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• 16. Ab i t r ac t

The dissipation of thunderclouds to the point where lightning is inhibited
has been a topic of conversation for over two hundred years.
The purpose of this study is to investigate the controversial concept of
dissi pation, using single and mul tiple points to permit the Federal Aviation
Administration engineers to formulate a program for protection of navigation
facilities.
This repor t discuss es the histor ical background of the dissipation concept ,

.4 along with th~ physical process related to c loud dissipation and a theoretical
investigation of electrostatic field and corona around tower structures.
The investigation and measurements of single point and multiple point
corona currents are discussed. The results of photographic recordings and
magnetic link current measurements of li ghtning are presented. Previous data•

provided from facilities using the multiple point concept to eliminate ligh tning
is correlated with a current analysis. Facilities provided for the investigation
are NASA/CSFC MILA, NASA/GSFC Rosman and Eglin AFB.
Based ofl theoretical work, experimental tes ts and photographic data , the
conclus ions are that multiple points in a practical situation do not produce more
corona current than a single point and that multiple points do not eliminate
lightning and do not provide any more protec tion than a conventional lightning
protection system.
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1.0 HISTORY OF THE DISSIPA l iON C0NGEP’r

It is a common m isconception that  lig htning rods discharge c louds

and thus prevent l ightning . The rod onl y serves  as a means to route the

lightning ha rmles s ly to ground by di’~e r t i n g  the lig htning when it app roache s

the s tr iking distance at -about 10 to 100 yards  away. The li gh tn ing  leader

is “unaware” of any fea ture  on the ground unti l it has come to within this

striking distance . In the two hundred years  since Benjamin Frank l in

investigated lig htning many manufac turers  have tr ied to influe nce the public

in the dissipation principle of lig htning protect ion or el iminat ion . Thi s
technique most certainly doe s not work  and the l ightning phys ic i st s ’ thoughts

on this subject are  discussed in master ly fashion by Golde~~~ in the fo l lowin g

statement:

“It is a manifestation of human weakness  tha t a prejudice
once acquired tends to be retained even in the face of
overwhelming factua l evidence contradict ing the basis on
which it was founded . In the realm of science a prejudice
may be termed a misconception. Such a misconception
which has persisted for over two hundred years and which
is still  widespread is the bel ie f  that a li ghtning conductor
has the ability , or indeed the purpose , of dissipating si lently
the electric charge in a thundercloud thus preventing the
“protected” building being s t ruck” .

The long his tory of the interest in the dissipat ion possibility s ta r ted

when Benjamin Franklin f i rs t  put for th  his idea on the lig htning rod furn i sh—

ing two a l ternat ive  exp la nations of its ac t ion . He suggested tha t the rod

would conduct the stroke to groun d thus eliminating any damage , or tha t

the rod might prevent  lig htning, this idea bein :~ derived f rom labora to ry

experiments of point discharge, in his publication in Poor Richard’ s

Almanac in 1753 he definite ly leaned toward the a t t rac t ion pr incip le. (ne

of the f i r s t  buildings equipped with a li g htning rod was the bell  tower  ( if

St . Mark’ s in Venice . It had been comple te ly destroyed b y lig htning th ree

time s and severe l y damaged nine time s in a period of about 400 years . In

1766 a lig htning rod was instal led and no fu r the r  li g h tn ing  damage has

occurred since.

I
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[n 1930 a US patent was granted to J. M. Cage~
2
~of Los Angeles ,

Cal i fo rn i ,~ for  a dissipation 5ySterfl claiming to protect areas and s t ructures

against lig htning. In its main application of shielding petroleum storage

tanks , wires armed with points were suspended from steel towers complete ly

enclosing the area to be protected and aiming at the prevention of lightning

discharges by dissipation.

Anothe r application of the dissipation idea is found in the radio-

active lightning rods , which supposedly utilize the excess ionization to he lp

protect against lightning. Golde in his book on Lightning Protection~
3
~

examined these claims. A response was made by the medical profession,

by Roberts et . al. in l966~
4

~who were worried about the use of the typica L

radioactive sources for the rapeutic purposes , which exceeded the intensity

of the radioactive rods by a factor of 5 x i06 . When directed toward the

roof of the hospita l room, these sources would induce a very serious

• lightning hazard if the claims made for the much weaker radioactive rods

we re justified. But fortunately there is no evidence tha t therapeutic rooms

in hospitals are struck more frequently than other structures in the same

region ! Cassie in 196 9~
5
~furthe r examine d the effect  of a radio therapeutic

source theoretically and found that even for such an intense emitte r the

striking distance would only be reducec~ by 6 to 10 cm , which leaves the

effect  of the much weaker radioactive rod completely neglig ib le.

A number of well known scientists have discussed the dissipation

possibilities. The charg ing current in a thunderstorm has been measured

in various ways to be of the order of one ampere. To pre vent lig htning

by dissipating this charging current , according to Chalmers , 
(6 ) 50 , 000

points would be needed within the area of intense fie ld below the cloud ,

This area is about ~ km2 requiring the points to be located about 4. 5 cm

apart which is clearly impractical. These numbers are  based on a n-taxi-

mum current of 20j~iA given off by a single point , and on excessive values

of updraft , assuming erroneously that the corona discharge could reach

the charge center of the cloud. Looking at the problem in terms of charge
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transferred, Chalmers states that based on an average va lue of 30

coulomba brought to ground during a lightning flash, jt would take

a single point about 2 1/2 weeks to neutralize this charge. In an

average storm the lightning flashes occur at intervals of minutes ,

so again the order of 50, 000 points would be needed.

Go1de~~~1ooks at this problem in a simila r fashion. Considering

average electric fields of 200 V/cm under a thundercloud , an average

charge of 30 coulomb s being diss ipated by a li ghtning f lash , and a flash

rate of two per minute , it foi l  ows that  6 , 000 c onductors each 50 feet

• high and spaced over 1/2 square mile would be required to prevent one

lightning f lash .

Extremely high point- discharge cur ren t s  have been measured at

the top of the tower on Mount San Saivatore in Switzerland. On occasion

currents of up to 4mA were recorded on this tower of effect ive heig ht in

excess of 2 500 ft lasting for  the order  of one ha L f hour depending on the speed

of the thundercloud. But in the words of Berger~
7’>who monitored this

data , a single s trong lightning st’roke can t ranspor t  more charge than

the point-discharge current  of a tall tower during an entire surnmer~

Evidence of the point- d ischarge  can be seen in the form of

St . Elmo ’s Fire , in par t icular  in high mountains where  thunderclouds

frequently develop only slightl y above the peaks creating intense electr ic

fields . While this phenomenon is indicative of a highl y charged atmo—

sphere , the currents  actuall y flowing might i~~ t ‘~e that extreme. Ac-

cording to Chapman~~
8
~l 0uA  of corona cur ren t  can be seen as a g low

under the right circumstances , and 100~~A are  easil y visible.

It has been argued that adding more poh~i s  to the li ghtning on-

ductors would increase g rea t l y the amount of corona cu r r en t  g iven off .

Chalme rs~
6 

~quotes about ei ght experimenters  who have invest igated

single point versus multiple point corona current .s . in genera l  i~ is

found that in the Laboratory multip le 1~oinI.s will g ive c~ii : ! iore corona

current  tha n a single pn int , however u n d er  the actua l crmd i tio n s  i~ t h e

3
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field the results are the other way around and more corona current is

obtained from a single point. This discrepancy is due to the relative •

distances between cloud and ground and the points, which cannot be

properly simulated in the laboratory between capacitor plates and test

points. - 
•

4
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2 .0 THE PHY SICAL PR ) C ESS R E LA T E f)  TO CLO!J 1)~ UlS~~1 P A f l t ) ~

Figure 1 show s a typical thunderstorm cell in the early stages of

development. At that time the cloud has reached a height  of onl y 28 , 001)

feet and the general. flow of air under the cloud is upward . In order ~

investigate whether the corona discharge released at the ground will p~iss

into the main charge region of the cloud, we can assume a typical verti -~i

: i =
- .  ,

-
, - -

25 nun —‘ - , ‘ I I \- -

_
__ .  

~~~~~~~~~~ 
; ,  , ‘

Fig. 1 A thunders torm ceI.~
in the early stages of deve-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ lopme nt, (F r om U • S • Dept
of Com merce Weather  B u r e a u

• • ~~~~~~ Sc.li ?__ ~_J.,. - Report , June 1 949)~

-• 

motion due to updraf t  of an uncharged particle to be no more than 8 feet!

sec. This uncharged particle will take approximately 25 minute s to

attain an altitude of 12 , 000 feet , should the cloud remain s ta t ionary d ur m L

this time. The ions are , however , charged  and will also proceed u p war d

under the influence of the ambient e lec t r ic  f ield . Assu m ing the m o b i l i ty

of ~malI ions at 1. 5 x l0~~ rn/ sec  p e r - V / r n  an d a p re - thunderc iou d  elee~ r~~
field of 2000 V /r n ,the sm all ion moves upward under the inf luence ~ f 1h~-

electric fie ld at 0.3 rn/ sec  or 1 f t/ s ec~ Let us , however , cons ider a c L u ~~o~

attachment which limits the l ifetime o~ fas t  ions to the orde r of 50 ~~~~~~ u L 1 ~

• or less in air ful l  of aerosol , and up t n  200 seconds in country  a ir , in

country air the ions will  n ‘ye under  the inf luence of the e l e c t r ic  field

onL y 200 x 0. 3 or 60 m e t e r s  v e r t i c a l l y ,  ~i ft e r  w~u h  tim e they are  er~de~

/

F 5
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the inf 1 u~~nce of the vertical and horizontal wind alone. Clearly thi s small

distance of 60 meters is negligible when considering updrafts and hence,

we can assume that these ions take approximately 25 minutes to reach

12 , 000 feet.

When the thundercloud becomes more mature the area over which

updraft occurs is reduced and considerable downdraft occurs. The typical

thundercloud then looks like that shown in Figure 2 . If we assume that

corona ions are released from the region of maximum updraft , lAt in the

figure , then these ions would take approximately 45 minutes to reach the

main charge center at 4000 meters considering updraft  alone . Ion mobility

for 200 seconds in a field of 10, 000 V/rn  would lower this time by only 1

minute. Furthermore, the average horizonta l motion of a typical thunder-

cloud is 6m/sec, hence in a 44 minute period the cloud will have moved

16 km. Clearly, the corona point will have virtually no influence on the

main charge center of the cloud , -because the updraf t  is much too low and

the cloud ’s horizontal motion is significant.

The horizontal surface winds under a thunderstorm can be extreme ly

severe and can often reach speeds in excess of 25m/sec . In the next

chapter the theoretical investigations of the corona process discusses the

motion of ions in wind speeds up to 15 m/sec  and likens the situation to a

• factory chimney. In such a situation the smoke indicates the effect  that

horizontal wind can blow the ions well downstream and that the updraf t  is

comparatively small. Added to this updraft  will be the even much smalle r

vertical component due to ion mobility.
I

‘I

• The classical theory on the currents  released by corona f rom

• grounded objects unde r the electric fie ld of overhead thunderclouds ,

indicates that these currents form part of the atmospheric  electr ic  circuit

of the thundercloud which should be considered a genera tor  of cur ren t  and

not of voltage . Consequently, modification of the dis t r ibut ion of this current

by the erect ion of ar t i f ic ia l  passive discharging points or arrays  will not

have any ef fec t  on cloud electrilication or the incidence of natural  lig htning.6
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The external dissipating cur ren t  f rom a thundercloud is the

order ~~- - -\~, but the actua l charg ing current  is several times this value ,

a large portion of thi s being dissipated internal ly mainly by conduction.

The values quoted are for a whole storm which normally consists of

seve ral cells in various stages of development. For thundercloud dissi-

pation to occur , no less than an additional 1A of current must pass to

the cloud . If this current  can reach the main charge center of the cloud

from the ground which , in view of the foregoing wind investigations seems

unlike ly, then the dissipating ar rays  must be capable of dissipating an

extra 1A which is in contradiction to the classical theory just examined.

It has already been pointed out in the previous chapter that corona

current from single points in the field has been measured by many

scientists who have reported it to be hig her than multiple point corona

current. The amplitude of the corona current is a function of the magni-

tude of the electric field , the wind speed , the radius of curvature and the

height of the point . Golde~
3
~indicate s that for a conductor several tens of

meters high standing in open country, the current  amounts to a few micro-

amps . Chalmers~
6
~also summarizes results indicating similar values in

high fields . In fact , it can be assumed from many previous findings that

unde r very hig h fields and with strong winds , the corona current  from a

sharp point atop a 100 foot tower exceeds that f rom a multipoint a r r a y ,

and the currents  are much less than 100 M A.

Natura l sources , such as t rees are known to have g iven corona

currents in excess of l~~A per tree wi th  a tree separation of 3.4 m,

Bent~
9
~andSchonLand~~

°
~. This figure is approximately equivalent to

lmA per 100 m square , implying that  a 35 m square area of t rees  will

emit more corona current  than single or multiple points atop a 30 m

tower in a clearing of similar area . These statements are derived from

results  quoted in the past by many scient is ts , but are also ba c ked up by
data taken during this investigation and reported in late r chapters .

It has been suggested in some circle s that a protective shie ld of

8 
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ions can be produced from dissipating a r rays  in order to protect  the

area beneath from the thundercloud charges . Such a shield would ,
however , be -much more dangerous to the ground than the cloud above

it and the suggestions cannot be viewed seriously.

- 

The foregoing summary strongly implies tha t lightning incidence

in an area beneath the cloud is unlikely to be affected by corona point
emitters  at the ground .

p
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3.0 TE-IEORETICAL INVESTIGATION OF ELECTROSTATIC

FIELDS AND CORONA AROUND TOWER STRUCTURES

This study was performed to investigate the effect of the space
charge given off by multipoint arrays in the Tt shielding” against lightning

strikes . The problem df corona currents  is an extremely difficult one to

treat theoretically with many factors like point geometry, varying potentials

and ion mobility entering into the picture. The wind greatly influences the

corona discharge, and relationships are worked out by Chapman~
1’
~, and

the space charge modifying the fields directly around the points exerts a

predominating effect on the magnitude of the corona currents.

However , our intent was not to calculate the actual current values

but to find the extent of the volume around various structures over which a
space charge cloud could exist , and more limited even , to define a reg ion

equal to or greater  than the largest  possible space charge volume. Hence ,
it was sufficient to examine some simplified theoretical situations of corona

currents  given off from sharp and blunt points and of the electric fields

influencing the corona under static field condition s , from which then con-

clusions could be drawn about dynamically changing situations.

3.1 Equations

In the theoretical calculations the tower s t ruc tures  were approxi-

-mated by prolate spheroids, which bear good resemblance to the overall

shape and are convenient for mathematical treatment. A uniform ambient

electric field was assumed parallel to the vertical axis of the structures,

and the structures were considered to be at ground potential. For these

condition s Laplace ’ s electr ic field equations were solved in elliptical or

prolate spheroidal coordinates as discussed in references 12 and 13 , to

give the potential and potential gradient .

10
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The resulting equation for the peLen tial .~r ftu~cLi~~i of the

elliptical coordinate ~ with major and minor half axes a and b is,

I _ _ _ _ _ _ _ _ _

~~ (
~ + a~~)~ /~ (~ + b 4) 

-

~~ + (Cp 5 - CPo ) - CPo ~ (C~~ - Cpo )
__A~__5

- ç... d~~ 12- J (~ + a ~~~)~~’~~(~~ + b 2
) 

-
~

The potential at the surface  cp 5 = 0, because the conducting

ellipsoid is grounded , and the potential  at hei g ht h in the unper turbed

parallel field E 0 is 
~p0 

= — E 0 h.

c p = - E 0 h ( l -  )

The vertical  and horizontal components of the electric field are ,

E — E 1 I~ E 0 h a~ aI~5
~~~~~~~h 

O (
1 ~~~I2 

dh  d~~

= - ____ — - 
E 0h a~ d l i

~~r T~ d r  i9~~

The equation of the ellipsoid ,

2 2 2

I

is simplified for the symmetrical case of the prolate spheroid ,

where the semimajor axis is a, the two serniminor axes b C ,

the radial coordinate is the horizonta l distance from the center

of the ellipsoid r 2 
= y2 + z 2 , and the height coordinate h x;

2 2 j
~~+a

2 +~~~~ ÷ b
-2_  l and ~~= f ( h , r ) (p

The partial derivat ives are ,

_ _ _ _  - 
Zh (~ +b~~) (a 

~
j ‘

I

d h — 2 ~ + a 2 
+ b 2 

- r 2 - h d

groun d level ~~~~~~~~~~~~~~~~~ - -  — -~ 
~- - r

_ _ _ _ _  
Z r  (~~~. f a 2 ) ~~ = o  Jd r = Z~ + a 2 

-i- b 2 - r~~-iT~~ 
b 

-

~

\_~ _ _/

II 

- _ _ _
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Setting c = a2 - b2 , the evaluation of the integrals yields ,

I 
_ _ _  

- _ _ _  in 
_ _ _ _1 

cV~~ +a
2 c3 + a2 

+ c

I2 = ~ 
In a - c

- 
ac2 c3 a + c

aI~ 
- 

1
~~~

Hence the equations for the potential ~, the vert ical  component

E ~ and the horizontal component H of the electric field around a

conducted grounded prolate spheroid in a parallel electr ic  fie ld E 0

are as follows:
2 1

~~(h , r )  =~~~[h , ~ (h , r)J = -E 0 h 
(i 

- + a~ 

+ in 

~~~~ a
2 +c

2 
_ _ _

a c a+ c

- 
2 E 0 h2

E~ - - - — 

2 + L in a-c ) ( ~ + a2 
)

3/2
( 2 ~ + a2 + b2 -r2 

- h2 )
ac2 c3 a+c

E N 
2 E 0 hr

( . + ~~ L. in a~~ )/~ + a 2 (~~~ + b 2 ) ( Z ~~~+ a 2 + b 2 _ r 2 _ h 2 )

These equations were programmed and a variety of conditions

were computed and plotted.

