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1.0 NOISE INT ERFERENCE PR Ot~L k M  A R E A S

1.1. Noise Prob lem

A severe noise prot. lern ex i st s  at I i un u t r ouus  A ir  1’ra f fn-  Cont ro l
‘rowe r (ATCT) locations in the V 1 f I ~’ / ( i I t F  r ec e i ver s  d ur i n g  cer ta in

ra ins torms, sn ow st u r r i i o  or thunder u-.tu r iius, i h it ’ 1)03 Se is of tc~ c o i l —

t inuou s and is c h ar a c ter i ’,,ed b y a hi g h pit c hed h i ss ing  or sc reaming

sound. It can last for  m a n y  tens of n i l i tu t e ’ s  ai~~l lw so in tense  that  the
— control lers  ar t  unable  to receive  u I i i I i u t i n j c a ’.i u I I s  (r u in  aire : r a f t  for  a

considerable period.

A number of a i r p o r t s  a re  in v e s t i gat ing th e’ problem while other

airports have carried out certain questionable solutions to the problem.

Static dischargers have been purchased to alleviate the radio inter-

ference , but these clischargcrs arc considered to play no part in correcting
the problem . The Midway Tower in Chicago purchased  ten such d i s c h a r gcr s

in the Fall of 1975 and since that time , the devices have been installed at 11w

following a i rpor ts :

Midway H i sm a r k  Atlanta
Flint Pueblo Loui svil le
Youngstown Minot Stanford
Indianapolis Colorado Sp r i n g s  Tampa
Darwin Denver - A r apa lto Parke  shu rg
Rhinelander
Fai rmont

There a rc  undoubtedl y many  n-tore f a c i l i t i e s  in these and othe r reg ions

wi th  similar problems. The inve s t i gation p er formed  provides  recornniendat ions

• to all ATCT locations which , whe n car r ied  out , would eliminate this  potent ia l

hazard..

• E lec t r i ca l  b r e a k t h r o u g h on t h ~ V h F  r ece ive r s  has occur red  at var ious

t imes at Logan in terna t iona l A irj i o rL ,  I3oston , and to i l lus t ra te  the problem ,

excerp ts  from an i n terna l  memorandum arc  reproduced .

— - -
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On Suiul ,,u -, . .‘\iu ,~ u s t  I • at I ‘0 1(1 , 
• I l u -  ( ‘ a t - i  1 i 1 i i i i ’ k ’ c I  v i c e

br .  ,i li t t , i t , i i -Is i t  l i i . t ) l i  I I ’ ~. I l~ N , \ e i i i e  Ii i ’  le ~ . t t e t i  iui i  ( i t t  .!I si
ii itlu r of th~ t c ~~ t .  r v ’ht ii it s , c i t c  l i i i  i .~ I ‘ I )  i i - a 1 . I I i e \  ~- .t it I ii
to  s t and by I I i I )~ X , ~t liii I. ii i : c  ‘iii I i ~ I lie ’ c t l ii i ~~i i i i ’ i i i i c c i i i  ed
l i i i-  c u l d  t e u ~ e e  I t c i i l u i i ,  ~ e t i u l i  i t ~ , u l l ( e - i i u i a  i i  ( l i e  c . I e I  t t i ~~ c - i  l c u i i l u l i u c g
r u i i , I .

‘I’luu - vc’e ’ atIcc ’ r  e • c i c e i i t i u u i i ~~ .c I  l i i i : .  I i i t u ~~- % d ’ I u  i i i i ~~ t~ .~ iud e~~~c i c  _ i — .t , ~e c l i i
e - I e ~ t r ica l  s tui in  c e l l s  i t t  a u . n  . c i i I ) I l u ’% c h i l a I ( . l y 4 n u d e ’s  se - icR ’ .cii d .~~~~

n-ti lt’s lon g st i - - t t - Iiii~~ nort h ant i s out h . I’iit~ l i n e -  wa s  i~ cc ,ttvtl 10
mile’s W e st  of the a i r p o r t  Iuuov ing in ~u u u  e- stc’rl y di i’c’c l iOn.
1)ur in g the pt ’r~od 1500 / to I “2’~ 1, , bo th  rt ’ c’ei ve ’r s  W e l t ’ m on it o r e d
at the  j ack  ~i~i u tc ’ I  on th~’ - t h  floor. l iii- i ,it io c u t  s h o r t  b u r s t s  ot
e le c t rical  s ta t l e  brc ’ .c k tt i i ’ inig iu on I li~ u c i . e i u i  I 1 ‘~~ , I R N  I i i  the ~t .i i ieIhy
I P1. I R X  ~~as .u p p r o s i t i t a t e ’ l y 3: 1.

‘Flu - c ’ l e - e . t r i c  .uI  s t u r i i i  t e l l  u - . ~~~~ l ie d t i n-  . i i i I c c u r t  . c t  I’i ~~ t .“ , I - : l e - e  t i ’ i c a l
Iu ru ’ .tkthi i •u u 1 ? h  l~~-~ ~~~~~~~~~~ I h i e c l i - I i c - c p n i t t  , d i i t l  l c u i i t e i  i i i  t I t i f . c t i e u i i  ci i i

m ain I l’~. II( X . Th e s t . t u i u l I ~~ I I ’ c . I1~ \ o n t i l u I R - e l  to  I ta \e -
t I e ’c t r i  al l i r t - ~e k t h u r c i e i g iu s i t i t i l , , ,- I i i  c e l i c - u u  b i t e  : t c u I i i t  ~e , t s  I t )  I 1 i l 1 c -~
West of th1- , c i  h’p’u’t.

At 1531/. , Iii. h n , c i u u  I I I . I R N  ~- ‘  * i c i e d to  i~~t i  Lui t o o sc ih la t leuz is  ~t I i i e i i
las ted l i t -a l l y I , t w i c i t t - . I h~ ~- I , c i i u Il.~ II ‘~~ , I RN 0i i t~~f l t ie’(i t o
sho rt b u i i s t  of c - I t - c I s i s  aI , t i’th i in i~~I , I < , eiuu wa s  ~i- r y  l c - ,i c•~ ,it
t h u s h i n t .

l)uii- iuig 15 3 2 I’~ to  I ‘~ ~v, . t h e - I i i a i f l  I I’1, I R N  c t c  u t  1 1 1 ( e )  et~~~
~t g . u Ili (i.On i~(l li~’ e l ~~ I t i e  .tI di~~e I .a i f ~e ) .  Ihils t i t i i t  t h i ~’ RI  ~~,tLIi \d c s

decreased t a e l i m in at e ’  the  (i ’- c  i l l a t l o u i .  At this gain se ttin g . ~i V
fr om a signal gt ’ iuc-  r a t u  r ( I I I ’  - i t114 I ) )  wo 11C c u’s s.c m y  to  li i ’  e’ ,*k t he
squelch. ‘I’li e l’e-ee lv i ’  r w.i s the’ii i’ e te i  i R e d  to 2 ~ V squc tc  Ii break.
1’hc e lectr i c -al sto rm h ail eIi ~.sl p.ete’d se ’hlu e t * \ e I  i 5 o st e m , ami d by
I 540h it was ap p r u x in t a t i L y 2 t o  ‘1 m ile-s at se.. Our  m a in  l l ’ ~. 1 R N
dur ing  the pe r iod  1 5 ~~~ to  I ~4O ~~

‘ I’ e t c  m c d  It) i u u i ’ u t t a l  ope rat ion, wi t  it
electr ical  breakthroug h de ’crcas iuig in duration . The s tan d b y I 1 ‘3 . 1 R .\
also decrea sed in electrical breakthrou gh during this period.

1.2 Logan ~1rpor t  L ay out

The new c ont rot tower at 1 •ugaut  -‘ I rpo r t . shown in Fi gu r e  1 , is

approx imate ly  30 1 t e u t  h I g h . ‘Flc ~’ r e t  c i  ~ : i ig  .un t e ’iun as  for  ai re t ’aft

communaca t iu t  S a re c ii i  top c i t  the ’  tti~ e c r  aint spaced around a w a L k ~e av

which ci rcunusc - rube ’s a rad omni ’ . -\ I i g l i t n  i ug ro il  is placed t in top of t h e

radonte and ot ’ i e -  r l i glttuiiitg toi ls a ri  spat ccl  a round t h e  wa lk~c ay pa r ep e l .
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I~ igI4r c  ~~. 1’i g i ir . -s  ~a —  3c ~ i i u u v . ’ tin- . iI i I) I* I~~il u i * d I c -  p c u s i l i u c i i : .  t u b  ~-°ii~~ - ot

t i-it’ ant e’niiac , i c 1 . t t i v c ’  ti the’ . i i d’ I t i i i i i ii~iIs , i u i u i  II , . - ~I I ) I ) i t )X i i h i a t t -  CI i~~t . i i i c. ,~~~ -

to the probable- c- i l rc) r i ;t  ,~~ iij’ t ’ i- • i t  t i c -  t i l l  i i i  t h~- I i g h i t u t i i u g  i’ cnl . A i i t ~ - i ~u~,~
f l io un t numbe r s is shows a Vi  IF ~ t it e , tmi a on ly 18 1 / ?~ iiue - hes l i’o i ii a Ct * i ’ oii,t

source , and o t her  antennas a r i  s p i t - e d  nut  too m u c h  further away f r on t

other li ghtning rods. ‘I he n e a r e st Ii HF antenna  is some 35 inches  a w a y .

The parapet, radomne frainewu t’k and a i r  te r n t i i u a l s  appe ’a r to bt- vs —

ccl lent l y grounded with all m i t - s  bi ’i~ig inter— connected before’ the  g r o u i i t l i n g

system is reached. It was , however , d i f f i c u l t  to decide if the coaxial  l in t ’ s
f rom the antennas w( ’r e ’ g r o t i t i i i t ’ c I  at both end s or j u s t  at uflt~ end. -

I . 1 Recluct ion of Liii N ul S c  P i O l ) l t ’ l t i  by Iii st ,t II at 1011 i ll
Static D i s ch a r g u ’r s

In Septembe r of I 976 the M i d w ay  Tower , C h ica go se icc ( - s ~. l u i Il y z’ c —

duced t h e i r  corona  p rob l e m  wi th  Lhic i ns t a l l a t ion  of s ta t ic  d i s c -ha  i’ ge r s  c u t

the  ui~~htn ing  rods .  Ot h er  l ocat i on s  i n s t al led  s i m i lar  ( l e v i t t - s  and the  0 \ c  r —

all r esu l t s  were  u s u a ll y s i g n i f i c a n t .  C h ic ag o  i nd icat e ’  about  an 8 0— 9(j ’~~,

reduct ion in thu .  occas ions  of corona  iuui i se- , a l t l i o c ig lu ( h i t ’  dcv  ic - i -s  gave  t , c i

i t-np rovernent at, i ’ d  r r t i n i i t ,  I ‘ogan A i r p o r t  iii st al R d  t h en  i i i i  mid  A u g c i  st

wInch secrnc’d in Jt1t l > i ’ n~ t - t in ’ S I t t c t t j t t 3 i , s i tu t- ’ t h u  ring SW13e I ’*caI s t o i ’ u t i s

in t he following month 110 noi:-~ - pt’ e i l i l e - i i i s  e \ i s t e ’ ( l. t i O w eV e t’ , l i e n s i -  \c ,ts

mi io n i t u r t ~d a g a i n  ch i i r i i i g  s I i t * % t  O ( i p i ’ u i  ,iiid h u h  w ind e c u i i d j h i o i u s  c ltii- iiug t hu
wirite t .

‘r ite ’ static d ise - ha rge - rs  eist-d it i i i os t  uI thes e- Iacil i tic’ s a r t -  prim i’il , lo t ’

aircraft use  where they offc r .i cont ro l led  path to bleed off the a c t’u n u u i l . u t  i - c l

charge ’  on an a rc r a f t .  They  .ett  eitua It’ t h e  resultant br oaciba  ml radio ft ’eq eie -ne 
~

-

noise by appr ox iota tely 50db , as e ollipa r t ’~I to a ( l i s t -b a r g e  t’r u n t  t h e  lip ot a

wi ng wi thou t  (I lseha rge- i’s in s t a l l -  d . he -c - a u  n h u ) r e ’ f r eq uent low ;ern p l t t ~ de’ d i  -

L 
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Figure  3a. Configuration s of Antenna Mounts and Lig htning Rods
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Fi gure 3b. Configurations of Antenna Mounts and Lightning Rods
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~‘har ge pulse ’ s wi l l  o t t e r  ~w i t h  t h u  s u t i a l t  p o i n t  -. ol t h t -  t h i s c ’ h%a i g e ’ i s  t h a n
wit h larger points . in i’f le’ - t . ( h ’ ’ V ~d t t t I t i h i t  t o  t i r i n g  t he ’ potential ul t h i c ’

body on which th ey  stai d to t h e ’ I)tit e iit i,i1 of t h u c ’ i  i s e l* ’ ro e u i t t i i i i g s  u l s i u i g  tI~
principle of pot nt—di sc - i ,a rg t -  ei ~ c r  i t i a i i y  tiic ,uisaii ds of spec cal  l o u  I’ f lh i~~ ri’n
diameter wi res to reduce t h -  no l  Se e uup l it cg  t e u  t in -  a i r c r a f t , Such dev ic e ’s
no doubt work e x t r em e ly  well on tlic- airc raft for ~e hich they we’ re ’ th ’sigiit ’d.

For the purposes of r e d u c i ng  the f lOise -  a t  A’FCT locat ions , the static
discha rgers we ’re connected to th e ’ l i g h t n i n g  rods , as shown in Fi gu r e ’s
4 and 5, u t i l i z ing  3/4 ’s  x 3/4 ’’ x I I ’ ang le- I ron to S l ippu r t  t I te ~i it , ‘l lie- s
fi g u r e s  show t h a t  t he  s t a t i c - (I i s c I u a z ’ g i u c g  wi i~t-s p o int  dowuiwa  rd , wh ich , t I t l e ’

t o the m o u n t in g  conli gu r a t w n  of t h e- l i g h t n i n g  i’oil s , is a l w ay s  i i i  a I’ e-g iu ‘ii

( i f  reduced f ie l d  t~~~ t- r the’ s tu  r a ’ o u u i t l i n g  a r e a.

it will  be- shown latc ’ r t h a t  t h e ’  s t a t i c ’  di schz * rge ’s p lay  no role in t it -
r e d uc t i on of the R I”  noise , hu t  (hat  t h e assocj,eted installatien t h ar d w a re
r educes the e orona ‘it the ’  t i p of ~~~ light iii ui g rod . In orde- r c t  tenth’ r s t a t t e t
t he  sour ce of the ’ f o i S t ’ , i t  i S  f l e e  ( S s , t  i’y L et e x p l a i n  t i t i -  ph y~~~ -~u l  process  t~f

coro na dis - h a r g c - .
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2. 0 CORONA DISCHARGI,:

The init ial  process of inn i  zat Ion invol’. c’s the r em o v a l  Ut an c i t - c - I r u n
from a molecule’, which in t u r n  leave- s a posit  Iv e ’L y clia r’getl t ori . No t ’  ina l l y
th is  electron will at t a c h  i tse l f  to a n eu t ra l  molt-cole  f o r : u i i n g  a n e g a t i ve - inn .
If the electric field is suff icient ly large , an e l ect r on  wil l  acquire a c-on-
siderable amount of energy f rom the tune it ~~as produced to i t s  l i t - s t

culUsion with a molecule, This energy  can be great  enough to Ion ize  t h e ’
molecule , thereby producing a new ele ’ctr et i i  and ion. The process may
continue such that from One e lec t ron  an ava lanche -  process occurs  which
produces a eceitsiderable number of ions.  I3ceause the ele-etrouis J

smaller than the positive’ ion it has just left, it will t r a ve l  t’ur t l te i ’  tha u t
the positive ion b efor e~ co1lI~~j o~ and ga the r greater energy. This  n t c a n s
that electrons will prouuce ionization by collision at lowe r i~~-lds t han
positive ions. When t it i s ~tro(es of ionu ~ ,ct i un  by collision is confined t cu
the small volume’ nt-ar a point he - c au se  of th e’ e n h a n c e - c t  h e ld , We ’ has’’- t h i c -
phenomen a of point  d is u h t a r g e - ,

In air at atm ospheric pre’sseiu’ t’, a field stre-ngth of about iO, 000 \ ‘/tuii
is required for ion i, ,~ ti c,, i to ut -cur , When a c-ltarge bui l ds  up ii i  a th eend e i- —

cloud , the f i eld s  n e a r b y will  i n cr e a s e ’ and tht ’ hi ghest  iic-lds wi l l  he close ’
to sharp  points. The - se ’  po in t s  can the-  i ’efort ’ p r o v i d ~’ a point — d i s e h a  r ~~
c u r ren t  when the’ f ie ld  i s uf f i ci e n t ly in t e -n  s c .  Whi e re’ the ’ potent ia l  C on t i f l u e ’ 5

to rise , the’ cond i t ions  u i i a v  u - c - a t - l i  t hose  n e c e s s a r y  lo t’ sp a r k  d i s c -h a r ~~c or
l i g h t n i n g  to o c c u r .  At hi t  ig h t ot se -v c~ r a l  h i c i n dr e d  Ic-ct , an i so lat ed  g e u U I i U e tI
point may cause  t i e l t l  t ’u ihancc- ,n c ’u t  above I t s  t ip  ot su i t ’fici -nt magnitude-s IC I

be’ in corona d i s c h a r g e  c - v t - u t  uncl e t’ n o r m a l  f a i r  wea ther  skit’ s , 1’hI s e 1 1  i’ t i f l~~

di scharge will 1 at such  t i n it ’~~, pr obab l y . .use -  cu r r e n t s  oh le ’ss than
1/4 

~ 
A to flow down the rod to g i’ oun(i. II rde r the hi gher f ields  tha t  e~ i st

in storm conditions , blowing si te ’  w , o r near  to c ’c ’c-a it  breake- l’ s ( l ie ’ t’ei r u t i a
cur rent may appr oach v alues  c i t  I t)0 ~ A fom per iods  of about a m i n u te .

Si g n i f ic ant  levels oh ’ e’oro n~i ~n- u’~ - u i t  ca i .  a lso ca’ ccii’  on inc ie -h  L ower
st r u c ture’s  uncle ’  r b i g h lu -Id cuuid  i s , I ta  i~~ , eI  I y e e ~ i’enta  cc i  i u  en t  l u a g u t i t  ciel ~

_______________
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is a t’i in t ’t i eni ut  potuit he’i ,~lit . rad iu s c i i  t eu’~~ ,dIe i c - and ~t t u i d  speed. I i i  -

field enh*nc en tent or e’’~ pos e I i ’ e - t a c t  c i i  at t li e ’ t i p  tel  r a d iii t e twe - i u s  f io ~e n

in Fig u r e 1 %  • and t ot  si I~~i c  t c i i ’ c ‘- ot ‘ t i t l e - r e i d  hei gh t s  in  l- i g e c r c - I

~ ei rnfla d i s c  h~~r ge ’ ~e i l l , i h 1 - i t e d  e , e ’~~c cO ii ( l i t ’ a l l ’  ~i f s i t  e

‘~ harp ;utit nt s. I he ’ r i a~ • ii li- c u t t i  he- -t c- S t u c - n i i  t i c ’  ‘~ e e c  cc i i’ s not as

& ‘ ~~i i t i t t I i u U s h eist - u t  I ’  e r ~ : -
. I,.i! I ’ ~ Sc  i ’ ic -- - ci t p d t i s e - ~ ~e i l I t  t’ coi g h1~ I f l  n s t -~

r i s et in t i’  and ,~i) I I ii ’ o c  d-  i , c t  u - - i , ot~ $ it  I l u -  i c  to t ’ e’ c e i te ’ r ate ’ s t ’ a et i o  noise’
citi’ r a broad spec -i t ee t t i .

The e f f ec t s ccl win d ~~it c~~.i ’ . iii -c a r~ c Lice s i t  .tted t t ~ Vi gct t’e e ’ . Lu tht s

approach only bet i - i  ‘ e ‘i tt al  w i n d s  ar e  c t i I t  s i d e - r e e f  n e - g l e e - i  tu g any upd ra t t  s

as m ight  exis t  before  and do I - t u g  I h e u n d e r s t or m  s. I he last .~ m of a

potnted ~O m high t osser  ~tt ’e p le~t~ eet iii a s t e e  rot iie’Id of 10 , 000 \ / in.

lonisation along the  rod ~e u n a t - c - s t il l  t*kc place ’ only where  the f ie ld  is

e n h a nc e d  I c e  s ,e lctc ’ s ~ r c - ,c- c ’ t  lu au  I tie ’ hr  e -akdown potent ial  g rad ien t  which

u s  r ough ly  as s u n t e’d  at I o t u l h t c n  \ ‘ i i i ,

Ft r st, t i e  c i t  t e- r l i d i  Re- th e ’ , e c i t e - t’ u n ’  si t iocen e lar  \ ot a pos s t id e’ 511 .-ic e’

c’ha rge cloud , on sid e ’  i - th~’ si r i t i d  e’ Plc tore \t h e’re ’ S pace c hat ’g~’ clot’ s not

e’ fft ’ et th t ’ f ield.  I ’ sce c e c  Sc ’S  t e i  F to utd s c u t  abou t I 0 and ~0 kn o t s  a i- c’ shown.

I n (le’r e ’ t t e ’ t t  of the t i e ld thc’ I c I t I S  I t t c ’\  - utpte u i’ el •ine l c eu t  It ’ th t ’ so les , ant i

P e ’ wind adds an e St  t- ~c h~s c ’ t ,‘c  ‘ i d  a c tu t i i pcdflc ’ttI to t h e ’ ii uti~~v e’iti ent , c’ u’eat in ~
a sort of c—one- t’uttra teci l u t e - e~ll c l’ t~~ ’ a s  the  i o u  t i -as -e l  around the ’ tott c ’~’ .

I he ’ wn speech c- t g ht at t i t i ’ t u ~s “1’ i s  s ~
- r v  hi g h .tflei ci i-ups oil r aeh id l y w i t h

di stanc e’ .

The s%tuatnen ~ an nose t - c  on side’ i’ e -e  I it h s p.ec e ’ ~ha r~ e I m t  It ing .

Once corona us t e e r u t i e - c i  an’) si a i l s  It ie ,ev ing eu ~~t fr o n t  t he  toss e’ t- , i t s  k-in’ rge

would reduc e th e -  f i e l d  .irounel the- towe’ r to bt’1e~te the  b re ake tow i t  petter t ia l

gr a dient , and corona d is ch a r ge  v-ould cease - . W I th i n  a fraction eel a

second the wind would hto~ the e’’ i a r g e  clear of the t o wer , exposing it

again to hig h f ie ld s , and ions would he formed ag a imi  etc. This  causes

the corona c u r r e n t s to be givt ’n o f t  in burs t s , as f i r s t  observed by

T rtcht ’ ~ 
I 

in I ‘~ ~~~~. ~ h a i n t e’ r ~ t i nt  ~~~ e~
’
~ h i V e ’  r cp c~~tt ed smut’ m t  e I’d’ s t i n g

c — u ’ s  ~~t t h is  p he ’n ueni e ’na  .ct ~e tn - c  e~ I V e ’  p t ’ if l t .

N~~~~ -~~
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The m a g n i t u d e- of t i i -  cc i  r e u n a  c u r r e n t  inc rt’asvs with vising WIUC . spe ed ,

as shown in Figure’ 7, fur 0 ari d ~5 knots, in the equation relating the
corona c u r ren t  i to the -~vind speed v and the point potential V, V0 is the
s t a r t i n g  potential , I ) I 1~k~ i s  t in ’  r a t i o  of th e’ a tmospher ic  dens i ty  to the
s tandard , and k t h .  ion ic toin  l i L y .

1. 115 .:~ v 1 , 785 c~ k(~~~ V ( V - V Ø)

Since-  the point g c o u u i c t r y  su c h  as th e’ radius of curvature does not cutter

th~’ equation explicitl y b u i t  is i n h c - r e ’n t  in the- coef fic i en t s  and V0 • it i s
d i f f i c u l t  to compute t he o r e t i ca l  v a lu e - s of corona current for a particular
configu ration,

The degree- to which  t h e’ radio fre quency noise generated by corona
di schar ge coup l?s in to  e l e c t r o n i c  sy s t ems  is determined by the re la t ive
locations of the  noise Source ’ , and the antenna via which the noise is
coupie’cI into the affected syslu’m . In addition , the coupling depends on
f requ e ncy  and t lu’ si ’~c’ ol t h e ’  ~t ruL e ’ n na .

