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COURSE DATES/TIME: April 22-24, 2014
Tuesday and Thursday   8:30 a.m. to 4:30 p.m.
Wednesday   8:30 a.m. to 5:00 p.m.

COURSE LOCATION: Embassy Suites Hotel  
15920 West Valley Highway, Seattle, Washington 98188, USA 

COURSE FEE:  $1,495 ($1,295 until 3/7/2014).  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 after 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 

HOTEL RESERVATIONS:  Call the Embassy Suites Hotel at 1-425-227-8844. 
Room rates start at $139 per night (tax not included).  Book by April 1st to receive this rate. Rate is 
based on availability. You must mention In Compliance Magazine or HOC EMC Seminar when making 
reservations to get this special rate.  The hotel is holding a limited block of rooms. 
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Presented by Henry Ott Consultants
in partnership with

Includes Henry Ott’s 
latest book!

Electromagnetic Compatibility 
Engineering

a course in noise and interference control in electronic systems

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.

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.

Henry W. Ott  is President 
and Principal Consultant of 
Henry Ott  Consultants, 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. 

Learn more at 
www.hott consultants.com

considered by many to be the nati on’s leading EMC 

HENRY OTT

*Electromagnetic 
Compatibility Engineering,  
by Henry W. Ott
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In that instance, the Commission 
proposed a forfeiture of more than 
$1.4 million against Preferred Long 
Distance, Inc. of Encino, CA for 
allegedly switching long-distance 
telephone service for 14 consumers 
without authorization. 

The complete text of the Commission’s 
Notice of Apparent Liability for 
Forfeiture against Consumer Telecom 

FCC Proposes  
$3.5 Million Fine for 
Slamming/Cramming

The U.S. Federal Communications 
Commission (FCC) has proposed 
a fine of more than a $3.5 
million against a Nevada-based 
telecommunications firm that 
allegedly changed the preferred 
long-distance telecommunications 

NV for multiple instances of slamming 
or cramming. In this case, Consumer 
Telecom telemarketers allegedly 
represented themselves to consumers 
as employees of their incumbent long-
distance carrier. According to the 
Commission, “CTI apparently took 
advantage of consumers by masking 
the true purpose of the call, and then 
profiting from their obvious confusion 
about the questions they were asked.” 

DILBERT © 2013 Scott Adams. Used By permission of UNIVERSAL UCLICK. All rights reserved.

The Federal Communications Act prohibits carriers from changing a subscriber’s selection of telephone 

service providers without their explicit permission, or for billing them without authorization. 

is available at incompliancemag.com/
news/1402_01.

FCC Releases  
Consumer Complaints 
Report for Q2 2013

The U.S. Federal Communications 
Commission (FCC) has released its 
report on inquiries and complaints 

service of a group of consumers 
without authorization (a practice 
known as “slamming”), and for 
placing unauthorized charges on 
consumers’ telephone bills (known as 
“cramming”). 

In a recent Notice of Apparent Liability 
for Forfeiture, the Commission 
proposed a fine of $3,560,000 against 
Consumer Telecom Inc. of Henderson, 

The Federal Communications Act 
prohibits carriers from changing a 
subscriber’s selection of telephone 
service providers without their explicit 
permission, or for billing them 
without authorization. 

The proposed forfeiture in this case is 
more than twice the amount proposed 
by the Commission in December 2012 
against a California-based company. 

http://www.incompliancemag.com
http://www.incompliancemag.com/news/1402_01
http://www.incompliancemag.com/news/1402_01
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FCC Proposes $44 Million 
in New Penalties for Lifeline 
Program Violations 

The U.S. Federal Communications 
Commission (FCC) has proposed 
more than $44 million in new 
monetary forfeitures against three 
wireless Lifeline service providers who 
allegedly established multiple Lifeline 
wireless phone service subscriptions 
for individual consumers, in violation 
of the program’s rules.

The Commission issued Notices 
of Apparent Liability (NALs) in 
December 2013 against Cintex 
Wireless ($9.4 million), Telrite 
Corporation ($22.4 million) and 
Global Connection ($11.7 million). In 
each instance, the Commission says 
that the carriers knew or should have 
known that targeted consumers were 
already participants in the Lifeline 
program, and therefore ineligible for 
multiple subscriptions under Lifeline 
program rules. 

The proposed monetary forfeitures 
were based on the number of unlawful 
payment requests made by each 
respective carrier, which was then 
adjusted upward by three times the 
total duplicate payments requested. 

Established in 1985, the Lifeline 
program provides discounted wireless 
service subscriptions to low-income 
consumers. However, evidence of 
widespread abuse led the Commission 
to overhaul the program in 2012, and 
to aggressively pursue investigations 
of duplicate service and fraud. During 
the last three months of 2013 alone, 
FCC enforcement in connection 
with Lifeline program violations has 
resulted in proposed fines of $90 
million. 

made by consumers to the agency’s 
Consumer & Government Affairs 
Bureau during the quarter ending  
June 30, 2013.

The Bureau regularly tracks inquiries 
and complaints from consumers on 
matters within the scope of the Com-
mission’s jurisdiction. The Bureau is 
particularly interested in instances of 
“cramming” (the placing of unauthor-
ized, misleading or deceptive charges 
on a telephone bill) and “slamming” 
(the practice of changing a subscriber’s 
telecommunications service provider 
or calling plan without the subscriber’s 
permission). The Commission also 
tracks violations of the Federal Tele-
phone Consumer Protection Act 
(TCPA), which includes regulations 
covering both the “Do Not Call” regis-
try and unsolicited fax advertisements. 

