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Learning to Live With Lightning
The same conditions which make a structure or site desirable for two-way
radio make it a target for lightning. The highest spot in the area is guaranteed
to get “hit.” Here are some pointers on how to protect valuable radio facilities.

By .»‘l .h'. ‘ ‘Kenny ’ ’ Guthrie
.-t-iarrager, Product information and Training
Gerrerai Eieerric Mobiie Radio Department

I‘ve been in land mobile eommtrnications — the two-
sstrjv radio business — ior almost all of my worl-ring

career. l was enthusiastic abotrt it in the beginning, and
tri tcr Fill jvettrs in lsst.‘t-v-.'t1§~'. l‘rn still enthusiastic.

fso. as we approach the broad subject oi lightning, }‘ULl
s-..~rr't he surprised that l reilect the interests and view-
l"tll'll.ls oi tr specialist in the rrrohiie radio iield.

1 reirtrring. is a iascinatirrg strhieet - one which cart he
r.lr-~.r:-setl and studied irom mans" angles. My orientation
lt.';r~.l*~ rrre to address lightning irt terms oi two-svajv radio,
Ztiltl ms csperrence causes me to iocus upon lightning
r.i;rt‘rt;r_t_It.' to land-based two-was radio iacilities.

‘-\'c'll tails a little about what lightning is. and the nature
rlt_l rrragnrttrde oi the stresses which it eserts upon our
. ..r;urterrt. Urnorturtatelv, l have no magic umbrella which

"".*rrti,*‘c vour iacilitics irotn this unwelcome visitor.
.. rtrs ntairt ll‘ll'?ttsl is upon some oi the things vou

..t:r tlti to improve your chances oi strrviving a lightning
cs cttl without catastrttpltic damage.

I rglrtning is a transient electrical current which equalittes
.t .iitiererrce oi potential. and creates a lot oi fireworks in

::-.; process.

I -1.5-'. "i\t'-"rrrr_r"" Citrtitrit’, .
rrrarrager of ,'_.rrr.rdtrct rril'orrrra-
ilriil anti rrur'rrr'rr_efr_rr GE, is
tr .?_i-veer vererarr of the corri-
purrir-. He served se verr years
as u rurirorrrarr with tire
irrtirrrrru State Pr.ti'rt'e. Pre-
irrrtrs to that he .sert'ed with
is-.rrir'rr srariorr KH.-‘HO irr Harr-
i.-rtrui. .1 ii,s.srrrrrri, urrri ttrrtir

| tire -L.'..‘>'. ,~1rrrr_v. Grrrirrie
— rorrreri GE as rir's'rrr'cr ser-

rrcc rrrurrager in irrrir'arra,otrir'.s'
ur1953.
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Wirrd works on moisture, the moisture in clouds, .?tnr_‘-
the moisture falling as precipitation. Tire wind tears the
droplets apart phvsieallv, ionizing them. or, separrrtrng
them into positive and tregative ions. The lorce -it the
wind drives the relatively light negative ions hack into the
cloud. The positive ions, which are cornpararrs-elv treats;-._
iall to earth.

As the process continues. the cloud hccontes irrcrcasértglr
negative and the earth below heeomcs increasinglg." posi-
tive. The positive area on earth is real, ssrth charges -lrclti
in concentration hv attraction oi the cloud overhead.

Ntit onlv is this area positive with respect to the cl=.=trt.l_
it is also positis-'e"witlt respect to distant earth. The positive
area on earth tracl-ts the rnoventcnrs oi the cloud at"-ovc.
just like a shadow. {See Figure l.)

When the potential diiierence lterweet; ciotto and earth
exceeds the brealsdossn voltage oi tl‘c Ltlttltir-t'tli:_'t'r.'. tlrcrc is
a discharge to earth. We call this vertical lightning.

The stroke etrrrent heats the ionized path to rr"rcr'rntle~-
cence and produces a vi_sihlc ilash. The air strrrrrtrrrdirrg
the discharge path is heated and espands -ttr1ss..tr'tl at super-
sonic speed. The air then cools and mos hacls to currrc‘
the partial vactrum. The relttrn trip is slttssc" --- rr‘s at ..rrt
audihle rate. We hear the sound oi tl'rurrdcr'.

Take two clouds, iairlgr close together". ‘Wirrd r.-rorits
on hoth oi thetn. Botlt become rregtrtis els ;l1argeti. hut ttitc
more so than the other. Each has t1 pcrsir.iseljr' charged i.rt't.‘.t
tracking it on earth, hut. again, one more so than the
other. There is a poterrtia. diil'er"er'rce her-wet-rt Utttll clrrucl
anti earth. There is also a potential dilierence ecrwr.-err the
two clouds. ll" the atmosphere herweerr clotrtls. brealss down
liirst. the discharge will he erverhead. anti 1"-I.‘ lrtve ll--‘t.‘l-’t.tI1lJti
lightning.

Lightning has a regiona ilavor. A steathcr hureau rnao
surrrmar'ir'es 3ii years oi hisrors. The uttir plottetl is
“rhundersrorrn davs per j.'ear'.“ Ii llrtrrtdcr ltcard csczt
once. that da_v is recorded as tr “ll'rtrttdcrs'o|'nt r.i.t}."“ r-tr



that location. The gradient is irom southeast to northwest,
.-.nd a-.:ti'.itv peaks up in coastal areas. The southeastern
part oi the United States is singled out for special attention.

Corrsidering rrtdividual thunderstorms, instead of thunder-
ortrr days, the spread is even more dramatic. (See Figure 2.)
During tl"rese same 30 years, Tampa recorded more than

.i’:itit'i separate thunderstorms, while Seattle recorded fewer
than iifril. li repairing lightning damage appeals to you as
a career, now you know where the action is.

Spots More Likely to be Hit
first all spots within a general area have an equal

;~:"oi_-.~-.-'~ri:rilitj~.' oi .:~"'.tilt-cting a lightning stroke. An elevated
struetttre or natural elevation collects lightning which would
otherwise strike the surrounding earth. Anything which
rises above prevailing terrain protects a circle of earth
with radius about three times the height of the projection.
it protects its srrrrottndings hy taking the strokes itself.

And, when terrain isn‘t flat. it is effective height which
counts. When rt hill rises from flat terrain, the effective
height is that oi the =_tructure pins the elevation of the hilltop.

Height makes a big difference. Take for er-tarnple a
square mile of real estate in an area which typically experi-
ences iour strokes per square mile per year.

One specific square ic-or could be marked off in that
area. if my Sears-Roebuck calculator hasn’t let me down,
you can look for a hit to this exact spot about once
every seven million years!

Put a 200--toot rower on that spot and the odds change.
The stick gathers irt a million square feet worth of lightning.

rte event per six years is now a reasonable estimate.
'.-Elet the same tower on a 400-foot rise, and you can
expect actiort every seven or eight months.

