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A UHF/EHF Hy br id Antenna

1. iN TROD U CTI ON

The objectives of this stud y were the development and experimental demon-

s t r a t i o n  of the RF feasibi l i ty  of combining a UHF antenna with an EHF paraboloid.

The combination is to provide dual frequency band operation for air- to-satel l i te

commu nication links . Present airborne SATCOM systems use separate antennas
for these applica tions. The UHF radiator is generally fixed t o t he fuselage, while

the microwave  reflector antenna is located on a steerable platform within a large

radome and mechanically tracks the satellite. The problem with  this approach is
the low gain of the UHF antenna at the aircraft horizon. Increasing this gain would

brin g about a substantial  improvement in performance and reliability of the UHF
data link.

At the request of SAM SO ( SKX) the Electromagnetic Sciences Division of RADC
has undertaken this pr imar i ly experimental stud y of placing a rather large wide-

band UHF radiator in various aperture locations of an EHF reflector antenna.
Increased gain and radiation characteristics are desired at the UHF band , while
minimizing the degradation to the EHF capability. The experimental program was
conducted in two phases. In Phase I, a UHF crossed-dipole was designed , fabri-
ca ted , and integrated with a focal point-fe d paraboloid at 34 . 5 GHz . The UHF
dipol e was positioned between the focal point feed and the parabolic reflector in

( Received for publication 4 April  1978)
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r’ t ’ s~u t r t ’ d  blindwIIlthl ( I f  a s ’ l s s - i ’sI ’ I i — s I l l ’ s s l e  lInt-i t t st ’ of t i l l ’ O l t t ’Ui:ut ’  ( l l 5 l ~ s~~l’ (O’ t ’ e k—
(‘ rs s sss ‘ 111110 ill s ’ l ’ s l t ’I’ ~0 ‘ I s v  t s l t ’ t ’i t ’ i ’ U h u t’ “‘. l I IO le ’I I ’V .  I Its’ s ’ l ’ s ss- i ,--i --- ,’ SOs ’ t l s Ii;li 1 1 0 : 1  i s t

t h e  s ’ I s s 5 ~5 t ’ I1 ul tp t . l e ’  t l I ( ’ l t l d l t l i , b  I I -. -. lee’ve , I l o ~ :1 di r e n t I’ s - la t l s s l t s l u t p  Oil l l l l \  L%l I l l  d o —

o r l ’a st ’ to  t i s t ~ P111 ‘ t - : ’ l - ~ - ! s s t ’  i t l tC’ll l l l l ’ ”l I’f lsll lt l s s l l  s l l a ’’ _ I s ’ t t ’ l ’ l,—it los  v. 11011 the ’ d i p o l e  I s-i

p515111,  - t i e s !  TIe”aT’ l is t ’ 10111:11 lllu~ ipe’.l ’tUI’t’ ~O I in ’ i t ’ f l e o t u n ’ , ‘I lte l ’ l I l  ga i ts  IS l ’ClltI ( ’t ’d
lurI d t l i t ’  l’ t’ - i I l l t a t I t  r a c l ia t  to ll  I l a t t t ’ l ’ n  .- i t d t ’ I s s k ’ t ’  a l t -  1110 u ’t ’ast ’ii wh e t i  t h e ’ l_’lsw ’k age’ Is

Ili tI’sldtIct ’d. t h e  ‘n i t  i~’t ’l~ hi r u ~e Sl i ’ ~~f l I t ’  UI ! ! - ’ dip ole ’ (20 I l l ,  w i t h  l ’ e’ spoot  t o

!lut ’  d i a t u i t ’ t e t ’  of t h e  pa rabo lic ‘ 1 r l t o t s i’ I t O . -1 i t t .  1 dict :itos I hat a s ut ’ st : u r lt  Ia! g a i n

t -t ’d ue’t ion ( ‘:111 1st ’ ant i c i p a t e d . :\ ri add it tonal  Tiegat ly e  e f fec t  also  s s s niI l’s us I io r ~ I lie’

1’° 11 Is IT I  oF  th e  dipolt ’ is be tween  t h e  1(5 0111 l’ u ’ l T l t  l e es !  toid t h e  r e f l ec tor , ,us a-u (l it ’ .

~~~ s r - u t  s ’ : is t ’ ’ l’l~so kagt’ of t hits Phase I studs’. l I l t ’ pos it ion e f fect is s1iss’uss-i ed ITS

~.t ’s ’t  I s s l I  1 .

Vu s s r t g ,  3. 1... . and King,  I I .  l- , ( 1 073 )  Des-u~~i \ a  u - t at  155 115 and Ps’t ’ tot ’ t t ’uance  (‘It ~l t ’ —
ls ’ t l ’r l s t l ( ’s at ’ ‘he (~j  —Sleeve Dip~i le, h i t ’.

~ ’s s 1 - t  ~AM 041 — ’l’ R — 7 : 1 — 133 , ‘i’ln’
I s  ‘—5 p a etT’r

~~Fps~ rat  ton , El Segutids ’ , ( ‘:1
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In 1 1 5 1 0 1  i s ,  I ’t ,’ I I I I ( t the  l s l s s s ’k : . g t ’  e -F f e r t s , t he  C l I P  dipole  and I t s  sleeve v.
lie- s i gned u s i n g  us i r e — g r i d  cons t ruc t ion .  2 A photograp h of t h i s  design is shown in
Fi gure 1. The construction details of the crossed , open-sleeve dipole and its
ba lun  are given in Fi gure 2. The w i r e -g r i d  assembl y of the Greek-cross  shaped
compen sa t ion  sleeve cons i st s  of 0 . 062 5 in.  brass rods spaced 1. 0 in. and soldered
t i  a 0 . 125 in .  i 0. 125 brass  f rame.  This cons t ruct ion  s imula tes  a solid m e t a l l i c
su rf a -e , The dipole elements are also designed u s ing w i r e  gr id or “cage” tech-
ni ques which  has been described in Schelkunoff  and l- ’ r i i s .  When the w i r e s  ar ’e
th in  and equispaced, the “ cage” st ructured di pole will  rep lace a cy lindrical di pole

a c c or d i n g  to expression

1 ‘a
1 n r

‘ off r (,, —

~~~

——

where

r = radius of the wi re  “ cage”

n = num ber of wi res

r radius of the w i r e s

and

reff the effective radius of the solid dipole replaced by the  “ cage” di pole .

