

“Very enjoyable presentation; passionate about 
subject, used good practical examples.”

“Henry is the best in EMC.”

“Probably the most useful technical seminar I have 
ever attended.  Should have learned this 20 years ago.”

“� ank You.  Your work is very valuable and your 
presentation style is refreshing!!”

“Really happy I � ew all the way here.”

“Excellent course!  Presented in a very understandable 
way, even for a mechanical engineer.”

“Should be required training for all engineers.”

“� is is the best practical course available.”

“An excellent seminar presented by a pragmatic, 
knowledgeable and entertaining teacher.”

“� is seminar exceeded by far my expectations, and 
my expectations were high already.”

Who Should Attend
� is course is directed toward electrical engineers. However, mechanical engineers, 
reliability and standards engineers, technical managers, systems engineers, regulatory 
compliance engineers, technicians and others who need a working knowledge of 
electromagnetic compatibility engineering principles will also bene� t from the course.

Presented by Henry Ott Consultants
in partnership with

Magazine

Includes Henry Ott’s 
latest book!

Register by 3/2/12
and save $200!

mailto:sharon.smith@incompliancemag.com
http://www.hottconsultants.com
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has the rare ability to communicate that 
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Electromagnetic Compatibility Engineering
Training for Noise and Interference Control in Electronic Systems

presented by EMC expert

Henry Ott

Feedback from recent participants
“� is is really a fantastic course. Everything is very 
practical, and I have a much more intuitive feel for 
what is important in EMC and why.”

“Very enjoyable presentation; passionate about 
subject, used good practical examples.”

“Henry is the best in EMC.”

“Probably the most useful technical seminar I have 
ever attended.  Should have learned this 20 years ago.”

“� ank You.  Your work is very valuable and your 
presentation style is refreshing!!”

“Really happy I � ew all the way here.”

“Excellent course!  Presented in a very understandable 
way, even for a mechanical engineer.”

“Should be required training for all engineers.”

“� is is the best practical course available.”

“An excellent seminar presented by a pragmatic, 
knowledgeable and entertaining teacher.”

“� is seminar exceeded by far my expectations, and 
my expectations were high already.”

Who Should Attend
� is course is directed toward electrical engineers. However, mechanical engineers, 
reliability and standards engineers, technical managers, systems engineers, regulatory 
compliance engineers, technicians and others who need a working knowledge of 
electromagnetic compatibility engineering principles will also bene� t from the course.

Presented by Henry Ott Consultants
in partnership with

Magazine

Includes Henry Ott’s 
latest book!

Register by 3/2/12
and save $200!
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FCC Allocates Spectrum for 
New Medical Technologies

The U.S. Federal Communications 
Commission (FCC) has adopted rules 
aimed at speeding the development of 
wireless medical devices that could help 
to restore the functioning of paralyzed 
human limbs.

The Commission’s action came in 
response to a petition from the Alfred 
Mann Foundation to allow so-call 
medical micropower networks (MNNs) 
to utilize parts of the electromagnetic 
spectrum. MNNs are ultra-low power 
wideband networks consisting of 
multiple transmitters implanted in the 
body that use electric currents to activate 
and monitor nerves and muscles. The 
Mann Foundation had reportedly built 
prototype MNN systems and sought 
FCC approval that would allow for the 
actual use of the systems in patients.

In a Report and Order issued in 
November 2011, the Commission 
moved to expand the Medical Device 
Radiocommunications (MedRadio) 
Service under Part 95 of its rules to 
permit the use of MNNs in selected 
portions of the spectrum. The FCC 
noted that its action advances its 
broadband healthcare agenda and will 
improve the quality of life for individuals 
who have suffered spinal cord injuries, 

traumatic brain injuries, strokes and 
other neuromusculoskeletal disorders. 
The complete text of the Commission’s 
Report and Order is available at  
www.incompliancemag.com/
news/1202_01. 

FCC Regulates TV 
Commercial Sound Levels

The U.S. Federal Communications 
Commission (FCC) has addressed one 
of the most vexing problems facing 
consumers; that is, the sound level of 
television commercials.

In a Report and Order issued in 
December 2011, the Commission 
implemented the provisions of the 
Commercial Advertisement Loudness 
Mitigation (CALM) Act, passed by 
the U.S. Congress in 2010. Under the 
Commission’s new rules, commercials 
must have the same average volume as 
the television programs they accompany. 
Compliance with the requirement 
is specifically demonstrated by a 
broadcaster’s application of the guidance 
detailed in the Recommended Practice 
developed by the Advanced Television 
Systems Committee in 2009 and the 
use of Recommendation BS 1770 
measurement algorithm developed by 
the International Telecommunication 
Union.

The new commercial sound level 
rules apply to digital TV broadcasters, 
digital cable operators and other digital 
multichannel video programming 
distributors and become effective in 
December 2012.

The complete text of the Commission’s 
Report and Order on its implementation 
of the CALM Act is available at  
www.incompliancemag.com/
news/1202_02. 

FCC Releases Latest 
Telephone Subscribership 
Report 

The Federal Communications 
Commission (FCC) has released its most 
recent report on telephone subscriber 
levels in the United States.
The report, which is based on July 2011 
statistics from the Census Bureau, 
provides subscriber penetration 
statistics by state, income level, race, age, 
household size and employment status. 
Among the report’s highlights are the 
following key findings:

•	 The telephone subscriber penetration 
rate actually decreased from the pen-
etration rate achieved in July 2010, 
from 96.0% to 95.6%. The Commis-
sion says that the decrease is not con-
sidered statistically significant.

DILBERT © 2011 Scott Adams. Used By permission of UNIVERSAL UCLICK. All rights reserved.
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•	 The penetration rate for households 
with incomes below $20,000 was at 
or below 94.7%, while the rate for 
households in income categories 
over $75,000 was at least 98.9%.

