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75 Ohms 95 Ohm s 125 Ohms Impedance
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~~~~ iT~4J
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TI’  5. 75 -~~T ~, 2 -7 -1 12 ,0 1 -~2 .2 I

55 ~. 52 - - 5 f f  
1

12 - S i  17 3  -55

- 10 .2 - 37 . S 1-1 , 3 - 3~ 2 1f . -! - -3-1
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7, ’ 1 2,M,3 — 7 _ I 3~3 I 51 _ S 2 1 . 6
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- - - — — — -
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~ 1 Is _9’7 ~~~~ ‘7 - lq ‘7 1,1Is
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(‘ond it  i - t n  — I-’ree ~tan( 1ing T-’ee(I I point I~ocat ion 19 — Inch es

Ft- * -& I I . m e  Feed Poin t
75 Ohms 95 Ohms 125 Ohms Impedance

1- ’requen(-v I -

M h z  - X R N H X H X
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1 f f 
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50 3. ss 1 -3 6  1 ~~~~ -63 7 . 74 
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-~~~~ 
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Impedance
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13 N
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53 9 . 7 — I i  1-1 .0 — - 1 8 . 0 20 .8 —49 106 — 2 - ”

10. 3 —30 . 8 15.0 — 30 . -i 22 .0 —2 5  51 — 199
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I -~d I 101 Feed Poi n t
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1 16 .7 —3 6 I 23 . -i —: 36 . 3 33, 6 — 3 1  106 —17 1

25.4 -25 :19 , 5 1 -20 . ” 56 , 7 -~~.2 117 -99
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70 37 .7 -30 , 5 37. 1 -30 .6 89 , s -22 . 6 17-I I -31
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24 , 5 -33 .7 :39.-I - -11 .-I ~
‘ (15 ,2 -33 , 5 276 -- 151
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I ( ‘ n i t l i t l on  - h andset Ext ended Fee( l Point Location 21 - Inches

I- ~ -~- tl L in t -  i ( ( d  Point
75 Ohms (5 Ohms 123 Ohms Impedance

[rt ~ luencv T - ‘ ‘ ‘  ‘ - - ‘ _
~~~~~~~~~~

MHz II X II_— 
X U N U__-- —-

:30 6, -i -10 3 9 . 2 — 123 13.6 - 1-I-i 101 - 196

10 10, 1 — 6 1 14 .2 —68 20 , 4 — 73 91 . I —26”

Sf )  1, 9 — 47 2.7 —51 ,7 4. 1 — 35 26.7 —32 (1 1

33 “.9 —3-1 12.86 —3- 1 .7 19.3 — 3 1.5 55 . 5 — 23 1

6f f  12 .2 —20 17 , 5 —1 6 . 5 25 . 9 — ( 1 , 3 so , 2 — 1 ; : t

65 12.9 —7.7 18.-i 0 27 . 1 + 16 . 5 62 . 3 — 137

70 36 , 1 —11 53. 6 — 3 . 8 82 . 5 - 1-1 . 6 126 . 3 -55 , )

73 38.7 —11 .4 59,2 —6.0 9-1 .8 ~9 .9 136 —3 1;

50 27 . 2 —30 .9 44 . -I — 40 . -i 77 .9 -3- 1.3 2 13 - - 79 . 7

- - - - - - - 
I 

-

ss 
j  

13.7 -28. 1 25,7 -40.-I - 15.7 -6 2 . 2 O f I  ~~~~~19”
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l l ~~ r i ’ f (  ~L 11 ’ ~, IL ) r h j I : i ( k m h t s  ~J ,  i i i  r ‘~c \ ‘ l l l~ n~i l i ta r~ (, t t ; ~1 r I 1 u r u i c a l i t l i s  h and . 01~O ’ ( ’
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scr~~’ IS  ( ‘ U I i I l i ( 15$ is c .  ~~i f lc(  t h e  manpa ck  cast  i s  in ra ther  i lose contact w i t h  t h e ca r r i r ’ s

:t n t t ’~ n :i per r m : u n t ’  is  affected h~ body po s i t ions (standing , prone , etc . ) and by he
i t c i’ o O t t  ( (u l l i ng to t h e  ( a F r i ( ’1 S bOdy as ( l ( t e r n h i f l (l by clothing and h - sly co~ due t i vi t ~
1 i~ l el iv t  I O f t i ’  work r esent ed iii t i a s  ( (‘port )S to develop a :o I t  ~s MHz inanipa ck w~ i.

, ‘ , f l u1 ~ o X IUhf l  i i  I ’ 1 ) I a f l ( e , o t h e o n e v  and radia t i on pattern charac ter i s t ics  which are 0 ( 5 5
iv~ l i e k  p m x i m i t \  anti  posi t ion . A fur th er  h H t i v e  is t o  achi vo a r a d i a t i n ~ st i n —

t i l l ’ c wh i ch  can h hci to  a 5(1 ohm s in irc e ,  un il i r a l l  operat ing ( (mdii  ions , o m p iov ing  i

rn t o  t i L l  n s ix  I 0— t u n c ’ o l  ma tch ing  n& ’t wo o rL :~

1 t a t h i  o \  he iul w ) \ ( oh~eet i  v i s , elect n eal character is t ics  of a 1— foo o l whip ant enna , fed
17—2 1 inc hes above i t s  p oint  of connect ion to an A N / I ~ H C—7 “ mimpack radio , were i n V e st  i —

d . The elevat ed lee I point approach causes a larger portion of the ant  enna current  to
i t u r n  t o  he L t ( n ( r a t ) i r  via t h e  outer  conductor of the feed coax rather tha n via the ca r r i e r ’s
lxxlv , thus  l e o  toe ing  r)r~ x i r n i t  v effects . Although the feed point Is not at the  phy sical center
‘ 1  t h e  radi ator , t h e  st ruc ture  is referred to as a Cent cr ied \~1~ip Antenna . Va r iou s t eed
poi nt loc at ions . li d— l i ne character is t ic  impedances and t e e d — l i n e  elect n eal lengths were

x am i n t ’ i  In t~ v m s  of input impedance cha racter is t ics  as r e lated t o  the various op erat lo )n a l
cc nd i t  ( o i l S  ( )ner atj o flal  conditions exp lored include : standing, st~tniltn ~ wi th  handset extcn( lc(l
and pi n t ;  a l so  measu  r i i i en t  s were  conducted wi th  the ant enna— manp ack combinat ion  fr e t ’

ndini ~ n a l i t i c c i n c  support 5—foot above ground . F i n a l ly ,  p e rf o rmanc e cha ra c ten i s ’  I c s

it he it I mal cnl t nt ’, antenna are compared wi th  a has efed whi p of the  sa me lengt h .

l~esu I t s  -oh w tha t when the feed po int is located at the ci ect ri cal center o t t  th e  w h i p  an t  I
pa k~ t i  s s e n i h iv , the  -i i i  cr ied antenna can be matched , for a l l  condit ions , usin g fewer sub —
k i n  Is t h an  i o ; u i  t - h r  t h e  baseled antenna . Also , ef f ic iency of th e  centerfed whip is so ’vcra l
lO B ifl ’ ’  ( 1  t I l l  n he has ‘ted whip over the  lower portion of (he lU— ~~ MHz band and about islun I
t o o  ‘h o has ted c t l i c i o o t c ’ ’  above 50 \I1l ’. The ai i inu th  ra ( liat ion patterns of both c onfigu ra t i ons
it re i ’ o a s o i nab lv omnid i rec t iona l  over the 3~~— 50 MHz range; however , sign i f icant  anomal ie s
‘‘( cur in the haso h i  wh ip  patt ern at ;() \i II~ ; whereas , the  eenter t cd  whi p sl it  ws reasonably
well  behaved f l j ’ t  1 115 U J ) t o  ~ U \ l l iz .

1
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tnt n stu d j o

This repo ~ t o  -‘i c i’iln t l ’a ’ o i t ’s i gn a l i t  I ° I ~ ~ ‘l~ ) l ) i ’ I ’i ( ’ ( i t  ot a u asvm met ricallv fed
whip in le n n a t i t i o l  a s sso o ia t t ’d  n in tc  111( 14 n v t w o i ’ k  c i r c u i t  r v ,  ‘i ’ m - a n h o - n n ; t  is j n t cn o lc , d
for t ut u t o -  l i s t ’  w i t h  ta ct i ( ’al  ma n l ) i i ( ’ l .  r adi os ui I )( 1 al 111 4 i l l  t h e  In s~ \ i I l z  portion of

h o -  \‘I I I band. ‘i’he sul j ccl whip a iit ( ‘ ( l I l a  1 5 i~o ’ f l l ’  i~ i 11’,’ cal it ’ I a ‘C  ent e rfed ’’ whip
l ) o ’e au s t -  t h e  whip  is  fed , v ia  a eoo:i x l in e ,  at a poi nt which  in  t h e  o Io-o . ’t r i ca l  center ot the
radi at ing ~ t uii c ’lu re ‘1 11(0 t o t a l  radiating St ructu i c  i H -un snlcred to be the W1li~) and
associated manpack radio case , including O h o -  m eta l  ban em ” - - pac k container . Since
the r a d i o  ( L i S t ’  is an import ant pa rt of the  r a d i a t i n 4  -I r u c tu  cc , ii t ’ f ~C— 7 s  radio and
as socia l cd ha lt o-r v pack ~v :4 s a - I ’l l in  conjunc t  I o wi th I he whip antenn a throughout the
develo p mno nt program . The 1- 1 0 ) 1 ) 1 whip mount o l  o ) I (  he I ’ I ¶ ( ‘ — 7 s manpack radio re-
sult s In an overall ra (liating St ruc tur e  lcngl h s o t  appi -ox in i:U rh five feet

The s U l )  o c t  progra tn ~~~~ e ’Xi ’c t i t  i’d in tW ’> ph: -o no . I dci  — i t ’  i ent ailed design ,
fabricat i on and t i  -~ t of expl orator y—opt i tili 7th ion 111001015 il l o ole t’ t~~ c-s i ablish opti- -
mum otcs j4n ~s:s r aiiu’ t t - r S . In Phase II tin ’ ( I o ’ s i L ~l1 \ ‘. n s  fi na l i io ’ i I , ad vanced develop-
ment models fabricat ed and fInal po ‘ri s rmance ‘t’st S ( ‘c) f l ( lU C t  ‘) I

During th e  fi i’st phase , a I)att ( 1’\’ P iw o-m’ rtl i m n pecl a i :c - o ’  brid ge, capable of being
hou sn o I w i t h i n  a I i t (  ‘ _ 7 (~ Ila dio can e , was ( l o - - i i 4’ll ( ’s I ; t n o l  t : ihr i c at  o i l  so that measurc~
1t ( t ’ f i t  iii a (1R’ I I I ( U  i l l l t ) t ’UlL Il l ’ t ’  C i ) Ul t i  J) (’ i i C L ) i J i 1 ! J 1 1 ” I J ( t J  OS 10110 (0  

~~~~ 
l i i i  l ) i I I~4 u i , i u IeeLiuros 00

ext e rnal I &‘ ~ I equipment . SeV( l’al experimental  whip s were th en fabricated and cx—
I en si\’ o ’ l i t .  :isu i n ‘ m t - n I  s , using the bn t t e r ~’ poo wo r o i l  h ‘1 ’ 1 4 0 ’  Wer( ’ per formed in order
to o l e t c ’rm ino - optimal feed point local ion , elec t n eal L - t1 4 ’t Ii ) ) t  I he 0 eed— line and feed—
line char:n-t erist ic Impedance . ‘ l i l t - s ( ’  n i t ’a ,-o U m c l i i i  ‘II! 5 wi-r e conducted for three
C (>fl (lltiO)flS : 1) iiutnpack ca rrie l’ st andin4 , 2) -it afl di fli3, wi th  hands et ext ended approxi—
t l T h t o 1 \  t h r e e  t~ - t- t afl (l 11( 1(1 by a second i i i ’ l s o  1) t I l l :l’l ( ‘ : i l -n i ( ’r  in  th e l)~~OflC poSition .

A lso . ? n o - : s s U l’o ‘ tn  11 15  l o t - r i - p 4 - r f o r m M l  w i t h  t h o ’  i ’’~~I 1o and ‘n i l o ’nn a combina t ion  mount-
(‘(1 T,— 0 so t  abov ( ‘ gr o )u n (I  love1 s i l l  a cl ic ’lt ’ct t iC ’ 51 a l t o  I . l hi S IS  rc ter re t i t o  her eafter as
the lit-i’ s’ and i ng condit iou .

