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t he ARES t a l  o b t a i n  int o r m a t t o i l  f o r  d i s p o r s a ’ d [NP t es t i nf  o f  s ; u t a ’i l itos
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II I’REV 1015 WORK

Final Report  l on work  n e r t o r t u o d  throug h A u g u s t  197~ da ’sc ril,os

t h e  non— utn i fa a rtu I te ld  ex i s t i n g  in the ARES . At f r equenc ies  below 25 Ml -l~~,

tha 75 ca b l e s  that s imulate t h e  upper p late of the pari l l  el transmission

line resonata’ s t rong ly s inca the lines are shanrted together  I t  both tIne

inpu t and t e rm i n ~1t in g  ends .  The r e s o n a n c e s  may be a l  i m i na t e d  b y c ros s-

w i r i n g  the  c a b l e s  to t i l i n in t i z e  coup l ing of s i g na l s  c a u s i n g  r a ’sonance ,

by t a ’ f ~~: n i t  in g  the c a b l e s  in s e r i a ’ s r e s i s t i n c a ’ s  t h a t  would  form m a t c h e d

P ons . in f i e l d s  produced w i t h i n  the ARES t ua nda l , c r o s s — w i r i n g

b y I — i n c h  by i — i n c h  mesh ( 2 . 5  f t  by 2 . 5  I t  [ t i l l  s c a l a )  t o p  p l a t e

11_ c s resonances . b u t  at  fr e quenc  ies . ibove approx i t i iata ’1 v 25 >1h z

the  f i e l d  shows n o n — u n i  f p ’r r i i  t o  in an i r r e g u la r  manner is a f u n c t  ion of

f r e q u e n c y  . ‘[h e non—un i f o r m i t v  of f i t ’  laI~ at liigII f r e q u e n cy  m a o  be

exp l i  m e d  b y cons idi r ing Lisa t the  s i g n I  1 is I n r o p I H i t  ed as r i v s  . since t h e

v er t  i r s  I d m iens ions of  t h e  ARES Ire  m m m v WJ V O l e n g t h s  of  t h e  s i g n a l  wave—

1 en g t l i  . R e f l e c t  ion of t h e  r ay s  [rout t h e  t a r p  m t  i ns  cone c r e at o s  c o n s t ru c  —
t iva ’  and da ’s tr u c  t ive i n t e r f e r e n c e  Ioc a  L i on s  w i t h  in t u e  A R C S .  II f f o r t  S to

s cat  t o r t h e h i gli — f r e q ue n c y  s igna l w i t h  t r i a n g u  l i r  c r o s s —  sect  iona 1 s c a t —

or  ing  of the  st  ruc lure  on t h e  ho t  t o t ;  p 1 Li t a  of  tin e t a r i m  i tn ~i t ing s ec t  ion

and wi tin the mesh top p Ia t o  We re  i nef f a ’c t ivo ’

1 S. ! ) u i r i k i  m d  II’ . - I.  S c h a r i m a n , ‘ S t ud y  o f  EN! ’ i’e s t i t n g  of  S a t e l l i t a ’ s . ’
Final Repor t  1 , I~-, n t r u c t  I)N \ i I ( I I—7  ~~C 0 lO5 , SRI !‘ ro iec t 1077 , SRI ,
Mc t nI1 a P a r k , Cal  i t o r n i a  H~~025  (July 19 7 5 ) .  
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I l l  R E C E N t ’  WO RK SIN S C A H ’ I - R I N C  S[’R 1’C [ ‘ I R E  W I T h  MES h lOP b’ I .-\ I !- I

S ince the t r i a t n g u l a  r c r o s s — s a c  t ioun s c a t  te r L11 5 S t  rue t t i res a ’ t n t I l t

t e r m i n a t  iIl 5 sect ian n we r a ’ m e !  f o r t  j o e , 1 round c o n i c a l  sli upa d s c a t  t a ’ r in5

s t r u c t u r e  ma de o f  a l a l m m n a l n l  s l t e a ’t was c o n s t r u a ’ t a d , w i t h  t h e  has ~’ a ’ x t e u n a h t i mc

ia 1 fwa y  i Into the t e s t  s e c t  ioo of  t h e  AR I- ,S mo del , as ill ust r i  t a d  i : i

Figat re Ia . I- l a i d  mc ’ a s i i re nua ’ im t  s 01  t h ie Akl - S mode l w i t l t  t ; i t -  1 — i n c h  by