3.2 Results

Figure 3 show s 2 cases of equipotential lines around 30 m high

to wers  of d i f ferent  diameter. Fair weathe r field conditions of 200 V/ r n

a re assumed, however , the equipotential line distribution gives the

general picture for any value of the ambient field , requir ing only a change

in scale . The left plot is of a pointed tower having a 3. 3 cm radius of

curvature and shows the equipotential lines just  around the tower are

greatly modified from the parallel field situation. It is s t r ik ing  how

closely the line s follow the tower along the vertical  s t ruc tu re  and how

12 
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they are concentrated just around the top. But ju st a short distance

away ft- ”n the tower the parallel field situation is regained. Around -

the blunt s t ruc ture  with 3. 3 m radius of cu rva tu re , the picture looks

quite different .  The equipotential lines are not as closely gathered

around the blunt s t ructure  as they are around the pointed one , but the

field is effected more at greate r distances as is apparent by the line

concentrat ion.  This implies that unde r appropriate high fields corona

ioniza t ion occurs on ly in the immediate vicinity of the sharp point , but

over a larger  volume around the blunt point .

The field lines run perpendicular to the equi potential line s as

represented in Figure 4. The collection area is marked off , for which

the field line s terminate on the tower . If a lig htning leader was coming

down , and the phenomena was assumed very weak , then theoretically it

would follow one of the field lines . But of course the high charge carried

in a downcoming leader modifies the entire field line pattern;  hence the

collection area cannot be considered a li g htning cone of attraction. The

collection area is however , a useful  piece of data indicating the distance

that s t ruc tures  should be spaced apart  in the field to be e lect r ical ly un- - -

effected by each other . This distance is quite d i f ferent  for  the two

s t ruc tu res , it is roug hly half the heig ht for the pointed tower and equal

to the height for  the blunt s t ructure.

The direction and magnitude of the electric field at any point around

the tower determines the movement of existing ions , if winds are

neg lected . Figure 5 is an instantaneous picture of the speed and direction

of small ions indicated by the a r rows , based on a mean small  ion mobility

of 1. 5 x lo~~~ rn/ sec  at 1 V/ rn. At the tip of the pointed s t ruc ture  the ions

obtain considerable speed , 300 times as hi gh as in the ambient field ,

whereas atop the large round s t ruc tu re  the ion speed is onl y about 3 times

that obtained in the unperturbed field . Above the cen t ra l  part  of the round

s t ruc ture  the a r rows  are of about constant  length  and vary onl y little in

direction , which implies a near ly constant  and pa ra l l e l  f i e ld  over an area

of at least a few square  meters . 
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S Placing now a 3 cm I n g r i  ~~ i c i  ! rt~n r~~(i~ ’~~ of c~ s i  \ ‘a l I l- r- cI top

of t h i s  30 m round  S t  r u~~t II r e , wou l d y ield  a s i m i l a r  pi  (A cr e  as mi g ( i t  be

found in the  ce nt r of a mul t ipoint ar r a i .  U s i n g  the in for rna t i cn i t h a t  t L .~

field can be consiuered constant and en hanced by a f a c t o r  of 3, L t.C  b L ~~~~~~ Li C) c

can be paral le led to a 3 ciii  shai  p point a t  gr ou s i d  leve l  in a f i e l d  3 - in  - • 
~

high as normal. A s s u min g  s tor i i i  condi t ion s  ci - ( 0 0 0 0  V/ i n  t h C~ y ~~~~~
ambient field at -30000 V/rn, and the equi potent ia l  l ines a r e  shown in

Figure 6. The enhancement  at the ti p of the point  is 370 . C o m p a r i n g  t i - i ~
data with a s imp le sharp  sp ike of the same rad iu s of CUI ~- at~ r e  a~ toe  3 c•~
point placed at g round  l e v e l  in the s to rmy  field of -10000  V/ rn , it is  found

that the sp ike would onl y have to he 1 2 cm hig h to give  the same f i e l d  en-

hancement of 370 . Hence , neg lecting win d, the corona g iv en  off  b ,- a 3 cm

point atop a 30 i-n blunt ~ . ructure  is comparable  with that f rom a 12 cm

point at g round  level. This s u g g e s t s  that the center  por t ion of an e leva ted

multipoint array gives off very little corona.

in Figure 7 the ef fec ts  of v-i r~d on curo i-ia a re s tudied . In this approach

only hor izonta l  winds are  cons ide red  neg lecting any up d r a f t s  as m i g ht exi~~
before and dur ing  th u n d e r s t o r m s. The last  2 i-ri of a pointed 30 w hi gh tc~~s r

are plotted in a s torm field of - 10000 \ ‘/m . Ion iza t ion  along the t u e e~

sur face  will take place only where  t i ~e f ie ld  is enhanced to v a l u e s  g .’ea~ c i

than the breakdown po ten t ia l  g r a d i e n t  which is roug hly a s s u m e d  i~f 1

million V/r n .

F i r s t , to de t e rmine  t h c -  o u t e r m o s t  boundary  of a poss ib l e  space eh a~ ~c

cloud , consider  the simple p ic tu re  where space c h a rge  does not c - i L - c t  1 L -

field. Two eases  for  winds of 5 a d i 5  r n / se c  are  shown . l 1 n d e r  t h e  e t t ~ ci

of the field the ions move upward  and out to the s i d e - s , and wind o d l ~ au

extra horizontal  com ponent to the i r  movement, c i- ea t ing  a b u r t  d

cen t ra ted  line c h a r g e  as the ions t r ave l  a round  th e  t o w  r . T I L . . ion sp ed

right at the tower is very high and d rops  off  r ap~ di~ - i~ I~ l i s l a n  cc . In t i e

f i r s t  case the m a r k i n g s  along the ion path a c t  r c - i ~ bed ;.t 150 l l s & -c i n t c r - d~~.

in the second case at 50 m s uc  i u 1 t ( - i ~ \ i l s .  I l se  u:OIS do no t  t r a v e l  f a r  i nt o  t I (

wind u n d e r  e i t he r  s i t u a t i o n , at m o s t  I - 25 rn .
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T e - - ~tua t ion  can now be considered with space charge limiting.

Once co rona - i s  formed and starts  moving out f rom the tower , its charge

would reduce the field around the towe r to below the breakdow n potential

gradient , and corona discharge would cease. Within a fract ion of a

second the wind would blow the charge clear of the tower, exposing it

again to high fields , and ions would be formed again etc . This causes

the corona currents to be given off in bursts , as first observed by

Trichel in 1938
(14)

. When each layer of ions is moving out from the

towe r , the wind is the dominating effect, since the field is reduced , and

the top graph w ould under this dynamic situation be modified to look more

like the one on the bottom.

Hence, under any condition ions will not escape the maximum

boundaries shown in the top graph. The ion cloud would only expand less

than 1 m into the wind at the very top section of the tower that goes into

corona, and it would move in a near horizontal trail away f rom the tower

much like the smoke of a fac tory  chimney, where the upward motion iS

comparatively small. A corona trail like this could not possibly reach

the charge center of an overhead cloud , nor would it yield a protective

shield against lightning strikes to the tower.

More detail on how far the ions n-iove into the wind is presented in

Figure 8. Only the radial component of the ion movement is considered

for value s of horizonta l wind. Double logarithmic scales are utilized to

show the situation close to the tower and also at some distance away.

Starting from the tower top upwards, conditions were examined .L.. mm,

1 i-nm, 1cm , 10 cm, 1 m above the tower;  the same was done going down

from the top and going outward from the center. The discontinuity in

the center of the grap h , where  the data sets a re  merged , is insi gn i f i can t .

Contour l ines are  drawn for d i f f e ren t  wind speeds f rom S - 25 rn/sec.

The enclosed area  represents  the onl y reg ion around the tower where  ions

have a resul tant  horizontal  velocity component that  a l lows them to move

into the wind .

20
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The exposure factors help determine how soon and out to what

dis tance  a towe r will go into corona . Figure 9 show s two 30 m hig h

towers -a-iLi radius of curvature  of —i.-— mm and 10 cm. Lines of equal
- 10

value were drawn for the exposure factors  in an area around the top of

the towers , again using double logarithmic scales to show detail  near

and far . The enhancement at the tip is of the order of 10000 f or the
sharp point but only 100 for the blunt point. This means tha t onl y fields

of the order of 100 VI m  are required for the sharp point to be in corona ,
which is in agreement with exper imenta l  r e s u l t s  f rom a sharp  point

giving up to ~~_~j A cu r ren t  in fair wea ther  fields . For the blunt point
however, s to rm conditions of 10000 V/rn are required b~ fore corona is

given off. It should be noted that the enhancement for the sharp point

drops off very  rapidly with distance , it is down to a factor of 10 only 3Ocm
above the tip. The enhancement of the blunt point is larger at these dis-

tances and drops down to 10 only at twice this distance , or 60 cm above
the top. -

The sharp  point goes into corona in low fields and j u s t  immediately
around the tip, the blunt  point g oes in t o corona  on ly in high f ie lds  but out
to g rea te r  d is tances  f rom the tower .

In Figure 10 the exposure factors are plotted versus height for 2

va lues of radius of curva tu re , 1 mm and 3. 3 cm, This data can be useful

in corre la t ing  measurements  f rom d i f f e ren t  hei ghts , or fo r  de te rmin ing
the minimum height of a structure for corona breakdown to occur , given

the va lues  for  the ambien t  field and the s h a rp n e s s  of t h e  s t r u c t u re . Th e

thick line g ives the enhancement  re la t ionsh ip at the top of the s t r u c t u r e ,
-; the solid lines are valid at d is tances  v e r t i c al l y above the s t r u ct u r e , and • 

-

‘

the dashed lines are valid at the ed ge of the s t r u c t u re  below the  top.

The overall shape of a multipoint array is that of a b l u n t  top. ( f e n c e

it may not go into corona unt i l  the f ie ld  r e a c he s  v e ry  hi g h v a l u e s , a t

which time it may go into corona over a g r e a t e r  v o lume  than  would  a s h a rp
point , and f rom this a rgument  it could tend to attract li ghtning. However

22 
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the effect  of the many sharp points and the presence of space charge  would

modif y the picture here and cannot be neg lected , but their influence is

very difficult to estimate .

Another hypothesis supports the propertie s of such an a r r ay  reduL ing

the -number of strikes to a very tall s t ructure , In such a situation the

upward going leaders , which may be dominant on s t r u c t u r e s  in excess  c,f

600 feet , may be reduced if the overall corona d ischarge  emanates f rom

all the points on the array.  This would tend to put the a r r ay  in a g low

situation and reduce the tendency for  a glow to arc discharge initiating an

upward going leade r. Theoretically the idea sounds feas ib le  but in pr~~~tice

it is , no doubt , almost impossible to build an array over which the electric

field is uniform at all point s and where the corona space charge doe s not

shield the othe r points on the array. Some reduction in the number of

upward leaders may howeve r be possible with careful design. The p r e s e n t

towe r arrays  however would not meet the necessary design qual i f ica t ions ,

as the electric field around their extremities would be very large.

In measuring the corona current s given off by multi point a r r a y s ,

standard air terminals and similar conductors , one has to cons ider  th st .

the instantaneous measurement  of the apparent cu r r en t  cannot be expe~ t e d

to give an accurate value of the true corona cu r ren t . The sudden c h a n g e s

in the potential gradient of the electric fie ld give rise to disp lacement

currents which do not involve any charge t r ans f e r . These rap id fie ld
- changes are linked to lightning discharges and g ive sudden e x c u r s i - o s

superimposed on the true corona current recordings .

Some theoretical  calculations were per fo rme d to give an e s t ima te  of

the size of the displacement current  as a function of the tower  heig ht ,

the radius of cu rva tu re  and of the field change . The d i sp lacement  c u r r en t

is related to the rate of change in the ambient e lec t r i c  field E 0 b y -

‘

I 4~-S £0 4~fE dA = €
~~ 

d E o fEflh dA ,

where the integral  depends on the shape of the s t r u c t u r e , dA ir an al- ed

25
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e lement , E is the e lec t r ic  field and Enh is the enhancement  both at the

su r f ace  o ~he conductor. The tower shape was assumed ellipsoidal and

the in tegra t ion  was per formed onl y over the top segment of 5 cm height -

to reflect the influence of an overhead storm , for which the e f fec t  of the

change in an assumed parallel field condition on the vertical segments of - -

the tower is extremely small, 5

In Figure 11 the displacement current is given per unit of time rate -

of change in the ambient fie ld , increas ing in magnitude with the s t ruc ture

height as it goes f rom 1. 5 to 360 m• The displacement current also -

increases with the radius of curvature , which in effect enlarges the sur-

face area exposed to the field . In Figure 12 the displacement current is

plotted against  the rate of change in the ambient field for 30 m hi gh

structures with both sharp and blunt tops . With Uman ’s ~
2
~~theoret ical

value for the field change due to a close lightning f lash of 180 V/rn  in

l us e c , displacement cu r ren t s  of 2 to 7 mA would resul t . Much larger

experimental value s of field change are often recorded , by a factor  of

at least 10 or 100 higher than the theore t ica l  numbers , which would give

rise to propor t ionate ly larger  displacement cu r ren t s .
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4 .0 STATISTICS OF LIGHTNING STRIKES TO G R O U N D

A n o r m a l  n e g a t i v e  li g h t n i n g  l e a d e r  a d v a nce s  t o w a r d  the  g r o u n d

in d i s c  r e t I S - s t eps  u n t i l  it r e a ch e s  a d i s t a n c e  of a few t e n s  of rn -t - r s

above the  g r o u n d . W h e n  the  l eader  is at t h a t  hei g ht t he  f i e ld  at t h e

g r o u n d  is \ I S - r v  hi g h and c o u n t e r  s t r e a r -n e r s  a r e  i n i t i a t ed  f r o m  v a r i o u s

poin t s  on the  s u r f a c & - . One of t h e se  s t r e a m e r s  will jo in  up wi th  t h e

d o w n w a r d  Corn ing  l e a d e r  to  f o r m  a p a t h  f o r  t h - -  l a r g e  r - t I D  rn s t rok-

It is  t h e r e f o r e  at t h a t  p a r t i c u l a r  d i s t a n c e  t ha t  t h e  p o i n t  of s t r ik e  is

d 1-t1 - rm i n e d .  T h i s  s t r i k i n g  d i s t a n c e  is d e f i n e d  as t h e  d i s t a n c e  b et w e en

the ti p of t he  li g h t n i n g  l e a d e r  and the  po int  t o  he s t r u c k  at t he  i n s t an t  of

t i me  w h e n  the  c o u n t e r  st r i - a n n -  r rn e i -t s  t h e  dlown -.\ a r d  l e a d e r .

An ex ce l l e n t  p h o t o g r a p h of t h e  s t r i k i n g  d i s t a n c t -  p h en o m e n a  j u  ~ t

d e s c r i u t - d  is shown in Fi g u r e  13 w h e  I - c l i g h t n i n g  is ~ t r ik i ng  a 500 11 )4 1

t o w e !  a t  \ A~~AJ  K SC.  1 h i s  p ho tog  rap h \\ as  supp lied  hv i\ A~~A / J S ~ C ,

H o u s t o n . At  th1 - t in ~~- of the  s t r i k e  a m u l t i po in t  a r r a y  was on t op  of t h ~~

to\\ e r , bu t  a c c o r d i n g  to the  m a n u f a c t u r e r  t h e  g a lv an i in g  p r c ) c e~ s had

no t  1,4 -en  p e r f o r me d  p r o p e r l y and th e  a r r a y  was  I I I  \ \ o r k i n g  41 \ \ a ~ F e —
p la c e d  s h o rI l ~ a f te r \ \ a r d . The i n f lu en i  4 of t h e  m e t a l l i c  c uf l dL I ct I I l  (III

t he  ion t I r n i a t  ion i s  c l i s~~u s s~ -d in S ec t i o n  5 . 1 .

i - o r  a f l IS- c a t l \ ( -  p o l ar i ty  s t r o k t - t h e  -
~~t r i k i l l c  ( I L - I d l I t  \ t I l i S i r l - n I

a h o l I r  30 m at ~ IJ kA  to  150 Dli to 15 ( 1  k \ . t he  S t r i k I n g  ( l i s t a n c e  f u r  t i l e

r a r e  p o s i t i v e  p o l a r i t y  s t r o k e s  is  abou t  50~~ l a r g e r  t h a n  1 ( 1 1 1  I - - r  t l i t

n i - t a t i v e  p o la r i ty  s t r o k e s . l b - a c e , t h e  s t r i k i n g  ( h i ~~t a f l I S  e li1 - r i -a~~ I - s

I I I -  s t - v t - r i t v  of t h e  c l i s c h a r c -  1 1 4 1 !  fo r  a~i a \ k - r 4 c 1 -  ~ 5 k . \  s t l l k t  i t  i s  l o t - l i

4 1 )  ni . \ I I r & - i m p o r t a n t , l l o \ \ e \ - r . t i n - s e  r I - s l l 1 t ~ a l l d  d 5 S 1 1 L l l I (  - I  t h t - o r v

5110 w tha i  t h -  p r o gr i - s s i o f l  ol t i i i -  I - i e h - r  1- et l I a l lIs q u l t l  u n a t f i - - t ~ I !  lv a I l \

t I - d t I I t~ c ~,n , or  L t - I o w  g r I l I l n ( I . u n t i l  ( l i e  t i p  ( I f  t h e  le I I I I - r  1ia~ r t - a c iit -d a

h - i t h l  of u n i v  a fc \ ~ t e n s  0 4 , at o ust , t w o h l O t i ( h 1 1 I l  l i i t - t ( - r s  4ho ~ I g r ou n d .
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I i g i l t f l i ng  s t r i k i n g  a i O O  l oo t  i i i e t e o r - i l o g i c a l  lowe r 11t
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lh e s e  r e s u l t s  t h e r e f o r e  provide q u a n t i t at i v e  evidence ~~i ;~~~ - s~. i a~
bel ief  in li g htn ing a t t r a c t ion  a r e a s  and ca st  c v - 1ci c- r ab ’ -~ da :b~ an

local i n f l u e n ce  b y d i a s i pa t ion n r i ay s .