•	 Penetration rates by state range from 
a high of 98.5% in Connecticut and 
North Dakota, to a low of 91.4% in 
Tennessee.

•	 The penetration rate was 96.7% for 
employed adults, and 95.1% for 
unemployed adults.

The Commission says that its continuing 
analysis of telephone service penetration 
statistics allows it to examine the 
aggregate effects of its actions and 

industry changes on consumers’ 
decisions to maintain, acquire or drop 
telephone service.

The complete text of the Commission’s 
latest report on telephone subscribership 
in the United States is available at  
www.incompliancemag.com/
news/1202_03. 

FCC Announces “Apps for 
Communities” Awards

The U.S. Federal Communications 
Commission (FCC) has announced 
the winners of its first Apps for 
Communities Challenge, which fosters 

the development of applications to 
connect those with limited Internet 
access to online information.
A total of $100,000 was awarded to 
13 different entrants, who submitted 
applications that offer help to people 
looking for jobs, connect the homeless 
with needed services, and advise public 
transportation riders of the arrival 
time of the next bus. The awards were 
announced by FCC Chairman Julius 
Genachowski in December 2011. 

The Apps for Communities Challenge 
is a joint effort of the FCC and the John 
S. and James L. Knight Foundation. 
Additional information is available at 
http://appsforcommunities.challenge.gov. 

http://www.atecorp.com/inc
http://www.incompliancemag.com/news/1202_03
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Standards

UL 209: Standard for Cellular Metal Floor 
Raceways and Fittings
New Edition dated December 20, 2011 

UL 541: Standard for Refrigerated 
Vending Machines
New Edition dated December 30, 2011 

UL 1557: Standard for Electrically 
Isolated Semiconductor Devices
New Edition dated December 29, 2011

UL 60745-2-13: Hand-Held Motor-Operat-
ed Electric Tools - Safety - Part 2-13: Par-
ticular Requirements for Chain Saws
New Edition dated December 8, 2011 

Revisions

UL 94: Standard for Tests for 
Flammability of Plastic Materials for Parts 
in Devices and Appliances
Revision dated December 7, 2011 

UL 96A: Standard for Installation Require-
ments for Lightning Protection Systems
Revision dated December 5, 2011 

UL 515: Standard for Electrical 
Resistance Heat Tracing for Commercial 
and Industrial Applications
Revision dated November 30, 2011 

UL 783: Standard for Electric Flashlights 
and Lanterns for Use in Hazardous 
(Classified) Locations
Revision dated November 30, 2011 

UL 857: Busways
Revision dated December 9, 2011 

UL 1439: Standard for Tests for 
Sharpness of Edges on Equipment
Revision dated December 9, 2011 

UL 1446: Standard for Systems of 
Insulating Materials - General
Revision dated December 6, 2011 

UL 1703: Standard for Flat-Plate 
Photovoltaic Modules and Panels
Revision dated December 6, 2011 

UL 2167: Standard for Water Mist Nozzles 
for Fire Protection Service
Revision dated November 30, 2011 

UL 2785: Standard for Sustainability for 
Printing Cartridges
Revision dated December 7, 2011 

UL 110: Interim Sustainability 
Requirements for Mobile Phones
Revision dated December 22, 2011 

UL 880: Standard for Sustainability for 
Manufacturing Organizations
Revision dated December 21, 2011 

UL 1821: Standard for Thermoplastic 
Sprinkler Pipe and Fittings for Fire 
Protection Service
Revision dated December 15, 2011 
UL 2267: Standard for Fuel Cell Power 
Systems for Installation in Industrial 
Electric Trucks
Revision dated December 20, 2011 

UL 60950-1: Information Technology 
Equipment - Safety - Part 1: General 
Requirements
Revision dated December 19, 2011 

UL 60950-22: Information Technology 
Equipment - Safety - Part 22: Equipment 
to be Installed Outdoors
Revision dated December 19, 2011

Underwriters Laboratories has announced the availability of these standards and 
revisions. For additional information, please visit their website at www.ul.com.

Do you have news that 
you’d like to share with your 
colleagues in the compliance 
industry?  We welcome your 
suggestions and contributions.  

Send news items to the editor:

In Compliance Magazine
P.O. Box 235
Hopedale, MA
(508) 488-6274

editor@incompliancemag.com

In the January 2012 issue, in the article “Furthering Your Professional Development 
in 2012” (page 53) we erroneously listed the IEEE EMC Society Regional Event 
being held in September 2012 under the heading Milwaukee, WI. Please note, this 
event is held by the Minneapolis, MN Chapter in Bloomington, MN.

Correction

http://www.incompliancemag.com
http://www.ul.com
mailto:editor@incompliancemag.com
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Our new, redesigned “A” Series amplifiers are so powerful and so efficient that we’re able to make them
25% to 50% smaller while maintaining the same output power. They’re now lighter, more portable, and able to fit
easily in a control room and that translates to one great value for you. Yet they still deliver 500, 1000 and
2500 watts of power, and even more depending on the model you choose.

We’re getting more expandable too. Our “A” Series amps now cover the 10 kHz to 250 MHz frequency range.
So you can test to virtually any standards.

They feature the latest FET technology, and can be controlled remotely with IEEE, RS-232, USB and Ethernet
interfaces. And with all these innovative features, our “A” Series amps use less energy, that’s good for you and good for
the environment. Our new “A” series also comes with enhanced cooling technology.

At 40 years old, AR is still exceeding the grade, in quality, value, technology, craftsmanship, and service after the sale.
And that makes these new “A” Series amplifiers a no-brainer.