It can he’ s ’iown t h a t  i n d i v i d u a l  pulses  associated with a corona dis-
c h a r g e  can he ’ appr oxirnat e ’d  by a c le -cay ing exponential  with zero r ise  tirtie ,
as fo llows :

_ t t
I-’ ( t )  Ac’

where ’  A is the- ~ t i i s e  a n ip l i t cu d e  and ° is th e’ pulse decay constant , ‘I’he
foiSt ’  spe c t r u m  p r c ) d c u u e - d l  by \ such pulses o c c u r r i n g  each second as a
func t ion  of f r e ’qu i enc y  J is given by, -

P A “ ~ct’ 4 -

~~

- ) - ‘

Figure  8 shows the re la t ive  n o i s e - c u r ren t  spectral de n s i t y  plotted as
a fun ction of fre quency indicat ing a rapid drop in th e spectrum magnitude
with increas ing  f requency.  The effects  will , therefore, be much lower at
UHF than VHF.

~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.0 Sh Aft I ’ VS. I IL I IN 1’  I ‘OIN ’I’S

in order to better unde r s t and  the atmospheric conditions around
structures of variou s shape s and hei ghts , a theoretical investi gation

was pe r formed of the corona cur rents  given off from sharp and blunt

point s, and of the electric fields inf luencing the corona. Very simplified

situabon s of static field conclitio ,-i s were  examined ,, from which con-

clusion s could he drawn about the d ynamically changing situations.

The resul ts  of these investi gation s lead to some surprising conclusion s

which , at the moment , are  causin g several questions to be asked in the

scientific community on the types of points that  should exist on lightn ing

protective air terminals .

3. 1 Equations

In the theorcti ’al ca l cu l a t ions  the tower s t ruc tures  were approxi-

mated by prolate sphc-r oids, which bear good resemblance’ to the ovez-  r
all shape and arc  convenient  for mathematical treatment. A uniform

ambient electric field was assumed parallel to the vertical axis of the

s t ructures, and the s t ruc tures  were considered to be at ground poter.tial.

For these condition s Laplace ’ s electric field equations were solved in

elliptical or prolate spheroidal coordinates as discussed in references

S and (~ , to give the potential and potential gradient.

The result ing equation for the potential as a function of the elliptical

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

( 
_ _ _ _ _ _ _ _ _ _ _ _J ‘r i

~~i3l~~,ç  b2 t
= tPo -+ (~Ps - ~p0) ~ 

a ~ ~~ + ~ = cp0 + (CP 3 -

d ç  
12

.1
C)

The poten t ia l at  the ’ s u r f a c e  C~~ = 0, because  the conduc t ing  ell ipsoid

is grounded, and the potential at height h in the u n p e rt u r b e d  p a r a l l el  f i e ld

r-:~, ‘- ~ — E 0 h.

c p : — J.~0 )~ ( 1 —  ~~~~~~~~~ -:
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The vertical and horizont~ i components of the electric field are , 
- 

::
_ _

1, 1~ ~~h a~
EN - ___  

- - ~~~~ ~~~~ ~ l 1~,
13 ‘ ~~r ~~~

Th e equati on of the e 1Ll ps~~jd ,

+ + z!.,
~ 4a ~~+ b~ ~~-‘- c3

is Simplified for the ayu mn et y j c a)  case  of ti-i c prola te  sp heroid , whe re the
semimajo r axis is a , the two s u rn i u i t i n o r  axes b c , the radial  coord inate
is the horizonta l d is tance f rom the can ter  of the ell i psoid r3 

- y3 + z~~, and
the height coordinate  1-i x;

+ I and ~ I (h , r )

C,
- The partial der iv a t ive s  are , /1

d h 2 ~ + a 2 +b 3 - r 3 - h2 
ground level T - _

~~~~ r2 r  (
~ 4a2) ~~ 0 j

a r

2 - - . 
-

Setting c a — b • the ev .e lu .i t i~~ti ot the  integ r a l s  y ie lds , /

i i ~~~~~~~~~ - -Lin ~~~~~~~~~~~~~~~ 
*

- 

C~~
/

~~ 
~~~~~~~ 

Cl 

- 

.R - 
~

I ~~ - - —a— - -
~~~~ 1 n -‘i--; ‘

~
‘
~

dl 
- ____-

~

He nce the equa tions for the pote ntia l ~~, the vert ic al  component E~ and
the horiz ontal comp onent E 1, of the electr ic  fie ld arou n d a cond ucted g rounded
prolate spheroid in a parallel e lec t r ic  field  E 1, are as follows:

_ _  
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( h , r )  

~ lh • ~(h , r ~ - E 0 ~ (
~ 

- ~r+
—

~~~ 
+ in 

~~~~~~~~~~ ~ )+ in ii~a C a+c

E~ _
~~~~~~ — 

Z E 0 h3
ii 

~
-‘-

~T + ~_L in -~~-~-—— ) ‘I ~ + a~ )~‘~~2 ~ + aa 
+ b3 - r 3-h 3 )

Z E q h r
( ‘T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s b 3 ) (2 +

These equation s were programmed and a var ie ty  of condit ions were
computed and plotted.

3. 2 Theore t ical  R e s u l t s

Fi gu re  9 shows two caSt- s  of eclui pot e n t i al  l i n t - s a round  ~0 ni h ig h
towers  of d i f f e ren t  d i an i t ’t t ’r . Fai r  w e a t he r  f ield cond it ions  of 200 V/ r n
ar c  assumed , h u w cv t -  r , l i i i -  t ’qu i p ot c i u t i a l  l i n t -  d i s tr i b u t i o n  g ives  the
genera l  p i c t u r e  fu r  any v a l ue  of t h e -  am t u i e n t  f i e l d , requi  r lu g  o n l y  a II angt-
in scale. The left  plot is of a p o int ed  t ower  h a v i n g  a 3. 3 cm i ’adiu s of
c u r v a t u re  and shows the  t-quipot -n t i a l  l in t - s j u s t  a round  the  t owt - z’ ar c
g rea t l y modified f rom the  p a r a l l el  f ie ld  s i t u a t i on ,  it is s tr i k i n g  how
closel y the l ines  fol low the  tower  .dong the vt - i ’t i c a l  st r uc tu r e  and how
they  a re  concen t ra t ed  j u s t  a r o un d  the  top. But j u s t  a short d i st ance
away from thc tower  the  pa ra l l el  f ield s i tua t ion  is regained.  Around
the blunt st r u c t u r e  with 3. 3 m r a d i u s  of c ur v a t u r e , the p i c t u re  looks
qui te  d i f fe ren t.  The equi potential l i n e s  a re  not as closel y ga there d
around the blunt  s t r uc t u r e  as th e y ~r ’  a round the pointed one , hut  the
fI e ld is effected more at g r ea t e r  d i s tance s  as is apparent by the line
concentra t ion . Thi s imp lies tha t  u n d e r  a p p ro pr ia t e  hig h f ie lds  corona
loni  -sation occu r s  onl y in the  i l n i n e e l i a t e  v i c i n i t y  of the sha rp  point , hut
over  a l ar g e r  vo lume around the b lunt  point.

The fu - ld  lint ’ s r u n  p e r p en d i c e u l a  r to the  e ’c~tiipotentia1 l i l i e s  as
r e ’p r e s v n t ed  in F ie~ur t -  10. The c o l l e ct i o n  .ere ’a is marked  ott , ~or

20 
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which th e h i - h i  l i n es  te- i - i u u u i i . i I , - * i i i  h1- t t i ~~~ t - i- . .~ l u g l u t i u i i u g  I t  ath i

coming dow-n , and t he p h t - n o i u i c n a was a ues tu nh ( , ( I  V i -  r ~ we-ak • t l i t -n  t ht ’o—
• rct icall y it would (ci i low one ol t h e -  f i e ld  l i i i  -s . hut  of con l’ s - t h t~ h g h

charge car r ied in a down -onung leader m o d it i t -  the  e- n ti  r e- t i e - l e t  l i n t -
pattern.

The exposure fac tors  ht- l p d i - t e  z~I u u i n e  how soon and out  to whet

distance a towe r will  go into corona.  Fi gua -c- 11 shows twi  tO in lug lu
towers with radius  of u u r v a t u r t ,  i i  n un  and 10 ~~~ LAnt- s of equal

value were drawn for  th e - cxpt s l u u ~t - t a c tu r s  i i i  an ar ea  .*rueu n d th~ top of
the tower s , us i ng double ’ i o g a r i t i i u u u i c  sca1i -~ t i  show de t a i l  flea i and t ar .
Starti ng from th e.’ to we- top up wa  i-d , u ni t  i t  I t ) f l  v. 1’ ti ’  exai-otne -d nm ,

1 nun , lern , I Ocr-n , 1 nu  above- the  towe-r; the s ai n t -  Was clone going  down

from the top and goi ng out  ~ au - d I i’ t l n  t h u -  t i - n t e - i -  . The d i s t u i u t t n u i t y  in
the cente r of t he  g rap h , w h e r e -  t i m e  da ta  si - i s a i~~

- me r g e d , is  mnbig nhtut -ant.
The enhancement  at t h -  t ip  u s  of t h e  o u - d e r  1 10 , 000 for th t -  s har p  point ,
but onl y 100 for  the b l i m i u t  p o in t  • ‘I b i s  mt ’ .mns t h a t  onl y fIe ld s  of t he  o rci~ - i

of 100 V/ rn  are requ i  r - d  fo r  t h1  ~- ihe i-p po in t  to be in corona , wh ich  is in
agreement with e ’xp cr in me n t a l  r i - s u i t s  f r o m  a sh a r p  point g i v in g  t i p  to

u amp c u r  ren t  in fa i r -  w c a t l i t  r t - e l i1  s . ~~o r tlit ’ blunt point howeve r • co n-
dition s of 10 , 000 V / r u m  a r -  t~t-~~o iu  i’ o ’d h~- f e i  r i  t o  rou m I s  g it . i-n u U . it should

be noted th a t  th e -  c n l u a n & ’ e - i i o t - i o t  I i  t h i -  s L u r p  p oi n t  d r op s  i l l  r ap id l y ~t t b

distance , it is down to .m ( a e t n i-  o~ 10 on ly  ~0 cm ahu~ - e.- th e -  t ip .  The -

hancernent of th t -  b lu nt  P~~i i m t  i I u F~4 -  i at t l i - ~- - i i i  si au u c e s  and ci rops d. i~~~ ii

to 10 only at t w i c e  thi s ch i s t a i i c e , or  i 0  c i i i  abov e  the top.

The sha rp  point goes into corona in low fields and just immediately
aroun d the t ip, the blun t point  goes into en rona only in hig h f i e l d s  but out
to gre ate r d is tances f r o m  the  tower .

In Fig u r e  12 the ex p o s ur i -  1a¼ toi ’~ a rc  plotted v er su s  he ight  for two
values of r adius  of c u r v a t u re’ , h u m and L 3 Cm. Th i s data e.’au be usefu l
in cor rela t ing  m e a s u r e m e n t s  I r um  diI i - r en t  hei g hts , or for d et e r m i n i n g

,
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Figure 12. Exposure fac tors  at top of s t ruc tu res , ver t ical ly  above , and
below at side of structur es.
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the nminimurn hei g ht of a st r u c t cu  m~i- fo r  c u u r e u r i ~ u b r e ak d o wn  to ut - c u r , g i v e t i

the values for the ambient field a n d  t l u e  s l t a r p m u e s s  of the s t r u c tu r e . -. The.-

thick line gives the enhancement relat ionship at t im e top of the s t r u c t u r e ,

the solid lines are valid at distances vert ical ly above the s t ruc ture, and

the dashed line s are valid at the ed ge of the s t ruc ture  below the top.

The exposure factors  for the sharp  point are ve ry  large immediate ly

around the tip, but they are exceeded by the exposure fac to r s  for the blunt  ‘

points at grea ter  distances out f rom the s t r u c t u r e s , say m i  above.-. This

indicates that when the blunt point goes into corona it will do so over a

much larger volume , but this will onl y happen when the f ields a r e  exception-

ally high as is the case in close proximi ty  to an advancing li ghtning leader .

It is highl y likel y t h e r e f o r e , that  a li gh tn ing  rod with a blunt  point will

at t ract  lightning to it much eas Ier  than a sharp  point would do at the same.-

location. Resul t s  such as th i -se  wer e  the reason wh y a ball was p laced on

top of the li ghtning rod standing on the Sa turn  launch ha rdware  d u r i ng  the

Apollo launches  from Cape Kenne d y.

3. 3 E x pe r i m e n t a l  Results of Blunt vt-i’sus Sharp Points

Exper imenta l  r e s u l t s  on sk irp  and b lu n t  p o i n t s  have  be -n obt a in ~’d b y

Dr. C. B. Moore of New Mexico ‘ i c e h u , who sum -r i rnar izes  the behavior  of

