
Volume 22 FALL 2005 Number 4Volume 23  WINTER 2006 Number 1



NARTE NEWS  2

WINTER  2006

11

16 Computer Programs to Solve Complex
EMC Issues

COVER The cover photo is of a Semi-anechoic chamber
and was contributed by ETS-Lindgren.  Thank you.

    3

contents
ARTICLES        and        FEATURES

 3 Headquarters Highlights

6 Administrative Page

16  Recognizing Excellence

4 Examinations and Scheduled Events

7 Electromagnetic Environmental Effects(E  )
Technical Performance Measurement
(TPMs)

11 February 2006 Reflector Submissions from the
Reliability Chapter

11 Reliability Society -- 6:00 PM, Wednesday,
February 8

12 Getting Out of Calcutta

14 A Brief History of Spark Gap Transmitters

Semi-anechoic Chamber

Semi-anechoic chambers are used in EMC
testing so that there is a manageable ambiant
for emissions testing, so that communica-
tions and broadcasting interference is sup-
pressed during immunity testing and so that
the fields are not effected by nearby conduc-
tors and other vageries as in outdoor testing.
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HEADQUARTERS HIGHLIGHTS

Russ Carstensen Retires
This may be my last editorial for NARTE News. I

have been honored to lead the organization for the
past 6+ years but I have reached the point that I must
retire. I have had the opportunity to report to you some
of the funny things that have happened to me (see
“Getting out of Calcutta” in this issue) as well as seri-
ous concerns for the organization. For me, it has been
the greatest job I could have ever imagined but it is
time for me to pass the baton to another player. I have
volunteered to continue to support NARTE and I con-
tinue to believe in its mission.

It was my dear friend, Dick Ford, who pushed me
into a concern for quality in the EMC arena that led to
my involvement with NARTE certification. For Dick, it
was just one part of an overall program for excel-
lence in EMC. For the EMC community, it was a sig-
nificant step toward professional recognition.

Much remains to be done both internally at NARTE
and in professional relationships. The U.S. military
needs to re-energize its efforts for hiring and con-
tracting certified personnel. When the EMC certifica-
tion process first started there was a lot of intertribal
warfare related to the decision to participate. We have
an opportunity to rethink those positions. The EMC
program has been a continuing success.

NARTE will see competition from other organiza-
tions interested in providing certification services. For
example, the IEEE Communications Society is cur-
rently looking into establishing such a certification
program. The ESD Association has established a
program manager certification in ESD control that
compliments NARTE’s technical certification. Only
time will tell if their approach returns quality and value
competitive with NARTE.

The NARTE Board is working on my replacement.
At this point, a selection has not been made. When it
is, I pledge to support that individual by providing the

benefit of my experience and by continuing to write
for NARTE News. To all of you who hold NARTE cer-
tificates, I would like to express my appreciation for
your support and your patience. Your dedication to
your profession has sustained me in my efforts. It
has been a hell of a ride, but this is my stop and I
must get off. I wish you the very best.

Good News!
The month of December is traditionally quiet and

2005 was no exception. However, due to the press of
members to expense their renewals to 2005, revenue
exceeded expenses for the second year in a row.
Please understand that appreciation needs to go to
the NARTE Medway staff for their ability to hold down
costs in the face of an ever-increasing cost base.
Careful management of our resources and attention

WINTER 2006

A tear comes to Russ’s eye as he con-
templates retirement
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to outlays is a key to holding down expenses and fee
increases.

NARTE Attends WCAI Symposium
NARTE staffed a booth at the 12th Annual Wire-

less Communications Association International Sym-
posium and Business Exposition January 18-20,
2006, at the Fairmont Hotel in the San Jose, Califor-
nia. The show was at record size in every respect.
The exhibition space was oversold so NARTE was
moved into a smaller booth. If you are familiar with
intelligent design you know that problems create op-
portunities. In this case, we were moved to the area
around the front entrance. More than half of the at-
tendees had to walk by our booth. And who could re-
sist the balsa wood airplanes that NARTE gave out
as souvenirs. As a consequence we had excellent
booth traffic.

NARTE News Wants to Hear from You
What a great way to let off steam and build your

ego at the same time. NARTE News readers want to
hear about the work that you do. We are looking for
individuals who would like to contribute articles for
the newsletter. Readers have shown a preference
for articles dealing with everyday project work. The
News is just that; a newsletter not a refereed journal.
Articles can be about anything in the fields in Telecom,
EMC, ESD, Product Safety, or Wireless. If you are
nervous about content, layout or structure, we will
help with the editing. We would like any stories, let-
ters, contributions, feedback, or anything you think
would be of interest for other NARTE members. Send
your stuff to nartenews@narte.org.

Office Technology Upgrade Progress
SalesCTRL is integrated with Microsoft® Office

and helps manage our company and multi-contact
information, account relationships, business oppor-
tunities, sales forecasting, lead tracking, automated
marketing, sales cycle analysis, mailing list names,
report generation, appointment scheduling, data syn-
chronization, internet broadcast email, and customer
service functions.

Your operations director, Terri Marinucci, has been
working directly with the company that develops Sales
Control and she has had a major breakthrough! The
current version of Sales Control will now print certifi-
cates that are satisfactory for NARTE directly. We

have been conducting demonstrations with the ven-
dor to prove their claims. When we install the up-
graded version, we will eliminate dependence on DOS
and allow us to migrate to a windows environment.

Technician Pass/Fail Rates
We recently did a quick look at pass/fail rates for

EMC engineers and technicians taking the NARTE
EMC examination. What we discovered was curious.
Engineers passed at a rate of about 69% (which is
very close to our target rate of 70%) and technicians
had a pass rate of 60%. The last issue of NARTE
News carried an article about the difficulty of techni-
cians getting an even break because of the great va-
riety of experience in their background.

NARTE is looking for technicians who sat for the
certification examination who are willing to talk about
their experience. We would like to know what you stud-
ied, how you studied, what you encountered in the
examination and where your weak points are so that
we can raise the pass rate closer to 70%. Please
provide your contact information to NARTE staff by
email at narte@narte.org or by calling (toll free) 1-800-
89(NARTE). We will interview you over the phone at
your convenience.

New NARTE Test Centers for
2005

Don Bosco Technology Center
Cebu City, Philippines ..............................08/03/2005

Advanced Solutions Institute
Tunapuna, Trinidad ...................................10/06/2005

NC Elite Career Service Center
Cary, North Carolina .................................04/21/2005

Craven Community College
New Bern, North Carolina .......................04/07/2005

Individual Proctor
White Bluff, Tennessee ..............................05/12/005
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www.interferencetechnology.com
info@interferencetechnology.com

INTERFERENCE TECHNOLOGY EGUIDE

This issue is now online.
Search it. Save it. Read it. Click it. Print it.

