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Measure d Resonant-Reg ion Radar
S c a t t e r in g  by Trucks and Jeeps

I\ IIlUl)I

‘I’hie pl’I’ -SI ’r i ( ’ ’ if the e ar t h  int rc lduce-s  s u f f i c i e nt  comp lications to the sca t t e red

l ’h ’I ’t s  of I’ ’ .’E’ f l  i r e t a l  Is  rp o t s  t h a t  resul ts  of f u l l — s c a l e  f ie ld  n i easu remt ’r .t s  are fre-

q u e n t ly  d i f f i c o l t  to i n t e r p r e t .  This is especially t r u e  at 1))” and VHF f r equenc ie s

wIier e l ~~p ic a l  r a d a r  f : t r p e t s  such  as t rucks  have ph ys ica l  d imensions  comparab le

in si:e to  the  i nc iden t  rada -’ wavelength  and ana ly t i ca l  p rocedures  gI n l l l ’ z l l l y b reak

clown fo r  all hut  the  si m p lest t a r g e t s  even in f ree  space. The purpose of the im’ns -•

u r e I l I I ’n t S  to Is’ descr ibed  in th is  report  is to provide a ( l a s t s  for d e tor ’m i n i ng

changes in r a d a r  s c at t e r i n g  to be expected f rom typ ical t a r g e t s  b’ t h e m s e l v i ’s

t h r o u g h o u t  the  lowe  r resonant region .

The r~’s u h t s  in Sections 4 , 3, and 0 were  al l  measured  w i t h  t h e  model in ~ 1 T T i O  —

h at e d  fr e e  space on a ow model s c a t t e r i n g  range . Sets of t h r e e  bas i t ’ models  w e re

s c a l e ’t  to ield r e su l t s  co r r e spond ing  to ful l  s yst e m s  ope ra t i ng  at 30 11111? , 00 11111? , -
‘

120 M l t i , 150 I . l l l i , and 300 M l h v . Thus , the  r e su l t s  coVet ’  a 10:1 band in ( l ie

h i I~~ or resonant  i ’egion at h a r m o n i c a l l y—  re la ted  f requenc ies . The iaeasu  r e i i i en t

f r  ‘ql ien c’i w a S  10 . 0 ( ( t i , and all m e a s u r e m e n t s  IVI ’ r e at h o r i v o n t al  111 115 Ci ;‘r i t io n .

‘I’he Ih r ee  mode ls  ‘s ( ‘r i ’  a ( 1 \ Ii I r ock  w i t h  no cargo space , t h e  T i l l ’  t r u c k  w i t h

ii - a r g ~ space, and  a jeep.  Gross details  judged  to be s i g n i f i c ant  in t e r m s  of a

wa  vol  ( ‘ii p1 h if  t h e  m i d d l e  f requenc ies  wer e  inc lu ded  on models  Elf the  t r u c k ;  (t i e

( R e ceived for p u b l i c a t i on  14 M a r c h  1977)
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•1 cop has a complicnt cd  in t e r i or ’  ( ‘on lpa r’ t  n ient  (hos t was  not 110 111 ’ h - i l . At  the  l ower

frequencies, a( least , a r easonable cop model is l i t t l e  oior’e t h a n  a pr i r ’a l le lep iped

scaled to the  correc t  c l i n i en s  ions , and th i s  15 the shape  U-l eF T for t I re  i r r ed i sU  i ’ enre n t s

Thus , all th i’ee mode Is are good r i p  c’ s’s ent at ions of the  rea l  ob 3 cct Up h .i U 1111 1 t i h

150 M H z . and they  s t i ll  providt ’  the gross scattering 1 t l : l r : l e t  ‘r i s l i c . s  c ’ or l e ( ’ t l v  at

300 MIl-z.

In order  I I ,  p r ’ oVi ( It’  a 11:151-s f o r  e s t i m a t i n g  d i s t o rt i o n s  of the  - o - : I t t E ’ r ’ i n g  i at l i ’r n

caused by a t r e e  in h u e  v i c i n i ty  t, f Oie truck , —stu d n’.lon rods we re  used to e o n —

st ru ct  a model c o r r e s p o n d i n g  to a t i’m’ elf  12 — f t  h it ’i g hit  and 2 0 — f h  br’a nc lr  spread  at

120 7.111:’ , and th i s  w a s  measured  in v : l r i l I l t —  p, - s i t i . ’ r i - i  re lati v e to t I l t ’  1 2 0 — l \ l l h /

t r u c k  model .
‘‘ he results in SectIon 4 a r e  a r r a n g e d  t i p r ’oiade ready e s t l r i l : l t t ’ s  t f  (lie ( ‘ I l U i r r p t ’ —

in : 511:1 i’ t -r ’ o s S  sec t ion  1105’ to  1 l l : l i T p t ’ -U in e i t h e r  Ihe f r e q u e ncy  E l i  t h e  I I I ’p r e s i l ’ T l  : 1 1 0 1 , - .

‘l’ h €’ abso lu te  radar’  cross sec l ion  is gis’ I ’r i  as a f u n c t i on of a s p e c t  ang le sh l s , I l i  ( h t ’

n i e a s u r or i i er i t  t ’r e q u en c v  and si mu l at e d  f re quency .  T h e  li l i ase  and d u a l —  f i ’equers’~

l I l a - s i -  .Si O r i : l t l i i. ’  f i r  l io tl l  t h e  t r u c k  and ,I ( ’ E ’ I )  models  sI to M l h i  and 00 MIt, are

£~l V c 1 i  in ~ec tion II .

h r  a p l V l ’ i l  1 ’  - ! : t’t nati ilil i f  e a r t h  and p t l l a r i  , H l (  I l l S , p r r n ( ’ lp a I  changes in ( l i e

rail:ei’ st - : t t t t ’ r i l i g  ‘ : t t -rns l-:ill-SI’ II by the  p r e s en c e  ( I f  the  ez i r ’ t t i  , o d ’t i r  in tire 1 1 0 5 , 1 —

t i . . i i  ~I: it t I ’ r’ n r.  In t ’ l , l i I i , ri , at f r e q ue n c i es  co r re spond ing  to t h e  l t l w e i ’  i ’est lnan (

I S O - T I , ( h i t ’  t : l i ( y 1 ’(  rnn\ I , ’  c o n s i d e r e d  to approxnoatt ’ S ~~~~~ — c : i t t l ’re r  a i th i  l-e.- ,p t ’l i

I,. ? ( ~~ ‘ I - h I l t - s  I f  ‘ Is ’  s’s - I i i  -st t h a t  t h e  t o t a l  I l a ck s c a t t e r e d  f ield  is of :t I l l I l o O t  f s , i ’ i i t

a i t h i  ~ rie h ; a - I I - !  l i i i ’  to  t he  ~e , i t t  i ’ r ’ e i  and 1 i ~ e stu e to  this’ e : i r ’ h h .  ‘1 111(5 - l It l I l - I l u l l

- I l l Ii S , d i i e ’~ i l as  d i f f e r , Pi t ’  r - t ’ ( a ( i v e  shape  of liackscatter liatt t’ r’ns, i’Cco r’II’d as

f o i l  7 1 1 , 1 1  ‘ f • l i l ’ , l ( t b l  01010 at l ’ I ’ T i . S t S T i t  ( ‘lCVat i On  : l T i p lE ’s , i i i  ~ . ‘ei h I l l 4 , 51011,11( 1 1 1I , l i

I I ’S S l , T 0 l ( I I I ’  l l , I I i T I t j V I ’  i t ’ s I ’ l l l l ’ l a i l et ’  I I I  f u l l — ~~eals ’ r’ a i lar’  o i ea su r ’ s ’ i i l e i i ts  ‘ I f  s I m i l a r

I i  U: ’ ’ - 71  I h o ’ , - :  1 1 1 1 ) ,

WI \—I l I l \ l l \ l  I l ,lI l I ’ ( l I \ l  l\ l l  l l l I I \ l l ,) l l ~~

I • IS ’  1111 117 1 ‘ r I ’ ’ I r T i l ’ I I  ‘ i i i  it  t h e  li .-’i if l (E’l’E lj , s ’ icli PI l lar  I i t - l ’ l - e t l , ’ T i —  
-

\ I I ’ a u r i ’ I i , T l t  L I E - j I l t S  1 1 p 1 i l ( ’  (0 \ — h i : l i l I ( ‘11 l ’ : l I ; I T I , I - ’ t ( 1 ; l ’5 ’ k  i~~~h i , r’ l . I i O I l I l i t ’ r i t ,  
1 , 2

-) P h 1 , .  II 1 1 1 ; I O T i T i r  ‘ I  IL, - ( ‘ i ( t i l I T r T i I  I i  i _ s O i v i ’ r l  ri  p a i r . ’  I ;  Ii -dS ( ’leh O f  I I I -  l i i i ( ’ r ’ tl\S ( V i ’

1 1 1 1 ( 1  ic ohS 1( I ’ 1 ’ i ’ (11111 iii ‘P1 0 I ‘11111 i ‘ ( C I  ‘ l  l i i  I i ’ll r e  2 ;  i r r i l  - i a - - f  P (‘ ‘ I I-

1. t : l : l , - : S I I I ’ h , I’ . , 1 1 1 7 7  I l .  I , ,  11111 \ l i , I I . I . , ( I” ! )  I f l t i , H I i S 0 ’u l.~ i s ’ )

1’ I I ’ S  S - l I P  ‘i i  0I 5 ‘ I I I ’ ) ’  11 Th • , l~~ i , 1 . 1  - I _ O i : 7 ’ ( (  I — - i ’ l l

~i h : i t k h i .  I i . , \ \ i . i i hi k i . ,-\ . \\ , , t r ot  - \ i l I t t ’ l .’ t : I l - ,T ., .1 . 1 .  ( 1 0 1 . 1 1  \ i ~ - - p 1 ’

I’ f l  - i i S e ’ t l t l ’ - ! )  I I  \ l , - l h . - l  ‘ ‘ f  \ l l S ,llrinl l I t -  -\s ’1 ’li f t i - l ,  intl I ll. , I ‘f  j~~ -~ -: 
—

i l - I , - U i  I i i  _ I l ; ~~7 i ~~l I i l : , 
-

____________________ - - - 
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11 11 ‘ ( i T i t l ’ l l  in the  chanlte r’ f o r  m e a s u r e m e n t  of s i t  I (‘ring patterns at an elevation

angle  of .10° is shown in 1”igure 3 .