The higher the structure, the more often you get hit. The
same conditions which make a structure or site desirable
for two-way radio, make it an attractive target for lightning.
Your facilities are protected if they're in the shadow of
something taller. Get the highest spot in the area, and you’ll
get the lightning — just as sure as death and taxes.

Two Kinds of Current
The realities of lightning cause us to consider two kinds

at currertt. ‘v'ertical lightning involves a stroke current at
.1 point on earth, and, it's pretty obvious that the-current
which is concentrated in the stroke must be distributed out-
ward in earth from the stroke point. Although horizontal
lightning confines its stroke current to the heavens, it, too,
produces distributed ground currents.

Stroke current equalizes the potential of the clouds. The
attraction of each cloud to positive charges on earth is
modified. The charges on earth then re-arrange themselves
according to the new situation. Positive charges move.
Moving charges constitute a current. There is a current in
earth. coincident with the discharge overhead.

Stroke current to earth can enter our equipment
directly through connected facilities. A hit to the antenna

-rtcrrr, the power iced. or connected reieplrr:-rte lines, can
ortrrg s'.r'oke ctrrrertt into the cabinet. Once in, it‘s going
out - hopciuily through the cabinet grounding; if not
through the intended path, it will exit through a path of

its own choosing.
Ground currents enter our equipment indirectly. Wherr a

structure takes a stroke, there is a corresponding current
into the earth. but the actual current is distributed.

On the leit, in Figure 4, note the voltage drop which
results from current through the resistivity of the earth.
When there is current through intervening earth, a voltage
drop can be measured between two "grounded" points.
On the right; we symbolize the magnetic field which
encircles any current path, he it in a physical conductor.
or part of a distributed current. This magnetic field exists
in earth, and it extends 'above the earth. A voltage is induced
into any conductor which is cut by this magnetic field.

The magnetic field from distributed ground current cuts
both conductors of a pair. The field cuts both conductors
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_ This is a longitudinal effect. .I’IiIthoti_i_:h both 'i"i'1I'L‘5 ntej.
rise hundreds or thott.saitd.s iii" Icoits ithitsc 5-.TT-L'1i_ii]i.i. titcrc is
no diiterertee of rioteittittl across the ]"IIlii. ~‘\ remote. t..'tHi-
trol unit, across this line. does not register I?.[‘l much as it
click, unless something breaks down.

Stroke currents enter equipment through direct metallic
connections.

Ground currents make themselves felt indirectly. through
longitudinal rise of power and telephone lines. overhead
or buried.

The stroke current is where it ztli starts. YI.-"|i.:it the
observer considers a sinele tiispitifc tIi' iteiittttttg is ctiiicu
a “tiash" he the specialists. The fittsh i. m.tiI.‘.."- '..trI
individual strokes -— as test. as one. one. tI.-picitllj." 1I.t"cI or
three. Starting with rerit current. there is L1 r'."it"I.-i_i iisc
to crest and a sitiss"cr decaf." dtwstt to .-I'.et'ct. ?'~.ittcce"ss|tc

strtil-.c'~ arc oi t.i1f’t._‘iii!iIi§_.! rtctii-. titttrilittide. The iittt':tt|iItt iii Iii-r.‘
etttire sequence is in the ratiec one»third to one--hait sts..'tIt".-.1.

Rise time is I‘s'i"i1I..‘£1ii‘i' ttso ttttcrtIscct"Irtt.is. ttttplsttte. t|t;tt
tntiior clterey cttttietit is I.I.eli hciitu" titc I-tttticititxi ttrtttitico-s‘
hand. Decay." is siciwer, typtcttlijs-' -iii ttticro.sccottt.ls tit .'~!..1
percent of peahittttpiittiiie. The l’is~t.‘ 1i111'-.' isn't tI:ir-ticti!..i1I.
itttpres.siI.'c. hut the current i--. ht utiil.
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It Is tall ctutIt|fI_lh I.II tnttttttttrc IIsartI"t.tr trntc t*I-I-IIIII.-ctr III-'!-‘.
The unit is I-tilostttttittcrcs rltr'IIt.tsartt'i-s I'I ' i—- #- _-. -_.!
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ts it cttttttil=.tttI.'e [';IcrI.'i."t':.'.tIeI..' t'hs.*i'II'It:ti-Ii'I.
One-hundred percent of the discitatges ntI_-.tsurI".- .I'.I';t".I

amps or more. ii trust this information is not a contphttc
surprise.) The surprise comes ssrhett you observe that I-..Itt'
the strokes measure more than 13.000 at"rtps at crest Teri
percent esceed 60.000 amperes. titte-percent are ot't"-settle
at tnore than 120.000 amps. With these magnitudes. it's
indeed fortunate that the duratitin is as. shr-Irt its it is.

Constant-Current Circuit
Represents Situation

Stroke current is delivered trom a constant cttrrcnt r.rc-".-
erator. |t‘s a long is-Ias irotn the chtutt tI._I it pI.~.It:tI ttcar the
earth. The itnpcdance is high -- high enI.tItn_t!t tit ser. the I."|*
rent for the entire circuit. Series irnpedanI.c at the pIIrr;I
tstruci-: is srnali by comparison. Whetlter the last t'csII iect
is through the legs of a tctwcr or the legs oi‘ a I.'r'IIs. s'IIII cI'II'I
expect about the same current. {See Figure I5.)

Figure 6.
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This constant_-current circuit t'e|'Iresents the sttuatitttt.
The source is the potentittl hetsscen clr.IIItI-.1 .".I.It-it c;tr:!'. F II
i.s the generator impedance tront the I."iiIttii tIII =JII.- IIiI:-..---I
struck. It sets the current since it is much iatger than .I' -l..
the impedance ofttte object st ruck.

Liisen a constant cttrrent gctteratttr '.tttI.i tsI.tI |Iiit*a1!i-:I.i".
loads. the Ioucer impedance dress s rttor-e I'It th. tIII;Il -.".rr-reI;=
and the higher irttpcdance draws iess. Ftet s" srttperc ileits -
cred hjc the gclicrator does go to _ercIIinI..i E-scr"-. ;ttttpI.-rc
accepted ht." the lr.tII.II.-er impcr.laticc Is ItIItt.-_- .Ittt;s I.s--‘ti t-
never enter the higher irttpcdttttce. This §'ttIIii'.tItti'-tII:i' he-
corncs our kcs" principle. To titrttt a sII.t§I III t.-Istttr“
lightning, we ssill build upon this idea IIt' "I.-I.rr"t'-;Itt tin isttttr
accordittg to impedance t"atiI.t." I

Shunt. then isolate. We protect Z-3 tsee FIgure Ti hf. ieIsIII.'r-
ing the impedance oi‘ Z-I. Art atnpere t;.'I-I.e;t litftIt'yit .r’ I
to ground is one sse can forget about in I?-I

