
THE PRINCIPAL FEATURES OF LONG YAGI ANTENNAS 

' AND' METHODS OF OBTAINING MAXIMUM GAIN '

I A  t y

Cevdet k a l e l l o g l u

A T H esls  Subm itted, t o  t h e  F a c u l ty  o f  th e

v DEPARTMENT OF ELECTRICAL ENGINEERING

In  P a r t i a l  F u l f i l l m e n t  o f  t h e  R e q u ire m e n ts  
, F o r  t h e  D e g f e e ; o f  .

. f ; "; MASTER OF-SCIENCE " : '

I n  t h e  G ra d u a te  C o l le g e

THE UNIVERSITY OF ARIZONA y

1 9  6 1



STATEMENT BY AUTHOR

T h is  t h e s i s  h a s  been  s u b m i t te d  in  p a r t i a l  f u l f i l l m e n t  
o f  r e q u i r e m e n ts  f o r  an advanced  d e g re e  a t  th e  U n i v e r s i t y  o f  
A r iz o n a  and i s  d e p o s i t e d  in  th e  U n i v e r s i t y  L ib r a r y  to  be 
made a v a i l a b l e  t o  b o r ro w e rs  u n d e r  r u l e s  o f  th e  L i b r a r y .

B r i e f  q u o t a t i o n s  from  t h i s  t h e s i s  a r e  a l lo w a b le  w i th o u t  
s p e c i a l  p e r m i s s io n ,  p ro v id e d  t h a t  a c c u r a t e  acknow ledgm ent o f  
s o u rc e  i s  made. R e q u e s ts  f o r  p e r m is s io n  f o r  e x te n d e d  q u o t a ­
t i o n  from  o r  r e p r o d u c t i o n  o f  t h i s  m a n u s c r ip t  in  whole o r  i n  
p a r t  may be g r a n t e d  by th e  head  o f  t h e  m ajo r  d e p a r tm e n t  o r  
th e  Dean o f  th e  G ra d u a te  C o l le g e  when in  t h e i r  judgm ent t h e  
p ro p o sed  u se  o f  t h e  m a t e r i a l  i s  i n  th e  i n t e r e s t s  o f  s c h o l a r ­
s h i p .  In  a l l  o t h e r  i n s t a n c e s ,  how ever, p e r m i s s io n  must be 
o b ta in e d  from  th e  a u t h o r .

SIGNED:

APPROVAL BY THESIS DIRECTOR

T h is  t h e s i s  h a s  been  ap p ro v ed  on th e  d a t e  shown below :

l ^  KK£,, • /\y^ r 9 /// /oi I
--------------------ROBERT A. 6S32M2R,     Date
P r o f e s s o r  o f  E l e c t r i c a l  E n g in e e r in g



a b s t r a c t /

The o b j e c t  o f  t h i s  t h e s i s  i s  t o  d e v e lo p  a  method o f  

\  o b t a i n i n g  maximum g a in  and im p ro v in g  th e  s i d e l o b e  r a t i o  o f  ;

: ': / , ';-;a TO W a v e le n g tM  ■ ' ^  v; y; / V ^

; The c o n v e n t io n a l  a n a l y s i s  w h ich  c o n s i d e r s  t h e  Y agi C . •

• ' a s  a  r e s o n a n t  a n te n n a  i s  o n ly  a d e q u a te  f o r  t h e  p r a c t i c a l

d e s ig n  o f  a  s h o r t  Y agi a n te n n a  c o n s i s t i n g - o f .  t h r e e  o r  f o u r  

d i r e c t o r  e lem en ts , .  I h : ; t h l s  a n a l y s i s ,  t h e  optimum p e r  fo rm -  

■̂■:t \ ; t - - ^ ;;.:a n c e /p f ;  a  Yagi a n te n n a  dep en ds  upon' th e ,: ;a r ray  l e n g t h ,  %

h e i g h t  j diam Oter: and s p a c i n g 'o f  d i r e c t o r s  and r e f  l e c t o r s  v , '

; - : I n  t h e  c a se  o f  a  long. Y agi a n te n n a ,  w here t h e  number '

" o f  e le m e n ts ,  may be v e ry  l a r g e ,  t h e  a n a l y s i s  o f  t h e  a n te n n a  ' ‘ v;: 

a c c o rd in g  t o  t h e  c o n v e n t io n a l  method becomes v e ry  c o m p l ic a te d ,  ...

. ' i f  n o t  i m p o s s i b l e . '

' ’’ Long; Y agi a n te n n a s  c a n  be a n a ly z e d  by i n t r o d u c i n g  th e  }

; ■; n o t io n  o f  a . s u r f a c e  wave t r a v e  l i n g  a  long  t h e  a r r a y  „ ; Assuming

; ' ; t h a t  a  t r a v e l i n g  wave i s  launched , a lo n g  t h e  a r r a y  . l e n g t h ,  i t  -

; i s  t h e n  p o s s i b l e  t o  d e m o n s t r a te  e x p e r i m e n t a l l y  t h e  r e l a t i o n -  

. ■ s h i p  be tw een  th e  d i f f e r e n t '  p a r a m e te r s  o f  t h e  a n te n n a  „ W ith

* , . t h i s  id e a , ,  t h e  g a in  o f  t h e  a n te n n a  t h e n  d ep en d s  o n ly  on t h e  :

.' _ p h a se  v e l o c i t y  o f  t h e  s u r f a c e  wave (w hich  i n  t u r n  i s  a ; Tune -

t i o n  o f  t h e  h e i g h t ,  d i a m e t e r  and s p a c in g  o f  t h e  d i r e c t o r s )  

and th e  c h o ic e  o f  t h e  r e f l e c t o r s ; T h e r e f o r e , maximum g a in



f o r  a  g iv e n  a rra y ,  l e n g t h ,  f o r  any s p a c in g  l e s s  t h a n  0 .5  

w a v e le n g th ,  can  be o b ta in e d  by s u i t a b l e  v a r i a t i o n  o f  th e  

param e:fers  t o  y i e  Id  t h e  ; d e s i r e d  p h a se  v e l o c i t y  ; ' •
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CHAPTER 1

v':■ ■;; : : \ :v ' ; .■:TNTRODUCTTOISr' ' :;V:r  ' '' . VyViv' .̂v'

V :; ' vYagl a n te n n a s  a r e  commonly u se d  f o r  d i r e c t i o n a l '  - f

r e c e p t i o n  ■ o f  l i n e a r l y  p o l a r i z e d  e l e c t r o m a g n e t i c  waves a t  VHE 

and TJHFe They a r e  th e  c h e a p e s t  and s i m p l e s t  o f  t h e  d i r e c - 1 

t i o n a l  an tehn as ;  and th e y  can be u se d  s u c c e s s f u l l y  i n  b o th  

vh'igfc'^lid^^W:: f r e q u e n c ie s :  a s  w e l l .  The c o n v e n t io h a l  a n a l y s i s ,  

^ h i c h  c o h s i d e r s  t h e  Yagi s t r i c t l y ,  a s  a r e s o n a n t  a n te n n a  i s  

on ly  a d e q u a te  f o r  t h e  p r a c t i c a l  d e s i g h  o f  v e ry  s h o r t  Yagi 

a n t e n n a s . Long Y agi a n te n n a s  a r e  a lm o s t  im p o s s ib le  t o  a n a ­

ly z e  by t h i s  method H o w ever , ' lo ng  Yagi a n t e n n a s . can be 

a n a ly z e d  i n . a  much s im p le r  way by .c o n s id e r in g  them  a s  t r a v e l s  

in g  wave' a n t e n n a s '■

The a p p l i c a t i d n  o f  t r a v e l i n g  wave i d e a s  t o  Yagi , 

a n te n n a s  I s  a  r e l a t i v e l y  hew c o n c e p t , The a n a l y s i s  o f  Y agi 

a s . a  t r a v e l i n g  wave a n te n n a  was f i r s t  s u g g e s te d  and t h e  

p h y s i c a l  a c t  i 'o n s .o f  d i f f e r e n t  e le m e n t s  'Of t h e  Y agi a n t e n n a f  

e x p la in e d  by S m ith ,  A cco rd in g  t o  h i s  e x p l a n a t i o n  arid 

s u g g e s t io n , -  t h e  p h y s i c a l  a c t i o n  o f  t h e  d i r e c t o r  e le m e n ts  i n

•̂Ro A, S m ith ,  A e r i a l  f o r  M etre  and D e c im e tre  Wave - 
l e n g th y  Cambridge U n i v e r s i t y  P r e s s C a m b r i d g e ,  E n g la n d >
PP. 1 5 0 -1 5 1 J 1950.



. t h e  Yagi i s  t o  re d u c e  th e  p h a se  v e l o c i t y  ,o f  t h e  t r a v e l i n g  wavhv 

w hich  i s  la u n c h e d  a lo n g  th e  l e n g t h  o f  th e  a n te t in a  by th e  . 

'd r iv e n  e l e m e n t s , /y:'— ’’/. .y ' ' ' ;  ŷ

, 'V;:^ lo n g  Y agi a n te n n a s  a t t r a c t e d  th e  a t t e n t i o n  o f  th e

•microwave e n g in e e r s  a f t e r  t h e  a p p l i c a t i o n  o f  t h e  t r a v e l i n g  

■ wave p r i n c i p l e  t o  th e , ante .nna .pr'ob 1 eras . E x te n s  iv e  e x p e r  im en? 

t a l& i r iv e s t l g a t i o n &  haVe h e i n  made' by E h re n sp e c k  and P o e h l e r , 2 

K earnsS  and R eynolds,, on ?th e  p r o p e r t i e s  o f  t h e  u n i fo rm  lo n g  ; 

Yagi a s  a  t r a v e l i n g  wave a n te n n a .  Simmon and B ig g i^  and . 

S engu p ta^> 7  have done b o th  a n a l y t i c a l  and e x p e r im e n ta l  work 

on t h e  method o f  t a p e r i n g  o f  t h e  l e n g t h  and s p a c in g  o f  th e  

d i r e c t o r  e l e m e n t s . ■ ;y • ' ‘ ' 1

; . 2H:s W. E hrenS peck  a n d  H ;P d e h l e r , "A New Method, f  o r  
O b ta in in g  Maximum G ain  from  Y ag i , .A n ten n a ,"  IRE T r a n s . on 
A n tennasgand  P r o p a g a t io n ,  v o l . AP-7, p p . 3 79 -3 8 5 ; O c to b e r "

■ J .  K earhs and . H. .¥=, E h re n s p e c k ,  "Two D im en s io n a l  
Endf i r e  A rray  , w i %  Gain and S id e lo b e  R e d u c t io n ,  "
.1957 IRE Wescon C onv en tio n  R e c o rd , p t . 1 , p p .  2 1 7 -2 3 0 .