‘i’ hs’ l r ’ a n s n i r r t t e r ’  s e c t i on  of t h i s  ( ‘ qu ip r i i l ’ T i t  r ’ t I l i S t S l t - l l  oh ’ a V : t r i u n  >. — l 3  tube

- t a l l i l i : ’ l ’ , l  l iv - (r i  h- E l .  7.1 , 111- 1 133—A phase lock  ~ \ - l l ( - l 1 r l , n h / , - I - . 1 ll i ~ ,\ 1.t w :ts

t i ’  I t ’ l l  h i s  r a tu g h  an i- : — I t  \ 1 a V t  - 1i5 l I l t -  I u r i c  r ’ f o r ’  I I  l a N  1 1 1 ) 1 1 1 1 1  111W i’ r’ o u t p u t .  As  m d  I c a t  I

in I - i i ~s i T ’ t ’  I , t h i c ’  ~j O s ’ l i -  I I - : I i i s r h T j I  — ‘i t t ’  1 S t -  :lnteri!ta \ sa ~ a pa r aho lo ida l  r e f l e c t o r  of

I L — i l l , di:oTu’tt’r a ilh i :i - I l I l I l i -  d ipole  I t - i - I .  This (2 IVS’  it  hi t l f — p r l w e r  bea n s w i d t h  of

I I I ’ S  12 ’ , A P , - i t -  i l l i f i c  A t l:i rit i Model 1710 Wide  Band R ece iv e r  and a ~o n ’n h i f i c

I L -  7.1 , 1,-I ~\l’ht 20/30 l ’ : l i I l - l - i l  l h t a - i l r ’ l h e r ’  l o l l -  used I t ,  d e t e c t  and l e I ’ I l r ’ d  tirt ’

i t t .

.-\ I I I I I . r l Ol l  lIlt’ iltoS P1 l i ’ l o l ’ i l t  l ’ l j I I I T I l l l l ’Tlt W’ tS  l I L l s i c L t I l ’ i ’ a cl ln vs ’nt i t l n a l  cw  h a c k —

sc a t t e r ’  ss ~t t ’ i i i , - O v i ’ l a l  I l ’ s I ’ : I l I I ion ~ i ll  it s  l l t ’ .-s i pil and in  h i t ’  r i i e a s u r — e i r r e n t  II’ I l l ’ ’ —

Iu r ’ s’ ’se  I.e t i e t p l t i l  in ‘ e d r i t ’ I r i p  1110 1 : 1 ( 1 1 C C  log I l  — I l l s  itivit ’.’ of ( l ie  e q u i l h i T l e n t  1(1

e l i : I i l O t ’ — i ll r t l d , T i l  t i ’ r l i p t .’ l - : lt l l r ’ e .  ‘l l i i _’ cen t r a l  Is : l vep u I l l d-  l l \ I l l ’rI l I t t -  was niads ’ ~,f

h l i s s I r ;  i l l  ‘f t I n ’  1’, : l V l ’ :’ l i i ’ h l ’  ‘ 1 1 1 1 1  I l l i l ( - i ’ , h s ’, t - r l -  11 l’a p p t- li in 1 2 t I  1 i n . t l r i c k  s l : , l ’ s  if

Sty T - t l jlIani; tnd i l ’  a u ’  : l h : l k i ’  1 1 1 1  1 ’ i I 1 I t I T 1~~ l ie  \ — t i  1( 1111 ’ w a s  loca ted  m a r  1li ~’ f i t l i l l ’ .

(:l:ll- l ’ l l : l I l l , T l ‘f lr s ’k p i ’ , iu i l s i p i t S I s W i t l i  t I l e  1110(11 1 llPt ’ I I I  was aCcolllp li shied 117

a l - ,’l:I I ’ iil,,ti( .tn (If lie l- — l h  1110cr lI Nt to ( h is ’  an t e n n a  S T i l l  1 ~ pi ’t ’ i :,l 1 0 — p r o P ’ T il t l ’ l l l l i L

u n i t  ( F igu r e  1) . I ’pl l ca l ly ,  ( Ir s ’ l- — II  ( u n er  W a s  (Hi ’ l f l - I -  tIlt’ first 40 to 00 CII I  i f

- : , 7 i 1 - , ’ I I : l I bin , w i t Il t h e  i ’ e i i i a in d e r  a r rd  cr ’ it i ca l  a d j u s t : n en t s i lb t l r T i e l I  t IO’ d iup ll  t h e

1 0 — p r obe u n i t .  ‘I lis’ 1:1 1 . 1 ’  had v e r s  finely tlhi’eLIIICII I r I l l s - -
~~ i l  h e r mit  P11 , 11  : t i I ~t r st  —

‘ : 1 1 - l i t — . :,nd 1IS’ -,t  i O l i l l - I ’ h l : l t i l - I l  t i f l l t ’ - s~s’i’i’ , -l , 1ained 115 ad ,j l i  ~ h 1 U ~ t h e ’  pr -I l’ — ( m l i i  ‘ ni-

‘ l I t ’ ) - )  ‘, l l S  ‘ t - l a I u \ - I ’ I V  l i e l l s i t  101’ : I l t l l I I l l O l l ~ ~s t i l l  p r l l s ’ i l l i nO  suf ficient r I - f I 1 - , - I i o f l  t I ,

o f f , ’ , - )  h a ’  l’mn al  1’: I l c s ’ l l : I I j l , l l .

\ i i ’ : i  (I i O u ’ I I I  s r  ~( i I I ~~~’,’, i ’ i t ’  m u  it I ’ l l  l ’~ ( l i i ’  I i  l i l t’ i t  1 ( 1 ( 1 k  i t t  - 1 11111 11 11 I I  - Pr  i ft

(‘i’ t I T T T  LI t - , I l i , I i t i i l r r  t b ’ l ’ : l f l i t ’ l l t ’ 1 I  h l : i t ’ k O l ’ , l u i l I l  — 1 0 1 1 5 1  t o  a i , , - i r i t s’, I s - r e  ( I l l s  I ’ : i , ’ L L ’ r ’ i l u u i d

~~i 0 r l I ( - i - : , , - I l l - I l  T I — hliu :Is- ‘t (i ’ l el’:tIll e I I ’ S-el ( ‘ I l I i i p t r ’ O l l  to  . 5 l gn l I  T - e f l l ’ i - t l - L  l’r’ . , i s i  t I l e ’

U I  l’~~e ’( . ii 1 1 1 1 1 1  I’ : u I - Ilt I If l u  - P u i t ’  — ‘ I l l  I l  10 ‘111 10 — c t l u l d  O i l  c i i  I ll V lW , l l ’ t t i I I I ’ l l  11  ( l i st

lI t - ,’ 1(1111 I l - l i l t  t h i ~~t ’ . — i  - I T ’ i t l ( ’ i I  i n l I l t ’  5 1 1 1 1 ’  i T ’ l l  jI l l ‘ ‘ 1 1 111  l i i ’  i ’ I , r i i l i l i t l l i  I I i ’ l I O I ’t

l - a n i ’ I ’ I l a t i o r i .  I ( T ’ I ’ \  5 1 1 5 1 1 1 ’ , t hI s ’  h t ’ : I s (  — ‘ l I - — i l  5 ’  puS hie ’  u t o s - h I  : I l w av s  I l l -  u s e d  Ill r i ’ —

0 5 1 , 1 1  ‘ I i  5 1 1  ( h a  - t’ ,l rnihIt j I l l  ‘ f  p ( ‘ I ’ l l ’ ,  I t o t  r i o t ’  la ( i -i l  ( i ~ s t i l l  Ii: U s l i  gb rl  I y rn  l h I t ~

( ‘ l l , i - L l ’ , i - I t ’  I I I T ’ I ’ i ’ t l , i i i . \ l i - :  ‘~~i : ’ . - 1 i 1 1 ’ f l t  t i  l 0 ’~~~ If 2 ) )  Ii , Il l T I I l l i l i t s ’ ,S or  IT l l ’ i ’ t ’ l ’ I ’ ( l l l l  i ’ ,~~, l i I~ 
I ’ I , , j I l l ’ ’ h  ( I S  t I l ,l u s ( i r r p  this ’  I t ’ , , — P  - U e I T s i I l , i  I I I ’ l l h h i ’  I I i I ’ o ugl i  I L -  , h i s d  t ’ S I l ’ t ’ I l a t i l - I l

1 1 1 1 i t i o n t  111 ( 1 I l l  I s ’  1 )  N 111( 1 1 1 1  t I li e r r h i l  e iou ) 1 : 1 1 1 0 1 1 1  i ’ eT1’ l i l i t n I l t  -~~ , 1 , ‘I l i t ’  t ’ q r l i p —

l , l l ’n l t I l . ’ T I  I r i S - I l  IS ~I l L ’ h l  t I l l ’  I I I 1 , l  (‘ t r i c ( ’ l l ( t t  ( t i l t  1 1 1 1 1 1 1 1 1  ~~~ t o i l  I I ’  t h i s ’  l T O i x i T T l l r T T r

I i’ r i ’  l e s t 1 1 5 1 1 1 1 , t ’ldi niq t pI ’l’iml for’ Ittt ’LSSilI’ t’ ill( ’iit, s I I I , l i ’ i n i g  a ht r i ’Il 0 1 1 1 5’ —

l i  t i e  ( u i , - b - , _p - i ’ u n td . S i 5 T t I 1  ‘.‘, I - u t ’  : , l o s s  U t ’ .—~~ 111(o) 0 I T i ~~ .‘ 1 1 T 5 ’ c r f i e l l  I e s_ I - I .
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I I , ’ u~~~ , -~ ç I , - 1 l t ’ l i t l u l ’ l I II ( ‘ t I l e  2 )  ‘ I I  Lt titi ’ti lItI’ - e’ l ’ I t , ’, l i i ” l l l l ’ l i t ,  “1 I I , ’

1~ - i  i~~~ l ’ i \ I T I : : i l l’t’, 1 ’  ‘ I  I , - I l _ - , ‘ - ‘ I  1 1 1 1 1 1  -~ I I , - t 7 I I ’  I T I U I  I I : ’ , I l l - I  l i n n s ’ n l  - ‘ i l l  I l I — ’ .