‘ 1 ~ -
Cianos and Pierce t ‘give a usefu l r e l a t i o n s hi p fo r  de t e r;n i !l iu :

- -  the f r eq u e n c y  of s t r i k e s  under a thunde r~~t az - r -r . They  ce n c L - .~a- 111II t

the num ber of t hunders to r’n  day s per mo u t h , ‘I~ - an-i  t h r  f la s~ - ~~~~~

per km2 per month, a~~, are re la ted  by the e a - ~a t i on 4

2 ar m + a2 -r e ’

where  a equals  3 x 10 2 . The gr o u n d  f l as h  i nc i d e n ce  c~e r  km pe r

month  is quoted as pa~ , w h e re  p i5 ~h-2 P 1 c Ip c l r t i c n  of : las~ — es :h at  g a

ground . As an example , p = 0. 18 in O r l a n d o  and  0. ~- U i i i  j- i 0~- t l  ~a-:

Cons ide r ing  the f r e q u e n c y  c-f s ti 4 k e s  to  tal l  s t ru c t a r e s  e1e~~t r :c~JIv

connected to g round , Pierce  and Price t Z h
have  p r cv i d e d  l:~oI -~

data . Th ey indicate that the a t t r a c t i ve  radius , r~~, and i ts  a n s o - i - ~
a t t r a c t i v e  area  A~ = rrr~ 

2 are  p— im a r i~y f i i ~-- c A e n s  of the s~~r uc~ u :o h a - ’~ b -

h. The a t t r a c t i v e  rad ius  is defined as the  a v e r ag e  r a d i - .~s a~ v. h i c h  a

downward  Ic : -  ~e r  f r o m  the cloud is j u s t  a b l e  ‘o induce ~:1l u r ’\cd:  s~~r r 1 . . - a

f rom the s t r u c t u re  tha t  will unite wi th  th e  da-a-nv ~ar d  Ie t d ar  end

d i v e r t  the f l a s h  to the st r u c t u r e . The t r i gg e r i n g  fac : o r t - e i : - r a sc - - n~ s t b

inclination of flashe s to be initiated at the l -p  of he st r u c t ;~ e: it

neg li gible fo r  h ~ 100 n-i . but as h i n c re as os , L r i ge i - cc. f l a sh er -  t:~~~~
- --

i n c r e a s i ng l y common  and ~or h ~ 2 5 0 m  the t r ig g er e d  v a r i et y  c - f  dc~
charge is by far the more important.

( 10 )
Cianos and P ie rce  i n d i ca t e  t h at  it is d i f ~~c : i1 ’. t o  c t ~~e ’a i i~ t -

give a complicated expression or r9 as a fiu-iction ~ h . TI~~ ii  c - - - - - - - - - I,

is based both on m a t h em a  t i - :l r ep r e s  4- n t : D t l  ( ( : 1 5  e5l ~ : - l ~L : ng,  ~r o : - l

retical anal ysis , and on a weighted et:lpiric 0 11t T a i ! :~ I 5 l O \ t ~~ - ‘
~~~~

r e s u l t s . Note  however  t ’i2. t ab ove  r 0  m the a t t r a c i i v ~- - r : c I i u s  ( 0 0 S

change with a f u r t h e r  heig ht i n c r e as e .  T ~.c b1 c au s e  c - i l e c ~h~’

i_
I 3 1

-

~
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i nd ica te  tha t fo r  h ~ the field d is t r ibu t ion  be tween  the ti p of the

s t r  c - - re and the downcoming leader is not much inf luenced by the

presence of the ground.

Pierce has discussed the ins tances  r e l a t i ng  to t r i g g e r e d  lig htning,

and assumes that it ir~ny occur when the ambient  e l e c t r i c  fie ld lies —

between 3 and 30 kV/m and the voltage discontinuity between the tip of

the conductor causing the triggering and the unperturbed atmosphere

is 0. 3 t o 6MV . The longe r  these va lue s are  maintained and the l a rge r

the va lue s , the more  l ike l y the poss ib l i ty  of t r i g g e r i n g  a f l a sh .

Pierce and Price~~~
0
~have summar ized  the b es t  p r e sen t ly avai lable

data on the incidence of t r i gge red  lig htning as a func t ion  of hei ght in

Table 2 . The data base is so scanty that substantial fu tu re  modif ica t ions

could occur . Also shown in Table 2 are  the in format ion  der ived f rom

two expressions by Pierce and some theoretical results due to
(2 1 )

Horvath . None of the theore t i ca l  express ions  a g r e e  well with the

experimental  data . Horvath’ s work much o v e r e st i m a t e s  the incidence

at lower value s of h , and g ives underes t ima tes  fo r  hig h h . Equat ion

( 1 )  f i t s  wel l  for  h ~ lS Om  but ove res t ima te s  for  l a rge  h .

As an examp le let us conside r the 1200 foot or 365m tower  at

E g lin Air  Force Base then “protected°  by a d iss ipat ion a r r ay .  Table 1

give~ . the a t t r ac t ive  radius as 400m and Table 2 indica tes  an a v e r a g e
d

Table l

R e l a t i o n  Be tween  S t r u c t u r e  Hei g ht ( h )
and A t t r a c t i v e  Rad ius  ( r  )

- - ~~~~ -~~- -  -

h ( m )  
- 

r ( m )  
-

25 — 1 5 0

50 I 
~-~25 0

- 100 ~~350

1 50 — .4 0 0

150 - 400
-5- - _ _ _ l _  - I

32
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i~a1ue of 10. 5 for the ratio of t r i gge red  to na tura l  li gh t n i n g .  The inc idence

of f lashes to ground at Eglin Air Force Base is approximatel y 7 . 5 km2.

Thus , the annual incidence of natural  lightning to the t ower  should be :

7~~5 x u x (400) 2 x 10 6 3 7 7

Tr iggered  lig htning should contribute a f u rt h e r incidence of some

10 . 5 X 3~~77 = 39. 6

The total number of strikes to the tower will therefore be on the order

of 43 per year , of which the majori ty are upward ini t ia ted .

Table 2

Proportion of Triggered to Natural Lightning

~ truc ture  Actual 
- 

Express ion Express ion  Ho rvath

~~ei g ht (rn )~~~~~~~~~~~~ ( 1 )  
-_

( 2 )

50 —~~ 0. 1

100 — 0 ‘-0 — 0 0.2

150 0.3 —0 0.5 0.4

200 1 0. 1 2.8 0.7

300 4 
- 1.3 16 1 .4 

—

~ _95-~_ _~_ ~
_
~9~

_ _ _±_ _ __ _ - 
~~

- _ 3~~_ -- - ---— - 
0 

- -

Equation (?)underestimates throughout, but the agreement is becoming

bet te r fo r  h ~— 4 0 0  rn .

3 f
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S~ 0 R E V I E W  OF RESULTS FROM A PRACTICAL APPROACH

~~~~ .) MULTIPOIN T DISSIPATION ARRAYS FOR LIGHTNING

PROTECTION

The principle of the  d i s s ipa t ing  sys tem is desc r ibed  in r e f e r e n c e  17

where the following three statements suggest a reason for the “success”

of multipoint a r r a y s in p r e v e n t i n g  li gh tn ing ;  such  achievements  a re ,

however , d isputed  f r o m  the s c i e n t i f i c  point of v iew.

“1) The cloud charge is reduced to some degree ,
in p r o p o r t i o n  to the flow of current .

2) The potent ia l  g r a d i e n t  between the cloud and
the p ro t ec t ed  a r e a  is  r e d u c e d  by the  flow of
ions t h r o u g h the i n t e r v e n i n g  a i r  space .

3) The mass  of ion s produced act as a f o r m  of
F a r a d a y  shield. ”

A practical approach to the idea of lightning protection by use of

mult ipoint  a r r a y s has been p u r s u e d  by the U. S. G o v e r n m e n t  in the

installation of dissi pation array systems at a number of si tes.  Thi s

stu dy has been initiated to use a sc i en t i f i c  approach to examine the per-

f o r m a n c e  of SO~~~ c- of these  s y s t e m s  and f u r n i s h  an exp lanation of t he i r

f u n c t i o n i n g .  The fac i l i t i e s  provided for  the expe r imen ta l  side of thi s

invest i gation within the con t rac t  and with a g r e e m e n t  with other  agenc ies

were  the C9 site at E glin Air  Force Base , F l o r ida  and the NASA/GSFC

t rack ing  s ta t ions  at Rosman , N o r t h  Caro l ina  and at the  M e r r i t t  Is land

Launch Aqu i s i t ion  (MILA) fac i l i t ies , Kenned y Space Cen t e r , Florida.

These locat ions were  all equipped with lig h tn ing  e l imina t ion  and d iss i -

pation a r r a y s as p rov ided  u n d e r  c o n t r a c t  to t he se  a g e n c i e s  by Li g h tn ing

E l i m i n a t i o n  A s s o c i a t e s  ( L E A ) .  Studies  w e r e  made on the  f i na l  r e p o r t s

to t hese  agenc ic - s , r e f e r e n c e  16 , 23 and 25 , and c o r r e l a t i o n s  w i - r e  p e r -

f o r m e d  on t h e  accep tance  t e s t  r e s u l t s  p r e s e n t e d  t h e r e i n .

5 . 1 D e s c r i ption of Diss ipa t ion  A r r a y  Types

The  a r r ay s in U S ( .~ at t h e s e  s i tes  a r e  of v a r i o u s  d e s i g n s  with t h e
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bas ic  idea of many sha rp  points  for  corona  d i s s i pa t ion  over  the a rea  of

the a r r a y . T h e r e  a re  in g e n e r a l  two types  of m a t e r i a l .  One is t e r m e d

d i s s i pa t i ng  wir e  which looks s im i l a r  to barbed wire , and measu i- e m t -n t ~.

have  shown typ icall y 4 po in t s  2cm long s e p a r a t e d  by a p p r o x i m a t e ly ~ O

a round  the  w i r e  and spaced e v e ry  7 cm along t h e  w i r e .  The o t h e r  m a t e r i a l

is f o r m e d  on a r i g id meta l l ic  panel  w i t h  p r o t r u d i n g  s h a r p  p o i n t s  and is

s i m i l a r  to what  one m a y  expec t  in a f a k i r ’ s bed of n a i l s .  The  c o n d u c t i n g

m a ter i a l  typ ical l y has  4 cm hi g h s h a r p  p o i n t s  s e p a r a t -d )~ e cnn  Th-

type  of c o n d u c t i n g  m a t e r i a l  is u n i m p o r t a n t  by t h e  f o l l o w i n g  a r g u m e n t . The

e l ec t r i c  f ie ld  l i nes  a r o u n d  the point  a r e  u n a f f e c t e d  by the  m a t e  r i a l  t y p e  if

it is at g r o u n d  po ten t i a l , and the  a v a l a n c h e  p r o c e s s  c a u s in g  t h e  ion fo r-

mation o c c u r s  in the  hi g h fi -l cl a r ound  and o u t s i d e  the  po in t . l ie n .  t - , t h e

m a t e r i a l  type  canno t  e f f ec t  the  co rona  d e n s i ty  and u n i v  t i n -  f a c t  t h a t  i t  is

c o n d u c t i n g  and the  s h a rp n e s s  of the  po in t s  m a t ter s .

Diss i p a t i n g  ~ - i r e  is u s e d  to fo rm the  um b r ~-l l a  a r r a y , t i n -  t r u n c a t t - d

cone and the  bar  n e  r t yp e s  of a r r a y s , ~ he r e a s  the  r i g i d  c o n ( l u C tj n  g

r n a l -r i a l  f o r m s  a d i sc  or pane l  a r r a y .  Fi g u r e s  14 and 15 show an u i : J r c l l a

a r r a y  i n s t a l l e d  on a 100 foot  c o l l i m a ti o n  t o w - r  at t h e  N A S A l  S 1-N M I l ~ A s i t e .

It is a p p r o x i m a t e ly ~0 f i -e t  in  d iam -t er  and is  c o mp r i s e d  of about  1000 1 IS - t I

of d i s s i p a t i n g  ~v 1r e  wrappe d  sp ira l l y a r o u n d  t h e  f r am -work . LI

A b a r r i e r  a r r a y ,  as i n s t a l l e d  at NASA/GSFC Ro sm a n , is  shc ’~k - n in

F i g u r e  i t . I ts hei g ht is 40 ft , it  has  s e v e n t e e n  s t r a n d s  of w i r e  e a c h  of

l e r i g t i i  170 f t  and sepa ra t ed  by about  1 ft g i v i ng  a t o t a l  w i r e  l e n g t h  ap-

r o a c i i in g  ~000 ft . Such an a r r a y  can h o u s e  a ny  l e n g t h  of d is  si p a t i on  w i re .

A t r u n c a t e d  cone a r r a y  loca ted  at t h e  R o sma n  s t a t i o n  i s  shown in l-’i g u re  1 7

below an umbrella array . It is made  up of a n u m ber  of ( u s  s ip a t i n g  w i r e s

f o r m e d  a r o u n d  the  t ower  in ~ uy rope f a s h i o n .  A c o ns i d e r a b l e  p o r t i o n  of

the  dis s ipat iri g w i r e  is , howeve r , in a r e g i o n  of r e d u c e d  e le c t r i c  f ie l d , i n - , i e e  -1
lowering the overall amoun t  of corona current p r o d u ced .  In a n o t h e r  ar-

r a n gem en t  d i s s i pa t ing  w i r e  is  p a s s e d  a r o u n d  the  roof p e r i m e t e r  of a b u i l d i n g ,

as  is sho wn in F’i gu r e  18 also at t he  N A S A/ G S F C  R n s i i i a n  f a c i l i t y .

35
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Panel arrays a re  sho wn in Fig u r e s  19 and 20 atop a wooden pole at

site C74 Eg li i i  AFB and on top of a 1200 ft tower at site C9 Eglin AF13.

The c l o s e - u p  -~ho~ s one out of 3 panels each m e a s u r i ng  4’ x 6’ .

5.2- Quotes on Dissipation Array Per fo rmance

An article in the Jou rnal of Electrical Construction and Maintenance  
15)

s ta tes  the p u r p o s e  of the diss ipat ion a r r a y s as fol lows:

“Rather than attempt to minimize li g h tn ing-caused  damage
and outages by shunting the li ghtning d i scha rge  a c r o s s  a
spark gap or a r r e s t o r, this  method is des igned  to prevent
li ghtning s t r i k e s  and the accompanying secondary  e f f e c t s .
Basically, a d iss ipation a r r a y  is set up to slowly bleed off
the e lec t ros ta t ic  charges  contained in a t h u n d e r s t o r m, thu s
preven ting  the buildup of a potential g rad ien t  s u f f i c i e n t  to
result in a strike. ”

“The system ins-~al1ed at Eglin Air Force Base p ro tec t s  a
UHF t r ansmi t t i ng  antenna mounted atop a 1 200 ft tower
si tuated on an 800 ft hill , the hi g hes t  land point in F lor ida .
Prio r to the instal lat ion, lig htning s t r i ke s  at this  site
averaged over  100 per  yea r .  In the 18 months  since in-
stallation, the re  have been no s t r ikes .

Measu remen t s  were  made to determine a r ray  dissipation
c u r r e n t  levels and ground voltage suppress ion  at v a r y ing
d i s tances  f r o m  the tower . A r r a y  c u r r e n t s  up to 150 , 000~~A
were  recorded with ene rgy  dissipation between s t rokes  of ten
up to 18 coulombs. The protect ive inf luence of the  a r r a y
was found to extend over an a rea  with a r ad ius  of at least
1200 ft .  Tes t s  ind ica ted  that cloud cell s were  si g n i f i c a n t ly
inf luenced  1 / 4  mile  f r o m  the site. ”

The f ina l  r epor t~~~
6
~ on the  1200 ft tower a r r a y  sys t em at E glin AFB

states that the dissi pation array:

“1) Actually prevents the lightning stroke .