■ .K. R e y n o ld s ,  , "Broadband T r a v e l in g  Wave A n te n n a ,".
1957 IRE N a t io n a l  C on v en tio n  Re c o rd  " p t . 1 , p p .  9 9 -1 0 7 . \

'•'<J. C. Simmon and V. B i g g i , " U n  Nouveau' Type D 'A e r ie n  
e t  son  " A p p l ic a t io n  a  l a  T ra n s m is s io n  de T e l e v i s i o n  a  Grand 
D i s t a n c e ,"  I , ' Ohde E l e c t r i q u e "  v o l .  34 , pp . 8 8 3 - 8 9 6 ; November,
1954..., , ,  " ,, . V • ■ /: ,;' .. ' i  , ; E ■ . •

°D. L. S e n g u p ta ,  "On D nifo rm  and D in e a r ly  T apered  
Long Yagi A n te n n a s , 111 IRE • T r a n s . . on A ntennas  and . P r o p a g a t io n :, , 
v o l . A P -8 "  p p .  I l - l 6 |  , J a n u a r y ,  1 9 8 0 . ^

' D, L. S e n g u p ta ,  "O n .th e  V e l o c i ty  o f  Wave P r o p a g a t io n  
a lo n g  an  , i n f in i t e . :  Yagi: S t r u c t u r e , " IRE T rans  . on A ntennas and 
P r o p a g a t io n , .  V o l.  AR-7, PP. 2 3 4 -2 ;3 9 "  J u l y ,  1959. v



' ' T h is  t h e s i s '  i n v o l v e s ' a lo ng  Y agi a n te n n a  10 wave^^^ . '

fv: l e n g t h s  long  a t  a f r e q u e n c y  o f  10 Kmc. I n  t h i s  t h e s i s  t h r e e '

; ■ t y p e s  o f  lo n g  Yagi a r r a y s  a r e  u s e d « The f i r s t  ty p e  ■ o f  a r r a y

, v;.: i s  a  one d im e n s io n a l  u n i fo rm  lo n g  Y a g i ,  t h e  second  one i s  a

. two d im e n s io n a l  u n i fo rm  long  Y agi w i th  two p a r a s i t i c  s id e

:' a r r a y s ,  and th e  l a s t  one i s  t h e  t a p e r e d  form  Of th e  Second :

- : - t y p e . The w orks o f  d i f f e r e n t  a u t h o r s  a r e  com bined , th u s  t h e  (

. e x p e r im e n ts  r e p o r t e d  h e re  a r e  new. The work o f  S eng up ta  :

' : : ;l n v o l v e s  'h  one dime^ u n i fo rm  and t a p e r e d  lo n g  Yagi ' ::

1  ̂ a n te n n a  o f  6 .0  w a v e le n g th s  a t '  3 . 0  Kmc. . E h re n sp e c k  and

: 1 P o e h le r^  made i n v e s t i g a t i o n s  on t h e  p r o p e r t i e s  Of t h e  u n i -

' • form  long  Y agi a s  a  t r a v e l i n g  wave a n t e n n a . They a l s o  found

■ . t h e  r e l a t i o n s h i p  b e tw een  th e  v a r i o u s  p a r a m e te r s  o f  a  long  Y agi

> a n te n n a  . fo r ,  optimum g a in  i n  a  .fo rw ard  d i r e c t i o n .  T h i s  work 

' g i v e s  v e ry  p r a c t l e a l  i n f o r m a t i o n  f o r  optimum d e s i g n  o f  a  lo n g

Y agi a n te n n a .  KearnS and Ehrenspeck^-O made e x p e r im e n ta l  a 

' ■ w orks on one  and two' d im e n s io n a l  u n i fo rm  lo n g  Y agi a n te n n a s  A

• : A ; o f  6 .0  w a v e le n g th s  a t  l o  Kmc. U sing  . t h e  n e a r  f i e l d  r a d i a t i o n

: A ; p a t t e r n  o f  Y a g i fg th e y  fo u n d  o u t  t h a t  i t  was p o s s i b l e ,  t o  i n -

c r e a s e  t h e  g a in  and im prove th e  s i d e lo b e  r a t i o  o f  a  one d i -

• ■ m e n s io n a l  long  Y agi s im u l t a n e o u s ly  by a i d i n g  p a r a s i t i c  s i d e

.  ̂"aav , 'S e n g u p ta ,  o p .  c i t i 9 6 0 . : '  ̂ 'Xr'.-;'y X'- ;A'-

' ^ E h re n sp e c k  and P o e h l e r , o p . c i t . . h ... \ a; . A"‘

' ,.A,; l^ K e a rn s  and E h re n sp e c k ,  o p . c i t . : ■ : .A a,.,^A..;; : a



a r r a y s  on e i t h e r  - s i d e  .of - t h e  c e n t e r  a r r a y .  I n  t h i s  t h e s i s V  

th e  w orks of^ S en g u p tay : Ehrens:peck,! fP o e h le r-  and K earns a r e  ' 

combined and- a s  a  new; f e a t u r e ,  t a p e r i n g  i s  done i n  two : d l -  

m e n s io n a l  a r r a y T h e  a u th o r s  ment io n ed  above d id  n o t  - • : 

p e r fp rm  arty e x p e r im e n t  w i th  th e  t a p e r e d  tw o . d i m e n s i o n a l ’ ;•, , 

lo n g  Y agi a n te n n a  w hich  i s  t h e  t h i r d  ty p e  o f  a r r a y  c o n s id e r e d

-'■f;':v ■ The d e t a i l s '  o f  th e  method o f  a n a l y s i s  o f  the. a n te n n a  

a r e  p r e s e n t e d  i n  C h a p te r  2 and C h a p te r  3 .  : : i



. ■ CHAPTER.2 ' . .

' ; ■ ' DEFINITIONs .DESIGNs CONSTRUCTION AND,EXPERIMENTAL ■ -

ARRANGEMENT OF LONG YAGI ANTENNA V :: v'

' ; ■ . 2 . 1  Def i n i t i o n  and G e n e ra l  D e s c r i p t i o n  ' —’ ; V

A Yagl a n te n n a  c o n s i s t ' s  o f  a number o f  l i n e a r  e le m e n ts  

.; p a r a l l e l  t o  e ac h  o t h e r  a lo n g  a  s t r a i g h t  l i n e . F i g . 2 . l a ,  b •

; r e p r e s e n t  two ty p e s  o f  Y agi a n t e n n a .  The f i r s t  one i s  c a l l e d .  ' •;

a  c o n v e n t io n a l  Y a g i i  t h e  o t h e r  one; c o n s i s t s  of. a  row .o f  mono- : •

p o l e s  imaged i n  a  g round  p la n e . . The l a t t e r  i s  t h e  ty p e  :

. u n d e r  i n v e s t i g a t i o n  i n  t h i s  t h e s i s . Only one o f  t h e  mono - : v

p o l e s  i s  e x c i t e d . T h is  e le m e n t  i s  c a l l e d  f e e d e r ;  a l l  o t h e r s  

• , a r e  p a r a s i f l e v  The e le m e n ts  i n  t h e  d i r e c t i o n  o f  i n c r e a s e d  , ..

g a in  a r e  c a l l e d  d i r e c t o r s  and t h e  . ones i n  t h e  oppos i t e . 

d i r e c t i o n  a r e  c a l l e d  r e f  l e c t o r s , As m en tio n ed  i n  th e  i n t r o  

, : '  , d u c t io n >  one can o b t a i n  an  i n c r e a s e  o f  g a in  in  t h e  e n d f  i r e

d i r e c t i p t t  o f  t h e  a r r a y  by c h o o s in g  th e  c o r r e c t  c o m b in a t io n  ; - ;.

o f  th e  d im e n s io n s  o f  t h e  d i f f e r e n t  p a r a m e te r s  o f  t h e  Y a g i  i . 

'a n te n n a Z  y:: ' /  I v

Y agi a n t e n n a s  a r e  e s s e n t i a l l y  u n i d i r e c t i o n a l  and can  

, ; h e  a s su m e d :a s  some k in d  o f  e n d f i r e .  a n te n n a s  w i t h  i n c r e a s e d  , : .

; g a i n .  T hese  a n te n n a s  .a r e . very: e a s y : ;t o  c o n s t r u c t  b o th  m e c h a n i-  ■ y  v

.' . y. : '..-ca:ily^ and e l e c t r i c a l l y  and th e y  c a n  be Used p r a c t i c a l l y , i n  ■ '
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2 .2  D i s c u s s io n  o f  D es ig n  o f  10 W aveleng th  Y agi and th e  

Symbols Used In  D esign

I n  d e s ig n in g  a Yagi a n te n n a  th e  p ro b lem  i s  t o  f i n d  

th e  c o r r e c t  c o m b in a t io n s  o f  th e  d im e n s io n s  o f  t h e  p a r a m e t e r s . 

