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In its November200lissue Power Quality publishedanarticleby DonaldZipse,“PreventLightning Strikes
with Chage TransferSystems’(referredto asZipses articlein this letter),which describes systemwhich

the author claims can prevent lightning strikes. Sincethe time Benjamin Franklin demonstratedhe ef-

fectivenessof lightning rodsin preventing or greatly reducingthe damagefrom direct lightning strikes,
therehave beenmary “magical” lightning protectionsystemsanarketedwhich fail to live up to thefantastic
claimsof their salesmenThesesystemsare usuallymarketedby charismaticsalesmerwho “verify” their

claimswith testimonialsfrom satisfiedcustomershut who have no hard scientificor empirical evidence
of the effectivenessof their systems. Suchsalesmerwerevividly portrayedasearly as1856in Herman
Melville’s shortstory The Lightning Rod Man, andthereputationof thesesalesmemndtheir systemsften

putslightning protectionin the samecategjory assnale oil in the public’s mind.

In recentyearstherehave beentwo highly marketed “magical” systems— the Chage TransferSystem
(CTS)describedn Zipsesarticle,andEarly StreameEmission(ESE)air terminals.CTS’sclaimto prevent
lightning strikesto a protectedarea,while ESE systemsclaim that a singleair terminal (anothemamefor

alightning rod) will collectall lightning within anexceptionallylarge radius(typically 100 meters).When
subjectedo hardscrutiry, bothsystemdhave failedto live up to their claims.

In the early 19705 NASA waslooking for a way to protectthe SpaceShuttleand othermannedvehicles
while they were on the launchpadawaiting launch. NASA did an extensve studyof CTS’s (thencalled
DissipationArray Systemsthe nameof the systemanarketedby Lightning Eliminatorsand Consultants,
Inc.). They studieda variety of towers,someequippedwith a CTS andothersnot. The studiesfound that
the frequeng of lightning to the towerswith CTS’s was not significantly differentthanto thosewithout
CTS’s. In short,the studiesdemonstratethata CTS did not preventor significantlyreducethe probability
of lightning strikesto atower. (NASA decidedto protectthe SpaceShuttlewith awire abore the Shuttleto
actasa preferentialstrike point for lightning. Therearemary documentedncidencef lightning striking
the overheadwire, protectingthe Shuttleas designed). Sincethe NASA studiestherehave beenseveral
otherstudiesdonewith the sameresults. Similarly, laboratoryandfield studiesof ESEair terminals,done
by severalindependentesearctorganizationsshav thatESEair terminalsrespondo lightningin the same
way, andprovide the samezoneof protection,astraditional,inexpensve sharp-pointedightning rods.

The underlyingtheoryof CTS’s describedn Zipses articleis full of scientificnonsenseMost of the de-
scriptionsof thunderstormandlightningphenomenologgrewrong(e.g.,raindropscarrynegligible amounts
of chageto groundduringathunderstorm)asis theunderlyingtheoryclaimedfor thebasisof CTS’s. The
articleclaimsthataCTSwill injectseveralcoulombsof positive chageinto theair above theprotectedstruc-
ture,andthatthis chagewill neutralizeanapproachindightning leader Figure3 of the article presentshe
equationfor determiningthe numberof points, NV, neededo provide this chage:
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where() is theamountof chage neededo neutralizetheleader I, is theamountof coronacurrent(often
called St. EImo’s fire) emittedby a single point undera thunderstormandt is the amountof time needed
to accumulatechage Q. The numbersin the formulaimply that, in orderto provide 2.5 C of chage to
neutralizea leadey the systemneedsl,500pointswhich eachemit 170 uA of currentfor 10 secondsThis
is physicallyimpossible asthe next paragrapldemonstrates.

The force which drives the coronacurrentfrom a point undera thunderstorrnis the electricalforce from
the (commonly)neggative chage in the baseof a thundercloud.The electricfield on the groundfrom this
negative chageis typically 2,000to 5,000V/meter (Fieldsasstrongas30,000V/meterhave beenmeasured,
but fieldsthis strongarerare.) Whenthe electricfield undera thunderstornreachesabout1,000V/meter
sharpobjectsstartemittingcoronacurrent. Thechagecarriersin coronacurrentarenotfreeelectronsvhich
canmove rapidly avay from the CTS, but areions, typically ionizedoxygenandnitrogenmoleculeswhich
drift slonvly in atmospheravhile colliding with other molecules. The motion of ionsin an electricfield
is well known. Theseions move with a speedof about10 meters/secondnderthe forcesinducedby the
fieldsneartheground.Thusin 10 secondsheionscanmove aboutl00 meters sothespacechage created
by the coronacurrentis confinedto a region of about100 metersabove the CTS. Coronacurrentcannot
continueafterthefield is reducedbelon the 1,000V/meterneededo initiate it. The maximumamountof
spacechage which a CTS canemit is the amountneededo reducethe field to 1,000V/m, the onsetfield
for coronaemission.Thefield from a chageis givenby theformula
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To produceafield of 4,000V/meter(enoughto reducethe 5,000V/meterfield typical underthunderstorms
to the coronaonsetstrengthof 1,000V/meter)at a distanceof 100 m (the maximumdistancethe chage
couldtravel in 10 secondsyvould requireachageof 4.4 x 10~3 coulombsalmostathousandimessmaller
thanthechage of 2.5 coulombsclaimedto be neededo neutralizealeader