Our New “A” Series uses less energy, delivers more power, is lighter, smaller,
and delivers a better price performance ratio.

Maybe We Should Have Called It
The A+ Series.
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News in Compliance
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CPSC Launches Registry 
for Small Batch Children’s 
Manufacturers

The U.S. Consumer Product Safety 
Commission (CPSC) has launched 
a new online registry for certain 
manufacturers of children’s products. 

According to the CPSC, the new small 
batch manufacturers’ registry is intended 
for manufacturers who earned $1 
million of less in total gross revenues 
from the sale of consumer products in 
2011, and who produced in total no 
more than 7500 units of at least one 
consumer product. 

Under current CPSC regulations, 
manufacturers who meet these criteria 
are except from having certain categories 
of products evaluated by outside testing 
laboratories during 2012. However, 
they are still required to meet all 
applicable safety standards related to 
their products, and provide a certificate 
of conformity attesting to the product’s 
compliance with those requirements. 

The new registry provides a mechanism 
for qualifying manufacturers to formally 
demonstrate to retailers and other 

interested parties their exemption from 
the third-party testing requirement.

Additional information about the CPSC 
small batch manufacturers’ registry and 
the third-party testing exemption is 
available at www.cpsc.gov/smallbatch. 

Replacement Battery Packs 
Present Explosion Hazard

BatteriesPlus of Hartland, WI is recalling 
nearly 112,000 Rayovac NI-CD cordless 
tool battery packs manufactured in 
China.

According to BatteriesPlus, the 
replacement battery pack can explode 
unexpectedly, posing a risk of serious 
injury to consumers. The company 
has received five reports of explosions 
related to the recalled battery packs, but 
no reports of injuries.

The recall battery packs were sold 
through BatteriesPlus retail stores 
nationwide and online at the company’s 
website between June 2008 and October 
2011 for about $60.

Additional details about this recall are 
available at www.incompliancemag.com/
news/1202_04.

Hamilton Beach Recalls 
Toasters Due to Fire Hazard

Hamilton Beach Brands of Glen 
Allen, VA has announced the recall of 
about 14,000 of its Hamilton Beach-
brand classic chrome 2-slice toaster 
manufactured in China.

The company says that, when the 
toasters are first plugged into the outlets, 
the heating element can be energized 
even though the toaster lifter is in the 
up or off position. This condition can 
pose a fire hazard if the toaster is near 
flammable items. Hamilton Beach says 
that it has receive five reports of toasters 
being energized when first plugged into 
an outlet, but no reports of injuries or 
property damage.

The recalled toasters were sold through 
mass merchandisers and department, 
grocery and home center stores 
nationwide from August 2011 through 
November 2011 for between $19 and 
$34. In addition, some of these toasters 
were sent to consumers as replacements 
for a different toaster model originally 
recalled in June 2011.

More information about this recall is 
available at www.incompliancemag.com/
news/1202_05.

You Can’t Make This Stuff Up

California’s Pacific Gas and Electric Company (PG&E) 
probably can’t be blamed for the timing of this coincidence. 
But there are no doubt some red faces at the company’s 
offices as a result of a recent natural gas explosion that 
destroyed a Cupertino condominium.

In the immediate aftermath of the explosion which took 
place last September 1st, PG&E crews needed nearly 90 
minutes to shut off the gas to the pipeline that exploded. 
Further investigation at the scene determined that there were 
no fewer than seven separate leaks in the gas lines running 
into and out of the building, and that there was no central 

shutoff valve nearby that could have quickly stopped the flow 
of natural gas. 

Ironically, the day before the Cupertino gas explosion, PG&E 
was excoriated in a report released by the U.S. National 
Transportation Safety Board (NTSB) which documented 
the causes of a September 2010 natural gas explosion in a 
residential neighborhood in San Bruno, CA, in which eight 
people were killed and dozens more injured. 

In the report, the NTSB cited PG&E for its “lax approach to 
pipeline safety” and stated that “PG&E’s inadequate pipeline 
integrity management program failed to identify, detect, and 
remove the substandard pipe segments before they ruptured.”

http://www.incompliancemag.com
http://www.cpsc.gov/smallbatch
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http://www.incompliancemag.com/news/1202_04
http://www.incompliancemag.com/news/1202_05
http://www.incompliancemag.com/news/1202_05


www.incompliancemag.com      February 2012      IN Compliance      13  

N
ew

s in Com
pliance

 European Union News

New U.S./EU Conformity 
Assessment Bodies for EMC, 
Telecom Equipment

The United States and the European Union 
(EU) have expanded the list of conformity 
assessment bodies (CABs) authorized to conduct 
testing to electromagnetic compatibility and 
telecommunications equipment requirements.

Published in the Official Journal of the European 
Union in December 2011, the action adds MiCOM 
Labs of Pleasanton, CA and Nemko, USA, Inc. 
of Lewisville, TX to the list of U.S.-based CABs 
authorized to conduct testing to EU requirements. 
In addition, Intertek Semko AB of Krista, Sweden 
has been added to the list of EU-based CABs 
authorized to conduct testing to U.S. requirements. 

Under the terms of a mutual recognition 
agreement (MRA) originally implemented in 1998, 
the United States and the EU recognize the results 
of conformity assessment activities performed in 
the exporting country conducted by authorized 
CABs. Testing to the requirements related to EMC 
and telecommunications equipment fall under the 
scope of the MRA.

The complete text of the action is available at  
www.incompliancemag.com/news/1202_06. 

EU Commission Amends InVitro 
Medical Devices Directive

The Commission of the European Union (EU) 
has amended its Directive 98/79/EC on in-vitro 
medical devices. Published in December 2011 
in the Official Journal of the European Union, 
the Commission’s action adds assays for blood 
screening, diagnosis and confirmation of “Variant 
Creutzfeldt-Jakob disease” (vCJD) to List A 
of Annex II of the Directive. The change was 
made at the request of the United Kingdom, and 
the complete text of the Commission’s action 
is available at www.incompliancemag.com/
news/1202_07. 