The new Interference Technology 
eGuides give you high quality in-

formation about EMC at the click of 
a mouse. Now our reference guides 
have become instantly searchable 
and available at any time on your 
desktop.

No special software required, 
no fi les to download—it is as easy 
as reading a web page. And you 
can save your own digital copy 
for future reference—free.

Simply go to www.inter-
ferencetechnology.com, and 
log in to the eGuide. You will 
need an up-to-date subscrip-
tion.

Once inside, here are just 
few things you can do:

• Click the page corner to 
watch it turn.

• Click on a website or email 
address to fi nd a live link.

• Search the entire publi-
cation for any subject or 
keyword.

• Click on a tab to go direct-
ly to your favorite section.

• Make your own personal 
notes on any article.

• Zoom in to read pages 
online, or print them out if 
you prefer.

• Bookmark your favorite 
pages.

INTERFERENCE

TECHNOLOGY EGUIDE

eGuides & eNews.indd   1 11/2/2005   5:35:27 PM
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By Douglas S. Howard and Beverly K. Persons
Lockheed Martin Aeronautics

Lockheed Blvd
Fort Worth, TX 76108

Abstract

A way of communicating Electromagnetic Envi-
ronmental Effects (E3) concepts to project/program
management is discussed in this paper. Called “Tech-
nical Performance Measures” (TPMs), it is a method
for evaluating performance attributes using consis-
tent judgment criteria. Attributes of subsystems may
be evaluated and combined together to form system-
level TPMs. While calculating system performance,
weighting factors can be assigned to stress the im-
portance of some subsystem attributes. Once the
attributes are defined, judgment criteria established,
and weighting factors determined, it only takes a mini-
mal amount of time to update the TPMs periodically
using a common tool such as Microsoft ™ Excel.
This paper describes how TPMs can be constructed
for E3, but the same concept can easily be extended
to other engineering disciplines.

Introduction

As leaders of E3 teams working on large and com-
plex aircraft development programs, we have histori-
cally struggled with communicating our technical con-
cerns to our management in effective manner. We
would try to discuss CS101 and RS103 for example,
but our management would just look at us with a con-
fused glaze in their eyes – a deer in the headlights
look, so to speak. We realized that we needed to es-
tablish a common ground for communications, in or-
der to make it easier for them to understand our con-
cerns and the technical basis for those concerns.
We recognized that we needed a more consistent
methodology for expressing our engineering judg-
ments to management. It was also necessary to de-
velop a tool whose data could be updated quickly and
easily so that the tool was not a burden to use.

Electromagnetic Environmental Effects (E3)
Technical Performance Measures (TPMs)

E3 TPM Concept

Risk management techniques were chosen as
an easy method to communicate with management
using familiar concepts and red, yellow, green colors
to form stoplight charts. Starting with the subsystem
components of a complex system, the E3 require-
ments are broken down to their lowest level. These
can commonly be found in the “shall” statements in
subsystem requirement documents. Each “shall” at-
tribute is evaluated based on the confidence of com-
pliance with the requirement. Each requirement is
then assessed for your confidence that the subsystem
does (or will) comply with it. The challenge is to de-
cide at what complexity level it is practical to do re-
quirement compliance evaluation (major subsystems
only, all subordinate subsystems, or some of both).
Usually, the assessments are done most easily at
the level that will be tested for specification compli-
ance, such as the subsystems which will be tested
individually for RTCA DO-160 compliance.

All these attributes ratings can be combined with
other subsystem attribute ratings to form a single
system score. System scores can be grouped to-
gether for successive higher-level systems ratings
to come up with one rating for the entire system.

In the end, you will have an overall E3 rating for a
highly complex system that you can present to your
management in a way that they can understand. When
a problem is indicated, you have a tool to drill down to
identify exactly what the problem is, which subsystem
has the difficulty, and how serious the problem is to
the overall system.

Rating Criteria

Establishing ground rules for rating criteria is a
very important step in setting up the tool. A standard-
ized set of evaluation criteria that is applied across
the entire system is essential. We found it helpful to
assign numeric ranges to the stoplight colors. If nu-
meric ranges are utilized, you’ll need to determine a
scale (i.e. 1-5, 1-10, 1-100) and decide whether larger
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numbers indicate a good rating or a bad rating.
When creating a rating system, it is important to

understand that the definitions of the ratings will
change as the maturity of the system develops. The
early days of a development program are dominated
by design reviews and proposal evaluation activities.
For that phase of the program, a red rating would
indicate an insufficient design to meet the require-
ments; a yellow would mean that some uncertainty
exists that the design would meet the requirement;
and a green would show that you have confidence
that the design will meet the requirements.

It is much easier later in a development program
to determine ratings as verification testing is taking
place and test data is available. During that phase, a
red rating would indicate that there was a failure to
meet the requirement, with no variance to the require-
ment anticipated; a yellow score might indicate that
the requirement was nearly met and a variance is
expected; and a green rating would indicate that the
requirement was met by test. New TPMs can and
should be defined as necessary. Rating criteria should
be adjusted as a project/program matures.

Weighting Factors

Some E3 attributes of a subsystem may be more
important than others to overall system performance
or safety. Weighting factors can be applied to the E3

attribute itself to relate it to the system-level conse-
quences if a particular E3 requirement is not met. For
example, a transient susceptibility of a particular sub-
system may be deemed to be of more concern than
radiated emissions. Different weighting factors can
be assigned as the ratings are rolled up from the sub-
system level and combined to a system level rating.
i.e. Interference to a radio receiver may not be as
important as interference to a flight control computer.

Subsystem E3 performance can also be affected
by integration E3 attributes, such as electrical bond-
ing, signal routing, and shield terminations. These
attributes are usually found in integration or interface
control documents, and are not as easily identified
as a “shall” in a subsystem requirements document.

We found it very difficult to determine the values
of the weighting factors in the beginning, and we spent
a great deal of time doing that the first few times we
used this tool. We recommend that you not worry too
much about the values that you assign to your weight-

ing factors, at first. Use your experience and just make
a decision. Then you can use the tool and see how it
works out. You can and should adjust the weighting
factors to incorporate common sense and lessons
learned. Manual corrections to the calculated roll-up
values may be necessary to represent reality more
accurately. Don’t be afraid to change things during
the first few rating cycles. Remember, this is your
tool to help you communicate issues to your man-
agement. Let the tool work for you.