I )u 11114 I’Iiaso- II of Ia- program mechanical  t Ies ign ot (ii- cent cried whip ant erina
was final i ie ol based upon ti io -  pa ra m n c ’  t i’s (let ern i i i ’ied do !‘ i11 4 I ‘ i l : ( su  I , . \ls o, match-
ing network s c o  vt ’nin g the  3 ) 4 — 5~ Ml t z r ; 1n4t ’ in six - 0 ( 1 1 ) 0 0 : 0  i i i  I s  u’ - i t  0 lcsigned , fab ri-
cat ed and te s! 00 ,  ‘I ’ h r e t -  t I ~(— 7 ~ \ lanpack I - ta I i - o ~ w o r e Il ’Iool iti ed t o  accept the new
matching 110-lw or k moskiles . The mo olul o ’s Wi - i c  ole - j :iio - i i to o fit ill t he space occupied
by th e origi na l 1’  H C— 7s matching net wo rk

I . I 1)t ’se i i j )t 10 ) 11 of Final  c nt i~~ i ra t ion

‘ftt ’ t i i i : t I  I — t t i o U  whip c o m f i g u r i o t u .  ii is t i o l  17 i n c h -s t b -  ‘‘, 0 t h t ’  1 ) 0 ( 1 0  “ l t e r ( ’  the
whip conn ect s to  t h e  man pac k ra dio ~ hR-c I ho- I . !  1 b - i  i s ’! I t i t  t l it ’ wh ip ~UuI ra di
case assembly Is ; n— I n c h es , the 17 m d l  hod t int l - w : i t  i i i  r e — t i l t s  iii t ’ x o - i t a t  inn

of the composite sO nj ctur e o n e — i n c h  I~ l o w  I t s  cell! t i ’  I i i ’ I r t ~ l l i i i .  i~ a 95 ohm
COaX Incorporating expandeol h il ton olleb ’o l rio - , h avIng a i- o ’ l i t i ~ ‘ It , i~ ’t ’ t  m i t ’  ( n f l —

sta,rit of 1 . 23 . ‘I ’h is low dielect ri c t - i i l o ’-’4101 : o h l o o o  t l i o ’  t o o l  h i n t ’ ‘O h - i  I 1 :onwtvu’



t o )  l i t  o ’ ~ o : H O 1 1  ~v i t l i t j u t  m o ’o~ ( ( t l ’ 1 I t t t  - ~,4 ’ o’’ — 5 l \  t I ’ , i 4 l l I i i I l  co - n O o n  - . . nol i t c tor  to realize
the ~o ‘ i l i i i  t h in each F i S t  ic i t l l p o - o t : o I l o  0 ’ .

I ‘iLu i - c 1 li i iw - - t i l e  F i t o a l i- o n ’ o ‘ t o - i l  ~ ‘hip c i o n t  igt i  : 0 !  ion , \ o indicat e (l , a screw
t o t’ c o oupl imiL , i t it i l : i t  l i i  :o I \ } ) ( ’  \ ( ‘ i i f l h ) ( ’ O ’ I ° ’ l ’ , I~ proviiled l i i  sot - oct the antenna to
t ’ m a t h  cast - \ st’ ( ’I  ion s o t  l l ex ib t lo-  s l o t -I t u b i n g  s i \ — i n e h o - - ’- lo ng a n t i  0 . I S inch in

o l i a n i e t o - m  15 j)1’OO V lIIC ( I at the  base ol’ the whip :e— . ’- o - n i b l y  t o ,  : o l l o w  a bend when
0 ) 1 ) 0 - r a t i n g  in t h e  prone p s i s i t  i s a , ‘h oc t ’ o ’ o - o I (‘(lax ntrt s through l i t’ flex Secti on and an
‘ I ’- i f l ( ’ h i  l o - n ~ ’ i I i  s~f t o , I~o inch I ) , 1) . I’ i gi(l ~i : o i n l -ns t c o ’ l  tu hi n g At the t o e d  point , a
—z hio ul S e ( 1 1 5 0 1 1  of ( 1 , 3 1— j too ’i i  ( H , f i h o - i ’ g L o~~-o t ubin g is us - s I t o o  supp om i the tipp er whip
to -t I i s i t i  - l i l t  ( 1 1 ) 1 ) 4 1’ whip  section is a t t ao -ho , -i I too t h o ’ howo -r Ho t - I  i i J n  ~‘ia a screw con—
n e c t i o t u ;  (hi t s , t in - OI ~~~~(I ’  whip o ’ : o t i  I n -  t’o- m:isi ~’ t - i I t o t  t a c i l i t a t  o ’  packaging in a field kit ,
In ado b i t  i -o i l . t he uj);)t-1’ sect inn is mat k- ol pm - in g stajiilo-ss sI ‘il U - I tt  inch diameter
at t h e  b s :o , -. t -  and t:i I )e ring I s o  4 , 0 0  II i n c h  at th o -  o i ’ ) . ‘I l i - i  a llow s b e r s l in g  into a rather
t igh t  lo 00 0jo w i t  blo at  p em’ n l t tno ’n t  k- I,  • ‘tila tion - ,\ I - i i i , a on os — h ai f  inch d iamet er  teard rop—
shnpet l t i l l  15 p t ’ov iok ’ol f o o t -  t V )  pt ’oto ‘ ( ‘ I i ’  in ‘J’he s - v o -  prot s - c l i i i ’  t i p  js molded plastic
loa m awl i - an l o  t o  ‘0mb oV (’i I by c’ ru shit ig t o  I s  Ii a-c visibilit y unde r  comb at c onditions ,
l igoto ’ 2 show s a I ’ H ( ’ — 7 s  Hadio with s m a t c h i m i g  n e t w n rh mioxIoilo ’ install ed ,

I’ i ’ i ’ t o l ’ , l H i I m o ’ t ’  c ha i ’ a c t em - i s l ie s  01 t h e  I ’in al c o - i m t c r t o - i l  wh ip  c onf i gu ration, as ole—
51’ 111 ) 0 - i l aI)oov( , to i c  I)t’(’SCflted itfls h i ’  pam’agra ~-oh ‘I - I ) . ‘I In se it i t , ’hi o le :  impedance at
li lt- m l : ’ c i l n o t y , no - iw oo i ’ i’ , iflpui , ‘ f f ic ’ i t ’ in -~ I t ’ i , i i i \ o ’  h o  a :no~ ‘.-~a - ~’ e o l ip o l ’ and :~z irnu ’ h
raIl: i- i , - t o l t e r n s .

I ’ m ’  ( ‘ 0 ’  03 5 O lso n , si i-n i l:o r tut _ -asu t ’ osnl o ’nts no - i i  also ps’ ml o inn-i l ~ ‘i l  Ii a I—f oot base—
t o’1 whip nit oumi t ‘sI 1) 11 t h e  I U( ’ --  75 n ) anj ) t I ( - k  radi i i’ - : e - o - . ‘l ’ hesc mii ~- :os u l’ y t l t en t s were
pert  - i t  o o ’d 0 ’ , t i t O l l -  f i t s -  standing 0 n o Ii i  ~o t i  and wi th  I ho,- i ’i ;onpa ck on a ca r rie r ’ s back.
lii c, t’tI ( r :o I , ‘in I ot select whip exhil s It t -o I  a Il1u ( ’ Ii I t ic ,he I’ i lnpeo lance ti t an the  cent e rfed
c- i n ti  go i - t o m  t - i- s , ve ~

- t h~ 30 — S o ~ 1Hz ran g’ o - , .\ t t h e  h ig’lic 1’ end - ‘F the hand imp edan ce
ch a racto - m i s t  li’s were Si mila 1’ . 11 ‘Wt ’\  0 ’  i’~ i t iI J ) e ( lt Ui c ( ’ vani al 10 ) 1 1 5  ( o \ ’ t _ ’ l ’  the range 01’
r o i l )  j~ j o o f l~~ i - i i m l t l i t i o i n 5  W o ’l - t - not ed t o o  ho ’ s i g n i t o c - a n t l \ ’  less 1 4 , 1 ’  th’ ie cenlerfed whip
t han tom ’  ( li t  Isa -o h-I w h i p .  ‘h ’his n’;ss p a m - I  j c ’Ui , t t ’ l ~’ 1 coo - at  the low - end -I ’ the band .

Ii (‘ha rt plot S of t lio- nio - :tsoo i ’ s-s i i l m m l i i - o i t i m R - c  lai n , I - t i  to l l  antenna confi gu ra—
t l t o i i i — , ii- p l ’ esente o l - I’ltis da t a Is :oh-  l i s t  o i l  in t abular  t ( i r n l  (~-e( ’ .\pp encbix C)
— O i l l i ’ o I s  ‘ s l i m !  ion on th e cha os is 1)0)4) 1’ over 11 1 0 - h s w t - m ’  portion o f  ( h o ’ hand . ‘l’he t ables
also i n d i c a te  t h t ’  feed point impedances as (k-niV e(I 1)1 1 i’aio sfot ’mat ion of the mea-
sured laps ’ impedance values ,

2 , 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ . I Im p eda nct- t r ~~ncnVU,~~~~~c tm o’

\eeu m ’ to t  ( m ( ’a sur o ’mno- nt of the I ilipe (I an cc- o 1 :i I : t t inpac k antenn a requires a high
oleg 1 0 0 ’  0 ) j  Iso la tion b ( ’tw ’ t ’ t ‘ii th e radiating ~~~~

- t t _ -m a to nob imped ance measuring inst ru—
l i l t  I S .  Iii -~t ’~i o ’ , ’ i t l , cable conuecti t 015 ho ‘t W& o ‘n ant i ‘unto an o I t o - s t  inst ruments r e—
1) 1’ -~ t ’n t t lit .’ t i n  lot’ I ) ert ~i rh ing facto m , P t ’ t - ~ ’is tns  i t i ~ ’ i st igator s , such as K rupka ( 1),
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ht ovt o-imijoI oo ~ i’d I I I ’  e i l s o h o - 5  in  t ile i n ! o ’ l ’ e i s i ’ if l t - e t  j i i ~~
’ l j t m t ~~~. ‘—‘00, 11 o i l  Vices l ’ o ’oI u (’c direct—

0, ’ i l 1 i t U O ’ t  t-t I I t  I ’  0_ i l l  ct -lit s I ml! i iavt ’  110 i - l I t ’ ’, t oil i iuto t al o ’ ou t p j ing between th e driven
allt t ’lb t la t in t! t l~o I tto ’ 0 ) 1 0  t l i ~ t o - s t — j u st t U t l ’ I t ’ i O l  - s o l o  ot (h o ’  c h i , k o ’ . l i i i ’  o -xam p le , the
mnu t  intl i i’oipeolane’o - l . ~~- t w- ~ - O m o  u s~ m a - S o i n ton t  t o o l  l i - t o-a r half wav e oli po lo -s ~spac o’ t l 0~~, 1)1 N Is

l’s); h o - no ’ t , i f , o m a -  o l l i x i l o -  is i l m ’ i v c ’ m m  al1 oI t he  s i t 110’ ’ ’  sh soi ’t ed the c u r i o - n t  to t t l io ’
(‘efltt’ t’ tot ’ t i l t ’  sh ssrt o -o I (lipoilc is osnl~’ 7 dli beloow th at tot th o ’ cent o’ i ’  oo f t he  thm’i Vt’n o h —
pith’. .\I~ io , the inI~ 1t irnp &-tlamtt ’t - ot the ihi -i v et i dip oolo ’ h o ’ c s n n o ’ s  H ;7 — j 13) ra ther
than t h 1 72 ohm F t- c space value . In this example t he  0 , t o iN spacing bc- two-t n d i—

po)lo: end s tn av 110 ’ c- o )tls i oli’r eil an inl ’i n i l  c - i rapes lancc- p -r t o -c !  choke , vt - I  sign i fican t
coupling oX’o’tI  m ’ s am id is ro ’f le ct  ed in he I l iven ( I1 ~ 0l( iinpedtutce , To avoid I he above
p ro l)le in to bat t o ’  1’\ powc t’eo I impedance bi’is lgo ‘ , hav ing  the block (h ag t’to in sin own in
figum ’ e 3, was used t o  s r  all impedanc e measu t ’o ‘I)ieflts -

‘I ’hc - c-i i’eu it rv in oh ica t t ’~d in fi gur t - 2 wa s hou~ o ’ o I in a I ’  It C ’ — 7 s  !~aolio cast , ’ and
powe c ool by batt o o ’ i c - s  house d in a standard I ’ ItC - 7~ ha lt c i v  box , ‘l’he i mp( ’dance
t o ’ S t  Set assemhl v is shown in i’igu ro,’ -1 . The b i’ii h g t - was balanced i)\ ro - t i i i ,o t clv ad—
ju s l i t m u  tht’  variable load , u s i ng a 1 2 — h o o i t  b o o o m g  t :m ~s o-i ’ s. - s I l b s  m’gl ass tube a~~ :0 t u n i n g
wt ond , ‘ i i  1 l i n t  ( ho ’  p -I’Son opera’ imig ( ho’ bn is lus’ su it not fl It cl t i l t -  :0) 1 1 t . -n f l t i  i mapt’ikinct’.
Pi’o)Ximit ‘; of th o’ pc-rsoti iop o ’r at  ing the bridge w : t s  ohs i ’ i”o ’ o-d  1 ( 1  h., ic-as ! - l i t  ic-al over
t he i n — Sot M h z  range; in go -n o- I-a l , l)1’0X111’ti t v Was m I tt s! c ritical l a - t wo -o t t ( ( )  and 75