the li ghtning rod in the following p a ragrap hs~
7
~

“Benjamin Frankl in  inventee the li ghtning rod around the
year  1749 when he discovered that  a sharpened metal rod
brought ncar a charged isolated ball could cause electr ic i ty
to flow th roug h the air  and to d i scha rge  the ball without  a
visible spark.  Thj s obse rva t ion  led him to suggest  that
elevated , sharpened rods m i g ht possibl y d ischarge  thunder-
clouds and thus prevent  the  occu r r enc e . -  of li ghtning. When
he tried out his  idea , he found instead that his elevated ,
metal rod often became a p r e fe r e n t i a l  path to ground for
the li ghtning which occu r r ed  dcsp ite his  ef for ts :  his  lig htn ing
rod had a d i f fe r e n t  mode of operat ion t h a n  the one that p r o m p te l
his experiment.  Frankl in  the rea f t e r  promoted the use of
lightning rod s, hut adhered to the view that they shoul-i be
sharpened in the hope that  the f i r s t  p rocess  mi ght also occur
and the reby be benef ic ia l .  

~~~~~~~~~~~~~~~~~~~~ _ _ _  ~~~~~~~~~~~~~~~~ ~~~
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Tv.-o sct i u o L i ~ ot  t ) ioc i 1~l ,t  s u u h — _ . - e . 1u i e - i i t i ~ ’ d~ -~ t * .pt ~ l~ om it ’ Le~
F rank  t i n ’ s s h.c r ,- I i ~.I h ‘ r I ~ lit rim u u g  p r o t c  I wit  an t i t he.- ot lie r •
the  F . n g t i — h  s hoot Lee l  I V  I t e - t i h i l n u n  W i l ~soi i .II i ( I  _~~ee~~m g e - I I I . u r g e d
the ’  ie of l ) t t u n t  l i g h t n i n g  rods  on th e. -  b a s i s  t h a t  s h ar N -n t -d rod s —

might promote th e- -i r ,kun~ i t  Iu ~ htning ~e. h t -n  otherw ise  a d i s —
e l a r g e  wou ld nut  h i v u -  . i t  c i i i -  r ed . t . o u i t - m i m p o m - a i - ~ - A n i t - r u t -an
p r a c t ice i s  to ~.e. ’ h u a r p t - m i e - d  Li g h t n i n g  rod . bu t  appr e t - m a t u l e
evi dence- i~~~ i st s  th .e t  o bj e c t  S w i t  b in t h e  n o m i n a l  ‘ tO f l e  of p r ot e c t ion ’
c i i  a ~ha rp u- n c i  rod c e:i bt- si r u t -k I i y  lig h t n i n g  and no e ~p Lana t ion  for
th is  behavio r  L i e .  s t >e ~ u_-ui ~— u u gge ’ st ed .

We h a v u  - i t m o d e L t e d  Li g h t t u  in  ~ m~u ~cI s b oth  u t u i  i o u -  r i ~m il y a ml ~pe ri  —

- menta l ly  t t - d et c  r m i  n u -  t i l t  - r i- - s p in  pp ru a~- huug  li gh t n i n g
st re ,- ime r _  O u r  i- cse i l t  t i l t ,  u t e th at l i u ~h t u m u n g  t a n  l i t -  i nduced  to
str ike ’ ’ any  s u i r t a c u - , b i t t t h a t  - i  — h u e . r p - n i t - d  rod i s  m u c h  l e s s  l i k e l y

t o  he ‘ sI r o c k ’  t h an  a b lu n t  om o - S h i a m - p t - n t - d  rods  seem to protec t
thcmst ’ivt -  a p p r e c i ab l y iv • - t t p i O U  c m i i i  S $ I O f l  of point  d i s ch a r g e
ions so that  th e - v  are. -  pool- c u- c au d i  d at e -s  to  I atm ch an e.upwa rd — going
re tu rn  s t re a mer  when 1 u~h u t t m m m m g  app roa ches  th ami  is  a b lunt  rod which
is passive u n t i l  th 1- t i e - i d  bet  u u i v u - s vt- i- v st m - on g .  W h e n  the - elec t r i c
field become-s sot I i  u e n t l v  strung nyc  m- a blunt  rod . diclect  n c  break-
down of the a i r  occurs i t  t h e  b l u n t  t ip  and a s t reamer  propagates
upward and of ten  p a r t i c i p a t e s  in a m aj o r  d i s c h a r g e.  For these
reasons it  .tppea rs  t h a t  a b lun t  rod may be a be t te r  p ro tec to r  of a
s t r u c t u r e . ’  t h a n  u s  a ~ h a  r p u - n u - d  om ie w h ich  mn.e. s- p r ot e t -t it st - i f  hut leave
other  objects  in i t s  v u c i n m t v  vu lne r ab l e .

Pt- rhaps n ior  ~
- a t t en ti on  shou ld  have.- b ee-n g 1Ve.~fl t o I he opinion s of

George III
(~~

)An exarn pl- ’ of ex p er in i e n t a l  re - st i l t s  b S t .mndle  t- is g i v e - n m  in

F igure  13 , w her e  th ~ con- rent  •-e.ntl ch a r ge  r e l e ’ase ’ e f  a blunt  and sh a r p

rod are  pr csent t -d  t h a t  we.- re’ obt a  i ned in i- c spon se.’ t o  two  c l o S e ~ l igh tn ing

s t rokes  monito red by t i m e . -  c i t - t i i - i c  f i e ld .  Fli t ’ b lunt  rod emi t ted  ~ i i  u
coulom b in less than  I 0 ins~ - , fm - t im t i m e  f i r s t  f i e ld  j ’ut  se’ rece ived  Ir e -u rn

- 

the l i g h t n i n g  fl~~sh . whi l e -  t h e  sh;i i-p rod r e leased  only + ~i. Zu coulomb.

Dur ing  the f i r s -  4~~-O n i s e r  o f  t h i s  t ia sh t he  charge t ransfe r for  blunt and

sharp  rods art ’  + 2 ”  and - • u 1 t r n i h  r e ’sp eC t i v e l ,- . The corona c u r r e n t

g r ap hs also l i l t -  s t r a te  that  u u u m t ,’ i- t im e . ’  e x t r eme ly  hi gh f ie lds  c-u i close lig htning

m uch more c u r  ren t  is  g iven  o f f  b y the  blunt  rod t h an  by the sha rp  one.

- I
___________________ 
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4.0 ANALYSIS OF THE LOGAN Aflt l-’ORl NOISE PRObLEM

The radio noise that occurs  unde r hig h lie-id conditioui~ at V I L F

frequencies and occa siuna lly Oii l- l l I l ~ r e c t - I v e - I - s can be ge ne rat ed  f r u m m i

one of several source s:

1) Corona discharge  und er high ambient field condition s f rom ,

a) the lightning rod on top of the radonit- .
b) the lightning rods aro rnd the parapet .
c) the antennas around the parapet.

2) Corona discharge in hi gh fields due to the radome charge .

3) Streamer noise f rom th e.’ radonie.- s u r f a c e . - .

4) Charge t r anb i t - r to the an tenna  rods ft - u rn  rain.

In order to attempt to ticte r m u i i n e  t Im e  sp e . -t -i f ic  s o u r c e .-  of m i n i  se. aud to

deduce the onset  conditions , n i ca su r enm e nt s  of e l ec t r i c  fit-id and col- una

current  were taken at Logan Airpor t , theore t ica l  calculat ions were  per-

formed, and the results of both were  correlated w i th  ILl i t - i t- e.- t f e c t  on y o u . ~
-

C omir iuflication s as a (uri c ti on of d i s t a n t - e. ’ bet wi -e u  a n t e . -  mifla a ml c or  omia ~~O l l it

and othc-  r f a c tor s  which  i n f lu t - n e .- e.- t he noi u t  m ILe. - r f e  r enc e pr cbI t ’ni.

4. 1 Effect  of the. -  Stat ic I) ischargu.-r s

It is necessary  f i r s t  to analy ze- the c-~ r r c ct i v e  proce. -du - - u s  w i n c h  f t u \  e.

been carr ied out at seve ral ATC l’ locat ions wi th  a cer ta in  a m o u n t  u~

success, namely tlie use of the I - st a t i c  d i s ch a rger s .  The devic e - s u r t

desi gned to b r in g  the pot entiul  of the st ru c t u i- c on which th e.- y ar e  Iau ~ c f l e e t

to the potential  of the i r  su r r ou nd i n g s .  In th is  case , the li gutn ing  i-oct is at

th e potential of the control  t o w e . - t -  and gr o~tnd , and there  is .ebsu1utcl ~ no ~~~
that one can dissipate the c h a t - g e . - on the  grounded elevated s t r u c t u i t -  to I , r u t ~~
it to the potential of its s u r r c u u u m d u n g s .  Ap ar t  fi -oun this , it is un like- t y t i - a t

corona will occur at the I~- s t . i t i ~ d i se . i iargers  wh ich  are ins talled  in an a r e a

of reduced field u n d e r n e a t h  the.- grounded c ro s s -member .  Corona d i scha rge . -

— —_-- -—— -- - - - -~—-—--- - - - —~~~ -------- --- — —~ — - ~— —---——-—--- - —~~----- --- i— —-----— -—----- — i----’ - —--~~-—- - - - -  —‘-- ---- ______ l~~ _ -- -~~~~-~~-
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only occurs in hi gh field a r ea~~ No m mi ~~t h-i- hOW m a n y  P- s t a t n e . - dis-
chargers  were connected to t h e . -  t ower ,  the li ght i i ing  rods would st i l l
r e -main at ground potential , the l i t  - id ,t ho ve- would he uric hanged anti
coron a would s t i l l  form there.- .

The question remains , there- Core , as to what caused the lmpro vL--
merit when the devices were attache.-d to the  li ghtning rods ? Th~ answer
is quite simple and can be explained again by looking at Fi g u r e  ° . Around
the sharp point the equipotent ial l ines  hug the s truc ture.  11 we- now intro-
duce a grounded horizontal c r o s s- me m be r , which subtends an angle of
almost 90 at the top of the  li gh tn ing  rod , then the equipotential l ines inu~ t
pa ss around it in a way similar to tha t shown in Fi g u r e  14 .

‘~~ 1! ~~~~N

Figure. -  14 . Equi potential  Lint- s a’ oumi t i  Li g htning Rod before’ and alte r
Installation of Static 1 i sc har ger s

L 

The., e-f lect  is  to low e-r  th~- 
~~ 

i - i t t  ~a L gr a d i . -n t  at t i m e . ’ t i p i~y m i m a k i n g  t il t ’

s t r u c t u r e  look i- l t - e.- t  n e - a l l y moo r e . -  l i k e  a r t ,un d e . -d  obj e c t .  Th ~ - i- e duced
pote.-ntial g r ad ien t  makes  it  mie t e s sa r y  for  .e n iu t - l i  large . - r c - l u - c t  n c  f ic ’d
to be.- present  before coroii.i bre-aLdowi m Is in i t i a t e d .

Placing the c ross-membe r Lowe i- would mean that  corona  would ccu r
earlie r as the field at the tip would increase;  placing it hi gher de1ay~ the
oniet of corona unt i l  the., elec t r ic  field is  exceptionall y high. Care  must
be taken , however , not to l if t  the horizontal  miiember  too hi g h to avoid
corona being formed on i ts  ex t r e mn i t i e - s .  The above.’ f igure  shows tha t  no
corona will be forthcoming from the P-static dischargcrs , owing to i t s

environment being a low field -ondition .

31)
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4 .2  D e t e r i r i m n a t i o n s of 1-aectr ic  t-’ield am id C or on a

4. 2. 1 L i g h tn ing  Rod on Top of Radorne

Theoretucal estimates can he.- made of the fields under  w h i c h  th e.-

hi ghest li ghtning rod on top of t b -  r a t lom e .’ u-ill go into corona.  Ve n f l—

cation s with n m e - a s u r e m e n t s  e- e ic i ld  u n f o r t u n a te l y not be.’ obtain ed because

the top was iri acc - s s i b l i -  due to hi g h winds  d u r i n g  the b r ie f  test  period .
1-’o r an a i r  t e r m i n al  with a r a d i u s  of c u t - v a t m i r e -  of ln ’irn , which  is not

particularly sharp, placed on top of vet - y n a r r o w  grounde-d  s t r u c t u r e

• of the  height of the control tnu  u - r of ah o ut  ~00 It , an enhancement of about

18, 000 above the ambient elt’c% ru. me - Id can he.- determined at the.’ tip of

t in - rod from F igure I 2. As a r e s u l t  of the r a d on m e  and the  wide.- ~ roun ded

s t ru c t u r e  below it , h~. ’’-.-v : r , the. ’ u - X p O S t m r t ’  f a c t o r  at the t ip of the a i r

t e r m i n a l  on top of t he  r ad o nm e  is  rn u - l m lowe r.

Calculation - - u t - r e -  pe.’ r fo  r m i i t - d  t o  ap p r o \ i  m a t e  t h e  Logan tower  s i t u a t i o n  -

A 4 ft rod with 1 /2  mm rad i u s of L-u r v a t u r e -  was considered , placed on top
of a rounded s t r u c t u r e  with a t~ ft  d iam eter  at the top and 112 ft at the.-

bottom . The exposure  f a c t o r  at t h e  t ip of the rod was de te rmined  as

1 , 700. For Logan A i r p or t  t h i s  f i g u r e  is r e-pr esentat ive for the field en-

hancement at t he  top. but  fo r- o t h e r  s imila r  control  towers  without a

radon-m e and wi th  an - f h - e t i ’ e i ~’ h .gher  li gh t n i n g  rod , the field enhanc~’-

ment  could be.- v e - r y  much hi g h e r .

t i nder  fair  weathe r f ields of say ZOO V/n - i , the field at the tip of the

h ighes t  Logan Al t - por t  li g h t n i n g  m o d  will be over 1 , 700 x 200 V/ rn , or
- above 340 , 000 V / r n  which  is not enough for  corona breakdown. Assuming

a starting potential of 10b V / r n  f c r  corona , we need a field of bOO V/ rn

at g round  level  to cause hneakdown at the point.  Such a va lu&- will occur

prior to t hunde r s to rm  onset , anc~ later in the s torm the f ields may r e a c h

values  in exces s  of 10 , 000 V/ r n .  With these- fields more cu r r en t  will

(low a—i d the radio noise will reach  a level above the receiver  noise level.

T ie. - onset of corona  can h e -  de l a ye d  by m o d i f y i n g  the radius of

Cu rvatun re’ of the rod. l~y pl a c i n g  - m  I t )  cm di e n m e t e r  corona hail  over the

31 
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t ip ‘of tim e.  a i I  te r io i t i a l , t i m e  e- ))u si t  r e  I act  i i i  on top would lie.- i t -du e - e.-d

by a factor  of about 8 to aro cm n ( I  ~ I C ) , and aim i h i e . - i i t  f i e lds  of at  l c a - ~t

4, 800 V / r n  are then r e q u i l  red ii i  ste-ad of t i m e . -  low (~0O V / n m  fields to

cause corona breakdown . Tim i  s m i m u d i f ica t ion , however , wi lt  not

elimirrate corona. Removing the.-  rod a l together  will r esul t  in an

enhancement of 23 over the ambien t  field ri ght on top of the radome- ,

a fi gure  low enoug h to suppress  -~oi~ona breakdown even under  s to rm

conditions. Only the fields of an approaching li ghtning leader  would

then he large e--ioug h to cause-  cor ox ia , howeve r , the towe r would be 
- -

without li ghtning protection .

4. 2. 2 Lightning Rods and Antennas around Parapet

It is difficult  to theoretically come up with reasonable enhance-

ment figures for the complex layout of lightning rods and antennas

around the parapet , hence it was n e c t- s s ary  to take  measu remen t s  to

determine these values . TWO field m i l l s  we-re run s imultaneously, by one.-

at ground level and one on th e -  p ar ap et  around the radomc. This gave

a calibration for  the enhancement  over  the ambient  field at the. - second

field mill location. Then two f ie ld  mi l l s  were. - run simultaneous , one at

the calibrated r e f e rence  location on the parapet , and with the other one

measu remen t s  were taken at t ime -  locations and hei ghts of the lig htning

rods and antennas  a round  the r. i( ’u n l c - . l- i-orn these  data - the enhance-

ments over  the ambi en t  f ield  w i - i - c mn ip u t  ~— d at the rod locations in the

presence of tlic- f ield mi l l  w h i t - t m  i- c-sen -mblem ; a blunted obj ect.  With th .,-

aid of theoret ical  ca lcu la t ion s , c ir i - ection iacto m- s were  app lied to th e- se

n u m b e r s  to d e t e r m i n e  the exp o su r e  factoi - s at the  tip s of the a i r  te r m i t i n a l s

and ant enna s unmodif ied  by the p t - t - sencc  of the field mill.

These resul t s a re  shown in F i g u r e  15. ihe  expo sure f a c t o r s  a re

la rges t  for hig h rods with small r a d i u s  of c u r v a t u r e  well separated f~ o m i i

other rods and field reducing st r - i c tu ral  f e a t u r e s.  The hig hest  elect -ic

fields a re  above the sharp points of t h e  6 ft  air  t e rmina ls .  ‘l’he field~, a rc

si gn i f i can t l y lower above t h e  b lunt , I”  d iameter  VI - IF a n t e n n a s  which are
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near ly 5 ft hi gh , amid eve- n tout -h lower  above. ’ t h e . -  wide- I t  h i g h t i  I IF

antenna s t ruc tu res .

The greatest  enhancement of L I t I  ~- xi s t s  above t in e of t i m e  l m g h t m m m n g
rods; under storm conditions with  ambient t ie lds  above.- 8 , SOt ) V / r n  the

point will be in corona. If corona balls of h O  em de amoc -Ic - r we.- re ) aced

over the points of the air  t e rmina l s, the exposur e .- f a ct o r s  would be.’
reduced by a tac - tor of 8 and a m b ie nt  fields of 68 , 000 V/ r n  would be

re quired for corona onset. Sue -h h igh  f~i- he t s  a i c ’ not found unite r usua l

storm conditions , but only  in t h e - v i c i n i t y  ~~ an approaching lightning
leader.

The exposure  f a c t o rs  abeo~ - the - V I I  F ant i  ( I I  IF a n t e m i m i a s  e.-a i y  be-

tween 3 and 31 and ambient  fi e- ki s of 3~~, 000 V/ r n  and h igher  a re  req u im -e d

for corona onset, It can the- r e-lure , be.’ a ssumed tha t  the an tennas  wil l

probably not go into corona even u n it er  s t o r m  conditioos. Corona

measurements  were taken at sever a l  location s on top of the tower and

were  related to e lec t r ic - I ic id  data  cmi or d er  to emne.Ie -r s t a n cj  the  f i e ld  l i m i t ’
concentration around the tower .  ‘I’tie ’ d i ag ra m -t i in Figur e ’  I i i  m l h m s t m - a t e s

the results.  ‘[‘he edge of th e- pa rape t  is  in a region ot~ r ed u c e-il I i  ~‘ld
produced by the shape of the st rue - t i m  i- c. ‘lime. ’ I1e. ’ld inc  m i -as~’~- i n a

radiall y outward d i rec t ion  ac -me t re ’ae.- he. - ~ a n~axin-iurn at abo ut 4 . 5 ft out

beyond which  it e i e . - c - rca s a g a i m ’  . l i i i -  (a ‘g e . - st ee) ” emn a e.~U n t -mi t s \e . i’ re

measured as 2. 3 14A and assoe .- m a t e - d  with iic - leI ~ ut  100 , 000 V / n  in the

dense field l ine  re. ’gion. l’hw c- i - m r I u -  m-.ponding ambien t  field hail a hig h

posm t m ~-e value- of I , ~OO V h i m  i i- u h m a b l y  caused by snow c o nd i t i e . m m m $ n o r t h  ot

the Iloston m - e.-g ion .

S mcii i I a n  C i i  m- en ma m i m e - a  scm m c m i  t i - p i t  s e.e .c  - t- e C en ij e t ow and atmo ~ -~- t h~’
li gh tn ing  rods , anti it  was tocimu l  hat  the. ’ t i p  of t h e ’  rod is  s t i l l  in a

thiced field . ‘L hi - c’ - f eet  above it 8 t ip  the f ie ld  is  ‘our  t imii c-s as  l a ig e  a

1 ft above. To fulf i l l  the purpo se-  of lightning protection , the ’ air
t ermi-ials n-mu st  h&vc a minimum height of 6 ft . which is jus t  1 ft abo v e’
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the  hei g ht of the , V I  IF ’ an t t - nn.t s. If t he  L i g h t n i n g  i- is is , h owt-ve.-  r , er ~- n iu c  h
hi gher , then  t h e i r  p o i n t s  wou ld be in u n o I r t -  c- c - mi t t - i -n t  ra t e -c l  f i e l d  l i n t -  r e g i o n .
and e o rona Oil s i t  a n i l  .-t s SOC hit  ed nu t s  ~ pro hi e l l i s  e)U lii he n iuc  Ii m u t o  r e -  I t- c-t

~ ime  mi t

and pe r s i s ten t .  Huwcve- r , a mode.- ra t t - l y e f f e c t i v e  t t . tdi-  — o ff f l i g h t  r i - s e t  I t i f

r a i s i n g  the ti p of the- li g h t n i n g  rod produced a su f f i c - i c - ni inc  r e- abc -  in c1ist , iui ~~-
between point and a nt en n a .  The- n the mu re. - I v i - q u e . - u t t  out heir s ts  of noise mi ght
her found to occur  at acceptabl y low levels . The cff -e. -t of d i st a nt - i- on co rona
noise  levels is exa m - i t in e d in a fol lowing sec t i on  of t h i s  r i -po r t .

it appears that the noise problems may have been associated with

corona discharge f rom the li ghtning rods around the parapet , which  a re

located in close proxi mity to the receiver  antennas.  Corona d i scharge

f rom the antennas themselves  does not seem likel y. The’ li ghtning rods
have prob ably been placed close to the antennas to protect  then-i f r o n t
d i rect  s t rikes .  fl y moving the li g h t n i n g  rods f u r t h e r  a w a y  we have-  t l icr

r e su l t  that corona noise may he ~e dimce . -c I  hut  the po ss ib i l i ty  of a d ir t - c t
str ike to the antenna is incr -a sed . I lo w o — v e r , in the.- exist ing posit ions
t h e r e -  is a very great possibility of a sideflash f rom the li ghtning rod to
thc~ antenna over several feet because of the inductance of the receiving
system. The corona onset can be suppressed by placing 10 cm diameter

corona balls over the point of the li ghtning rod . With such a modificat ion

it appears that corona f rom the rods around the parapet should not be the

source of a noise problem under  high field condit ions.  Onl y when li g htning
is about to strike the towe r or the immediate  vicini ty  could corona caused
noise problems be experienced.

“C 
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4. 3 E ffect of the Radom e Char ge -

Under severe snow and blowing cond i t ions  a ve ry ( . a r g -  pot ent ial

difference may occur betwe en the- d ielectr ic  su r f a c e  of the  radiinic a m i d

the surrounding stru ct ui -cs.  It  t h i s  su r f a -~- has an e l e c t r i c - t i c lel i n t en ~~it ~

that Is sufficiently hig h to cause v o l t ;egc  bri- akilown across the~ plast ic

su rf ace , then a streamer discharge.-  may occur  which can ge-t ie- ra te  serious

radio interference. Near the oct-an where hi gh charges exist  due to charge.’

separation In breaking waves , such charges may be transported in a high

wind and may cause rapid buildup on the radome. Driv ing snow will also

cause a charge buildup. Hence , the possibility that the radome can become

sufficiently charged to cause streaz’ner discharges has to be considered.

The charge accumulated on the radome may have a se-cond ef fec t .  ii

may create high enough fields ( t m  e , e i i s u  . or u n a  d isc -ha i-g - m t - i i u i t p o i n t s

in its vicinity such as the lig htn ing  rods which are  about 4 ft away or th c

sharp edges of the ladder onl y I f t  away.

To investi gate the magnitude- of the.- charge  that  m a y  reside.  on the

dielectcic surface , electr ic  field measurement s were take-n a shor t  d i e-

tanc e away from some radom e pane -I s  that w e-r e  charged by rubb ing  wi th

a glove. The results are shown in  Fi gur e- 17. ‘rhe radome was charged

to — 29, 000 V c r ea ting  an elect r it  fi u - Id  of - ~4 , 000 V / n at a (Ii ~- taz iCc  e)f

4 ft at the tips of the li g htning ri ds a round th e .- pa papet as wi - I l  as ou t top

of the radorne. Sj ~~~t- an c- f l h i , c imce  nmo- r - i t. of 1 .-~ above the a imitneci t  fte.- t d e~~t s t s

4 ft above the radome in the ab si  u-ice ’ of the air terminal , the charged

radome would , at the distance of 4 ft , have an effect equivalent to a