During the period from April through 
June 2013, the Bureau received a total 
of 36,531 TCPA-related complaints 
in connection with wireline 
telecommunications services, and 
an additional 17,959 TCPA-related 
complaints in connection with 
wireless services. Of the wireline 
TCPA complaints, 18,682 (51.1%) 
involved violations of the “Do 
Not Call” registry, and 2909 were 
connected with unsolicited faxes.
 
In addition to complaints, the Bureau 
also received 4133 TCPA-related 
inquiries in connection with wireline 
services, and an additional 163 TCPA-
related inquires in connection with 
wireless services. 

FCC Releases Data on 
Internet Access

The U.S. Federal Communications 
Commission (FCC) has released its 
most recent report on access in the 

United States to fixed and mobile 
Internet connections, including infor-
mation on the gap between current 
service levels and the benchmark In-
ternet connection speeds recommend-
ed under the Commission’s National 
Broadband Plan. 

According to the Commission’s re-
port, entitled Internet Access Services: 
Status as of December 31, 2012, nearly 
70% of fixed Internet connections to 
households meet or exceed the speed 
tier that most closely approximates the 
target set in the National Broadband 
Plan of 3 megabits per second (Mbps)  
downstream and 768 kilobits per sec-
ond (kbps) upstream. This penetration 
rate for fixed high-speed service com-
pares with just 49% in 2009.

At the same time, high-speed Internet 
access (defined at 3 Mbps downstream 
or greater) for subscribers of mobile 
wireless service continues to grow. 
As of December 2012, nearly 38% of 
mobile subscribers had access to high-
speed service, compared with a 21% 
penetration rate as of December 2011. 

Without accounting for speed, 
Internet connections overall are 
growing. By the end of December 
2012, there were 262 million Internet 
connections offering access at speeds 
of at least 200 kpbs, a 14% year-
over-year increase. Overall growth 
continues to be driven by dramatic 
increases in mobile connections, 
which increased by 18% in just one 
year. With 169 million subscribers, 
the number of mobile Internet 
connections at the end of December 
2012 was nearly 82% greater than the 
number of fixed Internet connections.

The complete text of the Commission’s 
latest report on Internet access is 
available at incompliancemag.com/
news/1402_02. 

http://www.incompliancemag.com
http://www.incompliancemag.com/news/1402_02
http://www.incompliancemag.com/news/1402_02
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2013 in the Official Journal of the 
European Union, and replaces all 
previously published standards lists 
for the Directive. 

The complete updated standards 
list for the EU’s PPE Directive is 
available at incompliancemag.com/
news/1402_03. 

EU Commission Updates 
Standards List for PPE 
Directive

The Commission of the European 
Union (EU) has an updated list 
of standards that can be used to 
demonstrate conformity with the 
essential requirements of its Directive 
89/686/EEC concerning personal 
protective equipment.

For the purposes of the Directive, 
personal protective equipment (or 
PPE) is defined as “any device or 

appliance designed to be worn or 
held by an individual for protection 
against one or more health and 
safety hazards.” Specifically excluded 
from the scope of the Directive is 
equipment designed specifically for 
private use (such as seasonal outdoor 
clothing), equipment for use by armed 
forces or law enforcement personnel, 
and equipment intended for the 
protection or rescue of individuals on 
vessels or aircraft. 

The extensive list of CEN and Cenelec 
standards was published in December 
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Google and HP Recall 
Chromebook 11 Chargers

Google Inc. of Mountain View, CA 
and the Hewlett-Packard Company of 
Palo Alto, CA are voluntarily recalling 
about 145,000 power supplies/chargers 
manufactured in China and intended 
for use with HP’s Chromebook 11 
tablet computer.

Google and HP report that the power 
supply/charger can overheat and 
melt, posing a fire and burn hazard 
to consumers. Google says that it 
has received nine reports of chargers 
overheating and melting during 
use, as well as one report of a minor 
consumer injury and a separate report 
of minor property damage. 

The recalled power supplies/chargers 
were sold with HP’s Chromebook 
11 between October and November 
2013 for about $280 at Best Buy 
stores nationwide, as well as through 
ShoppingHP.com, Play.Google.com 
and Amazon.com. 

Additional details regarding this recall 
are available at incompliancemag.com/ 
news/1402_05. 

Colby TVs Recalled Due to 
Fire Hazard

Eight U.S. retailers have announced 
a voluntary recall of Colby-brand 
32-inch flat screen televisions 
manufactured in China.

According to a press release issued 
by the U.S. Consumer Product Safety 
Commission (CPSC), an electronic 
component in the recalled televisions 
can catch fire and ignite nearby 
items, posing a fire and burn hazard 
to consumers. The CPSC says that it 

Bed Bug Heating Units 
Recalled

Nuvenco, Inc. of Fort Collins, CO. 
is recalling about 9000 of its Pack-
Tite brand heating units for bed bug 
control.

Nuvenco reports that the bed bug 
heating units can overheat and/or 
melt, potentially causing a fire and 
posing a burn hazard to consumers. 