F o r  t h i s  p u r p o s e ,  i t  i s  n e c e s s a r y  t o  d i s c o v e r  how th e s e  

p a ra m e te r s  a r e  r e l a t e d  t o  eac h  o t h e r  u n d e r  t h e  c o n d i t i o n s  o f  

optimum g a i n .  Up t o  now, a r i g o r o u s  t h e o r e t i c a l  s o l u t i o n  

t o  t h e  Y agi a n te n n a  p ro b lem  h a s  n o t  been  d i s c o v e r e d .  C onse­

q u e n t l y ,  t h e  s o l u t i o n  g iv e n  t o  th e  Yagi a n te n n a  p rob lem  in  

t h i s  s e c t i o n  w i l l  be p a r t l y  t h e o r e t i c a l  and p a r t l y  e x p e r i ­

m e n ta l  .

f o r  Y agi a n te n n a s  w i th  optimum g a i n .  F i r s t ,  t h e  i n v e s t i g a ­

t i o n  i s  r e s t r i c t e d  t o  a  c o n s i d e r a t i o n  o f  Y ag is  w i th  t h r e e  

r e f l e c t o r s  and d i r e c t o r s  o f  e q u a l  h e i g h t ,  s p a c in g  and 

d i a m e t e r .  The d e s ig n  c r i t e r i a ,  h e re  a r e  b a se d  on a c h ie v in g  

maximum fo rw a rd  g a i n .

t e n n a  o f  g iv e n  l e n g t h  L o c c u r s  a t  a  d e f i n i t e  v a lu e  o f  th e  

p h ase  v e l o c i t y  o f  t h e  t r a v e l i n g  wave w hich  i s  lau n c h ed  a lo n g  

th e  a x i s  o f  th e  a n te n n a .  I t  h a s  lo n g  been  r e c o g n iz e d  t h a t  

th e  maximum d i r e c t i v i t y  i s  o b t a in e d  from  t h i s  k in d  o f  a n ­

t e n n a  when

The g o a l  h e r e ,  i s  t o  f i n d  a  g e n e r a l  d e s ig n  method

I t  can  be shown t h a t  t h e  maximum g a in  o f  a  Yagi a n -

o r  v 
c L /A  +  0 .5

L/X (2 .1 )
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where

yd i s  th e  p r o p a g a t io n  c o n s t a n t  in  t h e  a n te n n a ,

k i s  th e  p r o p a g a t io n  c o n s t a n t  in  th e  f r e e  sp ace

f o r  l o s s l e s s  c a s e ,

L i s  t h e  l e n g t h  o f  th e  a n te n n a ,  

v i s  t h e  p h ase  v e l o c i t y  in  th e  a n te n n a ,

c i s  t h e  p h ase  v e l o c i t y  i n  f r e e  s p a c e .

( 2 .1 )  i s  th e  w e ll-k n o w n  Hansen-W oodyard c o n d i t i o n  w hich  p r e ­

d i c t s  t h a t  th e  p h a se  v e l o c i t y  s h o u ld  be l e s s  t h a n  f r e e - s p a c e  

v e l o c i t y  in  o r d e r  t o  s a t i s f y  th e  c o n d i t i o n .  T h e r e f o r e ,  i t  

i s  p r e d i c t e d  t h a t  t h i s  a n te n n a  w orks a s  a slow  wave s t r u c ­

t u r e  t o  g e t  th e  maximum g a in  i n  t h e  d e s i r e d  d i r e c t i o n . F ig .

2 .2  shows th e  r e q u i r e d  v a lu e s  o f  t h e  n o rm a l iz e d  p h a se  v e l o ­

c i t y  ( v / c )  in  th e  a n te n n a  a s  a f u n c t i o n  o f  t h e  a n te n n a  l e n g t h  

in  w a v e le n g th .  Once th e  n e c e s s a r y  p h ase  v e l o c i t y  i s  chosen  

f o r  a  g iv e n  a n te n n a  l e n g t h ,  t h e  r a d i a t i o n  p a t t e r n  o f  t h e  a n ­

t e n n a  may be a n a ly z e d  by u s in g  th e  f o l lo w in g  e x p r e s s i o n 11

where

S (0 )  i s  t h e  sp a ce  f a c t o r  f o r  Yagi a n te n n a

(2 . 2 )

9 i s  t h e  a n g le  m easu red  from th e  a x i s  o f  th e

a n te n n a

11S e n g u p ta ,  o £ . c i t y , i 9 6 0 .
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T h is  e q u a t io n  i s  an a p p ro x im a te  o n e . I t  g i v e s  s u f f i c i e n t  

a c c u ra c y  f o r  p r a c t i c a l  p u rp o s e s  t o  e x p l a i n  t h e  c h a r a c t e r ­

i s t i c s  o f  th e  m a in lo b e  and th e  s i d e l o b e .

The sym bols u se d  f o r  a n te n n a  p a ra m e te r s  th ro u g h o u t  

t h i s  t h e s i s ,  a r e  shown in  F i g . 2 . 3 .  In  t h a t  f i g u r e , 

h f  i s  th e  h e ig h t  o f  t h e  f e e d e r

2R i s  t h e  d ia m e te r  o f  th e  c o p p e r  ro d s

h r  i s  th e  h e i g h t  o f t h e  r e f l e c t o r s

h^ i s  th e  h e ig h t  o f  t h e  d i r e c t o r s

Syj, i s  t h e  d i s t a n c e  be tw een  th e  f e e d e r  and th e

r e f l e c t o r

i s  th e  d i s t a n c e  be tw een  th e  f e e d e r  and th e  

d i r e c t o r

S f i  i s  t h e  d i s t a n c e  be tw een  two a d j a c e n t  d i r e c t o r s  

The f o l lo w in g  d i s c u s s i o n  w i l l  p r e s e n t  a c l e a r  p i c ­

t u r e  o f  t h e  d e s ig n  id e a s  and th e  i n t e r r e l a t i o n s h i p s  be tw een  

th e  d i f f e r e n t  p a r a m e t e r s . F o r i n f i n i t e l y  lo ng  Y agi a n t e n n a s ,  

i t  can be s h o w n ^  t h a t  t h e  p h ase  v e l o c i t y  on th e  a n te n n a  

s a t i s f i e s  t h e  f o l lo w in g  e x p r e s s io n  i n  a d d i t i o n  t o  t h e  H ansen- 

Woodyard c o n d i t i o n :

c ~  1*TT !dX (2-3)
where

z i s  any l e n g t h  a lo n g  th e  a x i s  o f  th e  a n te n n a

12S e n g u p ta ,  o£ . c i t . ,  1959.
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X i s  th e  r e a c t a n c e  p r e s e n t e d  by th e  e le m e n ts  and 

i s  g iv e n  a s 1^

X =  -JZ C Cot 21Thf  ( 2 .4 )

S in c e  t h e  p h a se  v e l o c i t y  on th e  a n te n n a  i s  a lm o s t  

in d e p e n d e n t  o f  t h e  l e n g t h  o f  th e  s t r u c t u r e  a f t e r  a  c e r t a i n  

l e n g t h  o f  t h e  a n te n n a ,  ( 2 .3 )  can a l s o  be u se d  f o r  c a l c u l a t i n g  

th e  p h ase  v e l o c i t y  in  a  long  b u t  f i n i t e  lo ng  Y agi a n te n n a .

The f o l lo w in g  g e n e r a l  comments can  be made from  a 

c r i t i c a l  s tu d y  o f  ( 2 .3 )  and ( 2 . 4 ) :

1 . The p h a se  v e l o c i t y  i s  l e s s  th a n  t h e  f r e e - s p a c e  

v e l o c i t y  a s  long  a s  h ^ ^ / 4 . T h is  i s  th e  r a n g e  o f  p r a c t i c a l  

i n t e r e s t ,  s i n c e  th e  a n te n n a  u t i l i z e s  t h e  slow -w ave n a tu r e  o f  

t h e  p r o p a g a t io n .

2 .  The p h ase  v e l o c i t y  d e c r e a s e s  c o n t in u o u s ly  w i th  

i n c r e a s e  o f  h^and d e c r e a s e  o f  S^ . I t s  v a lu e  i s  v e ry  c lo s e  

t o  f r e e - s p a c e  p h a se  v e l o c i t y  f o r  s m a l l  v a lu e  o f  h^ and l a r g e  

v a lu e  o f  Sd .

3 . The p h a se  v e l o c i t y  i n c r e a s e s  w i th  d e c r e a s e  o f  R 

and i t s  v a lu e  a p p ro a c h e s  th e  f r e e - s p a c e  v a lu e  i n  th e  i d e a l

c a s e  o f  R =■ 0 .  T h is  p r o p e r t y  c a n n o t  be s e e n  d i r e c t l y  from

th e  above e q u a t i o n s .  J o r d a n ^  e x p l a i n s  i t  i n  d e t a i l .

^ l . T o u r e l ,  The A n te n n a s ,  John  W il le y  & Sons I n c . ,
N. Y . ,  I9 6 0 ,  p .  140.

C. J o r d a n ,  E le c t r o m a g n e t i c  Waves and R a d ia t in g  
S y s te m s , P r e n t i c e - H a l l ,  I n c . ,  N. Y . , 1950. PP. 3 5 9 -5 6 4 .
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4 .  The p h ase  v e l o c i t y  d e c r e a s e s  c o n t in u o u s ly  w i th  

i n c r e a s e  o f  f r e q u e n c y .

C o n s e q u e n t ly ,  one can say  t h a t  f o r  a  g iv e n  v a lu e  o f  

p h ase  v e l o c i t y ,  t h e  v a lu e s  o f  d i f f e r e n t  p a r a m e te r s  o f  th e  

u n i fo rm  lo ng  Yagi a n te n n a  can be ch o sen  by c o n s u l t i n g  th e  

p u b l i s h e d  e x p e r im e n ta l  and t h e o r e t i c a l  c u r v e s .

2 .3  Optimum D esig n  P ro c e d u re

By f o l lo w in g  th e  t e c h n iq u e  p r e s e n t e d  in  th e  p r e v io u s  

s e c t i o n ,  a  u n ifo rm  long  Y agi a n te n n a  o f  l e n g t h  L =. l o X  a t  

t h e  f r e q u e n c y  o f  10 Kmc. has  been  d e s ig n e d .  The d e s ig n  

v a lu e s  o f  d i f f e r e n t  p a ra m e te r s  a r e  g iv e n  be low :

O p e r a t in g  f r e q u e n c y  f Q =  10 Kmc.

R e l a t i v e  p h ase  v e l o c i t y  a c c o rd in g  t o  t h e  H ansen-

Woodyard c o n d i t i o n  v _  10 „ ___
c ® T o 3 =  0-952

R a d iu s  o f  th e  e le m e n ts  R =  0 .0 3 3 5 X

S p ac in g  be tw een  th e  two a d j a c e n t  d i r e c t o r s  =  0.2  X

The h e i g h t  o f  e ac h  d i r e c t o r  h ^ — X  /4

I t  sh o u ld  be n o te d  t h a t  f o r  a  g iv e n  l e n g t h  L o f  th e  

a n te n n a ,  t h e  optimum p h a se  v e l o c i t y  may be o b t a in e d  f o r  

d i f f e r e n t  c o m b in a t io n s  o f  th e  p a r a m e te r s  m en tio n ed  a b o v e . 