1 — i n c h  mesh top p l i t  a’ s lioweal la ’ iWp r~ivement ~ t1 t i l e I it ’ 1 d n o t s — l u n i  t o  ntu i t i t - s

at  I s i 5 } p  f r e q u e n c i e s .  E v i de i nt l v , a na sh or  s o l i d  t a ’ 1 ’  i l a t e  t r I m ’ s  m o s t  01

t h e  111511—I reqama ’Ilcv re f l e c t e d  si~~n u ls w a  t u n  the \ Ki - I S , a’~~ am ‘ s I  th  the mu s e

~‘ 1 a s c a t  t a’ re r . 
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T\ ’  > IEASL SEMEN 15 iN [l IE ARES > [oDb ;L STI R WI RE h u l l ’  PLA I I’:

A .  F ic it! >1cm sura’tna’n t 5

Highs — f reqa iet icv I i’ ld  une; i i iu remna ’nts w a r, - mmdc wi th in the model a~f the

r iginil  conf igura t ion of the :\RES wi th ti~a’ 7 5 — w ire top p l a t a -  it s i ’ v a ’ r i l

d is td nc a ’s f rom th 0 inpu t tertruinals of t h e  model and at s o y a - r I  1 he igh t s

tan obta in v a ’ r t f c u l  p ro f i l es  of  t h e  f i a ld v i riat ions . [h id r ;r , - i s u re ; ’ e nt s

cm pa’nsdte d for sensor  and c a b l e  re sj mamns a ’  . are shown in F’ igure 2 , for

In v a- a - — qa t a r ta ’rs and one — qatar - r of the Ima ’  ight bc twc ’on  tl hot tonu and top

p 1 i t, - ‘- and i t  a d i s t a n c e  a ’ ( mUIV H len t  t ‘ 7 r;;e t a r s  from tha ’ inpu t termina is

a ’ F the .\Rl -~ S . ‘ I i i  is I ,ic~i t ion is in the input conic sect ion where tine

s~it I l i t a -  w i l l  ~ ‘ p a’ s i t i i ’ni 1 . C i p id ill ! lar~~a - s t  v a r i a t i o n s  of - ‘  dIl in

f i e l d  t ’ :~~i t u rd1 as a f u n c u  ion e m  I’r~- quencv occ I i l’  at  a n a ’ — qaaartt’ t of the

hit i~~ht t  b e t : - , in t ! l a - ; ’ i i t a -s r a t l i e l than n i- a r  t h m a  w i re s  of t ine t o p  n1~i te

r - ’ t I r  I ( ’ a ’ .‘ l l i u ti i nns j i -  c - i i i y a ’d In’, t ’esonatnces  F or  l oi,’a’r Ireqli nc ia - s .

S i; rp i I ir irk a i S i l  ra - a n  t s ’ ;;ade ‘in t i l t  ic t i ta I A RES at  a s li  5h t lv di f f ’ r e t n t

h o i n h i t  - - I l ’ ’ :  III lb na - i k — t , m — r ’ a - i k  v ir ia t  ions and ~l t a  cons i s ten t  w it i n - moda l

~ ,- i r - m i r , - ;  - F i t s

I~ . ~~ I !  M l - u l r t ’ n en ts  w i t h  5 c - i 1 t ~ ’ r i n s  St r a ic t a t r - s

1 . S - r in d C o n i c  S c a 1 t a - r i n~~~~j r r c t u m ’ e

m u -  round con ic  sc I t  t e r i n - y  s t r uc t  ri - shown ill Fig l I ra ’ Ia t h u

1/ 5 5  i n t t I a c t  i V t  w i t i u  t h u  m m m a s h  m o p  p I : u t t  i s  c ’ f f , - c t i ve  w i t h  u w i r .  t o n

p ! i t a ’ , Iii ii I m l s t I ’ L - l t a a l  in F i g m u r a -  1 . ‘line v in i t  ions a bove It) MHz h un ’ ’ !‘ a a n

s ;; roa ’t lsc’ aI and t i n t -  m : ’ t ’ s t  t’ i -su l t , w h i c h  oc c u rs  ~~‘r the i’n a ’ — q u a r r e r  ha ’ iu:bt t

1. l i i i)  cii i ins , - 1 ’’ 
- ‘ -  u t ~ camlunhti i c - u t  ion .

~
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shows 1 t a n t _ I  I v u  r i  It  !i ’tl ii i ‘ I aIR ‘ V a t ’ I lie en I j ra uie ;ismtred t requa ’tnc v r ut n r ’

but s hows l e s s  th in l i i i  I’ t h u  t o ta l ~‘ u r j a t  [011 OV a l’ Ill’,’ I i t t t j  t a ’ai t i ’ a ’ q l l a ’ I i t ’\

r ing e.