I S ’ ’  -~ - l , I i I ’ — ’t P . 7 ’ ’, s lit I I, e’ n ’  : i l I ’ ’ , ’  s I  I i  s5ii’l t I I  u I _ t I ’  I i i ’  i S l ’ Ti l l , I . h l . ’n s ’  I ‘I ,

‘ I i ,  P _ \  \ 7 ‘ ‘ I  _ , s  I -  I -s 0 —  I - i i l l  I I ’ I I s  i - , I u  j r u I  I u t  - - III ,‘Il l l : l  ‘.1 ( I t  - 1 — ‘ i . Is i U , I  T I

i l l ,  1 ) 1 0  l l I u l i j T l I l e I  t e f  I i i  ‘- e ’ i ’ t  t i l l . I I , - I,,ok ’’,.’tll ‘‘ I (Is’ clue ( - n’

I ’ , i r n  Is’ 1’ , , ’ , , l , - , t  e l  c l i i .  I n r l l l i ’ 1 i l l l  i - i l -  ‘ l~~~ i ‘ I T t  n p \  I - S I l l l l , i -  : i n i h ’ r i n r : ~ . 1 I 1 ’ , I I ’ I  —

l i t  , ‘ I I I  Il l ’S P 1  I ’ ~~~ u , ’ O t  S t o l e  ~ t r l I ( I I l i ’ t K ’ I I  I - I l  U t S \ I l S ’ . l I l i  I ’ i t I U l u l T l  1

- I - I s  2 n i t . i i i  1 1 1 5 1 ) -  I I i i ’  st i t  I I  —.11 1  1( I S P I t  0 ( ( l i n t  h I T  I I ’S - I l i  - I l l - - I  I l ’  (It - f l , , ’ 0 1

t l \ ’ ,’, l , l , t l  ‘ I l - k  ‘ 1 1 , 11 (‘s t r r n i e e j  t I .  l ’ : l s I ’ , I f  P t -  i l t t l o r t l  1 7 1 1 1  I I ’ )  I l l - I  wi t h ( 1 1 ( 1 1  I l U l l I n i . ‘I’ I ,e

‘ ( L o u ’’ , - r id  I I I ’ PS  I’ i , l i i i l i (  ‘ t lii i n n  w : t - , 1 1 1 7 1 1 - I l  I i ’  ‘, II - I - I u u ,  i l l i  ( l i i i  I I  ‘ I i  (‘L 1 , 1 ( 1 1 ’  i t  I l l  r —

‘ I I : : ) ,  l ’ i - , a ’ i ’  I I  l l l . h) 1 1 1 _ ’. l I t - T U I I I  - . t I ’ ‘ l l , I I I 7 I T 1 I I L ’  t ’ i ’ I j , , l i ~U I l I ’ ’ , l l ’ I , t ’ I l  ‘ i ’  b~ i ’ 1 l ’  u l t  I

. 1 1 , 1  ( I s -  I ’ l ’ l I , - I — , , i u . l  I t - f l - T I ’ I II ’ , ’ s I : t 1 i ’ l : l r ’ ’ I - - I T ’ 
~ (it ’ \ S l l  i n s  I ’ i L ’ u l i ’ l ’  2k ’ . \ I ’ ’ r l t ’ t s

I - l’ e ’  : 1  T I I ’ I r on I ( I t s ’  ‘ I t t  I If ‘ I ll ’ - I ’ - I - I -h ielns a i l l  I 1 1 1 : 1 1 1  P 1 I I I ’S ‘ I f  I It si l , 1 I ’ — — ‘ l i t 1  t i : ,  n - — —

n u t  I : 1  i t  - , _ t r i c h  l I i  — ‘ i - 1 1 1 ( 1 1 : 1  I i ’  ‘ I t  I l l ’  I t I  I hi  i ’ r ’ - i t  I - ‘ , l u l ’I’ I ’.  in  P ‘ i S ( (  n~ ‘0 111 : 1  - i l l ’

‘I t e l  I ’  II i n !  l i t  - I I t  i - - I  1 , 1 1 1 ) 1

I I ’ ’. : 1 1 ’  1 1 1  —, I - h I ’, J ~~ I I - I l l  C I I  - -: w I l l ’ ,~ h ‘ i l  i - ‘ I  I s  l i l t  1 7 1 ’ ’  ( I r e ’  : I s  I ’ I - - l a l  i i  r i  t i  ‘ I , ,  -

‘ I I I ’  ( i l l  I , Ps l , ’h i I I ’ - ’ i ’ i ’ I  01’ t Tl , : i r r i l t t  1 , ‘ i l ~i sI, , ’ - 1 1 , 11 ,  l ’s I - I - s t  l op l l , t  - ‘“I  I I I  I . -

‘ I I I  Ill I t l  i i  n t  I u i ’  — I I ’ n’ i s ’. I ‘ II, - U t i S ’ - ’ l  1 1  I I i ? )  i T ’ . I - - I ’ I I t  - I ’ I— , — i~ I I I ’ ‘ ‘ I I I ,  I ’  I l l , - - I 1 , 1 1 1  I I I  i ’ l l ’

f I I I ’ , J ( I , , T l ’ ( ( i  L i - , l I d I l ’ ’ I T I ’ II I l l  I I L i l i l ’ S  2 I l l 1 . ‘ l l t u s , he ’  - ‘ R I ’ n ’ i T l i 2  p : i b I l ’ l - ! u

f -L1 ‘I ~~~~t l  ‘ I i  4 t I - I I I - ( I I l I l l  I ,  - I - ( I ’ I i l I I ’S I P si i l l  C: , i u : ’ I t ’  - (Ic:t ( ‘,‘ I u itIII , ‘ t ’e (I r I 1 l O i l ’  1 ) 1 0 1

“1 1’’,’. c ir . le-i I f  I’ t l T t P I I l l  I l I l i t  ‘ 1 1 0 ‘ ‘ I - - h  : 1 ( 1 , 1 1 t h  5 ‘ 1 1 1 1 1  S I  : I” , i - L ’ ) L I ” , i I O h  a t i ~-, , ’ i  I t

‘ lie’ I - - , I l :  t - I e ’ \ : t )  T I ll 1 7 1 0 ? ,  U I Ci S I n  ( , ‘ I r ’ o  p tI l l  H i s - ’ ‘ ( 1  ‘ , - I I I ) ’  , , t ’ i ’ I ~~~ 1’ i ’ I I ’ - I l l ’

- a s  - - t n  f l ’ t I ’ T  I l l ’  : , r r - l e l : l l l . - . ,\ I l ,~ 7 - III , I h j S , I  I I , ’  11 , 1 : 1 1  ~l e I i e ’  I ’  1 5 U t ~~ l i - el?

III  ‘ I f  I I ,  i : t  I I’ t ’ I ’ I 1 s ~~~~~~, l ’ 1 I i l ~ T i ‘ , , - l I I i ’ I l : e l u t  ‘ . H t i l e

i l l s  f l I t , it ( 1 I  - ‘ l I r —  1 : 1 - s  l , - T ’ , , 1 - - t - , - ( t ’ - ( I ’ ’ f  2. 1, 1 1 1 1
2

,

‘ I  1 ’ -  ( ‘ I I  - , ‘ I I e l  t n ’ , t - l S — ’ , d ’ I P , ’ I l T t I ’ : I  ~ ( l l ’ t ’ l l l I ’ ’ I I  I - f  —s ’ . - i , - ~~i -1 : 1 1 1 1 1  - I’, , - l , ’ - : , r o r i --

u t  ‘ _ ‘ 1 1 ( 1  ( 1 0 1 1 ) 1 1  i ( I l l  - ‘ I t  ‘ l ~ ’ — ’ I I l l i c I t  I l l  ‘ I  ‘ - i  ‘~ i i  ~ 1 7 : _ ’ P U t  I ’ :  i l  I - i j l l l S . I I I I  l b  I ) ’  ‘ l u ’-

‘ i i i  I u~~l i ’ l : l ) ’ t r t s  -f  ,, ‘ , - l e n t  ‘ ‘ , I I -  l i ’ t ’ i\ I ’ , ,  i ’ ll ‘ ( ‘ I s  ‘001110 I i  I ‘,1 , i ~~ 1 1 1 1 1 1  j f lI’ il

s t l t i s s n n  in  I :  u - u ’  2 , 1 I - , - T I l l ’ ’  l i f r ’ - : i t i ’ ’ l t  E ’ t , ( l _ , n - _, I e ’, I  i l l  ( : 11  : t i t , l i T t L ’ , l l , , l ’  , l l u l  ( I S  - ‘  U i V l ’ Ctl l , i t ’

i o -  r l ~,’ - c ’ ,- , -  s t - I ’  I T s  of I I - ’ - In s - lu l~~b -n ’ t ’ I i l l  , i r ’t l e ’ t -  S I ! S  I l , e  r I ’ t ’ i ’ , , ’ - I

- ;  ( ‘1  ‘ I  i l  - - t  - ‘ ‘~~~ ‘ ‘ I - i  ‘, I : t s ’ e ’ : ’ l l i l b e ’  h s l ’ n ’ i , I  I I  ‘ U i - s t  ‘li P l e ’ T i t ’ i l t  I f l u ’ ’  ~ t o , 1 t , - ,

‘ii L’I i I  I : ii i il c c l  LI ‘~~
, ‘ — I - , - l l - i ’ ( ’ ’ l , , S I , ’ ! )  II - hI - ri ‘. 1 1  -1 1  I I - ‘  I s  I T ’ ’ - ‘ I  ‘Ii. - t i ’:l II , I u  I I I I I ; : t n r l l

t i - I  : t , I , I i n o  a pr I s ’ i  . j ’ ’ n r  ‘ d u , ’ e  .hih ’t ei ’ , I l ’ l  t T , - I u l , i I , - I  t , ,  0 l ’ I I ’ T ’ I ’ t  ‘ I ’  l ’ t u - - I u - c - i