C o n se q u e n t ly ,  one can say  t h a t  t h e  d e s ig n  v a lu e s  g iv e n  above 

a r e  n o t  u n iq u e .  However, from  a c r i t i c a l  s tu d y  o f  t h e  v a r i a ­

t i o n  o f  th e  p h ase  v e l o c i t y  w i th  t h e  d i f f e r e n t  p a r a m e te r s ,  i t  

i s  p o s s i b l e  t o  f i n d  s u i t a b l e  r a n g e s  f o r  t h e  v a lu e s  o f  th e



p a r a m e t e r s . The v a lu e  o f  R sh o u ld  be chosen  be tw een  kR 0 .0 5  

and kR =  0 .1 5 .  T h is  c h o ic e  o f  R i s  g iv e n  by S e n g u p ta 1^ c o n ­

s i d e r i n g  th e  v a r i a t i o n  o f  th e  s e l f  r e a c t a n c e  o f  any w ire  w i th  

i t s  r a d i u s .  I t  can a l s o  be shown e x p e r i m e n t a l l y  t h a t  th e  

d i r e c t i v i t y  o f  t h e  a n te n n a  becomes l e s s  f r e q u e n c y  s e n s i t i v e  

f o r  v a lu e s  Sd =. X / 4 . The main c o n s i d e r a t i o n  on c h o o s in g  

t h e  v a lu e  o f  i s  th e  id e a  s t a t e d  ab ove ; f o r  p r a c t i c a l

i n t e r e s t ,  a  p o s s i b l e  ra n g e  f o r  S may be t a k e n  a s  be tw een
d

0 . 1 X and 0 . 2 5 X . Once R and a r e  c h o se n ,  h f  can  be f i x e d  

a u t o m a t i c a l l y  by c o n s u l t i n g  th e  p u b l i s h e d  e x p e r im e n ta l  and 

t h e o r e t i c a l  c u rv e s  s i m i l a r  t o  th e  c u rv e s  g iv e n  by R e y n o ld s1^ 

and E h re n sp e c k  and P o e h l e r . ^

2 .4  Oil t h e  Types o f  A ntenna  A r ra y s  Under I n v e s t i g a t i o n :

M easurem ents o f  a n te n n a  p a t t e r n s  were p e rfo rm ed  on 

two d i f f e r e n t  ty p e s  o f  e n d f i r e  a r r a y s .  The f i r s t  ty p e  i s  a  

one d im e n s io n a l  long  Y agi a n te n n a  o f  10 w a v e le n g th s .  T h is  

a r r a y  i s  d i s c u s s e d  in  s e c t i o n s  2 .2  and 2 .3  i n  d e t a i l .  The 

secon d  ty p e  i s  a  two d im e n s io n a l  long  Yagi a n te n n a  w i th  two 

p a r a s i t i c  s i d e  rows o f  t h e  same l e n g t h .  The m ost im p o r ta n t  

p h y s i c a l  d im e n s io n s  o f  t h e s e  a r r a y  ty p e s  a r e  shown in  F i g .

2 . 4 .  T h is  second  ty p e  o f  a r r a y  h a s  been  e x p la in e d  in  d e t a i l

■^Reynolds, ojd. cit.
■^Ehrenspeck and Poehler, op. cit.



14

REFLECTOR. 
_  FEE DEPL Ol R E C T O R S

0 25%

1 -  IOX

0 /V£ O/MEA/3/OA/AL A/1/2.AY

I L. ■ 5 ^  X |
f  ( 2 . 8  ELEMENTS) IO O O O"**' *** *oo

o © o o o o o o o o o
o o o o o ................. o

-<£^L k-_______   ,
Pa /las t n c  S ide ^ o w  

Two DlNiENSlOSJAL. ARRAY WITH TWO S/OF £o W5

E i g . 2 . . 4 ^  P h y s i c a l  D i m f h s i o m s  o f  t h e  o m e  a n d

T W O  D I M E N S I O N A L  A R R A Y S



1 5 7

by K earns and Ehrenspeck^-o u s i n g  t h e  n e a r  f i e l d  r a d i a t i o n  

p a t t e r n  o f  the- d n t e n n a . ‘ They showed t h a t  a l l  t h e  en erg y .

, t r a v e l s  a lo n g  th e  a r r a y  i n  a  v i r t u a l  wave c h a n n e l  w hich  h as  

-an o v e r a l l  w id th  o f  a b o u t  2 w a v e le n g th s  and t h e  e n e r g y 3 

t r a n s p o r t e d  th r o u g h  th e  c h a n n e l /  i s  r a d i a t e d  a t  t h e  open end 

from  a  v i r t u a l  a p e r t u r e  j u s t  a s  from  th e  open end o f  a  wave

.The f i e l d  p r o p a g a t in g  a lo n g  th e  a x i s  o f  t h e  s t r u e t u r e  

i s  v e ry  o d m p l ie i t e d  t o  a n a ly z e  b e c a u s e  o f  t h e  m u l t i p l e  e f f e c t  

o f  th e  e le m e n ts  among t h e m s e l v e s , . ; \

. The. . v i r t u a l  a p e r t u r e  ;w h ich  i s  assum ed t o  e x i s t  a t  

t h e  r a d i a t i o t i  end o f  t h e  a r r a y ,  can be i n c r e a s e d  by sy m m e tr i ­

c a l l y  p l a c i n g  one o r  more s h o r t e r  rows o f  p a r a s i t i c  e le m e n ts  

on e i t h e r  s i d e  o f  th e  c e n t e r  a r r a y  b e c a u se  t h e s e  p a r a s i t i c  

s i d e  rows a c t  a s  s m a l l e r  wave c h a h n e ls  f e d  by c o u p l in g  from  

th e  m ain  a r r a y !  . . .  .

-. ; Exam ining  th e  n e a r - f i e I d  r a d i a t i o n  o f  t h e  a n te n n a ,  

K earns  and E h re r i s p e c k '^  d e c i d e d  t o  p l a c e  th e  s i d e  rows a t  a  

d i s t a n c e  w here t h e  p h a se  had d e v i a t e d  m ost from  th e  main 

- a r r a y  a x i s .  T h ey : found  t h a t  t h e  b e s t  l o c a t i o n  f o r  th e  p a r a ­

s i t i c  a r r a y  i s  a t  a  d i s t a n c e  o f .2 /3  A from  t h e  a r r a y  a x i s . 

They a l s o  d i s c o v e r e d  t h a t ,  i f  one. p la c e s :  t h e  s i d e  rows e x a c t l y  

s y m m e tr ic a l  on e i t h e r  s i d e  o f  t h e  c e n t e r  d i r e c t o r  e le m e n ts

^ K e a r n s  and E h re n s p e c k , o p ,  c i t , . ^ ^ I b l d ,



and w i t h  h e i g h t s . ecjual t o  t h e  h e i g h t s  o f  t h e  d i r e c t o r s ,  i t  

i s  p o s s i b l e  t o  g e t  a  r e d u c e d  s id e lo b e .  l e v e l  compared t o  t h e  ;

f i r s t  ty p e  -array;. ' The a d d i t i o n  o f  t h e  p a r a s i t i c  s id e  rows 

ch an g es  t h e  a m p l i tu d e  and t h e ' p h a se  d i s t r i b u t i o n . i n  th e  . d 

v i t u a l  a p e r t u r e ; T h e r e fo r e   ̂ change o f  g a in  and s i d e lo b e  l e v ­

e l  becomes s i m u l t a n e o u s . F u r th e r m o re ,  t h e  l e n g t h  o f  th e  

s i d e  rows h a s  t o  be a d j u s t e d  f o r  maximum g a i n ,  b u t  t h e r e  i s  

no r i g o r o u s  way o f  f i n d i n g  a n  e x a c t  answer, t o  t h i s  p ro b lem , 

b e c a u se  o f  t h e  v e ry  c o m p l ic a te d  i n f l u e n c e  o f  t h e  s i d e  rows 

on th e  m ain  a r r a y ;  The c o r r e c t  l e n g t h  o f  t h e  S id e  rows can  

o n ly  be fo u n d  e x p e r i m e n t a l l y  . 7 A cco rd in g  t o  t h e  e x p e r im e n ta l  

r e s u l t ,  i t  i s  fo u n d  t h a t ;  t h e  l e n g t h  o f  t h e  s i d e  rows sh o u ld  ;

be a b o u t ' t h e  h a l f ;  o f  t h e  l e t t g t h  o f  t h e  w hole  a r r a y „ From t h e  

above e x p la n a t i o n .o n e  can c o n c lu d e  t h a t  i t  i s  p o s s i b l e  t o  ; 

g e t  h i g h e r . ’.g a in  a n d . low er s i d e l o b e  l e v e l  j u s t  by a d d in g  p a r a ­

s i t i c  s i d e ’row's: o h  e i t h e r  s i d e  : o f  t h e  c e h t e r  a r r a y  o f  a  lo n g  

Y ag i a n te n n a .  . 1'- ; ;. r " : ' v;!-. ■ ■■ - •/v !

2 .5 C o n s t r u c t i o n  and' t h e . E x p e r im e n ta l ’ A rran gem en t .

: • ■ I t  was d e c id e d  t o  p e r fo rm  t h e  e x p e r im e n t  above a

g ro u n d  p l a n e . T h is  i s  ve ry ' a d v a n ta g e o u s  f o r  s e v e r a l  r e a s o n s ,  

one o f  w hich  i s  t h a t  th e  f e e d e r  a r ra n g e m e n t  can  be e x c i t e d  

from  b e n e a th .  ; r V .

v ’ An aluminum' s h e e t -w a s  s e l e c t e d  a s  g round  p la n e  w h ic h ,  

i n  t u r n ,  f u r n i s h e s  m e c h a n ic a l  s u p p o r t  f o r  t h e  e l e m e n t s . A : 

s e r i e s  o f . h o l e s  was d r i l l e d  and , I n d i v i d u a l  c o p p e r  ro d



. ' r a d i a t o r s  w e r e .p r e s s  f i t  i n s e r t e d  i n t o  t h e  h o l e s  and t h e i r

h e i g h t s  and th e  s p a c in g  be tw een  two a d j a c e n t  e le m e n ts  w ere  

. e x p e r i m e n t a l l y  /ad j u s t e d  i n s t e a d  o f  f  in d in g  t h e s e  v a lu e s

; f rom  t h e  p u b l i s h e d  e x p e r im e n ta l  and t h e o r e t i c a l  c u r v e s ,

■ * . - . As th e  p a t t e r n  and. t h e  g a in  had t o  be m easu red  i n  t h e  V-.,

f a r  f i e l d s  t h e  g round  p la n e  was e x te n d e d  a s  f a r  o u t  a s  f e a s i -  ' 

h i e .  B ecause  o f  t h e  d i r e c t i v e  n a tu r e  o f  t h e  Y agi a n te n n a s  

r a  W idth  o f  50 w a v e le n g th s  and a  l e n g t h  o f  100 w a v e le n g th s  ■ . :

w ere  chosen.- V  ;;