The company has received three 
consumer complaints of heaters 
overheating, including one case in 

which treated items were singed. 
However, there have been no reports 
of injuries.

The recalled heating units were sold 
through pest control companies and 
pest control product distributors 
nationwide from October 2009 
through January 2013 for between 
$300 and $330 for the heating system, 
and for $53 for the heating unit when 
sold separately.

More information about this recall is 
available at incompliancemag.com/
news/1402_04.

The EMC Chapter of the  
IEEE Milwaukee Section  

presents the 2014 EMC Seminar

Preventing EMC Problems  
During Design

For more information,  
please contact  

Jim Blaha at jblaha@ieee.org.

with
Bill Kimmel 

and 
Daryl Gerke

Kimmel Gerke Associates, Ltd.
St. Paul, Minnesota

March 25, 2014
Crowne Plaza Milwaukee Airport Hotel
6401 South 13th Street, Milwaukee, Wisconsin

http://www.incompliancemag.com
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appropriate. Linear says that it has 
received one report of a transmitter 
that failed to operate, but has not 
received any reports of injuries.

The recalled transmitters were 
sold through independent PERS 
distributors and dealers nationwide 
from June through August 2013 for 
about $45.

Additional details about this recall are 
available at incompliancemag.com/
news/1402_08.

has received six separate reports of 
televisions overheating, smoking or 
catching fire. However, there have 
been no reports of injuries.

The eight retailers that initiated this 
recall include ABC Warehouse, Best 
Buy, Fry’s Electronics, h.h. Gregg, 
Nebraska Furniture Mart, P.C. Richard 
& Son, Sears/Kmart and Toys R Us. 
The recall televisions were sold at 
these and other retailers nationwide 
from August 2011 through November 
2013 for between $170 and $260. 

Further details about this recall are 
available at incompliancemag.com/
news/1402_06.
 

Pre-lit Christmas Trees 
Recalled Due to Fire Hazard

Seasonal Specialties LLC of Eden 
Prairie, MN is recalling about 1800 
of its Enchanted Forest-brand pre-
lit Christmas trees manufactured in 
China.

The company reports that electrical 
components in the trees’ light strings 
can overheat and melt, posing a fire, 
burn and shock hazards to consumers. 
There have been two separate reports 
of the trees’ light strings overheating, 
melting or smoking, but no reports of 
consumer injuries.

The recalled Christmas trees were 
sold exclusively through Menards 
retail stores nationwide, and through 
Menards.com, between September 
and November 2013 for about $300.

More information about this recall is 
available at incompliancemag.com/
news/1402_07. 

Company Recalls PERS 
Transmitters 

Linear LLC of Carlsbad, CA has issued 
a voluntary recall for about 48,000 of 
the company’s personal emergency 
reporting system (PERS) transmitters 
manufactured in China.

According to the company, the battery 
clips in the transmitters can corrode, 
causing the transmitters to operate 
intermittently or not at all, thereby 
failing to generate a warning when 
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Grand Rapids is the birthplace 
of Gerald Ford and the home 
of the Gerald Ford Presidential 

Library & Museum, where the late 
President was laid to rest. Ford served 
a partial term on the bully pulpit after 
a long run in Congress (1949-1973). 
He succeeded Spiro Agnew as Veep 
under Nixon after Agnew resigned, in 
disgrace, in December 1973.

Those were crazy days in politics 
and Nixon’s presidency crumbled 
nine months later under the weight 
of the Watergate scandal. It was a 
turbulent and challenging time, indeed, 
what with the imminent collapse of 
Saigon, the oil embargo, the threat of 
thermonuclear war, pastel leisure suit 
sightings and the woeful growth of 
disco music.

With all of that on his plate, I wonder 
if Mr. Ford, sometimes, wished he had 
stayed in Grand Rapids to practice 
something more peaceable than politics, 
like divorce law. Now, Michigan has 
a “no-fault divorce” provision on the 

books which, I suppose, makes it a 
bit easier to get un-hitched. One day, 
a few years back, I wished there was 
protection for “no-fault consulting.”

More on that later, but first a bit on 
Grand Rapids. Native Americans 
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Frying the Flight Data Recorder
How Not to Impress
BY MIKE VIOLETTE

In this month’s In Compliance Magazine the focus is on military 
and aerospace topics. Along those lines, we worked on a project 
for an aviation company some years back. In mining the archives, 
so to speak, we head to the lower peninsula of Michigan, to the 
city of Grand Rapids.

have inhabited the area around the 
Grand River for millennia. Westerners, 
first French fur trappers and later 
woodsmen, started arriving in the 
late 1700s. Foundations of the city’s 
industrial base were developed one 
hundred years later as craftsmen and 
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www.incompliancemag.com      February 2014      In Compliance      15  

entrepreneurs built “The Furniture 
City.” To this day, she hosts several 
high-end furniture manufacturers. 
Grand Rapids is also home to a wide 
variety of technology industries, 
including machinery, automotive and 
aerospace. 

Where once rapids roared and riffled 
on the Grand River, dams, power canals 
and tailraces have subdued her natural 
flow, now largely serene as it meanders 
through the town. In the spirit of post-
environmental awareness, there are 
movements in the city to bring back the 
natural rapids to Grand Rapids.