We can further prr.':-tcI.'l Y.-I its ;tddit‘I;_c an .stIIi:ttitt;.I iItIt"Ic-.i
ttnce. Z-P. As the impedance or the sttittertthte hrattch is
built-out. current is dis-erted t'rr.'Irtt Z.-I and pushed ttacls III
grctttttti sia Z-I. isolation. ;IlI-itc. can't I.tI.I the iI.ItI. it .r’ t
t'sn‘t there. lttti percent ot the current IIII"1Ji thII.I. ttII-.tI..I.|t
Z-2. the build-out impedance fltI"Ilss‘iThstHndil'l[J. If it shttttt
path ts prI.‘I"I"|deI.i. an isolating ttttpcI.!.ttt;c IIIItt! tttrttsc It
tnI."Irc I.-ttcI.'li‘Ic. ‘II‘\'ithcIttt a shunt nitth It-It ii I.'h-,t:t.'".‘
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Ic...______.___._.
t ht- rI.I.~p IIIt' a hase strttrttttt ttrttertrta is usually the highest

rrtci ='rttt'tt ItI.rlrtcraTI"i:.I spot in an entire radio system. Stroke
_..rrI.It.t .III'lt.IcIc-J ‘II ‘he antetttta cart t'lttI.I. right down the
."o:rI~.iril cable, wit} hull-; Int‘ it traveling down the outer
.. In-_!-:I_I-..Itt- l tI.e tort t."I the atttenna is the first ctpportuttity

I shunt currertt av-aft trorn the etattiptnent you want let
ortttet.:t- All other tactors being equal. chtttos'e an antenna
.I-II"; I.ItI.IIt'II-.-r‘tIs ..lI.tt.Ietly ertttittdcd to the tt:ItItII-Ier structure.
‘i:tt.l. tttaitc sure jI'I.Itt itayc a solid bond between the
-rI.IutrItlt.It.t elements cIt' the anterttta and the tower. The
'-JIII-I.Ir is rt t.It.IIt"Itt:l path tI;Issat'd ground. fttlalsc ttse of it.

ls-.I-.Ip tt.'II.set' grtnrnding resistance as low as you can. The
Irrrrtke cttrrcnt helottgs in the structure. not on the trans-
ntisston line. ltvly adsicc is: “Ground until you run out of

Ia. rttr" ruti I-Itit of ttttttteyl“ hvery amp which goes through
rosst.-rI to grcttrnd is rIItte amp which cannot enter the

-.-.ittiprnent. ll" t.Itne t_:rcII.tnd rod is good. tsvo are better and
three are still better. Not much better. perhaps. but. . .better.
Ilte magic number seems to be si.IIr. feet. If you can
separate paralleled ground rods by at least sis. feet. it pays
to double thetn up.

.-’st the spot where the coas leaIves the tower. you cart
shtittt and isolate. applying both of our protection principles.
Mal-cc a solid bond between tower and coast sheath at the
IIII'Itttt ttt' tr-tlsettl't' Ctisen iaclteted cable and a bond at the

Itrriy. the er'-ttt"I..- I ttltage I:.lrr.IIp of strol-;e current through
the trII.Itct" rs aI.".rIlaiIlc ttt drtse current dovI.In the coas. When
the sheath is bottded at the bottom, the drivirtg voltage

s IIrtiII t'iI.e :t.I ltjt |'II.-IrI."ent or the total vtttlt-age tlrop across

-.-I rI|I IT

-.-up

:.tt.I !ttIt‘t-I..'l iitt; il‘.li.tl'rLlii.iIt_'lLIt't..‘l'It or t.IIa."tsrr'tl tr.tttsn‘us.sron line
IIIr'l't.It' gtttttrtdittg liits. even tor jacketed cable. lt’s unfortu-
rt.r-'.I.- rh.It.- I.t.Ill so t't.II.It ttt thctn.

introduce Change of Direction
ii"; hrtticing tltc ztnc r"Itt't' the tr_IIwer with the sharpest bend

II.r'I-tttiI.-I.l "Is" the cal"Itr.I cor'tstructiIcIn. we irttroduce the first
Isolating intpedartce. lt results from the spot impedance of
-ttt ahrupt cl'.att_t_.Ie ol" diret.Itiort to an extremely high current.
I "Itt.It. i. the ttlll‘Ilttt"t't.'.t'r"l bcttding radius of the cable. and use it
—- II.t. utttrc rtrttl no less. This itnpet;tance isolates -s it

' -cps cr.ittt.I|tt out ctr‘ the lint: — and that’s what ts--e wattt.
_ IItIintIittt_I tlttssrt the trattsrttissitttt litte run. irttrodtrce a

..i=I..It- .lirI.---It:II-rt .tt tlit.I t‘l'ttltlt‘t"t.t‘.l'r 1'IcrtttisstlIIl-.I cable
-.IIrti.t=:'|'.'I..ii'.l-I at -_-tstt.IttsrIrt.'t'rIIlc -I'tppt'IIrttrrttitIs' Anti pro-

I. .t-'.‘:'I -I . _ II".tI'ls_il1iij t-I ~Etc.rtl: ".IIht.Itrt.III ;‘It'IIssilIlI.I.

.|.____

1

t
Cinon m- \.

the 88117108
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You don't have to be on the Fortune 500 list
to receive “big customer“ service at Carction.
 

tilt.-r .-“"Ir_s-’“ ..".trt': a.rtI-1 F Gt-tt.tI nt.IcII'ovIrave ran.-ornttt.-'r.Ip.-.-_ts-
svs.'ertt.s are .specII.I‘.Ier.l raft--h.I..Irtt1trec‘s ctl CIIJI'T.lt'T?t.'fl-IEI-?iI'-F1"
;.5.‘t;I,I',5 ;‘"-'-I_'j ._,-._; 'u'__t[.I-' .‘.-‘FIT.’ ;‘I' II’.-'1" ‘FIT-I'."? -'tIIIfI3." .1"-I1.I.'_?.' ti‘ I-7.1.’-_I'.I
agertces anti‘ ct.-Ittrtr-..-s .II;I.t trtte.IInar.IcInat cI.I.-ItIr.It...It.Ict.-t.'
and rnc'cs.I‘rtal cornpan-es.

Sntart or large, they art oenerrt trorrt our oastc
ntarrsertng prtnctpte. to otter modern eot.ttpr.IIertt -=.-rt.-II.Ir.;.II
lor ouattty. value engineering and reltat:.Irt'Iry — oac.'s:er.I'
up by o-..-r old-tashroneo artrturte sr.ttI.tttr satIstI,t'II'nI;t jt-It;It.I
the crtstonter.

At Csrctton. every job — whether It be a strnpte r;.~nt;",tte
channel trntt or a contptete 35-channel protected
muttr-ho_p system — recetves the .s:."tme hton tevet of
.-"ttrerrr.--.ii-It soer-;.I-.I"-."rsItI . I- I - I

.I '-.I-I"III r i-I .-.I.I_-r.'.--I.r‘
.'-.'eeI:I a rt .- -I-I I e c . .rI n I3. nrjt l

__,tr,;.I -'.I. , t_i it t.I - I.-’I.Ir-.I .I'." oer
-r

r" I "'Ir I -I .|'., I t If

I H‘-It-t.
gilfl.