The e x p e r im e n ta l  a r ra n g e m e h t  i s  show n, in  F i g . 2 . 5 .  ■: ■

As m en tio n ed  a b o v e ,  t h e  s e t  o f  h o l e s  t h a t  h e ld  th e  e le m e n ts  

•waga d r i l l e d  in .  a  p i e c e  o f  . r e c t a n g u l a r  aluminum .p l a t e '  and v

• i f  was I n  t u r n  c o n n e c te d  t o  a n  a n te n n a  mount i n  su c h  a

f a s h i o n  t h a t  t h e  a r r a y  u n d e r  o b s e r v a t i o n  c o u ld  be r o t a t e d  . •

w h i l e  a  r e c e i v i n g ,  h n te n n a , .  w h ic h  was f i x e d  t o  t h e  fa r ;  end o f  V • •

th e  g round  p l a n e ,  d e t e c t e d  th e  s i g n a l  and r e l a y e d  i t  t o  a n • 

a n te n n a  p a t t e r n  a n a l y z e r ,  - f  ' h -

A l l  e x p e r im e n ts  w ere  c o n d u c te d  i n  t h e  M icrowave :

: ;  L a b o ra to ry  o f  t h e  U n i v e r s i t y  ' o f  ■' A r iz o n a  „ The g ro u n d  p la n e  .. :' ; ■:-

■ ; ' was f u r t h e r  s u r ro u n d e d  by a b s o r b i n g 'm a t e r i a l  t o  r e d u c e  th e  - : : ;

; ' r e f l e c t i o n -  to ;  a  minimum. D uring  t h e  e x p e r im e n ts  > t h e  USTaE  v i

on  th e  Yagi, f e e d  was k e p t  i n  th e  r a n g e  1 .1 2 -1 ;2 .-  B oth  t h e  

i n c i d e n t  a n d  r e f l e c t e d  power were- m easu red  u s i n g  p ow erm ete rs  ;■

on b o th  s i d e s  o f  a  d o u b le  s i d e d  d i r e c t i o n a l  c o u p l e r .  ;The : h ' ) f

r e f l e c t e d ,  power was m in im ized  by u s i n g  a n  B-H t u n e r . On th e  . •
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r e c e i v i n g  a n t  enna  s  ide: .a d o u b le  s t u b  t u n e r  was u se d  t o '  m a x i-  

m ize t h e  r e c e i v i n g  power „ - : : ; ' v ;:- • ■,;'

;>y . The e x p e r im e n ts  were c a r r i e d  o u t  a s  f o l lo w s :  f i r s t  >

th e  d i p o l e  t o  d i p o l e  m easurem ent was made a n d  found  t o  be 

3 .5  db above t h e  n p i s e  l e v e l .  T h is  was v e ry  im p o r ta n t  b e ­

c au se  a l l  g a in  m easu rem en ts  w ere  t a k e n  i n  te rm s  o f  th e  pow er 

g a in  o f  t h e  r e f e r e n c e  d i p o l e  f e e d e r  a n d  a l l  g a in  f ig u r e s ,  

i n c lu d e  t h e  ohmic l o s s e s .

■ V. Second , t h e  Y agi a n te n n a  was c o n s id e r e d  a s  C o n s i s t i n g  

o f  two p a r t s :  t h e  C om bina tion  o f  f e e d e r - r e f l e c t o r s , and t h e  

row Of d i r e c t o r  e l e m e n t s . r  , ■ /y";. / :/■ ;y  ' :'r'

The e x p e r im e n t  was s t a r t e d  by a d j u s t i n g  th e  com bina­

t i o n  o f  . f e e d e r - r e f l e c t o r s  f o r  maximum g a in  i n  t h e  fo rw a rd  

d i r e c t i o n  f o r  d i f f e r e n t  v a lu e s  o f  Sr |. and h^ w h ich  'rem ained  ■ 

optimum even: a f t e r  t h e  row o f  d i r e c t o r s  was a d d e d .  The; name 

r e s u l t  o c c u r r e d  i n  s u c c e s s iv e  e x p e r im e n ts  i n v o lv i n g  d i f f e r e n t  

rows o f  d i r e c t o r s .  A f t e r .  o b t a i n i n g  the- maximum g a in  c o n d i ­

t i o n ,  th e  d i r e c t o r s  w ere  added  and th e  g a i n  o f  t h e  long  Y agi

a n te n n a  was m easu red  a s  a  f u n c t i o n  o f  S and b y .  Then t h e
; . .y 'y . : f  : ' d . . d . - : y f  yxy:

g a in  of; Y agi w as m easu red  a s  a  f u n c t i o n  Of t h e  a r r a y  l e n g t h

u n d e r  t h e  maximum g a in  a d ju s tm e n t  c o n d i t i o n .

. A l l  t h e  v a lu e s  a b o u t  th e .  maximum g a in  a d ju s tm e n t  e x ­

p e r im e n t s  a r e  shown i n  P i g s . 2 .6 a  & b ,  2 .7 a  &. b ,  2 . 8 .

I N e x t , t h e  g round  p l a n e ; r a d  f a t  i  on p a t  t e r n  o f  t h e  one 

d im e n s io n a l  a r r a y  was m e a s u re d . and t h e  r e s u l t  i s  p ro d u ce d  i n  ;



F i g .  2 .9 . .  I t  can  be s e e n  from  F i g . 2 .9  t h a t  t h e  s i d e  lo b e  ■ 

r a t i o  i n  t h e  p a t t e r n  i s  a b o u t  9 . 0  db down a s  e x p e c te d  from  

t h e o r y . As •m entioned b e f o r e > a  b e t t e r  s i d e l o b e  r a t i o  and 

. a  h i g h e r  g a ih  can  be o b ta in e d  by p l a c i n g  two p a r a s i t i c  

s i d e  rows s y m m e t r ic a l ly  on e i t h e r  s i d e  o f  t h e  c e n t e r  d i r e c t o r s  

o f  th e  above a n te n n a .  A r a d i a t i o n  p a t t e r n  o f  t h e  a n te n n a ,  

w i t h  two a d d i t i o n a l  s i d e  ro w s ,  was m easu red ;  t h e  g a in  i n ­

c r e a s e d  2 .5  db and t h e  S id e lo b e  r a t i o  Im proved 3 .5  db com- 1' 

p a re d  t o  t h e  o r i g i n a l  Y agl a n te n n a .  The r e s u l t s  a r e  p ro d u ce d  

i n  F i g .  2 .1 0 .  ■ \ ;v %
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CHAPTER 3  V; -r :: : : ;

TAPERING OF LONG YAGI ANTENNA ' ' .

3 . 1 ' P h y s i c a l  E x p la n a t io n  o f : t h e  T a p e r in g  A o t lo n  ■ - .,'': • ;

, The s i d e lo b e  l e v e l  of. a  lo n g  Y agi a n te n n a  can be , 

im prove# c o n s i d e r a b ly  w i t h o u t  s a c r i f i c i n g  much o f  t h e  d i -  ’, 

r e c t i v i t y  by j u s t  u s in g  a  l i n e a r  v a r i a t i o n  o f  t h e  p ro p a g a -  

t i o n  c o n s t a n t  a lo n g  t h e  l e n g t h  o f  . t h e  a n t e n n a . . The,, v a r i a ­

t i o n  o f  t h e  p r o p a g a t io n  c o n s t a n t  sh o u ld  be d i s t i n g u i s h e d  

from  th e  a r b i t r a r y  p e r i o d i c  v a r i a t i o n . The t h e o r y  and 

m ethod w h ich  e x p l a i n e t h e ,  e f f e c t ;  o f  t a p e r i n g  on t h e  v a r i a t i o n  

Of t h e  p h a se  c o n s t a n t  i s  g iv e n  by S e n g u p ta .2® ■ : , ' .:

A c co rd in g  t o  t h e  d i s c u s s i o n  g iv e n  i n  S e c . 2 . 2 ,  t h e  

n o rm a l iz e d  p h a se  v e l o c i t y  and  t h e r e f o r e  t h e  p h a se  c o n s t a n t  . 

on t h e  a n te n n a  s t r u c t u r e  can be .v a r i e d  w i th  t h e  v a r i a t i o n  

o f  h_  and % ,  C o n s e q u e n t ly , One"may e a s i l y  t h i n k  t h a t  i t  i s  

p o s s i b l e  t o  c o n t r o l  t h e  v a lu e  o f  t h e  p h a se  c o n s t a n t  a lo n g  t h e  

l e n g t h  o f  t h e  a n te n n a  s t r u c t u r e  by t a p e r i n g  t h e  h e i g h t s  o f 

the" d i r e c t o r s  o r  th e :  d i s t a n c e ,  b e tw een  th e  d i r e c t o r  e le m e n ts  

i n  ,a p r e d e te rm in e d  f a s h i o n .  The e f f e c t  o f  v a r y in g  ph ase  . .■ -

c o n s t a n t  i s  t o  p ro d u ce  a  n o n u n ifo rm  f i e l d  d i s t r i b u t i o n  a lo n g  

t h e  a n te n n a  s t r u c t u r e .  I t  i s  a  we1 1 -known f a c t  i n  a n te n n a

20gen.gu.pta, o p . c a t . ,  i 9 6 0 .



t h e o r y  t h a t  a  p r o p e r  n o n u n ifo rm  s o u rc e  d i s t r i b u t i o n  p ro d u c e s  

b e t t e r  s i d e lo b e  r a t i o  i n  t h e  r a d i a t i o n  p a t t e r n  th an :  t h a t  

p ro d u ce d  by a  u n i fo rm  d i s t r i b u t i o n . M oreover, i f  t h e  p r o p a ­

g a t i o n  c o n s t a n t  . i s  d e c r e a s e d  s lo w ly  .and l i n e a r l y  to w ard  th e  

end o f  t h e  a r r a y , t h e n  th e  e f f e c t  o f  any p o s s i b l e  r e f l e c t i o n  

a t  th e  end o f  t h e  a n te n n a  w i l l  be r e d u c e d . T h e r e f o r e ,  one 

can  r e a s o n a b ly  'e x p e c t  t h a t  the- b id e  lo b e  l e v e l  i n  t h e  ' r a d i a ­

t i o n  p a t t e r n  o f  a  lo n g  Y agi a n te n n a  triay be im proved  by t a p e r  

in g  th e  p r o p a g a t io n  c o n s t a n t  a lo n g  i t s  l e n g th ' .  However, t h e  

amount o f  t a p e r i n g  s h o u ld  be k e p t  v e ry  s m a l l  so  t h a t  th e '  

a v e r a g e  v a lu e  o f  t h e  p h ase  c o n s t a n t  i n  t h e  a n te n n a  may n o t  

be to o  d i f f e r e n t  from  t h a t  r e q u i r e d  by th e  Hansen-Woody ard, 

c o n d i t i o n .  O th e rw is e  >" t h e  a d v a n ta g e s  o f  t a p e r i n g  w i l l  be ;