~ i~’ n u : i I . t l iu_ t t i  Ij I l i l i l s  i l T i i h l l l e -i h a s  1110  ( i t  1 ,  ( I )  c l i t  r e V e r I e ’ , I ’I I ’ n u t i : t ( ( - T i  S e l l  I I I  i ’ T ’ I , ’ I I

IS -P 1 1 1 5 5 1 1  i i  I i L ’ i I ~~~ 4 1 , ‘ l i I n , l l i : i ( e  , l I h ’ l i h i l ’ l T , l ~ _ p l n 0 - l l  - I I ’ f I I ’ t  ( I - h  - l h l - l  ‘ ‘ - i i t t i : i (  n I , ’ r —

- ( i - l i t  l i i  i t  I I I ’  l l ran! ’  I c c ’ s . ‘.\ i t  hi t l i i  S S I’ I ’ , I l u  ‘ ‘ ‘ u ,  I I ’ , I i  1 1 1 1 - 1 1 1 1  - I S i n ’  :111 1 H I :  I — - t ‘ slit ft I I ’  l I T

I ‘ I ’ l l - I c ’  I I  I - Un i’ l i l  1 1 1 1 1  I I t ’  : 1 1 1 1 1 1  — I 1 ’ , I t l rn ’ , , t i i ’hi 1 ) 1 1  - t ‘ ‘ i ’ I I ~~~l - I Si ’’ - ‘ I  5 : 1 1 1 1 ’ ’

w i t h , i i l  h i , t i , i r l l i T l ’ ’  1 ) 1 1 ’  ‘ 1  - t I ’ h i C ( l  I , , l l l l i l i , , n r  t c f ( t u ~ -s ( I - I l l , l ’ , I r u ’ ) , ,  I - I  l l I l ’:I-a ln’c ’ n T  . 111 -U ,

‘ ( I I ’  7 . 1 , 1 1 1 1 1 l i l t ’  l u t e ’  1 1 , 1 1 ’  , e i ’ ’ , c ’ ’ l  i t S  U I , , - T l , i l T s ’ I ’ r n r i l l  l I e - i l ’  I l l’  t i e ’  l l l , I I I U , t t T  lU - s I l l ’ I i

‘ l u ’  51 0 1151 i P . -  l I S P ’  T ’ I ’ t t ’ i ’ ’ ’  T i l t I n n - I I ~ I ’ l I ‘ t , ’i . I I I I I S t e l I  I t ’ l l -  e ’ I h l i a I  I l l
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S. A M O D E L  I ‘111

R E C E I V E R

COAx I AL

SW I TC H

MIXER MiX ER

H P MODEL X3 B2A W AVEGUI DE MATCHED

— 
ATTENUATOR HYB RID  T E E  LOAD l,INILINE

~ p MImE L X8 85A U N I 1  I N E
P H A S E  S H I E T E R

A o l  d, I I I U S
l E E

- 

O I 1 , N A I F H I ) M  Lii OIl j
111 I L  I I  - I I I )

- ‘1 1 1 , N A 1 F H C M
I N V A E I  H’e I ) R I h )

h lpsln’ ’ h . I i t ’ i ’ t - l V i T i p St’ ,’’ l , I I l  f l I r  I h:,p l \ I e t s i I I ’ i ’ l u I ’ i l L 1

in  : 1 1 1 :1 c I ,  (li e - n ’ : l t b e r ’ I ’ I I  - , i p l u : l 1  ru he r .’ s-. ’r s - t ’r an Ti ‘I I I I , ’ -‘

- l ‘ L I  I t , t i ~ 1 I i - , . ’ I I I u : , ’ t ’  11, 5 1  I l , - I s ’ r i i i n n e c l  Fr I l l  s i ’ b t l I U ? _  If t In ’  t I P  7.1, 1,- I \II1I .— A

- I I I  ‘ I - c  I L  1 ‘ I s ’ ’  ( O c t ’ 1 1  a n u l l  irs  t I l e  I t ’ l l ’  i V t’ r . In i tn ’T le r  I I I  ‘ I l ’ t I ’ I - T l , i n l l ’  i T l ( l 1 ’ e

1 . _ I T ’  ‘ 1 1 5  0 , l - I - l u S l ’ ’ i I ’ u l (  i f  ‘ I l l - U  p l i _ i ~~t ’  110 11cr ’ , I l l ’  s e t t i n g  t 1 f  I l l , ’ l I l t - U t ’  s b I i I l e ’ I ’

I t  t v ’ - 1  1 1 1 1 1 1  . - ‘ p u , I  o l l l l l i t n i r l & ’  - i t  ( m i p s  ni s ’ i t l u c r ’  s ide  i f  t h i s ’  n u l l  w : t — ~ read i n t l

5 c - I ’ ’  I P - c  , ‘ : l I ’ l u  1 1 1 1 , 1

I t ) ’ L i  - f  I I I  I j l ’ f i t ’ l I I t i t ’ - U  in  l o c a t i n g  t h e  model p n ’ e e i - s s ’ I y over t brs’  r o t a t i o n

‘ I \ I - I f  ‘ t u e  I r l I , i I n i l , 1 :11 11 I I I : ,  U t ’  I I I I ’ : I s u n ’ I ’ I T T I ’ n i t  W35 m ade at  nil a 7 ln lU (h  ang le  ,~ ( 0
t 1

0~~ - l~~ I ( ’ ’  ‘,‘, IL I I I ’ l , ’ P t I I s  U I \ ’ l ’ I ’ S F I I ’ l l  I l l  (‘ o n ir p e ns at e  for f o r w a r d  and t 1 : t t ’ k w : lr ’ l t

f ‘ I -  r n r t . I * ’ l  ~t —  1 . 1 : 1 - I , I in’ 11(51015 such IS the  paral le lepi pe d—i n i s o d  I t ’

Il t i . , 5 5 : 1 —  11 I’Ul ipl ttfon ’wa t’ d I l l’ t l l l p ’ i ’ (S hav ing  he,s s u ’ n ’  d e p n s ’ I ’ ~ c t f

s y I l ’ I : I t ’ ’ I ’l l ‘, i l t ’ l l  : t - , ( n - i t t - k s , b i t e ’  I T t e l d e l  as w e l l  is t he  ir soun t  had to be n’ i , I : I h ’ I l

- I I I I  - I I I  n v :  I t  r u l  - I  ,I 1I’I - I -, I I  ( ( 0 
: rnd  t i l  fl

t1  180 0. Model 1- 111:1 I n  ‘Ii f t , n ’  I I re 1 1 1 ( 1  IL —

1 ’  t 1 5 1 1 1 )  S I I i ’ l i  115 i l I l l l s ’ I I I I i n g  a l l I l v s l v r I ’ n l s ’  pin ‘If 0. 00: 1— in . d i a n r l e t o r  u t i  I s ’
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mount and prec ise ly  locat ing smal l  holes in the  t rucks  to provide snug -~I ip - e t n  f i t s

over the pins. When the mount was rotated 1800 for  the  second ha l f  of each meas-

urement, the model was also rotated 1800 about the  p in . A l i g n m e n t  marks  ofl both

model and mount served to guide the model rota t ion . With horizontal polarization ,

reflections f rom the polys ty rene  pin were  below the sens i t iv i ty  of the m e a s u r i n g

equipment.

The Styrofoam model mount of Figure 2c was also modi f ied  for  the  p Ii L I s e

measurements by cu t t ing  a vee along one d iamete r  of the  column and ca re fu l l y

mat ing  a vee bottom of the model mount .  This served to ‘align the model in one

plane. The operator ’s fingers could easily align the model along the groove in the

other  p lane to wi th in  ±0 . 001 in . Th ree such model mounts  were used — l I n u s ’  f o r  the

re fe rence  s tandard , one for the  models , and one wi th  nothing a t t ached . ‘r he s ’n r i p t y

model mount  was placed on the column while  back ground signals wen’e be ing

cancelled.

The referencs’ s tandard  for phase m e a s u r e m e n t s  was Li t h i n  rod one w a v e len g t h

long and 0. 02 wavelength in d i a m e t e r .  This rod was shown ’1 ’ ~ bo have t in ef fec t ive

s c a t t e r i n g  lengt h w i t h  phase of approx imate ly 30 , e I I n r I ’ ’l l i t l n t l h i n g  to :1 f a r — ’ii. ne
0field w i t h  phase of - l a O

The phase s tabi l i ty  of the equipment and the m e a s u r e n i t e i i t  p rocedures  pe r -

m it ted repeated measurements  of the r e f e r ence  rod t t i a t  s ( i t I w I ’ I l  only negligibl e

var ia t ions  over long periods of  time and , in many i n u s t : t u r e e ’ -s , f I l T h  day h I  dtl V.

1, ~IoI)I:I,s

Three basic models represen t ing  r c s p e e h i v t ’ l v  a I ;  I ;  t r u c k  w i l l s  11,1 ta rp,

space , a ( 1 7< 0 t r u c k  wi th  a cargo space , and a jeep were  n i c a c h i n e i l  Fr ‘I1i LI  l t i i i l  in Su l t

in five s izes , w i t h  each s ize chosen a c cor d i n g  to t I r e  l i n e a r  s c a l i n g  f n c l i ’ n ’ s  for

s imula t ing  at the m e asu r e nr e n t  f requency , f  10 U J t z  Fu l l  — - .ea l, ’ V e I l i ( - l I ’  at 1 1 1 ( 1 : 1 1

opera t ing  fr equencies of 30 M h z , 00 M I t , ’ , 120 7.111 ,’ , U t )  M i t -i , an d 1110 M I l i :  I n

example, the 100 M l I z  model a L t -, 300 ~10 , 000 or 3 p e r I l ’  n i t  . 1  (he f u l l  S’ s ’ I I i I ’ l e  In

i~ize. Cor respond ing  to d i f f er u ’n i c e s  in s i/ e s  (If  I l t o  f u l l  v e ’ I a e l c  s , I I I I ’ 1 1 1 1 1  01151 - I  - ‘

were approximate ly :3/4 L iS  w ide  and :1 -I :1,5 h i gh hu t  ‘lIlY Ir:il f L I - ’ l Im p  L ) s  li - u t-k

models at the  same sca l ing  fact t r .