2 . ‘ I t ’  iangu Ian >k’sli C o n i c ’  S c i  t t e l ’  I tng St  t ’aic III ye

Recau so o f  t i l t ’ a f fac t i vene Sc o f  t Ii e curved ca in [C c c c l  ion • 1

s ituip la ’r t r iangil I m r c oin IC se c t  io i u m r i u a h a ’ t I o u m i  ot ia ’ — q i l li ’ t  t i ’  inclu li;t i ’a lw m i’a

c l ,’t li , illustrated in Figi re lb . w i s  i t i v t c L i ~~ ited  iS 1 s c I ( t e r i t l 5  stnu c—

au re . [‘lie i c r  t a x  an I t h e  t r 1 angu Ian ca ine a x  I outl e tl t o  Lhn a c a n  t e l ’ o f  th~

te s t  I t 1 i,ir I1’a a  • I~ sti l t s  of  th i ,  um tam s i t re me t n t o f  t i l t’  l it ’ hal  a t  c ut s a ’ — q u art t ’ r

he [gist . n le r - i e i n lea l  itn Fit ’ iuI’ e 4 , ira sh i u i I m r  I i ’ t l u a ’s a  fa l l’ t ilt’ curved conic

Sac t [a’fl . Cranutnal I ng or aungroatnd I ng t i l t  t a l S a s all t l i t ’ Cain Ic S a C t  La lI ~ t o  t i i a

a’s t f t  ai air 1 t’ a .  u d [ci f l a iL  umuak e m v  lnerc o p t [li l a d if fa nat ic a’

I i ’  iana’,iu I a t ’  Wi vt [ ‘ i i c  Sri t t a r i n g  St ramc t o r t ’

A potent i i i  lv illa ’xpa ’hls i v a ’ scI ttei ’ins surfaca ’ fair t i l l  ARES w a s

s inutu l u  ted hi a t m ’ j t n u .~u i ur con Ic sect I timn c’i lIt I I i  u,’i I’ a S  • is i I lu st - i’ ut , ’d

in F i gmi re I c.  >la ’ : s a u r , ’ m ; r , m u t  5 It  1nna—a b l : l r t  a r  anal thi’ et ’ — qa ta r t  en h e i g h t s

presa t i t ea l  in F i r e r ,  i . s litiw that  the ra - m u i t  i~ . a i ’ a siuu i Iii’ to  t l ia n se f anr

t lia ’ a’nt’ V a ’al 111th ti’ i tin g * i l - u t ’ ch i lle d  C ot i l a  S a C 1  i o ns .  For ptIl’ pa ’ Sa ’s ~‘l l u s t  ing

- r a t e l h i l t S , t h u  i t tod i  H a l t  ioin Ii till ARI S r ’ i a ’aI, I S h I a ’ I I l a l  h u l a  lit t le th is

s c ; l t t a ’ t i t l g s i t u ’ I ut ’ a ’ c o t n s t r u c t ’ a l  w i t h  wir es .

C : C u r r a nt  >la ’asut’ t’uuents ~)tl Sm t a  1 h i t ~~— l i k e  St  r i i e t  e t a -S

I . Cy i  i n a i r i c u l Roa l

\ a o l  inalric ,i I brass roth e q t t i v t l a - n t  to  i fit i I— se t h e ali , i mus’t ~~r

of  I 1 .7 nu liv 0. 1)5 it . w i t ic hi  i s  t h~ lt ’ ng th t  a l  ( I t t ’  t h a t a ’ rr m r m u h i i c .C t lout s

m , a t e h  i j t a , W l ~ ; t’ a n t a ’ r a ’d and p l uc u ’ a I i’a ’ r t  l e i l  Iv in liii ’ 7 ’ — w i t ’ ~- t ’
~

n p h - i t o

\ R[5 m i ’ h ’ l  i t  - t  d i s t i n c t ’ ‘q i tj v u  hin t t a n ~7 iii fi ’ a ’ m r r  h i t ’  inpit t  t a t u r u i t n I l  . 
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cmi rren t probe was p laced in the middl e i ~ t h i t ’ rand • ‘[ lie cit rra ’ n t amp 1 it mida s

um it’a sm t t’ a d  is 1 f iu n c t ion  of f ne q t t e ncv  in I hit ’  ARES tn a n d a ’ I , wi th i anal w i t hi a i tt t

tilt ’ sca t t a r i n g  S t  r t t c t t t t’ t ’ , ~lra prest’il t a d  in Fi gure ) . flue c mtr r t ’ t n t atiip h i —

t it le s i t ’ a ’ n o t  ca n r rec ted  fa n r 1,raibe and cable van i at  ions mis a f mt nc I ja n 11 1i I

f r a q a i e t nc v  and ha ’nc a ’  t lt ev dcc ra ise rap id) v a hu’i’ e t Ito equ I va h u n t  f reqitenc v

a n f If) MIt z . Ha I ow an aq u  i va len I freq itenc v o f  ab anu t 30 >lhh ~ , t hia ’ c l l rren