2) Dissipates the same energy levels as in
a stroke , but slowly over a period of t im e S ”

The first statement is contradicted by the experimental investigation

in Section 7, and t h e  second point is meaning le ss w i t i n u i t  spt- cifieali ’ in

a t in t - p e r i o d .
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j
- The array s are not devised just to protect the structure on which

they str~~’! but in many cases the area surrounding them as well. At

the NA~ i-/Ro-sman facility the dissipation array system was to provide 
—

p ro tect ion  f rom lig htning s t r ikes  over an a rea  of about 180 ac r e s , and

in a-design study~
’8
~the array installation was to prevent lightning strikes

to the reg ion inside an airport of 412 acres.

5 . 3 Co r r e l a t i ons  and Review of Published Corona  C u r r e n t  Data

The acceptance tes t  resul t s  from the dissi pation ar ray s at Eglin

AFB , at NASA/GSFC Rosman and at NASA/GSFC MILA , as p resen ted

in re fe rences  16 , 23 and 25 , we re examined. The presented data was

checked for consistency with itself, it was compared with newly recorded

data fr om th e same ins t all ations f or a r easonable rang e of values , and it

was cor re la ted  with an independent  data analy s i s  p e r f o r m e d  on some of the

same or iginal data. Also severa l  installations were  tested for possible

insulation breakdown between the a r r a y s  and the ~owers .  Such breakdown

was found at Eglin and MILA and could have induced errors into the corona

measu remen t s  had thi s condition existed at the t ime of the r eco rd ings .  -

The conclusion s are that much  of the corona data f rom d i f f e r e n t  types

of dissipation arrays presented in these reports is grossly in error. There

have been er r ors  in reducin g the dat a, e r r or s  in be! eying dis placement

c u r r e n t s  are corona c u r r e n t s , e r r o r s  in the groux ~ding c i r c u i t s  tha t  g ive

rise to Telluric currents in the circuit. In order to illustrate these points

two instances per site are presented below, h o w e v e r, t h e r e  are  many  m o r e

similar questionable results. I -,

Figure  21 is taken f rom re fe rence  1~ ari d supposedly shows corona

c u r r e n t  f r o m  the 1 200 foot tower dissipat ion a r r a y at E glin AFI3. The top

and bottom t r a c e  are both labeled 500 k A/d iv i s ion  and ye t  a pea k value of

7500~j A positive and a peak value of 28 , 000~~A n e g a t i v e  a r c  r ep r e s e n t e d  by

e~iactiy the same deviation. Also the disp lacement currents due to lig htning

appear to be r e v e r s e d  in t ime  sequence .  The s l o w -r  corona c u rr e n t  b u i l d u p

should take  place a lie r t h e  d i s c h a r g e  and not  be f o r e  i t .

40 
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Fi g u re  22 , also f rom re fe rence  16 , indicates  a s u r p r i s i n gly large

peak ‘~ ~ - of 110 , 000 IIA even thoug h the mark ings  of . 02 V/division and

10 ohm s would indicate a c u r r e n t  of 44 , 000 ~A A. Once more , time appears

to be going the wrong way.

The Rosman data i~ very questionable , especially in view of a Telex

repor t  f rom the station s ta t ing that the corona c u r r e n t  data was severely

degraded  by other  c u r r e n t s  induced in the line as was noted when cer ta in

switches were  thrown in unrelated lines.

Fi gure  23 shows the r ecorded  corona c u r r e n t  ( r e f e r e n c e  25 ) f rom a

panel a r ray  at Rosman under  a local storm saturating at a very large value

of 600 u A . As the storm moves away the corona current increases for a

surpr i s ingly long period of time and li g htning is repor ted  to occur  at pre-

cisely 45 minute in te rva ls  which is obviously i n t e r f e r e n c e  f rom a time

source.

Fi gure  24 is a reduction to one graph of corona data ( r e f e r e n c e  25)

from an array taken over an 8 day period. The corona c u r r e n t  remained

at a very  high value for  almost the whole period of t ime implying a s e v e r e

overhead storm lasting continuously for many day s. This cannot be so and

it must  be concluded th at ther e was pick up in the recording l ines as had

been sho wn by NASA investigations and that these  r e su l t s  do not r e p r e s e n t

corona c u r r e n t .

A considerable  port ion of data f r o m  the MILA t r ack ing  site was cx-

amined. Many of the original data char ts  were  obtained and were  anal y zed

independently and then cor re lated  with the previou s resul ts  repor ted  in

reference 23. In all cases the new data reduction in no way matched the

previously published results. The differences were of the order of l0~

and the curves did not bear any s i m i l a r i t y  in polar i ty  or m o v e m e n t .  One

such example is  shown in F i g u r e  25 whe re  the  solid l ine  i s  for  the  new - 
-

reduction and implies an acceptable value of 2ZijA from t he  umbrella array ,

a l thoug h the p o l a r i t y  is s u r p r isi n g  and may  he due  to l ine p ick up e f f ect s .

The dotted line is taken from reference 23 and sh o ws  a comp l e t e l y dif f e r e n t

42 
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c u r v e  some l0~~ t imes  l a r g e r .  C l e ar l y then - h a s  been an e a r lie r  gj ~j

- m i s u n d e r s t a n d i n g  of the r e c or d e d  data .  The ca l ib ra t ion  tha t  was used  in

the new reduction was taken jus t  pr ior  to the data being r ecorded .

-Fi g u r e  26 shows data from r e f e r e n c e  23 dur ing  a s torm on 25 Ju l y 1 -~75 .

The corona  c u r r e n t  r ecord ings  f r o m  th ree  d i f f e r e nt  a r r a y s at the same ~- it ~

show extremely l a rge  values and quest ionable  po la r i t i es. The panel a r r a y
- reache s a peak of 2. 25 mA , the building a r r a y  a peak of ô7mA some 1 hou r

la ter  and the umbrel la  a r r ay  is almost cons i s t en t ly - l7 5 m A , excep t  it goes

ve ry low when the other a r r a y s peak. It does ncl i seem possible that  t \v o

array s a few thousand feet apart can give very high opposite polarity corona

c u r r e n t  for  at leas t  six hou r s .  The resu l t s  a r e  obviousl y s e v er e l y d e g r a d e d

and cannot be accepted by the scient if ic community.

I.
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1 . 0 DlSSIPA [IO~~ A R R A Y  A N t )  ( :OR ON A C t 5 R R E N F IN \ I - 5 1 1 -

GA ’T I (N S  I I E I O W  100 Fl-~ET AT N A S A I  \1 I I~~-\

u .  1 S i te  D e s c r i p t ion

The  m e a s u r em ent of co r o n a  c u r r e n t  f r  lU an u m b  r & - l l a  I vpt -

d i s s ipa t ion  a r r a y  at -id f r o n t  an a s s o r t m en t  of s i n g l e  and mu l t i p le p o i n t s

took place  at the  N A S A / G S F C  M e r r i t t  I s l a n d  L a u n c h  A c 1u i s i t i o n  t r a c k i n c

f a c i l i t y  at K e n n e d y Space  C & - , i t & - r , F l o r i d a  - The  N ASA s t a f f  u n d t - r  t i n -

d i n t - i t  11 ) 11 of N-I r .  J .  D o w l in g  p r o c  idt -d  c o n s  ide r a h i e  as si~~t a n c t - an d e q u i p —

rot-n t  lo t- t h e  d u r a t i o n  of t h e  p r o j  i - i t . 1 h i s  s i t e  n - a .~ c h o s e n  m r  t h e

inve  st ‘a t ion  becau  si a v a r ie t y  ( I f  d i s s  i pa t ioa  an r ay  s of t h e  tv  p c s  di s —

c u s s e d  t - a r l i e  r w e r e  a l r e a d y in ~- i  a i l e d  at t he  f a c i l i t  • I ) t  n - n  a d v a l l  t a r -s

\~e r e  i t s  l o c a t i o n  in an a c ti \  e t l i u n d l e r - i t I r r u  i O I I i  a n t i  t h e  i a c ~ l i i i  C u l o —

p r c h en s i~~e ana ly s i s  of r e s u l t s  f r o m  1I ~~ - s e  a r r ay s  bad  a l r e a dy  H - i - l i

r e c e i \ e c i 0 N - \~~A
123

~ ancI n e r e  u t i 1 i ? ~ - d I n - r e  b r  c o r i - t - l ; t t i o n  p u r p o s l - s .

An a er i a l  p in I t  oL~ r a p h of the  s i t e  is shown in F igu  r i  .~7 . 5-I he f ar  i l i t  v

house d  a s e l e c t i o n  of d i s s i p a t i o n  a r l - a v s  w h i c h  w e r e  in s t t 1 1 I ~-d d u r i u L

1 174 to p r o v i d e  a l i g h t n i n g  p r t - \ I - I i t l ol l  s v s t e t i t  f or  t i n -  con ip l e t & -  f a c i l i t y

e ven  t h o ug h  t h e n -  was  no ~ i d e n ce  t h a t  l i g i i t n i , i ~ h a d  e v e r  s t r u c k  i t .  I a

d i ss i p a t io n  a r r ~t s  i n c l u d e d  a 24 sc~. ft p~~i~~- l a r r t v  l oc a t e d  I a - t n t -en m i -

30 foot p a r ab o I i . d i s h  a n t t -n n a s , a p e r i l i o - t e r  a t - r a y  ar o u n d  t i n -  i - ou t  l i n t -

of t h e  m a i n  b u i l d i n r ,  a t n i t t i c a l e d  c o n i c  a t - r a y  ( ( I t  a 100 ft c o l l i m a t i o n

t o w e r  and a l a r g t -  u m b r e l l a  a r r a y  (IVe r 20 f ee t  in d i am t -t e r w h i c h  ~ a s

located on t h e  100 foot  c o l l i m a t i o n  t ( I \ \ ( - r  s o i n t -  m i l e  n o r t h  of t i u t

ma in  f a c i l i t y .  l i i i  s d i s t a n t  c o l l i m a ti o n  t on  ( r i s  s0own in  t l ie  u p j ) t - r

r i g ht hand s ec t i on  of Fi g u r e  27 and m o s t  (I f  t h e  i n v t -  st i g t t  ion  \V~ r e

c o n d u c t e d  t h e r e .

The a r e a  is f r e e  f ro m  roan made  r- i i a r g t -  g t - i t c r a t i o n . and  t i l e  \ t - ~~~—

e ta tion  i s  p r i m a r i l y c abbage  p a l m s  and  p a l m e t to  w h i c h  in iv ~-a 5 il y gi~~ e

- 
( l i t

r i s e  to  n a t u r a l  co r o n a  i ) e i d I i S t -  o f  t h e i r  — h a r p  j ) f l h i i t e d  I e d \ t 5 .

A c l o s e r  v u -n of the  c o l l ir n a t  ion t o w t - r  co n ip l t - t t -  n i t  i i  , i i i i ’ r ~ - 11 a

a r r a y  i s  shown  in 1 - i g u r e  28a , a e l I I — e  Uj )  o f I l i t -  i I - r - v t n  1- i g n r -  1~~.

I - I
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The building at the base of the tower  housed an 8 channel  B r u s h  R e c o r d e r

(Fig  28b) . Also vis ible  in Fi g u r e s  28a and c a r e  3 t r i pods which  w e r e

used  for corona c u r r e n t  and field mill  i n v e s t i ga t ions .  These  t r i pods w er e

each 20 fee t  t a l l  and w e r e  s epara t ed  by a d i s t a n ci -  l a rg e  enoug h tha t  t hey

would not normal ly e lec t ros ta t i ca l ly i n t e r f e r e  w i t h  one a n o t h e r .  F ie ld  mi l l s

were  located atop the 5 ~~t and 20 ft tripods , and the o the r  two t r i pods n e r e

used fo r  corona  c u r r e n t  i nv e s t i g a t i o n s .

6. 2 I n s t r u m e n t a t i o n

Field mil l s w e r e  e r e c t e d  at 4 hei g h ts :  100 f e e t  (Fi g 15) , 20 fee t  and

5 f e e t  ( F i g 2 8c) and at g r o u n d  level .  Corona  m e a s u r e m e n t s  \ v t -n i -  c a r r i e d

out at 100 f e e t  f r o m  the d i s s i pat ion a r r a y  and at 20 fee t  f r o m  two d i f f e r e n t

s o u r c e s .  Wind speed and d i r e c t i o n  w e r e  also m o n i t ot  ed h a l f w a y  up the

t o w e r  at 50 fee t  (F i g 28a) .

The f ie ld  mi l l s  w e r e  ins ta l led!  to i n v e s t i g a t e  the  space c h a r g e  e x i s t i n g

d u r i n g  t h u n d e r s t o r m  c o n d i t i o n s  be t ween the  heig h t s  0 — 5 , 5 — 2 0 , 2 0 — 1  00 i~ -~ - I -

T h i s  da ta  is u s e f u l  in d e t e r m i n i n g  the  amount  of n a t u r a l  c o r o n a  d i s e l i a r g i -

i - n i  i t t e d  f r o m  n e a r  by n a t u r a l  s o u r c e s.  The  mi l l s  w e r e  all i i i o i i y i t t - c l  in  an

u p w a r d  ( I i  r e c t i on  and had l a r g e  enoug h s e p a r a t i o n s  h i - t n  i -en t l i t -  i d l l l t - c t o r  s

and n ( I k l n ( l  t h a t  t h e y  \v i - r e  u n a f f e c t e d  by r a i n .  The  w i n d  spi t - t i  a l i t -  I 1 I O I I I ( t

was  ad j u s t e d  to  g i v e  fu l l  sca le  d l t - f l e c t i o n  on t h e  I t - c o  r ’ i e r  f d r  ~~i n t l  I’~~~t ( - ( I s  - i

i - i t  H r  0 — 2 5  or 0 — 1 0 0  mp h . I l i i  w i n d  d i r e c t i o n  n -a s  p lo t t ed  a i l t o i n - i f  I i  i l k  on

an ad j ni -en t  c h a n n e l .  Co r u r t a  cIi ~ c h a r g e  n-a — n it - a si t  red  by p a s s i ng  t I a -  i - U —

( l u c t i n g  cab le  f ro m  e t ch  of t h e  t h r e e  c o r o n a  s o u r c e s  t h r o u g h  s e p I r a t e  I 1)0 ~~~~

j i ;  r e s i s t o r s  to a c o l i l i t io l l  g r o i t t i c l  s o n n e t - . I h e  vo l t a g t - ac r o s s  t i n -  n i - s i s t o r s

was  n i t - a s u r e d  n - i t h  l i t - n i t - t i  l a c k a r d  - I l  ~~-\ l) C N u l l  \ t > l t r o - t t - r s  n i n t h  tr-

c a p a b l e  of m e a s u r i n g  ± l i i i \  l u l l  i~e a l&-  ant i  l i l l u p l i t v l l u g  t o  g i ve  a i j \  ~~~~~~~~

n i - n i t - ly s t a b l e  o u t p u t  on t h e  B r u s h  R i - c o r d e r . \ V i t h  t h i s  i t i ) p r o l ( I  Ii o ro t l t

c u r  r e n t s  as Ion as — 0 . ~~ A can  be m e a s u r e d .  The u s e  01 c o I l i i i o m  g r o u n d

t - t i a i d e s  a c c u r a t e  c o m p a r i s o n  of c o r o l l a  u r n t - n t  f r o m  d i f f t - r t - n t  p o i n t s .

} I I. e l i r u j n I i r \  i n v t - i - u t i g t l  i o n s  at  t i n -  s i t e  r I n i o \ ~~- r i - ’ i  a p o s s ib l e  j ) r I I I ( 1  c r 1 1

-~~i t i i  t h e  e a r l ie r  r i n -~t i - - u t r e I n t - i i t - -  of c o r o na  c u r i n - r i l  f ro m  t i f l -  d i i — s i p . i i o t i  i r r i v .

SI
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Tl~ie array had a resistance of 1000 ohm s to the  l o wer  as the  i n s u l a t i o n

at the top had broken down. The array ground was a different ground to

the tower and-ground currents of several tens of microamps could be

measured. If these currents had been in existence for some time they

could have influenced the earlier measurements as presented in the

repor t  to NASA~
23

~ . Th~ ear l ier  m e a s u r e m en t s  could also have  been

inf luenced by pickup in the  ~ mile cable feeding data back to the main site.
4

During the per iod of the exper iment  the corona point s on top of two

of the tripods were often changed. There were four types of points: a

2 foot .! ° copper rod t apered  off to a needle sharp  point , a !. inch diametei-
2 2

point, a 14 inch length of dissipation wire  containing 16 ba rbs  and an 8 foot

piece of dissipation wire  looped in a 2~
_ foot d iameter  c i r c l e .

The recorder was an 8 channel Brush analogue pen recorder with

chart speeds varying from . 05 to 200 mm! sec which allowed excellent

correlation of data.

6. 3 Results -

Consider the corona cur ren t-  f rom the ext remely l a rge  d i s s ipat ion

array  which contains approximately 1000 feet of °dissi pation wire

During the summer  of 1975 the maximum corona c u r r e n t  m e a s u r e d  f r o m

the array at 100 feet was only 38 ~~i 
A. This value is in keeping with the

currents  measured throug hout the yea r s  and repor ted by C h a lr n -r s~
6
~.