An open p a p  l iL t - i  LI  c o m p l i c a t e d  l I L i s - . e I t l S ’ i ’  I ’ u n i r j e : i  i ’ t n r o ’ n t  w i th  1101117 , l c ’ t : t i  I - l I r t i l

a re  all at :upj ~n ’ i x i  T i L t I e l y  the sa t ir e  s t r u c t u r a l  ss’alv sn i P , t t I ’ i l l ’ c ’ , i h i f l i s ’ u l l  I I I  — i n i i p h i l 7

:3 . Mack , II .  11. ( 1 1 17 1 )  Phase, 3’ hia-s e -P~~n i a b i o ’ t ’~ — 
I n t l  S o l Ij ~ le  P 1 5 1 - n o s e I ‘ i’ p j l . ’ r - n  I I

( I f  l l a ck s ca t ter  l- ’ie l ’l .s Fre )n ~TT1on li ds , Pu l- ’( I I I  —T h u — 1  I _ Il

4. 7 . I L I I ’ k , I l .  11, ( 1 1 1 7 1 )  Phra se  P n ’ t i lR’m’lre s f I I L i ( ’ k — i i - : I I I I ’ n ’ ) ’ i I  f U l l  1 1 , 1 1 1 1  111111  1 ,11 -, ,
11 :1 : 1 - :  ‘[‘ruins. G — A l ’  A I I — I t l :4 , 0 _ 4 ,l .
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A t  \ ‘III ’ , th ese ds’tails including hlrs’ I h s ’ p ( I I  of ( I i e ~ t ’ t i e k p i t  U l l ”  - n i f l o ’ i e ’ i r t l y s n l i t u l l

e 1 I I I I I I L t I ’ u ’ l l  Ii U t  W U I v t ’ l i ’ r t g t l l  t h a t  t h re i i ’  e fFe c t  on t h e  ov,’r—:ulI s e , l t I  ‘ i t - I  (‘u ’ 1ih~ u i - i l l  b ,e

mni i n t , ’ i ’ . ‘ I L  t ’i’ , ’ l ’s i n’ u~, in ths ’  ir r U ’r e ’ st s  of ( m i T e  t in cl f~i I i r n s ’ : i I  l iii 1 7, 1 11 11 1 , t ’ , t I i s ’  1 1 1 1  ‘a L t ,s

T - e ’p n ’ ,’ s’Ii tt’ (h 117’ pau ’allelep ip s’ds s i ’ a l e i l  I i  t h i s ’  I ’ t ’ l ’ I ’ i ’ i ’ I , , v l ’ t ’ — U l l l  I l i n I i I ’ u i — i I ’ l I  - .

A — i b s ’ t i ’ I t  i t  t i l e  Tt io i ’ ( ’  de t a i l e d  t r u c k  i l t ( I d t ’ l  u s  ~Pi , a n in l’ ’u p u i ’ t ’  i . I

in i n c h es c t f  the  u tc t n , itu l uiiod e ’ls L i r e  is i s - t o  in  T :ub l s ’  I , w lis ,’i’e 1 1 1 1 1  U l ’ n r , -s u I  ‘ I i  lL IIi u’hinp

e t t r r ’ e sponi t ls  to  t h a t  i f  1” igr ,ui’c ‘
i . \ , ‘l s ’  h i r t i t  I h i i l I I ’ n i . u , I I i - U  A I i , C ’ :,r ~’ , i c ’~~ l I ’ I ’ t r V I - l \ ,

lIre lI’ng t l r , h e i ght , and w i r l t h , t un d ( I l l — c  L i t ’ ’ r i s , ’ ’t  L I I - - , , ’  I I I  ‘i l t , ’I ’ i I \  I l u s’ 101 11 . ‘l Ire

I n ’ u e I ~ l T l t l l l I ’l w i t h  n i t ’  t ’ U I n ’ p t i  5 p~~~ ’ is t I r e  - . : t  Li _ s l u ,  -wn  r u I n e ’it i ’ e  Te hub a - u t  lo ut th is ’

I’~ ”’ pt ’e i I ’ i s ’I l  Us di l l  , e n s i ’  or - .  J , K , 1, . l” ign l’ s’ I - . h , ,ss -‘ b l u e  i’ ‘ 1 : 1 1  l v i ’  1 -  1 - i ,t ’ I

u i i t d . ’ i — ’ , st s u r t i u r p  s u i t h i  ( l i s t - i s ’  se :u l , ’i l  Fur :0(0 ~u l l I - ’ , s I ( I c c  I l l ,

T h e  t I ’ s’I ’  \ V L I S  s i ’ : t I e I l  l’r , I i T I  : I I I I I I ’ l i \ i I h i , l l 1 ’ l \  120 7 . 1 1 1 , ’ L i l i l l  , oit- .b n ’ u e t ’ ’ ’I ‘ ‘ I  _ i i I u I l

117 15 1 1 i ’ i i ,k  I i L t S ’ i n l i ’ a I’ l’ 1 : 1 1 1 5 , ’  P1, 1,- -I n e  i ’~ in i -,t: , iiI I f  : t h i l , T I I  :t , I , e ,’r T ’e S I t l I T i l h i T l I ’ I s

j ss’ i , , ’  i t  lUi ’c’iIl ~ a 1 1 )  I l t ’ I ’ i ’ l ’  U I l l I I I l ’ U t s i  T I ’ I ’ l l  n u l t ’ n i b it Pc’ 11)1 , 1  , T I l ’ , ’ T b I I ’ I l I  ‘ I l ’ I ( I u i - l l i ’\ cl 10 ( U I ’ .

‘I ’ l l ’ ’ s ’ l i c , i  ‘ i l ’ i I i s ~I I ’ I - !  I’ ll I ’ l l  T N I U I n 1 I  c , ,  , I I 1 I ’ I a l t ’ t I  1 t n ’ i n O : u i ’ i1 7 I i ’, 1 1 l ’ I t ’S’ Is  U I S - S i l L i l t i l i t 7 ’

ci f h it’ ni~’ l s tn  t - i , , l s , ‘h ’ l i e ’  : I , , I l l ’ l  c , I ’ I i , -  I T I ’’ ’ \ S L i s  7 — I  ,,‘— l ll , l u p l r i S i l I l  l I ’ I I l , ’ I i i ’ ” t , I I t t ’ r —

i n C  i i  l , ’ 1 l 0 1h f n ’ i ’ I l I  : 1 1 1 1 - 1 0  1 — 1 / 2 — i n . st ( t i e ’  b ’ i l t b l ’ i I  I I ,  I 2 - m u.  1 b h t ’  1, 1 , , 11 l I ~~ 551 ( 11

(I i  I I I I I ’ (t’i l if  0. I ) U 2 i — l n i .  SS e l  e I l _ e l f i r  he l - T , i n i s ’ ( u I ’ ~~ ; I L 1 - I l ’ l s h l l -  S i L l S  I I I U L I I I 1 ’ ) l ’ I I Lmd

r i i e :i s s i i ’ ,’ , l  0 . ‘‘ 0 — i n . i n n  - l i : t I u t ’ I t - r , I l l - I  , - i h , s i l o ’ I l  ‘f ‘ l u i  I’ , U , S I ’ h , ’ - \ I U i  I I _ I 1 1 i 1 1 , l _ I  : , l l - I , ’ I , I .

‘ I l I e  t r ee’  m l i , t l I e 1  I - . - 1 1, 1 5 0  in  U t t~~p ic , ’ti l I - I - I  , I I , , b .  I , ‘I,e l O l l 7 . 1 ( 1 - i  ‘ , , , I e I  r r ’ u c ’ k  or

I ’ i p l l u ’ e 7 , (a ~I\ m - iil ’,i: I i l u  (ok - . l I ’ l w n i - U i I p I i l s i ’ I i T t r ’ I I , , ( I t - c  I l l ’ 1  t n ’ u t - k Iii  I 1 10 c r ’  7

S U I - .  1 — m i ,  t h i c k .  Tb 55 . 1 ’ ,  I ’’, l t I ’ n l h , I I I I : I  l i  1 1 1 1 1 , ’  I ( ‘
t ’ ~~

- T I - l l I i l I l i : r r l  1 : 1. - - t h e n  I s  T ’ i ’ I I i r e t l i ~~’

i i  - - I n  l o l l e r  in Li I , I I I I C  i n  s r i l ’ i ’ e - ’  i S e  1 1 ’ l I l  , t i  I t , O , ) I  - 10, 1 1 1 1 1  e i l l ’ , I — I L i ’ l T l C  I I - ’, i’~,’fls’c’ —

II,  ‘ I L  i f ’  or c ’ : s , - I ,  I 1 1 1 1  I i ! i i s ,  , ‘ \ l i ’ ’ , I  I - I t  I - b ’ ’ ’  I l u s I l l ’ ,  t i  I ‘‘lu, ’ 1 1 1 5 1 1 0 1 1 - I l ~~,n -’ F 1 , 0 1  I It o

i l l s I~, -, r a P  55 I i - I ) i I  I I L ’  P - c - I  s’ ’ , Si l I e  I I i . ” I  h u t  I he - - I - I°’~ 
I S ( ’ l l  I I  - , c t (~~’~ ‘I i  cc - : t e n t l  :~~, ‘i ’ ,

, t h , I T I , l o n t c ’ I l  I n c  I ’Sr’1 ,T’ ,I I ’ ( I ’ -  t l L h i u l I 5  1 5  h u m - i l l ! ) , ’ ‘ ‘ . l ’ I I I , ” I  ( ( ‘ I 1 , 1 1 1 5  i ’ I ’ , l l I e l ’ I f  - ‘ ( ‘h - 1 b i , s r t  -

‘Ii ~I, I , , - l ’ , ’ I i  (I s , I ’ :II:i T 1 1 1 1 1  I I : t , I , 0 I ’ , ’ i l i l I I  I l - S I - I ’  ‘f i ’ l ’ I ’h t ’c t j l l u .

