
  
 
 
 
 

 
Abstract—This paper documents testing performed to 

determine the sensitivity of currently available electronic lighting 
ballasts for fluorescent lighting to surges which may be created 
both internal and external to a users facility.  The ability of surge 
protective devices to protect these ballasts from surges is also 
demonstrated through tests documented in this paper. 
 

Index Terms—ballast, lighting, surge, surge protective devices.  
 

I. INTRODUCTION 
he sensitivity of electronic devices and equipment to 

transient voltage spikes is well documented and fairly 
well understood [1].  Transient overvoltages can significantly 
shorten the life of electronic components, sometimes with just 
one spike if the voltage peak is high enough.  Devices to 
protect electronic components and equipment have been 
developed and have a proven track record for ensuring that the 
protected components can provide service for their intended 
lifetime even in an environment where surges are common.   

The use of electronic ballasts in fluorescent lighting 
applications is becoming more commonplace.  Their increased 
use is being driven by both government regulations and by the 
advantages they have over older types of ballasts, which shall 
be discussed later on in this paper.  The sensitivity of 
electronic ballasts to surges was recently called to question by 
the ballast failure rate experienced by a retail store company.  
A testing program to investigate this sensitivity and the ability 
of surge protection devices (SPDs) to protect electronic 
ballasts was undertaken.  Before this paper discusses the tests 
themselves, it’s important to understand the characteristics of 
voltage transients, or “surges,” that may exist in industrial and 
commercial power systems. 

II. THE SURGE ENVIRONMENT 
Surges are an everyday occurrence in the power distribution  

systems of industrial and commercial facilities.  There are  
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several sources for surges.  On the source side of the service  
entrance, surges may be caused by lightning, utility switching 
operations, and transients due to fault clearing [2].  Surges 
from lightning can be created not only from direct strokes 
onto  
the utility distribution system, but can also be caused by 
lightning strokes in proximity to power lines, where the surge 
is transmitted onto the power line via induction.  While the 
surges that enter a facility power system via the service 
entrance are usually the most severe, they are not the most 
frequent.  The number of surges that may enter the facility 
from the utility is much less than the quantity of surges that 
are created internally.  Internally created surges are typically 
caused by the switching of inductive loads, such as electric 
motors.  Capacitor switching can also create transients as well.   

III. ELECTRONIC LIGHTING BALLASTS 

A. Driving The Demand for Electronic Ballasts 
Fluorescent lamps are low-pressure gaseous-discharge 

lamps and require a ballast to operate. The lighting ballast 
provides the initial voltage necessary to start the lamp, and 
then regulates its operation. When switched on, the ballast 
transforms the supply voltage to the starting voltage required 
to initiate an arc between the lamp's electrodes (cathodes). 
This arc excites the gases contained in the bulb and produces 
ultraviolet light energy, which in turn excites the phosphor 
coating on the bulb wall and produces "fluorescence," that is, 
visible light.  

Magnetic style ballasts have been used for many years.  
They operate the lamp at the same frequency as the incoming 
power.  While they perform the basic functions adequately, 
high frequency output electronic ballasts offer several 
advantages over magnetic ballasts: 

• Electronic ballasts are much more efficient than 
magnetic types.  The efficiency of the light can be 
improved as much as 29% using electronic 
ballasts. 

• A related benefit of higher efficiency is the 
reduction of waste heat generation.  The lower 
heat given off by electronic ballasts may allow the 
cooling capacity of HVAC systems to be reduced 
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or have greater reserve capacity for other heat 
producers.   

• Reduced heat dissipation results in lower ambient 
temperatures around the ballast, which can lead to 
longer ballast life. 

• Magnetic ballasts typically operate one or two 
fluorescent lamps while electronic lamp ballasts 
are available that can operate as many as four 
lamps.   

• While magnetic ballasts can be used to drive 
several lamps in series, when a lamp fails in these 
fixtures, all the lamps go dark including the lamps 
that are still functional.  There are electronic 
ballasts that have been designed for parallel 
connection of the lamps, which allows the fixture 
to continue to produce light at reduced levels when 
one lamp has failed.   

• The high frequency output of electronic ballasts 
results in less audible “hum” and discernable lamp 
flicker. 

• Electronic ballast usage will result in savings in 
electrical costs, in the form of reduced demand 
charges as well as reduced energy costs.   