:mmp h i t t t d t s  as  1 fmt nc t ion of f requ tt ’ ncv  I r a - n& - u r l  v i d e n t i c a l  • ‘[lie i)t ’~1k

t a n — p e a k c’ m t r r a n t  v m m r i a t  ion is l a S s  t l iat n 2 dii al anwn to the s a t e ]  I i t e  i-~>1J’

l OWa ’ S t  s i g n if i c a n t  f req mt e ncv  o f  11 M h z .  Evide n t  Iv ~ihaivt’ 30 >111/ , int ~ -r-

f t  ra ’ t n c a ’ o f  f t c  I s  [rome r;Iv 1n ,lt hl n tf  I t’c t i a ins cait st peaks anal n i t )  I s iii t lie

cIt r r ant  inch mice d in t b~ rod ~hien t h e  AR ES aI~’es na n t have t h ia ’  s c a t  [ a n u s

s t r a u c t m t r t . ‘ l u -  a r r i o n t  Ii ca ur r a’nt i - u n it lot s resit i Is itnchi c ata that  r a f l a c —

i Sis - ‘i ~ t ’ f f a c t  h - h i  s e a t  t a r e a l  om I t o f  t i l t ’ ARE S noda l wi  tht the wi r ,- t o p

p la t  a ho th u s c a t  I a I ’ itlg St  r l t c t u ra . >la r u s u t r e n i a n t  5 W i t h  a s i m m h l a t a ’mi wan anaha ’n

p h i l  fo rum ant wit icil th i a  sat  ~‘l b i t e  i,’? ’ ;  p lac i d , -md mmm a :isil ra m:r b i t s  wi [Ii t in’

m a l  h , ’wo ta-aI h’- a q u a r te r  o f  t lia ’ h eig ht n a t W a ’ s t n t i lt  it p pa ’r and lowe r

p i , u  l a s  a n  f I lit ARES - l i t  p ro c t I cm l i v  la - m i t  I c i  1 c mt r r a ’ n  I var  I at i tins - i nab I —

c i t  I ing l i i i t Iha  wo ntla’n p 1 lit forum th aI sui t I I va r I c a t  c li sp I , I c arrmc ’tl t s a r t’

j t n s i - ’ i i j f i c r t n t  f u c t a ’rs i n  t i t a  r ra - u s t t r a ’ u m u e n ts .

2 • Cv  I i ndr i cm I Sau l wit hi S hunt 1 -it ed Sai I mi r Pant I s

Solar pant I s • Si tu tu Ia t a d  liv brass shna’o I s eqmt iva lent in d inten—

Si o tiS I,’ I ha’ sa ’I um r Pain e I s  o f  the f I c a t  can mmiu muun i cat i a n f lS  sate I I i t t ’ • W i l e

u t t  ic hed I a ’ n a i l  hi en ds o f  t hic ’ 1 1 . 7 — n i  liv 0 . 0 5 — i t t  d iamete r  raid . C u r ra n t s

- r - ma - u s u u r a - i J  a t  tin’ c u l l  t a r  of  tine oem ’ I cml l i v  pos i t  lamed rod f I rs

ci l i t  t I l t ’  f ac t s o f  lilt ~natn a’i s t oward (lie inpm t t terminal and transverse I a ’

t hu It l i g I  ii of  th e  151- S and tha n wi tin t h e  a a h r a S a if the panels faci tng t in’

i n p u t I a r m iu i  t n _ I  i s  ;itna i h an n g i t a t d i n i  1 I a ~ t Ile 151-IS. F i g m t t a s  7 and S show ( h i t

c t t r r e n [  t r r r i n h  j t t t c la - s  w i ti ~ and wi tlta nm t t ( l i t ’  scat t a r i n g  st r u t c t t t r a ’  in t h i ( ’

A RI S as a f ti nct j a n11 ‘ f  frt’q mue nc v . ‘[ha’ pat it i s t ’ I a c t  r i c a  l i v  l ana d tha ’ rai d
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and cause  t i me fu ndat tt en ta l reso nan ca of the rcnd to  sh [ f t  frot m u 10 ~IHz ta n

7 Milz . Current var ia t ions  in tine f i g a t r a s show that  the s c a t t e r i n g

su r faces  are n e c a s s m m r v  for f requencies aba ’va 30 MIlz. Below 31) MHz thia

current  v ar ia t ions  i ra wit i n i n ‘ 1 . 5  dli , and are tolerable.