Generic Example of E3 TPMs

The numerical range of Confidence Scores is
chosen to be between 0 and 5, with 5 representing
the highest confidence level. There are four Confi-
dence Rating colors selected for this example: red,
yellow, green, and gray. The numerical ranges for each
color are established as 0.01 to 1.66 for red (low),
1.67 to 3.33 for yellow (moderate), 3.34 to 5.0 for
green (high), and 0.0 for gray to indicate a not-appli-
cable (N/A) condition. The combination of stoplight
colors and numeric values makes it easy for the au-
dience to understand the system status at a glance.

The next two figures illustrate different ways to
display the TPM status of the system and sub-
systems. Figure 1 is a bar chart that shows the per-
centages of subsystems that are categorized in each
of the Confidence Rating colors. The three bars pro-
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vide the data from September 2002 as well as two
previous assessments, so that the audience can un-
derstand the trends of the ratings changes. The total
number of subsystems that were assessed is shown
at the top of each bar. The number can change as
subsystem designs become mature enough to evalu-
ate, or when it makes sense to break down sub-
systems into their subordinate subsystems and as-
sess those individually. In a well-run project, the con-
fidence ratings would be expected to progress to high
as the product design matures and completes its re-
quirements verification testing.

Figure 2 demonstrates a different approach for
displaying system status. It is also a bar chart, but
this one provides the confidence rating for each sub-
system for the latest assessment. This snapshot in
time allows for a comprehensive display of the sta-
tus for all the subsystems.

Table 1 is an example Excel spreadsheet that rep-
resents a system that includes four major sub-
systems (A, B, C, D) and their subordinate sub-
systems. The top row names all possible E3 require-
ments or attributes that could be applied to any of
these subsystems, and there is a row for each sub-
system. The bottom five rows provide roll-up data for
each attribute for each major subsystem, as well as
for the total system. The first three columns provide
identification data for each subsystem. The columns
entitled “CE102”, “CE106/RE103”, and RE102” ad-
dress emissions requirements. Columns “CS101”
through “Lightning Indirect Effects” cover suscepti-
bility attributes. System-level requirements for inter-
faces and equipment installation are addressed by

columns “TPDs” through “Installation.” The “Perfor-
mance Criticality” column is not a requirement, but
we needed to keep track of this designation, and found
it useful in the weighting calculations and for data sort-
ing purposes. The “Subsystem E3 Susceptibility Per-
formance Value” column shows the combined sus-
ceptibility requirement compliance assessment for
the subsystem. The “Subsystem E3 Emissions Per-
formance Value” column consolidates the emissions
evaluations for each subsystem. The “Overall Sub-
system E3 Performance” column shows the results
of roll-up calculations from the installation, suscepti-
bility, and emissions assessments for each sub-
system. Each populated cell in a row displays a num-
ber and a color for the evaluation of that particular
requirement or attribute. There is a “Notes” option
available in Excel that allows you to record comments
or brief explanations about why the rating was cho-
sen, or reminders to check on particular details dur-
ing future reviews.

We recommend creating the weighting formulas
by starting with top-level logic statements for each
subsystem in words, before going into details of the
formula itself.

For the example in this paper, the initial logic state-
ments are as follows:

• Experience with these types of systems indicates
that the susceptibility and the emissions characteris-
tics are of equal concern.

• Poor or inadequate equipment electrical bonding has
resulted in unsuccessful subsystem EMI qualifica-
tion testing or EMI problems on the system in the field.

The resulting logic sentence for the subsystem
row therefore concludes that the “Overall Subsystem
E3 Performance” equals the average of its own Emis-
sions and Susceptibility performance parameters,
AND the subsystem “Installation” configuration can
be Acceptable or Not. The consequences of the “In-
stallation” are then defined in more detail. We wanted
to indicate that an inadequate Installation can have
serious adverse effects on subsystem E3 perfor-
mance, so we decided that the Installation attribute
value can be either 1 for “good” or 0 or “bad.” This is
consistent with the rest of the ratings in this example,
for which bigger values are better. So, if the Installa-
tion is Acceptable (1 for Good), then the equipment
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installation will not detract from the Overall Subsystem
E3 Performance. The Overall System E3 Perfor-
mance value equals the Average of its own Emis-
sions and Susceptibility performance parameters, and
Installation in not included in the calculation. However,
if the subsystem Installation is Not Acceptable (0 for
Bad), then the equipment installation is expected to
seriously reduce the Overall Subsystem E3 Perfor-
mance. To indicate how severe the impact could be,
the value 2.0 is subtracted from the Overall System
E3 Performance. The range of calculated values pos-
sible for the Overall Subsystem E3 Performance
should be explored ensure that the resulting values
remain within the boundaries set in the TPM ground
rules, which for this example are 0.01 to 5.0. Adjust-
ments to the formula may be necessary.

The final version of weighting logic formula for a
particular subsystem row is:

IF [AVG (Susceptibility & Emissions) + (Installation)]
is <0, then the Overall System E3 Performance is
0.01,

ELSE Overall System E3 Performance = AVG (Sus-
ceptibility & Emissions).

The roll-up formula for the subsystem columns
can be derived in the same way, or could be chosen
as the average, minimum, or maximum of the cells
in each column, as appropriate.

TPM Usage Caveats

These TPMs are intended to provide insight into
only the technical performance of the system and sub-
system equipment. They are not intended to be used
as an “earned-value” cost/schedule management
tool, or as metrics for management of costs or sched-
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ule or critical path activities. There is no actual or
implied relationship between E3 engineering person-
nel performance and equipment technical perfor-
mance. Good E3 engineering advice can be overrid-
den or ignored by project and/or program manage-
ment, when technical performance is balanced
against product cost, weight, schedule, reliability and
other valid requirements or constraints. TPMs are not
intended to take the place of risk evaluations, even
though they are based on risk assessment tech-
niques. Risks should continue to be identified, as-
sessed, and mitigation plans developed for require-
ments compliance or system integration issues.

Conclusion

This E3 TPM tool has successfully been used at
Lockheed Martin and has proven to be useful for com-
municating E3 concerns and status to program
management. It is fast and easy to use because it is
based on a readily-available spreadsheet application,
and uses familiar project risk assessment techniques.
It provides multiple layers of performance evaluation
that enable justification of complex technical assess-
ments. Although this spreadsheet is intended for use
primarily by the E3 specialists, it can be useful to share
the detailed assessment data with project/program
management. They seldom want or need all the mi-
nutiae supporting the top-level system E3 perfor-
mance confidence assessment, but are often reas-
sured to know that it exists and can be produced if
necessary. E3 TPM evaluations can easily be de-
fended when they are based on supplier qualification
test data or very detailed assessments by subject
matter experts.