• Electronic ballasts will impose lower harmonic 
currents on the power source than magnetic 
ballasts.  The high frequencies of harmonic 
currents create additional heating in conductors 
and lower their effective ampacity.  Electronic 
ballast models are commonly available that have a 
total harmonic current distortion of less than 14%.  
A comparative figure for magnetic ballasts is in the 
20 – 28% range.  It is important to note that the 
amount of harmonics impressed on the power 
system are reduced even more by virtue of the 
lower currents that are drawn by lighting systems 
employing electronic ballasts compared to that of 
magnetic ballast systems.   

• Electronic ballasts are available in “multi-voltage 
models” which can be operated over a wide range 
of voltages, encompassing the two most common 
voltages: 120Vac and 277Vac.  There are two 
benefits of this feature.  First, it eliminates the 
possibility of installing a ballast with an incorrect 
voltage rating into a circuit.  Secondly, users that 
have lights applied at both 277/480V and 
120/208V in a facility no longer need to stock 
spare ballasts for each utilization voltage.   

The efficiency aspects of electronic ballasts are the primary 
reasons for its application.  Both utilities and legislative 
bodies at both the state and federal level have noticed the 
significant savings in energy usage.  Utilities favor energy 
saving devices to avoid capital expenditures associated with 
upgrading generation and distribution systems to handle 
growing energy demands.  Legislative bodies promote energy 
savings as a means of lowering our dependence on petroleum 

and natural gas, and to decrease carbon dioxide emissions and 
resulting global warming effects.  Financial incentives 
obtainable from utilities and/or governmental agencies include 
project cost rebates, low interest loans, and tax deductions.   

B. Energy Policy Act of 2005 
The 2005 Energy Policy Act (HR-6) is an omnibus of 

legislation that regulated and established national minimum 
efficiency standards and established policy for a broad range 
of energy issues.  In regards to linear fluorescent lighting, the 
following regulations were adopted: [3] The Act listed new 
Ballast Efficacy Factors (BEF) that electromagnetic ballasts, 
sold to fixture manufacturers for operating 4-foot, 8-foot and 
8-foot HO (high output) energy saving T12 lamps, must meet, 
effective January 1, 2009.  The previous law had established 
standards only for standard wattage 4-foot and 8-foot T12 
fluorescent lamps.  Other aspects of this law include:  
• Replacement Ballasts must be marked “For Replacement 

Only”, and can be packaged in containers of no more 
than 10 ballasts, and having a total lead extension less 
than the length of the lamp.  Replacement ballasts cannot 
be manufactured after June 30th, 2010.    

• Dimming ballasts must have a dimming capability to 
reduce light output to 50% light output or less. 

• Sign Ballasts used in outdoor signs must be designed for 
use with two F96T12HO lamps at ambient temperatures 
of  –20 F or less.. 

• Residential ballasts are allowed to have a power factor 
of less than 0.90.  They are labeled for use only in 
residential building applications.  

The Energy Policy Act of 2005 created significant 
economic incentives to promote the use of high efficiency 
electronic ballasts.  The Act allowed building owners to 
deduct the cost of an energy efficiency upgrade project in the 
year that the project was completed.  The deduction is limited 
to a maximum value of $1.80 per square foot times the area of 
the building.  Furthermore, this deduction is currently 
available only for tax years 2006 and 2007.  Among the 
qualifications called for in the law, the energy usage in the 
building must be 50 percent less than the standard building 
energy levels prescribed by ASHRAE/IESNA 90.1-2001.  
While the US Department of Energy (DOE) has been 
mandated with the task of developing a full rule for upgrades, 
an interim rule is in effect which allows for lesser deductions 
if an improvement on the order of 25% to 40% below the 
levels prescribed by ASHRAE/IESNA 90.1-2001 are 
achieved. [4]   

Buildings owned by the Federal Government are particular 
targets by the Energy Policy Act for energy efficiency 
improvement.  The law requires Federal facilities to reduce 
energy consumption 2 percent each year beginning in 2006 
and continuing until 2015.  New Federal buildings have a goal 
of exceeding the efficiency requirements of ASHRAE/IESNA 
90.1-2004 by at least 30% below that of the “baseline 
building” efficiency standard, provided the improvements are 
“life cycle cost effective.”  A baseline building is defined as a 



 
 

building that is otherwise identical to the proposed building 
but is designed to only meet ASHRAE/IESNA 90.1-2004.  
“Life cycle cost effective” means that the proposed 
improvement has a lower life cycle cost than the baseline 
building design or meets other desirable financial metrics.  In 
obtaining energy efficient products, the law prescribes that 
Energy Star® products, Federal Energy Management Program 
(FEMP) designated products, and premium efficiency motors, 
if available, shall be purchased. [5][6]  

IV. ELECTRONIC BALLASTS LIFETIME 
The common causes of decreased life in electronic ballasts 

is primarily heat, and the second most common cause is 
voltage transients.   