1 . Cv i  indr lcd  Rod witin Pane Is and S pacec ra f t  Mo dat le

A bt ’ass ban x in the shape of  ii 5pacec r ~ f t  tiuo du Ic , wi th  a p~~i’~ —

I-’o l ic r e f l e c t c nr tan nioda l t ht ’ f l ee t  cann u mun ications s m m t e l l i t e , was added

to the ran d w i th  s cnla r  panels.  l ns tem md anf lna’ ing mi t tac i ned to the s p a c e —

cra f t  mandu le , tine rod passed through ~ t Sa ’ is tan keep tine current probe

at  t i lt  s ivm a p laca ann the rod • F igi l 1’ a t) min d 11) sh ow the measurements titade

wi tIn t l i t  panels m o t h  t ransverse  and la n ng i t ud in a l to tilt’ ARE S and w i th

and wi thou t  tine scat t e ring sur [ mica ’ . ‘[ he a f f e c t  an f t hna iucndu I a ’ was t o

r edu ce  t h e  c a i r r e n t  v ar i a t  ianns  m s a [att i c t ion a ’ f f r e q u e n c y  in t h e  11)—M H z

0 50—M H z range . However , t he  reduc t lam is ins a tffic ient and tha s c a t —

to n i n g  st ratc tura ’  wanuld m e  r a q u i r e d .  
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V CONCLUSION

Measa u rements  of the e lec t r ic  f ie lds in th c ARES model and of

currents ann sa te l l i te - l i ke  models indicate that a sca t te r ing  s t ruc ture

to reduce the f ie ld  var iat ion within the ARE S is necessary to decrease

induced current var iat i ons on s a t e l l i t e - l i k e  o b j e c t s  for d ispersed EM P

tests. Tine 75-cable top p late of the ARES should remain as it is. Cross-

wiring the cables elirru inates low- frequency resonances but causes the

scattering structure to become ineffective. Currents induced on a

crude model  of a cotmumunication s a t e l l i t e  indic ate that the low-frequency

content of the d ispersed EMP tha t causes wine resonances in the ARES are

tolerable, ‘thes e wire resonanceS could be reduced , if desired , by the

addi tion anf series dam ping resistors , as described in Fina l Report 1. 
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Appendix

DESCRIPTI ONS OF H AND i-I FIELD CENSORS

li— Field Probe

Tine li-field probe (Figure i\-l) consists of a nuetal box with i

h u t t a r f l - a’ s lo t  cut into one side . ‘the s lot  is shor tcd  in the middle

with a wire and t h e current in tin e wire is measured with lektronix

CT- i current probc . ‘I’he slot is covered wit in a p lastic p late to keep

fora’ign objects oat t of tIne box. l’ha’ outpu t o f  the ban x is a CR874

a’n0 nhmmn conne c t o r .

The measured H- f i e ld  is to be oriented along the s l o t  and perpen-

dicular to the wine . Since time wire sha ir t-c i rcu i ts  tine slut , the ou t-

put vo l tage  is proport ional to the m mm agne t ic fj c ld  . The ra t ian  of

ind atc Lance to resis tanc c is hnig h cnoau gh t ha t  the muteasaired H- f ie ld  range

is nearly independent of f requency fro tu m t ) .1 11H z to 5 0 fl M Hz .  wi t h t hmt

CT- I  current  pranba caus ing  the freq uc ’ncv dependence h a l o w  0 .1 MHz.

E-F ie ld  Probe

Tin e E- f ie ld  probe (Figatre A - 2 )  consists of a disc-cone shaped probe

a’nclansed in p last ic  and mounted  on the top and bot tom of the meta l  bo x .

Tile uteasured h-I-field is colinear with the disc-cones . ‘[he capacitance

fann ed between the d isc -cones  and the meta l  hanx becomes charged by tin e

electric field. Since the output of tine disc-cones is app l ied to tine

inpu t of um field etluission t r a n s i s t o r  (FE’f l , which has an inpu t impedancc

r rum c h  higher than the intpcdance of the disc-cones , tine disc-cones may be

caans idcred to ba lun oking into an open circuit. ‘l’hiais , the anu tpat ts anf tine

disc—ca nnes are vol  taga s propun rt  iona i tan the electric field and independein t

of tint- frequency.