. l o s t  due ; t o  to o  much b r o a d e n i n g , o f  the. m ain beam o f  ' t h e  :: 

r a d i a t i o n  p a t t e r n . 21 ' • • . -

3 .2  Method o f  T a p e r in g  ; .it . :

; The r e q u i r e d  p h a se  c o n s t a n t  may be o b ta in e d  by v a r y ­

in g  e i t h e r  t h e  d i r e c t o r  h e i g h t  d r  t h e  d i r e c t o r  s p a c in g  o r  

a  c o m b in a t io n  o f  b o t h . I n  t h i s  t h e s i s , t h e  v a r i a t i o n  o f  th e  

e le m e n t  l e n g t h  i s  u s e d  b e c a u se  o f  i t s  s i m p l i c i t y . L a t e r , 

t h e  a f f e c t  p f  t h e  c d m b in ed ■t a p e t l h g  i s  e x p la in e d  b r i e f l y .

I t  s h o u ld  be rem embered t h a t  t h i s  v a r i a t i o n  o f  th e

KrauS, A n te n n a s ,  M cG raw -H ill Book Company, : 
In c  . ;  ;New;.lfork/ 1950> P P . 93-109»  • , ' ■ ,
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e le m e n t  l e n g t h  and s p a c in g  o r  b o th  sh o u ld  be a  v e ry  s lo w ly  

v a r y in g  f u n c t i o n  o f  th e  a n te n n a  l e n g t h  so  t h a t  th e  p r o p a ­

g a t i o n  c o n s t a n t  a t  any p o i n t  a lo n g  th e  s t r u c t u r e  may be 

assum ed to  have th e  v a lu e  e q u a l  t o  what i s  r e q u i r e d  w i th  

t h e  Hansen-W oodyard c o n d i t i o n .

3 -3  An A pprox im ate  Theory o f  T a p e r in g

I f  one assum es t h a t  th e  p r o p a g a t io n  c o n s t a n t  a lo n g  

t h e  a r r a y  v a r i e s  l i n e a r l y  from  ^ , a t  t h e  f e e d  end o f  th e  

a n te n n a  to  a v a lu e  o f  yS* a t  t h e  open en d , th e n  p r o p a g a t i  

c o n s t a n t  a t  any p o i n t  z a lo n g  th e  a n te n n a  may be w r i t t e n  a s  

f o l l o w s :

A  {3L) =  y6, -<X Z ( 3 . 1 )

w here

<* = ( yd# -  y3a ) /L  i s  th e  a v e ra g e  v a r i a t i o n  o f  th e  

p h a se  c o n s t a n t  p e r  u n i t  l e n g t h  a lo n g  th e  a n te n n a .

A f t e r  s o l v i n g  some d i f f e r e n t i a l  e q u a t io n s  and making
op

some m a th e m a t ic a l  m a n i p u l a t i o n ,  S en g u p ta  shows t h a t  t h e  

sp a ce  f a c t o r  f o r  th e  t a p e r e d  Y agi a n te n n a  can  be r e p r e s e n t e d  

i n  th e  f o l lo w in g  e x p r e s s io n :  ( 3 . 2 )

S ( 6 )  = / s i n ( b L / 2 )  A 2 r= * L  /  b \  Cos ( b L / 2 ) 7 2 ) *
 ̂ \  bL /2  )  [ 2 b  V 2 av /  bL /2  J J

S e n g u p ta ,  o p .  c l t . ,  i 9 6 0 .
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w here

k Cos 9 ( 3 .3 )

( 3 .4 )

© i s  th e  a n g le  m easured  from  th e  a x i s  o f  t h e  a n te n n a ;

i t  may be se en  t h a t  f o r  <x. =» o ,  ( 3 .2 )  r e d u c e s  t o  th e  r a d i a t i o n  

p a t t e r n  f o r  t h e  u n i fo rm  c a s e .  T h is  sp a c e  f a c t o r  e q u a t io n  i s  

an a p p ro x im a te  one b u t  i t  i s  q u i t e  s a t i s f a c t o r y  f o r  p r a c t i c a l  

p u r p o s e s .

3 .4  E x p e r im e n ta l  P ro c e d u re  t o  f i n d  t h e  T a p e r in g  P a ra m e te r s

made, i t  w i l l  be u s e f u l  t o  d e f i n e  some p a ra m e te r s  u sed  in  

t h i s  c h a p t e r .

B e fo re  g i v in g  th e  d e t a i l s  o f  th e  e x p e r im e n ta l  a t t e m p t s

max
r e p r e s e n t s  th e  h e i g h t  o f  th e  d i r e c t o r  e le m e n t

a t  t h e  f e e d  end o f  th e  a n te n n a

h^min r e p r e s e n t s  th e  h e i g h t  o f  th e  d i r e c t o r  e le m e n t  

a t  t h e  open end o f  th e  a n te n n a .

h^av r e p r e s e n t s  t h e  h e i g h t  o f  t h e  d i r e c t o r  e le m e n t

w hich  i s  l o c a t e d  a t  t h e  m id d le  o f  th e  d i r e c t o r s

row and i t  i s  t a k e n  e x a c t l y  e q u a l  t o  h^ d e f in e d  

in  C h a p te r  2 .

These p a ra m e te r s  s a t i s f y  th e  i n e q u a l i t y

hdmax ^  hdav ^  hdminmax
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The m ain p u rp o s e ,  h e r e ,  i s  t o  f i n d  t h e  v a lu e s  o f

th e  above p a ra m e te r s  e x p e r i m e n t a l l y  w hich  w i l l  im prove

th e  s i d e lo b e  l e v e l  w i th o u t  s a c r i f i c i n g  much o f  th e  g a in  and

w i th o u t  b ro a d e n in g  th e  m a in lo b e . T h is  was done i n  th e

f o l lo w in g  m anner:

F i r s t ,  s e v e r a l  v a lu e s  o f  (hH / h H ) w ere  t r i e d  t o
a max amin

p ro d u ce  th e  s m a l l e s t  s i d e l o b e  l e v e l  in  th e  r a d i a t i o n  p a t t e r n

I t  was found  t h a t  f o r  (h H / h ,  ) =s 1 . 2 ,  th e  lo w e s t  s i d e -
a max dmin

lo b e  l e v e l  was o b t a i n e d .  For t h i s  v a lu e  o f  (h^ /h ^  , )umax um in /
and assum ing  h ^ ^  i s  e q u a l  t o  u n i t y ,  i t  i s  p o s s i b l e  t o  c a l ­

c u l a t e  n u m e r ic a l  v a lu e s  o f  hH and hH , a s  f o l l o w s :a max a min

hdm ax=  1 , °^  hdav
(3 .4 )

X i n ”  ° - 9 1 h d av

These v a lu e s  o f  d i r e c t o r  e le m e n ts  a r e  i m p o r t a n t . 

Knowing t h e s e  n u m e r ic a l  v a l u e s ,  i t  i s  p o s s i b l e  t o  f i n d  th e  

v a lu e s  o f  th e  p h ase  c o n s t a n t s  a t  b o th  ends o f  t h e  a n te n n a  

s t r u c t u r e ;  and from  th e  two v a lu e s  o f  th e  p h a se  c o n s t a n t  i t  

i s  e asy  t o  g e t  th e  a v e ra g e  v a r i a t i o n  o f  th e  p h a se  c o n s t a n t  

p e r  u n i t  l e n g t h  w hich  i s  r e p r e s e n t e d  by <x . The n u m e r ic a l  

v a lu e s  a r e :

—A - = 1 . 1 4 5

= 0 ' 9 5  (3 .5 )
ex. « 0 . 0 1 9



; T h e s e  v a l u e s  c a n  b e  u s e d  I n  t h e  e v a l u a t i o n  o f . t t i e  : V 

' S p a c e ,  f a c t o r s  g i v e n . I n  ( 3 .2 )  , b u t  n o  a t t e m p t  I s  m a d e  t d  

e v a l u a t e  t h e  s p a c e  f a c t o r  h e r e .  I t  w a s  f o u n d  b y  S e n g u p t a ^ B  

t h a t ,  t h e  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  v a l u e s  a g r e e  w h e n  t h e  

. s l d e l o b e  l e v e l  ,1s  k e p t  t o  a  m i n i m u m ,  b y  f i n d i n g  / t h e  s u i t a b l e  

t a p e r i n g  r a t i o  .  ' V ; " ; ■ V . "  - I B :  < ■ ; > > ■ •  B y  ; /  -

■ 3 .5  E x p e r im e n ta l  A rrangem en t and th e  P ro c e d u re  o f  th e  

■ M e n t  ; . .

