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Int roduct ion  

Since i t s  development i n  1968 [l], t h e  
resonant   quadr i f i la r   he l ix   has   found  appl ica t ion  
ir! a number of  spacecraft  programs. 

Considerable   information  on  the  hel ix  i s  
ava i l ab le   i nc lud ing   i n t eg ra l   exp res s ions   fo r   t he  
r a d i a t i o n   c h a r a c t e r i s t i c s  r23 and  information  on 
design  techniques 133. A detai led  comparison 
with  other   antennas F4-I i n d i c a t e s   t h a t   t h e   h e l i x  
provides   an optimum antenna f o r  narrow  bandwidth 
app l i ca t ions   r equ i r ing  a broad beamwidth, card io id  
shaped   rad ia t ion   pa t te rn ,   c i rcu lar   po lar iza t ion ,  
acd a compact physical   configurat ion.  

This repor t   p rovides  new i n f o m a t i o n  on  
t ech iqdes   fo r   i nc reas ing   t he   bandwid th   and  
shapicg  the beam of the   he l ix ;   and   descr ibes  
severa l   appl ica t ions .   Fur ther   s tudy  is  descr ibed 
t h a t   i n d i c a t e s   t h a t   t h e   r a d i a t i o n   c h a r a c t e r i s t i c s  
are i n s e n s i t i v e   t o , t h e   p r e s e n c e  of metal s t r u c t u r e  
Icehind the  antenna,   an  important   considerat ion  in  
spacecraf t   appl ica t ions .  

Performance 

The h e l i x   c o n s i s t s  of fou r   i den t i ca l   r e son-  
ant   e lements .  Each e lenent  is m d e  up of  two 
rad ia l s   and  a h e l i c a l   s e c t i o n   ( F i g u r e  1). Op- 
posi te   e lements  are fed   i n   an t iphase   t o   p roduce  
two i n d e p e n d e n t   b i f i l a r   h e l i c i e s .  Each of t h e s e  
b i f i l a r   h e l i c i e s   r a d i a t e s  a t o r r o i d  shaped, 
c i r cu la r ly   po la r i zed   r ad ia t io r !   pa t t e rn   w i th   t he  
n u l l   p e r p e n d i c u l a r   t o   t h e   h e l i x  axis. Feeding  the 
two b i f i l a r   he l i c i e s   i n   phase   quadra tu re   p roduces  
a ca rd io id   shaped   nd ia t ion   pa t t e rn   w i th   t he   nu l l  
a long   t he  
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h e l i c a l  axis (Figuie   2 ) .  

h e l i x  i s  descr ibed  by  the  parameters :  

l eng th   a long  one  element  ( integer 
number of h a l f  - mvelengths  ) . 
turns  along  one  element 

ax ia l   l ength   be tween  the   rad ia l s .  

Input  Impedance  and  Bandwidth 

Resonant  input  impedances in   t he   r ange  10 t o  
20 ohms are real ized  using  e lement   lengths  of  one- 
half wavelength.   Increasing  the  e lement   length  to  
one waveleng-Lh produces  nearly a 50 ohm input  
impedance a t  resonance. 

Bandwidths of several p e r c e n t   a r e   t y p i c a l  
f o r   h e l i c i e s   w i t h   t h i n  wire elements  one  half  
- f ivelength  lorg.  Attempts t o   i n c r e a s e   t h e  band- 
wid th   i n   t he   u sua l  way by  using  wide s t r i p  ele- 
ments general ly   res .ul ted  in   degraded  radiat ion 
pa t t e rn   pe r fomnce .   Expe r imen ta l   da t a  is pre-  
s en ted   i nd ica t ing  that i n c r e a s i n g   t h e   r a d i z l  
dimension  of  the  elements, i .e . ,  producing a 
lawnmover-reel  shaped  helix,  allows  bandwidths or" 
10-15 percent .  

Radia t ion   Pa t te rns  

The r a d i a t i o n   p a t t e r n   c h a r a c t e r i s t i c s  are a 

Beanrvridths from 90' t o  240' with good F/B and 
compliczted func t ion  of t h e  he l ica l   parameters .  

c i r c u l a r   p o l a r i z a t i o n   c a n   b e   r e a l i z e d .  The 
c h a r a c t e r i s t i c s  of the  resofiant  helix  with  one 
half wavelength  long  elements  and  turn are 
descr ibed as a I'v-nction of axial  l e f ig th   i n  
Figure 3. 

lrlany spacec ra f t   app l i ca t ions   r equ i r e  a 
shaped beam that concentrates   energy  into a 
sector.   Experimental  dzta i s  presented on nulti- 
tu rn   r e sonan t   he l i c i e s   t ha t   t end   t o   accompl i sh  
t h i s  e.g. ,   the  energy is concent ra ted   in to  a 110' 
cone  by t h e  7 t u r n   h e l i x   w i t h  5 ), long  elements 
and La = 3 h (Figure  4) .  

Applicat ions 

Seve ra l   l abo ra to r i e s   have   app l i ed   t he  
resonant  helix i n  a Tmriety of spacecraf t   pro-  
grams.  Developments a t  the  Applied  Physics 
Labora to ry   a r e   desc r ibed   i n   g rea t e r   de t a i l  i c  t h e  
oaper. 