Conversely , if the cyl indr ica l  di pole radius has been determ ined , the radius of
the “ cage” dipole replacement  would be

n n -i
r r  F r 11

I 1 IIL(n r )

The ef fec t ive  radius  of the  di pole shown in Figure 2 is 0. 56 7 in. The dipole length
was determ ined expe r imen ta l l y  by o p t i m i z i n g  \‘.S\VR response over the i’ll!-’ fre-
quency band of in te res t.

5 2. King, I!. P. , and Wong, J. L. (1972)  22 5-400 1\I}Iz A n t e n n a  System for Spin
Stabili?es-l Synchronous Satellites, Report SA T’. ISo-TR -72-77 , The Aerospace
C o r p or a t i o n ,  El Segundo, CA.

3. Schelkunoff , S .A. , and Fri i s , H. T. (1952 )  Antennas :  Theory and P r a c t i c e ,
J ohn Wiley and Sons , Inc. , New York , pp 110-111 .
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Figure 1. Photograph of CIII-’ Di pole Using  Wire Grid Construction
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Figure 2, Construction Details of UHF Dipole U s ing
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1”igure ‘ . Photograp h (If t he  Phase I h y brid Antenna

Table 1. l) in i ension s  (‘if Phase I t I l l - ’ , 1 :111’  i ly br i d  Antenna

P i l l ”  l O i t : i I ’ o l i c  f le f lect or ’  i) ianie ter :  1 l i i

l”ocal i) i s t  atice ( f/ [ )) : 0. 4

Spacing ( S t  P i l l ”  h eed I b m :  0 .37 ni

I .engt h of t i l l ”  Di pole: 20 in.

Spacing ol I I  i i - ’ 1)ipole to R e f l e c t o t ’  Surface:  8. 75 in .
E ) i a l l ue t e r  of t i l l - ’ Caged t)i pules : I . 5 in .

l ) i l u i t ’ l t - i  I l I l I S  ol t i l l ”  i) i pole Sleevt ’ : Set’ 1”igur ’e 2

S p at t e  t’ns a me t raced in i” igu ros ii and 7. l’hies v p if lts  in d i c a t e  t h e  not’iiial opera t ion

w i t h o ut  t i l l ’  di pole as -o’l 01 l ines , w h i l e  I Its ’ dzis hod t’~ ir v e s  are supe riniposed and

reflect  the  q u a n t i t a t i v e ’  changes due to t I l e  iIiIIt lell ( ’t .’ sf t h e  di pole. The di pole add! —

4 t u r n  reduces the unob st t ’ucted bo ll ’s  ight  gain of ‘17 . 6 dI i i  liv 2. 0 dli , wh i l e  I lie
angola:’ w idt Ii of t he  I t i a  in beam is na rrowed si iglit l y and si g n i f i c a n t l y hig her side —

lobe levels resut lt  . A l l  p at t e  mu and gain Ill easti rCltle’Il t s W O  r’e perform t’d ( ‘Vt ’ !’ a
1 2  Iii i l e  f r ee  s p :t i ’e ’ r ;l l igt ’  at t he  l iAl)( ’  A n t e l t l t a  Test l’ ac ii its ’ , lp swich ,
M assachuse t ts .
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Figure Ii , Radiat ion Pat terns of the Figure 7 . R a d i a t i o n  Pat terns of the
E1h~ ’ Parabolic Ref lec to r  Antenna Wi th  E I IF  Parabolic Ref lec to r  An tenna  With
and Without  the I LIF’ Di pole At tached and Without  the L I I I ”  Di pole A t t a c h e d
(E— Plane , f 34. 5 GHz) ( f l—Plane , f = 34 . 5 G l I z )

In order  to iden t i f y the dipole components  con t r ibu t ing  the  major  po r t i on  of

the blockage at EIIF in the combination antenna , a series of st ructu ral changes
were made to the di pole. First , the grid sleeve was removed wi th  all other parat i l -

eters unchanged. No noticeable d i f ferences  to e i ther  the EI IF  pa t te rns  ot’ the  g a i n

were observed . As a second step, the cy l indr ica l  di pole elements shown in Fig-
ure 4 were subs t i tu ted  for the “ caged” elements of I”igume 1, again wi thou t  the
sleeve. Likewise, no change in the EI!F pa t te rns  and gain level ‘st-as noticed.
Finally, the dipole elements were removed completel y, leavin g only the halun and
feed cables fixed in the parabola.  This resul ted in a 1. 3 dfl incmcasc in the  gain

16
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level ove r t h a t  w i t h  the  complete di pole s t ruc tu re .  Table 2 summar izes  these

changes and the  cot-responding gain var ia t ions .

Table 2 . In fluence of the U h F  Dipole on the EHF foresight  Gain of

a 
the Phase I U H F/ E H F  Hybrid Antenna

Antenna Condition Gain (dBi)

EUF Fbrabolic Antenna (No UHF Dipole) 47 . 6

Cage Dipole Added (See Figure 5) 45 . 6

Sleeve Removed 45. 6

Cy l indrical  Di poles Subs t i tu ted  (No Sleeve) 45 . 6

Dipole Elements Removed 46 . 9

Radiat ion pa t te rns  for the ni l -’ range were also measured, but are not included
in this report. Generally, these patterns had d i rec t ive  radiat ion charac te r i s t i cs

y ielding gains of 4 to 7 dBi over the 223 to 400 MHz band. The geometr ic  config-

uration of the s t ru t  support  for the focal—point feed horn , however, presents

unsymmetr ic  in te r fe rence  to the U h F  radiation which would be especially s igni f -

icant for the intended c i rcu lar ly polarized applicat ion.  These u n sy l i l l ne t r i e s  could

be observed in E- and IT -p lane patterns for the individual orthogonal di poles . The

capability for making  c i rcular  polarized pat terns  and axial ra t io  measu remen t s

for these frequencies was not available at this t ime.