change in the ambient field of -Z  000 V/ni . Whatever the e~~ect is , it

• would persist for extended periods of time , as it was  found that the charge

remained on the radome beyond ‘he duration of the experimem it and did

not drain off,

The field of the charged rado rn e m a y  re inf o r c ’~ or counteract th e

existing ambient field, It is d i f f i c u l t  to es t imate the effect  on corouma

formation above the’ rods , as the equ ipotent ia l  lines the re  arc  not normal

- 
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to the rod s, hence the i r  ef f i - c i  is  r e d cmcu ’d .  h o  e cn d i - r st and  t h i s  p r e t ’I~-cn

would require  involved con ip cmt at ions and ~m ( heI  i t  inn al  n ic a s im y e - mn en t  s -

the location ui f  the lad di-  r a i s t i u t  I ft away  I r e i u i i  l i i i ’  m ’ a dc tmt t e ’  t h e  t i u - l i t  s , d~c~-

IC )  the ’ raclon ie - h m a r g t — , ,i I-c i -vu - t i  i t i i i e -h  h l u g i m u - r i t t  t h e - u ru l i -  m i~ i — ~‘u , (100 V / m i t ,

and at the l a c lchu- r  sumpp n t- t a n u l  l i i i -  l n u t I t ) I n  ul  t Iii- hiig hie -st li ghtning u - ito

f ie ld  u - n i g h t  be so h u g h  t i  at t I i e - u ~u ’ u -~~n - ts  i -n n h m n t u e n m s  core)n ~m d i s c - h at - g e ’ .

F ir t h e rm o rt - , the po t en t i a l  of t b -  r n Iouc ~~- could reach va lue s  much  h i g he.- r

than  those we caused w i t h  a f u r  g love .

Charge deposi ted on a d ie l e c t r i c  s u r f a c e  such as the radome is hound

the re  because the su r face  is an insula tor .  As a result  , under precipi-

tation charging conditions , it is possible for a potential d i f fe rence  of tens

of kj lovolts or more  to e x i s t  between a dielectr ic  su r face  and the nei g h-

boring structural parts. As charge continues to accumulate on the die-

lectr ic , the potential to t h ’  s t r u c t u r a l  p a r t s  rise- s unt i l  the electr ic  field

intensi ty at the d ie lec t r i c  sot - face  becomes su f f i c i en t l y hig h that  voltage

breakdown or s t re a m e r  d i s c h a r gt -  occurs  ac ross  the p last ic  su r f ace .  A

su r face  s t r eamer  invo lvu- s  the- rapid t r a n s f e m -  of charge  ove.- r a subs t an t i a l

dis tance- , and also gene ra t e s  se r ious  radio f r equency  i n t e r f e r ence .

The.- d e g r - u  to which t h e  r a d io  f requency  noise ’ generated by corona

and s t r eamer  d i s c h a rg e s  couples into e lect ronic  systems is determined

by the relat ive locat ions  of the noise  source , and the receiving antennas

via which the noise ’ is coupled into the  affected sV s tem.  In addi t ion , the

coupling depends on fr e . - q c me n -y ~ind  t he si-he of the antennas.  I hi t ’Si’

su i b 1u - e _ t.s a r -  ( - \a minc ’d in I h e - t m  n.e1 s c -  t ions of t li  i s  c- e’port.

4.4 Charge Trans fe r Iron-i Ra in

Th e charge on rain hitting the receiver  antennas will cause a cut -rent

to flow to ground th roug h the receiving c i rcui t  that might be of the same

order •)f magnitude as the normal signals and hence produce noise int er-

k renc e. To investigat e this hypothesis , a maximu m-n charge on a sing le

ra ind r — p was assum ed as -2. 3 x l0 ’~C -1. 4 x electrons from

Cha lmcr s~~~ If 100 such ra indrops fell on the antenna per second tran s-

- —-- ~~— -5—. - — — _ ~~~~~— - ~~ — ——5 - —
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-4f er ring their charges , a cur ren t  of 2 .3  x h O  i tA  would be flowing. This
would result in a voltage of 1. 2 x l0 ’

~~ jV across the rece iver  impedance
of 50 f l ,  at a powe r of 2 .6  x I 0~~~ Watt .

The receivers  operate at a si gnal lev t - l of 2. 5 to 3 UV with a normnal
ambien t noise lcvel of l~~ V , which is  about  two orde r s  of magnmtud - gre’ate’c-
than the noise a t t r ibuted to the c ha r g e  t r a n sf e r r e d  from ra in .  It is the r e’-
fore unlikely to be a source of the noise. If , however , thy assumed fi g u r e s
of numbe r of drops per second and charge  per ra indrop do not r e p r e se n t
maximu m values , then radio int erf c r e-ncc from charged r ain mi ght  s t i l l  be.-
possible. Thi s is more- likel y to be.- the  case above the Logami tower  w her e
the rain may gathe r an enormous cha rge  due to excessive com-ona in that
environment.  The fact  tha t Ui-IF communication s have had tie) flO~ Sc’ p r ob l i -n i s
with their antenna ’s in th c-  same v i c i n i ty  ind ica tes  that cha r~~ -d ra in  is  not a
problem.
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5 0  EXI-~E k I M E N I A L  EXAMINA T iON OF iNTERFER ENC E DtJ l-  T O
CORON A 1)ISC I LA R G E

1 he study of the f a c t o r s  wiuch  mfl fL uen e .- i- nois u - i n t i , r l i - r t - n c e  due to e- om - ona d i s-
cha rge has been car  r i t -d  out w i th  an i-x pu t~-inu-nLa1 a r r . ingi -nit ’nt ~ h i c h  t ise- d equ i pt i t i - t i t

~imi1a r to that  found at an a m  r t r a f f i c  ontr ol  c- u - f l i e r . ~I w o  t y p e s  of V I-I I- ’ c on m i i e i n i .
ca tions  r ece ive r s , t hr e- ci an tenn as , and two c o rona disc - ha m - g e d e v i c e s  W er i  en ip l ov e u  -

in th i s  stud y and e f f e c t s  of corona c u r r e nt  and d i s t ance -  were. - e - x a i i i m n e u t .  As pr e .- - F :

dict ed in previous se-etions of th i s  r e-por t , co rona  disc  h a r ge -  cou ld be supprt - s s - d  by
placing a metal sphere  on top of the c orona point. 1he~ in i tia l phase  of the’ s t u e . l v  a s
( ‘)flt t ,rneci w i t h  f in d in g  .tn obj et l i ve.- flii ’ ,t fl$ to n i i - a su r~- noi se- I t - v e t s  wh i t -h would
closel y orresp on d to the su bj e c t iv e ’  in mp r e - s sion s  u I  a 1 m s t t - n e r .  It ~ a s found t h , i i
th e- autom atic volum e- control (AVC ) c i r c u i t  of one- of the ru-i - t - i vu- r s pr oclu ci -d a ~ u ) l t a  ~u

~~hu  h could serve  as a n ic -a se lr c  of f l t ) i 5 u ’  l u - v u - I  and in c o m i n g  si gnal  s t r e n g t h  as
I~y r t - e.- o r d i n g  thi s  vol ta  ge.t I t - vt - I , it ~e. a s pos si  b le to  mak e.- ii ir t - e. t i - t n i t p a  r i so n s of  u i o m  s e . ’

level  and RF si gnal s t r e n g t h . The.- use- of a pair  of re- c t- i~~ e rs  tun e- e l  t o  the san t e .- V111’
hannel  made it possible to doe- time-nt c a su - s  in wh i t -h a t wee signa l hea t d  en Omit ’

r e ce ive -  r was totaLl y masked by noise.- in the  o t her  r ccc- m~~c-r .  1lu ~e .e.-~ e r , e . a  r~’t u 1  ~t t

spe-ct ion of the r eco rded  t r a c t - s  is ne -e . :e s sary  to d i s t i n g u i s h  noise- f r o m  V o l e e - si gn a l s .
This is made pos si bit , by th e ’ cunipa r u  suns  c i t  t h u -  A Vt a t .e I  At ~( 

- I r a i  c ’s  I r u  t i t  t lie p u t-
of r e ce ive rs .  The p r esen (- e  of foi s t’  ~ uu ld inc rease liii’ b a s i - l in u - iii ~mn AVC t r i . ~ e

whi le  a voice si gnal would be seen as - e roii gi m l y ru-c - ta ngu la  r cue .  r i - a s u -  ~i hu~ t~ t h e .- h o t  ~ e-

level , if  the voice was not t ota l l y ma k1-d by the- fo i st -  - in .m dd mt Ion • t h e  e. -~ c ut loa m -  Ice-
of the s t r i p  c h a r t  r e - co rd er  was use -ui  (ii i n d i c a t e -  those’ e. o i e . u - signa I~ w h i c h  could b’-’ -~~~~

c lea r l y heard throu g h a r e c e i ver ’s loto speak er  outpcit .  i h i e s  ma rke- r is se~ ~‘fl in  n i a n v
of the fol lowing c ha r t  records  as  a sir ,’ ig ht t ine’ at  the  bottom of the c h a r t , w h i c h

drops  down by a bout I mm when -ver  th e  l istene - - heard  a voic~ signa l and .eetuale ’d
the marker  e-ontr ol .

Noise f r om  posi t ive  and n ega t ive . -  point d i sc  ha rgc ’ s ~~as stueh i e-ul s m c i - bot h cc

thes e, polarit ie s can bc~ n a t u r a l l y i n d u ce d .  Howe.-ve- r , the ph y s i c a l  pr cet - e- ssc ’ s m u e ~ ui’. u - d

ar t -  qui te  d i f fe r e n t  fo — th e~ two di f f e r en t  po l a r i t i e s. ‘1 he po sit ive.-  po int  a lt  r a c t s
fle gaLive e lec t rons  toward  i t s e l f  wh e.- re~ the c - l e c t r i c  f ie ld  st re ’ngt h i~~ h e g h u - st .
As the c Lect r ons  a t e  i-le r a te  towa rd ( l i e. ’ p o int  • th e- i r c oh u s  t ons  ~ i t  h a i r  n c i t  u - c C i i ,
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prod u new tons and secondary  eh - ct r o n s w h i c h  t h u - i t  add to the ’ a v a lan c -h e of
e lec t ron s a c c e l e r a t i ng  towa rd the poin t .  M e a n w h i l e - , th e p o s i t i e . - e.- i ons ‘ . e .h ich i
move v e ry  slowl y ~ o~~p~ red to e lect  run s  a rc - b~- in ~ r (- pc’ I led b y t h u  pus it i ’.’e pu n i t
and a r -  n-lov ing outwa rd. This  proc ess - o n t i n u u - s  u m i t i i  t h i s  spat - u ’ ‘- h a  1-gu -

weakene the ori g ina l fie l d and the  a v a l a n c he- s tops .  l ’ht i s , the ’ c o r o n a cu r  r e -n t
is not steady but consis ts  of a s e r i es  of pul ses.  Thu ’ n e g a t i v e -  po in t  d i s c h a r ge

also con s ist s  of pulses , but the e l e c t ro n s  and t On s fl~ O V u ~- oppos i te l y. The  p o s i t iv e ’
io ns are slowl y d r awn in to  the reg ion of hi gh l i e - I d  st r e -n gth  n e a r  t h e- point , V. bi le.’
the  fa s t  moving e lec tron s a r e . -  r e .-pe h i e -d and move- o u t war d .  Conse ’quc-ntl y ,  it is
• -xp - c t e c l  that  the,- r e l a t i on  bct .w - u - n  noise  and coron a  c-u r r e m i t  w i l l  be.’ e l i f f e -r e - m it f u r

the two point polar i t ies.  The magni tude  of corona c u r r e n t  is a lso  alfe.-c-ted by t h i e . ~
wind speed which removes the, c h a r g e -  being rep c-llt-d by the point and al low s
anothe r corona pulse to oc-cur .

~ I D e s c r i p t i o n  of Equi pme nt  u s e - c l  f o r  N u i s u -  l e s t  s

Two type s ut VHF ’ f i x e d —  tun ed ri ’ c e i v e-  r s \ v u -  rc- U se-cl t o  n i o n i te ir  i mite. ’ r —

f e  r ence with voice con lrnun ic-a t ion  duc ~ to no i se -  f r o m  t h u -  e lec t r i e .- a h  c l i  S c  ha r g~-

at a sharp  point. The- R V —  I 2 U is a tube- _ typ e- r i ’c - u - i v e  r w h i ch  has  s i ng le.-
r y s t a l  c- ontro lle,d channe l  ( I  24 . I Nil  I-,.) and i s  e - c j u j  pjn-d wi th  a e tt on i a t Ic nois e .’

I I T I I I I , r , du- l ay t - d  and a rnpi i i i u - d  a u t u e t m m a t i u  v o ) e . en ie-  c u n t r o l  (AVC ) an t i  a c a r r i e .’ m -

operated sqcie lu -h.  Tfu ,  A N / G R R — 2  3 ~s a solid s ta te . - -  r e e . - e i v e . - r whi t - h is

r y st a l  controlle-d and is t-qui ppcd w i t h  noise f i l t e r i n g  c i r c u i t r y  and  a m i  .iu t o .
matic gain control  (AGC ). Three  ve rt i c a l  di pole- an tennas  of v ar i o u s d e s i gn
w& rt~ used , all manufac tu red  by the  Te’chnica l A ppliancc’ Corporat i on .  The

~ .mp lest  of the t h r e e  is the D -Z f l( , a hal fwave di pole enclosed in a f i b e r g l ass

radorne with a hei g ht of 54. 50 inches .  The 0 - 2 2 13  has a hei ght of H 4 . 2~ inc hes
-end con ta ins  a UHF sect ion (not usc-cl ) in a d d i t i o n  to i t s  mul t i ple c u i l i m i e a  r d i pu l i ’
a r r a y  for  VHF . l hc- D-~~Z l ~~ has  a hei ght  of I ~~~~. ~ 5 inch e- s and c o m i t a i n s  t ’c o

independently ope ra t in g  VHF di pole a r r a y s  of V . h ich  onl y one~ v~as ci sc-cl w i t h
each  r eceive r.  The- pos i tion  of the-  p oin t  d i  s - h , c  r ge ’  appa m- a t u  s • relativ e. ’ to t h e-  si

ue rmt -nn a s  i s  shown n Fi gur e-  I ~ , , i f l ( I  I u r t h t ’r  d - t a m t s  a r e  in A p p e - r u h ix  A~
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(13) side ‘iiew . h,1 and h5 are variable
i’igure 18. Relative posi-’iors of’ corona point apparatus
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Electr ical  discharge- .it s h a rp  point  (corona ) ~~a s produ c e-ti u s i n g  a
50KV 1) . C. powe r supp l y w i t h  a va ria bic- input vo l tage  so that  c- Ic- ct  r i ca l  bre ak-
down or a r cing  ould be l im it e-t i .  Eithe r a long sharpened coppe r rod or a
steel need le was a t t ached  to one t ermina l of the hi gh-vo l tage ’  powe.- r supp l y and

~ flat meta l plate wa s conne c ted to the o ther  t e r m i n a l . The p la te  w a s  posi t ioned
a few inche s from the- ti p of th e  p oin t  wi th  it s  s u r f a e . e- pu - r pc -nd ie -u l a  r t o  t h ~- l u ng

axis of the point. iw o  ~h if(e r u , - n t  g i - o ? i e e . - t r i e s  W e - r u ’  emp loyed to a ssc ’nib le the  p oij i t
and p late apparatus.  One of the-s e - , as shown in F igure -  I 9, \‘~~i s l u c i t e .- o lnp ae  I . b e i n ~
bui l t  tip d i r e ct l y  on the- power supp ly i t se l f .  Th e-  othe. ’  r was m im e - h l a r g e r  and ~ as

supported by a meta l t r i pod w i t h  f l e e -  powe r supp l y p lac ’e’d ~ep p r u x i m a t c l y 10 fee. -t

away  and is shown in Fi gur er  /0 . The.- l a r g e -  u n i t  was used to s tudy e l m - te n s i o na l an d  -

geometr ic  e-f fe~ t s (in t h e .  u, o u p h i n g  e tC  corona  noise. ’ to the-  r ec - c- i \ - e.- i inp u t  ~c I o l c ’ t h e

compact  unit provided n ece s s a r y  P~~rt~ib i l i ty  for  the stud y of effe- ts  due to v ,.i r -y i n g
a nt i -aba to co ron a  p oint  d i s t ane .-~’. In orde- r to det e  rm ine - the u. u t -u n a  c u r  i- c-n t , a
100 ohm resis tor  wa s  p- -ice-cl i n se r ies  b etween th e  point  and th e.- power supp ly
ground.  The voltage d r o p  ac ros s  t h i s  r e s i s to r  was the-n measured w i t h  a
vacuum— tube  voltmeter  wh ich  c ould in d icate c u t -r e n t s  as smal l  as  0. 1 ,~A.
‘rhe.- maximum corona cu r r e n t  produce- cl  was on (h i -  o r d u - r  of 5Oo,~A . Hi gh e r
c u r r e n t s  we~rc not possible.-  (nor w o u l d  they  be.- expe c-te•d under  most c on-
dit i ons  ) due to u - l e t t r i ca l  bre. -ak down of the a i r  wh ich  leads to ar e .- ing  b e - tV.  c-c-n
t n -  p late and corona point.  W h en  a re - i l e g  d id o c c u r , sen si t iv e ,  re u - a s e L r i n ~
equipment  was protected by a p r o p r i e t a r y  dc-vie .  e’ wh ich  shunted the-  ove- r
vol tage to ground.

While  exper imenta l  tes ts  of noise-  i n t er f e ,  rcnct- we.- i-c uncle ru - ay ,  a 4 — c h a n n e l
s t r ip  c h a r t  recorder  was used to inon ito m- the audio out put of a VHF r e c ei v er ,
AVC and /o r AGC voltag e from one.- or 1)0th rc-ce-ive ,rs , and the VTVM uut~ uL
which  indicated corona c u r ren t .  The.’ l)C p reampl i f i e r s  of the c h a r t  re ’cu rd e . - r
had 5 H~ l o w— p a s s  f i lt e -r s  which we- ru -  use -cl to Sfl~oothi th e noise- i -ve.- i  r ec uj rd t ~i~~s .
A block d iagram of the exp e-r inie n tal  -e rr a n ge ’n eu:n t  is d r a w n  in Fi gur e.- .~ I .
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Figure 19. Compact corona point apparatus
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.4 Me -thud ui N o i s e -  Me- ,t su r u - j m m e i i t

Since- th e AVC and AGC voltage s ol the ru - c d y e-  m- s a re - r e - l a t e -u i  t u e  R F s m g i e a  I

s t rength  it was clecide d to m o n i tor  th e-i-u - v o l t a g e - s  •i s  i n d i c a t o r s  of th e- in t e - n s  i t - i

of the radio noi su - p roc luc- i-cl by th e ’ or olca ut -  pe)i nt d i s c h a r g e . . ‘I’ h i s  pruv  id e.’ S

measurements  which  art -  d i r e c t l y  r e- la t e -U to s e n s i t i v i t y  of each  pa r t i cu la r type ’

of r c t -e iver  and which  could , in the. , f u t u r e - , be- rea d il y ex a n e i n u - d  by a techni c iaie

at any a i r  t ra f f i c  control  cente r for  the 1- ece ive r s tha t  a r c  in u se.- . Be-cause ’ t h e

r e-l at ion between AVC/AGC voltage.-  and RF  signa l is not a simp k- one- , ca li-

brat ion curves  w e - re  determined for  the- two typ e-s of r t -ce ive . - r s  used in t h i s

stud y. The mea s u rem e n t s  we-r e-  maet i ~ u s i n g  th e- same receive.-  r s tha t  ~e. e i c

employed (ti  monitor  corona f l O i su  and a r e  shown in 1-’i gu r t- L~ and l”i gur - ‘ 
~. lice-

AVC c u r v e  for th e- R V -  I Z B  r ec e ive - r shows a much g r e a t e r  vo l t a g e .- s w i n g  f o r

smal l  i ncr emen t s  in si gna l s t r e n g t h  than  does the AGC curve . -  of the- AN / G R R -~~~
r e - c e - lye r , e sp ec ia l ly  in the r -~gion of low si gna l s t ren g t h  ( 1 to I Oic V ). The r e - t o r e -

it is the RV — 12B which was used as the- p r i m a r y  soUm - c -e of data  for  th e .  e-ompa i - i s u i e

of  corona noise levels.

- 
The audio output  of a r eceive  r was  re ,e -ui rc led and s i n c u l t a n u - ou s l y m i iomei t o r c ’ d

w i t h  a simp le loudsp i -aker  so t h a t  a sech p ec t i v e -  impress ion  of noise ’ c-ha r ae .- t e . - e - i s t  l e .  s

c ould he gained.  W h c l u -  a tes t  was i n  p r o g r e s s , the- c-vent nea rke.- r on t he- s t r i p

e. lea r t  rec -ordee r was  dt-pr esst - d t o  ir ed i c i i t i -  w h i c h noise t r a n sn i c s  s cons ~ e’ i-c i m i

t u - i l ig ib l e , as in l” igu r u-  ~4 at t h u -  ~~ l oin Of I r - c e e  1) . ‘I’he audio outpu t is

rio t a good indicator  of t h u -  a b s o l u t e -  st r e -ngth  of th e  corona noise- s inc - c’ t he- ou tpu t

level  is , of course - , ccin tr ol lc-c i  by tI’e.- e. i r c -u it ry  of the re -ceiv e- r and is supposed  t o

r e -main  constant  ove r  a wide range~ of inc -oming si gna l s t r eng ths .  Non eth e l e s s ,

it was felt  important .  to keep a g r ap hic record of the audio since it d c-an y show s

the  p resence  of co rona  noise.  In some cases the A. C. audio vo l t age  was led

d i r e c t l y to the D.C. preampl i f i e r  of the c h a r t  r e c o r d e r  so t h a t  peak v oh ag e ’ , :

ould he r i -corded , in othe.-r cases  a simp le f u l l — w a v e  r e c t i f i e r  was i n ser t e d

between the audio- output and th e~ input of the s t r i p char t  p reanip l i f i e - r  in o rde r  to

obtain a record of the l o u d n -s s  of th e ’  audio output .
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S & L refer to thrnensions shown in Fi gure . -  18A .



In u rUe - r to s t eid y I lic ’ ncu sk i  I I g  d y ou - e-  i o l e  in e um e i c a ti cen s b y t o  r e )na f lux ~~~ 
- 

-

t W O  ( I L  e - i v e  r s we- re t u i r i c - d  to th e -  s x i e e u ~ VI I I ”  e i m a n n . - I  ( I  ,~4 . I Mi (~ ) _  l h e .’ t ilt  e l i i ~~j s
re-c. u - j  vu -  r s , and t o  rona noi se- a pp~u r e  Lu s w e -  r e a r ra n g c - t I  so t h a t  e n1e’ r e - e u - i  vu ’ r we)u Id
lie re hit I ve-l y f r i  u-  (ru m - T m no t  ~ e- m r i f u  r I e r e - I n - i- whi  Ic t h e  ot h er  was si re nmgl  y a l i e -c t  e.’d
(conepare  F i g i i m- u- ~4 , ~ a nt i I ) ) .  h I d  1) 01 Se ’ — I r i -u -  r u - i  e - l v e ’ i- ac - I c -o h as  an in d ic - a t t i r  uS
t he- p r e -senc  u- of a si gnal  c -v t -n  w i u i ’n  th e ’ ~ oie c i l e c - s s a g u -  c ould nut  be’ he -a rd win i i ’
listening to the receive r wh ich was strong ly a l i e ct e- d  b y the-  no i se- , in t h i s  w ay ,
the tota l loss of a t r a n s m i s s i o n  i -ou id he- c l ea r l y citec u-rnentcd.

Thr c - c - l evels  ee f noise  in t e .~ r u -  r u - n c - i- car e lie ’ c- s t a  bli shed a c c or d i n g  to t h e . ’
in te l l i gi b i l i ty  of a vw c - t -  me- ssagc- . Level I c-oruna noise w i l l  ope-n the  re- c- e ’ivi -
squelch ci rcu i t  but wi l l  not cause - an y  d i f f i c u l t y in  t h e -  r e ’cept ion  ti f  th e  v o i c e . ’—
t r a n s m it t e d  i n l or m atj c ,n . Often , I c - y e - I  I f lOIS u -  is so we-ak th a t  it bc-c ome-s in-
aud ib l e -  ( l u r i ng  a vo ice  t r a n s m i s s i o n  due to t h u -  a c h i o n  of the  r e - c  c - ive r  AGC . If
th e -  voice t r a n s m i ss i o n  has an 1( 1-’ c-a r r i e -  r of f a i r  s t r e - n g t h , t ht ’n ~e l ien  t he-  AGC
r c- duuc  e s  th e -  audio leve l of the -  vo i c e .  t o  i t  s ap p r o p r i a t e . ’  va hi t- , t hi-  1 oud fle- ss e e l  t h e
corona noise wilt sirnultanc’ous~ y be- reduced , becoming i n a u d i b l e . -  or  at l e as t
m a s k e d  by the voice c o ni f l eu f l ic a t  j u d e . ‘I h is  levc-l J noise- c a n  be b o t h e r  some - S

it will open the squelch on a r e c e i v e r , but it poses no nc-al threat t o  th e-  ml e’ ~, r cl v
of cornrnuni e  at i u n s .  Lev c-l  11 co ron a  noise ’ is s t ru n g  c-nough to be - hea rd  aS .t bat k —

~ round cnrnp onc-nt  of a l l  - o n e n m u n  It -a L i  t in s afl(I wi l l  lila u k  ou i t  t let -  weaku ’ st si L~U~e
It i f ld  y r e~qui ru -  t h at  ni .-~n y me- s sagt-  s i i i -  i- e’peatt -c -i in  u r dc-  r to c- l u - a  r l y i -c lay ( ic ’S J  c i i

I n f o r m n a t i o n _  I a -  v i -  I 111 foiSt ’  ( S e - u -  l- egu N’ ~9B I i s  so hi gh t h a t  On l y th e -  st  r o u g e - s t
si gnals  c-an lie-  e lu ’ a r l y r ce. -e - i ve -c l  w le t  h e -  signals ui ave  r age  s t r e n g t h  a r e . -  c u m n p h - t c - lv

m asked and cann ot l~ , heard.  The- r e a r e- no di st i ne .- I d i v i d i ng line- s be - Lw -c- c- n l u -
r e - C leve-is  S i n e - c -  th e -  t r a n s  e t i i , n  I i- ew e  c e n t -  to the-  n e x t  is g r adua l  and dep i-nd s

some-what  on the- subj ec t ive  i fl - ipru-s s ions  o f  th e -  l i s t e n e r  as to that  L e v e - l  of nuisi ’
whi t - h con t r ibut e -s  ~ e- r ious int e  n c -  r o-nce ’ .