Installed in the lamp fixture, the electronic ballast generates 
heat from its normal operation.  The lamps in the fixture also 
generate heat and this combined heat is dissipated through the 
fixture to the surrounding air.  If conditions prevent this heat 
from properly dissipating, the heat build-up will cause the air 
temperature to rise and possibly exceed the design service 
conditions of the ballast.  When the ballast is operated in 
ambient temperatures higher than the normal service 
conditions, a shortening of the lifetime of the ballast should be 
expected.  Generally speaking, operating a ballast at a 
temperature that is 10C higher than the normal service 
temperature will reduce its service life by about one half.  
Electronic ballasts are designed to have a normal service life 
in a maximum ambient temperatures of 40C. 

A. Surge Protection In Electronic Ballasts 
The present industry standards are ANSI/IEEE C62.41.1-

2002, and C62.41.2-2002 where relative level of transients are 
described and defined based on the concept of wiring location, 
i.e., service entrance as opposed to branch circuits.[2][7]  
These standards define a simplified description of the surge 
propagation boundaries for a typical electrical distribution 
system, identified as location Categories A, B and C.  
According to this concept, Category C includes locations that 
are external to, and immediately inside the facility with a 
transition area to include service entrance equipment.  
Category B locations can include some service entrance, 
distribution and branch panel locations, while category A will 
typically include remote branch panel and equipment loads 
and power receptacles. 

The standard for High Frequency Fluorescent Lamp 
Ballasts, ANSI C82.11-2002 states, “Electronic high-
frequency ballasts are more susceptible to line transients than 
line frequency magnetic ballasts.  Therefore, transient 
protection shall be included.  The requirement for this 
transient protection is in ANSI/IEEE C62.41, Class A 
operation. The line transient test shall consist of seven strikes 
of a 100 kHz ring wave, 2.5 kV (higher values may be used as 
appropriate) level, for both common mode and differential 
mode.”[8]  Although many ballast manufacturers comply with 
the voluntary requirements of the ANSI 82.11 standard, there 
are times when the internal protection that comes with the 
ballast may not be sufficient.  

All the major manufacturers of electronic ballasts provide 
products that comply with C62.41-1991 Category A.  But this 
predecessor to C62.41.2 further subdivided the three 
categories into three severity levels.  The present editions of 
C62.41.1-2002 and C62.41.2-2002 no longer distinguish 
severity levels of surge immunity testing for category A and B 
locations.  The surge waveforms that were defined for the 
least severe level (A1) correspond to the surge waveform 
described in the ANSI C82.11 requirement stated above.  The 
previous standard’s Category A3 corresponds to the 
waveforms prescribed by the current C62.41.2 Category A.  It 
is not known whether any ballasts have been certified at the 
A2 or A3 levels; the manufacturers have not published 
anything to that effect.  This being the case; there is no 
substantiation that electronic ballasts currently available will 
withstand Category A waveforms as described in the current 
standard. 

Furthermore, C62.41.2 points out that the category 
boundaries in a facility between the three categories do not 
have any sharp boundaries, and it’s possible that portions of 
the power system could be attributed to either of two possible 
categories.  This leads us to conclude that there is no 
guarantee that electronic ballasts would be applied in only 
category A levels.  Not only could they be subjected to 
Category A surges that may exceed the capabilities of the 
ballast’s internal transient protection, but they might also be 
subject to surges corresponding to Category B, if they are 
located in the transitional area of the power system between 
Category B and Category A.  Since electronic ballasts can be 
at risk to moderate and high level surges, it was desirable to 
establish whether or not a sample of currently available 
electronic ballasts could withstand such surges when guarded 
by only their internal transient protection.  It followed then 
that a test to verify the capabilities of a properly installed SPD 
to provide adequate protection against these surges was also 
worthy of investigation.  To determine the surge immunity of 
electronic ballasts at locations where they might be installed 
under typical circumstances, tests were conducted to explore 
these questions.   