1, ANALYSIS  OF APERTURE BLOCKAGE FOR THE LIHF/EHF I IYIIRII )  .~ N T E N N . -~

The UHF crossed dipole wi th  its Greek-Cross sleeve presents a fa i t - ly  large

obstruction to the directed radiation from the EHF horn of the Hy brid An tenna .
The ef fec t ive  area of this  blockage and its respective location geometr ies  have a
direct relationship to the degradation or gain losses at the EHF band. By using
techniques such grid and “caged” construction, the blockage may be reduced for

more acceptable EHF operation .
In analyzing the e ffect of blockage depicted in Fi gure 8, it is assumed tha t  the

EHF feed system energy associated wi th  the shaded area is absorbed or scat tered

17
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Figure  8. A pe’ l’t ore Il lockage Geoniet  i v

in such  a us’ :i~ t h a t  I t - i  (‘t Ilt i ’ i b u t i s t i  to  t he  ax i a l  gai lt  is neg li gible . ‘~ ‘J Oe shaded
: 1 1 5 :1 I’ e’- I e ’ I ’ ,—i spe s ’ I l t s ’ : i l i v  to t h e ’  ‘ w o r s t ’  &‘~~s’,’ blockage of a t ’ l I F ’  ( - h - s s s s e d — d i p o l e  U S —
tng  solid l u i e t a l l  ic t ie ! sut ’n t s  and s lee ’s-c . Sini  i Ia i ’lv , it is assulu ed tha t  t he  e f fec t  (‘in
1 1st ’ uns ) ‘iaded a l-e :l  s~ h I ss  neg l igIb le . The t ’ect angola  i’ coord ina t e  s~’s te l l s  and
sqnal ’ (’  ape i ’ tur e  a me used to s i m p l i f y the  bloc kage ( ‘a lcu lat  115115 - Since , how~~vet’,
he sepa ra b l e ’ lipe’ l ’tu  t ’e i I lun i  m a t  ion is neat ’l ci i-cola t’, the  diniens ion ‘‘ a’’ may be

a s s ss c t a t  es i  w i t h  s ln e  h a l f  t t ie d i ame te r  of th e  parabola. The lam f ield r ad ia l  ion
pat ! ct -n in t I t -  p r i n c ip a l  p l a t t e  (de f ined to include the y tin~d / axes) is evaluated in
I he remainder of t h i s  sect ion .

The tin — n e s l - I I s a l  i zecl f i e ld  pa t t e rn  for ’ thes e geon’ietries tu ia ~’ he expressed as

1k y sin o
E(x , y, 0) - f(x , v) e 0 Ii(x , y) dx dy

I (u sch , W . V. T . • at td  l’ot te t ’ , I’ . I ) . (1 1170) A n a I ~’sis u s t ~ R e f l e c t o r  Antennas ,
Academic  l’ t’e -s s , Inc . • New ‘t o t - k , PP 82 —101 ; .
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w i t ’

‘( x , ~-) the a rca i l ium i nat i on  f u n c t i o n

Wx , v) the  unblocked rad ia t ing  ape r tu re , and

k
(I

The i l lu m in a t io n  funet  ion

lTy
f(x , y )  i’e,s ( 

~
— ) ens ( 

~~

‘— )

is chosen be’caus t’  its l I en  rl~’ cii’cula m d i s t r i b u t i o n  and i t s  resul t  ant s idelobe levels

a p p r o x i t i t a t e  the  oper a t ing  chin t ’acter i s t ic s  of a ty p ica l  El II ”  parabola ,  ‘lh e

unbl ocked a men Il (x , ) is S m l u l e t  n c  w i t h  respect l i t  t lit’ N atid 
~ cooi’I l m a t e s , and

may he in teg ra ted  by s u m m i n g  the ai’ea in tegra l s  as i nd i ca t ed  in l- ’igume ~~ . The
integral  may now be expressed as :

E(x ’ , ‘ , t l )  4 0 f ens 
~~~ 

) dx’ f csss (
~~~

) cs s s  (k 5 y ’ s in ( I )  dy ’

f sos (
~

-
~
) dx ’ f to ss ( T~-~ ) cos ( k \“ s in  (1) dv ’

* f  t’s’is (
~~

‘ ) dx t f  ens ( ~~~~~ ) ens (k ‘s- s il t  I i )  dy

+ f  (‘ (‘is ( ~~~~
‘ 

)dx  f 0555 ( 
~~~~~

‘ 

) cos (k v ’ sin t ) )  dv ’

a a
ITX ’f  cos ( -r— ) dx ’ f  cu ss  ( -

~~
— 
) ens ~k v ’ sin I I )  dv ’

19
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‘I ’m ’ i n t eg r a l  i i ,sw lsio’ s ’ s l l t ’ s:

v ’ i~~) 5, 
~~~~

_ 
~sin ( ~-!; ) [ i i ( +I . a) — 11(e, ht)~

[sil l  ( -
~

-
~

— ) 
— s i n  ( ;~_)