_n.p._. 4.
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-
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__.-._.___..__ -I-I-—I'I--II

|
I‘-ill1|II_—I1_j
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cattvttttt scI'Icl starts .SertII?s trDI.'I.'

.-treat trtr trt.I.r o'IT-rI.sIIt‘y I'IrItlrs -It-"I?
cIrIt'I-vtr't'rtt .r.I '.‘t-I_t'JIrrtI .'errn.-.Ittt.'I'- II‘ t

|'l‘4l|'_ifj|_f|r|I:"t':IIt .II ,I'--.I-I,-ft". t»I-t, ..'-'t,rIrt'.It'I.'.--. .'-.- :
Hrttf! spacer I't‘Iet;t-o't‘."t't'tI].I'

tI_t'tttIersttit' systents
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'l"'-is '*'=-Firtl" i:i.ir t-;ir-u~'- will be on trii;- rt"-".=i'.iciri.ship l"ietwet.io
-.'teaile' and rnariutacturer This lC|F]l[. is cibvtooslv of more
interest to ei-iistinr; dealers and potential dealers than it is to

--' '" i—i.;-i-.1».-r-i--er the relatrorisl'"- t- or‘-tvv"-net‘ r'oaoiiiaii-
t-iir-.=" er"-.'.! Flea‘--5-' is [IF!lli.i':'jli1|i' inioi'_‘irti"i-'* tr." the r'—r‘*d user
It-tittita it e: ctealij.-' and E-rid user loos l=1-r rtiahv of the same
leattiri-s iri analvring the benefits of a manufacturers tltfoduct

'.' iat.t . .--issiirarir.-=- r:-l iii-liabiti service arr-3 tt'icr- arelrei;uenl—
ii" rani-red as ttie triree most irnpijirtarit -:=;'insri;terarir;ins made
before purchasing a product. Duality has the same meaning
to customer and dealers alilite. Service actually covers two
er"-it - maintenance and support From a customer view-

inaintenance should be available when required at a
reasonable cost Support would cover services provided by
the dealer such as assistance in FCC licensing. technical
planning etc. The dealer's definition of service would con-
sider the 3lIJllll"_v' of the manufacturer to deliver the product in
a reasonable period of time- ease of maintenance and rapid
availabrtitv of spare parts-"or replacement elements The
dealer s definition of '.:i-».l‘Cl[lrl[]l'l would be relative to the rrianu~
la-'=.i.'.ttr'r'.-i"1s aliillrtjr l='- r.irr?ii.-"it"lt‘- progrants -and tr.'~tir'|r".-fJ'lt'1t assist
the deaie' in berfrintinr; more profici-1-"‘ i" tl"ierr dav ti: i‘.'av
i?ltIt:vrlrtEE

-'3‘=i-'"i'- -is viewed l‘Jti' the cortstrtrrer as t“-e lowest initial i;ij;i5l_
"-""'5i.i‘- nnlrntrii-d cost -1*‘ ot‘-eratii“-wt T-‘ne dealer is essentrailv

' ri=."'='~*-'ti'*-*1'.ri.rlTtill'ti'f" 5Et't1='* rt-i'.I‘.iilIr"-t‘iti'-'."i'= --i -..'vi-titer the dealer
'-it .-".Z"'l.lii;i-'"iI—.l 'J*.‘-"i'-.-""ti’=":t'.r- ti '"‘ r .-= ti-_"-ast;"';tole
sates t..i.'i'Ir'i to the t';Uri5ttr"r‘ie-r wltile5'=r*'iii'laFtei1itrE-l'v'CUFl5rlflE?r—
--"st tit-"flit irrarorns lri re-trcist.-ect it vvi'=-.i.-: .‘lD['?E‘?!' 'v'i'=ru sirriple
' r't'i.i"-.ilai:t*r;~'-= l-1' i-sleiltlisli a ~.T.~.'*:';%:'-'phi" Al’ -'.'.al is
‘rid-.i-red is the best prodiirzt bnct-ter“.l ." _.' n tjtooo reputation
Then seli it to the consumer at the lowest price and to the
-is i-.ii.=-i at the hrtther ctiscoiint virhiie s'rr--.iltaneotislv ollerrhg
"'i-'- tit-=1 '--root"-rt for ctrstoerier Flf'll._1i.'l-[if-Ir" .i.irii_= t_l='ifoit-.inatel'i.'.

oft» rive." I-it.rr;i=;'.r.-"it-ti'.tt"'.l i.i"ii'1 ‘P-r '* 'i;-;i.~.--i"- the-'-- ate
T =' .- - '-" or-titors in tr_ir_tai.'s n'iaii-ii-1

fl

'" =' ii.‘-s. 17" 'i- ‘F? ""i~E'I'_Iii'31"-\'i.'1-I‘ sir-;"i-ti_-ii "l'i_|"|_;'lfl.:-
' i-‘ti t'i."t.1it'tse=i.--nttfhe i-"-in-"-nr-_=. triiji ri._=r;~.@i~i-

-‘" i"-:f.'it -"is st"--:1i"ii=-int--t t'"i'- " tl"‘t'l I';'.' ..r"-~i;..-utv
. I ;~. ." t..-orr"-n-ii-irt"ii_:; the -'eij"ri" --":ii"=-s l'.;-'|tll_" .‘ini;l

‘ it ti -- i'"tr-rct.-r-rii.=-:t tt.- tt-'i-it-i-n-"'- i '-ist.*-Hi-st---i."t sit-"stem
r

* - ii-"ii i'"l"'[1Firlt’tt"1i.,"t1'- R iE‘-T Si ;'rH'trr‘r* l'l""i-""'ll'1fi"it"‘l'f‘-'i,'lrff1|l"‘rtf]'[l"1|f-1'
":- -'1r.'t P‘--"T: ;i".§ -'..:'-t‘-"irt 1 :':."'a ts"--ii lEt_‘_T hag.

it--i = ‘iii’!-=':-if i"l--:'i;'r'1.li'- ’r- "F". ""-- I '.--lit-It-“..‘i Fire.‘ 1*.-..'t‘.l
.1._-f_.._r"t'i--'-i-'ti"77"'| llilfl liit"'i_-1itllf.* ='~Yi itllT'- I [ti .'l-'"!i.'l"r.‘*F."-'slF'i-._; [1,5-
' 1""--'-' t-.':o.iirernr--t-ts. an-"t aptilvinit; spr-i""=‘ii rienelits rather

r.‘-.s1."'-llr-"=.t 1l‘-"r- tirt 1-“ lli""ll'll"+: *- i‘.i'i'-s 't*il‘i'tIl"r H’r.’- U?
l1r.l"'lr"T"'rl"'|'|l1'-'|I'lr-'l',|r[1'r|T'

l' voii are an er-iistihn dealer or r-ente-opiate eriterint; tltrgi
._ -i .T._ V.-g !|.__l-fl“: ':..__.:. |r._L-J_|._:+\ . 1 ,..?|_.!rrH_.!.__,.|r. I-.1?-. I|...,|E__