The EMC Chapter of the  
IEEE Milwaukee Section  

presents the 2012 EMC Seminar

Designing a Product to Meet Today’s 
Emission and Immunity Requirements

with
Jeremy Campbell, PE

General Motors ATC, Torrance, CA

March 27, 2012
Crowne Plaza Milwaukee Airport Hotel

For more information,  
please contact  
Jim Blaha at jblaha@ieee.org.

The Commission of the European 
Union New has expanded its list of 
CABs authorized to conduct testing 
to electromagnetic compatibility 
and telecommunications equipment 
requirements. It has also amended the 
InVitro Medical Devices Directive.
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iNARTE Informer
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almost 40 applicants. In 2012 the next 
level of this program for Senior EMC 
Design Engineers will be available. 
Here is a brief review of the program:

•	 This certification is intended for 
Engineers having the responsibility 
to apply EMC principles to ensure 
conformity in electronic design. 
Our traditional EMC Certification 
program was more geared towards 
EMC and EMI testing and mitigating 
engineering. Holding both credentials 
should be exceptionally valuable.

•	 The EMC Design Engineer certificate 
is intended for the graduate engineer 
just starting their career in design, or 
perhaps having just two or three years 
of practical work experience.

•	 The Senior EMC Design Engineer 
certificate is for the experienced 
engineer that has more than four or 
five years of design work experience.

•	 If there are any Master EMC Design 
Engineers out there who missed out 
on the Grandfather period, we can 
still accommodate you, but now there 
will be an examination involved. 

•	 All certificates are lifetime awards, 
so no annual renewal requirements. 
However engineers and senior 
engineers can apply for upgrades after 
two years at their current levels.

•	 You can apply now for examination at 
any of our Authorized Test Centers. 
There is no need to wait for the EMCS 
2012 Symposium. But remember, 
most test centers also require a 

What’s New in 2012

Finally in 2011 the economy and 
other circumstances have caught 
up with us. The FCC now issues 

lifetime licenses, so no renewal income 
there. Companies are no longer funding 
workshop attendance and tutorials as 
once they did, and today it seems that 
engineers are being asked to do more 
and more with less and less, so hardly 
any time is left for these activities, 
however valuable they might be in the 
long run. As a result our certification 
activities have to become self supporting 
in 2012. Our revised fee structure, 
together with the introduction of 
some new and exciting certification 

opportunities, is forecast to allow growth 
without further fee changes in the 
foreseeable future.

WHAT IS NEW IN 2012?
The fees for the EMC Design Engineer 
Certification program, launched in 
2011, will not be changed and it is 
off to a great start. The Grandfather 
period in the USA for Master EMC 
Design Engineers closed on December 
31st, 2011 with over 80 applications. 
Grandfathering for overseas residents 
is still active. The first examinations 
for the Engineer level applicant were 

The lapel pin
Certified Master EMC Design 
Engineer

Certified Senior EMC Design 
Engineer Certified EMC Design Engineer 

As many readers will have already noticed, iNARTE fees for most 
certification applications and renewals have had to be increased this 
year. The last time we increased fees was back in January 2007, 
since which time we have been able to maintain a balanced budget by 
supplementing certification revenue with other activities, such as FCC 
Licencensure, workshop administration, book sales and royalties. 

http://www.incompliancemag.com


www.incompliancemag.com      February 2012      IN Compliance      15  

proctoring fee that you can avoid 
by examining at any of the iNARTE 
supported special events; the EMCS 
symposium, the PSES symposium or 
the ESDA symposium.

Design artwork for the Lapel Pins and 
logos that Certified Design will be 
eligible to use are shown on page 14.

In addition, iNARTE will also 
be introducing new certification 
opportunities in 2012 for engineers and 
technicians having certain specialized 
knowledge and experience:

MIL-STD EMC Specialist, the details 
of which are already published on our 
web site at http://www.narte.org/h/
milstdemcspecialist.asp.

Spectrum Management Specialist, the 
purpose of which is to create a credential 
that ensures a uniform level of expertise 
and quality for engineers having 

spectrum management and frequency 
coordination responsibilities.

Wireless Regulatory Compliance 
Specialist, the purpose of which is 
to ensure the correct interpretation 
of regulatory requirements for this 
complex family of equipment, and a 
uniform application of the rules for 
compliance. 

REGISTER FOR 
CERTIFICATION EXAMS
A visit to the iNARTE web site at  
www.narte.org will enable you to get all 
the details of our current programs. If you 
have any questions about your qualifica-
tions for a particular program, or to find 
which program may best suit your career 
goals, please call or email us directly.

When you are ready for the  
iNARTE examination phase of  
your program, visit our web site at 

http://www.narte.org/h/testcenters.asp  
to find a convenient iNARTE 
Authorized Test Center. If none of our 
centers are suitably located, we can make 
alternative arrangements for you.

Also remember that we will be offering 
examination for any of our programs at 
several technical conferences and sym-
posia this year. Watch our web site for 
Coming Events Information and then 
book your examination at one of these 
special events. Arrangements like this 
could save you and your company addi-
tional travel and proctoring expenses.