Motu Viget means ‘strength in activity,’ 
which is her motto and is a paean that 
harks even back two thousand years to 
Native American Mound Builders, who 
stayed active constructing impressive 
edifices of dirt and clay to bury their 
dead.

As the town grew in the mid 1800s and 
accepted immigrants from Holland, 
Germany, Ireland, Sweden, Italians 
and Poland, the city’s location in the 
industrial heartland of America lends 
access to major markets and a diverse 
salt-of-the-Earth populace that boasts 
a strong work ethic, typical of the solid 
mid-western towns in the US. Later, 
refugees from war and foreign strife 
came to settle in the town. After the 
pogroms of the 1930s and World War 
II, European Jews found safety and 
peace in Grand Rapids. Hungarians 
settled after 1956 and Vietnamese after 
the fall of Saigon. 

A place of activity—and strength—
indeed. 

The economy of Grand Rapids is 
diverse, too, with not as much vertical 
reliance on a single industry as, say, 
Motor City, a hundred and sixty miles 
to the East, with the avionics industry 
supplying sophisticated systems, to 
where this story arcs. One project that 

we were called to investigate was a 
Flight Data Recorder (FDR). These so-
called “black boxes” (actually painted 
orange or yellow for better visibility 
at a crash site) have been standard in 
aircraft beginning in the 1950s. The 

earliest versions were analog and relied 
on a metal foil in a crash-survivable 
case.

The initial development of electronic 
FDRs for the Air Force (for the F-16) 
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began in 1982, starting a continuing 
evolution of solid-state based digital 
devices. With no moving parts, they 
were much better suited to survive the 
tremendous impact and related injuries 
associated with a high-speed nose into 
terra firma. 

The designs of FDRs have tracked 
heavily integrated with flight systems; 
very rapid advances have been 
occurring since the 1980s. This is 
especially true as more aircraft are 
developed with fly-by-wire controls, 
which allow the monitoring and 
recordation of dozens of sensor 
signals. The FDR systems consist of 
not just a single box, but of multiple, 
linked modules including the Signal 
Acquisition Unit, Cockpit Control 
Unit, Data Acquisition and Recording 
Unit and the Voice and Data Recorder. 
By the late 1990s, these systems were 
growing in capacity and capability. 
Memory units with up to several 
hundred megabytes meant that 
more parameters could be stored, 
for longer periods of time, giving 
incident investigation loads of data for 
analysis after crashes. This means the 
integration and density of electronics 

has increased tremendously, along with 
rise of clock and data rates, and EMI.

Versions of these data recorders 
are now being deployed in railroad 
applications. Following a fatal crash in 
Chatsworth, CA in September 2008, 
the National Transportation Safety 
Board (NTSB) made the following 
recommendation to the Federal 
Railroad Administration to “Require 
the installation of crash- and fire-
protected inward- and outward-facing 
audio and image recorders capable of 
providing recordings to verify that train 
crew actions are in accordance with 
rules and procedures that are essential 
to safety as well as train operating 
conditions.”

Passenger vehicle Event Data 
Recorders, monitoring speed, brake 
condition, seatbelt status and cruise 
control settings are now common in 
motor vehicles and have been used to 
prove assertions of reckless driving in 
court.

Our client in Grand Rapids was 
developing the Signal Acquisition Unit, 
a critical part of the FDR’s distributed 
component of the avionics system 

connected via a serial 1553 bus. The 
unit we worked on, a gray squat rugged 
aluminum box, had four connectors 
on its face. These were dense MIL-
style circular multi-pin affairs that 
connected to harnesses made of dozens 
of individual wires. The device was 
failing RE102 emissions in the 30-60 
MHz band. A quick look at the signals 
showed a mix of narrowband clock-
like emissions and broadband data-
generated noise: ugly stuff.

We were set up in a small shielded 
enclosure. A biconical antenna was 
set up and connected to a spectrum 
analyzer that was sitting on a cart next 
to the bench. The wiring connected 
to the EUT was splayed out on the 
bench. The analyzer display bloomed 
with green spikes, picking up energy 
radiating off the harness wiring.

Because of weight issues, shielding 
the wires was out of the question, not 
to mention the complexity of making 
a complete shield with routing for 
branches and to connect to various 
locations on the airframe.

So, what to do? Well, these kinds of 
situations are really the nasty ones: 
few options, a complex box, tons of 
wiring and any number of sources, any 
one of them could put the unit out of 
compliance. 

We tried clip-on ferrites inside, 
squeezing them over the internal 
wiring. No luck. The thing about 
ferrites is: either they work, or they 
don’t. Besides, the mechanical guys 
weren’t too thrilled about installing 
an unsecured hunk of sintered iron 
inside the device that had to survive 
multiple-G environments.

After a morning of fiddling around, 
checking schematics and looking at 
pinouts, it was time to break for lunch. 
Reality engineering sometimes means 
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Something inside the unit 
popped and sizzled. 

“Aw crap,” Al said 
and sighed. “There 
goes my afternoon.” 
I looked at him and 
he shrugged his 
shoulders. 

“Might as well go to 
lunch now.”
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knowing when to put down the scope 
probe, but I didn’t. The question kept 
nagging at me: which of these pins had 
the most energy? Could we knock these 
signals down one-at-a-time? One of 
the tricks of the trade, so to speak, is to 
take a dental pick and carefully connect 
it to suspect pins, all the while looking 
at the spectrum display. If a particular 
node was “hot” the radiated energy off 
of the pick would peak frequencies on 
the analyzer.