)] [ 11 (1 1 , a) — 11 (11 , cI) I

S 
‘ [
~ 

( ‘~~ 
— sin ( 

~~ 
) ] I l I ( 1 5 , a) — s t ( 0 , c) l

[s il l  
~~~~~~~~~~ 

- sin  ( -
~

-
~~)] 

[‘ l(~~, a) - 5 1(11 ,

l O I s - i  e’ sI t l : i t  t s s l l  l s ’ i av  i’t ’ l’edu(’ed t s s :

E (x ’ , ‘ , s) ~ ~ s in  ( 
~~

-
~
-
~

- ) [,,(O, d) — I ) ( t 1 , l i )j

s in  ( -‘
~~

-
~~

- ) ( n( ~ 1 , c) — 11( 11 , d)~

s - s i t s ( ~~ ) [ti (tl , b) — 6(11 , c ) J

tjW , n) - sin (~~~~) [ l ; ( 0 , b ) J~

We now have a general  equa t ion  for the f ie ld  p at te t ’n  w i t h  ol ’ien —s lce ’s ’e c l’ s’sSed

dipole  bloc kage . Ti t is  equat  ion w i l l  handle  t h e  s)st ’ u ’ ia I c ass’s Wilel l  t lie sleeve is
l- en ls ) ve’Ii or al t  e t ’ed ill si - -c 5 5 1 ’  shape . Tite norm zil i ?ed power pat  1 e r’n as a tunc t i on

u s f  + 1 I s &‘‘tprt ’ssed as:

P(x ’.y ’ , fl )  ‘2 0  hog (~~ ) 
[E(x ’, v ’ , OH -

A problem encountered in loca t ing  the  rH) ’  dipole between the EJ IF  feed horn
and t I l e  ref lec tor  sot -fact ’, is t h a t  the  di pole c a s t s  a shadow on the ref lec tor  sur face
when it is i l l u m i n a t e d  0 the  horn.  Fi gu re 10 descr ibes  the  geometries for’ a p a l - a —
bola (F ’igure IOn )  and 1 l)amabola w i t h  a shadow cast  on i ts  surface  (Figure lOb) .
In Figure IOa , the  genet -a l  equat ion dcsc mi l ’i t ng  the  r e f l ecto r  in t e r m s  of i t s  focal
p oi n t  is

21
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In Figure lOb , a di pole is moun te d  a d i s t a n c e  Ii  f r om the  su i - face .  The d ipo le  ( ‘if
he igh t , h , c a s t s  a shadow of he igh t  x~~ . Let

2

H - f f _— “M 4f
\ Ii / x 1~1 

- N M

This  equat ion may he r e - w r i t t e n  as

2 24 f  - r 4 f x ~ 1 R

and f ina l l y

x~ 1 - 2 f [ _ R t  ~~~~ 1]
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hu t  X lIltts4 t have a posit i’s’s’ va lue .  ‘fi ’ier’efoi ’e

2 f [~~~H 2 1 -

where

— I f  — I I )IT h

TOt s  express ion  is r e f e r r ed  t u s  as the  m a g n i f i c a t i o n  fac tor ’  desc r ib ing  the  hei ght of

a shadow ca-i t by a dipole located Il f rom the parabol ic  su r f ace . If the same

a n a ly si s  is used to ca lcu la te  the  shadow cast by the  di pole w i d t h , a comple t e

s t r a i g h t  h i n e  descr ip t ion  of the “blo cked” area of the  s u r f a c e  can be d e t e r m i n e d .

Because of the  r e la t ive  f l a tness  of the  r e f l ec to r  su r f ace  of the  Phase I an tenna ,

the blocked area has been anal yzed w i t h o u t  i n c l u d i n g  t i n -  added con ’ipl ex i t v  of the

parabolic c u r v a t ur e .
The Phase I EHF rad ia t ion  pe r f omn ’i an ce  has been calculated us ing  the l ’i ’i agn i f -

icat ion fac tor  for t w o  condit ions 1 s f  blockage de5ci’ibed in Figure 11. These include

the solid crossed-dipole ( Figu re h a )  and the same di pole w i t h  a solid sleeve added
(F’igur e l i b) .  The resu l t an t  computed radiat ion pa t te rns  are plotted in J-’igure 12.

y y

— 20” —.

I j _x

Fi gure 11. Examp les t ’i f  Blockage
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ANGLE THETA (DEG>

h ” i i ~u s’ t- 1 2. I, a l c u l a t e d  R a d i a t  ioIi P a t t er n s  fo i’ t h e  I’l s :e~e I l i vb  m l  A n t e n n a

III t ‘, s l t ls t is’!! sf s- l - s ’-i-sesl— d lp u sles to  t h t ’  a n t enn a  -svs t s ’sn  s- educ e ’s the  isssm, ’-s s i ~ht 1 . 5 1 5 1

t~v :I pp s’ s x i  Is - s a t e  lv 1. 6 s i l  1 s ’s-c t ’ I h e tlI ’ibloc kesl ca — i ’  - In add i t ion , s ide ’hsb t ’ cot’ i- cv

I t - v t - I - i  at-c t - a i s e d  s u b s t a n t i a l l y at sma l l  a l t g u l a s  d isp l a c e m e n t s  of f  h o s t ’s I i l51 - Vi itO

I s ,  ~ s I i h i t  ss ’sI of t he  solid slee’s’e’, the  d i rec t  tona l  r ad i a l  inn ch a m a c t e l ’ i s t i c s  1’ t ’c o t s s t ’

s ’h ’s ’tous lv unaccep tab le .

When these  computed  resul ts  are (‘001 pared to th e  e x p e r i m e n t a l  I i i ea sul ’eI I t s ’t l t s
non 2 . 2 , a s iso i i i  a t ’ it  V in the  ‘s’at ’iat 1(5115 to the  i~ :i ni Ie ’s-e’ls and radia l  ion pat —

It ’  I -n shape can be (lOse r ’ved. ‘I’ lie’s t’ olsser ’s ’at ions would suggest tha t  I lie ‘‘ caged’’

- l i j l s ’  I t ’ e lement design lot ’s Isus t  I Ot ’ l ’ea s-s t’ t - a cl ia t  ion t mans ni is slon (Sr r ’d ’ssu ’ t ’ the
— s e c t  ionah  b lockage , when s u b s t i t u t e d  fu ’l ’ the sol i d  di pole e lement . More ’

l’&’SeIl I’ch Ui W i s l i ’ r  ‘s’s i re  spacings is probably needed before  t h i s  t echn ique  could i’e ’
I t ’( ’Olll mended.  ?sI ore  e f f ec t  i ’s-c’ r e su l t s  ar-c t ’hta m e d  when t lie s let’ V t ’ is t e s ted .

He l ls  va I f r om t he dipole in t lie hi s l ’e ig ht gain expe r imen t  indicate ’ s no not iceat”le
change in the ga in  level . ‘ h u e  coni puted plot of F igure  12 us i~ig a sol id  di pole and
solid  sleeve , however , d i c t a t e s  a gross e f f ec t  to the  ga in .  It can be assumed t h a t

the  g r id  s-sleeve design I - i  almost  in v i s i b l e  and does reduce the  blockage problem