Here are the major events in 2012 where 
we will be offering these services:

•	 IEEE EMCS Symposium:  
August 5-10, Pittsburgh, PA

•	 EOS/ESD Symposium:  
September 9-14, Tucson, AZ

•	 IEEE PSES Symposium:  
November 5-7, Portland OR

iN
A

RTE Inform
er

(the author)
BRIAN LAWRENCE 
began his career in 
electromagnetics at 
Plessey Research Labs, 
designing “Stealth” 
materials for the British 
armed services. In 1973 
he moved to the USA and established 
a new manufacturing plant for Plessey 
to provide these materials to the US 
Navy. In 1980 he joined the “Rayproof” 
organization to develop an RF Anechoic 
Test Chamber product line. As a result 
of acquisitions, Rayproof merged into 
Lindgren RF Enclosures, and later 
into ETS-Lindgren. Following a career 
spanning more than 40 years in the 
electromagnetic compatibility field, Brian 
retired as Managing Director of ETS-
Lindgren UK in 2006. Later that year 
he assumed the position of Executive 
Director for the National Association 
of Radio and Telecommunications 
Engineers, NARTE. Now renamed 
iNARTE, the Association has expanded 
its operations and is today an affiliate of 
RABQSA under the overall banner of the 
American Society for Quality, ASQ.

he moved to the USA and established 

QUESTION OF THE MONTH
Last month we asked:
A product being evaluated for product 
safety is provided with an interface 
port that has plain old telephone set 
(POTS) features and connects directly 
to a network interface unit (NIU). What 
is the acceptable working voltage for 
the TNV circuit that can be used for 
evaluating creepage and clearance 
distances required for separation 
within the product?

A. 90 V ac

B. 60 V dc

C. 127 V dc

D. 120 V dc

The correct answer is D. 120 V dc. 
Since the interface port connects to 
a Network Interface Unit (NIU) and 
is a port with POTS type features 
that port circuit must be considered 
as TNV-3. Section 2.10.4 specifies 
that the normal operating voltage 
shall be assumed to be 120 V dc 
for either TNV-2 or TNV-3 circuits 
if the Telecommunication Network 
characteristics are not known. Note: 
This is generally the case since ringing 
voltage can be 90 to 105 V ac, 20 or 
30 Hz and varies with Central Office 
ringing sources and loop length.

This month’s question is:
During a site survey, a meter reading 
of 97 dΒµV/m is recorded. The cable 
loss is 2.5 dB, attenuation is 10 dB 
and the antenna gain is –20 dBi. What 
is the corrected value in V/m?

A. 0.07 V/m

B. 2.99 V/m

C. 29.9 V/m

D. 7.0 V/m

http://www.incompliancemag.com
http://www.narte.org/h/milstdemcspecialist.asp
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insulated metal plate connected to an 
electrometer in the charge-measuring 
mode. The plastic was charged 
negatively by being rubbed by my 
remaining piece of Kratzenstein’s cat 
(see “Ben Was Not Alone,” Compliance 
Engineering, January/February 1998). 
The sheet was placed on the metal plate 
with the charged side in contact with 
the metal; a total charge of –4.5 x 10–7 C 
was read on the electrometer. (The 
negative signs of the charges are shown 
on the top of the plastic to make the 
figure clearer, but it actually doesn’t 
matter.) After 24 hours the sheet was 
removed from the metal plate, and the 
charge was remeasured to –4.4 x 10–7 C. 

Here was a plastic surface where a 
number of molecules had received one 
or more extra electrons, in close contact 
with a metal in which electrons are 
(almost) free to move, and still hardly 
any of the charged molecules had been 
neutralized. The electrons were not able 
to cross the border between the plastic 
and the metal, even over a prolonged 
period. What little neutralization 
that did happen was probably due to 
positive air ions plating out on the back 
side of the plastic. 

But let’s carry a similar experiment 
a little further. In Figure 2 is shown 
a sheet of plastic, again charged to a 
total of –4.5 x 10–7 C. (In this and the 
following experiments, the charge on 
the plastic sheets was measured by 
lowering the sheets in a Faraday pail 
connected to an electrometer in the 
charge-measuring mode. 

When the plastic sheet is brought near 
a sharp corona electrode connected to 
an electrometer, as shown in Figure 3, 
the electrometer displays a charge 
of –3.7 x 10–7 C and the plastic, a 
remaining charge of –0.8 x 10–7 C.  
It thus appears as though a charge has 
been transferred from the plastic to the 
electrometer. 

But this is only an illusion. What 
happens is that the charge on the 
plastic creates a field at the corona 
electrode exceeding the breakdown 
field strength, and ionization takes 
place in the immediate vicinity of the 
electrode. Thus, positive and negative 
ions are formed in equal numbers, and 
negative ions are moved in the field 
to the electrode, where they are being 
neutralized and are charging the 

electrometer. Positive ions are moved 
to the plastic, where they plate out 
and partly neutralize the field from 
the negative charge. This process stops 
when the field from the net charge 
on the plastic at the tip of the corona 
electrode is too low to cause ionization. 

In order to show that this is what 
happens, the experiment just described 
was repeated in a slightly different 
manner. In Figure 4 is shown again a 
sheet of plastic charged to –4.5 x 10–7 C. 
In front of this charged sheet is a 
similar sheet of uncharged plastic. 
After the two sheets are moved toward 
a corona electrode connected to an 
electrometer, the negatively charged 
sheet still shows the original charge, 
–4.5 x 10–7 C. 

The electrometer has received a charge 
of –2.7 x 10–7 C (Figure 5), but obvi-
ously not from the negatively charged 
sheet, since it kept its original charge. 
The uncharged sheet now carries a 
positive charge of 2.6 x 10–7 C. There-
fore, the field at the corona electrode, 
caused by the negatively charged sheet, 
has created negative and positive ions 
moving in opposite directions. 

MR. Static

M
R.

 S
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Figure 4: A charged plastic sheet placed 
behind an uncharged one and moved 
toward the corona electrode retains its 
charge. 

-4.5 x 10–7 C 0 C

Figure 2: A sheet of plastic negatively 
charged. 