~1I1z ,

An ,‘\nzac-  \ loo iel 1 1 1 1 —  huT 150 ~—ltvbi ’icl WtO .—o USo -0 1 as h it -  impedance compa rator
elCrfl (?flt ill th ( ’  br l i l g t -  . ,-\ m- ino l i c to t o- s i in figu re 3, t he’ whip ant emi n li  is conno-cte cl to
one ano n of t h e h~bri o I ml a ~‘ar ’iahl e load is n o om mno ’c I so ! too I hc opposite al .t i i  . .\ null
is obtained , tot t he hvb ‘id di Fi ’o-u ’ o-n co ’ IX) ii , wlit , ’,i th e b ail I niped ttiio~’t ’ is equal l o s  th e
antenna imp o- s la n co-  \\ ‘heti to nul l  is obtained the it iiped~u t c - of 11:0 variable load is
measu ted usin g to I I ew I o - t  I P acka i-I network analv / c r  When h i t ’  sy s t e m  is adjuste d
for a null , ami ~’ ~ wo m ’ not absorbed i ,ov the loads is refl ected back to the hybrid sum
po rt; I he rcf i i-c , t o t ’ lB pad and buffc r a rn pllfi c r a rc ’ used to  i o a e  tile- t t uiable
o’-oc- i l la to r . ‘I b is P reven ts frequ ency pulling and for~vard j ) ° )W t - 1 ’  va riation unde r
high sum — p0 nt \ ‘s\V It conditions ,-\lso , the  I t I - ‘ o o u  t ’cc- i s  modUla t e(I at I kl l7 and
t he d et ect  (~ I mn oo mi ula t ion  at tht ’  hybrid oh l’fe re’nce port is amplified via a bancipass
amp lifier. ‘J’h e arnpllflo-r provides 7u lB gain and a 1-1 lI z banolwulth c-entei’ccl at
I k lLz ; hence , Inte r f er r i n g  signal s -oup led in h~ t lit- antenn a n i - c- r eh e-et ed , ‘i’hc o-i y S—

(( ‘ in p rovides to null to’n sit  i v i t  v of 10 to -15 olB o o~~~~1’ the hand 0 i f m t  Cr o-st

The variable ro’ferenc e- load provides a rellection coefficient rna~~ ituc1c range
of 0 . 9~~; to o - w; (1 . 13 < \ ‘~ Wit < 55) by t oo liust mciii of the ~t o riahi e attenua t or , The

capacitor and inductor pt ’ ovi oh t -  var iat i on of the reilection coc-fI ’icicnt angle,
combInation ot the variable attenuator and reactors pm ’s)v idc a wide range’ of reflec-
tion coefficient , o) r  Impedance , variat ion . lb owev t-i’ , wlt - ui mc-asu r ln g an ant enna
lfl ’i I ) ( ’ola flc c of large reactance to resistance ratio signi t ict u it err or in the measured
I t — e o t n i p o t a - n t  value can result , even though a good bridge mitil l is achiev ed . Thi s is
cati-n- d b~~ fini t t ’ Inserti on lu -os f lSSS )( ’j al ( s l  with the v :o i ’ i a N t’  a i t  t -nu at or  which limits
th e rnad mourn value of re tl -c t ion co e ff l i ’ i e mm t —mag n i tude  ach it ’vah l e with the variable
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t o  ‘I c  i ‘no ’ I - o:os i l ’ s itm: ~ I l it u t t o u t i h t o  ‘0 ‘,~ O l t ” ~5 i - o t t  t o i ’ i ’ t ’ t lo-c ’ 1 ° ! )  s ’ i t t ’ t t  10 ’  i t ’ l l ) , t he II & \
~‘ : o I t i o  -s c o  m ’m’ t - spondi ng l i t  i i- - Ito s o t ’! - 0 ’  0 ) 1 1  c 0 0 0 ’ t  I t o  i o n !  (I - o~ ) a re  given b~’

- ‘2~ ~~
I t  — — — ‘ -  ‘— — — ‘  _“—‘ _ ( I )

( I  - I ‘ ‘ 1 ‘ 1 1 c o t s

2 1  / - o  — i n - .
x ~~~~~~~

— -—— - ‘  (2)
t i  I —

~~ ‘— I I c-~ i s o :

where:

I - relic-ct ion c o o s  - f L ’i c icnt  magnitude- \ ‘i oh ago- Hat j o)

i’o’tlo’t’!iofl eon ’l ’tli’ ient angl e

c-ha t ac’ t  (‘1,1st ic i inpt’ i  laric’t-

, \I ~~o o , if the- reflection c o o  F i l m - ic -n t  :o j o g l o -  o f  t i m e  I ’ o ’ I o ’ ! ’ e m i c o ’  load i s  c i t ut i l  to that of th c-
unknown m ao ! , the into ximum null dept Ii - l Ot t im tm ! il~ is givo-ti by:

Null ( tB) 2 )) 1 0 0 g 1 0 0  
1 i - , 1 x

where:

- r i- c-flee t ion c o o  -t ’ I ’ic- i et i t rnag nitu ole- st r t ’ f cm ’c mi c e ’  is O t t o  I

I ’ x rc- fl c-c’tion c ’ o i t ’ I t i o ’ j o ’ i - i t  oiiagm ’ti tti chi’ 0 ) 1  umik n ou ’u t l ( oa ( I

In g -nera l , t h e ’  equal i’ e- flec - t  isO ’! c o ef f ic i e n t  a t t n l  o ‘ c’ u i  liti om is -ttm- o i lv satjs l’ic’d,

I I  t he in sert io ,on l ii ~ s s t  the  v am ’ia h l o -  : t t t o ’ t I i t t O ’ s i l  lim it s tIm . - uml :o x imc t nl value of
i’ t - f o ’ i ’o ’ r oc’ o ‘ load reflection c o t _ - I l  i c -i t-n t to 1 ’ m ’ — 0 0 , 30 dli an (l the ’ unlciiowti lotte! re fit -c - —
lion coefficient is actuall y — 0 , I I )  dli , I he null obtaina b le- is - -15 d l i  ~x- m ’ c-q uati o ) n ( t )
a ly)ve, Thi s woul(i be c-i o ti ~~i o I o ’  m’ e o l  a V . ’ l v  gi ood mi t _ i l l; howevt ’i- , in s o- nt imig I ’ r —0.  30
lB int o equatio n s ( I I  and i’ll ,  wi th  at og ’le ~“ assu med to be- I S - , resuj ( , s  in an ap-
parent value f o o i ’  th e unknown load o f I t 5 . sS i ohn i s , X — 1 2 0 . 17 ohms. Substitu-

tion o o l the I ru e unluiown load i’o -fl e- c’(ion c oot  ‘fI ’li’lenl 1’ x — ( 0 , 2 0 )  oiB , o ’  _~I 5 0 into
equations ( I )  antI (2)  v i c ’ i i I , -~: It 3 , !~ l o h mi i s , X — ll o , t ( )  ohms; hence , the H—
component c-i ’m - o r I s  19 . h -

‘ and ( ho ’ X—eomponient 0-i - i’ or is only I) - 11

‘I’hc abov (- example sho ws that a I t o  m g i ’  I t —  (‘ i i  O l ) p o ) f l t - m ) I  t i ieiist _ i i ’~-men t (‘i-ro n may

occur If t ii t - a t tenua tor  s t - I t  in g  must ho ’ r e-ducccl to zero t o  obtain a null , o ven though
the null depth is very good . I t o  owe v o ’ t , the go to ol null i t-suits fr om acc’u i’at c match —

S



11 m g ol’ t o - f i b  ‘ i l  J o  i t o  0 ‘00 ‘ I f  i ou  o i l !  o u t f i t ’ s  t~ I u I  v i  . ‘ I s  ~‘ - mu t o ce u  ra te  t o  ‘ t o e !  : t m u ’ o  ‘ ~‘ nlto- pr oo—

~‘io led h it’ i’ o- t ’lo ci i o u  t o  o t t  fit’ ~o mm! ott o ~i - i t  wit - i s  1 a i’~’. t -

l-~ m o  0 1 ’ I c  ilic -as u r i m  m I ( ’ t t l  of t I t o ’  I t — c o  i l I ’ !I ) o l i t ’ l i t  , ttm idc ’i’ It o t ’g - N t o o  I t ratio con (I i t ions ,
is tIV loi ( I t ’el  1)V I t i , ’ o ’ti mg an i n d t u - l ’ o r  of known l’ o ’ ; l ( ’ t ; l I ’ ! ( ’o -  and ( ,i in so , - l o s  with the an—
emma t~ ti t i t ’  t o o  balancin g I he bri t lgt - , ‘I lils t ran Forms t he ant t una i mpco lance t o  a

lower r e f It- c t l o o n  co e f t i c ie in t which o ’ ’u m l ;~ . t i ( ’ ( ’ s i n i t i m o o k i t  cot  I) ’; an toi l -nuation value cx-
c c-clin g the  Insert li in loss of th e  vmi i - i abl e at t enu at  o t ’ , ~1’ ho ’ antenna impedance is
obtain ed by c iii’ no-ct ing t ho’ nit -asu red va n ab’! o ’ l o i t i d  I mpcdan c- o - us ing t he’ previously
m(-asur eol It &‘ X va lu(-s of the  tLtI (INI So ‘m it-s ttul uc’t o i l ’  - \ l i  i o’& ’o )\’ O r ’ , I ha - N—compon ent
of antenn a iriipedance thus i o b t a i n o - o l  can ho - clo ’c - l :e i l by mc ’:t~.u r t ’tno ’n t  with the sc-i - ic-s
I n olu ctor removed , since direct mnt ’as dm r emiio- nt  of the  X —c ’ oi t ’mlpot ’ !e ’m i ’ i s  1 ( 5 5  than 1
In c- ri -or as in d icvo t ccl iii ‘ho : aho ov i  ‘ o ’ X a I m l I ) l o ’  , ‘t he t o to o vo ’  apj ) m ’ o o : oc , ’ !o t\ ’t o u sc-I in t h e
30—- I S \ IhIz  i’angt ’ -

.‘\ppc nd Lx ,-\ pl ’est ‘ I l l s  a c l isc t t ss i ( o f l  of b r i o l g o  ‘ to ccu ran ’- , c’i  mi ~ i t I t - r a t l i o ns  - Al s o ,
figu re 5 show’s the  m in i m u m  H—valuc ~ which c ; o m m  h o-  t o t - c - u  i ’ t i l o ’ ly mo-a s-u i - ed as a lu n c—
lion of reflection cocffici o-mii anglo’, l’s or s o -v t - i a’! v to luc - s  of t i l t o - n t l : ~ I 01’ j ose 11 i o ) n loss ,

2 . 2 Impt-danc c- Cha ra e- i c i ’ is t i cs

Imp ed an co’ mo-asuremnetit S Were l) t ’ t ’ lo l ’n ’o 0 - i l  Using t ha’ I o a t t o ’ l ’\ ’ p o ’.c t’ red bridge
oliscussed o t w  ° V t ’  Init ially, n iea sd d ’eflle -flt 5 W ( ’ I , - c’o91 (ltIo’t ‘ s i  ~‘, ‘it lo lit- t , tt ’ ,1 eit .’k_ \b o’hip
(‘ 0 ofl ’Ol )jflatlt )i) h o t ’  sta noling on to d ielec’t m id - Supp o 01’ ~ which i) lad’ o ‘i h o ’  lit ’! t On i of I bit -

radi o to i o )il ’ o o x i o m l t l t c ’ h \ ’  li\ ’ o I t -c t  t h io \ ’ o ’  g i -ounol  ho y t - I . UI  i ho’i ’ m 1 i o-:lstm t’ o’ti1c-n! ~ we nd - con-
duc ted w i t h  I ho ’  manpa ck—wh lp corn bin at 10) 11 00 1 ) a c- a 1 1 1 1’ S back , ol ‘ to  s t _ i m o- n i t -n t s

were take n with I he- carrier standing, p1-one anol 5! a n ol l i lL ’ , wit ii the  t in t  k o,-t cxl t -n ( l e( I
appr o o X i l l r i t o i \ ’  ‘h ro-o ’ fo cI t o n i !  lie-Id by s o n - m d  ; ) o - m ’ s o o n .

‘ t o  si point loc a l  ions i > f  17 , 19 an d 21 iii~’ lic- ’- W -  mc- 0 l \  est i ’ ,,, t o!  t o !  . .‘\ lSoo t ee-c l line
cha m t o e :  en istic impedance s of 50 , 75 , 95 and 125 iihtns we I t ’  o-xp lom ’ c-d - o nly limite d
lnvo-st igation of th e- 5~ and 75 ohm impedance I t -v t - I s  t va o~ c a m ’  rio-i I out 5(0Cc it Was
lm rn edl at t-lv apparent that the-sc value’s r ’ o ’ s ul!ci l  in vc ’ r ’v I -  ow I t — c omp onent o’a lues
Smith Cha rt plot s o i f all Imped ance charact o n  - - ‘I h’~ at - c- p i t  -~~o - t l I  ( - 01 ; t d S o , correspon-
ding tabulated data Is given In the Appendix B ,

2 , 2 . 1 Free Stan ding Cha racteristics

F ig u r -  (; show s the f m ’ o ’ e  stan ding lmpedan (.- t -  eh ar ae t o-n i s t ics  sof  the c’ent crfcd
whip— martpack combInation for feed h i t s  - impedance of 9 To antI 125 ohms with the
feed point located at i t )  inches , I ‘ n lo ’ss oth ct ~vi SO - spec i f ic-s  I , the fcc-cl—line velocit y
of propagation for all d ata is 7 1 °~’ , c ’o i r m’es ~stnol i iig to sol i o l  tef lon die-ic-c t n c  , ,-\ Iso s ,
the impedance- s plott ed are referred t o the base or Input of the whip sec fi gure 7),
henc e , the ’ feo ’o f l in t ’  lengt h is equal to )  th e feed I)OiJl t Pc)Sit ion relative to the top of
the manpack radio . ‘li i i-  Impedanc e at the ’ f - o -c l po ti nt , obtained I )~ t i’an sfoi’tning th e
measured Inpu t lmpet l a , i o’ o ’ t o th ( -  Ic ed—point , is a lsot p lott eol i i i  t igui’c ( .