Corona noise was hea rd in t ’ ~~’~ t m f l c - t i u n  w i t h  voice -  e. c f lh tn luni c -a t iofl~ u s in g
l ar g e -  numbe r of re c eive’ r and  a u t  e m ~m Cd c u i m i h i n  t t ion s  w i t h  corona poi nts  w h i c h  Lute -I
pos it ive  and nega t ive-  e l ec t r i c a l  pula i i i y _  (It is t h e -  posi t ive point  pola n i t y  w h i e l i

~‘mll  be induce -U on t h e -  t i p of au a i t -  L u -  r od  mm I b y I h e- passage  of u nc gat  i v u ’  Iv
ha r ged cloud . ) ‘V he’ ho r i zont , t l  d i  st a H e e- b e t  w u ’i ~fl t h e -  e o  rome po in t  and  v_ I i - i ou  s



antenna s ranged (r on- i 7 i n c he s  1 (1 I Z  fee t .  Fi gure -  24 is a t y p i c - a l  r e c o r d in g  a c e d
con tain s  examp les of se r ious  e n t e - r f u -  r e - n u t -  due-  to  l i -vu- I  II n e i l  S e -  and  m n i n i n e a l
i n t e r fer en ce  due to lc-vc-l I no ise , both produce -cl by a J )O S i t i V e  po in t  disc -ha r g t - .
Corona c u r r e n t  from-n 0 to I O OMA is r ecore~~-d on th c ’  t o p t r a c e -  (A) whi le  the ’ AGC
level recorded in the  bottom t r a ce  (I)) gives a de f in i te  m a rk er  for  all voice.-
comm unication on the 124. 1 M I-I -,. e -hann e- ) wh ich  is common to) both of th e-
r ece ive r s  used dur ing  this  tes t ,  N ot ice  that  the AGC of th i s  - rece iver  ( AN / G R R - ~~3)
is not visibl y affected by the corona n o i se-  and that  t he  ev e n t  n x a i - k e . ’r imn-eediatel y
below the AGC t race  is not depressed for every  case in which  the AGC level
indicate s a voice signal. The audio output of the other  r e c e iv e r  ( R V - I ~~B) is re-
corded by t race C and was used by the l ist ene r to decide when to depress the even t
m a r k e r.  Any case in which an AGC level  of 3. 5V to 4V in t r a -c - I) shows a si gna l
without a corresponding notch in the c - v en t  m a r k e r , is a case in w hich  the voice
t ransmiss ion was masked by coron a  no is t -~ The- AVG leve l  of the  R V -  1213 r ec e i v e r
is recorded by t race  B and shows b are- l y d i scer nable- changes  due to the presence-
of a si gnal while the noise is in the level II reg ion , in the level I r eg ion  the  A V G
increases  when voice si gnals stand out c lear l y a bove the noise  wh ich  is ni-ar the
baseline of the t r ac e , Vv’hen examining F igure . ’  24 , it is  i m p o r t a nt  to note  t ha t  a l l
of the AGC i n c r e a s es  shown in t r a c e  I) a l - t i due ~ to vo ice t r a n s m i s s ion s ,

Nøj sc in the leve l  I reg ion i nc r ea se s  the AVC basel ine by less than 0. L V ,
is heard  in the back ground , but  doc ,s not impair  the  c l a r i t y  of a “n ice  t r a n s m i s s ion ,
Lc-v -l III noise cor responds  to AVC i ncr e a se s  of more  than 0. 5V and rend~~r s the
channel  useless for re l iab le  comrnunh a t ion . In t he i n t e r m edia t e reg ion of level
II  (0. IV to 0. 5V inc rease  in AVC) ,  t he co r o na  noise- causes  se r ious  i n t e r f e r e n c e
w } ’i -h  demand s that a message be repeated before it can be.- c l e a r l y unders tood .
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5 , 3 It t -suit s  of Noi se -  M e-ascj r e -n -e e - n t s

5, . I I n t r o d u ct i on

13c~cause ,  of th e ,  d i f l e - r u - n e  i s  i i i  t h e  ph y s i c a l  p r o c e - s s  e e l  d i s c . ha I e .~e , I l i e  p u s i t \ - -

,i ,ul n t - g ;t t i v e  p o in t  d I S c iki m g t ~s w i l l  be d i s  c i s s e - e l  s ep a  r i t e l y. lie c e c i l  c . I 5 ~ e l , i L i

wi ll be- p r e s c nt e - d  to show th e -  cie p en de r ue -e ol n o i s e -  i n l e -  r f - - ru ’f lce on corona  c- H r  m ’ e- m e t
dOd ru sta ne -t- b e tween  the corona  point and ri -c  u - l y i n g  an t e -n n a .  Th e e ’ U s e ’ of th e -  A\’(
v o l t age  of the RV— I 2 13 r ec e iver  as a o m i t - a  s u r e  of noi se  leve l  p roduc t - s  a e.-h ~ r t  r e - c o t -u
w h i c h  closel y co r re spond s to the ~eib j t - c  t iv e  a u r a l  i r m e p r e - s s i o n  obtained w h c ’n l i s t . - n e r i ~
to th e-  aud io  output  of e i t h e r  the R V —  1211 or the AN / G I t R — 2 3  r c c c - i v e .- rs .  This is es-
p e - c i a t l y t ru e -  when the cleir t  r e c o r der  p r e a m p l i f i e r  i s  adjus t ed  so t h a t  i ts  1). C .
( i f f s ( - t  ca ncels  the  clu i escent  AVC vo l t age  (about 0. 37V) w h i c h  ex i s t s  c-y en wh e n  no

or coron a noise is p resen t .  ‘I h i s  is not u n ex p e c t e d  sinc e. -  the  AVG v o l t ag e . ’  i s
re la t e - c l  to Lhe logar ithn - i o f si gna l  s t r e n g t h (see.- }i gu re 22) , in r i c u e .-h  the-  5.111Cc W a y
t h a t  L i c e -  human c-ar  r e sp on ds  log ;m r i t h n i i t -~i l l y to d i f f e r en t  i n t e ’ t i s i t j i - s  ul Sol i lU l .  I l u

AGC vo ltage  of the AN / G R R —  23 r e -c- u - l y e - c ’  i s  u se - fu l  f o r  a U i f f c ,  r e - n t  pci r pu s e - , siii e.- e.- i t
j i i m c c p s  s uddenl y I ron e 3. ZV to 6. 5 V as it s  th r eshol c l  is i- c-ac he’d and  the -’ u Inc.- re-a

b y c m i  y a n rit h e  r v o l t  or so o ver  a y e-  o-y h j i - uad r an gt -  of si gna l  s t r e . - i c g t  hs .  ih i s
du- ha v ior  a l ie ew e-U it Lu f u n c t ion n i  t i - i  y as - ‘  C Icon i t o  i’ iu r th e ’  pr e -  S e - l i e - u -  of si i~ il a

w h i e .  h c an  he’ ohisc ~rve~cj as t: I t ,~ r r - u - t a n g o i h a r  stc lj ) s  i m e  t h e  c -h a r t  m e.- c- or d cr  t r u c e - , ~~ i - c c

w h t - n  the sanic~ si g n a l s  canno t  lee se t - i c  in the.- trace of the AVG fruuei the R V —  12 B .
I f  a si gnal  did not p r o d u ce r  a v i s i b I e ~, c- e - e . : t en gu l a r s tep in t he  AGC t r a c e , it - uu l c l  n u t
be he-ar ch  above th e- co rona  noise ,  wh i t - n l i s t c - n i n g  to the output of the -  A N / G R R — 2 3 .

On the-  other  han oi , m a n y  si gna ls w h i i u l e  ca u s e d  a c lear  i n c r e a se  ire the  recorded
t r d  e e ol the R V _  12 B AVG vol tage  co u l d  not be heard in t h e e  aud i c e  ou tput  of t h a t
r io e i v -  z- . Genera l l y, a si gna l w h i c h  di d  not  at l eas t  double  the imp l itud e  of th e. -

r e - v o n - l e d  t r a c e  of R V —  12 B AV G v o l t a g e -  would  not be- c - y e -n  flea rg i n a h l y u s e f u l  fo c-

voi :e t onemunicat ion  t h r o u g h tha t  r c - c u - i v e  r .

In o r d e r  to record  no ise  c-y en at  t hie f  lowest l c v c ’ l s , bot h r c c-e ’iv c r s we. - c- c- 
-

op.- rated with the squelch  cont ro l s  t e i r r m e- d  off .  The- b ias  c-on t r o l s  1)1 the chi c r t
rec o r d e r  p r e a m pl i f ie r s  w e r e  .edju stc- d so t h a t  qu i t - s e - c - n t  -~t at t ’  AVC and AGC voltage ’ s -
a mc - b le n t  noise , and in te -  m a  I r e - c  - ly e -  r f lo i se -  Un  not app c- a r as pa r t  of the-  r e - c - e m  c - Ui  l igs.
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-i. ~. 2 (-~~~ron~~ Noise- l )u e -  t o  A h ’ osi I i ~~e - h ’ wj i l

‘i he m m c - t x i n l u t l i  i u cm ’ona e - e t r r - - i c t  ohse - i -~~e eI  I t e t -  i I C O s i t i \ e  1)01111 t h i s ,  ha i’ L~ ~e- i s

c l o s e-  t i e  I 00~~A. ~ l e e - n  t h i s  i m p l s - i  I e l i c i t  w i s  r c i c  h e ’d , i c e  m n g  Ic i -m w - e - n  t h e ,  h l e e m i l t

and p la te  w-uukl tme ~~~in , t~ -pu  a l l y .et ~u m m  . cp p l i e - t h  ~- ‘ a l t a g c’ u l  ~ ) k V  w i t h  _ i i i  t i m  gap

ten e inch  leetwet-n t h e c -  point  and p l . i t e -  La m - g e -  r ga p s h i - t w e -e -n  t i t i -  p a i n t  and  p Li t i -

WOol(i a l l ow i~~l’ecr  ipp l~~i - e b  v e - I 1si~~t- s , h e it  a m - d ug w o u l d  s t i l l t a k e -- p l a c e . -  at  ab o u t

the s.i f l i t -  n i a x i n c u m i l  c c l  r r u - c i t .  As e - x p e - c .  t c - e l  , t h e -  n o ise  le ’~~e.-l h e- a  rU in t h -  r e c .-e i ~ e.- i - s 4
~eou ld h i t ’ l’ease  as  t h e -  c or o n a  c - i c r  r - - n t  l i l t  r i - I s e - e l .

l o  sho w the  re l a t i on  h e - t w c - u m e 1 1 1 c C  S c ’ ac id  e e c r c c i c a  c m i -  -~- n t , s t r i p  e-- h a r t  r e - c. t ) r e . i S

we- r e - en a l yzed on - t  J ) u t n t —  le y — p o m m i t  h 0 s  5 111u . L s u r i m c g  an A V G  v o l t a g e - a cid t h e .

or responding co run  i c-H r  re -n t  and  p lot  I i  ng ( l e t ’  r e - s t i l t s  .15 i n  1- cg te  me 2 ~. i b i s  g r~i p h

d ot- ?, not include a c on s t a n t  1) . (. . o l l s i - t  u t  0. ~1’ 2 V w h i c h  is t h e .- qec i e - s c e - o t  v a l u e -’ e. ) l

th e- AV G vol tage .  ‘I he Sa o m i t -  r e - c - c - i \  e r -  - e n t e - n n a  c -e i n cb i  n a t i o n  (H - 1 211, 1)- 22 l e t  w i s

a n a l  y z u - d  It) r t h r ee  d ifle. ’ r en t  d i s t a n t - i - s  f m - c e r n  t h e -  -t m uch p o in t .  ‘1 he 1)01 Se ’ ‘ u  i- s e e s

ce m ent  m- e- l a t i un  is the -  s - i f l l e ’  nu t  o n l y t e e m  t h u - s e - t h r e e ’  d i s t a n c e s , h a i l  ( t e r  a l l  te. -~~t e- d

d i s t a n t - c - s  and r c - c - c - i v e -  c f l t e f l T i a  i i > i c l h ) i i l a t  11) 08 , . t l t h coeeg lc t he. ~i u t i t , t I :\ V( e - 1 l t a L~e’s

rn -m y  v a r y  g r e - a f l y  t i - one on e- e ufl u l ) I m l , i t l t c r i  to  a r coe t hi i-r , Ceerema e.- ttc -rt- u ts h e - I ~ e~ 4 (~,, \

would  ba r el y p e - r t i i r h e  t h u  q e i i i - s u - e - n t  A V G  l u - y e ’1 i n d i e - a t i c i g  t h e a t  no a p p r e -’ c . e a b lc i i c . f l s~

i~~ b e - i ng  g e . - n e - r - c t u - o l  ,~~s f a r  u s  a t y p i c  i i  c e i i e i m i t e n l e , i t i ’o l s  m - e - c - c- l v c r  is  e - t n i e c ’ m n e -d .

L i s t  e - r c i n g  Lu the -  acid to o u tp u t s  - I t h e ’ r ’  - e l  y e - -  ~~s c c e m e l i  mn  is  t h is s m i c e -  - i t  w a s  Ihi c-u t , e

r I i - ~t t n g e i i s h e o> r Ofla  cHa i s e -  l E t f l ) i i c i i h i i e i c t  t ea c k gm’ou m id  no i se ’  u n t i l  e. ’ ( ) r uni l  -ui ’ m - c’nt s

Ice -g a n to exceed 2 5 1iA . —

As c ur l lee - ~ c- e-f l  In ~‘i gei r c- Z~~~~~t h i e ’  e - - i t e - ~~I of e h i s t u m i c e -  b t t w e ’c~n ru -~ t ’ l v c m i g  . e l l t e . - n l l  I

~~fl~i 0 ron~ point  is inu pt e  r t a  lit in  c ie -t e  m i c c i  u c o g  the. ’ re su lt a nt  m ioi se~ Ic - y e --I at t hee ’

r i - c e - i v e r .  Here -  a g a i n , the  A V G  v e > I t ~c g c - is  t aken  as  th e. -  t i l e - a s U r e . -  01 f Oi S t -  l e ’ v e - ’l 80(1

i n d i c a t e - s  t h a t  se c- i on s f l e c i s e -  i n t e - r t u  r~ ’i i  c - i~ - t o  be ’ c ’x pc’c-t c ’d wln-nc- s c - r  C p e i s e t c ~~e’

p o in t  U m s e - h e r g e  o ccu r s  w i t h c i i c  24 I i i e - - h i u - ~ c c l  8 I - t - c i - l v c i i g  i t m l t c . - n f l a. I l i e ’ e t i r ve -s  5 t c c ) ~ C i i

en t h c l s  f i gure  wu re U t - r A v e - U  S r u n e  m e e - e ’  i c - e l  I i t  em a e I w~o l .s t  c a s e ’ ’ t i , t s i s , L u . ,  t I le-

I ’  n - -
~ mum fbi  se — ~~~ltcc erl A vc: v o I l e  ‘~~e - , u s e - - I  t o  r e-p  r e - s u -nt  t h e -  1101 S e -  l i - y e . - 1 a t

Ic ci i s l anc - e - .  Saint ’ data  w a s  u e h e t ~c I f l t ’ e ~ it  - I )  M te i I l t  i’s g r e - a t e - c- thea n ~0 inc - Icc , but

it  ~~os d i f f i c u l t  t ee  o b t a i n  r u - l i a b l e -  n i t - a  u c r u - e c e c - u t s  e l  t h e - s c -  l i s t a n e  u ’ s  s e m i t e  ( t i e  i l e i s e -

- 
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I u ”c u - I  w a s  s i c  l e ew . I h i e t ~~, i t  i s  s e e - el h i a t  scone -  i i ’ c l ~~~u - i’ u - e l i i e t c e - , i e  o i l  Ia ’ t u e - - c  e d

b y p ia c  in g  r e - c i - m v i rc ~ e c i l c - n n  i~~ ,i~ f a r  as p e ) s s i I ) l u  I r u e n i a i r  te ’r n u c e ~c l s  , inc j  o t i i e - ’ i -

sh ar p i ’~ Ieoin t e-cI  O i c ~e ’ -. s w h i t - cc w- t > c i l c .1 be- e x p e e . t c - c i  t o  d l \  e. - r e s t -  t e c  c ( e r t ) n . c  d i~~c-h u  i g e ’

~w he- n  su b j i -  t to i n t e n s e -  e - l c - c t r m e  f c c - l d s _

L s e ng c e - m y  — i r c i p le s t a t e s t m e  s , t h e ’ u ’ f I u ’ i. I of c u r - c i l i a  f l l e i s e  c e l l  t i le - F e. ’l i d I ) i l 1 t ~
- ci V i i I ~ t : t ) f X l i l l l i f l j e  ,i t U e f l ~ c a l l  he ’ s i c i e c e . c c  c c i  , i c e e c t } c u - g -  w a y .  ~e~u n i c 1 m h i ’ s of e - h a r t e l _ i t - c  

—

c c - - r e -  c r b c t r - e r i i y s e - I c - c - t e n - i  f r o m i c  re- c c e r e l e n c , s m c e a d e -  ~c - l t c  h e . - t h e ’  c c l r c l l i u  e t L r I - e,- f l t  w a s

li e- L et e cmn ~~t~~ nt .  l ie  u- _ c eli s-an cp i e. - t h u  p u - c - s un  l i s l e -- i c  i l i i ~ t i e  ( l i e -  \ e) ie ’ e ’ t i - a i l s  l l l L ~ S l i i i

a n d  n o ise  has  i n d i c at e d , b y d e -p c - e . - s s i meg thc-  c - v e nt  i e e , i r k e ’r , w h i i e . -h  t e l  ( l i e ’ ( m a n s  —

f l h i s s c c o l s  c a n n e -  t h r o u g h  t h e -  I l e , m s , ’ e I e - ,c r l ~ e - c e u e c g lc f e e  hu ’ t i s u - l uL  ~~c c l e -  e- - - i  s e e -  t i ne - i

N-c e l v u -  r w a s  t on i -U  to  t h u  Se-flu e- e I c a i u c c e - 1 , b ee t  i r e - - u-  I t - cern  Se F i L ) t i s  A t i h  n e - r u n e - c’ .

i t  w a s  also  p O S S i l ) l e -  to  e. t a m n t  t i l e ’  t e e t a l  c c t i r i c h u - r  t e l  t r u i l s i u ti s s i u n s  e h t i r c c l g  a s a n u p li-

p t -r i ou l .  B y u 001e L i f l g  t h e e - ne inuh ey r c c l  c u - a r , i c r  .i t I e . - a s t  re -a eLe bic-~ t r a n s n l cs s i on s

a red ou lu p a  r in g t h i s  nun 1ie r I C) t h e -  I e~Lc I n t i enhc . -  F cu t t r a mis  lie I s s  I 1)05 , I he ~ e - I - c u ’ i i t  ~i g e -

of lost  nies sage-s  c-a n be ce-c s ii  y t e -iI e t i l e - i  Le. ’d . ‘ l ’ h l e -  i- e - sea l  t u S -i na  l v - - i ng  Sc ’ ‘~ e r a t  ~~i l e -  -

samp les  with v a r y i n g  d i s t a n c e - s  h ) c ’ t w e - t - rl e or e i m ia  p o i n t  . tnt l  r e - c e . - c \  tu g  j i i t e .’f lt i a cS

sh e e w n  en F i g u r e . -  27. W h e -j i  h it-  c U ’ i c c e , i  p e e c e t  is w e t h i c e  10 m c i -h e - s of  t h e e  . i f l h i - f l u i , i _

th u  i h c a r i n t , l h i- u c e f l i e $ iI~~u~h i y b 5  s i n c e- th  i i i u - S s , t g e -  l e i s s i , i t i  c t p p c e c a c h l e s U 1 ) e P ~ - cc

- i t  d i c - . t a n c _ e- s  t e l  g r e - a t e - r  t l i , i u e  ‘1 ( 1  l i l t  i , e s t i c ’  l O S s  ‘~ i t c ’  i s  e- ’s s e i c t i _ e ~~I c  I - , e- ’ t e i i  t h i , ’cL , i~
S e e r l i t~ t i er o n . e  n o i s e -  o u gh t  s t i l l  f a t -  l . i i n tk -  l i e - a r d  i c c  t I l e - I c _ i c k g i - t n i i u d .  ~c e e t i i e ’ e p c a l c i i _

a t a e n s  n e - u - c l  t o  lee -  aclde- ’I t o  ( I c e - s e - r e - s u I t s .  ‘1 h , s l i t  i ~- f  c e - i t  J ) t i b M i l i (  h e l l  c i t  s i g n i l

-‘ t r - n g t h s  a t  t he  s i t e -  of th e e ’  e - x p e . ’ r m n i e - m c t  i s  d i S h -  r e - i l L  t h i n  t l ~a L  in ( h e - - iee - t g I i t i c -i c - i i c . cc ~
s - f  afl - i c r  t r a f f i c  c d l i  r o l  c u n t u -  c . A t  t h e-- e. ’ \ p c - r i u c c t - n L  s i t e . ’ , s i g i c , . I s  eel i~ c- r a g e. ’

st r . - i ig t h a r e . -  r e c ’ c - i c - t ’ ei f r i e n i  i ie~~u r h y c c u l t  i- e - c 1  e f l t - r s  w h i l e - t h ~c- st  r e r i g e . - s (  s i gn a l s  c l u e . -

t n e e i c c  t ho se -  ~a i r c  r a f t  c c h i e h fl y n e - a r e - st (h e  s i t e ’. i lee I i s t c ’ i c e . - r has  on i~ Ocie tj sk  , e n t f

arc c e n t  e nt r a t e  on I r v i n g  t e e  he-a r e~~ e - l i  l i c e ’  w o r s t  s & ’ t h t lS ~ n a s in g l e  c h e a u i n e ’l w h i l e - ’

-c I r a f t  iL c o n t r o l l e r  w ocilci o rd a n.e r cI  c- e ~c i -  c ’’, a nb  re  e - e i l l  ip i e ~ loat h tel t - i s k  s a mi tt  t e e  tu e - i

Y c i i s s  m an y  oI L ic e i m a e . - s s e - i g e - s  w h i e .- h e h a v e - ’  m i c a  c g c u l  I c u i t e - l E t g t h i l i t e -  ic e  ,e t l ~~c k g r u c e i e e i  c i )

S u - v u -  me -  ~ t l r t f l ca  noi Se . . FIe ’flce ’ , thes e -  lie-c t -- i i o - ~- i s i g e -  s t a t i s t i c ’s sh ou l d  n ot  be i s s i i i i i e ’ , i

to app l y q u a n t e t a t i v e - l y a t  d i f f e - i- u - n t  loc ’ o t j e i m i s  u n l e ss i t  is f i r s t  e s t a l ) l c s h e . - e I  t h at  t h ~

~ t ‘ t i ~~t i t - a I  p c ep t i l . t t i u n s  of w e - a k  m d  -, t r e c n c ~ s i i ~ l i . i i s  i r e - t h e  s , i i l i e ’  i t  e ’ i t f l  lot i l i a c ’ .
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T h e ’  q i i . e h i t ~a t m v ~- r e - s c u l l  , h o w e - v u - i - , r i - l I e - e l l I s  i i l l e  I c . i f l g i - u I  i c i t i  i s  c h u t e -  s i i i i 1 e h e -  I i
c e r f i l e a  d i s c h a r g e -  i , m l i f c t a f  l e t -  ‘ ‘ h i m s i m i c i h i - i l , s e a l i c u r u - h i t  I r u m i c  the ’  p i u i h l u - i u e  e e l  C c c i i ’ .,-

m t e l c ~ r ( er e -n ( - c -  can  lie -  e h e t a  l i m e - e l  b y ) i f l l l c d iC e s p ie-u- u - m i c e - n t  u t  ~i u c t u - nn a  s cc i t  l~ re ’ sp u - e I
c c t c ) e e e  La w hi c h  wi l l  indue. e e om-cena el )Sc, 1e4 rge’s .

It is obv iou s t h a t  i t  s huci id l i e ’ l in e  i- i’ c - i I e ’ c t e  vi ’ ( C c  e.’ L a n ~ i t e a  Ic c c i  c i l i a  u I u s e  lea r i - c  -
than  to aLLen -apt tee r c-due.  e the  flu i ice ’ e ’ l i e - c  t s cc -hi u I l  m e a t u s i  lie j ) r u - s e l l t  V. l l u ’u i e ’  ~ u ’ F I l i e -

di~~e -hâ rgee ot ’cu r a .  A wel l  known r c ’sc i l t  of the -  t l ee -or y  e e l  e lec t r t e s t a t  m e . - f m t - l e t ~ h i t s
been n-I is c-us  sed i r e -v  tous ly ( S e - i - , 3), i , e ’~ , the ’  c-i ee t r a e  I’ci ’  hu h  cc i l l  h~’ e em —

c e - r e t r a t e c l  in the ’ m a e ’ c g hh orhoeici of an y  s h~c rp ,  i - Ic-c -  t rh  - l i l y t u f l e h u e  t ing  u e h e l e - c’ I - ‘I h e m s
i s  the - rc a son that e - h t ’ e t r  ic - a l  d i S c  l i i  r g e -  (~ o N en a ) w i l l  be m i t  I , i tc -cI  at  th e e ’  sha rp i -  51

point or i r r e g u l a r i t y  on a ~‘o n e l u e ’t i n 1~ sor t i e  e’ . c~~i c s u - c j e m i ’ i e t l y ,  i f a i e e n d e m e - l t n g

sp he- me wer e  p lat- c -c l  see as  In  e e e c - c -  1 t h e e ’  po int of t h e  e c i  rofi,i .i ppa r i  t u s  - t h ee’  ci u s e - - le a r g e -

would be su ppr c- sse’d . C u nfm t f i c . a t i o c e  cci  t h i s  is  se- cue  in  t1~e.- pae i cci c l e a rt  l e e  c e m e k

shown en 1”i g u r u .’ 2 . One.- re- u ur c i ing v .a  s u e c , e d e -  In ~ u ie-et  c . c ( c - I  y .c I t t ’  r ( l i e ’  c i t  l e e r  cc i t  Ii l i i i

t ’h ’en g e- except to c o ve r  t h e -  c or on a  p o i n t  w - i t h e  ~c b r a s s  sp h ere ’  a t  t i f l e ~ l i c e - h i  d l a i l u e - t e - r ,

1 hi ’ a i r  gap spat- u - l ee - t v .  cc -n  the - -  p ta t u~ ~i mcci sp Ic e- r u ’  w a s  I hit ’ s a t i n-  as  i t  cc _i s be’t ct- e u - I l

t h e  p lat e  ant i  po in t  ( I  • te im e . ) end the ’  t l i s t i n e . -e’ I r u n e  t h e e -  e - eu u’ on_ i .appa r a t e a s  t e e  t h e ’
a n t e n n a  (1) — 22 I 3) was 1t5 in ches .  W hi Ie Lice- point we-e s e-xpus c-ch , c ci N ef la  c i i  se -  lc , c r g e ’
Look p lac e’ at  Al e c - r e - a s in g  c -or  r e - nt s  u n t i l  a r c i n g  ne - c - t i m ’  t- .’cI , i t  t f ~~ j 1 A cc i t h e  ‘ ic e Ipp I te - e l
v o l t age -  o( 2 ‘-i k V . W h~e’fl t h t  sf) lle m c -  ct -_ i ii sed t ee e n  c- c -  c t h e -  pen cit • c e - , in  ~ ci e e l  l in t

( i t , c u r , e-ve ’n c t p o t e ’n L l a I s  of 1e O k V  , cnu l  i eee  e o r e e f l , (  e e i m r c - n t  g r e - a t e -  r t h e e - m e  2 ,c A e e e t a l u i

V i ’  i -x i s  ted ,a $ 1$ Intl it a ( c- c l hey the -  ~ i- m-o~ I i  fit’ t m - a c e -  in the. - cc i  r u n e  t a r  r e - -n t  s ut  t i t e l i

cc l t 1i. ’ c h a r t  r e- t u r d . V olt - c- t r . t n s t e e i s s i u e r ’ uc c e c e ’ cu t -r e ’d c l u r i i c g  b o t l e  t c ’s t s  a m e t i  ,ire-
c I - - a r  l y i n d i c a t e d  by th u  La 11 , c c l  I sc -a i t -  c x c i i  r s i un s  in ( l e t -  A VU I V _ i c c - ,

u- f l
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~. 3. 3 Corona N ce i  se Due- to a Nc- ga Li  v t  I ‘i i j e i t

h- .b - c - t r i c . . i l d i s c - l u e  l -gc -  ir~~m u c  - -  p e e i n t  e el n u - g e - e t i c - . - h i c i l e r i t y  w i l t  f l e et  o r e - l i m e _ i  i~i i c

— be - l c e c i n e .i durin g periciCi s of Lhiinde rstoc-,ce activity heat 111 , 1  y be m n t l u e  c-t i  b y s I iOcc  —
s tumn  lb or , pus si hi y, by pus it i vu -  c -h a r gc ’ _ i cc-u i  i i t t l . - e. I c-cl b y 4-i ni -_ i  r b y m’,tctunn-
s t r u ct u r e . When d i s c h ar g e  (rum  a negative point  t f u u ’ s  i) CCU I ’  t h e -  V h i I ~ ned se

- c i e -  rat e~d n cay be neom - e- ut i L e -ti st (lu_ icc ( l i e  f l u i se ’ ge - i ce -  r ,c  (e t 1 b y a pccs it  i v  e- puCui t
5 -. l i _ i  rg t? _ 1 he- f l c_ i X i l i u Ut~~ f l e e l s e . ’  I t -y e  Is p r u du t  c -c l  d i i , -  i ng  t h a i  s s tece ly  cc i ’Ve’ ge-ne ’ i- i ( c - t i