4.5 x 10–7 C

Figure 3: The plastic sheet is placed near a 
sharp corona electrode, ultimately causing 
ionization to occur in the electrode’s 
immediate vicinity. 

-0.8 x 10–7 C -3.7 x 10–7 C
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If the originally uncharged sheet had 
not been present, the positive ions 
would have moved to the negative 
sheet, reducing its total charge. And 
since the electrometer received a 
negative charge close to what is 
“missing” on the negative sheet, we 
might have concluded, that (negative) 
charges were being transferred from the 
negative sheet to the electrometer. 

Obviously, this would be a wrong 
conclusion. The neutral sheet and the 
electrometer simply shared the negative 
and positive ions formed in the air. 

The process described above is typical 
for all processes where an apparent 
loss of charge is connected with an 
ionization process, i.e., a process where 
the charge distribution creates high-
enough fields to create mobile charge 
carriers—ions. In many cases such a 

process stops before total neutralization 
has taken place, because the field 
strength becomes too low. 

It is a different situation if the medium 
surrounding the charge already 
contains mobile charge carriers, i.e., 
if it has a certain conductivity. This 
could be, for instance, a surface treated 
with an antistatic agent, i.e., a material 
containing positive and negative 
electrolytic ions. If a part of the surface 
is, say, positively charged, the field from 
the charge will attract negative ions 
from the surface layer to neutralize 
the field from the positive charge, and 
in this case the neutralization may be 
almost total. 

But again, the charge itself does not 
move. All that happens is that the field 
changes and maybe becomes zero. 

CONCLUSION

Charges (normally) don’t disappear 
from a charged body. But they may 
appear to do so. All that actually 
happens, however, is that the field 
from oppositely charged charge 
carriers is superimposing the field 
from the original charges. What the 
originally charged molecules do when 
the oppositely charged carriers arrive 
(because of their mutual attraction), we 
don’t know. 

I leave you with this: Isn’t it fascinating 
that a Teflon molecular structure, 
which once, perhaps accidentally, was 
impregnated with a few extra electrons, 
may never again attain its original, 
virginal state? 

M
R. Static

(the author)

NIELS JONASSEN, 
MSC, DSC, 

worked for 40 years at 
the Technical University 
of Denmark, where 
he conducted classes 
in electromagnetism, 
static and atmospheric 
electricity, airborne radioactivity,  
and indoor climate.  
After retiring, he divided his time  
among the laboratory, his home, and 
Thailand, writing on static electricity 
topics and pursuing cooking classes. 
Mr. Jonassen passed away in 2006.

Figure 5: The uncharged sheet (Figure 4) now carries a positive charge.

-4.5 x 10–7 C 2.6 x 10–7 C -2.7 x 10–7 C

Isn’t it fascinating that a Teflon molecular structure, which once, perhaps accidentally, was 
impregnated with a few extra electrons, may never again attain its original, virginal state?
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By “lifecycle” I mean your 
product’s shipment, storage, 
installation, use, service, 

decommissioning and disposal. 
A classic problem, especially with 
machinery, is that there can be lots 
of safety information you need to 
communicate, yet the last thing you 
want is apply so many labels on your 
product that it looks like an Indy 500 
racecar. Too many warnings can be as 
ineffective as too few as the situation 
raises the risk of having all the warnings 
ignored – too much information can 
lead to the “crying wolf ” situation.

An often overlooked but very effective 
solution to this issue of information 
overload is to include the symbol 
standardized in ISO 7010 for “Refer 
to manual” (as shown in Figure 1) on 
a safety label that is applied to your 
product.

To make this work, use a risk 
assessment process to determine which 
safety information belongs on the 
product and which safety information 
goes in the manual.  Then a “Read 

and understand manual” safety label, 
like the one shown in Figure 2, can be 
used to effectively tie together the on-
product warnings and manual.

By following this process, you’ve 
essentially built a three-part system 
for communicating safety. Use of 
the internationally standardized 
“Refer to manual” safety symbol tells 
even non-English reading viewers 
that they need to read the manual 
to stay safe from harm. Creating 
such a system is important because 
U.S. courts acknowledge that, as a 
product manufacturer, your two 
primary vehicles for communicating 
safety information are your product’s 
warnings and instructions. The “Read 
manual” label reinforces this tie-in and 
puts you in a position of being able to 
say, “What more could we have done?” 

Yet there is a problem with this safety 
communication system: will your 
intended audience have ready access to 
the manual? In the old days, this was 
an issue because the manual was often 
lost or stuck in a file drawer. But in the 
last year or so, a solution has presented 
itself: the QR (quick response) code. 
More and more manufacturers are 
adding a QR code to the “Read manual” 
labels we supply to them. Again, see 
Figure 2. By scanning the QR code 
with a smart phone, the viewer is 
immediately taken to the product 
manufacturer’s website where they can 
choose to either download a manual 
or read a specific instruction. This puts 
that critical information directly into 
the palm of the hand, right there on 
the spot. With the smartphone market 
now accounting for more than 40% of 
the mobile phones in use in the U.S. 
and growing at double digit rates each 
quarter, you now have an even stronger 
case for saying, “What more could we 
have done to communicate safety?” 
When used in conjunction with the 
specific hazard-related safety labels 
on your product, your new high tech 

ON Your Mark
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On Your Mark

As a product manufacturer, your duty to warn in the United States 
revolves around your ability to successfully inform people of the 
residual risks left over after you have done your best to design  
out or guard hazards that are associated with your product’s  
entire lifecycle. 