9
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I i , m ’  I ho ’  I~ 0 t I m  l i m  - ‘ - e o t t i s  1 0 1 0 0 ’ - , I 115 ’ \ \ i o I l i  nat  o t o t t i  ‘ I  o ’ ° ’ o o  1 1 1 0 0 0 !  b o on i’na~’ be Con—
sis lo — m ’ eol to ~I i i ) o  ii t \ I O t  si l i l t ’ !  M’ s ’  o t l ’ I \ ’ t ’ m i  00 Iii t o o ’ s 1  j 0 0 0 l i l t  V.’ i t l i  o u t ’  s n o t  loa h e(I h’0 t h-
mamipa c’ls east- , ‘ I ’ l m ‘ m ’ o ’ f o - m ’ o ’  , I l o t  I s  ‘ t o  point  1 im ps-s l an t - o ( ‘ 1 0 : 0  m’u ct o-i’i st li should I~ ’
sjnifI:~m ’ t o o  a o l j 1 o o i l o ’ o i l  lit ’ ~: o t t i e 0 0 ~ i t o h  l , - i m t ’ ,~l m h O O t d o ’ f \ ’ o i s  :01 i j i t ’  Sa in t ’  point . ‘Jo

o_ - stahhi sh couofl o t n t  in I h~ - 0 0 1 5 ’ : O S o t  P o I o l ; o ’ , o  is  L- -o’’\ woos - -xp l i  i m ’ o - o l  - ‘ I ’li t ’ fo-eol
poi nt i n ~~oo ’ o I t i m m e t ’  - . 1  t on oH -c o ’ m i I o - r ’  I~~i I  , I i ~~o 1 -  !m , ’o I I , ~ to n ‘ ‘v t - ra i l  I o- n gt h o i l  ) O - I i l ( ’ h o ’ S

1 ,engt h o i l  ~k’b o iI)  - m m :otmp:ot ’I ’. I V . 0  ( ‘ o o l l l 1 ~~1i co t  t m  i l o t ~ I i .  i n ’ ’  loi ~ l i l t ’ v- l o u t - i l  Isv K it og &‘

hlarris sito (2). I’m’ n o i m ’ mipa ni s o i m i  wit hi m o o - ’ : t s t m  i t - o f  ia ’ :o , ‘h o- (‘ .o m it t ) iot o ’tl to ’o’d point im—
pct l anc o- of tho- l i p  d o - was t i - ton sI 0 r m l ic -o  I t h i t ’  o t i t, l’: to t ’ ’ l n m ’ h  I ‘nt2 h o o f 95 ohm t o  tax as
used t o o  teed I bo ~ - t u ’ t t o t i l  ; o t m ! i  - 1111 :0 , ‘1 l i i ’  1 : 1 0  ‘ -  I:t tmo- . nl~oo ‘ t o o ’ !  o - ’  i — f ’ i t  l o m - ~ (-o’mnpu ted is
plotted iii I ILf ~im no 1~ o mog w i t h  nl t’ :o-u m ’o’o I -o in  s t im ’ 0 h. \‘, I o i ~i— mn to mi p t o c k  c ombination -

l’he’ cot ilput t o !  cha m ac ’! 0~ i’~ S i l o ’  is o l u l !  - — ii mu t t m ’ ‘ t ho ’ li mo ‘otsU 1’ -oh I I t o ’  to , o ‘X ( ’ o pt I he
rcac’tanco- at coi’ i o- s~o on Iimo: , I i ’ i~~ l 1 l o ’ l t ( , ’ 0 o  ‘— is less I ’ m  ‘ I ’ . i i i .  t t S t i l o ’ s I  l o l l ’s ‘ T his  ~s
probabh~’ due - I ho-  t o o t ’ ’  I l’~~! l o s ’  t ’ l m o  I I O t t o  l in g - ‘ I f s  ‘t’ t o t  ho -  o m : o m i 1 i t o c ’ k  m a  So ’ woos not
Included in th u t ’ ’ n o I t i I t I t t i  j o o n , I ig’un’ ‘ 0 .~l~oiw thi s stt ml - o l a m a  l o o n  ‘ h o t -  125  o h m  f t - t I

line cast- .

Itiipedaia-c’ o ’hara n ! ‘ i ’m - tics t o o t ’  a ° ‘ t t s c ’ t o’ o i \ ‘, ‘ t i t o , o l m ’ i v  o n  t t goo i i :  l o t  1 ’ !  ‘ — 7~ ma n—
pack cast ’ , ar e sbt oo w i i in ‘ I ’ : t l o b o ’  I f o r  t ! m  - ‘ l ’ m ’o ’ o ’ s ’ :o m i o l i t m ’ g c ’ o o n d i : i ’ o n , [lu- whip lit t h i s
(‘t tse woos fn~ii ’ 

t’
~-~-t I i  oro g m o 1  1 , 0 1 0 0  ‘l ’ s 1 I ’ i ’ oo t i i  ~ , ] ( o —  j ! o c ti  in o l i o t m i i c ’ t  t i ’  t o! I h o ’  b o o s t  to O o • 1 ) 10—

inc h in ( h am -t o o - o t  t h i s ’  tip , F o o l ’  ( ‘ tomp a r i s s m n , - li t I l  n o ’  s t t w o l i m m u  imp i -danc e s  o i l  the
cc- nt o-r t o -d eOm it u , i ,li l’ti t i o ) t i  O i l s  I s o  listed in ‘I o h I o  I t t l ° i m m ’ ,,~ m~’ith i m pedance rnc, - : isu reo t
for each ant e nna when on to c-a l ’I j i  ‘ i ’  s bac h . x t o  o m m i m i t o ! i o i m o  of t ho- data in ‘I ’ able I
sho ow~ the centei’fed c-ont’io~u r a t i o o n  to  ho i i  ‘005 ’ 0 1 : 1 !  i v  i n depe n de n t id ca r rier p ro~~mit v .
This ~s pa rt icular l y  I 111(0 s O V ( ’ l ’  t h i ’  3t ) - T o ) I ’.l I I ~i, o t t  l i n t ,  ( ‘ con y i ’ l-se-l\’, the base-fed whip
H—cornponent inc ro’asei~ sig-ni fi c- ant lv w h o  ‘ o :  h o ’  o n a I o l ) ; t ( ’ i ,  i s m m the c a r r i e r ’ s back;
mOv(~ \ er , t ht- i i i c l ’ o ’ to so ’  is ‘g m ’ o - t o t  0- s t  w ’ithlii t he  b o w  f n s ’ i i i m o ’o t i ’ \ p 001 1m b of the band ,

The Ia I -go - I t—compon ent inc t ’ o ’ o os c  max’ l o t ’  hit c-np i i ” i ’d t o o  i n c l ie - a t  e larg e- dl iss lp a tiv o/
losses ~‘t ius t - c I b~’ c oupling to t in ’  c a l - r i o ’ n ’ s b o o s ! ’ , ; t o o  t o l o g  m o o ’  t h i s  is cc- rt ainlv t rue- .
Ilowevci’ , It is w0’U known that the l m m i p s ’o ! t o m o c ’ o  s o t  to l i n t ’ t m r  I n i t i a t i o n  is  a l’irst o t’dci-
function of c-urre snt list r ibution and this list z’ihut i om 15 1 m m o ’ -~t ct- rt ai nlv altered , re-
lative t oo  th u  f i t - c  standing c-ond it ion , by the  en l’nit - m ’ ’ s o i l y  ‘I’ h c ’r c -t ’o o l’ t’ , one can-

not concl ud e that the increase in U — com p onc - m l t  is t sot: o l l v old ie to powt -r dissipated
In the car r ie-i’ s b o sh  , Al soo , S t m f l t ’  t i l t  ( ‘ m ’ t t t i o m l  st lii i’ hx t - ~, t o - I  whip c’u i’ r .-nt ( Ii st ribu—
tion Is i m i d ic - n u - I  h~’ change In I h o ’ r eac t iy t-  n o  o t m s t o o o l o t ’ l o !  l-~t I i o - i n m m c ’ ’  mii -a su relToe nt s,
as d fsc ’usst ’d un (ler pa ragrap h -I - 2 , st m o i w I he s t  t i ch-m ’~ o i l  t h o -  c ent e m ’ fe’d c-onfigura—

tion to 1)0’ cons lcle nal )1v ho-tt c-n I l i nt , t ho ’ has ’ ‘ t o s i  & ‘oml Igt_ t root j oi n at t he  lower c-nd of the
ban d , but the lmprovc ’meii t is not O H  no t ot IS o o h t  t i n t  ‘o l  by to s’-e tm lng the  total  bast-fed
fl—component I m i c r o - m i - -u ’  to h0 - duo’’ t o o  o i l  o , u i l i t o l j \ ’ 0 h o o s s t ’~ -

The m oi s t  signi fi cant f t oc ’ t  0 0 1 ’ s (mm h eat o s !  l iv t t o o  t i ata in Table I to me: I )  ‘t he Im-

pedance (both H ant I N Coniponen t s ) s t  ho ’ 0 0 - m o n t -I c o o l ]  fi gn i-r ot ion oloes not change
significantly olu - t o o  cmi i - i - Ic-i’ pro ,o dml t v  I l oo m - - t h. 0 ‘ m m i l - i - m i t  l i s t  i’Ib ut lon I s nc)t greatl y
alt cm - cot and 2) th o-  r ( - a ( - t l y ,  ‘ (‘i  omp oo n o -m it ~t ! I t  lo ‘w’ s ’ m ’ t m m o l  0 i t  th o-  ban d is smaller and
the m a t e of change - i ~ lo ss t han li eu ’ th c -  t o t o S i  ‘ t es t  ~v Imi j i  Thc second factor Is impor-
tant In R - rm s  of matching ba n dw l o lt bt  1 m m  t o t  lo t  -r  V. i s  ~‘i I s , t m o  m - t-a c’tance sprea d is less
whe n the Impedance Is I r a m l s f o r m i l t M t  i i \  l i m o  0 1 0 0 1  l o i m o : ’, i’m o ’ l w ’ s i m ’ k ,
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1 A i ~I , t - . I

I \ I  t ° I l ) A NC ’I -;  O H  ( ‘ l’ N ’I I - : I t l - t - ; I )  , \ N I  I I~~\~- I ’  1 1-1 ) \V’III t S

I - I l ’  ‘ t -~N’t ’ l - ; IU- ’I -:D ~~~~1TI’  I I -I- i ’  BASI- : I- ’ l- :D
I i-: I-~ I ) l ~( 0 1 N-I- ~ ( SITI ) N I I s ’ Wi ll j )

95 ohms , ‘ r 2

r t ’i t i - : i :  ~ ‘I , \ y l ) l x ( ; ~ ‘h ’ , \ N I ) J N G  FREE
I l--HEQI’l-:N(’y ~‘I’ANPIN ( 

; C~’\ I t I t I1 - ; I~~ B~’\ (’N (‘ :\ l t I t I I It0’~ BA C K $ ‘I ’ANl )I NU
(M H z)  It + ix it ‘ j x  It iN  It ‘- jX

3)) 1. 95 — .1 130 2 — j i l t s  3 0 —  33-1 1) 1. 9 —  j 493

33 2 . 6 — j 1 1 9  2 . 3 —  3 12) 3 2 —  j3 1() 2 . -s — j - I -1 3

36 3 . 3 - h l 0 ~ 2 . 6 -  j 112 33 - j2 80 3. 9 - j3~ 7

10 - 1 . 2 - - 3 9 1  3. 0 - j 9 1 3 4 - j 2 T o S  7 . 2 - ~~330

1 1 -1 . 3 - j 9 l  :f . 2 - j 9 1  3-1 - j 2 1 6  ~ . u - j 3 1 4

17 4 . 9 - j72  3. 2 -  37 1 3 S -j 1 9~~ l 1 . - 1 - j 2 4 0

50 5. 2 - ~~:t 3 . 1 - p ;s ~5 - j1 7 ; 13 . 1 - j iOn

55 11.3 - I l - I  ‘l .~~ - LoO ! 
35 - 1- 1 6 16 - 3 100

6(0 15 — j 23  T. . : o j n o ; , :15 — 3 112 is — 3 73

65 25 — j l . :1 9 . 0 — j 3 1  Li — I :I I 23 — J.17

‘70 16 - j 9 .~’ 2 1 ‘ 3 13  5 - 23 28 - 3 2))

75 57 ‘- j3 7;’ :t 5 s - j~~5 3 1  — j 3

80 43 - j -I 1 -52 - 3 1 0  117 j 2 1  i i  i l - i

55 37 — j- 1 l 6)) — j I  122 — j S 63 ° j 2 ()

L 88 2~~~~~~ - J13 I5 - j 3 : I  l I s - j : t5  

-‘ 

85
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2 ,  2 . 2  C o ’n t & ’ i ’ t t ’d \ \ ’ lo I 1o (‘ a r o n U ’n i s H ’s 1 sj o o ’m ’ a t i o n a l (’ o n d i t i o s n ~ ,

I mmi p t’do u ic ’c eh i a  i-ac-tei’i stic s of t he c t - m i t t ’  r ft ~ I whip anu-n m o a un ( I c i’ t h I’e - oo ~ o - m a —

I ( t on a l  ( ‘ t ) m i ( I i t i ( o l i ” - - WI! h I Ito ’  Wh i t )—  mi’nonp ack c- i moib m im om ot  ion iou t o c o m m  i ’ i s- l ’s i o to m-! ., are
s’l mo w a  im i .\ pj x ’imdix U , tl gu I- es 11— 1 I hroo ugh 11— 2 7 - ‘I nc to i m o o l i t  m- 0 1 1 , 5  O s l o  t c - to  n i t - I -

st anthi tmn , st an (hing with  seconol p -rson holding t h e  hands -t - X I  ( ‘ 1 1 °  10 ( 1  1 — te ( ’t  and with
I ho ’ en i-ri en p i-one , Chara -t eristics fo i- th e-s e ’ c° im im l i t  i o n  s’ am ’o- s i m s  ow’i m t’o i’ I t o-oh point
locat i Ins of 17 Inches , 19 inches and 2 1 inches an(l l o om’  f o -t -s I l int’ e t l o t o  n t o ( ’ t ( -  u l s t  ( C—

imped ances m of 7-5 , 0.5 and 12 - 5 ohms - 11w dat a is also 1 5 1 0 ‘s(-nt -d in I tohula r fo m l  in
.-\ppendix 13, ‘I’ables 131 through 139.