't' -' ~- i r=t:;'=t“l"”" l‘ v-‘iii are ii ti -ti. " '- -i it--+" "'i‘.r ll'|"i‘“l'i...'Fll-
i"--:-.iti-"n-"ii"-t v.i- ;i=s-i s-"-'i-" . -- tr"-i- r""~:ii-is

-i | I |_._.I'||L_1 I"I"|r1 tr“, r'.r-If-‘HI...’ I-l|| I ||4 Hi» fi ,1 I.‘ HI-_;|_
. .. |- _ _I 't.l I I

.11 v 'r|"ir" .li!'|'H'l ‘l-f"r.ilil llh-" H_ll‘.' 'ii"'|i-'1'. 1 I I f-'-

' " *1 -1- i-HI" tl'rt'll-:-l:'i'lP' lIl'!il"" T. ' ri

ii‘ it ""7'l'i i'_tlF'l.-F’r"l l"'ul'L"iii"ti'r'ill'-. l"'~ill.’v*|' "'l_"'~ :' i

As a mirtirrtrtm. malt-"c it "t tliitirit to ,l_7"-"-l'."li;' ;i‘ '.~=i‘r~t- -- lit".
the line is supported inn prilci. and wlii.-rc it i.=itrc"~ .i l'illil=_llilt

it's wise tio t:.tl-zc at ti.'ast part oi the ll"it""iTl'li"~~l'-'l'"i iizii
run through conduit. The conduit appears as ti coirtirtiinii-i
shorted turn to the magnetic field created hi." transient
stroke current. The conduit itself serves as ti iii;-rjr i:-t't'-.-i.ti'.-i
build-out tor isolating} itrtpcdancc.

Going from hard line to FtGFt iir ltttilt at ll‘c i.‘rI'lltii'tl'I‘lL"I‘li
end. wind the surplus semi-flexible litre irttn a i-nil. 'l'tii--
is your last chance to introduce inductance wlicrc it vi ill tin
some good. At this point, inductance ceases being a t'rie-id.
and becomes vour enemy.

“One Point” Grourtdirtg
ls Preferable Approach

‘rill-'ltatcver you do. don't britig the ll'.'il'1‘--l‘rl‘~i‘-i'.'lll riri-.
into the cabinet at a point rernoved lroiii cabiri-ct giiiiiii..l.
assuming the stroke current which enters the cabinet does
ertit through cabinet ground. the only roiitc is ll'tl'£‘llf_‘l‘i ilic
verjr equipment you want to pri.itcct.

And. note that you can get a voltage drop i.1lL'1'tT~'its titt-
itnpedance of the cabinet. This puts unnecessary stress
between equipment bolted to the top of the rack and that
bolted to the bottom.

The preferable approach is “one point" grounding.
Bring the coax into the cabinet adjacent to the grounding
conductor where you can trial-re a girjic-d. lot-ir-intpcirlaricc.
bond. This keeps the current outside the cabinet, where it
does no harm. or. at least. harms sornetliin_i_- otrtcr tiiiiri
your equipment. This gels us to the stthjcct til ciihzttc.
grounding. {See Figure 8.)

Figure B.

10 FEET. #12 AWG I
Fl L

" 4.6 til-l‘t"

ALMOST PURE INDUCTANCE it
-||i||—-lilrllia iII.-II-i I i|III|I'I-II-IIIlII|II—III'III—lIllll-'

Consider ltl feet of l1tll'l'li'lt.‘l' ll‘. wirc. rcstsrzirtci l-"- silt;-1!’
inductance is substantial. Evert at t'r"ct1ticrii-ii.-~ i‘lt'li"l't.‘i rl~.---
standard broadcast band, the ll'l'tt‘rt.‘{i£’ll‘lt_‘i: is ..iliiin~-t [‘rlLl'-'.'
inductance. To the lightning stroke i.'urri.iir 'i.*'Zt'i- =.-'.ii=":ii. iiii
wire isn't a crrrtdtrcror. . .it‘s an r'rrdrii'rr:ir. l'?'i".ii.:r-notii=-~.i-
nticrohenries doesn't scit1rtdiiltcriiticti_ t"l-=c- - . l i-.-l -.-. l| i-
happens when we irttrodttcc lighttiirig-sr;.li. trart~.icii' -._-it
rents. {See Figure 9.}

Voltage drop across an inductor is 1- tinit-~. l'.'i-l iii t-i" l‘r- l .
D-l is current at crest. ‘i‘i."e't-c rtsstrttiicd lt.tt=rr .iii"ii--..-ri.--~.
EU Percent of a median lilgthtnirttt stroli;-c. It-T is illL' rj~t-
tirne. two nticro-seconds t"roi'ii .ri..-to to -.-it-~.t. iii»;
across ll'.l fect of wire is ~"1llTlll vrilts.

This can happen in practice. and it tliic '
This attteitna collects at nici.lir.r". ligliti'.-".;.= T“ ~~

ttntps at crest. Hall ot' the stt'o|-res arc i.'".i;r'i ttiirii: ii-.-irttii
There are two paths to ground. We t'tsi-itttiii: ti grin-..t '-illlllli
path through the tower iii _t£I'tlt1l'lLl. It t.it.t-- ‘lit

| "ti | I | | ‘l_ -a or the -current. leaving lUpi;rci.rit. 1?¢l.ltt:.-i."-iii-. :.i .i i'li
Circle lNFU.- CARD l\rr.tlt'it_ter 3'?
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‘i ".-=_:f"'iti'i.*ti tiiiiitlri:r.i amps flow into thc cabinet. and It-tilt}
amps are gcring out! There's only one intended er-tit — I0
tect iii‘ niiiiihcr I2 wire — almost pure indttctance to the

ttttiitiz rt':.ti~sicti!.. The '-"tillage drop across that wire is more
i.iiart st.l.liut.l stilts. The cabinet. and cierything in it. is suddenly
-t.i.tt-.l-it i. tilt.-t abut e its own ground reference.
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The I“-Fl‘-'ii"'.‘l‘ trttnsf‘orn"icr core and. perhaps. the secondary
.iE-ii:-, rises alriitg iirrh rite cabinet. t.)ne side of the primary
is ccinriected to .-ti.(."-neiitral. a remote ground. usually of
t'c~-T"i..'-_*t;.i!"iTi: t'it1.tlit'i. l5'i'iit'i‘-titiiiisand volts tries to break tjlttwn
titc lritiilation or the transformer and the wiring on the
.nr'trr~.ary tide. Ir the irisitlittion isn't good l'or 4.(l'0l} volts.
yoii iiisi li.ist a trti.nst‘i.:irrrier. or something else.