This E3 TPM approach provides a consistent
methodology for assessing, predicting and tracking
E3 performance by allowing for archiving assess-
ments to give a way to track the history of system
and subsystem performance and the historical per-
formance can be used with trend analysis for predic-
tions for future similar equipment. This tool also pro-
vides technical assessments with little time invested.
The most recent evaluation update required only three
man-hours of labor for more than 45 subsystems on
a current Lockheed Martin program.  It is expected
these TPMs will evolve further, as we refine our tools
for effective communications with our program and
technical managers.

February 2006 Reflector
Submission from

the Reliability Chapter

CENTER SECTION
Reliability – 6:00 PM, Wednesday, February 8

Impact of the ESD Trend Toward Ultra-sensitive
Components

Terry L. Welsher and G. Theodore Dangelmayer

The IEEE Reliability Chapter held a joint meeting
with the ESD (Electro Static Discharge) Society. This
meeting focused on proactive measures to deal with
the challenges of unexpected ESD failures in new
locations in the manufacturing process due to the in-
dustry wide trend towards ultra-sensitive (ESD Class
0) components. The interactive discussion stressed
countermeasures including both manufacturing and
design enhancements.

The meeting was held at RSA Security in Bedford,
MA. Visit the IEEE Boston Reliability Chapter website:
http://www.ieee.org/bostonrel.

ARTICLE

Reliability Society – 6:00 PM,
Wednesday, February 8

Impact of the ESD Trend
Toward Ultra-sensitive Components

Terry L. Welsher and G. Theodore Dangelmayer

ESD failures are occurring with increasing fre-
quency, in unexpected ways and at new locations in
the manufacturing process due to the industry wide
trend towards ultra-sensitive (ESD Class 0) compo-
nents. Even wafers are now failing due to ESD dam-
age and mathematical models indicate these failures
will increase with the scaling trends. Device design
experts are experiencing increasing difficulties design-
ing-in adequate ESD protection. The SEMETECH and
ESD Association technology roadmaps are project-
ing sensitivities below 100 volts for all three simula-
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tion models (HBM, CDM, MM) by 2010.
The IEEE Reliability Chapter held a joint meeting

with the ESD (Electro Static Discharge) Society. This
meeting focused on proactive measures to deal with
the challenges of unexpected ESD failures in new
locations in the manufacturing process due to the in-
dustry wide trend towards ultra-sensitive (ESD Class
0) components. The interactive discussion stressed
countermeasures including both manufacturing and
design enhancements.

Dr. Terry L. Welsher retired from Lucent Tech-
nologies-Bell Laboratories Engineering Research
Center in 2001 as the Director of the Quality, Test &
Reliability department. He has also been active in
quality standards and roadmapping activities with
SEMATECH, the ESD Association and the JEDEC
14 Quality and Reliability Committee. He holds a BS
in Chemistry from Florida State University and Ph.D.
in chemical physics from the University of Texas at
Austin.

G. Theodore Dangelmayer is the president of
Dangelmayer Associates, L.L.C. and has been de-
veloping ESD programs since 1978 for large global
corporations as well as individual proprietorships. He
is currently president of the Northeast Chapter of the
ESD Association and a member of the ESD Asso-
ciation International Council of Education, 2003 Tech-
nical Program Committee and is the chairman of the
ESDA Corporate Sponsorship Programs.

This meeting was held on Wednesday, Febru-
ary 8 at RSA Security in Bedford, Massachusetts. It
will began with pizza and personal networking at 5:30
PM. The presentation followed at 6:00 PM. IEEE
members and non-members are welcome.  See the
RSA Security website at http://www.rsasecurity.com/
node.asp?id=1059

GETTING OUT OF CALCUTTA

By Russell V. Carstensen, PE, NCE

It started at 1 AM. First, let me say that I hate fly-
ing into or out of Orlando. It is like flying out of Calcutta.
Everyone wants to go at the same time. They are
traveling in great family hordes. They are tired and
cranky with mouse ears on their heads – not an ex-
ample of humanity at its best. Even so, sometimes
you just have to bite the bullet and go with the flow.

Such was my case. I had flown in for a one-day
meeting. I had trouble getting a flight in at a reason-
able time and even worse luck getting out. The best I
could do was a 6 AM departure. Loyal to the “two hour
rule,” I concluded that I would have to be at the airport
at 4 AM. I asked the hotel for a 3 AM wake up call to
allow for shaving, packing and checkout.

My wife called from home (10 PM her time, 1 AM
my time) to say  that my flight had been delayed until
9 AM and I would not get to Denver in time to catch
my scheduled flight so I have been booked on a 2 PM
departure for Seattle. That schedule will have me in
at about 5:30. I had a prior commitment to a meeting
that evening at 7:30, but if all went well I could just
make it. My wife then casually mentioned an “800”
number I could call for details. She then announced
that it was her bedtime and left the matter in my hands.

I called the 800 number. It apparently was the
airline’s Bangladesh office. The fellow on the other
end had a thick accent along the lines of Apu from the
Simpsons. He confirmed that the flight had indeed
been delayed but added that I still had to check in for
the 6 AM departure in case the plane left earlier than
the now anticipated 9 AM. In my sleep deprived state
I accepted his fuzzy logic. It was now 1:45 AM. My 3
AM wake up still stood. Did you ever try to go back to
sleep with the pressure of only having one hour to do
it? Don’t tell me about your success because I really
don’t care. I can only say that it does not work for me.

I counted cracks in the ceiling for about an hour.
At 2:45 AM I said (well, we will forget what I said  - but
rest assured that it wasn’t nice) and got up to shower.
I finished freshening up, packing and straightening
the room and headed to the check out desk. When I
got there the night clerk couldn’t check me out be-
cause she was backing up their accounting system
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and it would be some time before the computer would
be available. However, she offered to fax me a re-
ceipt.

I caught the shuttle and headed for the airport.
Because everything went smoothly, I arrived at the
check in counter at about 3:50 AM. There were a
dozen people in line already and more were arriving
every minute. A skycap came by and announced that
the ticket counter would open at 4 AM. I pointed to the
clock on the wall and reminded him that it was now
4:05. He corrected himself by saying that the counter
would open at 4:15.

At 4:20 the agents appeared. Apparently the ticket
people were delayed in the secret room where all
agents go to plot frustration of the public. They had
worked out a new game plan. As they came out of
the secret room, they announced that anyone going
to Philadelphia, Pittsburgh or Washington needed to
go to the airline next door. They also pointed out that
those of us with e-tickets needed to be in another
line. I thus moved to the newly designated e-ticket
line. After the line formed, she then announced that
those on the flight to Denver (my flight) needed to be
in other ticket line because they had to be re-ticketed.
I said some unkind thing to myself (the joy of traveling
alone) and jumped back into the line I had just left. I
lost ground by a half dozen mouse eared munchkin
pods but was not as far back as if I had gone to the
end of the line.