‘I ’he variation of imped ance , at eor r -esp condi ng frequenci es , t o  on each 0 o po ’t - a ti o m -oa l
COfl (hi t ion is shi s wim iii  t i g i u  r es 1)) through 15 . I hese figa ro -s a o o ’  l i i  ot s o i l  ‘ I s o ’ -  s am e
d a t a  sho woo in figu i-es 131 through 13—2 7 ; hoWe-vet - , po oj fl t 5 l ( o i  all I h ia - t  - ps ‘ m o o t  io , nai

eond~ ions are pInu c-I on the same chart wi th  each o’hao-l i ’ i o r r o ’ S i o ’oflo lii to )  a pa l- ti—
c i m l a r  ft -cd poin t locati on and feed coax ch a i- ac U ’ri st ic im p e t t a tu - o ’ ,

h o  n e -m oo -i - a l , t he  P oin ts an t m ost tightlv gm’ on mp eo l I O o ’ t W ( ’ o ’ I O  1 ( 0  o o m i s l  “ 5 5  \ h I I ’i, (t he
most cr it ical  region in terms of mat ching) and begin to s pr o -o t s l  a ! higher fi-equencies.
No O t t - th at sssme’ cai- o ’ must hi’ exercis e-cl in t- v aluat la g th e 1) 100! I t - i l  data becaus e’ ti lt ’

o~m1th Cha rt is compressed in the higher impedance- o’cgion , ‘1 l i t -  17 inch feed poin t
data shows the tightest grouping in the critical low frequenc y range- ; th e re f or e , the
17— inc h location wa s chosen for the- final design even thoctgh the -  reactive componen t
Is ‘- ligh t i ’- gr eatc - r th an for highe r feed points. It may be n o t e . ! ;  h o i ~o :s ’ v s ’ r , that the
b igh t-i ’ i ’ o-actance I s p r imar ily a function of feed—coax lengt h i -ath er  than fe-cd Point
h e - i gh t  r e lmo tiv- 10 the )p of the radio ease . Th t- i ’t - t  one , tight gl’oU~)inn oI t he points
is e .:~~ , i o  I. ‘red th o - most I mpo rt ant factor gove rning selection of the ’  fee- ti point lo-
cation .

1” rom Inspect ion of figure s 10 through 1,5, It Is fu rth -i’ llO tc (l tha ! the impel-
anct ’ spread Is reaso nably small in the stan d ing position wi th  and wit bout the hand-
set extend ed, for all feed point location s and cable I m pedance ’s ~ n ‘he other hand ,
the  prone points are more wide-1~’ spread relat ive ’ to the- ‘-1atid inos condition points .
I’ortunat elv thi s occu m’s abov e 5)) MHz where t h e  antenna ( ,o i s  lowe- i’ and matching
h-s-s critical .

“°inc e the- f -o-d point impedance is (-o)n o ’ot an t t ’s o r  a gi~’ o-mi l e t -s i po int pos ition , the
whip Inpu t I mpedanc’c becoino-s a function of I he t ran s fm-mat it  in prope i’tles oh t he
feed coax as 5 t o - t  osi’r n ln e-d by I t s  characte ristic imjx -ola iic e ‘7o ’’ and elect cit-al length.
,\t th o -  low cmi ii  oh ’ the han o I (high f eslpolt it X to It r o ot I ) )  the- t ransformed N and It
component s Increase as ~~s o of the c oax is increase d; howe-vs-i’, the It —component
increases more rapidl y than the N-component for a give-n s - I t - c ’ !  nica l lengt h , .‘\ s  an
wai mp lo’, t i t he - Ito-t I point impedam-e I s 5 — j 15 ) )  and the  h u t ’  lengt h is i s ;  elect n eal
tIo-g J o t - s  the I o’an sformc-d 1 inpe-danc e for ~ r 0  ~ 0 ohms I t o 2 , 25 j o~,’t , 3 and for ~~o

140 ohms th e- components in cr eot so- to 3. 17 - - ) s ’i . 06 . It may h o- note-I (hat (he ( 1—
component Increased by 16. 5 - ; whet-ea s, ! lit- N - e’o) im) ponen l  In ( ’  i- eased b~’ o ) l i i V  1’

If the lin e length Is Incr eased t o 24—degrees the- t u a n s t ’t o r m cd  impedance lot-comes

17
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77 —— 
j t 5  - 3 o ,  t o  - m / s o  ~0 5 t o hmns tom b I 7 To — “~O 1 I o n ’  ‘~, o o  I I ( O oIonss  — -l heso - I mpeol —

alice’s o ’XbI j ldI to sI o 1 ~hI iv I o o w o - t ’  N to  I t t o o l  j o o  whie -h is ~t m I c r ; o i 1 1 , o I o ’ ~~i i ’ a I ) I ( ’ , h o w  o - v o ’ m ’

the smool  I t - I  I t - \ ‘ :o lues t o m ’ ’ un o l t - s i  rahie so no -  - - ho e  onagn i t ud e  o i l  It ” lo ;o s t o m o - t o t  o r

imili u e o t v t -  0 1 1  o ov , ’ o ’aIi t 0 S I ’ o ’ I U I O I  m i i t o t c h iu ig  n o - ! w o o m ’ l ’ o  t - f f l d ’ i t - m ’u -\  -

In \ ‘ I t - w  tot ’ t h o ’  t ob - ov o ’  f ac ts , a high ~ o h o o d  l i m it - , 0) 1’ minittium o - l o - - t i ’ i ca l  lengt h ,
is desirable. \1 - m’ t -o v s -m’ , t h e  l ine should be- ;os smal l  in o l i : t m t o s ’ t o ’ m ’  as j x o s s i h l o -  t o

minimize vi sib i l it~ ot the- lower port ion of t lu- whip. ‘ l ’ i io  - 10-qu o l’e l i l o - f l I  - o h  small
outer o l i t o  m e - t o m  i l l  d ’ o f l lb i i l to t ioWO with high imps- d an ( ’o ’ is s oo nu ’w h o o ’ incompatible- ; h o ’ —
cause , t he  C i  n o x , ‘ e ’ mm ! er es) n(lu ct or d iam e t e r  1,5 ‘ ( ‘ s o  m o l t ’ s  ext 1 0  rn - ‘I sinai I

In an t - f I ’onl I s o  sat i sf ~ the OOI Y ) \ ’ ( ’  feed coax r e’qu ire me-nt a sit  n ;o-v o o f  coax cable
ma n tmfa e ’tu m’ - -i ’ s woos ( ‘ oo nd it ( ’t e( l . It wo o s iouiiol tha t  cal)le s o t  t I t o ’  s l o ’ s i r e s i - I :o ‘t o C - ! c r 15010 - s
is manu fac tu r e - I  by \V. I - C o o  nt  & A ssoc ia tes  o of Minneajx l i , ‘sI i I l f l ( ’ S O O !  to . I l i t-  ( 01’t ’

o lesign s ac ’hi t -vo - h i  -~‘h o -h a  rae! en st Ic i rnp eda nc-t ’ and smal l  i\ 5 1 ’OO II s l o t o t i t - ~ en ~vhii le
m a i n t a i m l i n g  to m ’ s ’ : o s i o r 1 0 0 i o l o ’  cen t e r  c o n d u c t i o n  o l i a met e i ’ . ‘l’his i s : o c c o ’ o t ; s l m s l i o ’ o l  l )~
cmp l io\’i1l i~ an t ’xp an o lo ’o i  m t - l i on  c l i s ’ I o - c t r i e ’  whi ch  c -xh ibj t s  t o i’o ’ l t o t  m v o , ’ s I t e - h ’ s - t o - m e  c onstant
of 1. 23; t ioc ’ l i o w o l t o  I t o  t o m e  , f lS ! t oUt ° oo ls o  to-laces o - l o - n t r i e a l  o ’ s ’4’!h lot ’ a ‘~ m ’ . o ’ t i  physic-al
length , i’v p ic -a i paramno-t em ’ s o o l  t W o s  ( 0t’c c-xpaneled t o - l i o n  nomL o l o ’ s , oS ohm and 12-5
ohm , ore as list o- s I h o t ‘ Is ow; ;olo nis wi th  8t an dai -ol  it ( ‘~— 1951’ I’o or c o m p ar i s o n .

C 1E , -\ R ,\ c - I ’ I :  lUi-~T 1( ’ I \1 P1 -: IL \ NC I- :
95 o o h m i i  115 ohm (5 ohm )

o \  HA M i-i ’! I It ________ 
Itt ~- 195/U

Center Conductor i) iam e ’t cr  (inches ) 0) 1)11 I) . 0 11 0 . 1012

Center Conductor ~otra nd ing 7/38 7 ‘ 3s 7
[) ie h -e ; ric - I ) i t o r m - o o , ’ t &-i ’  (inch es) oo . 06s 0 . 1 is 1 0  1 0 2

Di amett - r  (~ ‘er Bra olecl 0~ 082 0 . 132 so . 12 -1
Outer Condu ct or ( i nche ’s)

I ) i ameter (~ ‘er Teflon -Ja cket 0 . 096 0 . i L o ;  1 o 155
l ) i e l o - e t  n c  Constant 1~ 23 1. 13 2 . I s )
Vt ’io s ’P~- of l’ ropagat ion °~~ , 90 90° 7 1
1)ie leet n i c ~~t rengt h (\ ‘ so lt~~) 100) ) l .Sssos I s o s o o )

in terms - i t  matching netw ork e fficienc y the 12 - 5 ohm uotho lo ’  is t l l O S t  oie’~~i r able-;
however , th e quot ed del iver y  t ime - ( 18 ) )  days) was exccssivt-  t s o r t he  subject pro—
gram; h ( ’n c ’t ’ , th e ’ low (he lectr ic  e-o flS tz o flt 95 ohm cablo ’ wo o s used . This was a v a i l —
ahi t -  in s ma il quantit y from - n stock . TabI - El shows the n~ s-a set r ed inp ett o mupt -da nces
for th e oS ohm (-abl e used in the final c - c -nt  cr ied whip elesiL9 i

i - s o t ’  ~‘ s o t i m i n o  m ’ is o r m , Uto’  inpu t  imp (*(lan (’(-S lo o t ’  ( ho-  J t ( — I t )  T ol I ‘ 0 0 0 0 X  anti t Ile - 1I T . ohm
(~ 1 . 13) e o, t t x  0 1 0 ’  also listed .

In put I t il pt- s low e - Ion th e ’ 125 ohm coax wa s comixi t s-I ro o m .  t I n t  a measu red with
t hio ‘ t o T  ohm o I . 23 c-able by t ransforming m(-asur e(I i mped ane’ o, -s to the I e’e’t l point
and t r a nsforn ling th e feed point impedanc es hack to t h o ’ input using a ~ o of 125 ohms.