l iv n e - g a t e v e . -  pce in t  ci t~~e- h,i r ge.- s and con s ie l erah l c-  n e e i s i -  Wa S gent-  r e - t I e - c l  I)y low c u r  r u ’ u i I  s-  
- 

—
I i m g h a e - s t  noise levc ’ts  w i - r e  in the nei ghborhood cu ‘~OpA , as  shown  b y Figure .~~°.

1 he. AV G ic -y e -! of Lice l(V — I f l~ r u t  u ’ i v u ’ t -  an t i  t h e - l i — ~~~ 13 ~c i c t e u e f l _ i  cc- , c s  p)utte ’tI by

~e n.t i y i~ ng c- h e a r t  re- c- u r n - I s  on a point . by _ p o e  cit he; ,  s i  s as  cc-a s done-  I t e m  t h e  p o s i t i v e ’

pencil data shown e-a m ’h i - c’ . ‘ l Ic e-  t h r e e- c u r v e ’ s , e a c h  r ep r e ’ s e - n t i l l g  a d i t t t ’ m ’ e- mc e l u s t _ i m e e  c

(i e -twc ’c- f l  an tenna  and c u V u f l a  pciint , ~t h I  c on f o rn e  te c  Li i i .  S , tTf le ~’ p a t L e~ r i m  and  a re t y j i i e - . t  I
of the- negat ive  point CCI ) )  Se data in gen e- i- a ) .  ili is  f i g u r ~- do t -s  nu t , l u i  ict c- c u ’ r , s l u ice

two  fe -at ce r e - s  te l the ,  noi s ’  and c u  r r e - n t  r u - l a  t i u ) f l  V. h i e ’ ii we ’ rc - ( i i S c e P e - c ’ red (or  Iit’ ~~~_i t i c  e ’

poin t di  scha rge- s • a le igh cci r r ent  c u t  — o il  a lid a 1104 se 7) e i K t1  I lie ’ c t I  r e e  m i _ i  di  se ’j c_ i  r

t h r c - s hu l d ,

At hi g h corona c u r  re -r at s , th e -  ra n - l ice  noIse. ’ dt ’ te - c - t e - d  i e y  t h e.’ re - c - i - i  v~ - r cc- u e t e i d

s c - d d e - r e l y  d c - c  Ve ~~c S i -  as  I t a t -  co r ce u la  c l i  r i - -n t  e u n t i e i e - i e e u c s l y ime c - r u ’,c se’d. I sin g a t e

o~ c i l l e e se_ ope to (eb sc- ry e  the > rap id  p u l se - s  cci c-ca t’ r c ’n t  \c l i l t - l i  a re 4 typ ica l t e l  , c u i ’ ~ pci it u

d i s c  l i ar  gc en the atr -ucos p hc re- , i t  cea s  I ’  eune l  tha t. I I c c ’  fr c ’c~ieenc y nI I l i t ’ p ie1 se~s cc e e u I e l

i n n -  r e - a se  as the  v o l t a ge - app i c c - d tn - c t h e- c o r o n a  app_ i  r a tu s  was h i t ’ r ce -_ i sc d .  1 h e

at ou nt s  leer the  j O t , r e - m e - s c -  ic e - e v e ~ r a g c~ c u r  r en t  l i ce - a  sur e ’d  hey the- V ‘I’ \ M  , c-c - c- c e  t h e~~~i - ~h

t hee> ~an cp l iLu dc  of t h e e -  p u l s e - s  wit s du e ’ r e_- c  s ing. At  _i pulse rate of a h oot Z ~ 0 re-’ r

se c ond the t rc )n t  n - el one- peils e ’ b ’g im i s t ee  s tep  (Iii t h e . -  t a i l  of thee pu - c -c j u t e s put ~~~ acid

th c -  pu l sa t ions  e t ’asc- • b e i n g  r - p la i ’c- c - h b y more e - e ent iuuous  flow of c’ha rgc ’ . At
th e -  5 - m et ! i n s t a n t  t h e- A VC vol tage-  w-ou~d d rop  to I t s  q u it - s c -c- n t t ee -vt ’! and no> Sc ’

a se -  to be hea i’d ira t I ’e-  rc -c &- iv e. -  a- . It is q e c i t e ’  c tc~~e r , the ’ r e fo re , that it 15 1 hi u-

(‘2
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Figure 30. Corona noise from a negative point and voice
blank-out due to noise (6-23-78)
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p u l s a t i ng  e_ h a r a e  I c - t  of t h e ’  d i e  ha rg c- V . h l c e  I i i t--, r i - s 1 e c , n s i l e l e -  b r  t h e - - p t - tcd~i e - t  l t ) f l  c i t

f l ’e i s ’-  in  th e  V H F  p ar t  ut t hee -  i - I t - c t  r e e n l i a g f l e - t  I t  ~. p u - c  t r u i n , l l ~ - e - t ) r e ) n i l )1LI5e 5 c, u u- c

‘I ill.’ r e -n t  l y -et  c u r  r en t s  of I U(u to 150 p i A a nd  fled s u -  (u N’ s ei e ) t  Ieu ’g l i i  to  lit> c f l h i t t e ’t I  ag a i n

‘oc t a l  e . u r r e~n t s  e- ~~t - e -vd  2 0 0 j~ A . T h i s  se -u - t c m a d a r y  e ’ l i i i S S I u ) Ii  cii I i ( i I S c -  I S  .t s se . ic ia I e ’d

w i t  hi t h e  ~ OfliTT mv f l e  cru ee n t  of I c e - s b ’ ’  e l i  s-c - he_ i rgv p e c i e - e t s w h u t - h e c -_ i n  Ic , - s u ’-  ii in  add it i i

I i;  t~ a e ’ p r i m a r y  d i s c  h .- t r g c -  at  t h e ,  t ip  eel the ’ n c c c J l c ’  cc h m u - u e  t h e e -  c o rc)na t~)p ,a r , a t u i s is

place d in  a c l a r k e - n c - e l  r o o n m u . 1 lie ’ se - c -ou ida  r ’~ c - n e c  ss i on  p o i n t s  a re  eceo s t  l ik e  Ic  c U i e ~

to su r fa c e.- c r r e gu l a  n Ice - s ,e i c e t e g  th i -  s i d e -  of I I c e ’  mi t - c - n - l i e ’  cc }e u s e -  p o l u e t  se ’ c’ v c~~S as  ( l I e ’

p r i n c~c ry local ion of e ce r c  ne_i  d i  scha rge . l ’hce ’ l e i g h c u r  r e - n t  Nh  Sc-  cu t  — o i l  p hec - f l e e l i i e ’ t i _ i

is s u - c - n in Fi gu re- ~~~I w h a t - h e  as a t y p i e -  el  I i i  c - I r e - c ore l  u l  c u c ’ g _ i t i c e -  p o i n t  flO~~sc ’ I lie -

bottom t r a t - et - is a r u e -  u rn-I ui the ! AGC \ ( e l t _ i g e  cc - h it - he se ’ rvt ’s  a s  l i c e -  n e - m u s e -  i r e -c ’ t i U ) u i i t e i c

fu r  a n y  c - c ) I e e -  t r a c e s en i s s io n s  on 24,  I M I  I, .  ‘i’ le c ’ u - t e ’ t e t  i c e a r k c - u -  i f l m l c e t ’ ( I i _ i t c ’ l V  hc ’ mec - , u m
( Iii - A( C (r a t  e- wa s de 1e N ’s  s u - u t  wh e t -ne - c c~ r ,e ci s c -f e e  I v en e’ c’ t r a n  s ccc ~s S i t  n e c na i ld  he- b e c- ,i u - ti

w h i t e -  l i s l e - f l i n g  to th e  mi t i dj u e  e c m t p u t  cc l t h e  R~~- ’ — 12 h I  r e - c e - i c u - r  .a nd l ) — e-~
_
~ h uue tt - uun ,e. I h-

f u i l — c c . I c - e ’ r e - e-~~j fj e - d  ali t1 i c e  ‘a i t p i c t  a m i d  AV( :  c i e l t a g c - c i i  t h e e ’ R \ - _  12 I i  e t c  r e - c c e r c l e ’e t  i n (Ic e ~
two midd le  t rac e-s w h i t e ’  t e e  rona c ca r N - n t  i s  i~ c - i uc - e i e -d  cci  t h e  i up  t r , c e  u - Fu e  c’ f le  g5c t i c  e

p o in t  data , co rona cu r  r en t  i f i c  r v , c s c- s  _ i s  thc ’ pen t r a e - c’ gin’ s t owa rd t h e ’ bottom ei ~
t h ~- h ar t  and th e  V’I VM 5 ( _ i u c ’ is c h c _ i n g e - i l  d i i r i i u g  t h e e -  t r a c e - s i c  t h a t  i _ i c r  c , c  t i r e - c , ~- u um

be.- ye-ca i n t , ij nen-l t h r o u g lueut the broach r a n g e -  ul ’ e t C  r r u n t  s. le e t h is p c  u - t i e - - u i _ i  r e- -a Se~~, m c c c i  t - - u

c u t  - c c l i  e’ - -. u r r e - e l w h i t - n  (h it - L o r e eu ’ a a c - te r r e - m e t  r e_ i c- h u e d  I ~(J~cA

P e - I S e e  s c - c u en  t h e ’  A V C  t r e e - c- of Fi g c c r u -  ~C ) i s  t h e e ’  tee - c c i r r - eec ’ e - ni ,c \ e  ~ st r u u e g  I ec ’ m I ~
i re  t or on a  f l n e l s c -  \ W h i i u  hi o c e  a e r r e d  c c h c i c -  t h e ’ t u r ou l a  c a r  u- c - m e t  \ c _ i s  be ’ i c c a ~ a d t t s t u ’ e I I u - , i c c i

/ . e - N )  to l ogsA. i t e m s  f l o i s e - , cc I c R - he ‘ c c ’ e c u - s i c e  t h ~- t h i r u ’ s h t , I d  ul c- e r ona  d i s e ’ h c a r g c - , i s  ,e u i

e m - r , a t e e  hut I r e-c~u u n t I y  c- - u r u - i n g  T e i n - f l e i c e c e - n a  t i t i t  c _ i f l  g ive ! 1- 1st’ I c )  f l o l se ’ Ic- c e- ’ls t h a t  a i c ’

g r e - a t e - n  t h a n  t h n s e -  ~c s s u i e. ’u ~i t e - c h  cc i t l c  e e e e m ~ Ic l e i g he-  i c o r o i u a  c c c r r e -n t s .  M ur c - e - ec  - t he ’

h -- e- sleotd n oise-  stet incl  s much c l i  lie - u- c- mi t t h a n  th ~’ f o i St ’ pr udcec - e’d bc t h e - ’  l i i  ~ I i c ’ i or  i’ e~nt s

h _ i v  t u g  -c wh is ti  ing  uc ’ h o ’wling  c-ha r at - L u ’  r i n s te ad  01 ( h e ’ h i s  s i ng  ~ c e u i i e I  cc l i m e  h C e

I O U h l i e - i t i t i ’ S  corona  n o ise ’  p r o du cu-d  by h i i e ~h ee - r  e c m r r c ’ n t s .  Tlc ~- ( h i r e - s h c u l d  pe ’_ i k  i s  c c - I c

s ic * rp ) y dc-f ined a s  a f u n c t i o n  of CO r o m e _ i  c ic c - r u - n t  a red cc s e a _ i l l  v r e - _ i c - he ’ s i t s  flea ~ i m e a m e c

~c i I e - f l  t h e e -  c u r r e n t  i s  ne -a r 4 1iA. 11- ( I c e c i r i ) f l , c  u r l e m e t  i s  m cccl auec - r c - ’ s , - d u ’ i \  s lucc t~

t h e -  t h r e - s h u l d  pu -a k e - _ i u i  be’ ea s i l y m i e i s s e - d .  in  Fi gai ru -  3 1 t h e e ’  c h _ i i ’ t t~e- e u r d e m -  ce~,s

opt ’ ,-a ten -I a t  .c sp ce-d  eel 5 f l u l y l / 5 t ’ e_ - t’ _ i t h t e ’  I- ( i c _ i c e  h i t ’  ~~se i _ i l  O.~~ I 1 U i i/ ~~~e - c t e e  olit _i~~ii

i l
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bette r t~nee re solution of th i -  k-or r e la t ion  be-Ict  i - c - n  t h ~- AVC and ~ e~ t I ~ aci d i e-c ~ ed t _ i  gus

in the threshold noise region. i ’hee ’ pIhc ’ n u o e e e - n e e m e  was  icot e- o n h i m c c’ci h e )  _ i f l  \ c l u e ’

combination ol r ece - i v e  i , ank-zena , 11flu1 e-u ir on a  po in t  app_ i r a t ea s  ~cnd t h e e  r e t t i r e ’ sc el eu—

to be a consequence of low c-a ir I- c-nt d i sc  ha rges r a t h e r tle,i n a ic a r t  i t  C e  e~ of t h e e -  i m c i l  m a 1

a ction ref a r e ’cei ve -  i- s AVG e : l r e u i t r y .  Cu reen a  c li se-h arge ’  pu lse ’ s h h _ i \ c~ ge- u - a l  u ’ i ~

amp l itudes at low cur ren t  levels  and t h i s  emay hi- re Ia tc -d  to  the e - c-xe -  e p (  iome ~c l l y  l e i g h

noise level wh ich  is produced occasionally between 0- 10 MA .  Wind speed and o t h e r

local changing conditions could be- the reason wh y thee- phenomena Is  not a lwa~ - s p r e - s c - e m .

As was seen befo re -  with p u s i t i c e  point  data , the i n t e n si t y  t e l  f lOise- f ro c e e  ~a

negative point van c’s inve r sc l y cc i t h  t h e . - d i s t a n c e -  bet wct ’n the- c~ orona p oint  and c c ’  -

ceiving antenna ( D - 2 2 1 6)  as shown in F igure -  -12 . T h i s  g r ap h was pre ’par c-d b y f i n d a c i ~
the ’ maximum AVC voltage for cu r  r em i t s  be>twce ’ n 20 and I 00~i A Ior  c-ac -h of se ’ve- r a l

d i s t ances  between corona point anti a n t e n n a ,  The- AVC vol tage  for  the  th ire she i ld  f o i st -

peak was ignored bee-a u si-  of i t s  e-r ra t  C e- c - ha rac t e ’  r , but t h r eshol d  f lu iSe ~ e - t l S e )  c-a r e t - s

w i t h  dis tance in much  the samc~ n ia t en e-  t- , As w i t h  th~’ foIs t’  f r o r i e  p o sit iv e ’  point  d e s  —

charge ’s , the noise lc V e- l  is v e r y  low w-h t -n I he d i s t  an e ’e be ’t wt>e ’fl pc ) if i t  a med an tc ’c eu ea  I s

greate ’  r than 50 inches .  Likewise , p lac ing a 1 inc h dia me- te-- r sphe- i’c’ oce top of I l I e ’

t :orun a  point inhibi ts  the clisel ia r ge~ pr o c - c-s  s so t h a t  no no ise-  is  p rudeec - c’cl _ i s  5t’e’ t i  i i i

Figur c-  33. In this  re-cord , the  two te l l )  i ra e -es  a N’ f r o m  t h e - R V -- 12 R rec’cac ’t - c an t i

show its audio output and AVC c-ot t  a ge’ , 1h c- bottom t ra c e ’  is a r e - c - ic u- il of ( lee -  acid id

p rcampliCier  output f rom thc~ AN / GRL (  -2~ rc c e ’ive ’  r w h i c h  cc_ is  oper at e - sd w i t h  the ’
squelc h c i rcu i t  t u rn c - d  on. Thee c or u e r e a  point was at a d i s t anc e of 12 en che- s (t one

the’ D—22 13 antenna w h i c h  was Ie -ed i t c g  the > RV~ I 213 and 35 i n c hes  ft- t im t h e - D— 22 I t t

un~~-nna which  was connec te d to th e> A N / G R R - 2 3 ,

Since the noise produced by negat ive  point d i s c h a r g e’s was gen era l l y  s t r o n ge r

and more ’ stable than that  Ir ene pos i t ive  points , it w a s  used to stud y the v a r i a t i o n s

in noise level which  could be produc t  i’d Icc I c c ee s t  e m t  t he e ’  ne_ i icc  in c  ss  u I ci c - I on h , c c _ i  h i t i c e

of r ’-(- civ c ’ r , antenna , and c c, r ona p oint  position . Fi gure ’s  ~4 throug h iS shocc 5011cc ’

of the many ways in which t he  corona noise level at the  rece ive- u- is in( luctcced by

th e> relative position s of the corona point amid a n t e n n a s .  In all of t h e - se - r e co rd ings

the horizontal  d is tances  between ante -c enas and corona points  we t- c kept as n e a r l y

constant as possible whi le  thee v e r t i c -al  pos i t ion of t he  point w a s  e.-ham egc d r e lat ic - e - t o

the antenna . This was accomplished by movin g both t h e  e-or ona po int and the. ’  am etc ’nna

I
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up and down,  The d i s t a n t  e s r e - S e  - c ru - c l  I c e  a r e -  cc Ic e icc - ce i c e  I-i go rc- I S a uc d , ii i  add it Re f  -

the s t r a i g ht  l i n e ,  d i s t m n c e .- i e , - l w e - e - n  I h i e -  l u i ~is e e l  , m n h e - i c n ; u s I ) — 2 2  I t ,  and  D — 2 2  1 ~- J f u ’

i -  cc - c -n  ;is d,, a nd t111, r i sp e c  l i v e ’ 1  y. - l lu -  si- ( S I  s l a n t - u - s  c_ in  be’ e’ Oflipa red d i r e c t l y to

those  shown in Fi gur e-s 3~c , 3o , and 3 - , In th e ’  f i r s t  t h r e e ’  of t h i s  ser ies  of r e —

r o r d i n g s , F i g i m r e s  ~4 35 , a nd 3(, , t h ’  c e c r e e r e a  p o int  is  moved up and a n t e nn a
D - 2 2 1(~ is moved down so tha i -  the v e r t i c a l  pos i t ion  of the point goes f rom the

m i d d l e -  of t h e  antenna to a position about  14 In ch e s  above the top of the antenna ,

Since- the maximum s e n s i t i v i t y  of a di pole antenna lit ’ s in a plane p e rpend icu l a r

Io  th e  d i poli- and pass ing th r ou g h t h e -  m idd l e  of th e -  di pole ’, the noise  r ece ived  by

the a nt e n na  is se-en to d e c r e , a s e -  as t h e  p oint  is moved f r o m  the middle position

to the top posit ion.  I It- nu t ’ , t h e  max in t one  no ise  induced  AVG level in the RV — 12 B
re~~ - iv e r  is d e c r e as e d  (roe-n I . OV in  Fi gure -  34 to 0. 7V in Fi gure  36. Without

c ha n~~i n g  th e  corona point and an t en n a  inc -al iens , t he  an tenna  connections to the

r ec e i v e r s  were  i n t e r c hanged ~ ( m t h a t  the pe r fo rmance  of d i f f e r en t  combinations

of r e c e i v e - n  and a n ten n a  could be c - v a l u at e d  by comparing the r e c o r d s  shown in

F igure s  37 and 38 to those  of the t h r e e -  previous fi gures .  In all of the combinations

of r e ce i v e r , an tenna , and point l oca t i on  w h i c h  were  surveyed during this study,

no cases were  observed which  were  c’ o nt r a r y  to the pa t t e rn  shown here .  The

g rea t e st  va r i a t i on  that  could he ach ieve d  has been seen in many of the previous

fi gu res  where  the A N/ G R R - 2 3  r e ce i ver  was used with the D .2212 antenna to pro~
duce  the re lat ive l y n o i s e - f r e e  c -on -ub inat i ons  w h i c h  s e rved  as a monitor for the

p r e sen ce  of s ignal s which could not be de ’tected in anothe r r e c e i ve r  due to corona

nois e— . The reason fu r  the small  amoun t  of noise input to the D — 2 Z 1Z  antenna is

the placement  of the  corona po in t  in a ceul l  reg ion of the ver t ical  gain pat tern  of - 
-

th i s  an tenna.  Moving the corona point  toward the reg ion of m aximum response was

found to increase  the noise received by the D -22 12  antenna , just as it was for the —

— other antennas. None of the data presented  in th i s  repor t  should be construed as an

evaluation of antenna performance or an endorsement of any particular antenna
— 

d es ign .

N itetic e also in Fi gure ’s 34 t h r o u g h 38 , that  the levels of corona noise are  not

p c ’r f t - e t ly  rc-pr od~a c ih l i - . Th i s  is e -h a r a u t e r i s t i c  of the  e r r a t i c  na tu re  of the d i s cha rge

p roc - en s  i t se l f  wh ich  g ives  data that  arc ’ ‘ no to r ious ly  nonrcpeatah l c” (3) ,  The
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t h r e sh e e ld  peaks ar i c  m i s s in g  in 11cc- A V (  - t r . i i ’e ee l  F i g u r t - 34 , but ~~~~ r e s t -

to the h ig hest  AVG lev i -I s  r e - c (irde-el in  l - i gu r c~ ~ S. ‘( l et-  preselue c nI’ the

t h r e s h old  peaks in many ~ ( t I  e- aced ~u i output  t r , t - e-s  i s ,~en indica t ion  ot the

presence  of this l o w- c u r r e n t  p henomena , hut aneeot be.- taken as a measure

of *tb s t reng th  in -ornpetit ion with incoming  Voie - e ~ si gnals.  Rath er , the

audio peaks indicat e  the f a i l u r e  of th c~ AVG c i r cu i t  to funct ion optimal ly  when

tht -  noise ievc-l is low. in oil-c- r r ecc e rd in gs , howc ’ve, r , the t h r e s ho l d  noise

peak can give r ise to the maximum p e r t u r b a t i o n  i n  A V C  leve ’l  u S  was seen

- in Fi gure 30.

Noise in t e r f e r en ce~ f rom a negative- point dIsc- ha rgc was studied as a

(unction oi corona c u r r e n t  by ke - ep in g the t -u r r en t  ad jus ted  to a cons tan t  va lue

for minut es  at a t ime and l i s t en i n g  to  h it, c’0fll bI fl e~(l noise  and voice nut ssage

in the audio output of the R V -  125  r c - e - i v c - r whi le  the  AN / GR R -2 3  acted to

indicate the presenc e of voice which  c-ould not be aud i bl y detected.  C u r r e n t s

f r o m  8 to l0~~A produced levc~l 1 flolsc- w h i c h  could be heard as a back gr oun d

to an o therwise  clear  n-iessagc~ and p roduced  an in c r e a st -  in AVG level of only

0. 05V, as seen at the c lef t  side, of F igu  re , 39. In t lee c middle  of t h i s  fi gur e - ,

c u r r e n t s  range Iron’ 10 to 25~iA and pr oduce~ level  11 noise which  caused g rea t

d i f f i c u l t y  in undu r s tan ding the  cein t e-ni -  ul al ly  nc t - ssagc ’  evt~fl t ho ug le t he  p r e s e nt

a voice was heard  in c - v e r y  case buL one. At the r i ght , cur r e n t s  ar e  bctwc- e’n

42 and 46 g~A and pr oduct~ level 111 zue i se ~ wh i c h  b lanked  out comneanica t ions

almost  complec t ec l y and even v lt ’vat ed  t h e - AGC b ase l ine c  of the  usua l l y no i s e—

f ree  A N / G R R- 2 3  and I) -22 12 r e , c - e iv e - r - a i e t e n f l a  combinat ion,  Th~’ even t  m a r ke r

was  depressed whene,ve , r vo l t  c was h u -a rd , eVen if a euessagc cocild nut be’

c l ea r ly  under stood , in one C see , w h i c i c  is  ma rk ed  by an a s ter i s  ~ (~
‘-
~
) in t h e

leve l  111 period , the-  l i s t un ec  r he -cac i te  - i n fu sed  w h i le  t r y ing It) indicate eVe ‘~

roost marg inal  pr esence-  of a voice. W h i l i -  s t r a i ni ng  to h e - a r  any~ }u ing at a l l ,

the voice marke r was kept  dewn fo r  a f e W  second s a f t e r  the si gn-il itself had

ceased. In the middle- of the t r a n~~e ei ’  ~ ~ot i  ‘!ee nea e k er  was r eleased as the ’

noise, momentari ly cove ’ re-d the v e . i t ’ . ~~l ’ t e -l y .  At th e - ext re cm e r i g ht , an

ccxt - ept ic~nall y s trong s ignal  bi’okt- t hr ee  ig i’ cb e  ‘ uis~ qu i t e  c l ear ly ,

The, hi ghest  n o ise -  lev -] pro du c-c-d dci  ring t h -  e’e)ur sc ’  of th i s s tud y ( e ’x c e - p t

1 1V - I L B  up to S o3V at v~h e e h
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t inie the -  t ercina c’urru ’nt v S - a s  ~ U,1 A _ Ai c t e - i e t e c I )  - . ‘~~~ I c .  cc~c s  p l a c e - t i  I 0 ecu l t t ~s t r e e c c e

the- e. uro r e a point  ce,- h i e  he vas ne-g al c c c - . A~ e t. e i ’ c l e i e g  t o  t h u  e i lcleratetne her t h ~- R V ~ I~~b

(Figure- ~~ ), an RI ’ i n p u t e e l  I V ~~~~~~~ t e i c , u l c i l a l u t I cc u l l i  500 0 II , . , ceoul e l  be~ iie-t ’tlc -t I

I c c  pr o t l cec - e an AVc. l u - v t - )  th~- sa u c e - a s  that I r o c u c  t h u  c , r u i e . e  n u c ~- e - . 1 he highe st noise ’

level  b r  a t h r e s h o l d  pu - ak u~ ccc c re -d ~et a t o r e e l e a  e a r r e - c i t  e e l  A w i t h  t h e ’ c o ron a  p o i n t

I I )  i n - h e - s f r o n c  a f l t e - n n a  l ) —2 , !  13 . 11 c - i t - , t h e - A V ( — I e ’ \ e - I  cc- c - l e t  t u e  I . 7’~\ - t e e i - r t - sp t e l l t h i i ~:

to are It F s egnd l  u c! 18. 5~L V - Olin- r t~~ e e ’p t  io teal l y log ic I n e % 5 e  lec u ’Is ~ e E c ’ i e eu i i t l  t e e

e u r re ’ s p onc l  t i e  co r o l l a  t i I ’ F e ’ f l t S  C C I  14 , 37 an d  tu ~’U A . I Ic -zn- i- , t h e -  e e e a \ e c c c u I l e  I i ee i ~ - t ’

l i -v t - I is not ad eq u at e- i  y p r e -d  ic t e - d s m u 1) ! v by c u l t -a S t e  r i n g  t h e e  co r ocea ~ or  r en t  .end l i c a

he more- dependent  on fat -t e e r s  r e- IaLe ’d  t o  t h u  p u l s - i t i c e g  e he a c- c c t e r  of l ice - d i s c  h c a r g e - .

A F o ur i e r  ana lys i s  of th e-  f r e q u t - c u t - y co n u p e n e e - n i  s ic e cl e f fe’  r i - nt  pul Sc~ shap es  t e c i g ht

be- re-ve a l  I ng sun c it  i s  suspt- e - 1 e-d t h a t  pul Se ’S in t h e- t ie  r e shield re-g ie en hav~’ sh o r t  t ’ r

r i s e -  t imes  and lungu -r ( I t - c a y  ti e - ice -s than those ’ in  th ee le i gh curr ent re -t, iun. ‘Flee - time-

b ’-t ‘.c u - e - n  su e c u ’ s s i  ye’ pu l s e-s  c on t h e -  u r de -  r u~ ,c t i e  cc t~ i i s  c~ t end , d t’ e re-a s i ng  and

be-c oming mor e- ru gut a  r ~c s thee -  av e  r ,c gu -  or N- u t  I flc r~i’a ses . Thus  - c c  t he ’  ,t t I t e  k a iiel

( l t - t  ay t l n i c -  cons t an t s of  a pa r t i~ u la  r r e - c c - e v e -  r ,e r e ’ oct  t h -  cerd c- t- cu t ’ [00 untIl s~-~
s nnu- t hi ng on the ord e r t 1  I 00 , 000 pul S e~ s 0 t te r e en a  nun  Se ’ c’ e~u l t I  be’ i- u ’ ~- e t c  eel ~c b i l e

th e AGC e i r cu i t  of t h e  re t - i - l y e-  r is tu rni ieg et s e -if on . It is e~e ene - e- is- a b l e ’ that ho r si S

of s”vt- r al  thousand noise- pulse-s s l i p th ru cig le (let - noise lilnhtin g c- c re ni t s id  a r e ’e ’ e ’ic  e~ r