After a respectable wait, I found myself at the
counter prepared to lose another battle of wits. I
calmed myself by taking a deep breath and swearing
not to answer “How are you?” with a litany of my ad-
ventures so far. I was faked out by a greeting of “This
is going to be a terrible day!” We then started the
transaction. She confirmed that I had been resched-
uled and was ticketed through to Seattle as my wife
had said. I did not ask why Apu didn’t know. As a re-
ward, her computer froze and she had to reboot. Then
she did an unexpected reversal and pointed out that
by her scale, my bag was seven pounds over the
limit. I could take out seven pounds or pay a fee of
$25.00 (for which I would not be reimbursed). I opened
the bag but could not find seven pounds that I could
take with me (I already had two carry on bags, my
computer and my briefcase) and threw in the towel.
When she went to print the ticket, her computer froze
again and she had to reboot. While we were waiting,
she mentioned that yesterday a man had become so

agitated that he jumped the counter to get the agent.
Instead of registering shock, I asked, “Did he score?”

As I arrived at my assigned gate. I cracked the
code. They didn’t have a pilot to fly the plane! The
pilots would not arrive until 9:30 so, of course, the
flight will be delayed yet a bit more. Meanwhile, we
were told that we could board the aircraft to be ready
to depart as rapidly as possible after the captains re-
ported. Oh, and by the way, without a pilot they can’t
run the air conditioning. So it will be hot in the plane
but please bear with. Miraculously, a passenger of-
fered to start the air conditioning. Turns out that he is
a commuter pilot who is checked out on the same
aircraft type. The ground people knew him and let
him go ahead.

My seat group was called to board. I headed for
my seat. I was on the aisle. The boarding slowed to a
trickle. No one has come to fill up my row. The board-
ing completed and still there is no one in my row.
They close the doors. I have the row to myself! At last
things are beginning to turn. I have room to stretch
out and no one to climb over me to get to the restroom.
I am out of Calcutta. I can look forward to four hours
of sleep. Life is good!

.
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By Art Marshall, w1fji
Tallahassee, Florida

email: W1FJ1@arrl.net

The first thing to stress is that “SAFETY WAS
NOT A MAJOR CONCERN” during the days of Spark,
some of the methods used were VERY DANGER-
OUS. That having been said that, lets  move on. There
was a certain amount of excitement that was associ-
ated with Spark Gap transmitters. Without getting into
the theory or design of these Spark Gap Wireless
transmitters, lets attempt to get an over-view of their
operation.

In their simplest form, some of the early models’
of the wireless transmitters were designed by
Guglielmo Marconi a young Italian inventor. By the age
of 21 he had studied many of the experiments of Max-
well and Hertz, and was convinced that it was pos-
sible to transmit signals by electromagnetic waves.
After having performed many of the experiments him-
self, Marconi had proven that it was indeed possible
to communicate by electromagnetic waves. Some
of his early wireless transmitters were powered by
either low voltage storage batteries, or a D.C.
dyamotor which would produce 5 to 30 volts D.C.
The low voltage was fed to one side of a telegraph
key. As the telegraph key was depressed, and the

A Brief History of Spark Gap Transmitters

circuit closed, current would flow into the primary side
of an induction coil. This would induce high voltage
currents to flow in the secondary windings of the coil.

These high currents would charge the antenna,
then discharge across the spark gap electrodes to
ground. This action would produce electromagnetic
waves for each discharge across the Spark Gap elec-
trodes. The antenna was connected to the induction
coil by means of another coil with a moveable tap. A
broad band wave would then be radiated from the
antenna.

Another of the Marconi designs employed a low
voltage A.C. source. This low voltage A.C. was fed to
the primary side of a transformer. When the telegraph
key was depressed, this induced high voltage cur-
rents to flow in the secondary windings of the trans-
former. The high voltage alternating currents at the
secondary of the transformer could range from 2000
volts to 25,000 volts A.C. These secondary high volt-
age currents were then fed into a tuned circuit, which
is inductively coupled to the antenna. The alternating
currents in the secondary would alternate back and
forth within closed oscillator circuit, which was made
up of a coil, high voltage condenser an spark gap
electrodes. The high voltage currents would first
charge and then discharge at a frequency twice that
of the source voltage across the gap electrodes. Next
the currents were induced into the antenna through a
transformer and then radiated.
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Other designs would employ a rotary spark gap,
also known as a multiple spark system, which was
motor driven. On the shaft side of the rotary would be
a rotating arm with two
electrodes 180 degs
apart which would rotate
like a wheel. Around the
outside of the two rotating
electrodes were several
fixed electrodes. As the
rotary spun, and the tele-
graph key was de-
pressed, the high voltage
currents would discharge across the gaps of the ro-
tary. With each make and break of the heavy copper
contacts on the telegraph key, sparks would jump the
gap of the electrodes. The rest of the circuit would be
somewhat the same as was discussed above. As
you can imagine, the contacts of the telegraph key
needed to be able to handle 16 to 18 amps. Not only
did the telegraph key have to employ heavy contacts,
but the electrode gap contacts themselves would heat
up due to the discharging of the stored energy. The
rotary in the museum uses heavy copper blocks on
both the rotary wheel, and for the two stationary con-
tacts. In a Steam and Wireless Museum in South
Rhode Island they had a working spark gap transmit-
ter. One can hear the sounds that were made not
only from the rotary but likewise the sparks that pro-
duced when the telegraph key was depressed, it was
quite a sight.

The sounds of the rotary turning and the sparks
jumping the air gaps can be heard all over. In the early
days of radio these were common sounds. The en-
ergy generated by this method was very powerful and
obviously dangerous. These were the days when
amateurs were experimenting with various ways of
generating a wave, various antenna configurations,
and receiving apparatus possible. The actual signal
produced by this method was very crude sounding
as the waves were produced by alternating currents.

Large coils had to be hand wound for use as trans-
formers, oscillator and antenna coils. Large knife
switches were used to switch not only the power, but
were also used to switch the antenna from the spark
gap to the receiving apparatus, as well as antenna to
ground. The greatest distance they were able to trans-
mit was about 100 miles. Some might remember
pancake transmitter inductances and loose couplers

that made up important parts in the then modern sta-
tion. A typical station in 1916 might include a ½ kw
transformer that supplied 14,000 volts, an eight sec-
tion condenser and a Hy-Tone rotary gap. The receiver,
or Audion was used for reception with Crystaloi and
Perikon detectors which served for most of the work.
Completing the station might be a six wire antenna
70 ft high. Although this structure is now called an
antenna, it was also known as an aerial.