2-I



IL ’\131 l’ U

C I - : N ] ’ I - : I t I ’ l , I o  Wi t h > I N I > t ’ ’ I ’  I M I > I - : t L -\:-J~’ I :

Q~1,— i n ch I” ec(l p o) it l t l ocati o n and 1 7 —  inc -h ~‘ e e d 1 i i I ~J

~~ ) 1) 5 o r l . 23 ~ o 125 o 1 . 23 ‘
~~~~~~, s ,  T0 - 2 . 1 1

______ 
Standing Pro n e St a muli n g I > ronc Sta nd im ~g I > rone

30 2 . 5 — 1 5 6  1 — 17- 1 - 3 . 3 - 175 5 . 5 — 1 9 9  1 . 9 - 1 3 6  3. 1 — 1 1 5

33 3 . 3 - 1 3 0  -1 . - 1 - 1 6 0  1 . 5 - 1 7 0  o ; . i - i ~~ i 2 . 1 - 1 2 9  2 . 5 - 1 3 8 ~

36 4 . 2 -  143 -1 . 9 -  146 5 . 0 -  163 o ; 0 . -  167 :m ~~o ; -  117 3 • 5 -  122

‘10 5 . 4 - 1 3 4  3 . 4 - 1 2 7  7 . 7 - I To - I  7 . 5 - 1 - 1 - 1  1 . 1 -  1u7 4 . 2 - I u 2 ~

4 1  5 . 6 — 1 3 0  3 — 124 8 . 0 — 1 4 9  s _ I —  141 
- 

Ti to — 9 ° ;  5 / —  ¶ H o ~

-17 7 . 3 -  113 9 . 4 -  103 10 . 5 -  130 13 . 2 -  115 -~~~~~ 
-- sI  7 . 2 -  78

30 8 . 1 -  97 11 . 1-  9: 1 11 . 5 - 1 0 9  13 . 6 - 1 0 3  o ; ; -  7 1  ~ . 8 -  71

55 13 . 1-  66 31 . 5 -  61 17 . 8 -  68 Il - Too l I . s o -  17 27 - • I 4~

60 19 . 6 - 43 5 1 - - 15 25 . 8 - 3 8  67 - 3 6  is - 3 1  — IS - 3 1 ~

63 31 . - ! -  20 70 - 39 39 . 9 -  7 . 1 93 - 25 30 - 1 . 6 62 - 28~

7 ( 0 58 . 6 -  8 67 - 3 9  73 . 7 -  12 . 5 92 — 25~~~~5N - :t 59 -‘ 27~

‘75 65 . t o  — 35 -59 — ilo 92 — 20 . 9 89 — 89 59 Is — - I l

80 59 . 2 —  56 62 — 52 90 . 9 —  51 . 1 9-1 — -17 .I~ — 37 5 1 — 35 !

85 49 . 9 - 6-1 51 - 63 81 - 7 1  83 - 69 39 - -It ) - tO - -to

42 - 69 44 67 ~~~ 5 
- - 

73~~~~ 32 -i2 33 5~~~~~~
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:i . t o , \ o l v t o r m o t - o I l o o v o . I oj !~~~nt An t t n m i 1 o t I ° 1 l o o s o - ! j )

l~ :os o -s I si; om t i t o -  I ° l io o so ’  I i m m v o ’ s t i g a t i ( o n , o ’ x a i i m i i l t l t i o o t o so t I l l ”  1’; X l ) i i o i ’ t o t i ) rV h ) ev t - Iop —
mioc ’m lt ,\ n I.  ‘onto m o b - I s  t o o t h  cone In  ‘- s i o s i o s  , o c ’ho-d  o l u i’:n i!, h i ’  F ) , ‘ s m ~r i H i -vi  o W  ‘1 s o - t I ng,
s les i g n on on ,-°, i Iv :o n ( ’ e ol  1)c v c l o pm n ( - r i t  MooIob  pro o( ’o’ t - s lo- ( l . I ° t o n o i i l o ’ t  0 0 5  ob t h i s  model
arc ’ l i s t ed  below:

( a) Antenna ( (v t - ra i l  Lengt h — -I—f eet

(h) 1 ‘c-ed Point Loc- o t ion ‘— 1 7 —  in ch -s o i l y  o v o ’  input  ‘O o i i t i o ’ c  l o t ’ .

( 0 - )  I - eel Coax Impe d anc e — OS ohms , 90 ~~ v o - I s o c i t y  u I  j ) 1 0 ) J ) i l i_~t 1 i  I ’

u~) 1 pp o ’r Whi~i D ia meter  — 0 . 10—-in c - h  at fe-ed I k i m m i  t : o ! ) s - r s i i - ,/ so
( o 0 ) 1  T o — inc-Il at t ip .

Ic) l- :\-e l’r (o t e-c-to o m’ — F ip t o be- Lo t ted  w i t h  I /I — inc- tm h a - t o o - i c - i’ ‘I o - t o m ’ . I m ’ op shal s o -i l

p r oi !o-( - t s oi ’ ‘ I - r t tsho oiilo - foanl mri:o t e m ’ i , m I .

i f )  1’~v o s  Piece Cons t ruc t ion  — Upper whip  t o o  1)0- s I & - ! a c l o m I o h o ’ l o In  o oss t 1’ s o - o ’ t i ofl
by screW ( ‘ 5 0 0 1 1 1 1  t o g .

o’o~) Conn e-ction To Itad io — Input connector t o ,  be si Ii i ::o i to ‘I ’ \ l o t ’ - N om o l !o ~~
’ o 0

vicle for twis t ing  m oot i - ti without i t o  m o og - ol I l o x
Sc ( ’t i o) f l  or BNC portion s o t  cOnnec t o o i ’ .

(h) Material  — Stainles s steel  c-c)nst r uct ion should be IIS ’o I Wi lt- io- \ o’ r poS S I l J i s - .

(i ) Flexibl e Se-ctio n — Shall maintain whip in 1 ( t )  ° po sition ‘0 I’ ~ Fi i l l s ’ ‘ oi ) er :0 ’  i - m n
and not exceed 0. -15 inch in d i a n i i - t s ’ r ,

(j ) Feed Coax Section — Sha ll not exc -ed - 5 / 1 6 —  m m i o , - h in o h t t l i i m ( ’ t  o r .

3 . 1 Mechanical Design

I - ’igu res 16 and 17 II lust r at - c r i t ica l  t in t -as  of the whip m echanic - t o I design .
I-’igur e :18 shows the inpu t conn ector assembl y - This asse inl ) lV is eotoiposeo,l s o !  l o ui -

basic ports : 1) the outer sleeve (ref erence No . 2 1 )  which o’ i l f t , t t ( 4 t ’ s  Ibis ’  thr et iolcsi  boss
on the ra (l)o , 2) an inner sleeve (r eferenc &- 4) int o) whk-h is 1)re sst -o l t o ITho d i lied RN C
Connecto r (reference 8) which m ol t e- s with tht ’ BNC Conn ector on (l ie ’ r’ a ol m o o . 1) S l ip—
clutch bushing (17 and 18) and 4) Spring washer (1 6)  which a pplies 18 i~~unt ° s of
axial force between the conical c lutch busing surfa -e- s . (ie ttch bushing ( 1 9 )  is
slotted t oo  accept the pins on the radio BNC — connecto i- an si is ther e- lw ’ > - h t ’ lol  r o ) t a t —

lonall y fixed on co- the BNC is engaged . A iso , d i mensions am - > - o iIju-s t 0 0  I sm-Il  t ha t
the main  c onnector thread (Ial)flOt he engaged unti l  th e slots in l n i s h i i m o c  1 ~) ar t ’
align ed w fth the pins on the BNC connector . This pr events Ia rm100g t ’  s o t  t h e  rad i t o
BNC pins . Th e clutch assembly is ~ 

m- ov ided to a llow the ou t 0-nu t t o >  1-oh to o ’  when
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“ -.1 —

- \o -o 0 0 0 ” t o O l  p m ’ 0501 o - o o i > o _ ’ i ’o ot  l o O m . h it ’  h i s  - t l i o l 1 0 1 i  t o  0 1 1 1 ( 1 0 ’  I 1’ -~ i o t o o !  i~ t l i t  - s - s i t  o - i m  ‘‘_ ‘tt s
o 1 - s  igns ’o t ~0 min m I t o in  t h e  WIl i l )  im m to v o i l  h’ : i l  l~~—~

j l i on , bu t  ‘ t I  m I I  t i l l  v r u i t t o t  ion w i t  bout
I t l l l l t C j l l L t ,  t i l t  l i t - S  H o ’ c t i o o r o _ . \I hliooi gh t h e  11> - s  s o ’ s - ( i o o m i  is o - : m l > t i l o l t ’  - I  l i m n i t o - i l  (-oomlx)und

h emi t tIll It ,, 0 5 0 ’  o 5 — i 5 -  F v’i -st i m i t t , ,  ~v li o ‘ml t o u t ‘toi ls’ t I  exo -1 ~( 0 )  i ll - o~s - p I:omi o - , . - sit l ol ml s - - I

-c- r h o i i n l v  m ’ ’ s m m l t  in I i t - I ’ i l l o l f l c n t  o l o o m a g o - . Ibl i s htm ,s bo o ts  t o p i o , b l o ’ m i m  ‘, v i t l m  ~-\ \ ,- J > HC - 77

~ hips , which  at i i i  b - t ht- Sam ’ ii cx t ul l i  u)t, .

l o  m i n i m i / o ’  ~‘ -oor , t h i -  s - lu t e - l i  I ) u s hi ml gs o o i o ’  h e lo l  in } ) I Oo o-  b ’~ ‘- s i x  ho o l l l t s ’ o o r i n g s
110)  wh i ch  t o m ’ ’ i r i s e r t ( - ( !  by - s o m i l ~oncssim1g spr-ing (16). ,‘ \ I S o ) , h o ’  slip o ’ l u t c - h  o ’ o t i s _

angle woos c lii osefl as to c o m p l ’ s o r n i s i -  }, ctw o - en t’r i ct  i s o n a l  I s  rqs mo- 0 0 1 1 0 1  \V s  - t o 1 _ i h o ’  c ’ lI i tch
wo os d o - s i g ’t l t ’ o l  ‘ s o  pr oo v i ob ’ 7. -I inch—pounds o f t o i N l u e , which is s u f t i o - i o - n t  I s ,  : o ’e j )  h i t ’

Whip in an upi-iglit 1 0 0 5 t s i t  ion in t o 5)) Ml ’l l  win o! . I lo o w o -v e m ’ , s l l  i t ’  as ~i - m i o l \  t i t s ’  t s ) 1’( I U e
wo o s  found to he lt -ss than  o b o ’ s i r t ~ I , S i n - -  t he  I~ poetus l s ur i n g  I n t r o -  \ ‘ : roS ( h i ( - ( l- o -l l , i t
is bc-i ieve ’t l that t ho ) 70 ( ‘ ( s t - I  f i c i  s - n t  o o f l i - i c t ion  between brass  I)u -sbl i rl u 11 7 ) a nd st t o m —

less bushing ( 18) ,  o os give-n b~’ \T : tr k ’ s \ l c - ch t o n i ca l  l- m i g m n o - o - m ’ i i i i t ,  1 I o t i o U o o s o t - r , W t 0 5  in
error . ,-\ Ithou gh not exp e l-i n i t -nt  o o ll y invest igat e-ol , it is b e l i -  - vs - b  0 li st T o - l ot ~ce-Iii eli ’ of
bushing (171 w i t h  t o hooi— d polvuretho ont’ bushing w o m b !  i’o ’ s u I t  i i i  l i i ’ h~ -~~i m - -tI I l I

~~~~ 1 i 1 l

iIt w -vci- , the w’eat- pro )l )e-rti s’s so f polvure-thanc’ toi’ 00 Slit ) c-i ut clm l i ) l i i ( ’ 0 0 0 i O i i  t O m ’ o tO ot

known.

1- ’igurc 17 ShOWS the  fee’d point oms ,s c-nibl~~. Th e bi ’: o i s t s ’ o l ‘ o tm t s- m’ s - o nduc’tto’ s j  t I l ( ’
fec~i c-oax is to ’i -rn inat ed by solder ing it het~~’eenbushing 1 1)  Ins i i l l !  c-n s t t m i m i ) o - s s  90  (‘(‘1

tube (7) .  The infle- i - c-o no luct oot - of the fc-vd coax ext - u i o l s  tbii - o i ( j i ~ h 1 - i l o o n  v - s s h o o  -r (12 )
and is soldered to nart ( 13) which is t o b ronz e s( -ct i to n iflc’iorn o o l t o t i ti it, to scr t -W th t’ c-a cl
for conne ct ion to the upper stain lc- s-’-s s t o - -l whip (re fc-re -n ce 23 ) .  I t sho on i m i  be’ flntc (l
that a b ong lead is provided on the upper whip Sc - n o  - w ( j i m - s ‘ t o o l  to) onsu nr J ) m ’ s)p er  th i - c’ad
alig n ment . The th i-e-aeled bronze- section ( 13)  is sccui ’t - o l  t~~ ho ’ Is Wi t- wh ip  tu b u l o i i-
sectio n (7), by f iberglass sh- eve (10 ) which is se- c-u reol b~’ -p~ xv l i o s t i s l i m i g .  ‘th e - i ’ s o t lx

f eet ! l in e  is  so—toled  00 1 ’loins )  ro’i o i sf i i r o — intrusion, tot th e inmi t t ’nol , V i t o  t s>  s onoh no!

gaskt ’t s in the T3NC c onnector . At th e- feed point (‘n(i , an y h i s  i i  s O U l ’ ~ c’flt e t’i li rt , t i l l - s ough

th e f l t -x section is blocked h~’ injection c)f a sila st ic cosmpound i’ s - t o - I - i ‘ l i e - s o  I ~l j u s t
below the feed point . The injection holes ar (- covered 1w l i l o s ’ m ’ g  I0oS t - ~ s I s - c y s -  0 i t ) ) ,
which seals the- remaining portion of the fcc-I b voinI  oo ss crn blv .

3 .2  Matching Networks

B ase -o l on nicasu red impedance data ( leT - i  v t - o t  f rom t lie ’ .\ lvoo m ie - t ‘o i I I i  - V o  - i e ) I ) ml lo  -mi t
Model , matchin g networks w o - i’t ’  designed t n cover (lie - 30 - 9s \1 I 1 -  ha noI . So -ye’ l o o h

0 design approaches w ’o - t o  - m i t  I a l iv inv -st i gal ed iii an e Its > i’t to > 010 ‘to’ 1 1 1 0 0  n o  - I he t f l t LXi  —

mum bandwidth ach ievable within t o VSWH no) gr e -oi l  c- r I litiii 1 : 1 , Whi F e mi i t t i l i t  i l i f l i t i g
1-easonai)ic network insert ion loss. ‘I ’ he \ ‘S\V I! upper Ii  l i i i )  s o t  3 : 1 w oos  ba sed Up o)t l
the automat i -  level cont ro l ci r (-uit r\ ot ssoci a te ( l wi th  t iio ’ ,\ N 7 t  - i~(’ - 7 s p~0 W c-1’  amp li-
fier . The power amp l i f i ( - r  is Protected i t - inn high VS\°~’ H s o v o - i ’ I o > t t o h s  i-ia an ,\ LC ci 1’ —

- u it whi ch hegimis to ) r -olut , ’ t - Ix)wei- outpu t when I ho ’ load \ ‘SW U is ho- twet-t i  :i and 3 . -5
t o o  oUt ’ .