One of the project technicians, a calm, 
older guy named Al who, as I recall, 
was a whiz at surface mount surgery, 
stood by as I poked the pinouts on C1, 
the largest of the four circulars. 

“Be careful.” Al said.

The eye-hand coordination was better 
back then, but even so after a half-
dozen pokes, my pick slipped and I 
crossed two pins. Something inside the 
unit popped and sizzled. 

“Aw crap,” Al said and sighed. “There 
goes my afternoon.” I looked at him 
and he shrugged his shoulders. “Might 
as well go to lunch now.”

I put the dental pick down and followed 
him out of the room down the hall a 
few paces behind, head lowered and 
just a little shaken.

Al turned into the room where the 
engineers’ cubicles were arranged, 
tapped the lead engineer on the 
shoulder and told him, calmly. “The 
consultant fried the unit.”

A nanosecond later, I walked into the 
room to hear the lead, jumping up from 
his desk yelp: “What?! Kill Him!”

Lunch that day at the company cafeteria 
was quiet, I sat a few seats away from 
the project manager, trying to stay cool. 
He was picking at a plate of lukewarm 

lasagna, muttering something about the 
schedule getting ‘shot in the ass.’ Oops.

Back at the ‘shop’ I debriefed John, 
my supervisor, somewhat sheepishly. 
John was calm. “Those things happen. 
I blew out the front-end of a forty 
grand receiver when I was younger. It’s 
reality.”

They ultimately got the unit working 
again (it turns out that I blew out a 
simple line driver; thankfully back then 
DIP packages were pretty easy to de-
solder and replace). Al did a fine job, 
but it did take the rest of the afternoon.

Ultimately, we found some filter-pins 
that were retrofitted to the circular 
connectors as a quick-fix and sold them 
an EMC design course. 

REFERENCES
•	 FDR History: http://www.boeing.com/ 

commercial/aeromagazine/aero_02/
textonly/s01txt.html

•	 FDR: http://www.thic.org/pdf/Oct97/
smithsind.sgresley.pdf

•	 NTSB: http://www.ntsb.gov/
investigations/summary/ 
RAR1001.html
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FAULTS 

The first question that must be 
addressed is: What fault protection is 
the fuse providing? 

There are two kinds of faults: (1) phase-
to-neutral (pole-to-pole) and (2) phase-
to-ground.

(Note that a fuse cannot provide 
protection for a neutral-to-ground fault 
because, by definition, the neutral is 
grounded. In a neutral-to-ground fault, 
the neutral and ground conductors 
become parallel conductors. In 
accordance with Kirchoff ’s Laws, the 
current in the neutral goes down, 
not up. Hence, the over-current does 
not occur, and a fuse cannot provide 
protection). 

SINGLE FUSING 

A single fuse in the phase conductor 
provides protection for both kinds of 
faults. 

A single fuse in the neutral conductor 
provides protection for neutral-to-
phase faults, but not for phase-to-

ground faults. This is one reason why 
a single fuse in the neutral is not 
permitted. 

DOUBLE FUSING 

The second question that must be 
addressed is: Under what conditions 
does double-fusing provide the same or 
better protection than a single fuse? 

We have already determined that a 
single fuse in the phase conductor 
provides adequate protection against 
both kinds of faults, and that a fuse 
in the neutral conductor does not. 
If double fusing is employed, the 
equipment is protected against both 
faults, but the neutral fuse is redundant 
for phase-to-neutral faults, and 
inoperative for phase-to-ground faults. 

The only condition where fusing both 
phase and neutral conductors yields 
non-redundant protection against 
both faults is where polarity reversal 
is possible. That is, where the phase 
and neutral conductors could be 
interchanged on the supply side of the 
fuse. If polarity reversal is possible, 

Double Fusing 
or Fusing Both Sides of the Line
Product Safety Newsletter, June 1988
BY RICHARD NUTE

Every once in a while, someone asks the question whether fusing 
both sides of the power line is safe and permissible. 

then double-fusing guarantees that 
the phase conductor will always be 
provided with a fuse. 

With double fusing, protection against 
both faults is provided for both normal 
polarity and reverse polarity. 

POLARITY REVERSAL 

The third question that must be 
addressed is: Is polarity (phase-neutral) 
reversal possible in the circuit on the 
supply side of the fuse? That is, is the 
fuse location (ie: phase or neutral 
conductor) constant or variable? 

BUILDING WIRING 
AND PERMANENTLY-
CONNECTED EQUIPMENT 

If we are dealing with building wiring 
or permanently-connected equipment, 
then fuse location is not variable, and 
polarity reversal is not possible. In this 
case, one fuse, in the phase conductor, 
provides protection for both phase-to-
neutral and phase-to-ground faults. 

The NEC, CEC, IEE Wiring 
Regulations and IEC 364 specifically 
prohibit fusing the neutral in building 
wiring and permanently-connected 
equipment. 

PLUG-AND-SOCKET-
CONNECTED EQUIPMENT 

If we are dealing with plug-and-
socket-connected equipment, 
then we must examine the supply 
configuration, socket configuration, 
plug configuration, and wiring codes 
to determine whether fuse location is 
variable or not. 