V. TESTING 

A. Testing Unprotected Ballasts 
The test plan was based on possible exposure to surge crest 

levels that could be seen within certain facilities at IEEE 
C62.41.2 Category B locations. The testing of unprotected 
ballasts was designed to simulate surge conditions which 
might be experienced by a ballast in a severe environment 
over a five year period.  Although surges of varying voltage 
magnitudes can occur randomly, the tests were conducted in 
two parts which together would encompass the total simulated 
five year period, beginning with the least severe surges in the 
first part and continuing with a successively higher severity in 
the next part.  While the majority of  locations that electronic 
lighting ballast are installed will be considered medium or low 
exposure risk sites, testing was carried out at levels that would 
represent the highest risk of exposure to both oscillatory and 



 
 

impulsive type surges.   The purpose was to estimate the 
exposure levels and frequencies that electronic ballasts could 
typically fail, and if the addition of a SPD could reduce the 
risk of failure under the most extreme surge exposure 
environments. 

The magnitude and quantity of surges that a ballast might 
experience were developed from a historical data plot of surge 
occurrences versus peak voltage levels at unprotected 
locations, documented in ANSI/IEEE C62.41.1 Figure 14 .  
This information was extrapolated to a quantity representative 
of a five year period of statistically possible surge voltages 
occurring at high exposure locations.   High exposure 
locations, as defined by the standard, are geographical 
locations that suffer from extensive exposure to lightning or 
unusually severe switching surges. 

This analysis of the historical data plot identified two 
ANSI/IEE defined surge voltage levels which a ballast might 
experience in a high exposure location.  The ANSI/IEEE 
C62.41.2 6kV Category B Ring Wave test was chosen to 
simulate the possible conditions of an indoor lighting system.  
6kV/3kA Category B combination wave surges were also 
selected since they reflect the surges that are statistically 
possible for locations in more than 70% of North American 
facilities.   

The quantity of surges for which each ballast would be 
tested and the test results are listed in Table 1.  The first series 
of tests were performed using the Category B ring wave.  
Ballasts which survived this series were then subjected to 
surge testing using Category B combination waves.  The input 
current and output frequency of the test ballasts were 
monitored to determine whether the unit had failed.  A ballast 
was deemed to have failed if either the input current or output 
frequency deviated by more than 20% from the pre-test 
values.   

The test circuit used is shown in Figure 1.  A surge 
generator was connected to the test ballasts using 100 feet of 
12 AWG wire to emulate a typical lighting branch circuit.  It 
should be noted that ballasts applied on shorter circuits could 
be at risk to higher transient voltage levels.  Nominal rated 
voltage was applied to the ballasts during the course of the 
surge tests.  The test samples were subjected to surge voltages 
applied in line to neutral mode.   

A total of nine ballasts underwent testing.  The ballasts 
selected for testing represented four different ballast 
manufacturers who are recognized leaders in the industry.  

Table 1  lists the quantity of ballasts which survived each of 
the three tests.   

In the initial test series of 500 Category B ring wave surges, 
only three of the nine test samples survived.  Of the ballasts 
that failed, it was observed that some samples failed after only 
one Category B ring wave and all failures which occurred at 
this surge level happened within 25 surges.  The testing was 
continued on the remaining samples using Category B 
combination waves.  In this test, five test surges were 
scheduled for each sample.  However, all of the remaining 
ballasts failed after only one surge was applied.   

As mentioned previously, the Category B ring wave and 
Category B combination wave are representative of severe 
surges which could be caused from surge sources both 
external and internal to a facility.  Since none of the test 
samples were able to survive either one or both of these 
surges, then electronic ballasts have a demonstrated sensitivity 
to these severe levels.  It is of importance to note that 
Category B surge voltage levels can occur at medium 
exposure sites locations. The peak current, rise time and 
energy transfer will depend on many factors including the 
surge source, sparkover clearances and system impedance. 

B. Testing Ballasts on a SPD-Protected Circuit 
The test sequence was repeated on new set of samples 

consisting of the same ballast models as in the first series of 
tests.  However, this test was distinguished by the installation 
of an SPD to protect the lighting system from transient surges 
(See Figure 2).   

Test Ballast
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Fig. 1.  Test circuit of electronic ballasts with no additional SPD 
protection applied. 

TABLE 1 
TEST RESULTS ON NINE BALLASTS – NO SPD CONNECTED 

 
Surge Type Qty. of Surges Results % Passed Comments 

 
Ring Wave; 6kV 

500 Amp 100kHz; 

 
500 

 
3 – Pass 
6 - Fail 

 
33% 

 
Samples typically 

failed between 1 and 
25 surges. 