e f f e c t i v e l y.
24
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1 111’ i ’ I l : 1 , s  11 I. I h l - ’ ’l-: I l l -  h l v b r i d  : \ t I t l - ! I I I h (  u s s l i s l s t s  of ~m 1:111- ch i ~~st ’ c s ’ : I t n  s - i - f l e e ’

t s r  ali t e f l n t t  in - o s s s h s n a t ’t s ’n  w i t h  a ‘ s ’ a s l h i t j v s i  s i  t lse’  ~~l l l  d ipole  sf ~ t ’s ’ t I s ’ n 2.  F ig—

U t’ s ’  13 -, I i s ’ ’ s  hi ( ‘ 5 ,  -s ’, —~~t ’s ’t i n f l a I  ‘s l e w  of t h i s  a n ten n a  c l s s s s t ’n In I d e s ’  I s ’  t -educe t h e

m:s~~s si t u s l t -  of t h e  dIpole islockage t - i f t ’ u l s  e x p e l - s i ’ s n - e s !  in  t i s t - i ’ l s h i — a - I s s s e a s u r e l s s en t s .

The s i s s u b l t ’ s’ s i ’ l i ’u t s , s ’ I t ’ch n i que a l l s s w s  I i i , -  I i l l -  s i s 1 s s t h -  ‘ s s  h~ I’eFI(ssitl(sned beh ind t h e

s u b —  s ’ t ’~~l & ’ s ’’ s ‘ s ’ and t itus  , ‘ U t  of the  s -on ’s’c ’r - d s s s d  f i e ld  at  t h e  E I IF  re fl c U -t s s r  l’s -( I I - ,

elt IslsrIhitI!s c the  m a g n i f i e s !  liado ’st’ - i i i o ’ t , ‘l I s t -  l s l s s s - k h i L ~e c r t ’at t ’d 0 t u e  t i l l - ’ s I i ~ s s ’ l t ’ ’ -‘

p l’e-s e’nes ’ I s equa l  t o  t h e  di polt ’ l ! I s S I i - ! l - U o n s  s t  t i ss ’  s s s t ’ g i - s i i f l  ccs ’ S s t ’I 5 ’ \  -

The’ i l l !  l 5 i ~~t ’!i!iO s s ! l i s t S  s f  a 36 in .  d i a s ’ i s e t e z -  m a i n  s’ c’ f l i ’ s ’ I s ’ r  w i t h  a 4 . 12 ‘ in .

d s s s s s s e t e r  s u b— t ’ e f l e s - t s  r i l l u m i n a t e d  by a conical  feed hot -n prot r ud ing  a x i a l l y

t h ro u g h t h e  m a i n  t - e i l , - c t s , m s u r f a c e,  The m a i n  m t ’ f I s ’ s ’ t u s r  i - s  a pa i ’abtoloid and t h e

aux i l i a  s-v z - e fhe c t o r  is a hvp e l ’b o lo id .  The c es so s - ~ s’ ’- ( I f  I i us  l i t ’  I n —  i ’ e f l e -t  s r  u s  ,lllb ina —
I I s o  needed in s t - s t c s ’  to  s - o l lj m a t  e t h e  i ’adi at  ion , I-e qui  s-c — t i - s a t  t h e  i t ’t-~ t ho t -n  be

p o s i t i o n e d  at t h e  near  focus t~f t h e  Is\ ’ ~st ’s - l s s s l s ) t s I  and t i - sa t  t he  locu s  s f  t h e  p a r h s l ’ i o l s ’ i s I
- ‘ and far  focus of the  hvperbo loid  he s ’ s ’ i n s ’ i s l c nt ~sl .  ( ‘ a s - it’i,~r h i i n  a n t e n n a s  a t-c u s u a l ly

recommended at f i-equencies  whe t’s’ feed w a ve g u i d e  a t t e n u a t  hon is a p p r e c i a b l e  and

where  the  a p e r t u r e  is l a rge  enough I s ’  pr oduc e  a heat ’s sw i s l t h  of 1 degree or less .
Sidelobes are  n o m i n a l ly  — 1 8  dB w i t h  ap ei ’ture  t - f I i c i t ’ s ’ i u i s - - i  ( I f  sO  per cent . T h i s

an tenna  w h i c h  is r ead i ly  ava i lab le  c o m m e r c i a l ly  ( T R G  \ Io d e l  P82 1 — 3 s ; — ( ’) , has  an
o p e r a t i n g  f r equency  t ’if 43 . 5 GlIz  ± 3 pe i-cent , a b s s re s i d ll t  ch ’i sn  of ap l ’ i r c s x in l a t e l v

4 5 1 dH t - e fe r red  11) an isot ropic r ’adiator , a h a l f — p o w e r  b e a mw i d t h  of about 0 . 5 dt ’ —

gree and ti - se ( ‘apabi l i t v  of c i r c u l a r  po lar iz a t O s s i .

The U II I - ’ ‘ i s ,  s t  ion of t h e  Phase II Il ~- t’s t ’id A n t e n n a  has l ’oeti  rede-, is ~ s& ’ ,I t~ l’t ’
con - s pat ible w i t h  the  I-: i i i  - cas segt -a in  an tenna .  As may he s-,ecn in l-’igui -e  I S , t i - se
r u i t ’ c s l e  has been r ’ep os i t it sne d  i s u t s i c l e  t he  , s u b — s ’ e f l e c t s o i ’  appi - sx i n ’ i a t e l v  at the  i~~s c a I

point  of t he  parabolo id .  T u e  fu n d at s i e t i t a l  dipole dj s s i t ’ s - s s s s s s s s  i nc lud ing  I c n i t h , d iam —
eter , and slee ’s-e s i ’e  ha ‘s-c been re ta ined  f rom the  I ‘ i l ls  - i t ’ I c s s n d s t  ions . The suppo  t ’t —
ing rod for the  -assegi ’a in  - s u b — r e f l e c t o r - , nor -mal l s -  n sa c i i in e d  as a ~sin gle s ’i n ’t a l l i c

un i t  w a s  redesi gned and f a b r i c a t e d  of p lex ig las d i e l e c t r ic  - i t s  t h a t  t he  ba lul i  and
feed ( ‘able sect ion of ti - se I_ h I  I- di pole could he n ’ia c i i ine d  into sts  c s s s s - . The u moss  —

sect iona l  d i a m e t e r  (‘if the  U h l l -  feed n e t w o r k  w a s  i-educed by i-ep lacing the  0 . 2 5 i n .
d i a m e t e r  coaxia l  cables of the  Phase I s l t p u l e  (see l-’i gut’e 2) w i t h  0. 141 in, d i a n ’ i —
e ter  s e m i r i g i d  cables and r eca lcu la t ing  the cot ’respondinglv smal le r  cable separ-
torn .  i ls i s  ne ’s~- st ipport was f i t t e d  to the  st rut  sy s t em  isokIei ’ for l i m i t e d  a x i a l
a dj u s t t n e n t . Because of t i - se close p r o x i m i t y  of the  -dee ’s-c to st i-ut s \-steli i  and ti - se
r e su l t an t  i n s t a b i l i ty  of t he  st r u c t u  r-e , a llew -i l ee ’s -c  was  f ab t - i ca t ed  w i t h  0 . 125 in .
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— square rod replacing the wires  and was reposit ioned between the UHF dipole ele-