A CTScannotproducearywhereneartheamountof chage claimedin Zipses article. However, thesimple
formulain Equation(1) wouldindicatethatit could. Whatis wrongwith Equation(1)? Therearetwo things
wrong— oneminor andonemajor. The minor erroris that Eq. (1) indicatesthata single point will emit
170 A of currentunderathunderstormMany measurementsave beenmadeon coronacurrentsbeneath
thunderstormsandtheseshaw typical currentsof afew to perhapslO xA. Changingl, to 10 pA in Eq. (1)
would changehe numberof pointsto 25,000insteadof 1,500,s0 onewould needto build anarraywith at
least25,000points,if Eq. (1) werecorrect. Themajorproblemwith Eqg. (1) is thatit assumeghatthecurrent
from anarrayof pointsis simply the currentfrom a singleisolatedpoint multiplied by the numberof points
in thearray This is simply notthe case.As ananalogy considerthe waterdeliveredfrom a systemof fire
hydrants.During afire, oneor afew hydrantscanproducea prodigiousflow of waterunderhigh pressure.
However, if mary fire hydrantsareopen(perhapspenedy kids coolingoff onahotsummerday)theflow
of waterout of a singlehydrantis considerablyessthantheflow whenonly afew hydrantsareactive. This
is becausdhereare physicalconstraintwaterpressureandsize of pipes)which limit the total amountof
waterwhich canbe deliveredthrougha systemof hydrants.Similarly thereare physicalconstraintsvhich
limit the amountof currentwhich canbe emittedfrom an array of points. As one point releasepositive
chageinto theair above thearray thefield from this positive chage offsetsthedriving field from thechage
in thethundercloudandreduceghe amountof chage emittedby itself andneighboringpoints. As shavn
in the calculationin the previous paragraphin a 10 secondime period,anarrayof pointswith adimension
of about100meterscanemitamaximumof 4.4 x 10— coulombsof chage, for atotal maximumcurrentof
4.4 x 10~* A. With 1,500pointson anarray this would be a currentof 0.3 zA/point. With 25,000points,



thesametotal currentwould be emitted,for a perpoint currentof 0.02 A/point.

We have donedonestudieson currentemissionsfrom multipoint arraysat the Langmuir Laboratoryfor
AtmosphericResearchNew Mexico Techs mountain-toghunderstornresearchaboratory In our experi-
mentswe have found, for example,thatanarrayof 80 pointsemitsa coronacurrentabouttwice the value
of thatfrom a singleisolatedpoint. Useof Eq. (1) would indicatethe currentshouldbe 80 timesaslarge.
Eq. (1) isincorrect.

If thereareno “magic” lightning protectionsystemsavailable,is it possibleto completelyprotecta facility

from lightning damageWith properapplicationof traditionallightning protectionprinciples,the answer
is an unqualified“Yes”. At Langmuir Laboratorywe have beenconductingresearchin a high-lightning
ernvironmentfor the past35 years.We have a specially-hiilt instrumentatiorshelter(calledKivall) which

washuilt to take dataduringadirectstrike to theshelter Becauseheprobabilityof naturallightning striking

aspecificpointis low, evenin the high lightning densityof our mountain-todaboratorywe bring lightning

to our instrumentatiorby triggeringit — we shoota small rocket trailing a groundedwire into an active

thunderstormto do this. On mary occasiong, aswell asotherresearcherandobserers,have beeninside
Kiva ll whenit hasbeenstruckby lightning, with the lightning terminatingon a current-measuringhunt
onthetop of Kivall, abouttwo feetabore our heads.Becauseiva ll wasproperlydesignedo withstand
theeffectsof adirectlightning strike, personnelndinstrumentationnsideit areperfectlysafeduringthese
directstrikesto it.