At no time was there  any indication that the a r r a y  was p e r f o r m i n g  any

differently from a single point. Extremely large displacement c u r r e n t

were often recorded , as one might expect, and are nt~t to be confused with

co rona cu r ren t s .  Such excurs ions  are shown in Fi g’.- r e 29 s u p e r i m p o s e d  I 
-

on genuine corona currents of 0-20 u A. Thi s fi g u r e  sh ow s  the  on s e t  and

decline of a short lived storm and also displays the potential gradient at

ground level on which the lig htning d i s c h a r g e s  and f ie ld  bui ldup  can lit-

seen.

The behavior of a large umbrella array u n d er  h ig h f i e l d  c o n d i t ion s

is no doubt very complex. One might c o n s i d e r  t h a t  the l i t k !  c lose  to t h e  

-—~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~ —— -~~~~— -~~~~ -- -
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edges of the a r r a y  wi l l  be v- : ry large but e a r li e r  d i s cu s s i o ns  hl a\

shown thai:  on top of the slightly spherical structure the field will be

enhanced only by a factor of about 3. Corona will  initially be g iven off

from the perimeter of the array where high fields 
exist and this corona

will probably tie blow n by the wind over the rest  of the structure thereby

i-educing the field more , and lowering the poss ib i li ty  for  corona d i s c h a r ge .

Hence , only a small portion of the ar ray  may give r i se  to p rolonged  and

hig h corona.

Simultaneous with the corona d i scharge  m e a s u r e m e n ts  f r o m  the u s -

sipation ar r a y , Fi gure 29 compares corona f rom a s ingle  point with tha t

f rom 14 inches of the same type of dissipation wire.  This wire  was corn-

prised of 4 groups of four 2 cm long barbs. The results indicate that the

sin g le s h a r p  point gives off approximately 50 percent  more corona tha n the

multiple point, which in turn gives off about! that of the dissipation array

located at an elevation 5 times as high.

One may now argue that if 14 inches of dissipation wire emits  ~ of t h e
3

corona from a single sharp point then 21 inches would emit the 
identical

amount and 42 inches would emit twice as much. Even if one doesn ’t ex i e ci

a linear r e la t i onsh ip  it may be expected that longer l eng ths  wil l  emit m o re

co r ona . In o rder  to  test  this hypothesis  an 8 foot piece of d i ss i p 1t t in~ w i r e

was wrapped in a 2! foot circle and p laced on a t ri pod at 20 f e e t  f o r  corn -

- parison with corona f ro m  a sing le point . With  the  la r g e  c i r cu l a r con-

f i g u r a t i on  of the wire  a hi gher  field will exis t  around  it t i -t an  w o u ld  be the

case if it w e r e  spi ra l ly  wrapped as in the u m b r e l la  a r r a y .  The hi g he r  f i e l d

would lead to more corona d ischarge .

Fi gure  30 shows some typical r esu l t s  of c o m p a r is o n s  of data b e t w e en  -
- -

the umbre l la  a r r a y  at 100 fee t , and the single point and 8 f e e t  of d i ss i pat u - I l

w i re  at 20 f eet . The umbrel la  a r r a y  reaches c u r r e n t s of 3 5 -t-i A , w hich  once

more are  about ten t imes greate r than  the va lues  for  the lower altitude si u g le

point . In this examp le the sing le point g ives  off approximate ly 50~~ m o r e

corona than the Long length of dissipation wire .  The n-iaximum su s t a i n e d

cu r ren t s  were  the o rde r  of 3~~A f rom the sing le point and 2~~A f r o m  the wire .

__________  

— 5- ________
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T he potential gradient  during this time reached a value of -3000 VI m

at the earth’ s surf -~ce and there was considerable  lightning activi ty as

evidenced by the large number of displacement  cu r ren t  excurs ions . The

single point , by virtue of its sharpness and elevation gave off corona of

the orde r of! to! LiA under fair weather fields of about +100 V/rn,
10 4 - 

+
whereas  the umbrella a r r a y  needed breakdown field of - 1100 V/ r n  and the

8 feet  of dissipation wire  needed fields in excess of 2000 V/rn  for  break-

down at the much lowe r altitude. At no time was t he r e  any indication tha t

the 8 feet of corona wire gave off more corona than the single point.

Under high field and high wind conditions there  were  two occasions

when the sing le point and the 8 feet of wire gave off similar amounts of

corona. Such an example is shown in Figure 31 . One can a lso  see that

the breakdown point occurs at a much lower potent ial  grad ien t  for  the

single point than the multiple point. The effect of the breakdown potential

is more noticeable in Figure 32 where the field remains at a level just

below that r equ i red  for the 8 foot of dissipation wire  to go into corona dis-

charge .

The 14 inch piece of d iss ipation w i r e  a l so  on one occas ion  gave c o r on a

cur ren ts  simila r to the sing le point . Aga in , this was unde r hi gh f ield and

hi gh wind condi t ions  as disp layed in Fi gure  33. Throug hout the summer

thunderstorm season there was no occasion when the single point gave off

- less corona than a multiple point at the same height. In general the 14u

and 96 d i s s i pa L i~~ . w i r e s  gave off  s im i la r  amounts  of corona  at l eve ls

app rox irn a t e l y_ ~~ less  t h a n  the s ing le point .

Once more , the  m a x i m u m  corona  c u r r e n t  m e a s u r e d  f r o m  the u mb r e l l a

a r r a y  was under  4~~ A . The sing le point at a much lower a l t i t ude  gave a

maximum value of about SuA . These value s are in keeping w i t h  the m a n y

i n v e s t i g a tions  of c o r o n a  c u r r e n t  t aken  in the pas t  by m a n y  s c i e n t i s t s  as

r e f e r e n c e d  e a r l i e r.

The L inch blunt point neve r went  into corona which  was vis ible  on

the char t  moving at  about 6 inche s per hour . Disp lacement  c u r r e n t s  were

~~ ~~~~~~
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oh v iu u s ly  v i s ib le  and t i l e  i- c m a y  be a pos s i b i t i t y  t ha t  occa~~i o n aI  ~: :dd i - ;

e x t r e i u -i c l~ hi g h va lues  of e lec t r ic  fie ld  may have  g iven  r i s e  to cor -n a

f r om  th i s  blunt  poin t , but the c h a r t  speed u sed  for  mos t  of ftc- da ta  ~i id

not allow such o b s e rv a t i o n s .

p The r e s u l t s  ce r ta in ly con t r ad i c t  the r e p o r t s  that  t i i any  r n i l li amp c i  u S  0 1

corona  c u r r e n t  is ei -ui i ~ t u d  f rom these a r r a y s .  One point  t h a t  could no

easily be c o n f i r m e d  at thi s site h o w e ve r  was that  a sing le point  g a - c  o t t

m o r e  co rona  c u r r e nt  than a d iss ipat ion ar r ay at the same he ig h.t .

Fo r tuna t e ly ,  su e l-’ an a r r s y  and two 50 foot ~~oodcn poles  f u r  com p a r i s o n

test  w e r e  p r o v i d e d  at another  site. The a r r a y  was a c i r c u l a r  a u u e l  I~4 I i  a~

approxi i ru ct t t - I y 6 f t - i t  in diam e t e r .  Thi s ar i - a y  was  p t a .  ~ d atop a SO f u c i

wooden pole and connected  to g r ou n d  t h r o u gh a 10 ohm 1% i € s l b t O F.

Another  50 foot  wooden pole some 300 feet  away housed  a s ing le sh ar 1I

copper point  iden t ica l  to a lig htning rod a u -  t e r m i n a l  and c - n in e ’. t e d  to  thu

common g round  t h r o u g h a s epa ra t e  10 ohm 1% r i -- s i s t or .  1 tic~

across  these  r e s i s t or s  was monitored on a Hon esvie ll  \ i s i c o i - d i - r  ali~u - i u

with wind speed and d i r e c t i o n .  The r e s u l t s  again -agr - t ed w i t h  s c i u a t i I i al lv

accepted L e l i c f .  Ar no t i m e did the co rona  I r a i l  the  fl i t  p a l l e l  d i S s 1 }I 4 I I 0

a r r a y  exceed tha t  of the  s ing le po in t .

I- igu i- c 34 i l l u s t r a t e s  t h e  l a r g es t  c : I ; r r e n t s  tha t  v;t - i . r e c o r l u t  i I  it  h - f t

the a r r a y  and th e  s in  g1~ - a i r  t e r m  n a t .  The t l u i c k n - s s of th ~ a u- I c- 1r  ace en

the ar  - a y  r e c o r d  is  due to  60 cycle  p ickup  and ftc- 1arg ~ - s u d i L - t u  c x -  I r i -~~u I l S

a r t -  due tu  d isp l a c e r i i i - r i t  c u r r e nf t  when L~~I u t n i i - u g  o c cu r s .  I
1 } 1 ’ .~~~1 t lH \ I I I U

• speed  i n ch - e a s e s  and l a r g e  c u r r c n t s  a r t -  flo\ ’ .il;L 1, t hen  a f u r i l u t  i l n - r u  ~.is-

in the  oo r on a  t o r r e n t  i s  c V I I I I n t .  in t f t s  C a o ( -  the  wind d i r t - c t  u i - r u  i s  s t~~I r

as to c a u s e  f lO space  e l i a r g i -  i n t e r f - r & - n c f -  i t - i o u - .  n I l i ~ t w o  in~~t f~~ u l f l l  i i i  - -

po les .  At the  tic-g i n n i n g of h u t -  t - i- ~~u~ rd a S C - v t - r i -  -~t u r m i 4- in  p r u e i -  Ss  w i t h

m a n y  di~~~f t r i ~i . ~ , hut  t } , i -  ( C r o n I c - t i n  u t  f ron i  t i ~e a r r a t  does 1101 I X C i  ( I I

( I u A . As t i t I l I  ~~ 1~ t i f ~~l i - u s e s  t O t  ( L i S p l a i .- ( I f l I ’ l-l t  c t 1 1 I~Cfi t S  ; ‘et  I t 1 f l e~~ i i  s n i . i 1 ~ u - i

as t i i t -  l i g i u l n i l i c u  ) I - ( o a l e s  t i R ) i e  ( 1 I ~~ i ; t l u t , 1) 11 1 I i i  t i u l d  i n er l - a s e s  i S  1 I - ~ .\

c ha r ge - I  ( ( i i  pass~- s  O v I - r I lead . It a p l u - I r S  t l u  i t  t h i  l 1 C I I t 1 I t I i ~~ l r s ~ 1 i 0  I i  S 

- - - - - - I ~ -
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k
r e s u l t e d  f r o m  th i s  c - i l  arid c a L u ~, I i  i l i r u c -  v e r y  l a rge  dispiac€- rn t ‘ i t

c u r r e n t s .  In t i u e s ~ h i g h f i e ld s  the air  t e rmina l  c u r r e n t  y h - l d s  up to

1 4 5  ~~A;  w h e r e a s  ~he a r r ay  c u r r e n t  onl y r e a c h e d  8. 5 g A . -l i l t  ~~U l

onl y tt I - n t  into co rona  when the air  t e i - i n i i i a l  v a s  c i i s s ip a t i ng  t-~~ A . .- \ J i  - -i -

thi s the  1- a te -  ot  i nc rea s e  ol th c- a r ray  c u r r en t  was t O t -  s a m I -  as lb1 ai c

t e  r~ i i i t i a l .  Thi s Ine a l i  s the a r r ay  is un l ike l y to  g i t  u in  1 1 1 -  corona  t h u ~
the air  t e r m i n a l , I -ve i l  in the ext ren - iel y h i g h: f i e l d s  of the  do w n w a r d

coming leader . F u r t h e r  r e  su i t s  at t h i s  fac i l i ty  d e m o n s t r a te d  u - u t  L i r

- f f - c t s . 3
L A SA/ K S C  pe r sonne l  also m e a s ur t  d thc:  corona  c u r re nt  f r o m  a

panel type  di s s i p - u -it i o n  a r r a y  on top of a 500 loot tO y. er at KSC and found

t ha t  t he  v a l u .  t h r o u g hout  the  summer  t h u n d e r s t o rm  sea s o n  r e m a i n ed

below 200 L J A . This  array was also struck by li ghtn ing  (Fig 1 3) .

It !i Iu St  t o i l s  be eu ,n c l u d e d  once  mn oi - u- , tha t  -a s u n g lu -  po in t  ~ 
-
‘ - s m o r e

co rona  d i s c h a r g e  t h a n  a m u l t ip le  point  and fl101~ u t han  th ~ dis s - i r a t i~~I I i  ~~x- r~~~v s

u n d e r  t i - s t . A s i n g le point  is , t h e r e f o r e, a m uch b e - l u  r d i s s i p a t o r  of i - i s

and if one m u s t  be l i eve -  in cloud c h a rg e  d i ss i pat ion or a p r o t e c t i \  - - ion cloud ,

the n a sin  g le point  should l)e the  main  dis sipator  and not m u l t i p i.- 
~~ 

i i i  I s .

A f u r t h e r  s t r i I ~ i n g  but r i o t  unexpec ted  c o u i c 1 i i s ~~on is that n a t u r a l  & or o n a

f r o m  h’.- n e a r b y ~ ege t a t i o n  as m e a s u r e d  by f i e ld  mil l  space- e l l a  r g t -  t . - c l u - -

ni ques  b i -twet -n 0 and 100 i t - c t , w a s  found  to t i - -  an av c - r a g c  I ~~~~ -\ p e r  t r  ~ c

p i n d e i  st -v er e  U luI1du-r cliiu d s . it m ay ,  t h t - r c f i i r - , be co i c h i l d e l i  t h a t  t b .  30

or  so palm t i ~ u ’cS c u e a r e d  fo t- tJ ~e c o n s t r u c t i o n  10 tI ) c- 100 f~ , e u t  t o l l i i l l a t l t I I l

‘ a w i - r  -..i uid c-mit t i e  sam e corona  i i r r e n t  as t h e  1000 l I t I  ( I t  d i S i - ; l f u t I I I ] I

v i n e  p 1 i c.  -d at the  t op  of t h e  t o w t  r .

4
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7 . 0  PHOTOGRAPHIC A N I )  C O R O N A  iN VE S T I G A T I O N S  OF AN AR R AY

12 00 FOOT T O W E R  A l  E GL IN  AFB

-5 -i7 . 1 Sit’.- Desc4pt ion

S i te  C~~, Eg lin Air  Force Base , Florida was chosen  for  this  invest i -

gat ion because  it houses  a 1 200 foot tower  which should be st ruck  by

li g h tn ing  m o r e  than  40 t imes  per  yea r  ( see  Section 4. 0). The tower  also

suppor tc- d 19 l o u l t  d i amct c - r u m b r e l l a  t ype d i s s i p a t i o n  a r r a y  which was

r e f ) I i i  e-d in A p r i l  1974 wi th  t h r u - e  6 fee t  x 4 f eet  panel a r r a y s  placed paral-

l~-1 ~~i th  t he  g round  and some d i s s ipat ion w i re  at the ed ges of the panel on

a f r a m e w o r k  making  an ang le downward  from the a r r a y .

Fi g u r e  35 a is a p hotograp h of the 1200 foot tower;  Fi gure  35b shows

a v iew of the panel  a r r a y s. Close e xaminat ion shows the d iss ipat ion w i r e

at ti -~~ ed ge of the  a r r a y .  Fi g u r e  35c is a downward v i ew  of the panel a r r a y

showing the s h a r p  4 cm sp ikes .

7. 2 Ins t rumenta t ion

Ma gnetic  link s were  placed on the downlead f rom the a r r a y  some

3 feet  below the top and also at the bottom of the tower  on the same down-

lead. The 3 f er r o u s  l inks  in each 65 cm arm \ve- r c- placed  at 13 , Zt -  and

( 2  cm from the conduc tor  ( s ee  F ig u r e  36).  Once the  l i n k s  a re  d e - g a u s s e d

a c u r r e n t  be tween  5 , 000 and 200 , 000 A will cause  magne t i za t i on  of t he  l i nks

which in t u r n  can he m e a s u r e d  and the in t e n s i t y  re la ted  to the li g h tn ing

cur r e -n t .  The m ag n e t i c  f ie ld  s t r e n g t h  H at a r a d i a l  d i s t a nc e  r f r o m  a

long s t r a i g ht c o n d u c t o r  c a r r y ing a c u r r e n t  I i s  g iven  by 11 = . The

f ie ld  c - f f e - c t s  t O ’ . -  f e r r i t e  m a t e r i a l  and p r o d u c e s  a m a g ne t i z a t i on  of i n t e n s i t y

M - \ FE , whc-r e  th ’ . -  m a g n e t i c  s u s c c p t i b il i ty  \~. is  a f u n c t i o n  of t he  m a t e r i a l .