Radio communications had come a long way from
the early on experiments of Hertz, Maxwell, Marconi
and others. Although the Spark days were quite unique,
radio was moving forward. Like everything else, Spark
was destined to give way to the next phase of radio.
For some, the move to the next phase would be an
easy one. While for others the change from Spark
would not come so easy.

The American Radio Relay League was founded

by Hiram Percy Maxim and Clarence D. Tuska around
June or July 1914. Amateur radio was growing and it
was now time for the hobby to move out and make
its’ mark in the world. Somewhere around 1920
through 1922, spark was on its’ out, and radio was
beginning a new era.

There are many articles on Maxwell, Hertz,
Marconi and others who have contributed. You can
visit your local library and read up on some of the
very interesting experiments they had performed. Even
today radio is undergoing many changes.
Tramsmitting modes have changed from CW and AM
to SSB and DSB, from SSB, DIGITAL, DSP, BAUDOT
to ASCII CODE and AREALS to SATELLITES.
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Computer Programs to Solve
Complex EMC Issues

As part of the curriculum in Donald Sweeney and
Roger Swanberg’s EMC Practical Applications Semi-
nar/Workshop students will use, and then take home,
a copy of the computer program designed by the in-
structors.  It addresses design considerations from
component level, through circuit boards, to enclosure
level. The seminar/workshop is presented in a prac-
tical, hands-on style providing the step-by-step de-
sign process to avoid EMC problems. Attendees can
then put their acquired knowledge to immediate use
in an optional free 45-minute design evaluation of their
own product.

To register call Carol at 847-537-6400 or email
cgorowski@dlsemc.com. For more information click on
www.dlsemc.com.

EMC Practical Applications
Seminar/Workshop

April 27-28 and May 1-2, 2006
Hilton Hotel,

Northbrook, Illinois

NARTE Certified
EMC Engineers

Mr. Kiyotaka Ariyoshi 3/23/05
Mr. Takahiro Azuma 3/23/05
Mr. Jeremy Patrick Bos 7/6/05
Mr. Nobutoshi Chigira 3/23/05
Mr. Man Sung Cho 3/23/05
Mr. Kek Chew Hock Ernest 1/5/05
Mr. Chang Seub Eum 1/5/05
Mr. Matthew R. Feusse 4/7/05
Mr. Koji Fujimori 3/23/05
Mr. Mitsuru Fujimura 3/23/05
Mr. Toshio Hakoda 3/23/05
Mr. Hidenobu Hanaki 3/23/05
Mr. Andrew E. Harding 2/9/05
Mr. Yoshiharu Hashimoto 3/23/05
Mr. Kazuki Hattori 3/23/05
Mr. Shigeru Hayashi 3/23/05
Mr. Yoshinobu Hayashi 3/23/05
Mr. Robert E. W. Heise 6/8/05
Mr. Terukazu Hiroe 3/23/05
Mr. Toyokazu Imamura 3/23/05
Mr. Seiji Ishigaki 3/23/05
Mr. Toshikazu Ito 3/23/05
Mr. Takao Kabuto 3/23/05
Mr. Seigo Kakehi 3/23/05
Mr. Kenji Katsumura 3/23/05
Mr. Daisuke Kawamura 3/23/05
Mr. Masatoshi Komai 3/23/05
Mr. Douglas R. Kramer 5/26/05
Mr. Yoichi Kubo 3/23/05
Mr. Masatoshi Kushida 3/23/05
Mr. Alex K. Lau 1/20/05
Mr. Don D. MacArthur 5/12/05
Mr. Christopher J. Maginsky 1/20/05
Mr. Masanori Matsuda 3/23/05
Mr. Takeshi Matsumura 3/23/05
Mr. George C. May 1/5/05
Mr. Guzvaldo Medina 1/20/05
Mr. John Karl Metzger 9/7/05
Ms. Horie Miho 3/23/05
Mr. Fumio Miyauchi 3/23/05

New NARTE Certifications
 in 2005
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Mr. Keitaro Morito 3/23/05
Mr. Seiya Murase 3/23/05
Mr. Osamu Nakane 3/23/05
Mr. Hideki Nakazawa 3/23/05
Mr. Satoshi Nihei 3/23/05
Mr. Takaaki Nishimori 3/23/05
Mr. Hiromitsu Ohshima 3/23/05
Mr. Takayuki Okawara 3/23/05
Mr. Kazutaro Oyama 3/23/05
Mr. Naoki Sakamoto 3/23/05
Mr. Akio Sato 3/23/05
Mr. James Satterwhite 12/1/05
Mr. Mitsuyuki Sekimoto 3/23/05
Mr. Noritoshi Shibata 3/23/05
Mr. Ikuo Shimada 3/23/05
Mr. Nobuyuki Shirakuma 3/23/05
Mr. Yoji Shitaokoshi 3/23/05
Mr. Naum (Norman) Shpilsher 5/26/05
Mr. Derick Skouby 11/17/05
Mr. Motoya Sudo 3/23/05
Mr. Hiroshi Sugita 3/23/05
Mr. Nobuhiko Suichi 3/23/05
Mr. Takahiro Suzuki 3/23/05
Mr. Hiroya Tabata 3/23/05
Mr. Shin-ichi Tanimoto 3/23/05
Mr. Eiichi Tohyama 3/23/05
Mr. Makoto Tokonami 3/23/05
Mr. Katsuhide Tomihama 3/23/05
Mr. Kenji Tomoda 3/25/05
Mr. Hiroshi Tsutagaya 3/23/05
Mr. Michiharu Yamada 3/23/05
Mr. Tatsuo Yamamoto 3/23/05

NARTE Certified
EMC Technicians

Mr. John Robert Barnes 10/20/05
Mr. Hiroaki Gondo 3/23/05
Mr. Itamar I. Gonen 10/20/05
Mr. Tadashi Hattori 3/23/05
Mr. Shin Itakura 3/23/05
Mr. Richard M. Jones, Jr. 11/2/05
Mr. Junichi Kiryu 3/23/05
Mr. Takeshi Narukawa 3/23/05
Mr. Robert J. Neckel 11/17/05
Mr. Masanori Nishiyama 3/23/05
Mr. Kazuya Otsuki 3/23/05
Mr. Akira Sato 3/23/05

Mr. Mike L. Shovels 11/17/05
Mr. John Stonier 1/20/05
Mr. Brian Stuckey 8/17/05

NARTE Certified Engineers

Mr. C James Armstrong 11/2/05
Mr. Khai Van Huynh 9/21/05
Mr. Peter William Kramer 4/21/05
Ms. Edith Martinez Vega 11/2/05
Mr. Lewis W. Schiel, Jr. 2/24/05
Mr. Marius Strom 3/9/05