The e x p e r im e n ta l ,  a r ra n g e m e n t  shown i n  F i g . 2 .5  was 

a l s o  u se d  i n  t h e  e x p e r im e n t  o f  t h i s  c h a p t e r .  I t . w a s  fou nd  

t h a t  the. maximum g a in  c o n d i t i o n  rem a in e d  unchanged  even  

a f t e r  t h e  t a p e r i n g  was made . ' ; . ; u '! ; : ; ''

y The e x p e r im e n t  was c a r r ie d -  o u t  i n  t h e  f o l lo w in g  ; ' 

m anner: t h e  c e n t e r , d i r e c t o r  e le m e n ts  and two s i d e  p a r a s i t i c  

row s o f  t h e  seco n d  ty p e  a r r a y  o f  C h a p te r  2 w ere  t a p e r e d  

l i n e a r i y ;  w i th  d i f f e r e n t -  t a p e r i n g  r a t i o s ;  a s  m e n t io n e d  i n  t h e  

p re v  id u s  s e c t i o n  * The v a lu e  o f  1 .2  was found  t o  be th e  m ost 

s u i t a b l e  t a p e r i n g  r a t i o ,  a s  e x p la in e d  b e f o r e .  I t  was found  

t h a t  t h e  d i r e c t i v i t y  o f  th e  a n te n n a  was n o t  r e d u c e d  a p p h e c l -  

- a b l y  as- com pared  w i t h  th e  u n ifo rm  c a s e  f o r  t h i s  p a r t i c u l a r  - 

v a lu e  o f  t a p e r i n g  r a t i o .  The o n iy  e x p e r im e n t  w h ich  was , ; 

p e rfo rm e d  w i t h  t h i s  t a p e r e d  a r r a y  was- t h e  f a r - f i e l d  m e a su re ­

ment , o f  t h e  a n te n n a .  The r e s u l t s  o f  t h e  m ea su re m e n t ' a re y



p ro d u c e d  i n  P i g .  3 . 1 .  From t h i s  f i g u r e , i t  i s  s e e n  t h a t  t h e  

g a in  o f  t h e  w ho le  a r r a y  i s  r e d u c e d  o n ly  a b o u t  0 .5  db> how­

e v e r ,  t h e  s id e Id b e -  l e y e  1 I s -  Im proved some 2 .0  db a s  compared 

w i t h  ' t h e  . u h lfd rm -  c a s e  : ^ ' ■....  - ' - -'t - - /



G r o u n d  P l a n e  R a d i a t i o n  P a t t e r n  

o f  t h e  T a p e r e d  L o n g  Ya q i  A r r a y



. .. . ' ' - .  - rJ'V ' CHAPTER 4 :

\ \  SUMMARY OF THE RESULTS - ' :

; ' . DISCUSSION. AND CONCLUSIONS

/ In  t h i s  c h a p t e r , t h e . r e s u l t s  o f  a l l  e x p e r im e n ts

g i v e n ; i n  C h a p te r s  2 a n d ’ S ' a r e  sum m arized , and th e  d i f f e r e n t  . 

v a lu e s  a r e  d i s c u s s e d  a n d ’’compared w i th  t h e  t h e o r e t i c a l  and 

e x p e r i m e n t a l ly  e x p e c te d  v a l u e s .  ■

A - ; .ilu-the.' f i r s t  e x p e r im e n t  o f  C h a p te r  2 ,  a  d ip o le ,  t o ’  ̂ - 

d i p o le  ; g a lh  imea s u rem e n f  was p e r f o r m e d . A lth o u g h  i t  was th e v  ■ 

r e f e r e n c e  g a in  f i g u r e  o f  a l l  e x p e r im e n t s ,  t h e r e  i s  n o th in g  

t o  d i s c u s s  a b o u t  i t  b e c a u s e  t h e r e  i s  no e x p e r im e n ta l  and 

t h e o r e t i c a l , g a i n  f i g u r e  t o  compare W ith  i t ;  C o n s e q u e n t ly ,  

t h e  3 .5  db g a i n  above th e  n o i s e  l e v e l  w h ich  i s  fou nd  f o r  t h i s  

e x p e r im e n t  w i l l  be a c c e p te d  a s  a  r e f e r e n c e  g a i n  f i g u r e .

/; The second  e x p e r im e n t  was t h e  f  e e d e r - r e f  l e c t o r s ,  a d -  .

ju s tm e n t  f o r  t h r e e  d i f f e r e n t  f e e d e r - r e f 1e c t o r s  s e p a r a t i o n „

The g o a l  o f  t h i s  e x p e r im e n t  was ( a f t e r  d e c id in g  a. v a l u e , f o r  

f e e d e r  e le m e n t  - w hich  i s  l e s s  t h a n  0 .2 5  wave l e n g t h s ) t o  f i n d  , 

t h e  maximum g a in  a r ra n g e m e n t  f o r  f e e d e r - r e f l e c t o r  c o m b in a t io n .  1  

A maximum 7 . 0  db g a in  was o b ta in e d  w i th  v a lu e s  o f  h ^ =  0 . 2lX ^

;h ^ ; 0..2lX  and^ w i t h  a s e p a r a t i o n  o f  Sr ,̂ =• 0 .25 X . E h re n sp e c k



a n d ' P o e h l e r ^  o b ta in e d  a  4 .0  db g a in  w i th  v a lu e s  h ^ = .  0 . 2oX 

hr =- O.2 2 5 X and Sr f  =  O .2 5 X. Since: i n  t h e  e x p e r im e n t  o f 

t h i s  t h e s i s ,  t h r e e  r e f l e c t o r s  w ere  u se d  i n s t e a d  o f  one as' i n  

t h e  c a se  o f , t h e  e x p e r im e n t  o f  E h re n sp e c k  and P o e h l e r i 25 t h e  

f i g u r e s . :o f  t h i s  ■experiment seem q u i t e  r e a s o n a b l e .

: N ex tj  t h e  d i r e c t o r  e le m e n ts  w ere added  t o  t h e  s t r u c t -

t u r e  a n d . th e  g a in  m easu rem en ts  w ere  made f o r  d i f f e r e n t  v a lu e s  

o f  hd and S^. I t  i s  r e a l i z e d  t h a t  t h e  same maximum g a in  can

be o b ta in e d  a s l o n g  a s  t h e  v a lu e  o f  r e m a in s  l e s s  th a n  0 .4

w ave le  maximum g a in  a t t a i n e d  i n  t h i s  e x p e r im e n t

was 1 3 .5  db f o r  L =s 10 w a v e l e h g th s . The a u t h o r s  ‘m en tio n ed  ■ 

above fo u n d  a  maximum o f  1 4 .8  db g a in  f o r  L ==. 6 w a v e le n g th s .

I t  i s  b b v io u s  t h a t  t h e  maximum g a in  a t t a i n e d  i n  o u r  c a se  i s

lo w e r  t h a n  t h e  e x p e c te d  e x p e r im e h ta !  v a l u e . I t  i s  a l s o  

p o s s i b l e  t o  check  th e  d e g re e  o f  c o r r e c t n e s s  o f  t h e s e  two g a in  

f i g u r e s  w i t h  a- f o r m u la . A t h e o r e t l e a l  fo rm u la  due t o  R e id  ■ 

and a n  e x p e r im e n ta l ,  f o rm u la  t o  c a l c u l a t e  th e  g a in  o f  a  lo n g  

Y agi a n te n n a  a r e  g iv e n  by T o u re £26 a s  f o l l o w s :

: G = ^ 9 . 2  I  ( T h e o r e t i c a l )  : '
-8v''p, ( 4 a )

Jv;V v- ■ 5  L (E x p e r im e n ta l )  ..

The second, fo rm u la  w i l l  be u se d  t o  c a l c u l a t e  t h e  g a in  f i g u r e s  

f o r  d i f f e r e n t  v a lu e s  of. t h e  a n te n n a  l e n g t h .  ’ . f

. 2 4 g h re n sp e c k  and P o e h le r . ,  o p . c i t . ^Sl b i d . : i

' ^ ^ T o u r e l j  o p . c l t ^ . ' - - v ^ '■ r-̂  f r  '



Prom th e  fo rm u la  g iv e n  .a'boYe, f o r  , t h e  e x p e r im e n ta l  c a se  /  t h e  

g a in  o f  t h e  Yagi a n te n n a  f o r '  d i f f e r e n t ,  v a lu e s  o f  t h e  l e n g t h  

o f  a r r a y s ,  can  tie c a l o u l a t s d  a s  f o l lo w s :  ,

f o r  D =  6 .0  w a v e le n g th s ,  : .  ■' Y

' #  =  10 Idg^Q (5 x  6 ) -= 1 4 .7 8  db . ' :

f o r  L =® 10 w a v e le n g th s ,  ' -

: ' ■ 0 «  l o : l o g 10 ( 5  x  10) = = 1 6 .9 6  db ,

Prom th e  a b o v s r e s h l t s  i t  i s  s e e n  t h a t  t h e  r e s u l t  o f  th e  

a u th o r s  i n  q u e s t i o n  a g r e e s  w i t h  t h e  r e s u l t  o f  t h e  fo rm u la ;  

on th e  o t h e r  h a n d ,  t h e r e  i s  3 ^ 5  d b ; d i f f e r e n c e  be tw een  o u r  r e - c  

s u i t  and t h e  r e s u l t  o f  t h e  f o r m u la .  T h is  3 - 3 ,5  db d i f f e r e n c e  

from  th e  optimum e x p e c te d  e x p e r im e n ta l  r e s u l t s  h a s  been  

r e a l i z e d  th r o u g h o u t  th e  e x p e r im e n ts  i n  t h i s  t h e s i s . ; The 

r e a s o n s  f o r  g e t t i n g  l e s s  g a in  t h a n  th e  e x p e c te d  v a lu e  a r e  

e x p la in e d  a t  t h e  end o f  t h i s  c h a p t e r .

The n e x t  .e x p e r im e n t  Was th e  m easurem ent o f  t h e  r a d i a ­

t i o n  p a t t e r n  o f '  t h e  lon g  T ag i  a n t e n n a  w i th  two p a r a s i t i c  ' 

s i d e  r o w s . From .. t h e  e x p e r im e n ta l  v a lu e s  g iv e n  by K earn s  and 

E h r e n s p e c k ,^ ? ■ a , ,1 9 -1 9 .5  h b  g a in  can  be e x p e c t e d . : Our. m a x i-  ■ 

mum g a i n ' f i g u r e  f o r  t h i s  a r r a y  i s  l 6 d b .  The v a lu e  i s  a g a in  

3 - 3 .5  dti l e s s  t h a n  the! e x p e c te d  v a l n e . A c c o rd in g  t o  th e  

t h e o r y : p r e s e n t e d  i n  C h a p te r  2 ,  t h e  s i d e l o b e  l e v e l  o f  th e  two 

.d im e n s io n a l  a r r a y  h a s  to .  be. b e t t e r  t h a n  th e .  s i d e l o b e  l e v e l  ,

. ; ' 27K earns and E h re n s p e c k ,  op . e f t  . : ';  ’ : :



o f  t h e  one d im e n s io n a l  u n i fo rm  ' lo n g  Y agi a r r a y . From 'th e  

r a d i a t i o n  p a t t e r n .  I t  can  be r e a l i z e d  t h a t  t h e  s i d e l o b e  

r a t i o  i s  a b o u t  1 2 .5  db w hich  i s  3 -5  db b e t t e r  t h a n  t h a t ; o f  

t h e : qne ' d im ih s  1 oha 1 a r r a y   ̂ : ' ' . " ' \

. In  C h a p te r  3 ,  some e x p e r im e n ts  w ere made t o  f i n d  

the; p r o p e r  v a lu e  o f  . t h e  t a p e r i n g  r a t i o .  F o r  . t a p e r i n g  r a t i o s ; 

l a r g e r  t h a n  t h e ,  one w hich  g i v e s  t h e  d e s i r e d  g a i n ;  i t  is ;\  ■ 

r e a l i z e d  t h a t  t h e  m ain  beam i n  t h e  r a d i a t i o n  p a t t e r n  b ro a d e n s  

c o n s i d e r a b l y j  and th e  d i r e c t i v i t y  o f  t h e  a n te n n a  i s  r e d u c e d .  