ments and the EHF sub-ref lector. The sleeve was then fastened to both , to pro-

vide greater  s t r eng th  to the en t i re  sub- r e f l e c to r -UHF dipole combination.

One of the  p i-oblems an t i c ipa ted  at UH F operat ion was the effectiveness of the

main ref lector’  and it d i rect ional  gain charac ter i s t ics  when combined wi th  rela-

tively large dipole . An a l te rna te  reflector scheme was devised and implemented

in the form of a widel y spaced flat grid of wires , installed across the face of the

paraboloid and located approximate ly one quar ter  wavelength from the UHF dipole

at the midband frequency.  The wire-gr id  spacing equals approximatel y 0. 1X at

400 MHz.  Figures 14 to 18 show several photographs of close views of the UHF

dipole including both solid or caged elements and the various reflector combina-

tions. The dimensions of the UHF w i r e  grid are described in Figure 19 , while its

relative location in the paraboloid is indicated by the dashed line of Figure 13.

Figures 20 and 21 show both reflector variat ions of the Phase II antenna.

By using a conical feed horn (TRG Model B876) as the p r imary  EHF radiator,
the symmetr ical  geometries needed for circularly polarized opetat ion are avail-
able . The proper series addition of such waveguide components as an orthornode

t ransducer , c i t c ul a r  polarizer or mode t rans i t ion  wi th  the feed horn allows the

measurement  of r igh t -or - le f t -hand  circular  or dual-linear polarization . The

waveguide components used for Phase II Hybrid Antenna are shown in Figure 22.

4,2 Calctilatt ’d Radiation Patterns

The analytical techniques developed in Section 2 are also applicable to the
Phase 11 Antenna.  Because of relocation, the UHF di pole in the new s t ructure  is
i l luminated  by p lane wave radiation and the magnif icat ion fac tor  of the Phase I

antenna is no longer needed. The blockage parameters  to be used in the power
pattern equat ion are simpl y the cross-sectional dimensions of the dipole. Fig-
ure 23 is a plot of the EHF radiation patterns for s imi la r  conditions as those

plotted for the  Phase I antenna in Figure 12. In this case the EHF reference pat-
te rn , however’, includes the paraboloid wi th  the sub-reflector as indicated by the

- 
_ solid curve.  Table 3 lists the bores ight gain changes due to the two cases of

biockage .

Radiation character is t ics  for the EHF frequency band have been calculated and

are plotted in Figure 24 . These curves for 43. 5 GHz , 42 0Hz , and 45 GH z have
been referenced to the cassegrain antenna at f0 using the solid UI -IF dipole and
sleeve blocka ge. Gain level variations reflect the changes in area il lurnmation

due to frequency.
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Figure 15. UHF Dipole With Solid Elements and U i l l -  Grid Ref l ec to r

—
—
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l al s Ie 3 . l t i f l t s t ’ t s ’s’ of t he  I i l l ”  I ) i p t s l t -’ on t u e  E l h i - ’
l i s s i t ’ si~,’l it  ( ain  of t h e  Phase 11 1 111 - ’ E h h I ”  I l v h i ’ i d
A n t e n n a  (Cal cu la ted )

(‘ssiid it ion Gain ( dn)

_~~i s segI ’a in  A n t e n n a  H El- ’

~~s l i s l Dipoles  A ddet l  -0. 3

S s s l i s l  Sls ’e’s’t ’ Ad dto d —0 . 75

I, ! 1 ~~~ sititi Il5itlia t itni Pal tt ’rn ~ I,’5LsII rt’IlIt’ll I

‘ I ’ i i t ’  i s t ’i’ f o i ’ r s sa t i c t ’ t e s t s  sl t h e  l’h~i s t -  II t ’ i l i ’ / l-~l l l - ’ Hy br id  An tenna  ‘sv e i-e u t id t ’~~—

t a ~ , -ss i s I - t b  f i -c q uenc ’v s ’~in ~~’s f o r  lis t ’  twss 1511.-sic t - s s t i li gu r a t i t sn s  w i t h  and w i th t su t

l i s t ’ I I I F  ‘i s !  s- s-flt ’t’ts st - . ~‘i l 1  E l i  I ’  1 1 1( t t t ’ I ’ t i  1 5 5 e l ( s t I i - t,’i l l ent s  ‘svei ’e ag a i t i  pe i’ftsi ’nied

s 5 \ ’ s ’ l ’  h i t ’ 1/ 2 m i l e  r - o t i L ~c, us ini.~ a ‘ ‘ s s ~i s t  — h a n d  c i r c u l~i r l ~ ’ po t a r i . - t ’s i  43 . 5 (61/ 5i i~t U5l .

( 3 a s s i  I c ’s - c l  m oe a~~s s s ’ ~’s ~s~- s i t  - ‘ S’s i ’ I - t ’ s s s s i t ~ l ’ s -  a l t e r i n g  t h e  E l I  I- ‘s’s s ’ s t -g”sii ’sIe’ t i e t w ’ s s r ’ k  t U  
-

t i i t ’ l l ~’l s t ’ i d ~\ s l t s ’Iit i 1i f o s ’  l U s ( ’ , s  r Ic s , ’~5t l s S S i  111111 t~ s s s s s ~~s : I r i t i g  t h i t ’  I t s ’ , ’ s’s ’cd i t ’v s ’ls ll~1 1 ( i 5 i S t

Ii 5t l IT i s t l ( t 1i s i t s  l os t - n  ( 1  HG ~‘ s I , - J s - I  1 16 - - I l , S s s i s s t ’ l i m i t - a r  p t s l a i ’ t  ‘es! l ’ ( t t t ’ s ’ s I — , ‘ s i t - i - c  ~I s~ s

i n s - l s i s lcs i .  :\ s l o s h  5 l I I i ~~ t ’ s f  1 1 5 5 5 s s ’ s - \ s / . s S I - l \  1. ’ ft was used f s s i ’  s s i c l I s u I ’ e s s s s ’nt of I ’ l l  I ’

pI tt I t ’ i ’tis liSl s i I lit ’ ilet c t i i l  it i l i t  i s  515 5 ’  t i’ , s s s s , I ’ ’ i gil t’e 25 is ‘a -. a s i s s tog  t ’a p it o f I lie t i l l - ’