L - - -- - -- — - - _____  ~~~~- -~~~~~~~~ — - - - - -
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SA - 307? 35

FIGURE A-i H-FIELD PROBE
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SA- 30 77 - 36

FIGURE A-2 E-FIELD PROBE
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T ue  schnenta t ic d iag ra tmm anf time I-; — f i t ’  Id p r a n ba ’  i SilanWil in Figure - \ — 3.

‘i’he r ue ta l  box of  tile F—field proba’ h as a VCIO9 ’i /1’ ENC f i t i  iii and a

CR874 50—o hmm connector .  ‘f hm e CR574 ca)nnac ton is t i ia ’  a)tl t pu t a i f  the probe.

The BNC f i t t ing  is used as a swi tch  and ,i charg ing In lu r l . A BNC s i nort ing

p lug swi tches on the ba t t e r y  to supp ly power for o lna rat ion . ‘l ine b a t t a r y

is charged by at tacinin g a cord wi th a RNC fittin g frot u tim e charger , as

illustrated in Figure 1-4.

The instructions for c inarging are as follows:

• P lug in tha SR I—s atppl led bat LaCy charger with switch in c l uaa ’ga-
1n°~ 

it ion ,

• Connect ch,in~ ar to probe ats ing cable with BNC type f i t  t it igs a t
a ac ht end . ‘[‘Inc rue t r , whi icin now inch icat as current in mA , sinou Id
indic~mt a abou t -‘aS -ri\ . An overnighn t (8— lti Inr) ch arge should ba
a’nottgh i i~’r rainn in -

. t hua inroba’ mill day (8— le Inns)

• ‘l’atrn r- mwitc hn on eb u mii ’ mn-r to ba ttcrv check Inosl~tion . lin e rue ten

now iind icml ta - s  m o l  t O g a  wi ti m a n n a — h a  if scala’ a qital to about 13 volts .

I’h i a ’ instrat c tiotis for usi nm ~ tile C — f i e l d  probe Ire as fan i Ia n w s

• Inst i ll short circatit lC\’C p lie t a i  ciuargtng connec ton to turn
tile circuit otn .

• Cannnec t RF anal t put cab h a  tan nrob, - and ‘ m a  a sum ’ m r itn c tl ’dt r m a fl t 5

— ‘[‘he nueasureci a l a -C In ic f 1 ~ ld is Inar pa ndi icat Ian t o  t i ia ’ h r u a a l
s ida’ of time pro lna-

— ‘[lie ~‘uu 1pai t cable sit~ imld n a n a r l i a -t ia hicu h _ i t’ tan both the e l e c t r i c
[[a id and tint’ d ir a-ct iotn of I Ito Ii~ I d ;n ra n~n a m ~a t Loin to tnjnjm im-~e

cabla ’ coup ling to  t h e  I [a itl .

II - and h I-F ic id Probc- Calihnatia nns

lila II— ;-inal E — f i a ’ld inrohe cal i lnr ,a t ianns  w e r a  lna’rfaul’ r m a a I iii a calj—

‘ rot  iantn line t h i t  is a s urua l l  j iai’ t i l a’ i I n l a t a ’ tr a ns m m u ission lint’ a w a r  a

l ra i uu tnu i p l it ic , a s ii l a u s t r a t a - a l  in Fi gim ra- A—~~. ‘I’ha’ 25 —c imi Ine i m ’ h u t  a i f  tine

m a . i m ’~i1 1 , 1  p la It  is Ia ’ ss  t h an Imalt I  tilt’ wmuva l an l - t iI of tin- h i i r ~hu , - s t  ala - S  i r l t n

f ra quancv of ohS lIz ana l ijds j tn t’ a ’ , l u u a ’ i m u r r  lIla a r r c i t t t  iotn a ’f  hiimrl ut ’r oraher
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m rua h a s .  I~i in t ’ra ’aI ~m a C t  i a i t m s 1 1 5  a ’ rr i  lann g co nn ccL ti ia’ m m -al ia l  h) I~1t t  sect ia)fl ,

wh i chm is 7 ’  em s w j a h a’ lnut ann I ~ ‘ cmii I Otn il , I a ’ On i tt ~iLl I I’~’pa ’ N C a n i x  iii I cah l t

th ai t i l t ’ to  t t tt i n,- t t i ann i’ a s I s t ,- mn ca’ . Ref 1 a c  I a ’ r ru a  t or urue ,I sam t’a Sua ’ti 1 5 COa t’ thu  a’ lit’ s

term i nat i attn F a S  is tam nce fo m’ ti me 1 [t nt iii R 1 = 70 ati l tm mS . ‘[‘ha ’ ° —c ui m I ength a ’ I