 
6kV, 3kA 

8x20us 

 
5 

 
3 - Fail 

 
0% 

 
All ballasts failed  

after 1 impulse 

 



 
 

The SPD was attached to the test circuit with 18 inch long 

leads.  The lead length with which SPD systems are attached 
to the equipment they are protecting are a significant factor in 
the SPD system performance.  The surge current that is sinked 
into the SPD produces a voltage drop across the impedance of 
the connecting lead length.  This voltage adds to the clamping 
voltage of the SPD and can detract from the overall SPD 
performance if the lead length is too long.  Lead length must 
be considered when designing a properly applied SPD system. 
[8]  

The SPD used in this test had the following specifications: 
1. Maximum surge current rating: 100kA per mode 
2. Repetitive surge current rating: 5,000 category C 

impulses 
3. UL 1449 edition 2 suppressed voltage rating  

(L-N): 800V (peak) 
4. Category B3/C1 suppressed voltage rating:  

843V (peak) 
The same series of tests was repeated with new ballast 

samples.  With the SPD protecting them, all of the ballast test 
samples survived the test and operated within the defined 
criteria for a functional unit (See Table 2).   

To further investigate the ability of the SPD to protect 
electronic ballasts, each sample was then subjected to one 
more surge test using a 1.2x50us, 20kV open circuit voltage, 
8x20us, 10kA short circuit combination wave.  It is 
recognized that 20kV is well beyond the sparkover clearances 
of modern low voltage equipment.  Nonetheless it was felt that 
it would be instructive to see if ballasts on a SPD protected 
circuit could survive a peak impulse voltage of this severity 
level.   

It was not possible to operate the ballasts at the same time 
as the surge generation.  Operation of the ballasts, through 
observing the input current and output frequency, was 
checked before and after this surge test.  Again, all of the 
ballast test samples survived this test and operated within the 
defined criteria for a functional unit.   

The reader may notice that the applied waveform was 
formerly associated with Category C3 in ANSI/IEEE C62.41-

1991.  The waveform definition for category C was changed 
in ANSI/IEEE C62.41.2-2002.  Since the open circuit voltage 
of this waveform exceeds the currently defined waveform’s 
peak voltage, the results stated below would be applicable to 
tests conducted using the today’s Category C standard).   

VI. ECONOMIC CONSIDERATIONS 

A. The Costs of Ballast Failure 
The demonstrated sensitivity of electronic ballasts to surges 

can subject the end user to significant costs if they remain 
unprotected.  The rate of failure due to surge activity will 
result in a proportional cost of replacement, assuming the cost 
to replace each ballast is constant.  While the replacement cost 
for the actual ballast component is not a large amount, other 
factors may need to considered to determine the total cost of 
replacement. The cost caused by the failure to the owner can 
also include the following: 

1. Electrical contractor labor cost to replace the 
ballast, which typically ranges from $38/hr to 
$75/hr.  The premium cost associated with 
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Fig. 2.  Test circuit of electronic ballasts with SPD protection applied. 

TABLE 2 
TEST RESULTS ON NINE BALLASTS –TVSS CONNETCED 

 
Surge Type Qty. of Surges Results % Passed Comments 

 
Ring Wave; 6kV 

500 Amp 100kHz; 

 
500 

 
9 - Pass 

 
100% 

 
No sign of degradation 

or failure 

 
6kV, 3kA 
 8x20us 

 
5 

 
9 – Pass 

 
100% 

 
No sign of degradation 

or failure 

 
20 kV, 10 kA 

 8x20us 

 
1 

 
9 –Pass 

 
100% 

 
No sign of degradation 

or failure 

 



 
 

overtime scheduling may be necessary to avoid 
disruption of the facility’s normal business or 
production. 

2. If the failure affects lighting of product display 
areas, the resulting dark spots may affect the 
perceived attractiveness of the product, or the 
ability of the customer to find the product easily.  
Either of these could reduce the chance of a 
purchase being made and a corresponding loss of 
revenue. 

3. The reduced light levels which exist pending 
replacement may contribute to a safety hazard to 
customers or employees leading to higher liability 
risks. 

The cost of properly applied SPD equipment in the building 
power distribution system should be significantly less than the 
potential life cycle costs that can be attributed to lighting 
ballast failure due to surges.  The investment in a well 
designed SPD system becomes, in essence, a form of 
“insurance” to eliminate failures that might be caused by 
severe surges. 