The sarne stress tries to break down the series combina-
.~i". or ctiittrol panel and telephone line protector. The

pri.":itccti"ii' is tlcsigttecl to break down s-- it does so at about
l.tl‘i(l0 volts at this waveform. Unless the control panel can
surt isc lottgititclinal stress at around 3.000 volts. it just bit
the dust.

We expect the telephone and power facilities to carry
riwtailic and longitudinal stresses into our equipment. and
we make provision in design to protect the equipment from
them. You can now see the situation working in reverse.
Hi.-caiii-.i: ol" lesssthan-ideal grounding of the cabinet. we‘rc
in :i pnsitiott to cfitert stress back into the power and
rclcpl-itinc facilities.

ifloiitrotled Gap Relieves Stress
On Power Transformer -

‘riiit ;;'.rt relies c lite stress on the pow ct" trtitisl'tit'r'ner :-ind
priiiiti.i-_i t'i'lt'tlt}_1 istrli ti controlled gap —- ti gas tube. lor
csaittplc — bctviccn cabinet and .-KC-rieutral. The gap breaks
ttnwri l."iet'circ the eitiodics. brittgs AC‘-rieuiral to ttcar cabinet
i'“l‘i-."li;;ll. ti“-ii pt-‘i-~cs the transicttr to the power ct'irr.ptins'.
tli _ioii i.ri*‘t’ thi: pit-.icr cor"npan;i". it passes to another
i.li."."[lili|'lllTi.‘lllli ii odes and other rules permitting. a solid
trier illic l'i-iiii.l i‘i ciiri N1"-ricutral to cabinet does even rtiorc.
tin-i it di.ii:s it is itti lcss.

Tlic satire approach works to protect the control panel.
Tit o single-clerncnt gas tubes or one three-element gas tube

'-.-vi_- thc stress on the control ptirtcl. Stroke current hy-
' ti"-' '."r-.it'ii.'l its it i.‘ii=;-s its rliiiig with ilic ti.'li;-plirinc

‘iii’.-..'t.it'.
'1 l '- ' _' iltlts'..'l"it‘s li'i- ll ill t.t'-!lsi.'i.ltlt.‘lti.-.L'*~ ill
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The highest quality base station
antennas you can buy don't have
to cost more. We l-tnow. We make
them. Lesser quality might save a
little at purchase time but gainers ‘ trs lallythistvpe of antenna results in ' _i g‘_E.r
on-go ng maintenance cost or -
early replacement e.iic-ense- and. -
since the tiost of i'i.—.ot.'.'ii;ii"iq an
antenna is always higher than the

best first. is-sneciaiiv ‘v'v't‘lEl'F3 the best
costs no more‘-’

For fine base station antennas
that cost you no more. look into
Phelps Dodge fzitationmasters.
Super Eitatrorirriasters. broadband.

corner reflector. parabolic and
others. Our new Bill-page catalog has
the full story. Aslt tor a copy: Phelps
Dodge Communications Company
Floute Y9 Marlboro

gl§§iEEd’BDtIr??46‘1 - - 1’ H H
Berrrrrrunritvrrrbas%ampaay

l

coai-rial. cardioio. ground plane. yagi. Ii
I

t tilt.-' l._I.§iil:il'_l l'siurltl.)t:l .l-B

,,,.__--
‘T

__‘_‘l-‘:2-'_r.r

|

' f

Ii _'f

original price-.whv notbuy the very lair i5-t_.- H. l
ct - l-I

it‘

i.

‘I

. -.'

~'--‘P’-iii:-ii..~riiii-'

-lr-—-1-r--—a

\-

‘I

/‘T

zteiilsw-—1seflea



CornmunellD|'l:s—Pago5

Figure 10.
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voltage stress, we should attempt to redtice the magnitude
of the stress. [See Figure lt.l.l

Since voltage drop varies directls with inductance. it
behooves us to reduce the inductance oi" the cabinet ground-
ing. Inductance varies directly with length and inversely
with diameter, but length has the ltlflsl leverage. by far.

Halt-length drops indtictance by 55 percent. Double-
diameter, which means four times the copper and four times
the money, drops inductance only nine percent. It follows,

..at ground wires should be short and ground wires
snouid be fat, but it is much more critical that they be short.

lt is important, too, that ground wires be straight.
High current resist a change in direction. A right angle
bend constitutes a spot impedance. When you must
change direction with a ground run, malte the most sweep-

ing arc which the circumstttnces will allow.
l-sleep grounding runs in the clertt. “.1-.rtt1:tt entlnct:tn.-=.- to

other conductors will increase the ti.pt":trcn: if"tdttct:ttt;c .-it
your own ground lead.

Doubie up on ground wires when possible. Two wires
are always better than one. Two wires are much better
than one when they are separated by at least sis inches
to minimize mutual inductance.

ln running ground wires, avoid sharp bertcls lilo: the
plague. Never bundle or cable a ground wire with anything.
is-‘lost especially. do not cable a grounding wire with yottr
own power or telephone facilities. You don't want to
couple stroke discharges back into your equipment by
another route.

Can you thlnlt of a worse cabinet ;;rt.tnnt.l than :hi.- tl'::-"ti
wire of an AC power cord? lt‘s not short. tat or stttttgltt.
It is tightly coupled to the AC feed to the station. The
third wire is jttstified for personnel satets", but it shit-.:ltl
be paralleled with a decent lightning-quality ground

A ground wire run along metal may as well be clipped
‘for all the good it will do. Mutual inductance from the
metallic wall raises the impedance to lightning ciischrtt'c:
currents. Ditto for a ground wire run inside condttit. .-‘s
ground wire through conduit is like a ground wire through
a low-pass filter. The conduit, itself, is a much better
grounding for lightning protection than is a wire container!
within the conduit.

While I can’t offer immunity from lightning and its
effects, I have given you some simple preventative ap-
proaches: ground cabinets adequately, shunt, and then
isolate. These tips will help you “live with lightning.“
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--Before you buy o two-wov business rodio I

SPECIFICATIONS, '
CONSTRUCTION.‘ . : - - ' .
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FLATIO

compote REDtCOM'S complete line of products with the feotures thot reelly count, t
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SUB-MINIATURE TOUCH
TONE ENCODERS

MODEL SME — Smallest available
Touch Tone encoder. Thin, only .05"
thick, keyboard mounts directly to
front of hand-held portable, while sub-
miniature tone module fits inside. This
keyboard allows use of battery chargers-
MODEL DTM -— Completely seli-con-
lained miniature encoder tor hand-
held portables. Only 5i1Et" thick. Three
wire connection. Automatic PTT key-
ing optional.