THREE-PHASE AND MULTI-
VOLTAGE EQUIPMENT 

For three-phase (e.g. 208/120) and 
multi-voltage (e.g. 120-0-120) supplies, 
the plug and socket must maintain 
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polarity in order to have functionality. 
In these cases, the fuse location is not 
variable because any polarity reversal 
(other than phase rotation) results 
in incorrect voltages applied to the 
equipment, usually with immediate 
catastrophic results, and opening of the 
building fuse or circuit breaker. 

For these cases (plug-and-socket-
connected three phase equipment 
and multi-voltage, e.g. 120-0-120 
equipment), a fuse in each phase 
conductor provides protection for both 
phase-to-neutral and phase-to-ground 
faults. A fuse in the neutral conductor 
would be redundant and should it 
operate (open), the voltages applied 
to the various circuits will change and 
could cause overvoltage, overcurrent, 
and overheating conditions in at least 
one of the individual loads. For this 
reason, a fuse in the neutral must be 
prohibited, or it must be “ganged” 
with the phase conductor fuses such 
that if any one, including the neutral, 
operates, they all open. 

SINGLE PHASE 
EQUIPMENT 

For single-phase plug-and-socket-
connected equipment, the plug 
and socket may or may not reliably 
maintain polarity, depending on 
the electrical code and the socket 
configuration. 

Supposedly, the NEMA 5-l5R socket 
maintains the polarity of the building 
wiring, with the wide blade being the 
neutral conductor. However, there are 
several versions of the NEMA 5-l5P 
plug, some with wide blade and some 
without. Therefore, some plugs allow 
polarity reversal, while others do not. 

In continental Europe, the socket 
wiring for the common 220 V, 16A plug 
is not polarized, and the equipment 
fuse location would be variable. In the 
UK and Australia, sockets and plugs 

are polarized, and the equipment fuse 
location would be constant. 

The point is that each plug, socket, 
and building wiring is an independent 
situation which must be separately 
evaluated as to whether polarity 
reversal is possible. This in turn would 
make the equipment fuse location 
constant or variable. 

THE GENERAL CASE FOR 
SINGLE-PHASE PLUG-
AND-SOCKET-CONNECTED 
EQUIPMENT 

For single-phase, single-voltage plug-
and-socket-connected equipment, 
single fusing ONLY provides protection 
for both faults when polarity reversal 
is not possible. If polarity reversal is 
possible, then a single fuse can only 
provide protection against phase-to-
ground faults 50% of the time. 

For single-phase, single-voltage plug-
and-socket-connected equipment, 
double fusing ALWAYS provides 
protection for both kinds of faults 
regardless whether polarity reversal is 
possible or not. 

However, there are two hitches to 
double fusing.

First, when operating on a polarized 
system, some safety authorities insist 
that fusing be provided only in the 
phase conductor such that all of 
the equipment is de-energized for 
protection of the serviceman. This 
seems to require one fuse only. 

However, this can be accommodated by 
using two, different value fuses. Select 
the fuse for the phase conductor (when 
connected to a polarized system) for 
proper overcurrent protection. Select 
the fuse for the neutral conductor 
to be one size larger than the phase 
conductor fuse. Thus, when connected 
to a polarized system, the smaller fuse 
properly opens for phase-to-neutral 
and for phase-to-ground faults. When 
connected to a non-polarized system 
and with reverse polarization, the 
smaller fuse provides protection for 
phase-to-neutral faults, and the larger 
fuse provides protection for phase-to-
ground faults. 

Second, some safety authorities 
insist that fusing be provided only 
in the phase conductor as required 
for building wiring. Any fuse in the 
neutral is cause for non-compliance of 
the equipment. The only solution here 
is to change our building codes and 
regulations to exempt single-phase plug-
and-socket-connected equipment.  
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Ions
BY NIELS JONASSEN, sponsored by the ESD Association

The word ion (in Greek, ion) means wanderer. It denotes 
an entity, a particle, that will move under the action of an 
electric field. So, in principle, valence electrons in metals 
or holes in semiconductors could be considered ions. 
But in practice, the name ion is reserved for two species: 
electrolytic ions and gaseous ions.

INTRODUCTION

Associate Professor Neils Jonassen 
authored a bi-monthly static column 
that appeared in Compliance 
Engineering Magazine. The series 
explored charging, ionization, 
explosions, and other ESD related 
topics. The ESD Association, working 
with In Compliance Magazine is re-
publishing this series as the articles 
offer timeless insight into the field of 
electrostatics.

Professor Jonassen was a member of 
the ESD Association from 1983-2006. 
He received the ESD Association 
Outstanding Contribution Award in 
1989 and authored technical papers, 
books and technical reports. He is 
remembered for his contributions to 
the understanding of Electrostatic 
control, and in his memory we reprise 
“Mr. Static”.

~ The ESD Association

Reprinted with permission from:  
Compliance Engineering Magazine,  
Mr. Static Column  
Copyright © UBM Cannon

chemically speaking, and they never 
change their properties no matter  
what you do to them, as long as they 
remain ions. 

If a given ion is exposed to an electric 
field with the strength E, it will move 
with a constant velocity v given by:

v = kE 

where k is a constant representing the 
mobility of the ion. Again, a silver ion 
always has one positive charge and 
always the same mobility, at least when 
you consider a given isotope of silver. 
The same constancy is true for any 
other electrolytic ion. 