BY GEOFFREY PECKHAM

Figure 1: ISO “Refer to Manual” safety 
symbol

http://www.incompliancemag.com


http://www.incompliancemag.com
http://www.clarionsafety.com
http://www.ProductSafeT.com
http://www.ProductSafeT.com


22       IN Compliance      February 2012      www.incompliancemag.com

Many engineers do not 
understand where technology 
is taking us and how it 

relates to their future. Their creative 
engineering skills must help humanity 
since customers worldwide buy products 
and services. Advances in technology are 
outpacing the ability of users to integrate 
new products into their lifestyle, many 
of which may become becomes obsolete 
within a short period of time.

An example is wireless communication. 
We now have 4G networks. There 
are many portable products still in 
use using 2G and 3G technology. In 
today’s wireless environment, 2G and 
3G systems still work fine, yet some 
manufacturers, service providers, and 
marketing professional believe they 
are a burden on our infrastructure and 
that everyone must upgrade to 4G. 
Support for legacy products is being 
discontinued in lieu of driving the 
current customer base to a higher level 
of functionality, generating significant 
revenue for companies that support this 
technology. 

Let’s assume for purpose of discussion, 
that 5G becomes available late 2012, and 
6G is released 6 months later (2013). By 
the reasoning above, our dependence 
on 2G, 3G and 4G should be phased 
out quickly in lieu of 5G, which is then 
quickly followed by 6G. Customer 
support for what is considered outdated 
technology will be discontinued 
although millions of wireless devices 
are still in use. In the future we can 
expect xG to be developed. Those who 
must have the latest in technology may 
spend a night sleeping in front a store 
to be the first to own a new product 
that may only bring incremental 
improvement in performance over 
their current device. Others will also 
update their interactive systems at the 
same time (i.e., iPads, and wrist watch 
size high-definition television with 3D 
capabilities) because they too must 
have the latest in technology. What new 
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Obsolescence of Technology 
BY MARK MONTROSE

In our continuing series on what the future of engineering may 
be like, we examine our environment and the needs or desires of 
humanity. Advances in technology are outpacing the ability of users 
to integrate new products into their lifestyle, many of which may 
become becomes obsolete within a short period of time.
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technological advanced can we expect in 
the future if only incremental increase 
in performance is being achieved with 
today’s level of engineering? 

The most widely used aspect of 
technology is delivery of content. 
Delivery of content means the ability 
to have instant access to information 
anywhere in the world. I am amazed 
to see how many must upgrade their 
phones yearly to get the latest in super 
high-speed technology so they can text 
each other at finger typing speeds or use 
social networking site which requires 
minimal processing power. 

Engineers of the future will know that 
having a faster processor gives only 

incremental improvement yet users still 
demand more content delivery, such as 
high-speed streaming video on a small 
screen. To give users what they want 
based on market demand, engineers 
must focus more on content deliver 
along with an easy to use interface. At 
the same time, product safety and EMC 
engineers must become involved during 
the design cycle.

Imagine the technology that we will 
use 25 or 50 years from now. Engineers 
of the future must look forward to an 
exciting career of creating products that 
provide a quantum leap in functionality 
and performance instead of incremental 
increases that we see with current 
technology. 
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In industry, engineers quickly realize 
that technical issues are but a part of 
any engineering problem. Making 

a profit at a price that the market will 
accept is the overriding concern. There 
are always compromises to be made, 
and ideally, the compromises are 
made in such a way as to yield the best 
possible product. But not always…

BACKGROUND

One of the processes with which all 
EMC engineers become familiar is 
product modification during or soon 
after EMI qualification.

If a product fails an EMI test, whatever 
fix is implemented must be properly 
documented and entered into the 
product drawing package so that the 
production line builds perfect clones 
of the “golden unit”. Experienced 
engineers realize this is a process with 
significant nuances.

A variation on this process problem 
occurs when the product installation 
changes from that originally specified 
during qualification. Ideally, the 
product is (1) electrically bonded to 
ground using the same technique 
during test as installed, (2) each 
connected cable cross-section 
(shield and wire configuration) is 
identical between qualification and 
production cables, and (3) cable shield 
terminations are the same between 
qualification and production, e.g., EMI 
backshells, length of pigtails, etc.

Sometimes even the best plans just 
don’t pan out, and the installation 
changes after product qualification. 
Then engineering must decide whether 
the change is significant or not. 
“Significant” means the qualification 
design has been compromised and is 
no longer representative of production. 
Hence, qualification must be repeated 
using the new configuration. Needless 

to say, the engineer making this 
pronouncement is not popular with 
those tasked to keep the program on 
schedule and under budget. The path 
of least resistance is to pronounce 
the change insignificant ... at least 
in the short term. If the change is 
such that the product’s compromised 
performance could cause customer 
dissatisfaction down the line, and a 
recall, then it will be the engineer who 
pronounced the change insignificant 
upon whom all responsibility (blame) 
will fall. Those who exerted pressure 
upon that engineer, either implicitly 
or explicitly, will all have moved on 
to other programs and projects and 
will have zero memory of the affair … 
which was technical in nature anyway 
and the proper province of engineering, 
not management.

As a specific example, a product 
was EMI qualified with a particular 
cable set. Down the road, end-user 
instructions for installation were 
reviewed by engineering, and one or 
more of the attached cables was found 
to have a break allowing installation 
of instrumentation mounted on small, 
open boards a few inches across. Cable 
shields at the break were tied to local 
ground using pigtails a few inches long. 
During qualification, these cables had 
no breaks.

So the question was whether this 
change was significant, or not. Here’s 
where the plot thickens, because the 
question was posed to two different 
engineers, each unaware that the 
other engineer was working the same 
problem.