i,511i11 st : s t i d a i ’ t l  (lid I s — i t l i ! i t t ’ t l I i l i ,  i ’ o t t , - t - s i - ~ s’s t O t ’ s ’ s - t s ’ s s i c s l  t r s i t i t ~ l ir i c : i i ’  s s s l l i s - i . - a t i s s s s

in t h e  I a ’  s l a j o t ’  t s I ’ t ! 5 s s i ~s s t s s l  s l : s s ~,’s . The c q u i p s s i e n t  s l l ’s ’ s ’s’s a i’\- for  m a k i n g  t - s t - c ’ s s l ar

p o l a i i . ’ t ’s t e s t s  at t I l l - ’ a as 1 s t  ~- et :i ’s- s i i l a h l e , but R I I ( ’  I’  ssp c  s ’:i t t o s s  ~‘zin l’s ’ sI - e’l I s s - t t ’si

i ron s  I lie I in s’zi r ps l o t - i ’s - s i  ‘c u l t s .

The i t o t O i l  E h l i ”  r a d i l i t i s s n  ‘l ( t t t ’ I ’ r i s ‘s r e I - t ’ s - , ’ f t ’ i ’ t,’nce p l o t s  of  ti lt - (‘ls- ~-sc4r:u ts

a n t e n n a  -s~ —st t’ sis in i t s  t s p t i n i s : t ’sl ga in  C’ t s n d i t i s s n , ‘sv it i t5sut hlsscLli t~e’ f
sst - O t s t h i  t h e  t ’ l t ’’ s’ l ( —

t iss ti and ay . i i s i u t l i  5)111515’s . ‘l ’lst’st- patts’i’tls , shown in I” i gui -e s  26 and 27 , i t t ’ fai i ’ l~-

s l s ’ s s s s t ’t I - i t - and in t e m ’f e t - e n c e  t i-es ’ t’\s ’ s ’I st for  a l s s w  l t ’v el gi-ound i’ t ’l ’lt ’ct i s ’ t s  at 12 ° its

the s- Ic ’ s - l i t  ion p lane . Wi th  the  addit  ion of t he  1 1 11- ’ d ipole iii f i -o n t  s s f  I lie ui t - a b s s l t ,  is1~
a n ew set of pa t te rns  we r’e t s i k e t s  on an expanded ss -a Ic fss m’ both i- ight  —hand  i i  i’s’uh a

and l inear  pola i’~ / at ions • and a i-c t ’otss pa red ‘ss- it Ii t h e  i-c fe rence pa t te rns  in 1-’i gsi i-s’s

28 t h roug h 31. The gain of the  unblocked t -asc was measured at 46 . 5 dB s ’s-e l- an

isotrop ic r ad ia to r  and is t -educed by 0. 8 lU when the  1 111- di pole is added. ‘l’ht ’
gain f igures a re  detai led in F igure  30 . Add i t i ona l  p a t t e i -n  changes a t’s’ noted w i t h

the  i n c r e a s e  in sidelobe Levels and the sli ght n a r r o w i n g  of the ’ main  heai si . The
sidelobe increase is not severe, and the  resul t ing lt ”s’t ’Is seem s ’s quite  reasonable f s , s T

the pt -esent appl icat ion.  Of pi ’imai-y importance is t h a t  the sus i a l l  (0. 8 dB) gain

reduction eniphas i-/es that incorpoi’at ing the II Ii- di pole impost’s onl y a vet-\’ minor

penalty to the l’ 1l1- ’ communica t ion  l ink.
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_ _ _ _

The i - a d i a t i s s n  p a t t e r n s  w i t h  the reflector s,5t’ id s s s s t a l l e d  sI t -  p 1~ ’t t ’.’ i  s s s  I

ui’e’s T I ;  and 77 ,
i-l i n t -c t he  grid itit roduced such a s’ssis stan tial ksss ss f E l I F  g a i s s  and sl i d  s s st
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band , it  was  s l t ’I e i -ns i n s ’d  t h a t  t he  gi’id sh ssu ls i  be ons i t t e d  t’m’ ots l  f u t - t h e i -  ds-s i gts s tus1~’ .

- 14 F’iiseIa~e Si ,mnml atj stn Measurt ’nmi ’nt s

The Pls ;sse ’ II I l y b m - i s i  A t s t t ’nn l i  s s s s s s i ~sS1es a 1 1 1 1 -  c a p a b i l i t y  in  an l-~l I l -  s s ( s - :s1’ ss l s s i i l a l

i ’ellcctor ’, as a i s s e ~stss s s f  iflc ‘ ea s i ng  h i s ’ t i l E  p e s - f s s i ’ S s l a t I e ’ e  s s V e ’ t  h h a t  ‘s’s i s i ch  s-s s - s t - s  —

en t l v  used in co t i t e s s s p s s i ’ a i ’ v  ai  s s ’ s a f l . W lien a i ’ei le ct ’ssr  z i i i tent i a  s f  t h e s e ’ d i s t s t ’t s s sos s s

is opera te i l  at  n sic l ’ is ’ sVII ’ s - e  ft ’eque-n cie s  ~tt ’sc1 is dire s’ te ” sI  Is si ’ s 10’si t h e  lssss ’ i  s sS ’ s  ‘ s ’ S  t ie ’Zi

h ’sst ’i~ ’s ’t i , - 5 5 5 1 0 1 ’  s ss i not ’ ‘s’ ai iati ss t is in the  p a t t e r n  sh i s i l s i ’ atid i s sst ’ t’s i gl it gaits due I s

i’e f l t ’ t ’t ion s Ii’ ot si I lie ai cc i a  f t ’ s f s s s t ’lad c  w i ll  1st’ ssbst’i’’s-ed. It’s the tssi s’ s’ ,s’s’s s o t ’ V s  —

quencv regi on , I Ist ’se ’  ‘ hanges s’s cc s t i s a l l  and cats  L’s’ l i s le  i ’ated. I low e ’s-ct ’, ‘s’s i l l s  I. - I I I  -

55 ~~ C i - I l l  ion , these ‘us ‘I age t’e f leet  ions at-c ns s s  i-c s ip t i  s f i t - a n t  bee oust ’  s f  t se i’ s’laI E s’ I~
st i sal l reflector- s u e , An c x p e t - i s s s e s s b  was  c s s t i s l s s s ’ t t ’si Is ’ e s t i t t s a t t ’  l i s t ’  - s t ’ s ’ t ’ s i t \  o f

thess ’ e f f e c t s  for  s wors t  case geonset t v ,
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An exper imenta l  method to tes t  the fuselage ef fec ts  at UHF was imp lensented

by cons t ruc t i ng  a 4 ft 4 ft ground screen and m o u n t i n g  it :3 in . f rom the ed ge of

the Hy brid Antenna  and para l l e l  to i t s  ax is .  F’i gures 78 t h r o u g h 83 provide  a ske tch
of the exper imenta l  fuselage s imula t ion  set up and sonic radia t ion  pa t te rn  data  un-

der its in f luence .  It m ay  be seen tha t  the g io u n d  sci-een extends fo rward  of the

antenna  aper tu re  by app rox ima te l y 3 . 5 ft and is p ivoted at a I)oint in l ine w i t h  the
antenna  ape r tu re . Superimposed pa t t e rns  for both the F- and I l -p lane s i ’i en ta t i s sn - s
over ‘s-arious aspect ang les , 