t ine para I I~ - 1 s a c  t [on e ,mya t i l t ’ cmi  i lnrmt t lain I Lot’ device b~ S t  attn i Iorm ru f I ~‘ l d

a ’\’ a’ t ’ I Ima f ra’qut ncv range an f h o  MHz t a n  ni ) ) MHz . ‘Ia n absan nin re f l e c t  ia)In s at

t int ’ im n pu t and of the I a ina ra a ah s e c t  iann , a re Si S tanr , R5 ~
‘ ( I  a iur u us , was

ltnst’ i’ta’ d ion s a t ’ i t s  t a ’ l tli Li la ’ I V~)a ’ N cotnnec t or at tha ’  inpu I end of 1 ha

tapered s e c t  ion San thia I a 7O anhtit na’ s is t rance  w - is  seen front t ha’ inpat

tapered sect i aiim t aw- m rd tine tnsc i 1 la tor .

OScATOR~~~~~~~~~~~~~~~~~ MAT~~H N G~~~~~~~~~~~~~~~~~~~~~
A L BRATION TERM NAT ION

“osc RESISTOR LINE

MEASURED
REFLECTION
COE FF tC I ENT  SA - 3077 - 40

FIGURE A-6 SCHEMATIC OF CALIBR ATION LINE INPUT CIRCUIT

‘[[no s c l m a m m u a t ic of tine ,nr -m c ii lmm ton canninec teal t an  tilt’ cal ibnat ion line

is i l l u s t r a t e d  in F i - lura’ A 1 n . ‘i’hla ’ P0\~a’r , I’~ , in the c a t  ibrat iann line 1 s

~ tven  b u y

P1 = P05~ C 1 
(1 - 

2 
)R 1 / ( R 1 +

where C 1 is l ila h’°~~ ~
‘ ‘0 in in thit’ ca In 1 a’ Int l w a - a t i  t im a a ’SC ill LI t on and the

input absorl-’ino, sa’c t lain to t h e  tape ra’d 1 inc . - [5 l i l a ’ ra’ f icc L ion  coo I —

fic lent nuemsatrod ut the inpu t I a n t h i t ’  cal iinr ,mt [ann ii tie inc luditig R
s

The gain in ti l t ’  ~ mib i t ’ j r  l a s s  th an anne and rt ’)) l’ a —e n Is  I ,nsseiu . ‘l’lie y,n It a

2 I)
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developed across the p lates of t he device is the square root inf tine

product of time powe r in tine field, 
~L’ and the character is t ic  res is tance ,

RL, of the device . Since the electric field , EL, is th~ vcnltage across

tine plates divided by tine height , h , the magnitude of the electric field

m ay be expressed by tine ineig int of tine line and the equi pment parattieters as

- 

RL POSCC1 Ii - I: 1
2

j

LL
_

h R D + R S

‘[‘Inc outpu t voltage V0 of the pra he into i S0 ani itmm load is tine

produc t of the effective height , h1~, of the sensor and the electric

field EL. ‘l’he probe ’s output is propagated tinrantug hi a cable tnf power

gain , C2, to a spectrutu ana lyzer with inpai t resistance that matches the

cable ’s characteristic resistance of R , = 5) ohms . Tine inpu t power ,

tan the spectrum ana l yzer that is disp layed on time cathode ray tuba

is equal to C5 /R5 ann (E LhF~~
C2/R 5. The effactive he ight . hF. an f tine

pra~ba is expressed in terms of equipnment paramlieters , and measured results

by e liminating EL tan give

~~~ 
[R 7( R ~ + Rs

)
~~~l

G2 0 - I I HT -\ ‘~
‘OSC 1

‘[‘lie ca l ib ra t ion  mrueasur c nuents are perfanr t mmed wit in a f requency-swept

CW s ignal oven tine desired frequency ranga . ‘I’he outpu t a) f  tine swept

frequency CW osci l lator is maintained at a constant output level

‘h’he cable gain , G1C2, and the reflected power , 1H2 . mire tmmeasuned . Tine

aautpu t power from tine sensor is ttueasured as inpu t power , P,~, tan ti’e

spectrum anal yzer over the frequency range frainu 10 MHz to 500 MHz.