T h is  b ro a d e n in g  o f  t h e  m ain beam f o r  l a r g e r  v a lu e s  o f  t a p e r ­

in g  r a t l o s  may be e x p la in e d  i f  one c o n s i d e r s . t h a t  f o r  a ' ;

l a r g e r  t a p e r i n g  r a t i o ,  t h e  e le m e n t  l e n g t h s ,  n e a r  t h e  open: 

end o f  t h e  a n t e n n a >' become to o  s h o r t ,  t h e r e b y  r e d u c in g  th e  •. : 

e f f e c t i v e  r a d i a t i n g  l e n g t h  o f  t h e  a n te n n a .  From t h i s  e o n -  ' 

'S i d e r a t i o n , ;  .one m ig h t e x p e c t  a  b e t t e r  r e s u l t  by u s in g  a  

c o m b in a t io n  o f  t a p e r i n g  i n  l e n g t h  and s p a c i n g ,  b e c a u se  t h i s  

w i l l  , e n a b le  one t o  a c h ie v e  t h e  d e s i r e d  t a p e r i n g  o f  /g w i t h -  ; , 

o u t  m aking th e  e le m e n t  l e n g t h  n e a t  t h e  open end o f  t h e  

a n te n n a  t o o  s h o r t . The t a p e r i n g  o f xs p a c in g  i s  n o t  a  l i n e a r  : 

one,.r t h e r e f o r e  i t  can o n ly  be made e x p e r i m e n t a l l y . An e x ­

t e n s i v e  ' e x p e r im e n ta l :  wdrh p h :!t h i s '  k i n d , o f  t a p e r i n g  h a s  been  

done by F re n c h  s c i e n t i s t s  Simmon and B i g g i . 2® : They- f i r s t  ; 

p e rfo rm ed  t h e  sp a ce  t a p e r i n g ,  p l a c i n g  e v e ry  i n d i v i d u a l  •

SBsimmon. and B igg 1 , op., c l t . . .. • - 1



d i r e c t o r  e le m e n t  a t  a  p o i n t  w here i t  i n c r e a s e s  t h e  g a in  m ost 

■along t h e  a x i s  o f  t h e  an te n n a ,;  s t a r t i n g  from  th e :  f e e d  end 

and  g o in g  in  t h e  open end d i r e c t i o n .  W ith  t h i s  a r ra n g e m e n t  

th e y  g o t  even  b e t t e r  • s id e ld h e  l e v e l  a s  compared ;w i th  th e  

r e s u l t  6 f  th e  l e n g t h  t a p e r i n g  o n l y „ ■T h e ' t a p e r i n g  o f  t h e  sp a e  

in g  can a l s o  i n d r i e c t l y  e x p l a i n  one im p o r ta n t  s i t u a t i o n  i n  . 

lo n g  u n ifo rm . Y agi a n te n n a  c a s e s  „ , I t  was m e n tio n ed  e a r l i e r .  ■ 

t h a t  th e  maximum g a in  a lo n g  th e  a r ra y ,  can be o b t a in e d  a s  - 

lo ng  a s  t h e  va lue , o f  re m a in s  l e s s  th a n  0 .4  w a v e le n g th .

I f  S , i s  i n c r e a s e d  beyond t h i s  v a l u e , th e  p h a se  v e l o c i t y  on 

th e  a n t e n n a , a r r a y  a l s o  i n c r e a s e s i  T h is  i n c r e a s e  o f  th e  

p h ase  v e l o c i t y  makes i t  d i f f i c u l t  t o  t r a p  th e  wave a lo n g  th e  

a n te n n a  S t r u c t u r e , and th e  g a in  o f  t h e  a n te n n a  d ro p s  c o n s i d ­

e r a b l y  . T h is  i s  why th e  r e s t r i c t i o n ,  S ta te m e n t  a b o u t  t h e  • 

v a lu e  o f  8^: was m en tio n ed  on page 3$ . ; •'p : : v

:' ; A f t e r  . f i n d i n g  a  p r o p e r  v a lu e  f o r  t a p e r i n g  r a t i o , t h e

r a d i a t i o n  p a t t e r n  m easurem ent o f  the ', t a p e r e d  lo n g  Y agi a n -  . 

t e n n a ,  was p e r fo rm e d .  The maximum g a in  o f  t h i s  a r r a y  was 

found  t o  be 1 5 .5  db and th e  S ide  lobe, l e v e l  a t  1 4 .5  db down 

w hich  was 2 ,0  db b e t t e r  t h a n  t h a t  o f  t h e  two d im e n s io n a l  u n i^  

form  lo n g  .Yagi a r r a y  , a s  e x p e c t e d . The maximum g a in  f i g u r e  

o f  t h i s  e x p e r im e n t .w a s  a g a in  3 . 0 - 3 . 5  db l e s s  t h a n  .t h e  e x p e c t ­

ed v a l u e .  : ':V '■

The m ost s e r i o u s  s o u r c e s  o f  e r r o r s  i n  g e t t i n g  l e s s  ' 

g a in s  t h a n  t h e  e x p e c te d  ones a r e  from  t h e  r e f l e c t i o n s  o f  th e
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w a l l s .  -E x p er im e n ts  o f  t h i s  ty p e  sh o u ld  be c o n d u c te d  in  a 

microwave darkroom  w h ich  i s  b u i l t  f o r  t h i s  s p e c i a l  p u rp o se  

t o  m in im ize  t h e  r e f l e c t i o n s . . . ' ' ' -

•: I t  i s  q u i t e  p ro b a b le  t h a t  t h e  m e c h a n ic a l  p r e c i s i o n

o f  th e  a n te n n a  S t r u c t u r e  f o r  t h e  maximum g a in  c o n d i t i o n  was 

n o t  S a t i s f a c t o r y  becau se , 'o f  t h e  s m a l ln e s s  o f  t h e  e le m e n t  

d im e n s io t is .  f v f  , '■ - i' :' \ • v y : ; : . . . : :  ::



CHAPTER 5

: ■: ' ; SUGGESTIONS FOR FURTHER STUDIES ■

. Although the experiments which .are carried out in ; 
this thesis give some satisfactory conclusions> further 
Investigations using this same approach or preferably a hew 
approach, might well lead to a better solution to the long 
Yagi ahtenna problem. . " ' ’• :i ;

v ' pattern measurements for different arrays can.be: 
carried out at different frequencies and: from the distortion 
of the patterns at these frequencies,- the directivity and the 
sidelobe level Comparisons can be made„ This will certainly v 
Indicate the;importance of working exactly at the resOpanee 
frequency.. The bandwidths of different arrays, of long Yagi 
antehnas' can also be investigated by. the above measurements„ 

i Long Yagi antenna measurements in two dimensions can 
be carried out and the characteristics of the arrays can be 
explaihed.by another;method which is called the virtual 
aperture method. To be able to use this method in antenna 
measurements, it is necessary to have the near-field radia-  ̂
tion pattern of the array in E and H . planes„ For this '
purpose, a. near-fieid radiation pattern analyzer has to be 
usedi In this analysis, the problem is to. find a way of % t'-t
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I n c r e a s i n g  t h e  v i r t u a l  a p e r t u r e . T h is  can  be done by addingV 

one o r  more p a r a s i . t i p  s i d e  rows .on e i t h e r  s i d e  o f  t h e  c e n t e r  

a r r a y  w here t h e  p h a se  d e v i a t e s  m ost from  t h e  m ain  a r r a y . The 

i n c r e a s e  o f  th e  v i r t u a l  a p e r t u r e  can  be se e n  from  th e  n e a r -  

' f i e l d ,  m easu rem en ts  o f  th e  new a r r a y . The a r r a y  w i t h  one : ■ 

s i d e  row on e ac h  s i d e  o f  t h e  c e n t e r  a r r a y  i s  exam ined i n . t h i s  

t h e s i s  w i t h  a n o th e r  m ethod , t a k i n g  th e  r e s u l t s  o f  t h e  e x p e r i ­

m ents  o f  K earns and E hrenSpeck^S  f p r  g r a n t e d .  P l a c in g  on ly  

one s i d e  row on e ac h  s i d e  i n c r e a s e s  d i r e c t i v i t y  and im proves 

t h e  s id e Id b e -  l e v e l  o f  t h e  a r r a y  s i m u l t a n e o u s ly  . P la c in g  t h e  

f i r s t  s i d e  row a  c l o s e r  d i s t a n c e  and a d d in g  more s i d e  rows if 
i t  i s  p o s s i b l e  t o  i n c r e a s e  f u r t h e r  t h e  d i r e c t i v i t y  of- t h e  ■ 

a r r a y  b u t , i n  t h i s  G ase , t h e  s i d e l o b e  l e v e l  i s  n o t  a s  good 

a s  th e  f i r s t  c a s e ;  h o w ev er , i t  i s  b e t t e r  t h a n  t h e  s i d e lo b e  

l e v e l  of th e  a r r a y  w i th o u t  s i d e  ro w s .  - I f  t h e  • len g th  o f  

e v e ry  a d d i t i o n a l ;  row i s  made one h a l f  o f  t h e  p r e c e e d in g  row , 

th e  s i d e lo b e  l e v e l  d o es  n o t  i n c r e a s e  a p p r e c i a b l y l  I f  a  • 

m o d e ra te  S id e lo b e  l e v e l  an d  a ' h i g h e r  d i r e c t i v i t y  i s  p r e ­

f e r r e d , ,  t h i s  a r r a y  can be s u g g e s te d :  f o r  t h i s  p u r p o s e .", The 

nutnber o f  . fh e  s i d e  rows on e ac h  s i d e  o f  t h e  a n te n n a  dep en d s  ■ 

on th e  c o n s t r u c t i o n  p o s s i b i l i t i e s  o f  t h e  a n te n n a .

: -: ^9K earns and E h re n s p e c k ,  d p i  e f t .  ' : h i .
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