N a v i g a t i o n   S a t e l l i t e s  

Navigation satell i te sys tems  u t i l i z ing  
simple l inear   ground  entennas  general ly   require  
e x c e l l e n t   c i r c u l a r   p o l a r i z a t i o n   i n   t h e   s a t e l l i t e  
antenna f o r  optimum p e r f o m n c e .  The resopant  
h e l i x  was o r i g i n a l l y   d e v e l o p e d   f o r   t h i s   a p p l i c a -  
t ion  and  several   have  been  successf-al ly   orbi ted.  

A dusl  freqaency  162/324 14Ez h e l i x  was 
developed  with  element  lengths of X/2 a t  162 MHz 
and 1 a t  324 MHz. The antecna ~&?s exci ted   wi th  
crossed  folded  baluns  adjusted f o r  the   nedian  
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between  the  f requencies .  The beamwidth was 
optimized a t  324 MHz; the l i n k  margin  allowed  the 
narrower  than optimum beamwidth at  162 MHz. 

A dual  frequency  antenna was rea l i zed   by  
c o a x i a l l y  mounting a 400 M H z  helix i n s i d e  a 
150 MBz helix. The two antennas  operate   essent i -  
a l ly   independent ly ,   p rovid ing  a 120"  beamwidth a t  
both  frequencies.   Both  antennas were lef t  hand 
c i r c u l a r l y   p o l a r i z e d .  A 28" long, 6" diameter, 
r i g id   ve r s ion  of t h i s   an t enna  was flo-m. A C O W  

pressable   vers ion  has   been  developed  that   folds  
i n t o  a c y l i n d e r  8" i n   d i a m e t e r   b y  6" h i g h   i n   t h e  
launch  configuration. 

Satell i te Telemetry  and  Tracking 

The resonant   hel ix   provides  a technique   for  
r e a l i z i n g  an omnidirect ional  S-band telemetry 
antenna on a complex satellite c o n f i g u n t i o n .  A 
T(Hc hel ix   and  2 LEX he l ix   w i th   180"   beau rdd th   a r e  
or ien ted   in   oppos i te   d i rec t ions   and  mounted  on 
opposi te  extremes of t h e  satellite body (Figure 
5) .  The i n d i v i d u a l   r a d i a t i o n   p a t t e r n s   a r e   p r e -  
s e r r ed   by  the i n s e n s i t i v i t y   t o  metal s t r u c t u r e  
behind   the  helix. The two  antennas are connected 
i n   p a r a l l e l ;   a l l o w i n g  a ground  s ta t ion  with  polar-  
i z a t i o n   d i v e r s i t y   t o   r e c e i v e   e n   t s o t r o p i c   s i g n a l .  
The c ross   po la r i za t ion  components of t h e   r a d i a t i o n  
p a t t e r n s   c a u s e   r i p p l e s   i n   t h e   i d e a l   p a t t e r n ;  a t  
the present  state of  development  these  r ipples 
are 5-7 db deep. 

A deployable   quadrif i lar   hel ix   has   been 
developed a t  the RCA A s t r o  E lec t ronics   Div is ion  
f o r   u s e  as a '130  MHz telemetry  antenna [53. The 
central '   balun was e l imina ted   by   car ry ing   in tegra l  
c o a x i a l   l i n e s   t o   t h e   f e e d   p o i r ? t   u t i l i z i n g   t h e  
i n s i d e  of  the  antenna  elements.  The e r e c t i n g  
f o r c e  is provided  by  the  beryll ium  copper  antenna 
elements  with  deploynent rate and  t ime  controlled 
be  a viscous  damper. The antenna is 16 inches   i n  
diameter  by  24  inches  long  deployed;  the com- 
pressed   length  is 2.4  inches. 

An S-band SGLS helix  developed a t  RCA i s  
desc r ibed   i n  a separate   paper  at  th i s   conference .  

In t e rp l ane ta ry   Spacec ra f t  

A deployable  400 MIIZ resonant   he l ix   has  
been  geveloped a t  Philco  Ford  under JPLt d i r e c t i o n  
fo r  use on the   P ro jec t   V ik icg  Mars O r b i t e r  1". 
The antenna  design i s  e x t r a o r d i n a q  rugged t o  
withstand a s e v e r e   v i b r a t i o n   a n d   t h e m 1   e n v i r o n -  
ment. 

Shipboard  Antemas 

A s e r i e s  of  r e sonan t   he l i c i e s   fo r  bouy  and 
shipboard  application  have  been  developed  by Chu 
Associates  r6]. The ground  plane  insensi t ivi ty  
of t he   he l ix   a l lows  it t o   b e   o p e r e t e d   c l o s e   t o  
the surface  without   the si&nal drcpO;lts o r d i n a r i l y  
caused  by  sur:ace  motion. 
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SPLIT SHEATH  BALUN 
WITH \/4 TRANSFORMER 

FIGURE I 

QUADRIFILAR  HELIX  ANTENNA 
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SHAPED  RESONANT  HELIX 
FIGURE 4 
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R E S O N A N T   H E L I X   P E R F O R M A N C E  
Leie= 112 N = 1 / 2  

F IGURE 3 

FIGURE 5 
OMNIDIRECTIONAL 5 - E G N O  ANTENNA 
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