NARTE Certified
ESD Engineers

Mr. Edgar Bautista Leguizamo 3/23/05
Mr. Randy Bordeos 1/5/05
Ms. Theresa N. Brotherhood 10/20/05
Mr. Al Michael L. Caballes 8/17/05
Mr. Arnold C. Gonzales 2/9/05
Mr. Varuzhan Kocharyan 11/2/05
Ms. Maureen Milana Martin 9/20/05
Mr. Thomas M. Smith 3/23/05
Mr. Pasi K. Tamminen 2/9/05
Ms. Quan Yen Truong 5/11/05
Mr. Teong San Yeoh 12/21/05
Mr. Teng Zhao Yu 12/1/05

NARTE Certified
ESD Technicians

Mr. Rodney Austin 2/9/05
Mr. John Robert Barnes 10/20/05
Mr. Jeffry Brake 2/24/05
Mr. Gary Cowham 8/17/05
Mr. Gary Peach 1/20/05

NARTE
Non-Certified Members

Mr. Dmitri A. Dougherty 1/5/05
Mr. Paul Wesley Roten 7/6/05
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NARTE Certified
Product Safety Engineers

Mr. Shinichi Adachi 5/11/05
Mr. Bandele A. Adepoju 3/23/05
Ms. Atsuko Akashi 9/29/05
Mr. Daniel Anchondo 1/20/05
Mr. Takeshi Aoyama 9/29/05
Mr. Toyofumi Arai 10/19/05
Mr. Chiaki Asaba 2/24/05
Mr. Yoshinaho Asai 4/21/05
Mr. Sueo Baba 7/6/05
Mr. Henry W. Benitez 4/7/05
Mr. Jeffrey Boksiner 1/5/05
Mr. Stefan Braun 1/20/05
Mr. Ronald W. Brewer 10/20/05
Mr. Ken Budoff 12/1/05
Mr. Edward A. Child 3/23/05
Mr. Fumiho Chino 10/19/05
Mr. Bradley D. Collison 4/7/05
Mr. Quang (Jim) Dang To 12/1/05
Mr. Sam Davis 2/9/05
Mr. Charles A. Derrow 2/24/05
Mr. Masahiro Doi 9/29/05
Ms. Sheila J. Driscoll 1/20/05
Mr. Kazunori Enomoto 10/19/05
Mr. Daniel J. Finn 5/26/05
Mr. David C. Francis 6/8/05
Mr. Hideaki Fujii 9/29/05
Mr. Shuji Fujinoki 10/19/05
Mr. Hiroki Fujisaki 9/29/05
Mr. Shoichi Fujita 10/19/05
Mr. Mitsuhiro Fukuda 10/19/05
Mr. Katsuyoshi Fukui 10/19/05
Mr. William K. Hagmann 4/7/05
Mr. Keiichi Hamaguchi 10/19/05
Mr. Hidemasa Hara 10/19/05
Mr. Steven W. Hartquist 3/23/05
Mr. Tomoyuki Hattori 10/19/05
Mr. Hideaki Hayashimoto 10/19/05
Mr. Kuniyoshi Hazama 10/19/05
Mr. Satoshi Hirota 9/29/05
Mr. David Hom 2/24/05
Mr. Toshio Ichikawa 10/19/05
Mr. Masaaki Ichiki 7/6/05
Mr. Fusao Ihara 9/29/05
Mr. Kazumi Ihara 10/19/05
Mr. Akira Imai 7/6/05

Mr. Hisashi Inoue 7/6/05
Mr. Koji Inoue 2/24/05
Mr. Masataka Inoue 9/29/05
Mr. Tomoyuki Inoue 9/29/05
Mr. Hideaki Ishihara 10/19/05
Mr. Katsuo Ishihara 2/24/05
Mr. Shigehisa Ishikawa 4/21/05
Mr. Kazuo Ishino 7/6/05
Mr. Naoki Ito 9/29/05
Mr. Toshikazu Ito 10/19/05
Mr. Raymond J. Johnson 3/9/05
Mr. Eiichi Kajihara 2/24/05
Mr. Yasuhiro Kakimoto 10/19/05
Mr. Ryoichi Kanai 10/19/05
Mr. Kunio Karino 9/29/05
Mr. Tetsuya Katayama 10/19/05
Mr. Frederick M. Kent 2/9/05
Mr. Hiroyuki Kimata 7/6/05
Mr. Haruki Kitamaki 9/29/05
Mr. Tamotsu Kitamura 10/19/05
Mr. Fumio Kouzai 7/6/05
Mr. Kimio Kubota 10/19/05
Mr. Yuichi Kurabe 10/19/05
Mr. Tariq Latif 1/5/05
Mr. Mitsuyoshi Mamiya 10/19/05
Mr. Fumio Mashita 10/19/05
Ms. Chieko Masumoto 9/29/05
Mr. Kazuo Matsutake 7/6/05
Mr. Mark W. Maynard 5/26/05
Mr. Hiroyasu Miyazaki 10/19/05
Mr. Kouichi Miyazawa 9/29/05
Mr. Shoji Mizuno 10/19/05
Mr. Motoharu Mizutani 10/19/05
Mr. Dan Modi 6/8/05
Mr. Kazuya Mori 10/19/05
Mr. Kiyoshi Mori 10/19/05
Mr. Soji Mori 10/19/05
Mr. Hiroshi Morikawa 10/19/05
Mr. Kikuo Morita 10/19/05
Mr. Yoshihiro Murai 10/19/05
Mr. Toshiaki Murakami 7/6/05
Mr. Shigetomi Murakoshi 10/19/05
Mr. Robert C. Murray 9/7/05
Mr. Daniel L. Nachtigall 5/11/05
Mr. Akihito Nakai 10/19/05
Mr. Hiroshi Nakajima 9/29/05
Mr. Yoshitaka Nakamura 10/19/05
Mr. Yusuke Nakamura 9/29/05
Mr. Takuya Nakanishi 10/19/05
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Mr. Shigeyuki Nakano 9/29/05
Mr. Toshiyuki Nakata 7/6/05
Mr. Masashi Nakayama 7/6/05
Mr. Masami Nashirozawa 10/19/05
Mr. Masao Nishikama 9/29/05
Mr. Tsutomu Nomoto 10/19/05
Mr. Kazuhiko Nono 7/6/05
Mr. Kazunori Ochi 9/29/05
Mr. Yoshio Oda 10/19/05
Mr. Yoshio Ogawa 10/19/05
Mr. Tomoyuki Ohnishi 9/29/05
Mr. Toru Okahashi 10/19/05
Mr. Hiroyuki Okamoto 9/29/05
Mr. Kazuhiko Okamoto 10/19/05
Mr. Masaaki Okoshi 7/6/05
Mr. Katsuyuki Okuno 2/24/05
Ms. Tamiko Omata 10/19/05
Mr. Dharmesh S. Panchal 3/9/05
Mr. Bimal S. Patel 3/23/05
Mr. Richard N. Pedrow 1/5/05
Mr. Bernard Thomas Price, III 1/20/05
Mr. Lee J. Pulver 6/8/05
Mr. George Rutherford 1/20/05
Mr. Hideo Saeki 10/19/05
Mr. Kazuyuki Saeki 10/19/05
Mr. Takao Sakaguchi 10/19/05
Mr. Akira Sakai 10/19/05
Mr. Hiroshi Sasaki 2/24/05
Mr. Shinya Sasaki 9/29/05
Mr. Mikihito Sato 10/19/05
Mr. Yoshio Sato 1/20/05
Mr. Yuichi Sekiguchi 3/23/05
Ms. Hiroko Seko 10/19/05
Mr. Kazunari Shibuya 7/6/05
Mr. Akio Shima 7/6/05
Mr. Teruo Shimamoto 7/6/05
Mr. Atsushi Shinozaki 2/24/05
Mr. Masayuki Shiomi 7/6/05
Mr. Steven S. Skoropowski 1/5/05
Mr. Yoshitatsu Soga 2/24/05
Mr. Stephen M. Stegner 1/20/05
Mr. Michael A. Stolicny 4/21/05
Mr. Takahiro Suzuki 10/19/05
Mr. Tetsuyuki Takanashi 10/19/05
Mr. Shigeru Takebu 10/19/05
Mr. Yukihiro Takeda 10/19/05
Mr. Tomohisa Tamagawa 9/29/05
Mr. Haruhisa Tamura 2/24/05
Mr. Tatsuo Tamura 7/6/05