VII. CONCLUSIONS 
In the past, industry has acknowledged the benefits and 

value of surge protection devices to protect sensitive 
electronic and computer based products. This testing expands 
that field of knowledge by demonstrating the need to include 
solid-state lighting ballasts used in retail, commercial or 
industrial applications in the list of products that can be 
subject to transient exposure and requiring additional surge 
protection when applied in severe environments.   

It is widely accepted that the quality of power supplied to 
both commercial and industrial facilities is expected to 
continue to decline as increased usage outpaces the ability to 
supply that power.  Internally generated noise and high-speed 
voltage transients can be generated by computers, laser 
devices, solid-state switching power supplies and variable 
speed motors.  Historically, many electrical products were not 
as susceptible to poor power quality, because they used analog 
based designs (i.e. transformers, capacitors).  However, with 
the growth of solid-state circuitry being designed into 
everything from lighting ballast to smart appliances, our 
sensitivity to poor power quality has been raised. 

The observed results of the tests showed that electronic 
ballasts have a sensitivity to surges associated with 
ANSI/IEEE C62.41.2 Category A and B applications and are 
likely to fail when subjected to only a low quantity of such 
surges.  But such sensitivity is adequately protected when a 
properly applied surge protective device is present and can 
provide protection to surge levels exceeding that which might 
be physically possible in the facility distribution system.   

REFERENCES 
[1] IEEE Recommended Practice for Powering and Grounding Electronic 

Equipment, IEEE Standard 1100, 1998, pp. 107-128, 235-236. 
[2] IEEE Guide on the Surge Environment in Low-Voltage (1000 V and 

less) AC Power Circuits, IEEE Standard C62.41.1-2002, pp. 4-11  
[3] “10 CFR Parts 430 and 431, Energy Conservation Standards for Certain 

Consumer Products and Commercial and Industrial Equipment,” Federal 
Register, Vol. 70, No. 200, pp. 60412-60413, Oct, 18, 2005. 

[4] “Deduction for Energy Efficient Buildings,” Notice 2006-52, Internal 
Revenue Bulletin No. 2006-26, pp.1175-1180, June 26, 2006 

[5] “10 CFR Parts 433, 434 and 435, Energy Conservation Standards for 
New Federal Commercial and Multi-Family High-Rise Residential 
Buildings and New Federal Low-Rise Residential Buildings,” Federal 
Register, Vol. 71, No. 232, pp. 70275-70284, Dec. 4, 2006. 

[6] Energy Policy Act of 2005, Public Law 109-58, August 8, 2005 
[7] IEEE Recommended Practice on Characterization of Surges in Low-

Voltage (1000 V and less) AC Power Circuits, IEEE Standard C62.41.2-
2002, pp. 9  

[8] American National Standard For Lamp Ballasts, High Frequency 
Fluorescent Lamp Ballasts, ANSI Standard C82.11-2002, pp.9 

[9] Marshall, E.; Hander, M.; Valdes, M.; Britton, J.; Jones, T.; Whitehead, 
J.; McIntyre, B.; “The Influence Of Cable Connections On TVSS 
Performance,” Industrial and Commercial Power Systems Technical 
Conference, pp. 212 – 217, May 8-12, 2005  

 
 
Gary H. Fox (M’89–SM’01) received his BSEE from 
California Polytechnic State University, San Luis 
Obispo in 1978.  This author became a Member (M) 
of IEEE in 1989, and a Senior Member (SM) in 2001.   
 He has been employed by General Electric 
Company for 28 years.  His current assignment is a 
Systems Engineer for GE Consumer & Industrial in 
Concord, CA, providing application and technical 
support for power distribution and control equipment.   
 Mr. Fox is a member of the IEEE Industry 
Applications and IEEE Power Engineering Societies.  
He has held several IEEE officer positions including Chair for the San 
Francisco Chapter, IAS; Chair, San Francisco Section; and Chair, San 
Francisco Bay Area Council.  He was a recipient of the IEEE Third 
Millennium Medal.  He has been a licensed Professional Engineer since 1982.   
 
Johnny Whitehead has been employed by General 
Electric Company for 19 years.  He has held several 
positions related to the manufacturing, design and 
testing of AC and DC surge protective devices for 
telecom, digital systems and commercial / industrial 
applications.   

His current assignment is a TVSS Applications 
Engineer for GE Consumer & Industrial in Bonham, 
TX, involved in the design and testing of surge 
protective device systems, providing application and 
technical support for industrial and telecom Surge Protective Devices. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