A t t l I l — i ‘ I ’ l l  I I ’ I ’ e , I I I ’ I ’ l - I l ’ T I I  ( j u l  I , ’  l I e  i T I , ’ l l l ’l would  I i : I \ ’ , ’ ’, ( l I l I l ’ ~~ \ 1 l~~
, l t l ’ l ’ 1 t I l e ’

f u . t I i  ‘a n t g  d n a  I’m I ’ I T  , t i u  : (isP 5111 — . t 2  I ’ , I n ’ i u u t l - , h r . ,  l u - I  i l - n  — 2. 7 I I , I ‘ ac T  h i r a n c h r

I l - T I  I ’ l l ,  11). c ~ , : in ie l  d i c ’ I  I I ’ nt ’ ’ ’’ l i _ I  , t n t l  c , f  I t ’ , - T i ’ ‘ ‘~

I I



I’Ip ’tin’ I’ ‘ I , I ) , ’ I : i i l s  1 ’f  P P ‘l ’ n ’ue k

‘I’ U IIII ’ 1. 1\homlel t ) i n l en s  i t ’ l l s
( 7 . 1 1 - U I  _ ( l n ’ i n i p  f re t 1n ,me’nc ’c’ 10 G i l i )

O p e r a t i n g  f r equenc ies :  ( cu, 00 , 120 , 150 , 300 (in n l iegac s’les)
- t ’ a l e  f ac to r s : 0 . 0030 , 0. OO ;0 , 0. 0 120 , 0. 0150 , 0. 0:100 ( in  inches )

l” requency (M c )

Model :10 oo 120 150 300

Jeep A 0. 24:3 0. 4 11:1 0. 110( 1 1. 20 1) 2 , 41 5

13 0 . 077 0. 151 0. :102 0 . 3711 0. 72 5

U 0. l O t ;  0. 21 5  0.4:10 0. 01:1 7 1. 075

P 0 A o. 40l~ 0. 1114 1. 028 2 .0 : 3 11 4 , 070

11 0. 110 0. 227 0.454  0. :‘ ci ; 7 1. 1:1 ‘c
C 0. 143 0 . 2 11( 1 0, 172 II . 715 1. 430

1) 0 .031 ; 0, 075 0 . 150 0. 11( 8 0. 37 s

E 0. 0711 0 .150  0. 300 0. 375 0 , 7 0

I” 0 , 0:1 1 0 . 0P2 0 . 1 2 4  0. 10, 5 0, : i l O

(1 0, ( 130 0 . 0( 10 0 . 120 0. 1 0  0 . 100

II  0.01 1; 0. 030 0, 0110 (1, 100 0. 200

0. 77 0. I P O (1, (21) 0.400 0 , 110

J 0. l i i , l  I I , I F S  (I . ‘P l Ot I ,  .1 10

K 0, 1 2 - i  0 . 2 - h O  0 , 1(10 II , 0 11(1

0,3110 0. t ( ( ~~ 1 . 12 01  0 . 120
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I , II ~I l ~~R I l i l t — ”  —I I I I I t \ ”  (II “ I l l  ~ i I ’ t t  %IO I I I - I , —

\ , s u I 1 I U I I i / i ’ l l  I I U I , ’ I ’ , - i t ’ U I l l , ’ i ’  l i t t e r - u s  h ’st n ’ h Ue ’  ( h I m - c ’ , ’  m u i , , I l l ’ ( - 5 1 1 ’  ~~m ’ ( ’  - I ’ i I t l I t  i n  I I l ’ —

c ur - ’ - -- : , ‘I , :iiril It), SsIus ’n’u ’ mlii’ i n I h i s - i l h i l t I  h m L t I t t ’ n ’ n i . s  L I T ’ c ’  L t I l ’ U s T i L : i - ’ I I ’  l - ’ : t l l h ’ l  I l ’ I u : I u u i ’e -

i i’  ‘ U I ’  ( : 1  i’ ,‘n ’ i ’ss 5 1 , 1 1 ,  ‘ m l  ( u ’, - ; )  m l t i s ’  I ,  h ’ i ’ ’s I iR’i i l ’ ’ i’ t i l l  ( l i i ’  I~~ P’— ’ I I  i , h I ’  100 l u i l ’  I I I S l e ’ I s ’  ‘ i s  S —

I ‘ m c  1 1 1 0 1 1 ’ :t e m ’ cls,s t h e  I ’ L l _ t I ’ . I n i  t h e  I’ig’o n’s’s , ‘‘J,’e’ Ii \ i i , 1° r ’ I ’ t e ’ i ’  ( I ’  ( i t ’  “P u u ’ I t ’

~ i m i t p h i f n e I l  m l i c t d e l  i , F  l I t , ’  l I s p  b l , Ltt S S U I S  u n l \ ’ e- -1 t i p L u t e t h ;  ‘‘‘ I ’ ,’t,~~k \~~- , 1I I - I - f l - n ’ s  I , ,  ( I n ’

t i - s ick is i t l l l l u i t  U t  s ’ a m ’ g e c  sh u n ’ s’; z i n i l l  e’1 l u c k  \ II , 2 1 
i ’ t ’ f c ’ T ’ ~ 1 , ’  ( P c ’ br -ri c k iu’ i IIi L I

1 1 , 1 ’  blu e’ l L i h t l ’ l ’ , i m i , ’d s ’l i l I I ’ L l u S l i i ’ I ’ I I I I ’ I l I  -‘ 555 - n e t ’ : i m ’ n ’ i c ’ i l  1 1 ( 1 1  ,snl~ il s r I l i l i I : : t I ’ d

‘ I l ’ F t I e ’I’c I - i  t ’f  120 S I l t s ’ , ISO M l l z , : i m i t l  210 1 M i l :  w h e re 1 1 1 1 ’  1 , 1 1 t h ‘f (Iii’ e U I u ’ p I ’

‘ l u  Il - I ’ 51, U i ’ S  LI — s i m 4 ’n l i  f i c L t n t  f r ’ L t , ’ b i , l n r  c , f  a s v U t v s ’ I e n i g t  (I .

‘ I  I n ’  n’ ;t m h au’ s ’ i l l s - s  ,- s , ’ l ’t i t l n  t i  t h e  mode l  at  I In ’  ole:isui ’s’ rluu’mrl fi ’ ’’qr it’ m i ’s’ 1 10 1

i -i ‘ i s  ‘ I i  io cIs ’ s’ iIls ’l ,-t ’ ’ e l t i t ivu’  I I I  5101’ l i i i  St 11w’ l o f t  s f  t m - h  Sd i t t t ’ i ’ T I i I ’  l t i t t ( I ’ r ’ l l , 1 1 1 1 1

(lit’ ‘ ‘m i s  :tle ’T i( m i — i  oh ’ h is’ l’t m l l  v s ’ h i , - I t -  t i t  t h e ,’ i m l d i c a t e t i  s , I 1 1 ’ t ’ U 1 I I I I : 1  I l l ’ s  H I T 1 ’ 5  I S  gis - - Il

in  I I c ’ e lh l ’ I s  I’ ,- htit iv s’ to ‘III’ s i I T , 1L II’C l r l s ’ ( I ’ i ’  : tt  I l l s ’  n i g l l (  1 ’ f  e t t e h i  p a I l I ’ I u l , ‘ I hue i ’ s ’

bIt e ’ lI l ~~’ Ul s u n ’ e m r T s ’ n h  F i ’e s ) u s ’ns ’\’ S V L t ’ S  d e t t ’ r r u i i i u s ’d  I ’’, I i i t ’ U t — i i l l ’ I T i l ’ I I ,  111111 (~~I I I ’ l l ’  i s  I ’ l l  0 , 1 1 1

a k m s u ’w n  l - , ’ I I ’ n ’ u ’ m i , ’ e ’ st ind ar ’ ,l ls ,t’~t t c ’ c I at  t I n ’  c s ’n i h  u ’ m ’ , s  f ( l i t ’  s p L t c u ’  i’c~’opu u ’ i I  h I S  t i l l ’

t t i I l d l ’ l  i l h U t ’  i ’ t l u l i l l l ( ’ t i i l n  ‘ f  I ’ L l S ’ I l  I iL i l t ei’nr ‘ 1 1 0 1’ I t i n l p .  ‘ I t ’  f i n d  I h i c ’ ,‘ I I l l i S ’ ( h I ’ n i l n - I ’ s  L i I

I l l s ’  ,—i i n i i t l l U i t e t h  II ) ll ’n’:I t ini g ’ t’m ’ s ’ i p i c ’ I I s ’\ , t h i s ’  kml , s r c - m i  i ’ t ’ t155 - I ’ s ’ t  T i ll  II
’ ( l i t ’  - ( : i 1 T I I L t 1 ’ l l  5

— , t ’ : i l c ’iI  Il ’s UI I’:tt ’tt ’n ’ til ’ t I n ’  511100’s’ s t l ’ I lus ’  i - t u t u ’  I 1 F  I l l , ’  s i l i l l i ( U I I I ’ l l  f u ’ e ’ l ( l i l ’ n l t - \  h ’  ( I i , ’

‘Il l :1 S l i T ’ I ’ l:uI ’ II( F i ’ l ’ t ~ i r e m i d ~~’. ‘l u sts ,

o ( . ~ ~~ Y il  ( 1 )
S -i I I I

: 111 ( 1

° t I J l  10 log II ( ‘1

s e P t i c ’  - ‘  5011 Os Cu r l - , ‘c ’  sp t ’ s ’ t u ~~’t ’ I v  l I l t ’  I I ’S ~t r i d  I t T , ’  l v L t s ’ l ’ I I ’ l l u ’ t l n  t I  t I l l ’  n i , ’ U i  l I T ’ , ’  —
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A l l  II f I U~’ p sutt e ’ i n s  a i c  1511’ (lit ’ I 2 0 — l U l l ?  model t r u c k  w i t h  mu cargo -~o~”~- , and

~ull U t I’ ,’ al 200 e ’l evat iu ln .  At  I I l i s  e l&’vat  iou angie , t h e  t r u c k  w:,s slrad ed  liv at l l’ :I- ’ m

ss ’v s ’rru l  of t he  ho r i zon ta l  t u - ta’ Ii i ’:ii i s ’I iu’ s Foi’ 1 :11 11 posi t ion  of t h e tn ’ , ’s ’ .