TOUCH TONE ENCDDEH
WITH ANI

MODEL 204 — Completely setf-con-
tained 12-digit Touch Tone encoder
with automatic generation of Ahll.
Only 5i1B" thick, tor use on hand-
held portables.
MODEL 205 -- 16-digit keyboard allows
for 12-digit manual encoding with auto-
matic pushbulton keying of 4 eight
digit ANI or telephone numbers. For
hand-held portable operation.

2305 ENCODEHS
FOR PORTABLES

MODEL 311 —- At last, a sub-miniature,
1-H2" it 2" I filifi" completely self-
contained, 2305 encoder for use with
all hand-held portables. Has memory
for redial of last number.

CONTROL HEAD TOUCH
TONE ENCODEH WITH ANI

MODEL 22? — Mount over rotary dial
cavity. Cabie connected for front in-
stallation. Telephone style keyboard.
Manual dialing plus two ANI sequences.
Four eight digit numbers tor ANI or
telephone dialer optional.
MODEL 23? — Mount over rotary dial
cavity. Front installation, telephone
style keyboard. Manual dialing plus 3
Alt-ll sequences- Compatible with
Fan-Tron Ahll format.

DATA SIGNAL, INC.
2403 Commerce Lane
Albany, GA 31 ?0?
912-BB3-4703
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Lightning Comments

Mr. Guthrie's article, “Learning to
Live With Lightning", in the May
issue was informative and useful.

I do think, however, that he should
have pointed out the advantage of
flat copper strap for grounding in-
stead of round wire. The self induct-
ance can be reduced from 35 to 45
percent for the same weight of copper.

Taking the standard rnedium-fre-
qucncy self inductance formulas (Ter-
man, Radio Engineering Handbook,
lst Ed. p. 49 Eq. [16], and p. 5] Eq.
[26]), the self inductance for a No. 6
wire of 0.02062 sq. in. cross section
and for a 2" wide copper strap
0.01031" thick, 0.02062 sq. in. cross
section works out for various lengths
as indicated in the chart below.

----" 1
Reducdon

Length Lw L5 in L,Round
Ft. uH uH to Fiat, °I"u

'- _ _.I

3.22 43
7.29 40

l1.67 33.6
l6.2'r' 37.5
21.0] 36.3

10 5.67
20 12.18
30 19.0]
40 26.05
50 33.25
— I __ '

Copper flashing used for roofing
is good for this purpose, and we have
found this works very well using
several wide strips as short as possible
on the tower base and equipment
cabinets and, as Mr. Guthrie advises,
avoiding sharp bends.

One of the common horror stories
we see often are cases where masts
have been mounted on roof tops in
some cases without even a pretense
of grounding er-tcept accidentally
through conduits or guy wires.

R.W. Johnson, P.E.
Consulting Engineer
Ben Lomond, Calif. 95005

Mr. Guthrie replies."
The “name of the game" is to re-

duce the sci)’ inductance of ground-
ing conductors. In generai, one should
make the choices which rend toward
making rhern short‘, fat, straight, and

isoiared from other conductors and
conducting surfaces.

And, as Mr. Johnson points out,
geometry does rnaire o difference.
Fiat strap does give you better ground-
ing per pound of copper than does
round wire. Airhougn copper strap
isn ’t readily avaiiabie front the sources
which suppiy most radiorncn, the
suggestion to go to the ‘jfriendiy
neighborhood" roofer is a good one.

I would add the suggestion that the
distributors which serve the (building)
iightning protection industry are an
e.vceiienl' source of conductors, hard-
ware and roofs.

Yes, indeed. The sight of antenna
support’ structures which are corn-
picreiy devoid of inrentionai ground-
ing can give you a bad case of the
“shakes. “I'rn airnosi as shaken upon
seeing a station which is grounded
only by the third wire in an AC‘ cord.

Dealers’ Conference
Dear Judy:

I would like to thank you for the
opportunity of serving as a guest
panelist at the National Business
Radio Dealers‘ Conference. I have had
several phone calls and letters from
others attending the meetings and all
agree it was one of the most informa-
tive, well organitted conferences held
in a long time.

I look forward to such a conference
becoming an annual event. You cer-
tainly made everyone feel comfortable;
the meetings provided a good time
as well as a learning experience.
Thanks again.

Jerry D. Miller
Miller Communications Inc.
Fisk, Missouri 63940

Our next Deniers’ Conference wiii
be held March .20-22, 1978 at the
Regency inn in Denver, in conjunc-
tion with the IEEE I/ehicuiar Tech-
noiogy Group meeting. These two
groups wiiiforrn the nucieus ofactivities
for an industry-wide Land Mobiie
Radio Week. -— Editor.



LESSENING LlGHTNlNG'S ' F"
EFFECTS

By A. K. “Kenny/" GLJTHRIE
CQNIMUNICATIONS EDITOR

To paraphrase our founding fathers in this bi-
centennial season, "All lightning strokes are
not created equal!" Just how unequal they are
is indicated by this data taken during exten-
sive observations on the Empire Stateflbuildingz

exceed 0 amps at crest
exceed lB,000 amps
exceed 58,000 amps
exceed 120,000 amps

strokes
strokes
strokes
strokes

of the
of the

10% of the
1% of the

100%
50%

Although the fact that all strokes exceed zero
amperes shouldn't come as a complete shock, we
start reasoning from this point. If you have
an installation which is a real "dog" and can
survive no more than zero amps, you can look
forward to a wipeout EVERY TIME your site is
visited by lightning. But, if you "beef up"
the installation so that it can survive an
18,000 ampere stroke [which is no big deal],
HALF of the strokes will go to ground without
doing damage. Get to the point that the in-
stallation can survive a 58,000 amp discharge,
and NINE OUT OF TEN of the lightning strokes
which come your way can be ignored.

There are a whole lot more "little" strokes
than big ones! Every action which pushes the
survival point up the ampere scale, even if
slightly, gives a LEVERAGED improvement in the
interval between damaging strokes. You will
never know the exact crest current which your
installation can survive, and you will never
know the exact magnitude of the current which
finally creams it. But, you do know that
every constructive action which you take im-
proves the probability of survival {or in-
creases the interval of peace between the
incidents of trouble).

Though the crest current is massive, its dur-
ation is brief. The typical stroke reaches
crest in 2 microseconds; it decays to 50 per-
cent of crest value in about 40 microseconds.

You can look at the lightning source as a con-
stant current generator. The driving voltage
is the potential developed between cloud and
earth--nothing yoh can do about that! The
source impedance is the loss through the atmos-
phere between cloud and a point near earth-—
that's beyond your control also. The imped-
ance of the object struck is a miniscule part
of the total and has little effect upon the
current.

I“?

The stroke current, at whatever value it is,
can enter your equipment directly via a "hit"
to the antenna system or to connected power or
telephone facilities. Once "in" it's going
out, hopefully through the grounding provided.
We hope, too, that the current will choose a
non-damaging path between point of entry and
point of exit.