In general, this is not a good situation, 
because engineers will all have 
unique opinions and experiences. 
If the problem were sufficiently 
straightforward that all engineers 
would answer similarly, multiple 
engineers wouldn’t have to be polled! It 
is often when people are shopping for a 
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Clash of the Titans
BY KEN JAVOR

Engineering, like physics, involves solving problems using 
algorithms subject to boundary conditions.  In electromagnetics, 
equations are evaluated subject to boundary conditions such as 
conductive surfaces, insulators, etc.  In product development, 
designs are subject to the boundary conditions of cost, schedule, 
and the all pervasive human element…
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specific answer that they will ask until 
they hear the answer they like.

Engineer 1 said qualification had 
been compromised, and either the 
product would require requalification 
as installed, or the open boards 
would require metallic enclosures 
with connectors so that the shield 
terminations at the enclosures were of 
the same quality as the cable with no 
breaks.

Engineer 2 said the change 
was insignificant, and would 
not affect performance 
(i.e., radiated emissions or 
immunity).

A TEST IS WORTH 
(At Least) TWO 
EXPERT OPINIONS

This problem is not of the 
“how many angels can 
dance on the head of a pin” 
variety. It is real, tangible 
and readily subjected 
to analysis and testing. 
Figures 1a - c show a 
cable segmented so as to 
facilitate insertion of a cable 

break. The cable is RG-58 coax with a 
single shield, which is representative 
of the types of shields that are used in 
twisted, shielded pairs and the like. 
Cable connectors were PL-259s, which 
are threaded and don’t leak. Threaded 
connectors were preferred over bayonet 
type (BNC) because those leak above 
roughly 10 MHz.

Radiated Emissions. Comparison 
between the continuous shield 
(Figure 1a) configuration and the 

simulated break (Figure 1b) 
configuration was made by taking 
coupling data over the biconical (30 –  
200 MHz) and logperiodic (200 – 
1000 MHz) ranges. Each antenna was 
sequentially oriented in vertical and 
horizontal polarizations. Instead of 
plotting limits, antenna port potentials 
induced by constant field intensity 
levels of 20, 40 and 60 dBuV/m were 
plotted as thick black curves over the 
data. Field intensities were adjusted to 
dBuV to allow juxtaposition with raw 

data from the measurement 
system.

It is intuitively gratifying 
that the effect of the break 
increases with increasing 
frequency. Figures 2a and 
2b compare field intensities 
measured between 30 and 
200 MHz using a vertical 
biconical. Near 30 MHz, 
degradation due to the 
break is minor but increases 
up to 30 dB at higher 
frequencies. The cable is 
driven with a conservative 
67 dBuV, or about 2 mV, 
which is commensurate 
with experience.

REA
LITY Engineering

Figure 1b: Same set-up as Figure 1a, but with cable break installed 
at center.

Figure 1a: Cable laid out over ground plane per standards such as 
CISPR 25, RTCA/DO-160, and MIL-STD-461

Figure 1c: Close-up of cable break implementation, showing it to 
be a current probe or injection clamp calibration fixture, with lid 
removed.
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resistance divided by the square of 
the turns ratio. For the three Pearson 
probes discussed herein, the inserted 
impedances are negligible:

Model ZT, Ω Inserted Impedance*, mΩ

3525 0.1 0.2

4688 1 20

5101 0.5 5

* Source: Pearson Electronics

TEST EQUIPMENT –  
CURRENT PROBE 
ALTERNATIVE

For measurements on power lines 
or between a unit case and ground, 
the transformer method pioneered 
by the Solar Electronics Company 
can be adapted to provide even more 
efficient low-level, low frequency 
measurements. If measurements on 
individual cable bundles are necessary, 
an efficient current probe such as those 
discussed previously, is necessary. 
Regardless, the transformer method 
may still be helpful under certain 
conditions.

The transformer method is based on 
Solar Application Note AN62201, 
which has been around long enough 
that it was adopted by the United States 
Army and included in the 1971 Notice 
3 to MIL-STD-462 (the “pink notice”). 
The application note, found in any 
edition of the Solar Electronics Catalog 
relies on the fact that a current probe 
is a type of transformer; therefore, a 
different kind of transformer may be 
substituted. The connection into the 
circuit, shown in Figure 6, is the same 
as for MIL-STD-461 CS01 or CS101. 
But instead of driving the Model 6220-
1 coupling transformer with a power 

amplifier, the transformer’s primary 
side is connected to an EMI receiver or 
spectrum analyzer. A loading resistor 
shunts the primary side to reflect a 
resistance into the secondary. The 
resulting transfer impedance has a flat 
asymptotic plateau at frequencies where 
the transformer’s reactance is higher 
than the shunt resistance.

The principle of operation is that the 
secondary, unloaded on the primary 
side, has about 1.2 mH inductance. 
The reactance of that inductance, 
shunted by different resistors, yields a 
family of curves as shown in Figure 7. 

Because of the Model 6220-1 turns 
ratio of 2:1 primary to secondary, 
the transfer impedance plateaus in 
Figure 7 are equal to one-half the 
shunt resistor value in the circuit of 
Figure 6. [3] Given the 1.2 milliohm 
secondary inductance, the highest 
transfer impedance available at 30 
Hz is about -13 dB Ohm. That value 
is obtained with no load, which is 
inadvisable since that would insert 
the entire 1.2 mH inductance into the 
power-line impedance. That is known 
to cause switched mode power supply 
instability. [4] The problem can be 
avoided using a 1 Ohm shunt, reflecting 

For measurements on power lines, or between a unit case and ground, the  
transformer method can be adapted to provide even more efficient low-level,  
low frequency measurements. 
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adequate sensitivity. If a test facility is 
going to be making such measurements 
routinely, or if the test sample has cable 
connections beyond power that require 
individual sampling and generates 
significant audio frequencies, then the 
Pearson probes or probes with similar 
performance are preferable. 
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