and tha t in the threshold rt-gion of c - u I- i nca di e ha r ~ u ’ - I he- burst s ~c re - se’pa rat u-e l l C \

S~~~f f I c  ient t ime for the-  AGC to t u r n  i t  se’l f  t u f t  dcc r i n g  q u ie t  pe’ nod s. it this i s  t h e

e-ase’ , the noise lineiting a inlitv of t h u  c i  r e- t i l l  w mId  bt’ effe ’ c’t i v u ’ l v  d t -~~t r o v e - e l . On

tht  tithe- r hand • t h ~- t h r e - shold n t -u Su -  pt - ,c k s coo A c t be ’ e’xp la tne d v s up 1co ~ e tc  g t h a  I t h e
f l U i s u  pOist ’ s pro ( iUC e~d ire t h i s  c l t e i c c , c i i c  -c ri p a r t i c u l a r l y r e t - h  in  t h e ’  h i g l e  I c - e qu t-n c - c

p ar t  if  the sp ec tru r r e  I t )  w h i c h  t h e e -  ru- c t - c v e -r  is se nsit ive ’. Furthe r sicc uI c- cc-ill be~
f i t - c - u - s  Sa ry  to answe -  r [icc- se- que’ st l O f i s  - It is quite’ e~ lea r • hocc e -c - e - r  , I lea I t h e r e - i s  f l e d

n eed to look for  th e -  en a x i c c e u n u  corona e ti c- r e ’t e t  s W l i u ti 1 c- v i  ng to f e n d  s e r  l u e U s  ccoi ~~t’

isc t~ - r k - r c n c u -  due  to c n ega t i ve  point  d i  su -ha  r ge - . - l he’ gr e - a t e st I lOISe ’ lt ’ve ’l s t e m u n d  I l l

t h i s  stud y we’ re ’ pr odut - e-d by cur runt tent h - r I 00k, A cc hich is muc h le ss  t h ae  th e-

500;, A maximum whit’’u ~~as I nt ’que ’nt l y obta in ed .  It i s  in t h i s  r e ’ spe’ e t th ,i t t h e ’ r e t e i s e

from a negative- point disc-ha rgt- is most (lit fe - r e n t  I r en e  t h a t  due t o  a po s i t i V e  pei l  C u t

~ h i  u h wag onl y se-en Icc  i n c r ea s e -  as  th~- i u I~OI1 ,( e ee l- r e -n t  l f lc - re- u sed.
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5. ~l. 4 Otln-r F:lh-~~ t s

t - r  r d t i c  n e t ur t ’  of t h c ~- i l O i s u ’  ( l I l t -  I n  t I , c I , i c , e  ( l i s t  b a r ge -  i s  d i ce  I t )  he
mul t i t ude  of (actors  whIt- h c-an i n f i u -n c&- c- i l  l e e r  f l i t -  d i s c h a r g e -  l i s t - I t  or  t h e
t r a n s m i ss i o n  of Lh~- noise  f r o ne  1- ur u n a  p o i n t  to r t - e - t - i v i n g  z i f l t - i i c c c  - S I f l e c’ i t

is di((h-ult , if not i rnp oss i l i}t - , to  c o n t ro l  a l l  of t h t - s t -  I . u-tu r s  s c i n e c i t a i c e o u s ly ,
th e r t - su l t s  of a ny  t -xp er inn .n t  ‘ I r e -  h ar d  t o  r e ’p r o du c t - w ith  hi g h a c c ur a c y .  ‘I h i s
stud y was e-x t en d c -d  so tha t  Sonic ’ of t hese  f a c t o r s  s u ch  ~cs the  p o l a r i z a t i o n  of —

corona noise radia t ion and the e f fec t  of the ’  d incc -ns io n s  uf a c o ron a  point  ap —
p ar a tu s  on the emission of noise  could be examined , at least  b r i e f l y. The
fact  that  wind p lays  e f i  i mp or t a n t  ro l e -  in the  co rona  p r o c e s s  is we - i l  kno~~-n ,
but no a tt empt  was rnadc ’ to c o n s t r u c t  wind t u n n e l  expe r imen ts  icc ceinnitol-

corona c u r ren t  changes wi th  wind 5P4-( ’d whi -h will  a f f ect  the radio in)~ Se’ .

Howe ver , simp lt~ nhe -~sc~~erncnts  of w in d  speed were made in the  v i c in i t y  of t h e
corona point. Dur ing  most of the no i s t - nu - asur e- ruen t s  winds  r anged  f rom
0 to 5 miles per  hour , but ire the exp e I - in e t ’n [  whc ’ r e the’ hi ghest level of threshold
noise was r ecorded , wind s w e r u -  g u s t i n g  up to 15 mp h. E~~cep t iu n a 1 l y s t r o n g

• wind s did not occur du r ing  a ny  of th e -  mea su rc -mt~nt p e r i ods .

The pola r iz~ction of the e-or on , e  d i s c - h a i - g e -  r a d i a t i o n  was ex a m i ne d  by
d et a c h in g  the  sm a l le s t  di pole a n ten n a  f r o m  i ts  m o u nt and r o t a t i n g  th e ’ an t enna
f r o m  its  moun t and r o t a t i n g  the an t e ’nn a  in a v t - r t i c a l  plane ab out  cn axis  v~hich
was pez-penthcula r to the lo n g e s t  d imens ion  of the a nt e n n a  and passed t h r o u g h
i ts  center .  As seen in Fi g u r e  40 , the-  noise level dropped n e a r l y to zer o
the antenna was h or iz o nt a l , i nd ica t i ng t h a t  the f l O j s e ’ r ad i a t ion  is  s t rong l y po l a r i zed
in the ve r t i c a l  d i r e - ct i o~~. This  is ten t  too s u rp r i s i n g  since  the  e l e ct r i c  field of
the  corona point  app aratus  has a p r i m a r i l y vt - r t i -al o r i e n t a t i o n. H o w e v e r , it  i s
ha rd to see how th i s  e f fect  could be e m p loyed for  noise reduct ion  purposes  since
it is expected th a t  mounting an t ennas  h o r i z o n t a l l y would d e c r e a s e -  t h e i r  a b i l i t y  to

I 

receive voice communica t ions  as m u c h  as i t  ~~ou 1d d e c r e a s e  noi se .  This  ex p - r im e n t
was performed with  the corona point shown in Fig u r e -’ 19 wh ich h~cs a \ - c r y  sho rt
cL- - tr ic a l  length t h u s , leading to a s n a i l  ef fec t  on the p o l a r iz a t i o n .

The’ efl ’ic - i e n -y  w i th  w h i t - h c or o n a  t i t l i st -  c I r an s nu t t t ’d f r ( ,m  po in t  to a n l e - n n a
can be inf luenced by th e c - f f t ’c t i v~ c i t - c - f  r i c a l  l en g t h  of a li g h t n i n g  rod , t h e  p r t -sc ’ ne -t ’

- _ _  - -
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- of n e a r b y e l e c t r ica l  co n d u c t o r s , and the  er  r angen~ent of  ~~e re -s ~~h icl i  se - ry e-  to

ground the corona point s t r u t - l u r e ’ . ‘f l i t -se  e’f fu ’ t t s  we ’r e d i s e o v c ’r t -d  us i ng th e -
la rge  corona point appar atus  T h u -  p o s s ib i l i t y  of such  e - f f e - c - t s  was  f i r s t  con-

s ider ed when it was noticed t h a t  th~ - s e - c - f ion  of l i g ht i c i n g  rod w h i t  Ii s e - r v u -s as t he ’
corona point in t h e  l a r g e  a p p e r - e t  us iiee- , t s u e r e - d  ap p r o x i m a t e l y a q u a r t e r  w av e l t - n gt h

long. The rod has a length  of 26. 5 inc h e- s - end  t he  r a ( I i a t i on  fo r  w h i c h  the-  r e c e i v e - r s
- wer e -  tuned has a frequency of 124. I M i f i .  g i v i n g

A c/ f  -~2 .42m 97.2 in •, A/2 4 7U in. , .tnd A/4 2 3~~ in.

El i - nec , it wus  q u i t e  simple to use  the  o u i e n e o n  p rac t i ce -  of p laci ng a ground p lane

r e f l ect o r  at the base- of a qua r t e -  r — w a ~ e- a n ten n a  t o  cu n v e ’ rt it to an  e f f i c i en t  h a l f —

wave di pole . Two piec e- s of s teel  c h a n ne l  wer e-  p lacc-d on  the e- urona  point t r i pod

at the base ui the rod , bei ng a r r a n g e - c l  at r i g ht ang les  to each oth e- r and l y ing in
a plane perpendicular to the  rod so tha t  t hey  would se rve  as a g r o u n d  plane- re-

f lec tor  for noise r a d i a t i o n  c - nut t ed  I)y t he  co r o n a  d i s c h a r g e .  T h i s  a r ra n g e m e n t

might be thought of as s imu la t i ng  t h e  st  r t~ - t u r a l  s teed of a build ing ore w h i c h  a

lig htning rod has been mounted an(I it p roduce — cl  a no t iceable  i nc r ea se -  in t i ec  le’~ e~l

noise r eceived by the- R V —  1 213. Th is  is sho~e n crc Fi gure ’  4 1 w h ic h  has , f u r

comparison, a noi su-  and c u r r e n t  r e - c u e - d i n g  w hi c h  was made- w i t ho u t  the  r e f l e c to r

and w i t h  the ground lead a t tached to  t he  m id d l i -  of the’ rod in ord c-  r to furth - r

shorten it s  e f f e c t i v e -  r a d i a t i n g  len gth .  ‘I t , I u r t h e r  stud y these -  e - t f e ct s , a s e r i e s  of

tes ts  were  c a r r i e d  out in which  p r ue - a c u t i u n s  wer e  tak e- n to  i n s u re  tha t the  p os i t i on

of e v e r y  e l e c t r i ca l  e - l e m u - n t  in t h e  e oru n r i  po in t  appa r etu s  was ca r - e f u l l y c o n t r o l l e d ,

inc lud ing  the i ns t r u m e n t  leads.  E l e - e t r i e -a l  c u r i e - n t  pu l s e s  w h i c h  a r e  due to the

pulsat ing na tu re  of the- ‘o r on a  d i s c h a r g t ’  ir e -  c a r r ie d  to ground t h r o u g h the l e n g t h

of the rod , a 100 ohm dropp ing r e s is tw -  w h i c h  a1lo~e s  a V T V M  to m e a s u r e  c o ron a

c u r r e n t , and then  back to the hi gh v u i t a g t - powe r supp l y w h i c h  is also grounded  t o

th e e metal  corona point  t r ipod t h a t  s ta t ed s t u n i n s e ’ l a t e - d  on the- ca n h . ‘1 h i s  s i n eu l a t e —s

the  g r o u n d i ng  c i r c u i t  of a I i g h t n i n c~ rod In st a l l . i t  ion ( a l t ho u g h fo r  good p r o t e -c L ion

the ue clei cta nc-u . to g r ou n d  should  b e - i s  I o~e as pu S s  u h i t  ). 1 he’ mo re - m It’ r e - s t i n g

n t - s u i t s  Iron-i the su- i~I u - s  of ’ t e s t s  a r c  p r t - s e nte ’d in  Fi g u r e ’  42. A compar i son  of

sec tions  A and B of I h i s  fi gee r e -  s h o w s  c ga in the ’ e I f t - c I of r e m o v i ng  t h e  g round  p l a i c e -

r e f i t - c - b r , a l l  oth-u - r 1-len -lents  r e -n ed i n i n g  the ’ s i n c e .  ‘1 let ’ d i - a r e e , t t i  e d eff c  r t ’n c  u ’ bt,-t v ~ u - c -n 

~,‘. 1f . 1rT .O i .rI TI .. fl~~ flLt ~~
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sections C and 1) was quit e s u r p r i s i n g  s i f l t - t- t he only ul i ( f er e ’n cv  be-t we -en t h ~-s~-

two was the removal  of an ex cess  l e n g t h  of g r o u n d in g wi r e ( l ~ i n )  ~ehi 1e  .tll

else remained unchanged and the ’ r c - f l u ’ - t o i -  was  in plae- - . The une ’xpee- t e - d  in -

crease in noise which  was at - e ’e n i e p u n i  c-el b y th e -  r emoval  e)f I he’ p ie -c- u- of we r e

(which did not ch a n g e  the e - I c t - t  r ica  I p ath  to  g r o u n d )  suggt-st s tha t neuse- ile te - I- —

fe ren ce may be inu lu en e e d  by the’ l a you t  ul pa ths  along w h i c h  th e  Lig h tn ing  rod s

are  earthed at an a i r  t ra f f ic  cont ro l  Lower .
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6. 0 CONC LUSIONS

~. I General

The VHF noise problem has been i nv e s t i gated in det a i l  t h e ’or e t i c a l l~ and

experimenta l l y,  both on si te -  anti in t i l e !  la b o r a t o r y .  ‘I ’here is l i t t l e ’  doubt that  th e-
noise emanates from corona discharge in the nea r v i c i n i t y  of t he  VHF a n ten n a s .

— 
. The prime ori g ina to rs  of the co rona  discharge ’  a r e -  the  n e a r b y li g ht n ing rod s , but

some small effec t  proba bl y comes f roni  the rad onee- dur ing  v e r y  d r y  ic y con-
di t ions.  ‘rhe f a c t  t ha t  e-orona  d is c h a r g e’  is a broadban d radia tor  of R F  f l O l Se ’

indicates that as long as the  d i s c ha r ge  is there ’  a rece-iver will m onitor it if t h e

signal s t r eng th  is hi g h enoug h. The e’orona source-  m u s t , t h u ’r e - f o r e , be re-recei ved

or the antenna s moved far  enoug h ~e~ e a y  f re ren  t ht ’ noise IC ) make  the  e f f ec t  m i n i m a l.

The t h e o r e t i c a l  approa h indicated tha t  a 4 inch  sphe re  on top of the Logan
Tower lightning rod s would el iminate them f r o m  going into corona  on all but d i r e -ct
s tr ike occasions. This was car r ied  out successfu l ly on the tow em- , since wh ich

time the problem has gone- a w ay ,  ex c ep t  on One occas ion  where’ s l i g ht  n o i se  w a s

recorded possibly due to corona or st r e ’a n e cr s  on the  radonee-  s t r u c t u r e  or i t s

support ladder.  The add i t i on  of t he  sp here to t h e - t i p of the ’  li gh t n i n g  rod is sIco~ n

to retain the li ghtning protec t ion capa bil i t ies.

The e-xperirr ienta l r e - s u i t s  suppo e-k -d t h i s  t h e o ry  and showt -d  s e v e r a l  o t h e r  in —

teresting facts w h i c h  a re  d iscusse-d  below.

Most of the t e - st s  we’ re, per formed ore th e-  It V —  1213 re ’ce iver  because  UI t iec
un i t ’s ab i l i ty  to moni to r  srnall( ’ r incr c ’nee-nts  of si gnal  s t r e n g t h  at t h e ’ A V C  o u t p u t .

Even thoug h the  A N/ G R R -2 3  r t ’c c - i v e r  had a m o re- sop lc is t icate ’( l  f lUj s e ’  su pp r e s s ion

system , the fina l noise r eceived fr o m  corona was found to be’ the  same’ in bot h

sys tem s and would ic-ad to the ’ same’ a r ec ount  of t r o u b l e ’  b r  a c-ont r o l l i -  r -omn ’iuie ie -a t  i ee ~
with an a i rc r a f t  (see Fi gu r u -  3 1 ) .

Antenn a length and type! would c-  e i L ~ I t ’ ’t’  corona flo~ S u -  t ee  si gnal  ra t io , as  it

is a genuine broadband t r a n s mi t t e -r  t’ c i  Is eir i g r t - c - t - i v t ’d by an an tenna  in i t s

desi gned f requency  band . The an t e - n r a  should n o t , howe-ver , have-  a pointed top as

_ 
_ _ _ _ _  --~~~~~~~~~~



t h i s  would enhance corona gene rat ion.  As expected , the dis tance of antenna to

corona source is related to the noise ! in tens i ty .

The corona discha r ge under a thunder e- loud is gen t - r a l l y f r  urn a pos i t ive  point ,

wherea s that und er blowing snow and ice c onditions is fr o n i a n e- g a t i v e  point.  The

experiments showed tha t s ign i f ican t  noise was gene ra t ed  below 100 ~i A w h i c h  had

surprising character is t ics .  For a negative point , it was  not uncommon to get

severe noise for  very  low corona c u r r e n t s  between I and 10 ~i A .  As the c u r r e n t

increased this whistl ing or howling noise suddenl y d issapears  and is gradual l y

replaced by the more cha rac te r i s t ic  h iss ing sound at hi gher c u r r e n t s ,  which again

suddenly stopped somewhere  above l0O~ i A. For a posi t ive  point , the noise level

tended to increase d i rec t l y with increa sing corona cur ren t  as one may normally

expect.

Experiments with the radonce materia l indicated that  in d r y  wea ther  an ex-

t r emely large cha rge  may res ide  on i ts  sur face for long period s, especiall y dur i n g

blowing snow conditions be- -ause ice and snow is v e r y  hig hl y e~-h a r ged .  A hi ghl y

charged radom e will lead to hi gh e lec t r ic  field s in the immediate ’  v i cin i t y  hence ,

corona may form and s t r eamer s  may cons tan t ly pass over the radome s u r f a c e ’.

Fur ther  tests  showed that a corona generator  with an e lec t r ica l  length re-

latcd to the frequency wave leng th  by A /4 , A /2 , or A , ca n give rise to l a r g e r  noise

signals. A li ghtning rod of length A/4 23 .8  inches would , the re fo re , be of leng th

k/4 at 124 MHz. The elec t r ica l  pulses t r ave l ing  in t h i s  rod caused by the corona ,

cause it to act as an ant enna g iving incr”ased noise problems.  It was a lso  found

that  the corona noise tended to be ve r t i ca l ly polarized , probabl y due to the

horizontal field lines on top of the  tower .

The more de t a i led  conc lus ions  a rc  as fo l l ows:

6. 2 Corona C u r r e n t  and Noise Level -

Serious noise i n te r f er e n c e -  w i  - p rr d uced  b y the corona  d i s c h a r g e  at p o s i t i v e

and negative points .  Level 11 1 - id v e’ . e l o i s e  can be caused wi th  e ith e ’ r pos i t ive

or negative cur  r en t s  of less than  I ,u ~~~. ~. In  the posi t ive  point case , noise-  l e v e l s

- -‘.-—
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in  r ’ - a s u - d  d i r c . e  t l v  (b u t  n o t  i i , , . - ,, n v , ~
- ~, 

- Fi~~t i r u -  2~~) a s  the  cor o n a  c ur r -n t  in-

~‘ - i s e ’L  I n t h t -  c a s e -  of f lu ’~~~~~i v e -  1~~n n t  ohs  le i  r~~u - ~F i gu r c  ~ 9) , t he - c- t e r r e - n t / n o i s e -
r . - l a t i c e n s h C ; ,  i s  n i or e  0 u r n p l i e  ~t~ - d _  N i s ,  h-~~- 1s r i - c e  h a n~a \ 1 n c un e  in  t h e ’ ne ig h —

be ) rh ooc l of ~ 0 ij / ~. ~i n d  d e - c r - ; e s -  -~l i ~~l ct 1~ - i s  e e e c - r i - r e t  e n e r e ’ a si s t o  I O O H A .  Ai a c u r r e n t
above,  l O O p A , a - s u e d d . ’n  d~ - r ’ - e s ’ -  o r -  ( • e i ~ f of c - o r i o L e  I l C i l s u ’ 0 c c  u r s  in t h e ’ n e g a t i v - -

poi :e t  e a s e - . I ht-  p r e c i s e -  icr i - i c E  i t  w h - c l i  i h e s -  c i t — o f f  t ak e s  p lac e t - a r i e - d  f r o m  tern -

t es t  to a no th er , but ~~~ s usua  fl v f o un d  I ) i - t ~~e t - u ’n I 00 4A and 1 ~0 ~4A. As ne~~a ti~-e p o i n t

d i s c  ha r g -  c u r r e n t s  i n c  r e- a s e d  Ir en e ~ ~eA t o  I (L~A , a s u d d e n  peak w a s  i n te r m i t t e n t ly

found in t h e  n o i s e  l i - y e - I . 1 h i s  t h r - s h n l o l  p e e k  ‘a oc eld S O f l ) et i f l i e- S  pr odu ~-e  gr e ’ate ’ r

f l U i~~~’ I l ea n  t h a t  du e -  to cc i  r r e - n t  s cd ~ A I C )  I 00 A . ihe noise  ~ ut  — o f  and t h r e  shold

pc -a k  phenorne .  na a r e not  h owi  I n  ~ I ~ Li r ~ ‘ ~ q (‘a i t  h pr  e s c -n t  s th e  a v ’  ra ~e r e s u l t  of

m an y  t e s t s )  beet c - an  be - e - h - c r l v  S e ’ e f l  i n  tr ;e e e of  F i g u r e  ~0 as  w e -U as n i a n v  of t h e

o t h u -  r h a r t  r e - c  o rd i r ig s  - Sc’ of t i n -  t h r e ’shold pc-a k s and n o i s e -  cu t— off pheno m ena

th e - r e -  is  no ) s imp le r e l a t i o n  bet ‘a ‘e -r l  e u r o f l e c u r re n t s  and  r e s u l t a n t  n o i s e  le ’V e -IS .

~ D i s t a n c e -  f r o m  Corona  P o i n t  to AnU ’nn a  and N o i s e -  Le’ve ’l

Noise ’  f r o m  art y sou r t  e- w i l l  dc-c  r e - a s  e in  i n t e n s  i t \ -  as  t h e -  di  s t a c i c  c- bet~’ e-e’rc the

sou rc ,’ a nd r e c e i v i n g  ant t ’nro c j s  i n c  i~ u ~i seth Th e-  m a n n e r  in w h i c h  t h i s  d e c r ea s e  t ak e s

place (~l Id ) is sho ’a n by l ’ig u r u -s  ~~~~ and  ~~~~ w h i c h  a r e  d r a w n  f rom  p o s i t i ve  po in t  and

n e g a t i ve  point  da t a  , r e ’  s p - - t  I\ e l y .  The  no i se  — i n d u c e d  A VU v e ) I t a ge  dec r e -a  se-s b~5() u~ ( f r o m  0, ~0V t o  0 , I L ,V ) i s  I h t -  d i  ~ l a n - t-  be t w e ’ - r i  a p o s i t i v e — p oin t  d i s c h a r g e  an d

a n t en n a  l ) — 2 2  16 em r - ~~s - s  I r e n e 0 Inc -h i ’s to 15 inch e s (Figure ~ 6l .  L i k e w i s e ’ . f o r

-i  ne - g -i t i v e ’  po in t  ( F i i ~e i r - 32), a 50 ‘
~~ d e c r e a s e ’  ( f rom  I . OV to 0. cc V )  I S  se e- f l  whc-n

l e e -  ( l i s t an c e  Inc  r ea s c s  f r o m  I t )  i n c - h e ’s t o  I S en c h e ’ s This is th~’ 1 /d~ relationshi p.

In 1)0th cases , w he ’n t h e -  ( l i t a f l u t -  t - x ce ’eds 25 i n c h e -s the  c u r v e s  l eve l out , i n —

dn ~it in g t h a t  onl y s m a ll  a d d i t i o n a l  dt’c r c a s - s  can  be o b t a i n e d  b y f u r t h e r  i n c r e a s e s

in  d i s t a n c e.  D i s t a n c e - s  gr e  a te-  r t h a n  25 i n c h e s , howe-vt ’  r .  have  r educed  the  noIse’

to 1 e v e - I I (less t h a n  0. I V ) i re  i t  I ]  t o ’ st c a ses .

~~. 4 R a d i u s  of Cu r t - a t u i - e of t h e ’  Cor on ~e Point  and N o i s e  I - e v e - I

On the has I s  1) 1 elt ’ctro- l i e - I d  the ’o r  v .  Sec t i o n  3. 0 p r e d i c t s  t h a t  a b l u n t  or

r o u n d e d  poin t  will always be- surr oeend -d b y a less  i n t e n s e-  c - l e e - E r i e - f ie ld  t h a n  a

sI~ i rp e-  r p o in t  u n d e’ r - s i m il a r  c o n d i t i o n s .  1 I c e - r e - f o r e- , h i g h e r  - i r ub i e n t  f i e l d s  se -il l

—
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be required to initiate the discharge when the radius of cu rva tu re  of the point i5

increa sed. These predictions are clearly shown to be t r u e  by Fi gure 28 (for a

negative point) arid Figure 33 (for a positive point), in both of these f igu res  I v..o

tests a re shown side-by-side. Trace C in both figures shows that the discharge

is suppressed by placing a meta l sphere with radius 0.5 inches (1.27 cm) over

the needle point which had previously produced di scha rge  currents of l00~tA.
Since the discharge is suppressed , the noise associated with it is also reduced

as shown by the recorded AVC voltage, trace B in both figures. Th~ field s t rength

dur ing these tests went as high as io6 
V/ rn (50kV across a 2 inch gap) without in-

itiating discharge at the sphere. (Some corona discharge was produced at other

less-rounded points on the high voltage equipment. )

tj . S Furthe r investi gation Suggested by this Study

Corona discharge can occur at any sharp point, not just at the tips of li gh t n i n g

rods. 11 the recommendations of the previous section do not result in the reducticm

of noise problems at a particular site , it could be that corona discharge is occurring

at unsuspected points. Thus , sorn,, means for finding corona sou r(es ifl L L~~ t be

deve loped. Optical method s rel ying upon the excitation of the ioni~’.ed air during

discharge could accomplish this and allow fur point-by-point location of coron~
noise sources.

The pulsating nature of the discharge is an important factor in the creation

of radio noise. A typical pulse in the discharge process has a rise time of 10

nanoseconds w hich means that a Fourier analys is of the pulse shape would show
frequency components in the reg ion of 100 MHz .

Not only the distance between corona point and receiving antenna , but the

ent ire geometry of the lightning rod , grounding leads , and building structure need s

to be considered in more detail. Re~ ut s  discussed in Section 5. 3.4 , Othe r Effects ,

indicate that an entire lightning protection svst ’~m may be considered to be an antenmi

for broadcasting corona noise. A sUe y u~ un ~a noise as a function of lightning rod

length and ground lead design mi ght It d ~~ the !iscovery of new methods for corona 