The m a g n e t i z a t i o n  is m e a s u r e d  and f r om  it  t he  li g h t n i n g  c u r r e -n t  tha t  pa s sed

t h r o u g h the- ci i n d n u tor  i s  c a l c u l a ted .  Shou ld t h e n t -  be m u l t i ple strokes on ly

the peak t aim- w i l l  he I- I - c or d e d . By p l a c i n g  t h r e e  l i n k s  at v a r i o u s d i s t  d I l t  CS

in - a h  a r m  mo r u  a c c u r a t e  rneasu  r u - me -n t  of c u r  r e n t  a r e  a l l oy - i d  as t h e

m a g n e t i c  i n t e n s i t y is a f u n c t i o n  of d i s t a n c ’ . -  f r o m  t l i t  o i l ( i u l e t o r .

h O e  p o s i t  ‘n in e  of t h e  two  a n o n—  ~t - a s  l i n t i d e - a l  f u r  n n n n i t r i r - i n g  c u r r e n t

I - - f

~

_ ~~~~~~~~~~~~~~~~~~~~~~~~~ _  _



:~~~T~~~_X~~~~~~~~~~~~~~~~~~~~~ _______ 
~~~~~~~~~~~~~~~TIII 1I~~~~~

iIii~~~~~~~~~~~~~~~~ :t

-5- -u
-d

~~~~~~ 
.

t -J
— 

~ _



~ 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ —-i T T ..IT~ T j~~~~ T~~~ ~~~~~ 

5-

l i /
i / /

I /
o I /

‘
~

-

~

I
’ 

T /  

-

~~

/ / _
~~~~~~r~~~~~

-

~~

I / V
/ 1  / E~~~ -’~~~ . 

5-

I I / 5-
I I —~~~~~ 0 -

~ 
-

/ 
/ 

-

~~1 C3~~~~~ a- 1 
~I 0 0  I.

-] ~~~~

_

~~~~~~~~~~~I I-
4~ ~--:~~ c~~~~~

a u i  -~

a
1-.

.5-’ 
~4

_ 
~~~

-

~~ 
~~ Ill -

.

- - ~‘i 

-

-
~~~ i-____ _ _ 

-
~~~~~~~~~~~~~~~~

- --



~~~~~~~~
- -

~~~
-‘

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~ :TiTI TT ~ TT~~’ 
~~~~~~~~

f r o m  th ’.- li g h tn ing  s t r i k e , as it was unl ike l y that  the  n u m b e r  0 coppel-  w i r e -

f r o m  the a r r a y  would be c a r r y ing all the  c u r r e n t  if the a r r a y  had been s t r u c k .

In fac t , most  of the c u r r e n t  would p r ob a b l y pass  down the tower  s t r u c t u r e- .

The m a g n e t i c  l ink data would , h o w e v e r , act as an i nd i ca to r  t ha t  li g h t n i n g  had

s t ruck  and g ive-  some idea of the  o r d e r  of m a g n i t u d e  of the  c u r r e n t .  In l a t er

t e s t s  when a sing le li g htning rod was put up, it would g ive a c c u r a t e  m e a s u r e -

m e n t s  of peak c u r r e n t .  A m a gn e t i c  l ink  a rm is shown in ph o t o g r a p h 35c.

At the  base of the t o w e r  the a r r a y  was gr o u n d e d  t h r o u g h e i t he r  a 10 or

100 ohm r e s i s t o r  to an excel lent  g r o u nd  and the corona c u r r e n t  m o n i t o r e d

a f t e r  ampl i f ica t ion  with a Hewle tt  Packa rd  DC Nu l l  Voltmnet c - r . An R S A -  10

li g h tn ing  f l a s h  coun te r  ( r e f .  24) p rov ided  by F A A , N A F E C  was  i n s t a l led  n e a r

the base of the tower .  The un i t  had a 4 m whi p an tenna  and w h e - n e v e n  li g h t n i n g

o c c u r r e d  within about  15 mi les  a si gnal  was put  on the c h ar t  r e c o r d e r .  I h i s

gave an ind ica t ion  of s t o rm day s fo r  la ter  c o r r e l a t i o n  w i t h  li g h t n i n g  i n c i d u - n c e -

data .

In o r d e r  to exam ine -  li g h t n i n g  i n c i d e n c e  to the -  towe-r , v ideo  p hotog r a p h u t

was  in s t a l l ed  at a t r a i l e r  some 1200 fe c-t  sou th  of the  towe r at R o c kh i l l  t o r e - s t  rv

t o t t e r  some 4 mi les  wes t .  The v ideo equi pment  i n c o r p o r a t e d  s i l i c o n  ( I ie ) ( lu ’

c a m e r a s , t i m e  code g e n e r a t o r s  and r e m o t e  contre) l v ideo  t a p t -  r e c o r d e r s .

Si l icon diode- c a m e r a s  w e r e -  used b e c a u s e  they  c a n n o t  h i- clamag -d by l , u u k i I I i 1

i n to  the  sun , they  have -  a m u c h  w i d e r  v i s i b l e  s p e c t r u m  t h a n  v i d i con  c a nl u - r a s

an( 1 t h e i r  r e t e n t i o n  capab i l i t i e s  a n t -  good if u s e d  in a s low m o t i o n  mode- . I ’ I i t - v

a re  ex t  i - e n i t - l y s e n s i t i v e-  and  can  be made  to  bloom if t h e  soi l  rc e-  i s  ce rv b r i g ht -
Thu  t i m e  cod u -  g e nt - n a t o  r was  rn oc l i f i c -d to p r o v i d u -  it  t e l  th  an cx t  e - n r i a l  I i a t t  e i v

s o u r ce .  I h i s  m o d i f i c a t i o n  w a s  n e - c t - s s a i - y h i - c a u s e -  of t h e  1- e n r i l t e -  po s i t i o n  ot  t h e

s i te - and the  con s t a n t  s h o r t  l i v e d h i - c - a l e s in t h e  p ow er  te -hi u -h  cou ld  n i t  ( l i l t  t h e

a c - c u r  a t e -  t im  - C ( Oh - i n f o  rn i a t  i or .

The  s i l i c o n  d iode  cau c - r a  in  t h e  t r a i l e r  t eas  t o e i i s ~~e -ih on t h e  t o t ~ e - r  t h i r e n i g h i

a w i du  ang le-  l e n s  w i t h  r e m o t e -  c o n t r o l l e d  i l - i s  t h a t  l o o k e d  I t  t h e  t o t e t - r  t h r ou gh

a p o r t h o l e  in t h -  t r a i l e - r  as s h o w n  at t h e -  l u - I t  h a n d  si d e  1 ) 1  i-d i~ r i r e -  ~~~ a .  i h e -

l- I- c ( I r ( i i n g  e - q ( l l p r l u u - n t  i s  s h u i r e e n in I’ i g r i r e  ~ 7 h  and  t h e  p o s i t i o n  c r 1  t h e - t r a i l e r  a s

v ie\CI-d f r o m  t h e  t o y I - r  i s  s h o wn  i i i  l i e ~r i r t -  ‘ i t - . h - i u i r r - - i ~ :i s hote t. t h e  l O l l  I - i - i

t - i

_ 
~~------ --~~~~--- ~~~~---~~~~ -~~~~~~ 
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R ock hil l fo res t ry tower  an d Fi g u r e  38b shows tir e v ideo equi pment  in

position. A telephoto lens was used in thi s c amera  to focus  the image  on

t he 1200 foot tower .

At t he Rockhil l  tower  the video equi pment  svas t u r n e d  on manua l l y

wheneve r  s t o rms  were  in the  a rea , but at the t r a i ler  site the video equip-

men t  was  t u r n e d  on au toma t i cally.  A mic rowave  telep hone link f rom the

weather  of f ice  at E glin Air Force Base to the C~ tower  was  used to auto-

mat ically swi tch on the video equi pment  w hl -n e v e r  a s t o r m  was bel i e -c -ed to

be in the vicini ty of the site. U n f o r t un ately the  equi pmen t  was of ten  d a m a g e d

at site C9 when diodes in the au tomat ic  cont ro l  equi pment  we- re bloce n by l ine

su rge - s .  These  l ines  went onl y f r o m  the  mic ro cvave an t enna  on t he t t u c c  C r  to a

bu ildin~z so mu - 30 feet  away and the damage  i n d i c a t e - d  tha t  surg e - s c a m e  in on

these  l ines and not the power l ines .  It is s t r o n g ly su spec t ed  t hat at l u - a s t  f o u r

ou tages  w e - r e  cause- cl by li g htning s t r i kes  to th e  t o t - e r  e f f e c t i n g  i i i - a u t o m a t i c

switc h on c i r c u i t r y .  Because  of the m a ny  m a l fu n c t i o n s  in the  c o m m u n i c a t io n

line-s  c o n s i d e r a b l e  sto rm a c t i v i t y  at C )  was n - -t  r e ( - u u u - c l t - c l .

An op tical  li g h tn ing  cle-te -ctor ‘c -as p laced in t h u ’ .  t r a i l e - r fo r  i u b s e - r v i n g  c h i t . —

c h a r g e s  close to the  tower  top. Fi g u r e  37a shows  th i s  d e t e c t o r  look in g  t h l - I i u u c l u

t h e  ri g ht h a n d  port hole . The d e t e c t o r  i -e sponds to v e r y  fas t  li g ht t r a n s i e n t s  and

it was t r a ined  on the  tote er top by us i ng a long  oar  r i c e  t u tu- . R e f b - c t i o n s  of

li g h tn ing  f r o n r  clouds in the  f ie l d  of t i e - tv a r e -  c l e t e c t e d  as w i l l .  T h e  (h ata  ‘C as

reco r d ed and it also was used  to a c t i v a t e -  air o s c i l l a t o r  anch put  a si gna l  on t h e

audio c h a n n e l  of th c -  v i d e o  r e c o r d i n g  i n o r d e r  to hu - ip  in l e >e - a t i n g  dit.cf uar ~~-s i t n

the  vicl e-otap u - . 5-

5
’

-

l ’ r o h lem s  we- re  also encouinte i- r-r h cv i lhi suir- c i- — p assi ng dote-n t I l e - l i n e - s r t l n i u i u u c

fr o n u  t h u  base- of  the  to ce - c - r  to t he  t r a i l e r . S u r g e -  h r r i ) t e - c t i t r n  wa s  added  ( . u  ( h i e t . .

t i m - i - , O u t  at t i m e s  dj od l r - s  \ v e - r e  da u u u r g i - d  and ec~u i p n u e - n t  i-i te rpp e rh. -T ho -i — , - sri c. i-

I i . , u l d  onl y hac - r - ( ( > 1 1 ) 1 -  in f r o m  the -  t o te-e r as  t h e -  p I o . - r  l i n t -  c~ l i -  l i-IlI l t I  ( I  n o r ]  toni.-

f l - I n n  - -  d i f f e r e n t  d i r e -  t i r u u i _

7( 1
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the chart moving at about 6 inche s per hour. Displacement currents w er e -
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1) i ri nu 1 the s u uiau- ~ -r -~ f 1 9 7 5 , the i- e i - i s t a u .  cc of the t oec e- r t r o ni  top 
- 

-

5 - t i u ’ O  to li t t on sec t i on  was m e a s u r e d  as  0 . ?~ ~~, in u p l y n u g than. t h e -

~~e - e t i  - i i i -  of t f u I  t i eu e-r  w e re  r- teesonabl y u -Il  c o n n e c t e d  to o n -  a - J t I e r  a u u u l

t L a t  t h e  g u- e i u i c l e - d  an - r  ~y w i l e  did not  si g n i l i _  ai tt l y cOon gc- t he  g l~~i i i I u l i I i  L

it i d t  i - i  at the top of the  t o w e r .  It had p r e v i o u s ly been thoug ht tha t  if

li g h tn ing  i - t  r i  0 a t u e - e r  top t ha t  was n ot  at g round  po ten t ia l  th e  l u g l u

c u r r c - n t  may pass  t h r o e u g k r  an in s t r um ent lu t e  n e a r  t h ~ - lowe r top tha t  tco icl

ha ve a hi t t e r  gr o u n d  cu u u u u t - c t i - i n , h u e - l i c e  c a u s in g  equ ipment  daxiiage - . 1 h i s

could be t h e  case if the  t o w e r  was no t  well g r o u n d e d  and the i n st  r u i m en t s

power g i - o u n d  was  of l o v - -~o~ r e s i s t a n c e .  An examina t ion  of the  f a c t s  i n d ic a t e~

t h a t  t h i s  may - it ~~ i i  h a c e -  i~ en the p rob l e - in .

-l he- o r i g inal  g u- o u u i c l l u i g  s ys t e m  for  the to e-  r was  two  20 f e e t  b y ~~ - ieu 0

i n t e r - c o n n e c t e d  copper  g round  rods  at tir e tou r base -  and one at e a c h  of ( l i e

t h r e e  guy bases as shown j ut Fi g u re  39.  The low r e s ie i a n cc  of t h e s e  r o iL  to

g round  in the  sand y condi t ions  of Eg lin ~s q u e s t i o n a b l e - , and in o r d e r  I -  l e s t

i t , e a r th  r e s i s t a n c e  mu - a su r em n e n t s  w e r e  m a d  on a 3 i n c h  by 1 0- foot  opt i r

rod a few h u n d r e d  t i - c t  f r o m  tir e tower . D u r i ng  a n u n r l a - r  of m o n t h s  and : u u  c
e x t r u - r u r i - l y h e a v y  r a i n s  ~ts r e s i s t a n c e  w a i-  m e a s u r e d  I - y  FAA and l S A I -  i- n-

son nu- l to t u e  so m e 170 ohn  s. Th i s  imp lies t h at  the r i - s i s t a n c e  of the -  to  i - i a l

i u u t e - -r  g round  i-ods t eas  al so  hi g h .

The log too k ~~u ; e i - r -, ci- i n d i c a t e s  t h a t  by J a n . 1 )7~ . a w i r e -  ct-as i n n . -  - I 0

f r o m  ti r e- i- o w-c r  g round  to the  285 foot  d I - ep  u -~ h i  some 150 fe el I r u . r i i  L I t  to e - - -  .
T h i s  wel l  g r . n u u u  I a i -  I n - n n . t - a s ir -d b y i- A A  and t l ~~A I -  pi r s o n n i e l ar id i a~ m n - l  - - 

-

to be- be tween 1 and 3 i u h u i o  i- to g r o u n d  cc h i c h  L on s i d e r ab t y O c t t  e r t a i t - -

copper rods .  Th is imp l i e s  that  c e - l u e u u - e e -1 ~ $ h i t -  l i n e  h u e t e c - , - i  - -  t l u \ - .t  u - àu i d  \I ._ k I

was cl a n-r a g e d , li g h t n i n g  cu r  u - c -nt  would p r o b a b l y p a s s  d - w m r  i n s I  1~t i l  - c l i i  l i - l i -

t o  power  l i n e s  and  . t i r . -r  hr - t i e r  g r o u n d  i o n n - c t i o n s  l i - i n g  h ar r e d a l e  I~

w a y .  P r i o r  to t ] ~~- s t  r~~i u u I e - - 1 cc I r e  i c - l o g  l a i d  to t o -  ~i r - l l  i~~ ] u ) 7 ~~ , t h u  

p ip e w a s  u r ~ -d is  a g n - o u r i d  and ce-as i t  t u n e - S  f o u n - f  t o  l u r e  t p o r t e n l u r i l r u n i y  t o -

7 1  
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to c c - r t - t , sj o n .  On t } ~e- ~ ~~~~ p t . 197? , tic - ground u~eievurk was i i n p r i i c u  F

t h e  a r r a y m n t a r m f a i C m r e r s  a i m l n i n e  6 ft  x i n c h  coppc- x- g r e , c u i i d  rods  e’ er e

C O t l1e i te~d to  t i l e  t o  cc C i5- e r u o i  we l l  grounds as $ 0 ceo in I igu r u  40 .

7 . 4 0 c ~~e i ~~s

7 .4 . 1 Coruin: Current

The i n i t i a l  in ve~~t i e ~a t i e - u o ~ a r t  the array sh o w e d  that  it  had a 1- esist at c e

to t he  t ow e r  of a h i u l t 3k I~~~h 1 . 5 , I v O l u n  g a v e  r i s e  to ‘ ‘T c l l u r i c ’ or u - - - a i d

c u r r e - u i t s  of the  u i - d c  r u l  1 3O~~ A du e to t h e  di t e rl ng  g r o u n d  co ru f i g u r t L o r c- 
-

An ~n u f l c a t i u r n  t~~a t u—u ic h arm e i f e w t w a s  o c c u r r i n g  du r ing  th~ c o r o n a  r t - c o i  d o u g

pt- r u e d  d i s cu s s e d  in i - - t i  r en ce  1€- was  shown in t i m e  log book r e c o rr i ng r~~t

20 Dec 1 ‘.l 7 ,~, w b e -ti a r e s i s t a n c e  che:ck cave  c h i f f c - r e n t  valu e- s with ( I(- n . n I I

lead s t e -c er se d . C o r o n a  cli ss i pat iot i  could be - a r e a s o n  fo r  t hL s, but  t I t e

r e si s tan ce was  t e s t ed  by AC and hi g h c u r r e n t  DC mean s and showe- ’i cm i-

c lus ic  el y th ai g r o u n d  loops i ;c i s ted .  These  w e r e  pr o bab l y a f u n c ti on  0 1

power  g round  to t O t -  top of the towe r , a poor l ,- in s u l t - t e d  a - 1- a y  and t i t i -  t 0  e .

g round .