21)



I m l i t iti l siol oho onol o i i t ) i ( ’ t ’  woo s haso-o l itj)0)l1 t i m e ’ w i n k  sot  ‘ I t O i l i l t , i 1 2 )  
~ I 0 0 I l O ) (

~~
) , wh o ,

o I o -~ ’ t - I o o i s ’ o t  t h e  o ’ U i ’ V o ’S s) i s °~~ i iii t igu r e ’  l~~. ‘l’h - so- (‘tfl’Vi S ‘5 3 0 00’ f l i t ’  i l i t i ,\ i t l l t i t l i  h a n o i -
w idth ‘‘it’ ’ w h i c h  e-ton i o i ’  on -hi c-v c ’d wit himi a givi -n \ S \~~U u s i n g  tots  N t -It- cu t- mu o m o o t s - h i n g

network. :\s ii mol i cuol to l in figu rt- l~~_ ( Ii>-  o-u i’~ t - s  t i l e  b o o r - t o o l  0 m m  t h o ’  r o i m s o d u t o -  v o m i u c  of

load nt-act t ince t ot t he hano i 0 - e m i t  0 ’ )  I ro-o ~u e n r v , nut m l  and’ 0’ ~ h to i  m uoo - o ) v (  - 1  1 1 1 0 -  1) 01 11 0 ! , ha mi o l—

w ith do-si re~l omb m oo gn  it w it - oil (Iii ’ oovd ’l-age U- - s ’s o i mlpono ‘ill 5 t V o ’ T  t h o ’  i ) t tn ( l . It was
found that this apjoi-so a e ’ h is S m ) m i i o - W l l : o t  u~~o t u i I  bu t r e -p r t ’s o -1 1 5 5 s ) mi I \  01 l ’ o O l i g h  gui l t -  l i n t -
ant i t h at br oim oiw ish im~. bus bet ei’rnin ed tend l o s  ho ’ opt i ni i s t  ic - 

‘ I b i s  is  p o ss ib ly  due to
the fa t -t that the cu rvo ’s a s s u m e  tha t  toi l p o ints  on t h t -  t m - - i n s t  1 ) 5 1  o~ 1 0- i ’  mo ot c -ht - d irn —

pt~1anc -o o - h : o i ’ t n - t o - i ’ i s t  Ic’ l i t -  oofl  I lie- t ilaxi tflh t m t t l b o w t m i ) l e  \ S W U  c i i i  I c ,  1 h o -i i’ s ’ )  i c a i ly
th i s  con t i i t i o n r e- sui ts  i i i  the ’ max imum possible banolwidth I - i t  to g i vo  ‘ TI \ S \V  IL 110 W—

o v e r , th i s  opt i mum c ondi t ion  is not m o ’ : o d i l y achh-v -oI in p 1 : 0 c c  O ’ t - . 1 l i t -  : o h ~ o~’ o ’ top—

proach irodicat ed tha t  t h e- 30— 9~’ \11(z range- c ’ouIoL 1)0 ’ C ’ i O \ ( ’  i o ’d  ~ To ‘ t i bo lo t s u i d s ;  h o o w o - v o - i ’ ,

subseque-nt caie ’u lat ions shown at 0—hands  we’re nec’essa i’v - ‘I’ho’ ft n o m  I subba m iols  t i n e
as l i s t  c-I b o o - l o m v :

Band l ’ l’cqt m cnc’y f t o n g o -~~- i i t ~

3 0 0 — 3 3

2 33— 3)0

3 30- - l i

-1 -t I— -IT
-1 -1 7 -55
00

Th- matching network sche-inatic foo t ’ e a c h  suhhano l is shown in I L t , u u  i’ t - 11 0 . C o i n—

ponent va lues are those’ originali v c-ompute l -  based °ii otm i t c’fltitt i l i m p e t  t o u t  c ;  howe \ s - i ’ ,

due to SI ra y r eactan ce- and som o - s-i ’roo r in on c-flSU re-SI an t  c - U nt o  i l l i I o t - o  I t s l O - o  - it WaS m o o ( - -

~-a sar v  t oo 0uro ~- norn c’ oh t ’  , u o - t s - r ~: hu t t h e  g i n s - n - u t - ( t ’c- ’_o ’ ’  -oro l o i l  1 - t o t  ! > t f l  r o - m t o i n t ’ o I

as origina lly ok-signed. \s in t l icat e - o l  in I i °_c,Ul’c’ 19 , ti n ’ outfit’ Ci 1 5 1 1 1  ( - s o m i f i g i m - 0 !  i t o t i

was used to match bands 1, 2 and 3. Figure 2u ihl u st  r o o t  c - s  the no ’r t i l  app i’oae’h
used to rriatch the- first thre- - })ands; t roi n stsol’nl tm t is)t1 5 0)l)tti i~~t -t l b\ i s i s I i !  j ( of l  s o t  t - t u h
element are indi catc -d by separate- bo ci , A s imi la i -  d i agr a m , t o g i, o r -  I I , sh ows th e ’
gen e ral appr oae-h used t O o  ma tch  bands 4 and 5; it mmi v he- miot  ed I h o ot 1 0 0 0 1 1 0 1 I o i m iol  5

networks are essentiall y the- s a in t -  except for component ~‘ti h it’s to i l s  I t h e ’  i npu t  s. ’ i ’ t es

cttp ac- it  or in the hand 1 li d-I w’ o I t’ k.

In han d I i all  itnpedances o mit’  c o o p o i e ’ i t I v e  an ( I  h : m v o -  to i - t - i r o ’ i v t ’ iv  Ito  l O ~ o - i t  compi ohie nt .
hence , t he- st V P ’ S  in ( bu ( - t o r l ’ t o t m s  I i o l ’Oi lS  t he  l i i glu ’ i -  I l’t ’( lU( ’flt’\ p o l i lit S SVilt!iit’ t r ico o l  lv
about the  Sot ohm point. ‘Ih o- shunt  m’ o- ~~o i i i01h l t cit-cu P, w h i ch  lS 1 s ’ S i i I i t O f l l  I t o - I ’  ow t Ile

hand, acts as a shun t in d u c t oo i’ t o o t  I t ’ o o m i s t i o i ’ m t l t i t  ion ti t ho- - Os lo s  5 !)) ‘\ I I I /  t ) o O i i i t S  anti
app ears as a vi rtuoo I o~s-ti (‘ i r ( - ui t  ° y e - i ’  t he r -efllai m b - i ’ <of t b  h :o~mo I .

Insert io n loss of th e m uoo t ( - h i ng nt -tw o i’k H W t 0 5  d ’o l l ip t l t e o i  l o t m u -  -0 1 0 O m I a Q it  l o t s )  t o o t ’

all Induct or s and 100)1) for  tht- m -tm l 000o’itiol’s . ‘Ih e ( >0 so t t i l e -  i ’ o m t l o o - m  s i n o m h i  i ii o iuo c t oor s , in-s e-I