Mr. Tetsuo Tani 10/19/05
Mr. Kowji Tanikawa 10/19/05
Mr. Eiji Tashiro 9/29/05
Mr. Masao Togawa 10/19/05
Mr. Yoshimi Tokunaga 9/29/05
Mr. Katsumi Tomiyama 2/24/05
Mr. Takeshi Tsuchida 7/6/05
Mr. Koji Tsuruno 10/19/05
Mr. Masafumi Uchino 10/19/05
Mr. Hiroaki Ueda 10/19/05
Mr. Norihiro Ueda 10/19/05
Mr. Mitsunori Uemura 7/6/05
Mr. Hiromu Uenishi 9/29/05
Mr. Hideki Wakamiya 10/19/05
Mr. Noriaki Watarai 7/6/05
Mr. Christopher J. Wittwer 4/21/05
Mr. Ronn P. Woolley 1/20/05
Mr. Akimi Yamada 9/29/05
Mr. Kunihiko Yamada 10/19/05
Mr. Masashi Yamada 10/19/05
Mr. Kenji Yamaguchi 10/19/05
Mr. Shinichi Yamaki 10/19/05
Mr. Michio Yamakoshi 10/19/05
Mr. Masatoshi Yamamoto 10/19/05
Ms. Midori Yamamoto 7/6/05
Mr. Teruaki Yamasaki 7/6/05
Mr. Seiichi Yanagi 10/19/05
Mr. Fumio Yashige 9/29/05
Mr. Hideaki Yoda 9/29/05
Mr. Muneaki Yoshida 10/19/05
Mr. Masaharu Yoshino 9/29/05
Mr. Shigemasa Yoshizawa 9/29/05
Mr. Yulan Zhang 7/6/05

NARTE Certified
Product Safety Technicians

Mr. William S. Bisenius 2/9/05
Mr. David M. Greene 4/21/05
Mr. Harima Hamaguchi 10/20/05
Mr. Yasuhito Inamori 10/20/05
Mr. Norio Mukaijo 10/20/05
Mr. Timothy Kevin Tharp 1/5/05
Mr. Louis Zampelle 7/19/05
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NARTE Certified Technicians

Mr. Kevin J. Alston 5/11/05
Mr. Juan J. Baez 4/7/05
Mr. Roland J. Banks 8/3/05
Mr. William R. Barrick 2/9/05
Mr. Christopher W. Black 1/6/05
Mr. Nicholas A. Carpenter 8/3/05
Mr. Ernest Cook 4/7/05
Mr. Douglas C. Cronk 1/5/05
Mr. Anthony W. Davis 4/21/05
Mr. Leonard A. Elliott 2/24/05
Mr. Daniel Fernandez 4/7/05
Mr. Joseph Brent Flannery 12/1/05
Mr. Imran A. Foxx 1/20/05
Mr. James Gibb 5/26/05
Mr. Ted H. Glasgow 7/21/05
Mr. Sean N. Gosnell 5/11/05
Mr. Julio Hauley 6/8/05
Mr. Ryan E. Hay 4/7/05
Mr. Harvey D. Hilton 1/5/05
Mr. Nathan W. Holm 11/17/05
Mr. David F. Holmes, Jr. 6/8/05
Mr. Antonio Terrell Hughes 6/8/05
Mr. Mylri Jean-Pierre 1/20/05
Mr. Jared Johnson 6/8/05
Mr. Derrick D. Jordan 12/1/05
Mr. Wilner Joseph 12/1/05
Mr. Jansen L. Lancaster 2/24/05
Mr. Che Chiu Lau 9/21/05
Ms. Kelly E. Lewis 2/9/05
Mr. Charles J. Mabry 1/5/05
Ms. Monica A. Martin 11/2/05
Mr. Brian C. Mayfield 8/3/05
Mr. Don M. McCollough 12/1/05
Mr. Frank E. Miller 12/21/05
Mr. Robert J. Murdock, Sr. 8/3/05
Mr. Robert Wayne Olson 3/23/05
Mr. Rene Perez 11/2/05
Mr. George L. Pitts 1/20/05
Mr. Jorge T. Posada 4/7/05
Mr. Carlos Romero 5/11/05
Mr. Michael D. Saska 4/21/05
Mr. David M. Shultz 2/9/05
Mr. John E. Slagle 7/20/05
Mr. Stephen D. Smit 5/11/05
Mr. Willie W. Smith 9/7/05
Mr. Ralph E. Stimphic 4/7/05

Mr. Keith B. Stone 8/3/05
Mr. Joseph Targhy 4/7/05
Ms. Mary L. Thomas 1/5/05
Mr. Andrew S. Usher 12/21/05
Ms. Sarah-Ann West 9/7/05
Mr. Kenneth D. Worthen 2/24/05
Mr. Gavin J. Wright 7/6/05

NARTE Certified Wireless
Installer Technicians

Mr. Adam L. Chedester 8/17/05
Mr. Ryan J. Olson 1/5/05