P r o f . Olsen of t h e- U n i v er s i t ~ of M i n n e s o t a  m e a s u r e d  corona  cu r t - e-u l ~
f rom the :tr r ay  atop the-  1 ?JJ0 foot  tote—c r ari d t h e  max imum c-al~~c hc- r ec o

was  of t he  o r d e r  of 300 u A u n d e r  hi gh field condition s, i-~erh a p s  the ‘ l c l t m t - :c

c u r  r e n t - - we- re  thei-e at tha t  n i n e , w h i c h  would i nd i ca te  tha t  t i l l  nu a x io u r t l i

c o rona  c u r r- - - n t  sh o u l d  i m a o - e  Oc-en of the  o rde r  of 45
~~~~ U A; a fi g u r e  a g a i n  in

0 ep ing with the  v a l u e s  c-~~p -c t ed  f o r  a t o c v r - r  of t h i s  h e i g h t .

The d i s s i pat ion a r r a y  ~r - ~ s r e n t o e - n d f re imn  t i m - - t e , ce- - r d n . m r  j~~I4 t I l e  s k n l l i . 1 ~~- 0

of 1975 and r e p l 1 t e r - t l  by a 10 foot 1 i n c h  c o p per  li g h t n i n g  rod c c i i  0 a i - h a l  p

poin t . 1 h -  rod u -a s  we l l  i n r u i l a t u - d  ft r)rn the tout- i- w i t i  t - f l u n , ~ r u c l e a r - n a

curreui I u s  f lie d  sured by monitoring t h e  v o l t ag e -  ~ e Ia SS a 1 fT o u I Ot t  o l t :  -

r e sisto r - in t h e  l ine-  be’tevet-n t h e  c e l p p . r 1- u d i t  and t b - - we I I  gr o l u i c l . A n~~~~ s i t

r e - e - ( , I ( i  of c o r o na  n u l l - r e n t , o p t i c a l  (l~~L -to r  d a t a  1 1 t h  e l e c t  rO1fl ~ I L’ t 1 i - t i i  l i O t O P L )
t1~~sh oat.. is shot’.- in 1- igure f l .  D u r i ng  su n ny c o n d i t i o n s  ( I a -  s i u - 0 1 e -  p u t t

c u i - r n - n m t  o t i e n  r , - r r e - h u - t h  v t m l n u t - s  of s ec - u - r a l  h u n d r e d  a A a n n ]  t h e  L i u ~~~r - s t  m e - c  - r d . - r t

was 7~~(t 1 A . l O i s  v i - ] -  is c n i r m s r d r - r i l ! - - n m m i  e tl-afl th e l u u a \ m n n t u i u  f l : r ’ u t rfl n (I

7 1  
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by I r if. Olsen from the array which , in t u r n i  was m o r e-  than  tha t  moni to red

-i the a r r a y . Values  of a r r a y  corona  c u r r e n t  w e r e ’  obviously

hampered  o y’ Tellur ic  c u r r e n t s  in t h e  g r o u n d i n g  c i r c u i t, but at no t ime u- u - re

an~ steady values r eco rded  which approached the va lues  in excess  of

150 mA . 
(16 )  

-

It is  lot c- r e - s t i n g  to note  ti -rat the l ine betu - e-en the r e s i s t o r  at the  base  of

the to ee-e- r and t i m e -  coi- ona r e - co rd ing  device  was occas ional ly sub jec t  to v e r y

short  l ived  hi g h c u r r e n t s  w h i c h  gave r i se  to he-at bubbles  in the w i r e ;  a

f e a t u r e  o f l e  would e-xpe -c t  f r o m  li g h tn ing  c u r r e n t s  p a s s i n g  down ti-r e tote -er .

A f u r t h e r  point of i n t e r e s t  r e la tes  to the value of the  r e s i s t a n c e  in t h e  lin e

be tween  the corona  point  and ground . With  a r e s i s t ance  of l~~~ohm s in the

line and with 100 LI A one would onl y lose 100 volts .  Ti-r e hi gh e lec t r i c  f ield

on top of the tower  is enormou s compared to th i s  v~~
1ue and so g r o u n d i n g

should not ef fec t  the  c o r o na  c u r r e n t  in any w a y .

The conc lus ions  f r o m  th i s  data  are -  that the - s ing le- point  e mi t s  n ox--

c o r o n a  than the mul t i p le poin t  a r r a y  and that  li g h tn ing  is s t i l l  s t r ik ing  the

tower , but  ti -rat it ma in l y passes  h a r ni le s s ly to g r o u n d .

7 . 4 .  ~ \ ta g ne -t i c  Link  M e a s u r e men t s

M a g n e t i c  l ink  data  gat e- i nd ica t ion s of li g h tn ing  s t r i k e s  to t h c  t o w e r

on f i v e  O e i  u s i ons .  T h r e e - o f  t h e s e  te e - r e  w O e - u t  t h t ’  a r r ay  ce -as on top of t h e

tower and t et o w i u e n i  the-  l ig h tn ing  rod eca s  on top. The m e a s u r e m e nt  t e c h -

nique is d i s c u s s e d  in Se - c t i o n  7. 2.

It u a s p o i u m t e -d out earlier that with the array i-n t i l e  I o w n - n -  the  re- wa s

no poss ib le  pos i t ion  of the  m a g n e t i c  l inks  t i - r a t  wou ld  g i c I -  u n i l - uu e -  cu r r n - n t

m e - a s u r en i i u -n t s , b u t  t hey  would onl y g i  c P u- an i n d i e - a t i o n  of t h -  st r i~~u - and

a f i r s t  o rde r- n - s t m n n a t e  i - f  t he  c u r r e n t .  I he l i n k s  m t  t i n  t op  n f  t h e  l ot- e r

ce - c - r e - a t t a c he d  t n  t he -  a r r a y  c e - i r e  and tee - r e - ( hen s in  e x c e - s ~~ ( I f  t in- c r  h o y t

f r o m  t h e -  n - r a i n  v e - r t  i c - a l  t u u w - n- a t r i m e t u u r c - . If  l i~~t t r n u r m g  l i d  - r i l e -  t i r e -  a r t - i-v

t h e  c r 1 0 1 0 - n t  w u r uml d no doubt pass  p r i n u - a r d ~- I h I I W I 1  t h i n -  3 - - 1 ~~- r  s u l u h u I r t s  and

h U m -  would  be r e c o r d e d  on t h e -  l i n k s .  A t  t h ~ - l i e  i t  t i n -  n r \ t n r  tb1  h u k s

c e o - r n -  L n s l e n i e d  a i r l n i n d  t h e  a r r 1 o v  w i r e -  and 1 r u i u f l  ~ t I n  t i n - c - pe s t  I T O

/ 1
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d i r t  L I I  - t i  t h e  e i u t t i - i d e  c it  c l u e  ~~l ( U ~ O r  - -

I i  ~~~~ n~ ng \ c - - r -  to s t r i k e  the  t o wer  or l i i ’ .  g u y s  it e t o r i d  p r o b a b l y

p a s s  n i -st  of i t - s cur  r en t  tu the- C c i i i  e m  of  the  st I eLi  O c -  and nOt doc- - u t  tl~t

g u n . p r i m ar i l y he -cause  of the rm:e: } ion er  r e s i st a n c e  t i  g roun d  at t i l e

base of the t ’.r e e e i .  -

1 0e  f i r s t  t h o r - i c s t r i k es  to the t ote - er  in J u ne  and J u l y 1975 n ,e~~5 u r e - U

cu r r e nt - s  in exces s  of 19000 , 19000 and 37000 A at the base of the- to~c - er ,

h u r t  t h e -  f i r s t  two s t r i ke s  gav e no i n i d t - - a t i a n  of a s t r i k e  some t h r e e - - I e - € t

below t h e -  a u - r a y ,  w h e r e a s  the t h i rd  s t ri k e  did. Th is  could  imp ly t h a t  l i g u u t  - -

n i n g  0 ;  t l i m e  uppe u - ino -st gu y  wi  I~e~i- , wh i c h  pass  to the  ton -c  I s o j i m e -  di s tai c e

b e l o w  t F e- l inks , or t h a t  t i - r e - p os i t ion  of t h e  l i n k s  and the low cu r r e n t  t eas

such tha t  the s t r ik e  was  riot r e c o r d e d . U n f o r t u m i a t e l y t F i r -  v ideo p ho t o g r ap h s

do not cu r  1- e l i - t i -  ce-- u t h  I r - u n I - t ~ c l i n k  dat a due to s t a f f i n g  p r o b l em s ari d e e i i~ip-

ment  f a i lu r e s .

A s t r i k e  to t h e -  ti~~iO r i n g  rod in Septembe r 1 C r 7 5  p a s s e d  dow--n t h ~e- ma g —

net ic  l ink a r m  c o nd u c t o r  which  showed a l o e s  in e x c e s s  of -1~~OO0 A . a r t - :

a second s t r i k e  to the rod t hat mon th  j n dj c i -t i -d v a l ues  in e X C t - S S  of 2500( 1 ‘\

Like t O n - o t h e r  t } u r - _-e -  s t r i k e s  no dan-rage  - c - as r e p o u - t r - c i  a t  t l m m - ~~~e t i r i u e : s t -  t h e

to te - e r ele c t r o n i c  equ i pmen t . Thi s d a t a , t h e r e - l u c r e ’ , u p h o lds  our  s u u g g e s L r - s

t ha t  i t  t he  t o w e r  ~ ro n t n d  is in t a c t  to t h e  w~-ll t h e n  no damage-  u— i ll r e i - : t i t  -

h 0 - ~a t i u i n a t i o n  oh t O n -  u r r a y  by 1~SAF e n i m i t  r ; l c t - r S  in S ep t e in h i ei -  1 170

showed u h e - f i n i t e  ~-videnee- a li ghtning st rfl-- c - s and  a m e  m m g  0 4 - t n  c e - u  t i n e - i - i -  r io ”

ho !ts  ann t h e  t o w e l - .

7 . 1. idc o I - h e ~~~~~~~~~~~~~ ’_

\\ h i i - -  i t  m a y  he- pos :-- i r n ( e  t o  a r g ue  a g a i n st  r e c o r d e d  h g !  l u r i n g  i - t r i b e —  fl

to t h e  t n w - r  that. are- det ~-cted by o - ) e c  1 i -on ic  a n t  : - u c g r ’ n - l  ft i r r t - n i s

g r ap hs  of son- h s t r i k e s  i - r n  ur id -n i ; i b l e p r o o l .  - -

U rif - i rtun at - ly duri ng the s k m r n n r u e r  m o nt h s  t i e  t i d r i e- q tiipiuteIlt eva:- - -- r u t

t u i r r u - d  on l a m  17 i ) ( ’ .’ i - S i i ) f l S  i - i  t h e  e l -  t t r y  t n c n e r  int l  1( 1 1 1 -  a s n o n S  I t  I l l

t r a i l e - r - n - r  a 130  d a y  p - r i I i ( ]  o eh e - n  r e l O r O i S  0 1  I I  p r t V t ’ l n t u t  ( o r  ( I o n - n  4 ( 1  u t

/ 7
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t O .  r r e~ da y s . It h a s  been sugges t ed  by P i e r c e  ( 1 9  & 201
t h a t  t h e r e  should  be

O e : 5  — 0  SI : - a t O o -  t ower  d e t r i n g  the  y e a r  and so the  chance - s w e r e  good

that th t - video ape - s would c on t a i n  ph o t o g r a phs of li g h t n ing  to the t ow e r .

i t  gh~ n i n g  s t r i k e s  to the t ower  ev e - re  p h o t o g r a p hed d u r i n g t h e  t in -re  p e r i o d

when the  d i s s i pa t ion  a r r a y  c o o s  m o u n ted  on top. C o i n c i d en t a l l y ,  no more

video r e c o r ds  of s t r i k e s  to the  totver cvere  ob ta ined , a f t e r  the  a r r ay  had

on :-erl r ep l aced  Lv a li g h t n i n g  rod . Fi g u r e s  4 .~a and b she -ru - two s t r i k e s  to

the  tower  as ob s e r v e d  f r o m  the  f o r e s t r y  t o t t e r  on 1 May  and 8 J u n e  1975 .

The br i ght  dot in the  c e n t e r  of the p i c t u r e  is a fau l t  on ti -re s i l icon diode tube .

Heavy rain was f a l l i ng  at t he se  t imes , but l a t e r  in ti -re r e c o r d  the  s t r i ke  point

tva s i d e n t i f ie d  as ti -r e  tower  top. F u r t h e r  p h o t o g r ap hs of li g h tn ing  to the 1200

foot tower  a r r ay  taken f rom ti -r e t r a i l e r  a re  shown in Fi g u r e s  43 a - c .  These

o c c u r r e d  in May 1975 within  a few seconds of one ano the r and t h e r e  is no

doubt  that  the  s t r i ke  was to the  a r r a y  at th 1- top of the  tot e--e t - . Two minute s

l a t e r  the  tape r e c o r d e r  was dan aged  by a l a r ge  s u r g e - in the  r emote  c o n t r o l

l ine , evhich ran f rom the base of the towe r 4 p r o b a b l y i n d i c a t i ng  a n o t h e r  s t r i k e .

Fi g u r e  43c shows much blooming but i n d i c a t es  an u p w a r d  going l e a d e r  as a

h o r i z o n t a l  b r a n c h  to the west  is shown , w h e r e - a s  two f r a m e s  l a t e r  when the
- - c a m e r a  b looming stops it is ev iden t  t h a t  t ice n -ra in  s t i i k e -  is ve r t i c a l .

On l a  May 1 dTa , an i n t e r e s t i n g  c e e n t  o c c u r r o - d  on 3 c o n s e c u t i v e  video

f r a m e s  ~ r t - ~vecI f r o m  ~he t r a i l e r . At t h n  t i m e -  of a li g h t n i n g  s t r o k e -  to g r o m u n d

s om n -  d i s t a nc e  beyond  the t o t e - - r , a spark  of n u r l y b e  - dO- 200 fe et  was St ’I’Tl t e l

i c - a v e  t h e  a r r a y .  T h i s  spa rk  d i d  not  meet  a d o w n w a r d  l eader  and d id  no t

p r o g r e s s  t o  b e c o m e ;mr i u p w a r d  l e ade - i- .

T h u e - s e  v i d e o  r e su l t s  show c a teg o r i c a l l y t h a t  Ii  g l u t  u u l a g  st ruck t b 0  a r r a y

a nuin ila- r i -c f  t i n -r e s .  I i r i s  d a t a , a l on g oc- 1 th  the  n u ; r g o l e - ( i e -  l i n k  d a t - c , s ho w ed

tha t  ti -re to te - e r was s t r u c k  t e n  t i m es do r i n g  t h e  b r i -f r e c o r d i n g  p e-r in rd , indi-

c a t i n g  the  same s t r i k e  t r e - u g m l - a c y  as P i er c e~r _t f l I i f l h l n n  r of  s u r n n l n -  o r - t v  ( m u - s  p e r

y e a r .  ) 1 m r i n g  i - f l  t b - r n  s t r i k e s  t o  t i f l -  t o n e r  n o  d r t u u r t 1t n- t o  t h e  r I O -  e l e c t r o n i c -

equ ip n u -r l t  r c - s r n t c - d  h -c . i t i s - t h i c  g r o u n d  l i n e  w as  i r u t a c - t  a nt i  r : u - i  lou -  r e s i s t a nt -c .

On Sep t emb e -r  2 1 , l~~75 t h e  c - y e -  o f h i i r r - j c ; m n u n -  E i o i s n -  - n i - r ue d  c l o s o - ( i i  t h e
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1 200 foot tower. The wind strengt h s W e r e  too i - e v e  re for  t h e  s t r c m c t u m r e

and  the- towe- r hiet e  down , the r eb y e n d i n g  all f u r t h e r  re- se - a r c h  - ;m t  t h i s  i - i t  e .

4
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8. 0 INVESTIGATIONS AT THE USCG JU P I T E R  L O R A N  F A C I L I T Y

The U . S. Coas t  Guard  Loran  C t r a n s m i t t e r  J u p i ter , F l o r i d a  e i s r - s

a 625 foot a n t e n n a  t o w e r  which r e s t s  on an i n s u l a t e d  base - . The t o w e r is

connec ted  to g r o u n d  t h ro u g h the  s e c o n d a r y  coil of the- f i na l  t r a n sm i t t e - r

t r an sf o r m e r .  The g r o u n d  plane is c o m p r i s e d  of many r a d i a l  w i r e s  a fe -ce

hundred  fee t  long ra d i at ing f r o m  the tower  base.  The pu rpose -  of th i s

stud y was to r ev iew the  p r o b l e m  of l i g h t n i n g  p r o t e c t i o n  and to e-x a m i ne  any

poss ib le  i m p r ov e m e -n t s .

Ti-r e base of t he  to te  e r  is shown in Fi g u r e  44a f r o m  w h i c h  one can S e e -

ti - ce- i n s u l a t o r , spa rk  gaps  and ti - re -  toto e l -  li g h ts r i so l a t ion  t r a n s f o r m e r .  I h 1- - -

an tenna  lead is seen e - n t e - r i n g  t he  t r a n s m i t t e r  build ing  and the  rc - tuurn l i ne  is

Se-en going to g r ou n d .

M a g n e t i c  l inks  w e r e -  p laco-d on ti-re t r a n s m i t t e r  w i r e -  b etween  t o w e r and

bu i ld ing  in o r d e r  to m e a s u r e  li g h t n i n g  c u r l - cu t s  p a s s i n g  to the  t r a i -r s f o r u i a - m .

I - i g e m r e -  44b si-rote- s these-  l inks  be ing  put in p lace and also s i-rows ti - re-  s p a r k

gaps ac ross  one of t i - r e  a i r- c o r-ed  i so la t ion  t r a n s f o r m e rs .

The  p o s s i b i l i t y  of p r o t e c t i n g  the  tot ve- r or the- a s s o c i a t e d  c- i c - c t  ronie

equi p m e n t  a g a i n s t  li g h t n i n g  d a m a g e - is  r a t h e r r e - n - r o t e .  The  m a j o r  prob le - m

is not be ing  able -  to g r -ounc h the- totve - r cli r c c t l y h e - c a u s e -  it is  t i - re-  t i - a n s n m t  ( m g

a n t e n n a .  It has  be -en s e u g g e - s t -d t i - ca t  d i s s i pa t ion  a r  i a y s be m o u n t e d  on the-

t o w e -r  wi -r ich  is e f f o - c t i v c l y at DC g r o u n d p o t e n t i a l  and  t h m i t  t h e  e - n s ’i m i n g  c n n  m i n i m a

c u r r e -n t  would d i s s i pate -  t i - ce-  s toi -m .  Ih e ’  r e - s t i l t s  an( 1 e e ) l i c l r i s l o u I S  t n  tb - re-

p r e - c e e c l i n g  c h ap t e r s  h o w e v e r  c a s t  c o n i - i d e- r ~e h u i e -  c i o e i b d  em t h e  f - a s i h i l i t v  i i i

t h i s  a p p r o a c h , as any lig h m t n i n g  p r o n t e - c t m o n  sy s t e m  m u st  he r i n h m - q e m a t e l o  g r o e m n d -d .

B a s i c a l l y u -c- r ous t  e i t h e r p l o - i c - n o t  l i g h t n i n g  l n i n n i u  — I  r u l i n g  t u e  ( l i t t e r , o r ,

if  i t  doe s , we-  n - r u s t  a t t e m p t  to  p r e n t e -c t t h 0 -  t u n n i o l n , m n u u e - r  f r m n n u  r e - c  n - I t  i u g  a

l a r g e  p o r t i o n  of t h e -  e- n m r r & - n i t .

I m n c t n - c t  l u g  the  ( l o w e r f r o m  l i c l u t n i n g  s t r i k e - r u  is  o t m u - icle r ed  tn  m a ne

s c i e n t i s t s  t o he an  m n r j ~ o n s — i 1 u 1 I -  t a s k . b r i t  r r n u  r o n .  t v 1 o  m d c i : -  h i d e e  a n n  h t m l

f o n r e e r i r t i  t b - c a t  e n u t i t o n r u  t u i e r i t .
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Fi g u r e  4 4 a . Ti-re base  of ti -re USCG , L o r a n  C a n t e n na  re t  J u p i t e r , F l o r i d a
shote- ing  ti -re i n s u l a t e d  base , s p a r k  gaps  and t r a n s n u i t t e  r l e a d s

F i g t u n o  1 4 1 n . ‘— i n g n i n - t m m  h i i i l e s being f i t t e -d t o  t h e ’  t r o n r u t m u i t t e n Ie ee!
- t b  In ’ i t  t hi e ’  ha Se of t he t - ~ 
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As indicated in Section ~. 2 , blunt p o i n t s  t e n d  to go i n t o  c o r o n a  o v e r  a

n m u c h  l a r g e -i -  vo l u m e - t i - r a n  shai - p p o i n t s  and the r e - f o r e -  o r-re- c an  as s o me -  t h o t  h l e i u i t

p o i n t s  cv i i i  a t t r a c t  li g h t n i n g  by s e n d i n g  ou t  a lon cu m r  s p a r k  to m e e t  th~- down-

w a r d  l e a d e r . Sin-ii larl y On e  n -ray  as s u m n ~~e t i -ra t  s h a r p  p o i n t s  t e n d  to p r o t e c t  t h e - i i i —

S e l V es . Thi s  l a t t e r  hy p o t h e s i s  has  h e - c -n  pei t f o r w a r d  h y s c i e n t i s t s  f r o n i  N e c e

N I  exico Ji m s t i t  u m l e - o f  N-i i n  i rmg and 1 e c h n o l ogy  . It has  a lso  h e - c - n  t h i n - u  i i - iz e :d  t h a t  if

u n i f o r m  co rona  can be em i t t ed  f m or n a r c n m n d  a st r u m ctu  i~ e - th e- n t i m e -  4 i u u t \  to  a r c

d i s c h a rg e  l e g ion cv i i i  p o s s i b l y he s e i p p r e s s e - u b  le a c h i n g  l u  a r e d u c t i o n  in t h e -  n u mb e r

of u p w a r d  s t re a m e - r s , Golde
( 2 t  )

.

In p r a c t i c e - , }m o \ v e- v e - r , it t e i l l  be- ex t  r e - n m e - l y d i f f i c u l t , if n o t  i m p o s s i l u l e - , t o

s e t  up the  r-i g ht n u n be- r of p o i n t s  at t i e - r i g h t  p l a c e - s  i - r i c h  t i - r a t  n o n  s i n g u r l a r  ve r y

hi g h f ie ld s e x i s t . If s m m ~~h a c o n f i g u r a t i o n  can he- ach ie c ~-d , i t  is u n l i k m - ] v  to

i - t I m - c t  the n o r m al d ount e -a r d  l e a der s  hut  n -ray  rn - d i n - c - th e- n c m f l - r i ) e i~ u t  up t on - cl g i u m n i r  I
leade - r s . As s h o w n  in Sec - t u t u  4 . O , fo r  a t i n . m  i of this h e - i g h : t  t h e  p r o p i r t i m n u - r  u t

t r i g g e - r e d  to n m a t a r a l  l i g h t n i n g  is  u n i v  ahoei t 1 , imp l y i n g  an at- c - r a g e -  2 to  mr n o r u u u a l

and 2 te) 3 t r i g g e red s t r o k e s  t o  t i - r e -  t o c t  o r  p e r  y e - a r . On t h i s  b a s i s  i t  t e a s  ( i n -. i d ~~ii

t o n -r ake-  S o O t e  s i m pl e- r o t t e - u n l ut  s to  i f l \  e - s t i g a t i  t b - re-  aL i ve - In p o t h e s m s .

S i l i con  diode vic le-o c a m e - i- as  e t c - r e - u s e d  r u t  tce o si te - s, O h m - t m )  p h u - t o ~~r a p hi t i 0 -

i n c i d e nc -e of li g h t n i n g  I i  tb - re- t m u t e e t  a nt -i n c - a n - b y ,  ant i  t i l e -  u - t i e r to  p hemt ograp im ( h o

r e g i o n - i  at t h e  top of t i - r e -  to t e-er  to i n v e s t i g a t e  th~ be havior of p o i n t n ~-ml an t I  h i t n u r t

m o b j e c t s  p lace-c l at  t im e- t o p .  As r e p o r t m -d inc S e - c t i u n m  7 . 0 , a I m n u i g  span - k te r m s  see - l u

to I c - a v e  t i u e  a n - r a y  a t m o p  t i - r e -  1200 f o o t  l o \v e r  d u r i n g  n - n i r b y l i g h t n i n g  and  t i m e

s p a r k  did not c o n n e- c t  te - i th  a d o w n w a r d  l e a d e r  . \~ i t  l u a p r - d i c t e d  st n b c -s r o

y e a r  ( m m  t h i t -  1_ o m - a n  ( t o t e m -  r and no )  d o o u m b t  a s i n i - r i l a r  n e m n m h ) t -  n- ui e-and ny , n e  h e - i  m c  0 d  ( I n n

c h a n c e - s  of s e e i n g  s p a r k s  cc c r 1  g o m u d .

T h e -  e qu u p n u -n t  u -as  i n s t a l l -t i in l a t e  \ l r o v  i °7~ a nt i  e r a l r m c  t l  ad j t i s t - d  a n d

a l i g n e d  by m i d — J u n e - . U n f o r t u n a t e l y t b - c e -  (s o c c e r  t e a s  h i t  by h g l i t n i u u g  c n n  18 .1 i f l e

1 )75 h e - f o r e -  t h i e  v i d e o  f i l t e - r s  had l i e n -ui c m n n - r c c t l y a c i i : m s t e - n l  t o n i  dn i : - e l i g i u t n n u m g .

f i i e - s t r i k e - c r n t m s e - d h l o on i i n i g m c i  ( l i e -  ca l l -u - r i - s  i - h u h  I b u e -  r e — u m i t  l u g  p ir t m n g r a p h u i r S .

shnn ce n in  Fi g u r e -  - I S a .  A t y p ic - a l  m o n - n - d i s t a n t  m t  r i — c - l o u d  h i — l u  i s  s h m i t e r u  i n

i - i g u r e -  - U n b u . No  n n n o r e -  s t r i k n -s I - n  ( h o -  t o o c e - r  oe - e - u i r u - c - d  d u i n - i r o r - t h u  t~h e i l n -  t h u n i n i d n n- —

K - I  
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s t o r m  season  and a f t e r  that  o c c a s i o n  tb -re- r e- t e e - r e  a lso v e r y  fe te c lose -  s t r i k e -- s .

The v i d e o  si g n a l s  eve - r e  d c -g r a d e d  due to the -  s t r o n g  L o r a n  t r a n s m i s s i o n s

but  all  t i n e  da ta  ee’a s s a t i s f a c t o r y .  The e- l e ’c t r i c  f i e l d  c h a ng e -  w a s  n vj n it o  r ed

and d u r i n g  t h e  p r e s e n c e -  of c lose-  li g h t n i n g  an aud ib le  tune  u -a s  r e -co r d e d  a lonc

wi th  the  video si g n a l .  Th i s  e -nahl ed  us te) p e r f o r m  a more-  a c c u r a t e -  r e -vie- u - u I

the  tote e-r  top d e i r i n g  s u c h  s t r i k e - s .

A s h a r p  point  anti a 12 inch  smooth  h e m i s p h e r e -  ‘acre  t h e  t tv o o b j e c t s

p laced one at a t u ne on top of the  to\e - € - r .  D i s a p p o i n t i n g ly f o r  ti -re- c - x p e r i n n e -n t

t h e r e -  ev e - re  no moore  v e - r y  c lose  s t r ike - s and so no s p a r k s  te e - r e  m o n i t o r e - u l . Onl y

one s t r i k e  to the t o w e r  t h e r e f o r e -  o c c un -r e d  d u r i n g  t i m e -  s u m n u n u er r t h u n d e r s t u r tvm

5 ~ason.

D u r i n g  the- s t r i k e  of 18 J u n e  1 °7 5 , 32k -\ t e-er c - n t i c , u n j l i  - m m d  p a s s  log  i t u t  - - I r e

s e c o n d a r y  coil of t h e ~ t r a n s m u u i t t i n g  t~~an s forme - r . I h i s  ~~ t r ike ’ c o n t a i n e d  o n ly

one r e - t e m r n  r u t  roke as m o n i t u n r e d  on t ide- o and ce-as p r o b a b l y u p w a r d  g e u i n m  -

One may  a r g u e  t i -ra t  m o d i f i c a t i o n —i of t I n e -  t o n e r  i -  t v i th  m u l t i p le-  conOn o

po in t s  in some- he-r i i sp h e r i ca l  f a s h i o n  may  r e - c h u m - c - ( h - r e  pu  a r c h  g o i n g  lm - r m t l e -  m s

be it it is u n l ik e -l y t i -rat  all p o i n t s  c o u l d  be c u u n t a i i m e d  in a g l i n t  co~~d i t  mo rn  t ! u e  r e - l u

e l im i n a t i n g  ti -re- spat- k . Doee u - rc t a i- d le a d e r s  t e u n i l e b  a l s o  5 t i l l  s t i - i k o  t i m e  s t r u n c t u m u m - .

When l igh t n i n g  hits t h e- t u u c ~~u - r , c u r r e n t  c a n  L m u i y t e - h c - n - c - f i - o n i  a fe -ct

t h o u s a n d  t o  a i c -ce h u n c l r c - d t h o u s a n d  a m n p m - r c - s . h i t s  c o n - n - i t  nuna— t p a ss  I- -

g r o n m n m h  e - i t h e r  by pas~~ing  e l i r o - u t l y i - u  g r o c m n c l  t h r m u i g h i  t h i n  i r i t p ~~ t t n r r n s f o u m : n u m  r .

m ) r  by a r c i n g  act- m u s s  t i m e  b o l l  gaps . on  bo th . A 2 — I )  m u i s m u l m l n n i  c o u p p e n e c i r e  i s

i n s t a l l e d oi t i - ce -  t o j e e e- r a: u cl c o n n e c t e d  a t  t h u e  t o p  e m u b  n e n f l e l u n i  ( n o  t i n e  V l l r i u r n  : 1 m u  t e r m - .

Sho c i l cb  t h i s  u - i r e - be c o n n e c t e d  t i  ~ I m i n s n u i a t r -d b i g h t :  - r i g  i - r d  c~ h i~~h u s  s i r n u e l - :  Lt

l i g h t n i n g ,  t h i n ne  i s  a p i - s s i b i l i t v  ( l i i i  t i l e  c u m r n e t u t  n u i C  -~~ ‘ s i u ~~~ k e - d  l u h i  1i i - 5~ l o n g

p r i m a r i ly t o t i ì e  l O i s o  o u f  t i l e -  e v u r e  e e b u n  l u c oroi ld h n n u l O - C ( e n !  t c  o i l l  -_- c~~- . - 1 c l i

c u r r - n t  w i l l  s t i l l  a r c  t o ,  t i n e  ( c r e t e - n  m i m i  
~~~~~~~ 