GASEOUS IONS 

Although ions may be formed in most 
gases, we will restrict ourselves here 
to discussion of those types of ions 
that may be formed and found in 
atmospheric air, the so-called air ions 
or atmospheric ions.

The formation of an air ion starts with 
an electron being knocked off a neutral 
air molecule, as shown in Figure 1. 
The now positive molecule (oxygen 
or nitrogen) will rapidly attract a 
number of polar molecules (10–15), 
mostly water, and this cluster is called 
a positive air ion. The electron will 
probably attach to an oxygen molecule 
(nitrogen has no affinity for electrons), 
and this negative molecule will attract 
a number of water molecules (maybe 
8–10), forming a cluster called a 
negative air ion. It is important to note 
that ions are always formed in pairs, 
and always the same number of positive 
and negative ions. 

It takes a certain energy, about 34 eV 
(~5.4 x10–18 J) to knock off the initial 
electron. This energy may be delivered 
by shortwave electromagnetic radiation 
(x-rays or gamma rays), or more often 
from a colliding particle. 

ELECTROLYTIC IONS 

If you have an aqueous solution of 
silver nitrate, the AgNO3 is  
dissociated as:

AgNO3 → Ag+ + NO3–

Ag+ is called a silver ion and NO3–  
a nitrate ion. 

If an electric field is now applied to 
the liquid, the positive silver ions 
will move in the direction of the field 
toward the negative cathode, where 
they each will receive an electron, 
become neutralized, and plate out 
onto the electrode. This is the basis for 
electroplating. 

A somewhat similar process takes place 
at the anode—but we are not going 
to discuss electrochemistry in detail. 
Rather, I will point out just a few facts 
about electrolytic ions. The silver and 
nitrate ions, as well as other electrolytic 
ions, have well-defined properties. 
All silver ions are identical, at least 
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NATURAL IONIZATION 

Most of the ionization in the lower 
atmosphere is caused by airborne 
radioactive substances, primarily radon 
and its short-lived daughters. In most 
places of the world, ions are formed 
at a rate of 5–10 pairs per cm3 per 
second at sea level. With increasing 
altitude, cosmic radiation causes the 
ion production rate to increase. In areas 
with high radon exhalation from the 
soil (or building materials), the rate 
may be much higher. 

It is primarily alpha-active materials 
that are responsible for the ionization. 
Each alpha particle (for instance,  
from a decaying radon atom) will,  
over its range of some centimeters, 
create approximately 150,000–200,000 
ion pairs. 

M
R. Static

Figure 1: How air ions are formed
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FIELD IONIZATION 

Although ionization from radioactive 
sources (often a polonium isotope) is 
used for technical purposes, and for 
certain applications it is to be preferred 
for any other method, the most 
common artificial method of producing 
ions is by field ionization. 

It’s somewhat ironic to realize that 
this method presupposes an ongoing, 
however weak, natural ionization. If 
a sufficiently strong electric field is 
established—for instance, between 
an electrode at a potential of some 
kilovolts and a ground—the electrons 
being freed by natural ionization may 
be accelerated to such velocities that 
they themselves can cause ionization, 
again creating pairs of (positive and 
negative) ions. It should be stressed that 
it does not take a high voltage, but high 
field strength, to cause ionization. 

The breakdown field strength, as it is 
called, is somewhere around 3 MV/m 
between plane electrodes (in air at 
atmospheric pressure). If you have 
two metal plates at a distance of 1 cm, 

you need a voltage difference of about 
30,000 V for ionization to take place 
in the space between the plates. If, 
however, one of the plates is replaced 
by a sharp metal point or a thin wire, 
the necessary voltage may be only a few 
kV. The explanation is that for a given 
voltage difference, the field strength 
in front of a point is much higher 
than between plane electrodes. Thus 
although the breakdown field strength 
is higher in front of a point, ionization 
is still established at lower voltages 
using sharp electrodes. 

Now let’s imagine an electrode, say a 
sharp metal point, kept at a positive 
potential of some kV with respect to 
ground, which may be represented 
by the walls of the room, as shown in 
Figure 2. In a small volume, perhaps a 
few cubic millimeters around the tip 
of the electrode, ion pairs are formed. 
The negative ions are attracted to the 
electrode, where they give off their 
charge and cease to exist as ions. The 
negative charge from the ions runs 
through the electrode to the voltage 
supply, making it look as though the 
electrode delivers a positive current 

to the air. The positive ions, formed in 
front of the electrode, are repelled by 
the electrode and move away. All in all, 
it appears that positive ions are emitted 
from the positive electrode.

But this conclusion is completely 
wrong. The positive ions have never 
been in contact with the electrode. 
The electrode, often called an emitter, 
doesn’t emit anything. Rather, it collects 
things (specifically, negative ions). 
Sadly, it’s probably too late to change 
this linguistic malpractice. 

WHAT DO IONS DO? 

Ions don’t live forever. They may 
recombine with oppositely charged ions 
or, more likely, combine with aerosol 
particles in the air. The charged particles, 
sometimes called large ions, will also 
move in an electric field, although much 
more slowly than the air ions do. 

This is the principle for the first 
technical electrostatic invention, the 
electro filter, without which we would 
have no means of effectively cleaning 
the smoke from coal- or oil-fired 
power plants and many other industrial 
installations. 