~~~~
.,, have been t-ecorded at th ree  fi’equencies . Exten-

-s-- i ’s-c pa t t e rn  reshap ing takes  p lace as the aspect angle is varied and the UHF bore-
si ght gain does inc rease  and dec i-ease by a few decibels .

The key fea tu re  of t h ese data  is tha t  a l thoug h subs tant ia l  pa t te rn  degradat ion
results f ront  plac ing  a r e f l ec t ing  sheet in the i m m e d i a t e  v ic in i ty  of the antenna ,
the  m i n i m u m  boresig ht gain is s t i l l  in excess of hi dB over Ihe  f requency range
tested , which  is a major ’  improvement  over the present  stat ionary U H F  antenna.
In addition , the ac tua l  a i r c r a f t  should have a smal ler  specular re f lec t ion  compo-

nent because of its convex sur face , and so the present experimental  resul ts  should

be nearl y “ worst  case ’ da ta .

5. CONCLUSIONS

The results of this  experimental  development program indicate that the per-

formance specifications of efficient EHF and UHF communications systems can be

met by installing a UHF dipole in the radiat ing aperture of an EHF paraboloid . The

objective was to increase the UHF gain over the 0 dB of present antenna systems
while preserving the EHF opera t ion al capabili t y. These fundamental experim ental
tests indicate an approximate gain level of 6 dEt can be achieve d ove r the UHF
operating band. The EHF gain is reduced by 0. 8 dB while the corresponding radia-
tion patterns are degraded only sli ghtly. This substant ia l  increase in UHF gain
makes the EHF/UHF opt ion extremely attractive from a link-margin point of view .

Several unanswered questions should be addressed if future work on this prob-
lem seems warranted by operational requirements.  The effects of the a i r c r a f t
environment has been examined by a very basic experiment. Further assessment
should require that the gain and pattern measurements be perfo rmed with the
antenna installed on an a i rcraf t  platform including the radome. It is expected that
the UHF gain might be slightly hi gher for the real application . Al though no circu-
larly polarized measurements were performed at UHF , the orthogonal linearly
polarized patterns of this report indicate that a circularly polarized wave would
su ffe r some pattern deterioration off the boresight axis. Specifically, if one
examines the UHF patterns throughout the frequency band (Figures 32 to s3) , the
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Figure 80. UHF-Radiat ion Patterns With Fuselage Interference (E-Plane ,
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