thu 1- m o m i gh i  ( i n  t r i t u s f e r m n r i c - r , o m i t  1 n

am o t m n  t may  be r e - d u e -ed .

~1bi c - r e  i s  not  n i n m c h m  i m n p n - m n \  e n : o - u m t  d i n e  e O n  a e b l i e v o  i f  u m o  o u n c e  t u n o n o s  c m l i

n i - r a d c -  to g r orm n ci  fo n— h r  - o r  of l u t e  n - f t - i - i rig cc i t  b m t I o n -  t n — ~i 0 511115 5 ion  - i i  - l  e h e n -  n c e  o d d

b i c  n i i i d e  r o t  t i - c c -  l o t — an f r t - q o i e r i c v  - 1  1 1 1 1 1  k u ’  m 0  I n n ) l u n l e e  t n  d t m - o n n n n  - t o n o ituri ( i n  c r c e n - i

i4t ~
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L a -  - , a ) - ~~~ pa l i n  t o  g r o u n d  -- ~m u c i 1 d  ex i st  f - i t  the li g h tn ing  c u r r e n t  and y e t  at

101) k u - i t i .  r- e-si stanm ce to ground would he v e r y  h igh . This is t h e  app roach

rni -~~- m  K y A \-I r ad io  s t a t i c - i n s , but at t hose  f re q u e n c i e s  RF chokes  a r e  eas i l y

made . lh e  only d lt cr n a t i vc  i c—ft  i s  to main ta in  the  ex i s t ing  ball gaps ev i t i :  a

d c-tan and smooth s u r f a c e and to ad jus t  the gap s for  min imum d i s t a nc e .

I
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9. 0 CONCLUSIQN ~

This .i. . ~.s tigation covered the historical, theoretical, experimental

aspects and previously published reports relating to the dissipation array

principle of lightnin g protection and elimination. The overwhelming evidence

implies that the ar rays  tested do no more protecting than a conventional

lightning rod would do , and that the array s do not eliminate li ghtning, as

many strikes have been photogr aphed and currents of 30-50 kA have been

measured. The main findings of the investigation are as follows:

1. Historic data shows that single point corona current
exceeds multiple point current.  (Section 1)

4 2. Historic data shows that maximum currents  from
multipoint array s elevated about a hundred feet are
only a few tens of microarnperes. (Section 1)

3. Corona discharge from beneath a thunder cell will
not influence the cells’ electrical charge. (Section 2)

4. The maximum current recorded from a large multi-
point array at 100 feet under a severe storm was
under 40~iA. (Section 6)

5. Corona measurements from a single point at 50
feet alway s exceeded those from a dissipation array
at the same height. (Section 6)

6. Corona current  from natural sources such as a few
trees will often exceed that of a dissipation array.
(Section 2)

7. Corona current cannot provide a protective ion
cloud for a large area and thu s to prevent lightning
already in motion from striking. If such a cloud
existed it would be more dangerous than the initial
lightning stroke. (Section 2, 3)

8. The dissipation array s do not eliminate li ghtning.
(Section 7)

9. Improvement of grounding systems , or introduction
of RF chokes in the case of isolated antenna systems ,
and surge  protection are the major causes in the re-
duction of lig htning damage. (Sections 7, 8,)

88 A
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10.0 RECOMMENDATIONS

As a res~u1t of this extensive and thorough investigation of multipoint

lightning protection systems, it is evident that such systems cannot be

recommended for use at FAA facilities because they offer no better pro-

tection than a conventional air terminal system. The expenses that would

ensue from rnultipoint systems due to their structural size , and the safety

hazards that have to be overcome can clearly be avoided. The FAA should

continue to pursue a lightning protection program following conventional

practice. It should include lightnin g conductor installations , as specified

in the national lig htning protection codes , and surge protection for sensitive

electronic circuitry.  This approach is economically the most feasible and

provides adequate protection based on the statistical data of lightning and

the results from theoretical investigations. In addition , it is suggested to

keep in touch with the scientific community. The progress  of investi gations

on sharp versus blunt points for the use as protective air terminals should

be followed and possibl e new recommendations should be pursued.
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