Ions may also plate out onto surfaces, 
either by diffusion or aided by an 
electric field. And this is the basis for 
another important technical use of 
ionization. 

Let’s assume we have a charged 
insulator and we want to remove the 
charge. 

Well, let’s face it. It can’t be done. 
There’s no way by which a charge can 
be removed from an insulator. But don’t 
panic. The charge in itself doesn’t do 

MR. Static
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Ions don’t live forever. They may recombine with oppositely charged ions or, more likely, 
combine with aerosol particles in the air. 

Figure 2: Field inonization, caused by an electric field between an electrode and ground
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any harm. It’s the field from the charge 
we have to worry about. And the field 
may be used to neutralize itself. 

If the charged insulator is exposed 
to an atmosphere containing ions of 
polarity opposite that of the charge, the 
field will attract ions, which will move 
toward the body and neutralize the 
charge. At least that’s what appears to 
happen. 

But a more strict formulation would be 
that the original (excess) charge is still 
there, and so is its field. The oppositely 
charged ions, attracted from the air, will 
deposit around the original charge, but 
not annihilate it. The resulting field, 
the sum of the fields from the opposite 
charges, will be zero, or at least very 
close to zero. 

The use of air ionization for abating 
static electric effects is a slow method, 
compared to methods like the ground-
ing of conductors or surface treatment 
with topical antistats. But it should be 
stressed that when we are talking about 
charged insulators, exposure to ionized 
air is the only method to remove the 
effects of the charge. 

IONS AND PEOPLE 

Soon after the discovery of atmospheric 
ions about a century ago, it was 
suggested that the ions might have 
an effect on people breathing the air 
containing the ions. Among the effects 
suggested was that air with an excess of 
negative ions would feel fresh, while an 
excess of positive ions would make the 
air stuffy. 

This popular but still undemonstrated 
belief will be the subject of a 
subsequent column on static electricity 
and people. 

M
R. Static
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Regardless of the title, it turns out 
that the topic of EMC standards 
is not typically part of a 

university-based EMC curriculum. This 
is interesting, since EMC standards 
are important (and many times 
are a requirement) to demonstrate 
that a product not only has met its 
“functional” characteristics, but that 
the product complies to various types 
of EMC standards. These standards 
may range from those designed to 
ensure customer satisfaction to those 
that are legal requirements imposed by 
national governments. Unfortunately, 

many times the concept of requiring 
products to meet or comply with 
various engineering standards is seen 
as an unneeded and an undesired 
sequence of steps in “checking the box” 
in a product’s design, development, 
and production. Ironically, it’s actually 
the opposite situation.

Our modern society has developed 
many inventions and innovations 
to make our lives simpler and more 
efficient. A key to the success of these 
inventions and innovations is the 
ability to use standards to ensure the 

The View from the Chalkboard
BY MARK STEFFKA

Perhaps the subtitle of this month’s “View from the Chalkboard” 
can best be called “In Compliance” - more than just a magazine 
name! .....or it can be put another way, “What is the importance of 
EMC Standards in an EMC Curriculum”?

reliable and safe operation of these 
devices. It also turns out that the 
standards themselves can also spur 
innovation and development across a 
wide range of systems and ensure new 
technology meets user (or customer) 
requirements. Over the next several 
paragraphs I will highlight some of 
the resources that are available to help 
EMC educators become familiar with 
the concept of EMC standards, and 
I will provide information on where 
to go for additional resources to help 
include standards education in an EMC 
curriculum.

One of the best places to start is the 
IEEE Standards association website. 
This is the organization that has 
responsibility for all types of standards 
that the IEEE is concerned with. Much 
of the modern world of electrical and 
electronic systems is built upon IEEE 
standards, such as data bus definition 
(IEEE 488), and, of course, one of 
the most common “consumer” used 
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standards, IEEE 802, standards for 
wireless communications.

Figure 1 shows a good starting point 
into EMC standards education. 
These standards cover a number of 
topics, from antennas to RF exposure, 
along with information about 
electromagnetic propagation which 
is important to know in order to 
understand and successfully apply the 
standards.

Realizing that education in standards 
development and their use is 
important, there is another IEEE 
resource called the “EAB/SA Standards 
Education Committee”. This website is 
shown in Figure 2.

As IEEE states:

“Recognizing the important 
role standards play within the 
engineering, technology and 
computing fields, IEEE is providing 
resources to help introduce and 
teach undergraduate and graduate 
students, as well as professors and 
educators, about technical standards 
by providing free online tutorials 
and case studies. Knowledge of 
standards can help facilitate the 
transition from classroom to 
professional practice by aligning 
educational concepts with real-
world applications.

These resources will hopefully 
be of use in the classroom and 
help incorporate the teaching of 
standards into curricula to:

•	 benefit both students and their 
faculty mentors as they face 
challenging design processes;

•	 help electrical and computer 
engineering undergraduate 
programs incorporate standards 
into their learning processes;

•	 provide tools for use in learning 
about standards and their impact 
on design and development.”

EM
C Education

Figure 1: Information about EMC standards education
http://standards.ieee.org/develop/index.html

Figure 2: EAB/SA Standards Education Committee
https://ieee-elearning.org/outreach/course/view.php?id=1372%3f
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