Distan es ’s  be tween  (lie t n’ee and t i ’uck a m ’~’ 0. 84 ,~~, I . 70 ,s and 2 . 50 ~~, r(’,spee’ —

t i 5 ’ S ’ l ’s , in (t:ir’h ~ (: i ), (II) and (c)  u t f  1 - i g u m m ’ ,’ 11. I’ ’ c s m ’ :i f u l l  ,—i v s t e m i l  l l p t - m - : t l i n g  s I

12( 1 7 . 1 1 1 .’ , t h u ’ -o’ d i s t a n c e ’s i ’ t~ n ’i’espe~iic 1 I t ~ U l I I p m ’ 1 l x l l l t U , t c ’ I s 7 Fl , 1-1 Fl , mind  21  I’ ,

r l ’- u I t t ’ c l i v l ’ IS’ . I - c r  s ’ L u c ’ I I  I l l s t a l l t ’ h’ , p L l t t s l l ’ n s  5Sl ’ n ’ e c’ c - t ’ , ’ i ” I t ” I  s c u b h i  I h i u ’  I l - ce at  ( lie 1 151 ’

Iss’ ahi ,t n i .s I f  0~~, 4 2 ,
11

, pp0
, 1:1.

_
I t

, : in i l  111 0°. ‘l ’ I i , ’  I c U i m l e ’ m ’ l u  I I I  mitt’ m s c I l L c I I ’ ’ l  I i ’uck n —

p i v e’n i as the  -solid line in s’~ t c I i  sd

1’Iis-’ I l os’ m a y  Ire  I ’ X p e ’S’ I i ’ I I  I c ,  & ‘ ‘ U , - c ’ t  i t s  sI l’ i ’ T i ~~ t ’ ,sI u m l f l l,u 5 ’ n l c t -  (I n  t h i s ’  .5c:t t l e ’ m ’ i m t i ’

p a tt er n  of lhs ’ t r’ t uc k s S’Iueli  the ’ l u - c ’ , ’  i .s I t l o U t l e l l  c h l n ’ e ’s ’b hv 1 , 1 5 5  t i c  I I I , -  (I l l s ’ !-: sm ith l I c e ’

i ’ a t lar .  l”oi’ a g ive’n ~~~~~~~~ th i s  o c c u n - ~ wlre ’u i  t h i s ’  U I / i  l i l t I t h  51120 i l  l I r e  sb I t - n I l

co inc ide s  w i t h  the  t ree  locat ion f I l l ’  t ha t  p~u i ’ t i c ’ s i l : t t ’  1 1 : 1 1 1 1 - I  i s . ‘I ( I l L ’ , , I I I  Li  l 1 U i l I I ’ i u i

for’ a t n - s ’ s  location of l ’i  
_
1

t 1  ( l ie’  t m ’ ,’’ w i l l  I t  d i n ’ s ’c t lv  1 , - I a  l e n  I l l s ’  m ’ L I c h L l i ’ i l l l ~ t 11- 01 - I .

i t  an a z i m u t h  angle of 13

l- :xc t ’ I it  a’luen the  I 1 05’ i.s lom’ : i l s ’ s I  at 0° ,, n ’ 120 ’’ , I i , - s , , b t l ’ I ’ n i s  I l l s  I s I I u p c ’ r  l l U t S ’ d

a n y  5’s’ ni  m~~eti’\’ . I hsiwever, futi’ i m ’ ~ s ent  Lit  it ‘ m m  ‘ U I - I ’ , t t n l ~ I t  i e  - U :ll ~ 
- 

- l  ~1’ ‘ i t  I l l f o r  ss m s  U
hUt ’ ( n o e l  I I I  nt ’ s -Il ’s s l u : c , I t ’ s  t h e  t r u c k  r s  s I l s i w l i .

As ln i 7Ii (  l ’s ’ e ’U I I I - o l l ’ l h , 1 1c c ’  l : 1 u - p 1 ’ s t  c I l U l n I p ’ ’  - i i i  l i U I l l I ’ I ’ l i _ i ’ s -cur - ‘ . I : , -m ~ I l l s ’  ‘ l I d

Ut s-l ,,s , ’s t l i t tire ti’uc’k sund fs ,m ’ dii’ections in whli cll lIst- t l ’ l l i ’ i - , I l U t s  S l l l L l h h l ’ ,’c t  1150 1’, —

s c a t t e r ’  o ‘1155 -0 1’’ 5 0 . ‘s, I l s U t t o t ’  11( 11 Ic , h i ~’,s 5c s i t ’  u n u l  I’ odum ’l’d I v ( 115 ’  ( I t ’ ’ l I l t in

— I ’ b ’ ,’l’ L i I  i ’L t , S I ’ S p5111’s in  1, 0,’ -, I l U ivil i m I 11111’s 3 — l i 2 — I 1 1  d l } l -, l~~’( s s c ’ , - T i  t l i e ’ r u r  d l ’  I l l , ’

i S I I I : I I u ’ I I  t r u c k  a u i’s’ o lmam i g u’ d  (“s (Ii,’ I ‘ i  intt i di ,sl inc b l , , l ’e s  w il lc h L I n p 1 ’ d i p s  1 , 1 \ \  ‘ ‘I  T I

Ihis’ im u . ‘ 1 111 ’ l i , I , s’s 51s t ’l’ ,’ 1 1 5 1 ’  s l i j l ’l , ’t I  in  Lt ’ / i T I l t , l l l l  S i , l I I u ’ s t  11:11 l ’ s  this’ lu ’ ’’ , 11111 I l l ,  s l o lt

b t U i 5 ~~~~l’ l i t ’ l ’ L c f l \ ’  mllintlr . (‘Il U tlip’t’S duu ~ ho ftc b r u ’ , ’  in I I i l ’ t ’ c b l s l h i s  i F  ( I c  I i ’ s ‘ II I 11111 1 1 , 1 1 ’

s,f Il i , ’ (ruck wen’s— quite’ lai’ge for mi l l  j I u S i t i o n s  t i f  I l u e  ( i c - I ’ . i I c ’n’I ’ , i l l  \ ‘ U I l ’ i U t I  1 , ’ n I —

I I  I c - a.s t 10 sIll I ’ : c n i  s’ t t i i l n m r o n l y he ’ ,s*’s’n as Ihe t I l t ’  It5 l
~~

i I i,sII 55 , 1 - 5  t ’ I i L I I l ~ ’ c - I ,

I ’ mct t s ’u ’n  s’lr :ung e’ ,’i dus’ to the’ (n’s’e o’er’ , -  g e n e m ’a l I v  m n u l c l l  5 rTlalI , ’I - 1, 1’ (I c c ’ 2. . 1

—iI’ p U i u ’ U t l i l i n i . h e r e , m el t lroughu the ’ l L u u ’ p e . -st t ’lI L t l t p u ’ -_ still s I t ’ , il l ’ III Iho  I l ’s p1 55 , - n ’  s i m  i ’s’s’ ’

t i n -s I , , ss ’ :,u’d t i re ’  Fron (  and n e a r  of Ihi e h o ok , sh i l l s ’  s ’ I I , I T i m , ’  - L u 1 I I 1 I ’ , l n ’  I I I  ‘ c ’  l n l l l t l t ’ , ’ I l

i n t h u s ’  - - , I l U s p I ’  c c l  ( h I ’  n i l a i n u ’  s l i t ’ 5 ’ c l l L i n ’  11111, ’  at h~
In s l ’ V I ’ T ’ U I I  i m c s l a u i c e s , nu l ls  t r e t w e en  1 ,5111 -s Im as’ e’ Il’ ,, ’ Ia’cni i m _ - l m  I i c , I I I I I \  m ’ , ’-I i

In  I ’ U l t t e ’ m ’ u I  S~~I ( I ’ )  of  l”i gul’I’ 11 , Fu n ’  s ’ X a l T l p l I ’ , (Ii,’ null T l i ’ U i I ’  0 2 ° 
i c l l , s l l  i c - s  I I, ’s , ,v s ’r

It dli  117 L t i S ’ i I I F I  v : c l - m l ’ r l s  j a r s i t i t u n s  Ii I l l s ’  I

5 ’ -- - ”  -- - -~~~~~~~~~ ‘- -‘ -— -‘- ‘-— - 
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The’ phase to be discussed in th i s  sect ion is that  of the  f a r -i n , ’  b a c k s e z i l t u u ’ m ” l
field at c h s f l s t L u n i t  range . The q u a n t i t y  actual ly measured  5 5 5 c  t h e  u’o lat ive phase c f

a s ign a l  tha t  t r ave led  f rom the  t r a n s m i t t e r  t h r o ug h  the t r a n s m i t t i n g  branch of the

equ ipmen t  and on to the s ca t t e r i ng  ta rge t 1 that  was then  modi f ied  by the s ca t t e r e r
and reflected back to the antenna , and tha t  f ina l l y t rave led  through the  receiving

branch of the  equipment  to the second hy br ’id. This q u a n t i t y  was then sub t rac ted

from the  corresponding value of a signal that  t raveled over the ident ical  electrical

paths and was reflected f rom a ta rge t  of known s ca t t e r ing  proper t ies . All  of (he
paths that  were electr ic a l l y identical  for the two si gnals subtracted out of the

resul ts , leaving on ly  phase d i f fe rences  between the t a rge t  and the referenc e
s c a t t e r e r .

Dual f requency phase si gnatures  given in Figures 14 and 1( 1 are defined as

~2 
= - 

‘h I

where  I is the measured phase of the  f a r - zo n e  back-scat tered  field csc r r e sp ,tn d i n g

to the  low frequency and is that  cor responding to the  h igh f r e q u e ncy .  \t,b ’ (ha t ,
for scatterer-s sniall  compa red to a wsi s’elengtIu , the Rayleigh-region phase is
independent of f r equency  and Eq. (3)  gives the  phase i t s~elf .