~~~~~~~~~~ 

S
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noise suppression. The dais presented in Figure 42 show that the coupling of
corona noise from source to receiving antenna can be modified by a factor of
10 or more when minor changes are made in the geometry of conductors which
are near the corona point. At the same time, however , the data show that this

aspect of the problem is exceptionally complex.

The effects of the r~dome material in collecting charge and causing nearby
structures such as radome, ladder or lightning rods to go into corona ~
significant

Experiments should be pe r formed with various radome surfaces with a
view to reducing significantly the electrical charge causing the problem.

59
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7. (1 G~~NERA(. It ECOMMENUATIONS

These tecommendatlon s a re  given to assis t not only improvement ot the

Logan Airport problem, but also to assist  In thi’ desi gn of new in stal lat ion s or

the removal of noise problems at other  sites .

The noise problems h&vc been shown to he caused by co rona discharge or
st ream ers which occur in the presence of high elect r ic  fields.  The taller the

structure on which the antenna s are m etalled , th e  more likel y t he noise will

occur. If there Is a radom.’ ne a r by, this also can become highly charged and
lead to corona or streamer noise. Ideally,  therefore , the antenna s should be

mounted on as low a s t rucLare as  is feasibl y allowable and not too close to a

radom o surface . The r esu lt s  show that  the antenna s should be p laced at least
4 feet away f rom a corona source such as a li ghtning rod or the radome surface ,
in order for the in te r fe rence  to be kept to a minimum acceptable level, If it is

impossible to at tain the 4 foot dis tanc e , t hen the corona should be removed by
reducing the radius of curvature at the source. For example , a 4” d iameter

& sphere on the tip of a lightning rod at 300 feet will successfull y remove the

corona on all but very close li gh tn ing  occasions. The lower the s t ruc tu re  the

smalle r the radius of curvature required . It is also shown that  such a blunt
point will not di ’dract  the rod s capabil i tIes of being a good li ghtning protection

device.

If l ightning rod s and their vert ical  ground leads have to be placed close to
the antennas , then their  effective ver t ical  length should not be related to the

electrical lengths of the VHF frequency (23.8 inche s A/4 at 124 MHa ).

Different type s of antenna s will not eliminate the noise which i• an actual
broadband tran smission in the rece iver band. The sophisticated noise limitin g

c i rcu i t ry  of the GRR-23  receiver did not cause any appreciable lowering of the

noise signa l again proba bly becau se of its hig h frequency com ponents.

Corona noise occurring under pos itive electrical fl~ lds such as blowin g

snow cond it ions , Is likel y to lead to more severe VHF noise than that from

90
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regu lar th under storms. The hig h electric fi eld s may also persist several

hundred mUss away from the blowing snow in a clear blu. sky as the ions are

carri ed by th. wind over appreciable distances in the dry air.

Mor. research is needed to investigate the effects of a highly charged

rad ome , as streamers may be preva lant on the surface for considerable periods

of time and corona may occur on nearb y structures such as ladde r s and lattic e

framework.

S - 
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VHF ANTENNAS AND RECEIVER S
USED FOR NOISE TESTS
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1.2 2 Pbvsicol Description.. Refer to section 9 for the physical char actenstici of the units.

1.3 REFERENCE DATA .- Table 11 lists the reference data on the receivers.

Table 1.1. Reference Data, Radio Receiver, AN/GRR-23 and -24

Chaxactetistic Requirement

PHYSICAL (vhf or uhf unit)
Dimsnaioai 3-1/2 inches high . 19 inches wide, 12-1/4 inches deep

(standard 19-inch rack or cabinet mounting).
Weight 22 pounds.
Cable requirements Power cables and a mating plug for J2 supplied with equipment.

Antenna and other interconnection cabling supplied by FAA.

ELECTRICAL
Primary input power 05 . 120 . 210, or 240 volts ± 10%, single phase. 47 Hz to

240 Hz. 50 watts maxImum. 11 ac. power fails, a 24-volt lead-
acid battery (when supplied) is automatically switched in to
provide emergency power for a minimum period of 15 minutes.

.FUNCTIONAL
Vhf frequency range 115.00 MHz to 149.95 MHz with 680 channels spaced 50 kliz

apart or 115.00 MHz to 149.975 MHz with 1.360 channels
spaced 25 kIlt apart.

Uhf frequency range 225.00 MHz to 399.95 Mlix with 3,500 channels spaced 50 kIlt
apart or 225.00 MHz to 399 975 MHz with 7,000 channels
spaced 25 kHz apart.

Frequency accuracy, vhf/uhf Crystal controlled, with the oscillator in a semiconductor
proportionally controlled crystal oven. No more than ±0.002%
drift from operating frequency after 30 minute ~‘srmup.

Sensitivity (vhf and uhf) Witli a 3.0-microvok signal 30% ±5% modulated at I kHz.
applied to antenna input from a 50-ohm source, an output of

-S 100 milliwatis into a 600-ohm load with a 10:1 signal-plus-
noise-to-noise ratio is obtained.

Selectivity (25 kHz and Attenuation 25 kHz Bandwidth SO kIlt BandwidthSo kHz diannel spscing) 6 dB 20 klizmm S6 kHz m*n
40dB 3O kHa max 62 kHz max
60 dB 42 klizmsx 70 klizniax
10dB S0 kHz max S0 kliz max

IF output With a 3.0 mierovolt signal 30% modulated, produces a nominal
output of 125 mV a.c.

Audio output Two separate transformer outputs, each providing 100 milliwatts
in:o a 600-ohm resistive load.

AudiO frequency respolue Not more than .1 dB or -2 dB from 300 Hz to 3000 Hz.
Automatic 1a control Receiver output shall not vary more than 3 dR as a 6-microvok

input signal modulated 30% * 5% increases to I volt.

i~.J — ~
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Table 1-1. Reference Data, Radio Receiver, AN/GRR-23 and -24 (con.)

Characteristic Requirement

Automatic gain control 100-millisecond attack, 100-millisecond decay maximum.
time constant

Squelch Receiver~ output muted, pending carrier application of not
peater than 3.0 inicrovoks with squelch scnsstavity at maximum
setting, and not less th~&n 5 microvoks with squelch at minimum
setting.

Buffer amplifier Provides impedance matching and isolation of the crystal filter
(FL -i) from the mixer multiplier (A2).

- Secure voice a spehility Provides compatibility with the TSECIKY-8, -28, and -38
speech security equipment when wide bandwidth crystal filter
is used. Output is available at J2-G on receiver rear apron.

ENVIRONMENTAL
Operating Relative humidity: 5% to 95% (±5%)

Altitude: 0 to 10,000 ft m.s.l.
Non-operating and storage Ambient temperature: -62° C to +71° C

Relative humidity: 5% to 95%
S Barometric pressure: 3.4 to 31 inches Hg

WARMUP TIME 30 minutes maximum using crystal oscillator; 5 minutes with
S 

oscillator-synthesiscr.

IF FREQUENCY 20.6 MHz.

CRYSTALS Standard type not supplied with equipment; CR-75/4 (holder
type HC-6/4) stability to achieve frequency accuracy of ±0.0005%.

1.4 EQUIPMENT AND ACCESSORIES SUPPLIEI .- l~’ic equipment making up the vhf and uhf
receivers is listed in table 1-2.

• Table 1-2. Equipment Supplied

Dimensions (inches) Unpacked Packed
• Quantity hem Height Width Depth Weight Volume Weight Volume

1 Receiver, Radio, 3-1/2 21 12-1/4 22 lb 0.52 cu ft 38 lb 3.0 cu ft
AN/GRR-23 or
-24

1 Power cable, 8006147G1 (included in above assembly)
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RV 42B vlw 1~Drnr~-TuM~D RECEIVER

~M4N~Y sw~ r
TYPE lIV— 12 U V IJ ” F D—t ~JN~A) l~~~~IV~~i

1. Frequency rsn~e, . 115 to l~2 lila .

2• II~~~~SX~ of preset frequencies. - One .

3 !yp. at frequency control.- Crystal.

h. Type of receiver . - Seer heterotyne.

5. Iuterm diate frequency.- 18.3 14Hz . S

6. fisoelver output . - ~~i n audio output 1.0 watt into 20,000 ohm (or tx)0 ohm

by cbsngin~ tap) load i~~edunce . Low level output .20 db be1c~i 1.0 ~.iatt int~.

600 ohms.

7. ?ype of reception.. AM

S 
8. Cryutul.- Type CR-65/U 2h..33 141L.

9. Squelch.- (~ en 3 in.Lcrovolts STy.

10. Antenn~i input in~edw~ce.- ‘ iO olw~i w&~al~w~cd.

11. Bandvi~.tth. 31i kH~ rni nliuum .

12. Pun.tn~ . - Crystal w~d indjvjduttj. alignment to u fixed f requ ency .

13. Pover requirements.- ~2O voi t~ , 60 R~, 86 watu~.

1~.. Electron tube cos~ le~sent . - ~e type 6EH7 pentode; 1 type 6~r( pentode;
1. type I2AT? dual-triole; 3 type 12AU7 dual triode; 1 type 12AX7 dual-t~~ode;

1. type 6Bx6 pentude; I type 6~~5 pentode. Fuse co q lement . - One 1-aa~iere

Sl~~B1ov ti&~e.

15. Diode coii~~lement . - le type 1112359; 3 type )N9OJA, 1. type 111658. 5

16. Furnished acce~eor1e~ .- Cry.3tal oven; 1 Power cord , 2~ inches; ~
A1i~~mant tool.

17.. Weiglit of RV-].2B Receiver. . .jO ~s crated ; 2b lbs 
~~~~~~~~~~~~
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QLNL*M ~ 5T*JUINT GOaPORAT1ON
1 TACO STRICT. SN RSIJNI( N Y 13410
(SOP) $P4 flj~ TWIt S%O iS1-N40

MO1OIPOt.~ OMrnD:R~cBONA[ MUIfiPLE DIPOLE COEIINEAR ARRAYS
(pitsnted) 115.150 MM 225 400 MHz
0—2213 UNF/VHF ANTENNA

S Fss~a,in~ RUGG(D-TRAP4SPORTABLE—COMPACT.-LIGHTWEIGHT_HIGH ISOLATION
The MULDU’OL “~~~ MWtlple tMpole Colhnear Array con-
cepI has been .spec iafly developed by TACO for ground-
air-ground, air traffic cultrol and associated vehicular and
base communications applications. This omnidirectional con-
cept employs a unique method of shielding the feed cables
to improve radiation pattern characteristics and also
achieve a high degree of isolation between discrete elements

~ ithin a closely spaced array. The result is a sm4fl, rugged.
i..,sy to install and lightweight package ~ luich utilises
mimma) space and Isnth h.setf to tacticalitransportmble use
in the mont hostile •nvtronmentz..
M~M applications for Ibese types of antennas demand
optimum utilization of space and a high de~rre of mobility.
These requirements are eminently satisfied by the MULDI.
Lxx. ilW concept of coilinearty stacking. A minimum of
30 db isolation La realized hetwcen any two antenn a elements
in every MULDIPOL ‘~~~‘ model, whereas it would requ%re
about 20 fea t (6 10 ml separation between two horizontally
displaced dipoles to achieve similar Isolation where normally,
on most towers, only 10 or 12 feet (3.05 or 366 m) is
available.

ing ict rease in the number of antennas required at any one SPECIFICATIONS
The low profile (silhouette) of t his antenna plus the result-

to~ cr s~1e also gives much improved radi~tion pattern EL.E( TR I CA LtO~ei- ,gf’ 
________________

LMANiTI:It 
~~~~~~~~~~~~~~~~~ : s .40 iia-iso

~ GA IN ~dHi ~ I~~
). 10

I ~, n ‘3 51 rn MOXIL l I t. (ItO’ * 1 1  V HF

I ~.t I.ATtO N 1?,
I i~ .Is,i . dill 

______________________I I~~I.AHIZATION 
______________________________ItAI) I.I I1s~. it~~t L t )

S I OM NILl1RI ;CTI ONA L z05 dii tuimuth)
(‘NWOR M I T Y S

‘4 :~ .n t :1399 cm) VSW R Ma. I ~ I

I 
,

~~...
_ 1)I’U!.V IVi rl dc~~Nom 15 lcuiter,d on horiwn 1

‘ TERMINAL ; Typ • N 13)
.~b2 ~n %SSO cm’ i-y p~ N INPUT J ACK 

TERM iNAL ; tmp.dance SO ohms
I) IAME’ TE R M ATES W$TH (10-21/U PLUG APP. POWER 5~ W

VER T UEAN-CE NT ER *20 det Ilium hor ,z.n)
DEVIAT I ON ____________________

MICHAN ICAL 
____________________

HEIGHT S $4 25 In i3i3 99 cm

WEIGHT 1025 I~~ t4tS~~t’/ MOLISil’ 3 Ifl IT51  cml
I Ma.i I),a • ___________________________ I1
I WI NULO A tII NG 55 ~ I w/2 in ~S 01t cm’
I (olWrslIfl * I radial icr

ENVIRONNt.NTAI. Rain. salt 1 . sind . dual
and tum wi to M1L.-STh-

II.)? cm) • ~‘.mprriiur*. u~3 in ii 51 cm’ ~~~~~~~~ ~~~~~~~ 
.a lwMis. 

~~~~~~~~~~ DI AMETE R MAST mlds’.y I. MIL.STD 2)0 and
( NOT SUPPLIED) tIM.

INDEPENDENTLY OPERATING VHF 97 KAI:OME — 

~~~~~~~~~~~~~ tas r ~I...ANTENNA AND INDEPENDENTLY MATE RIAl. ________________

OPERATING UHF ANTENNA IN ONE MODULE. S G~~n r. lativ tO ~~ IIMFfl I$C ~~~~ S.. D
S 
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rAC 0 __ TICHNICAL APPLIANCE CORPORATION
an*sadl~ v~~QINIRM *47*JMIN? CORPORATION

I TACO STRICT. SHIRSURNI, N.Y 13410
(507) SN-UI) TWX; SM-NI-MIS

MU1DIPII’~ OMNIOIRECIIONAI MOIBPLE DIPOLE COIIINEAR ARRAYS
(patented) 

~~~~ ~~D—2212 VHF/VHF ANTENk~
Fee*urinI~ 

RUGGED TRANSPORTABLE ’.COMPACT—LIGIITWE IGHT—HIGH ISOLATION
The NUL.DlPOL~~~ Multiple Dipole Collinear Array con-
cept has been especially developed by TACO toe ground.
.nr.ground. ~ir traffic control and associated vehkulai- and
t ,t ’ ,.. tommunications applic at ions. This omnidIrectIonal con-
i.j i employs a unique method of shielding the feed cables

to improve radiation pattern eharacterisllcs and also
.u li,ei e a high degree of isolation hcI~~een discie t i’ .4ernt’nts
ii ilbu, ,~ elosely spaced array. The result is a small, rugged,

to install and hghtwcighl package which utilizes
iiitiiuiial ~~~~ and lends itself to tact ical transportable use

ii i i i -  most hostile environments.

~I.’~t uIi l iIIe,At iOnS for these ty lws of antennas d nh,nd
uijitm urn utihzalion of space and a high degree of mobility
Th.’~.’ equiremeflis ale eminently satISIi~d by the MULDI-
POL r~ i 

~~ cept of collinearly stacking. A minimum of
(0 dli isolatIon is realised between any two antenna elements
in every MULDIPOL’~~ ’ model , whereas it would require
about ~i0 feel (6.10 ml separation between Iwo horizontally
displaced dipoles to achieve similar isolation where normally,
on roost towers, only 10 or 12 feet (3.05 or 3.66 ml is
av .isla ble
The kuvi profile (silhouette) of th is antenna plus the result-
in~ dceri’ase in the number of antennas required at any ~~~~ 

I NS
los~cr ~tte also giset much improved t aittation pattern u.t:cm1cAL
rovc r~ge. MODULE VHF .2 

_____

- IS  .,, t 3$l cm’ ~REQ RANGE IMHzI 116.150 5
~~~~~~~ DIANr1- r:R • GAIN idIli ‘ Fc1 I ~

ISOl A TION i i
t Mu~. dtt ,

POl ARI Z AT ION V,- u ( , cal —

IIt’IIW (Vei l. $ug Nolfl Th (Ctfltc rrt~ ~h hor :un

HAI IATING MODu LE \ I N I I ~IItE (~1’lONAL ~05 dO Isiumuthu —

VS(V R
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— 
N i 2 )  

—
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, .,

~, 
lY l ’P N INI’I IT JACK V II4T III:AN-CENTER ~ h&I di’s ~~~~~~~~~~~~~~l IANP il ft MArES u iT~ t IG.2I/i1 I’t .t.k. DI:VIATION 

__________________________

MICIIA NICA L. 
________

HEIGHT 
— ~~~~~ u. u 3$t~ TI  ,-rn

W FIGIIT
_ _ _ _ _ _ _  

LL5 lbsl55 7 i~~i
550 10 —

~~ MOUNT I in .1.SJ umu
(1 51cm) I iSlail liii i

Ms.. I I WINDL .OAIMNG Id w/2 in iSUS cm
£ I iopersIin~ u radial Icer FNViNONMKNT .~t Rein . sal t -1o . sand. dub.

- ~~~ I auid Iun~us to MIL STD.
— I sWA and it , T.mp.rsture,

barometric pressure and hu
midity to MIL STD-210 and

in i Ts.? cm ’ 2%OA .l) IAM~i’E K MAST
I NO’F MIl PLIEDi 

9~ 
H.~I mD: Fiia.m’sfl w and fibcr,~is~~

TWO INDEPENDENTLY OPERATING 
I ItlAl . 

_______________
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TACO TECHNICAL APPLiA~ Ci CORPORATION ’
S r1tsry ii

10NIRAI. lST*~~~piT CORPORATION
I TACO $TMIT. .qRSURNI. N.Y 13410
(107) 574-flu TWX: $M-$SI-7410

MODEL D-2216 OMNIDIRECTIONAL VHF ANTENNA
(MULDIPOI~

TM
~ CONCEPT)

patented

Fsoturing: RUGGID—TRANSPORTABLE—COMPACT—L$GHTWE IG$IT

This design utilIzes the MUU)IPOL 0” ) concept especial ly
developed by TACO for ground-air-ground, air-traf fic -
control and associated vehicular and base communication
applicat ions.
ThIs VHF Antenna is a halhiave, vertically polarized t;ipole
enclosed in a 1.5 In. (3.81 cm) diameter fiberglass radome.

S It is a completely sealed, lightweight and simple to i stall
unit Its low profile produces less pattern deleriorati in In
tran i~mission ’r iMepthcn relat ise to ad~acenl antennas c ’  the
same tower , such as the typ es that have tieen in car ‘nan
use over the past 20 years.

SPECIRCATIONS
ELECTRiCAL
M~)DULE VHF (3)

3’~EQ RANGE (MHz) IO0.I~~
CA I N  (dIll • Fe) 1.0

I S i~, CI HI cm) ~OLARIZATION Ve ,t,csl . omnidir ectiona l
DIAMETER ‘

~ PJjW (Ver t deg ) 75 (center&-d on hor,ion)
RAIIIAr ING MODtIL.I,. CNNHURI cTIONAI. ± 05  deg (szé m ul h)

VSW R (Noun ) 1 I
TYPE N INPU T JACK ~~~~~~~~~~~~ 

—
~MATES WITH 110-21/U PLUG - ,  S 7P _____________________

\‘P. POWER 50 W
54 SO uuu “I’~T h3EAM-CENTER ±10 deg. (from horizon)

(131 43 ,w) PEV I ATION 
____________________

S ~~~~~~~~~~~~~ TF R M I N A L :  Impedance 30- oh ms

fI( .14A ’ICAL 
_____________________

/ 4 MAX. -~e 
___________ 

54 50 In. (135 43 cm)

‘th I Wf1GHT 
________ 
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