The principlesof traditionallightning protectionarebasic— 1) provide preferentialstrikespoint for light-
ning (anarrayof conductorsigherthanthe objectsbeingprotected)agoodgroundingsystemandconduc-
torsbetweerthetwo to conductthe damagingcurrentfrom alightning dischage away from the structureto
be protected;and2) provide appropriatdransientprotectionon power andsignalwires enteringthe struc-
tureto protectequipmentandpersonnefrom the effectsof inducedlightning currents. What doesit take
to provide completeprotectionfrom lightning? It requiresa meando ensurehatthe currentsfrom a direct
strike cannotenterthe structure andelectricaltransientsnducedfrom lightning arepreventedfrom getting
into the structure.To preventthe currentsfrom a directlightning strike from enteringKivall, it wascon-
structedof 1/4” steel,with only a few openingsfor signalandpower wiresto enter To preventtransients
from enteringKival ll, every signalandpower wire enteringinto it areequippedwith appropriatdransient
suppressiomlevices.

It is impracticalto build moststructureswith absoluteprotectionfrom lightning. The costto encasea

structurein 1/4” steelis usuallyprohibitive, anda structurewithout windows is not very pleasanto work

in. Also, it is oftenvery difficult to identify and provide adequatdransientprotectionto every conductor
enteringinto astructure.Thedesignof a practicallightning protectionsystem(LPS)usuallycomesdown to

a cost-benefianalysis.With highercost(both monetarycostsfor providing morepreferentialktrike points
andtransientprotection,andaesthetiacostsin the appearancef the building) an LPS canprovide greater
protection.At somepointtheincrementatostof theLPSexceedgheincrementabenefitrecevedfrom the

addedprotection.

Traditionallightning protectionis basedon over 250 yearsof empirical obserationsof the effectiveness
of the systemgqwith appropriatemodificationsto the designof systemsrom studiesof systemfailures),
andover 100 yearsof scientificresearchinto lightning and lightning protectionsystems. In the United
Statesthe NationalFire ProtectionAssociations Sandard for the Installation of Lighting Protection Sys-
tems (NFPA 780) is the primary standardgoverning the installationof LPS’s. The NFPA issuedits first
standardn lightning protection,the predecessaio the currentNFPA 780,in 1904. Sincethe issuanceof
that 1904 standardtherehave beennumerousupdatedo NFPA's standardeflectingthe developing scien-



tific researchinto lightning andlightning protection.As statedn Zipses article, the statusof NFPA 780was
upin theair for awhile becaus®f seriesof challengedy manufcturersof ESEair terminals.Becausef
thesechallengesthe NFPA Standard Councilhaddecidedto delaypublicationof arevisionto NFPA 780
until it recevedanadequatsubstantiatiof thescientificbasisfor traditionallightning protectionsystems.
In responsdo its requestthe NFPA received two reports,one from a group of federalgovernmentusers
of LPS’sandonefrom a groupof lightning andthunderstornresearchersAfter holding a hearingon the
matterat its October2001 meeting,the Council votedto issuethe nevestrevision of NFPA 780, andto
continuewith its projecton lightning protection.Therecentlyreleased®001editionof NFPA 780 contains
numeroushangedrom the 1997editionreflectingtoday’s rapid paceof researchn this area.

While NFPA 780 providesa standardor installationof LPS’s to protecta structurefrom a directlightning
strike, it sayslittle abouthow to protectsensitve equipmentirom transientanducedby nearbylightning
strikes. Informationon this topic is readily available from several sourcessuchas IEEE Standardl100,
Recommended Practice for Powering and Grounding of Sensitive Electronic Equipment.

Although CTS’s do not prevent lightning they do function aspretty goodtraditional LPS’s. They provide
a systemof overheadwires which function aspreferentialstrike points (similar to the overheadwire used
to protectthe SpaceShuttle),a good groundingsystem,and conductorgo connectthe overheadwiresto
the groundingsystem.This probablyexplainsthe testimonialsrom satisfiedcustomersisedby CTS man-
ufacturerdo market their products.However, LPS’s basedon NFPA 780areequallyeffective in protecting
structuresata fraction of the cost.

In his article, Zipse accuseshoseof us opposedo CTS’s of “relying on obsoleteinformationor refusing
to considera viable technology”. No, Mr. Zipse,we areopposedo CTS’s becausahe underlyingtheory
claimedfor themis scientificnonsenseandbecausevery independenstudyof themdemonstratethatthey
do not preventlightning. Chage TransferSystemsandEarly StreamelEmissionair terminalsare modern
incarnationsof the “magic” warespeddledby Melville’s Lightning Rod Man — ornatedevices with no
independengvidencethatthey live up to their fantasticclaims, sold by a slick salesmarmwho preys on his
customersfearof lightning andexploits their limited knowledgeof lightning protection.