Stroke current can affect your apparatus
indirectly as distributed currents couple in-
ductively to overhead or buried telephone or
power facilities. The consequence of this
coupling is longitudinal voltage stress be-
tween circuits connected to these facilities
and the grounded portions of the gear.

It adopting a "survival" philosophy, the most
critical point is the antenna system. If it
is at a good VHF site, it's the highest thing
around. The same factors which make it at-
tractive for communication make it an attract-
ive target for lightning. To make matters
worse, this attractive target is directly con-
nected to the equipment by a rather solid
conductor-—the coaxial cable shield.

You're faced with a filtering job. There is a
constant—current generator, poised to deliver
a brief but brutal shot to the antenna system.
There is a heavy conductor, waiting to move
this current, or a portion of it, into the
eguipment. Briefly stated, our objective is
to keep this current out of the goodies!
Equally brief, our approach is common to ‘most
any filtering task: SHUNT, THEN ISDLATE.

Every ampere taken
path is one ampere
dealt with inside

to ground through a shunt
which doesn't have to be

the vulnerable equipment.

since the shunt current is inversely propor-
tional to the shunt impedance, we try for the
lowest impedance we can reasonably get, on
every shunt path to ground.

Having provided shunt paths-—a predetermined
preferred route for the stroke current--we
multiply their effectiveness by adding isolat-
ion in series with the undesired paths. we
deliberately increase the impedance of the
path we want the stroke current to avoid--the
path which_leads to our equipment.

_ _ _ _c 1 "1 __ _ _ __
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Inductance is the prime element of these im-
pedances. Inductance can be friend or foe.
We want low inductance in the shunt {ground-
ing} condfidtors. We want high inductance in
the path which leads toward vulnerable gear.
There is a paradox here. We may recommend
techniques in some cases which we avoid like
the plague in others! The inductance used or
avoided (as the case may be] may be lumped as,
for example, a few turns wound in semi-flex
coax cable. It may be distributed, as we
run conductors in conduit. If may be the
spot effect afforded by an abrupt change in
direction of a conductor which carries high
current.

Here's how to apply the "SHUNT, THEN ISOLATE"
technique, starting from the antenna and
worklnq d°wn= saver TECHNIQUES
I Use an antenna with directly grounded

elements
I Solidly bond the grounded portion of the

antenna to the grounded support structure
(special attention to outriggers)

I Optimise tower grounding--ground until you
run out of ideas or run out of money

I Ground coax cable shield to the tower at
point of takeoff {essential when jacketed
cable is used}

I Add auxiliary grounds to transmission line
as convenient [especially at supports and
building entries)

ISOLATION TECHNIQUES
 “'-'_II|—.' ' - _|II—— -1‘: ---

I Bring coax cable off tower with minimum
bending radius permitted by cable spec's

I Introduce as many right angle bends in the
cable run as you can

I Route cable through conduit
I Wind semi—flexible cable into a coil of

several turns and any convenient diameter
near entry into equipment cabinet

If you apply these techniques, you'll have
fewer amperes to dispose of in the equipment
and you'll enjoy longer intervals between
disasters. Eut...some strokes will still de-
liver current, and this current is going to
go somewhere.

Once admitted to the cabinet, this residue of
stroke current can choose {or divide] between
three possible sinks:

I AC Neutral, after breaking down a power
transformer or the primary wiring;

I Telephone Line Protector Ground, after
breaking down your control panel and a line
protection gap; or

I A cabinet grounding conductor.

Given a choice, I recommend the last onei

Every cabinet which has an antenna connected
should have an effective ground. To be ef-
fective, it must be able to handle the current
(#6 AWG Solid is reasonable), and its induct-
ance should be minimized. GROUND WIRES SHOULD
BE:

I SHORT. Inductance increases with length.
I FAT. Inductance decreases with diameter

{but the major leverage is in length)

I STRAIGHT. Avoid bends which approach a
right angle. when you must change direct-
ion, make the most sweeping arc which the
realities of the installation will permit.

I IN THE CLEAR. Avoid mutual inductance
effects. Keep grounding wires out of
conduit, away from metal surfaces, and
away from other wiring.

Above all, DON'T bundle grounding conductors
with power or telephone conductors. The last
thing you want is a path which couples the
effect of stroke current back into your gear.

Try as you will, your grounding will have some
inductance and there will be a voltage drop
{E = diL/dt) across it. Under stroke condit-
ions, the cabinet voltage will rise above its
own ground reference, and certainly above the
remote AC neutral ground and the remote tele-
phone protector ground. This puts longi-
tudinal stress from the cabinet toward these
remote grounds, again putting stress across
AC wiring in the station {including transfor-
mers] and the control panel.

A quick and effective way to remove stress on
the AC side is to tie AC Neutral directly to
the chassis. This transfers the stress to
the AC supply wiring. You may blow a meter
ring off the pole, but the station survives!
If a solid connection doesn't appeal to you. a
gas tube between AC neutral and chassis is
also effective.

Control panel protection calls for a pair of
single-element gas tubes (or a three-terminal
gas tube} connected between each side of the
telephone line and chassis. A stress between
chassis and the telephone line protector will
break down the gas tube, instead of wrecking
the control panel.

This leave us with only one major stress
mechanism--the effect inside the cabinet as
stroke current moves from point of entrance
to point of exit. There is a chance of burn-
ing a conductor open; there is a possibility
of developing damaging voltage drops within
the cabinet. The easy way to "solve" this
problem is to avoid it. Keep the current
out of the cabinet. Bring the coaxial cable
into the cabinet adjacent to the ground wire
(usually at the bottom]. Then, bond the coax
shield to the ground wire at the cabinet
entry.

The major stresses in most installations are
those which result from disposing of the
current collected by the antenna system.
of our damage arises as we deliver these cur-
rents to our power company and our telephone
company. The techniques discussed will mini-
mize both the current magnitude and our own
internal damage.

Much

Of course, it isn't wise to ignore the trans-
ients which come the other way--from the
power and telephone networks into our boxes.
whole families of protective devices of proven
efficacy are available—-space doesn't permit
a survey of them in this article. For now, we
merely point out that a little series induc-
tance in the power and telephone lines can
have a very beneficial effect.
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There's no point in wiring telephone connect-
ions like one was wiring a substation! Small-
diameter twisted jacketed pair is somewhat
inductive, and is the thing to use. It helps
to run it in conduit.

On the power side, running the feed through
conduit for at least 20 feet will multiply
the effectiveness of a quick-response
transient protector on the load side, and will
tend to protect it from catastrophic damage.
You can introduce inductance by tieing several
hard knots in a power cord (for an interesting
exercise, try calculating the flux linkages}.
A voltage regulating transformer provides
transient protection in addition to its other
significant benefits.

There's no one "magic wand" of overwhelming
significance in this writeup. It's just a
bunch of "little things." But, "Every little
thing helps."
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