The si gni f icance  of dual f r equency  phase s i gn s ut u n e s  is t h at t O t s  1 11:1st’ s t ab le
h a r m o n i c a l ly- related f requencies  are prac t i ca l  (‘or i m p l e u n e n h m i t i o n  iO  an a i ’t u a l
radar, and when  ths ’  b a c k -sc a t t e r e d  phase  as ib i . s s ’ u s s e ’ , I  hs ’re is ms’asuned 0’,’u, a
sca t te rer at the-se two f r e q u e n c i e s , the  p rr lces sing  i n d i c a t e d  Il ’s’ Eq.  ( 3 )  r e l T m t ’ v s ’ s  ~u l l
r ange—dependen t  and dclpp le r — d e p e n d e n t  phrase changc.s , l s ’av i m i g  a c l s i s u n i t  i lv  dcp e’nidcnt

onl’s’ inn t h e  phase (If l i re  . s c ’ s i t l s ’ r ’ s ’ r .
I lc~suit s  am’ s ’  given for  I h s ’  t h r e e  n i i easur en , s ’n t  planes sh i ,  ,wn i in I ’ i g t l n ’ ~’ 12 . ‘I I , , ’

t ’t ’ r u l c l ’  of  l ’O l L t t I l l f l , t ,m ’  phase cen ter , was ( ‘h o,s , ’Im in e a c h  1 51,51 ’ Ii ’ Us’ m i i h d w a v  s i - I l l  1 1 1 1

the I n n s  of th e I l 1 , s t h’ Is  in c lud ing  ths ’ 1 1 1 1 5 k l’ul ’ila’ n ’s . I - c u ’  hu t ’  v on -h e a l  115011’ , i t  ss si
s i l s o  I i l i I l W L 1 V  i’s’tw(’l’n t h e  s~~le ’~ for (he  side  plane , it W L t 5  I I 1 1 I I 5 V L I ’ , l ’ s ’b sv , ’ , ’n i  t I m e ’  1(111

and bot tom exc l u d i n g  the ’  t r u c k  cab .
u n ’v ’,s in l” igure s 13 sund 15 m u r e  labeled “ 1 h i g h  I” i’e’q ucn l ’v ’’ and 11

1 1 w  I n - c  —

quency.  11 The 1 1  h l i g h  l” r s ’ s iu e ’nu u ’’s” ’  r ’csuit s are’ t h ose l I l s ’ L t s l i  r ed  w i b h  th is ’  0(1—7.111 ;

mu ,del  sund the  ‘l ow I’ ’ n’ l ’ t I u I ’ n l c v ’’  ones L I m o  I h , , s s ’  n u s s ’ m , s m j n ’ s ’ d a dl i  h l i o  l O — l U  I I ;  lli u trll’l .

The n t o s u s u n ’ c d  P I l L  -0’ of  t ime ~~~c - ~~l n r od e l  1 _ s ~ I V I ’ h i  in  l ’ ’igu n ’ e’ 1:1 sun , l  t h e ’  i ’ i s i ’ l ’ l

ing dual fu ’e ’quene ’v In I lS i s c  s i p i l U u t s l  I’I’ ~ Lit’S’ m u m  I” i g’ui’c 1 1 , A g a i n, t I r e ’  f m ’ ’ I I I  f l h u e ’  l u u , ’ ’

w Si iS a t  , ,r  n e a r  &~ as’ i n l u t l l , w i (Ic l , m ’ , I U u I I  I I , ’  l t I’ Utr ‘ 1 ( 1 ’ ’ ,

L~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~,, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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IIu ’(’lt’i’Ic’Il signLillu F i l T h  h I r e  $0 7 . 1 1 1 -s ccl)  1 ,1 (015’)  wen t ’ so 1,155’ near ha ’  Fr’itn t sl i t

bzu s ’k ’ l i u ’ , ’s ’ l i c i l i s  (limit suc cu i ’ : i(  s’ j I I I L 1 - S I ’  i l l , ’ L l , st , i i ’ s ’T l l e n t s  c’t c u l d  mu ed be’ made ,I : t s l T i ’ I ’ I

U t I u i 4 l u ’ s  sc F I s ’s - i  t h a n  L cl lou t  -I T, ’~ , The’ i l l u ’ L I s s t m ’ s’d p c c int s  s h st w n  in I l ci’ I t , w s ’ r ’  p a n t  c , f

1” igui’e l i  w i t h i n  thUu l’s’g i s ’n l  an ’ ’’ i nc luded  to illustrate this’ effect of ‘rrtsm ’ ,s I I l l I lie’

ru le ’  ( t l n L cs e’ vmu lt ie ’ s  . Adr l i t i onal  i i ic as u  u ’ s ’ i u i en t s  have s hc,wn that tbu ~us e ,‘n,lrve’s slustuld

l ’s ’ sn t ’ s u i g l i t  line’s t lii’oug li the  00 L t , s l I s ’ I ’l .

r di e 00—7. 11 I t  l l iode’l , t I re  s o  n -vs ’ s  arc s’s-s e— nt i s r l l y i den t i ca l  for al l  Ihrcs” ‘h u r l ’

F m l l , ’ s m , s U r s ’ T l l e n t  and 51111w a la rge  singular  interval about broserlside over ~s-li rch (lit’

P 1~~~~~’ is U c p p u ’ t I x i l T l L t ls’l ’s’  inds’pencls’nt of v is a ing d in ’ec ti on . I” om’ exantp ls’, lUcre ms

5) ‘ 
, ti ‘ -

1,’ ss than a 10 c’Ii:tiige’ in phase  oVe’I ’ a - ,  change in :usps ’ct L I I I c I 1 1 (  IIm’ t i :tlls i sle’ .

lIe ’vond this i’egion towards  the endfir ’e  di i’ect  ions , the  phiu sse us ne’arl y a I in e’ z u n’

f u n c t i o n  , i f  t he’ a,opec t angle , i n cr e a s i n g  f rom approxim ateu l  ~7Ti ° to  app i’oxl iii LII  e l ’ s

‘
1 at s’ndfiu’I’ .

‘l’he dema l frequency phase si gnatures  c,f l”igure 14 re f lec t  the  f t r ’eget in g c l i z u r ’ m i c —

l c ’ r ’ i s t i S ’ s , i nclud ing  the regions of quest ionable ac c u r a cy .  Resu lts lou’ (he’  s i l i l l ’

plane’ of mcasuren ie f l t  appear- to be most a c c u r a te , and l l , ’n ’ s ’  the si gnatum’s’ hunch ni

is  l I s u s i c a l l ’ s  two  s t r a i ght l ines . The f i rst  l ine, e xh e n ching fi ’omn end—on di i ’eet ion s  Ut

sub ctrt 30°, inc m’s—s uss’s from near 0
0 
phase at 0

0 s-sziiisuth to abtuut t O ° In l i a s e  s,I It t ’’

U I , ’ i l l  i c t l  (I , i nd icat  big Sc slope of about 30 c’ha ng, ’ ill pha se’ per il -gre ,- olmzun ~ s’ ui

: t , ’ i u r u u l h .  ‘h Ue - ( s ’ d t i n l l  l ine e x t e n d i n g  fu’om 300 a z i mu t h  ho l , r il U s,l .s III,’ d m ’ s ps Fi ’ s’m

msb u , u t  ‘cp p hase at 300 a z i n i u t t i  to about  15(1 0 
plus t s l ’  ~ih 50 ° L I  / i m n i u t l u , ‘s m u -I , I l T I m t  U t

_~~ () 

phim ose t ’b c t l s o s’ per az i m u t h  degree.

5 - 1 1 1 ’  s l i t l I i I l i l g  re.’sult s  ‘or t he  t r u c k  LI l’s ’ i n  1- i g’l i l ’ t ’ s I s , I l u i l  i t , , I i , ’ ’ i s  , i, I i ( ~~

us- dus -e ’d s ’s  i m t m i u e ’ t r y  ( l t s ~se pLi t t e m’ f l s  ex tend  ( ‘n I h  0 t n  12 0 ” in — t , ’ c T I U I I I I I  t s r  m i i o L t s h i I ’ c ’ ’

111 111-s iii t h e  .sids ’ and d i ags ,n mul  p lm iu i e s .  ‘l Ire ‘s’en ’t i1 ’ m e l ( 115m m ’ j l s l t t s ’ m ’ h i  1, -c’ ’ ’ ‘ 1 1 1 1 1 1 1 3 I I5 ’ t ’l

a fu l l  :( I I0 ’~ Is ’ sl it i w chi F Feu ’et ’ms ’s ’s in plu t i s s ’  of ( l ie’  51 k ’It U tl i’ , ’ f le ’ c te ’sI I ‘, ‘n - t I e  t I~ i nt ,s

l n t l t t l , l n i  mind m m n l c r s ’  , I t ’ t 5 s i l t ’d ( 51 1 1  I ’ die’ T l i , l I l , ’ I .  m i  III,’ t _ t l ’ U I i l ( l  ‘ , t i u ~’ , ‘ t L l s d  tc s m ’ ( c -  s~ I ’ ’

cal plane lu sus his’s’n I’i,ldu’d , wit h t h e  I ’ l l  anul ( ,  ‘ 11 , 1 , 5  l n a l v s ’ s  g iS ’ e ’ n l  s I ’ I t U s  m’ , tl c ’Ii LI -c

lSiII(’l(’d .

-~ ~~~~~~~~~~~~~~~ 
f r ’ , ’i r u t lu e’ i’smnl ar’ c l’ tI , s  s u e t  i s ’ u i  c u~ ’v, ’s , I : s s - k s c U , t I eI  s h U t - c  1 1 1 1 1 1 I I ’

(‘c c l ’  t h e . ’ (1 7 . 1 1 1 - ’ t u ’ uic’ k I I ’ S ’  ‘s ’ s ’ i ’ ’i’ s’iinii ilai ’ III II s, ’,, ’ I lit ‘ I I  S I l l , - i I ’ ’ - ~~’ , I ’ ’l U l ’ l - I I I l l s , t t  t h I s ’

r ’ U t h i t ’ I -  ‘1’ lb.’ I ’c , u ’ r n i s ’ I ’  is t_ ’ n i ,’u’ UIIl V Ic’s - s l h m i u i  1 1 1 1 -  m ’ U t m i g e ’  s , f  l l c ’~~s’ ( s m  t h e ’  t e ’ c - l u . l I e n ’ s’

, u m .’: t i n l , (Ir e t 1 l l ’ V c ’ s i ’ t s s i l i l  I I , ’  n ’ e ’p n ’ , ’ 5 s ’ m i l e’d h ’ s  s m i l i p l l ’  1 1 1 1 , - I  n u t  - ‘ n  t , r s ’ k , ’ I t
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