Data for calibrating the probes were extracted fair frequencies

anf 1 0)0, 200, 300, 400, and 500 MHz witin the sensors located in tine l ine

at a distance anf 70, 90 . 100 , and 12(n cm front the inpu t tan time tapered

sec t  ion . Since the j naral lcl  p la te  sect ion is so sinort , the inranhes are

30)
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located in tile t apered sect ions with ineigh t . in. li~a’ anut inat t power a t f

the ansci llatanr , P, was unmaintained at +10 dilitu . l’Iia’ extractad dat a and

rasulting effective ineig ints are listed in lab le A -I. [‘lie reflection

coefficient , ~
‘
, is stnali and varies Inecause an{ t lu a pra sence’ of the

probe in time line but the t ranstuu i t ted power t h at is propanrtion a I tan

(1- ~F~~~) is practicall~’ constant, l i m e ’  a’ f f a c t i v e  heig huts da terntined far

different frequencies and diffe rent distances , d . n ar y he c i u t s e  a if tin t

standing wave pat tern in time l ine . ‘[‘lit’ avaraged n t  limes for tin e effect ive

hne i ght s rounded off to two sionifican t figures art - i . 1 ‘ lr 3 V/V/rn and

1 .5 V/\-’/nn for the hi and E— field sensor , respa ’ctiv aIv , and are estimated

t a  h~ correct witinin 10 percent.

‘[he magne t ie  field is obtained fra utm i tin e Il-field sensor ’ s output

v o l ti ga  \‘~ as nucasured into 50 oinms by

H \‘ o / 3 7 7 i 1
E

3 1

.4
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CAL I BRA ’I ’ I ON DATA AND EFFECT IVE HE 1 CHTS

H—F it’ Id Sensot’ [—Fl ~ ld Senm ra a r

S C 1 C2 d h L I2  
~~ 1 h 1 P \ h 1.

Ml! z d B cm ciii d B d hIm V / 1 /ni d Bin 1’ /1’ /nl

100 -0.e 70 14 .5 -1 3.0 - 1 3 . 0 1.05 x IO~~ - 2 9 . 3  1. 07 ~ l0~~
90) 15 .5 - 12.5 -35.~ 1.07 x il l 3 -31 .7 1.~~l s i U ~~

3

lOS 21 .0 - 1 2 . 3  - 3 ( u ,2 1.09 ~ 111 1 - 12 .0 1.05 x l0~~

12 In 2 5 . 0 - 1 2 . 1  - ‘30 .o 1 .24  s l0-~ -34 .Ii l ,3o x

200 -0 .5 70 14 .3 - 11 .0 - 3 3 .2 1.10 ~ ir  I -11 ,1) 1 .59 x 10~~
91) 15 .3 - 1 4 . 5  - b o ,h 0. 92 x 10

_ b  
~~~~~~ 1. 57 x I0~~

lOt) 2 1 . 0 -14. 3 - 17 .9 0.91) x [Q 3 - ) : 3 ,4  1 . 52  ~~ l0~~

12 u  2 5 . 0 - 12 , 5  - 3 .0 1. 05 x l0~~ -37 ,2 1 ,18 x i0~~

bOO - 1 ,0 70 1-5 .3 - 1 1 . 0  - 12 .o 1.15 ~ io-~ - 10 .7 1. 47 x iO~~

S~) 18, 3 -9 ,1) -14 ,9 1.11 x I0-~ -31 .5 1 .73  x 15 1

100 21 .0 - 10 .3 -15 ,1) 0.92 s ~~~~ -31 , 1,97 x 10~~

12 2 ,o - l i ,) - b S , Q, 5a) 
~ iO~~ - 3 7 , 2 1 ,22  ~

- I . 1 70 14 . 9  - 10 . 0 - I I. 1. 13 ~ I0 b - 10 .1) 1 ,oo x

0) 15 .5 - l o .0 -39 .5 1. 1)5 ~: l0-~ - 1 3 . ’ 1 , 15 x io -~

II) ) 21 .0 )  - 1 2 . )) - 1 ,3 1 . 1 2  s 1u~~ - 3 5 , u’ 1 ,24 s I0~~

12 1 25 , u ) ~~~~~ -40 ,- a O .~~l >: 1O~~ - 1 3 ,1 1,33 y

- I . a 7)) 14. 3 - 17 . 0 -32 .0 1 . 12 ‘~: 
1 

- 11 .2 1 .43

a ’ ’  i 3 .~ - l 4 .u )  ~35.9 1. 09 ‘: i 0 1 -14 ,u) l. Oa x l0-~

[00 2 1 . 1) - 17 , 0 - 13 ,’) 1 . 1 (  x l0~~ - 1 7, 2 i, 0~ s I0~~

1 2 ,  2 3 ,0 - 17 . 5 u ) ,)) 1. 11 2- ’-: iO~~ ~~~~~‘ .2 i ,’+ l

\ ‘ :a i 1 : - a l e m  f a c t  i v ,  hn e ’ i - : h i t  I .07 ~ I 0 1 ,4o) 10 3

II. - - - - - - — -  - - - - - -
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