In the han d I 0111 (1 5 pa rool h -i  c m -so ono ent t o  i - eu il s, w tos  0 I t - I t i-mi i t ’ >  I by t ol e tos c o rin g tt ìe re-
sistan t -c acr oss the l ) a i — tol l t ’ I  t o o t u b i n o o t  i o o n  to t i s  - s o  o n t o i n ’ , ’  t i nd ~is i o t h e  c I o I ) O o ( ’ i t i o r  va lue .
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IMPEDANC E COORDV4AT ES— so-OHM CHARACTERISTIC IMPEDANCE
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ho- st -ri o- s o ’t-s is ’ om i u o - ut h o - mtisltu -issl t o t ‘ ‘
-
~~~~

‘‘  i s givi ’u by:

U ~~ (~~
)

where: liii mn o-a sured ci re -n it  resist ance i i  re-sc omiaii (-e- and 
~~ 

is clo t’ resonant
i-atl itui f r - q u c n c v .

thence , the- inductoor Q at resonance is givo- m i b~ :

‘° (i I ,
Q

[ sing the above- m o - c h u b , t h e  Q of th e sm ima ll ~aIue  ) T i s I i i ( t / o t 5  iuS ( ’ t I in  t i m o -  b tom i ul
-I and 5 reSonan t c i r cu i t s  were de-t e-rmine (l t o o  he’ sc~ anti 97 m t ’ S J os -e 1 ivo-1’ ~. ‘I ’ he- sc- °
were- usisi i i i  the insert iOU lo~~ comput at ions . (‘o o n i p u m t e ’ o l  ~~~‘tWs I t i .  ~~~~~ ii jo o m i l oss  is

as l i s t  eti in 1 0ohiu- ifi.
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I ’ i m s t ~I - u m o i c : ;  o i l t i m e  i i o : m k - h i m l g  c o t - t a c k s  I ) m ’ s / \  s - I  s o  Ito- ~ > - i ’ \’ sl ot c o t  I i  A ’ o - t o i l S o ’  I N ) i n t - -
i s \  1 0  - i T O  i l i p o - o i : s m l c v  m f l t - t o S t i  i s ’ t f l e m i t s  l i t o o l  t i m  he p> m I s o i ’ i i ~~’o I t o l l  i - i ’  o - : m c ’ h :os l j i i ot mt-n t , be—

- tm ulst- o li tt ’ c I ( - I s t o c o t ’ c t i s - I i  u t  I t - s i  e q U t p m m l t ’ i l t ou i t t i s  ho o m i l o - i l f l o o  t l l t p o - o i t o m i s  o - . I t u i c o : s I l v ,
t ’tR ’h I t o - l W - s I 1- , ~v , o s  tu ne-el o o n  ho -  I t o - r n -h  h~ p l o o o ’ m ng to sh o o t - i  o c r ’m s , s t O o -  t o n t e n n a  ‘ o - r n i i n a l

tut o l t o o l ius i in~ I h a - S m i j - u t  i nop -dai I t ,  tot l ow , mid  t o re l  h igh  I t s - i  / 0 0  - i l  I OS , t O )  t h i s -  i mp -d—
ati(- &~ (-OZii l f l l t o ’ O i i~~ i img  t O o ’ t l n -o r t - t  it’al m -m e - t w s o r l - ’ e’ooi ii poflenl V t m l o i s - s , but a l i i i  f l l o ’  ante -nna
re’p l oo( ’etI by to I io  i t  . This ooppi-oachi pi’o~’eot t o o  he unstot ist t o o ‘ ‘ I - I ’  , S -\ ~ ii wh en n i - I w o  o i k s
whk-h had heo ’m i tun t-o l point — b y — p o i n t  in  th o -  t - oo t l ioo ‘.t’ o - I t -  us o-oI t oo  st ‘I ns l’ s rds -

.\ So 1’OO io appt’ m otoc h I S O  d i rec t  I ) t ’n ( ii t un ing , involving me-asu m s - O t t - n ’  - 1 - l i e  ne t  —

ws s rl~ i’: m m t - s t o ’ m -  t u rn - !  i o o n  o A m n p i i t u d c -  and Phase ’), a- ms t r i ed . In I b i s  t l 5 o H , a l I P  Ne t—

w oi ’L . \ m i : o l v , ’ o - s  woe s used I’s - i -  th e ’ t r ansfer  funet i oo n m e a s u n i ’m s - m I !  ; here ’e- , h o ’  antenna
!> - i - t e i c o : s l  woos t o - r n i i n a t c o l  if l  Ti l l  ohms by the ’ anal \ ’ -/ e r -  test  m p h ! , Ag: oin u s i ng  ‘ l i e u> —
i-t - t i o, ’ o > z — o b - s i g -mi ( ‘ i m c U i t  c o u i ip oon t -n t  ~:oIuc-s , P m o ’  t t ’an s f - i -  f smt ~- - t i s ) f l  of c h -  m otu’h i,i~ c i t - S —

a-u ml - w ’t o ’— / - - I i i p i m l  t i  I \ V i !  Ii To) - s~om 11s 0cc rooss  th e  toti tenn a t e-i on ’ 5 t h  - I l1o ~ t i l a t ch i f l m2, I i t t —

woi-k t r t o n — t t ’ i ’  li t no ’t ion w oos th en  displtm ~ c - i l  usim ig the III’ N t ’ t w o s i ’ L  A t i : s l v , c - r  tied (‘Out—
p oo fl ent  va lues  w - I ~e adj us t ed  to ~‘i eJd t o e’ha r a cte-ri ,s t o u ’  t o , —. c ’ts s s -  t o o  p o o o m } ) l o -  t o o  t i - I s

coni i)u tcl o- o>m ~sfc r funct ion . ‘I’hii-t approach also iaiIc-d t o  y i i ’ l - l  t h e  ‘ I c - s i  i ’ s -s i r c-sul ’
name-l~’ a reasonabl e’ match tn -r o ss  th ( -  subband a-h t’ t i I h o -  i / O ’ !  WI t~ - , Wt O S  ( l t 0 ’( ( ’ O l t ) 0 1 1 t i l —

by — p o i n t  in t O o ’  r o o s l i s

‘I’he tun ino me-thood which pi’oveol niost sa t ioI o c’ t oi r~’ \Vt m s aCC / ’ t/I l tii/lio- ’ l by i l i ! i t t l l \

c-onnc-e’ tin g th e  5 - s  o l n p i o s o t o ’  rnan p ac-k—ant o,-nna assc ’tii biv t s s  t o mi s- lw , n’I - t im i t mi v i s - r
ignoring th e  p e -r iu rh ing  e-ffect s o f  the cables , ti - a- nt-two i ’i/ ‘,~‘t ms : I ( lj U s t t -o l l i i i  h i t -  lo t
pns s i h l o ’  \ ‘SWU rhti ntu-l o n  st h ’ by SW PI’ Int l  t l ( ’ i ’ s S S S  th e - po t ii ic-ulat ’ 5I i l ) I  O I t t I  uncle - i’ t o/ St

whil e - obst -r~’iiig t h o ’  P Olai ’  impedance disp lay . (Th ee- t h i s  w a s  tocc o o: lp I i iTIo-5I , 0 i t t i i t ( i i ’

point — bv— po ii i t  adj us t  mt -n t  ge-i -i t ’  rall~’ r esulted in a g oa o o l  mtit -h t o o l -  °~~~~‘ l t i -  1)01015 1 . ‘l ’h e- ,-oi

final :md j u s t m o - m o i s  w i - I t -  done us ing a t - e-f ie-c t om l ictt- r  ( i F C t i i t  e s i f l o t o ’ i n g  oil to m i n i : t u t - c-
bIdi’i’o’ (-t l o on a l  r oou l p lo ’ i ’ , o l m i o u k -  s ! o - ; c - c t u m ’ s  : m : ih  a mie-rsoarnme’h-r moutcocs - - l O X ’ o t ’ i t t t i l \  I ) f l

thi’ too otitp no -0 t s o  fibS c o s t  0 ‘O’ , V t  s’ , !  tI. fl( ! o ’’- t ’! c ( ’ t c !  p >‘°‘‘  ‘ o ’ , l h c  i’o ’t l ‘ o -0 ~ , m t - 1  ~- 0  ‘i o - r i i s

was niou m~t ed on a 1 ( ’  }y 0 00 r ( l  w h i t -h  could he ins(-rted in  to m ii tit (‘LOlL - i t t ’ ’ ‘ - ,-
~ t’I ~ m iiu o t k m l o , - t

he-net’ , flo o- x t t ’r n:ol  o’ s i t ltmo ~l loomis wo re’ r eqii ireo l . To is s i l a t - l i i ’ ‘t o o l s - s  5 s s W e t  smu t)

from hi gh \‘~~\\ ‘  I!  > l u m t ’ i i i g  t u m m i ng o s l  the’ matching t i t - t W I  SI ’S , t i 1 - l  00 pooul  a - t o o i s~~o - Vt c-ti

ahead i mf l i i >  - l i i  l i i i ’ > ‘o/ i  i ountol  t - o i i jo l  o r . _ \ i o - i  5 , c:ohibrat Is o I l  (‘U S’\ s o —  W - co /5 - I/o - rOO t t o l  St) t ho o t
the am ine -I  c - i  t o  - : o i l i m i g s c oni lo i  1 , > m o  s co ~ t i’) o s l  t o o  toii’\V tOrd and i’t ’ll o t o - s  0 ’  ‘Wi - i’ .

l’ ’ O ) r  l oo rg ( -  q u o o n t i t v  t i m ’ u c o l i t o t t 0m1 , It is lX ’ i i o ’ ’o ’ed th ~- n t - t w i s t - O s  i - i o i i l o l  I t  - ~i t n t - o i  rn !h o
bench by using oh u m m v  I s o o t m i s  to s imu la t e  t hu  aflt e-t’n)ti . I h o -  1)0- s t t or ts - > -- l s - m ~ 

-

establishing the sO o n :ci ~ b o o t h  S c I h ~ i > ~0 t t o t i  0 ’S  wou ld i M -  I s o  i n i t i o o l l ~ o l o -~ s - h - > ~> :0 s t - ’  - I

st intla i’d no -twi o i l - o s, t o o ’> -ui - to 0 - I ’  ‘ I t ! 1 o ’ ~ Itt i so I t i h  i r i t o c i n  point h\ to i f l t  111c’ / s > 1 . ‘I’ l~-
input imped arn-c s o t  t h o se’ i i t - t w i i o ’ l - - . w i t h  t l i o ’  m noo np oa -k I t o - c -  o t ;sm’ , Ioi o:- .. a - to l l  ‘1 

carefi ,iflv m n t - 0 0 0 — i s m  ~‘ o - o l t o t  tit o - h o ‘~~~
- , lii o o i  to ts- I Ii oh m ti ’o’o It iO-rl(’\ p o i l i l  .s o t t  ‘ : o o - l i  — - h O 1 - ) ot moil . ~\

set of dutnn — o v l ’ t t oo l t - °  t - i~ i I o l  ih(’fl 1>> - tool )r ic -at o- o i o u s T ‘io i)tmo t c o l t o o  ~j o ’ l t i the i tto - ;m. ’iir ei I

itipu t impetlanc - wh e n (-onno (t. ‘ Oh 1 ( 0  1 1 0 0 -  5 t 0011 ( 1a m’ oI  netwo rk s. -\t  1 - -I  ho t ’ net ws on - s o

o’ (,,o hi th em -i in - bench t o o l  jus to - - ‘ 0 H I t ? :  - h a -  I> otoo bs t h u m s Si t u b ) i oh >  s i .

i l l



5 0  h ‘t - i’ f > 5 t O t  5!  L CC ’  Cl a 1 0 0 ( 1 0  l i s t  ! c ’s

t o  ‘tO o - itt 5 s o t  \ ~W JO , o I l  icio-ne ’v anol radial O s  on J ) t o !  0 ‘ ITh O wo i t -  i i ’ O t o ’ I o ’  o t t o  ‘ l i t -
-e Iii t-ii s I toil t’nna ‘1 oUiV -s I 0 0 1 1  I ho - ,\ N - I - I IC 7 ~ Utt o 11 ° > t o  ‘I - f l i t  l o o t ’  5 0 - - I m i t

O U t s - t h i s  -mt ’ s  a- t oo (‘Os ’ s i c ’ s  I i O t t o  001 1 tm 1— s o o t  lito ~~ct e(l W it  i i )  iIiO)Ijt it i - s I  0)00 I li t’ .~ o i / h o  - m i s  00) .
,-\ ~ I : s i t o l o ’ s s  s o - ~ - l c O  i - l 2 s o —  ira -h to )  t h e -  ho o s o-  amid t :opcrint.o to 0~ fl l o t— im’1~ t o t  th t -
Ii )) W t O S  U S-0,ol I i i  t O o- louse-ted n i c -;ssti io -iilo ,-flts. ~iin p le- n:orl’o o wlio m c i ’ I m i s: s t -hin g m mo ’ I

w>o rks  W’ o ’  i’ o -  il — t o ’ s 1 I i >  tii to t -li th o - base-fe-e l whip at fi ’ equ t -ne io - s  ‘s i r ’I’ o-O J o ’  i n s h i t i g  t o o  t i-ic

l u o p t ’ t  ;md l iowi ’i ’ c-n d s o t  o t i s - I t  sulj — b antl  oso s soc- i totesl w i t h  thit- - o ’ n t c ’ m ’led v 11i 1 ‘ , 1 he- o o-—
t o i l ’ s - , I no t -i - ’ i - it o 1so ~~ of t t i s - l o H O t  t ed flc tV , ” ork s mn tov httv o ’ lot - i-i s Ii Iv  I s ‘a s - y-  t h o o c o  c t o ’ -

hi’o o o o o i i o t i t o i j  ( ‘~‘ t t t (  l u - i l  iio ’t w s o i - L s .

-1 . 1 1111)111 li ’mipod ooru ’t-

LIu t - i t lo’s o ‘o l t s m u - o  - charact t - r i o t  ic sof the center fed whip, tot c I t t ’  input  so f ‘ hIs - mate-h—
lag n c - I w o  sr-k toss s i l ted w i t h  c- :uoh suhhand, is shown in fic~u t o - i ‘22 ( h o i  oc m g h 27;  O r

both Stt i! b ’ ImitO and i>r~ rn’ so s it ions .

in the s t and ing  posi t iom i th e- input \‘ !-W ’ht  is g en e r a l ly  3: 1 ‘ i i - I t -O s  a c t - s o s  s ’ooc h
subband; th is insures full  output of the A N / I  - RC - - 7~ trt i n otiii t tt - r soit c o - \ I f  loop

act ion is in it i zot eoi t o ’ a \ — ° W l t  of approximatel y 3 . Ti 0 I .

In the prono ’ posit ison , the Vt- ’OVR exceed 3:1 u vt - r  00 pt m t -ti ofl s o t  t ho ’  l o s w t -  m
hands I thr ough -1 . l low o - \ ’ t - I ’ , in bands 2 , 3 and -I the pt - tone impedance- character-
istic’ s l o o o ’ s  not ohs w ext re-me- v a r i a t i o n s  and a large pel ’C’Cflt :tgo/ (of s - O S ’ !  s o t  t h o se Sel l )—
hands is w i t h i n  the- 3:1 \ ‘~~\VU C u - cIt . Ban(l 1 (30— 33 ~11I z) pI’ t ’se ’ni  t-d t lie’ miio st di f—
ficult  p iNo b le -m duo ’ t o o  t O t ’  larger value- s of antenn a rcactan oo - c afl(1 r oother  rapid exeui —
c-li on i i  this iu-ou - t ;mno - c’ wm th frcqui-~icv .

‘i ’h e- matching n e- t wo u -ks associated with t ’o och subbanil , is shown i ii fi g-i t t ’ e’ 19 ,
w o ’  re- o I t - s i  g’no- o 1 bast -oh on uneasu i-cd impedances in t lu-  st ano li ng and pm ’ s m o t  - posit Soils ;
how ever , opt imi  i t o t  i s sn  fur both con di t ions  In I >> - 00W>, ’ o fi- e ’oj ut ’no’ v m ’ t s t t t ~t ’  pi- o i \ o - o l

somewhat ( l i f f i cu l t  in t e rms  of both theoretical design and Iint ol adjustnic-nt ul c-om—
ponents in the- field. Rough adjustments we- t-e mou :~- V itt SWu - o ‘~ 

11’ctl Uela’\ m iie’tt Si! l’e—

ments and fine ad jut- otrmoo-nts point—by — point.

Althou gh oli tti s - iti t y was encountered in matching the  centcrfed whip oimultoo--

neouslv foi- bo oth standing and prone e-ondition s, ove r tilt ’ lower po rt ion o i l th o ’ 30—~~
Ml!?. range- ; i ’ is ce-rtain tha t  this problem wou ld he greatly mn a gn i l i e d  in t O > -  coos e-
of the hand ed whip. 1- xamlnation of the -1 — foot b o o s t - f e d  w h i p  ililpe (ItOIicc , iii - s i l l  V
the standing position , indicates that at least nine matcl~ing ma-twoji’ks would be re-
quired to ou- -o mnmoda o o- the stan (ling position due to the mia-lo higher and ra p iehl ~
varyi n g reacti vt c’ s srnponen t at the lower end of the ’ ban d . In ot ter  word s, so-ve ’rai

networks t i - v t -i - i 110! I bto i’r owo-!’ bands wo uld have- to he ;~~kk-d t o t  I T m -  115W -I ’  t - t ’o o l s I t h e’
band.
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1, 2 I I t s  m > ’no ~ s

I .  t t i t ’ i o’ i i t ’ y  s ) f  t O o ’ o - e - i i l o  - r h o  I whip, with assoo’ i : o t -oi  mat ching n o- tw o rks , was m o-a —
‘~ure~l n-hat IVt ’ t oo :o 0 0  ‘55 si t ~ m l l ~ ha l f—wave  dipole aI th e uppci- and )oowo-r frequency t-nd
o o f  each sUb— ban (I . l’h 1- ro - fo - r en ce  dipoli- antenna was mounted on t o f ib erglass mast
with i t s  cent er t o )  - h o-I a!)> tv e gi~~und , as described in t hu i t - s t  Mo o n - Measurements
we-r e performed for i~~th standing and pi-one positions with the co- nt o- rf ed whip mount—

~ 1 on a modified ;\ N ‘I UC - ‘7 ~ radio . / \I so , efficienc y of a hasefed I — foot whip
mount ed on th e same AN~ V l~C -7~s r adi o) was measu red , I!e su lts of these m -asure-
ments are sho~m in Table 1\’ . since the inpu t \‘~-~\\‘h0 va r i e s  over the fre-quencv
range , as showll in th e impedance plots , all measu rements t o i ’  norma lized to unit y
\‘~ W U for better comparison. In other word s, reflection loss for both b as o- and
cen t -rfed whips was corrected using the relation:

\‘ to~;~~O I ~ I , ( ’t~S l-’A C ’ l ’OlO 10 log10 (1— r~~ 

2 ) ( ( I B)

wher e- : is h -  input reflection coeffici ent .

~- i n e o -  d iss i pativ o- inse ’rtion loss of the va rious networks was not mneasured , th-
result s o t t  ‘l abl e- IV do include this factor.

1’ABL I - : P.-

i- l” l lC fl- NC ’V l~~~EL~~V l ’l V l -  ‘F() h A L l -  ‘~- \VE I )IPOL 1-
--  - 

Eff i ciency 7 Eff ick-ncv
l-’reque-ncv Cent erfed Whip/dipole (ciB) Basefed Whip /dipole (dB)

Band (~ fl h z) standing Prone standing Prone
-
f - ~~--—~~~~~~~~ --- - -~~~~ - - -~~~~~ -~~~~-- - - - — -- - —- --—___

(1) 31) - -- s ; 1 — 4 . 1 - — 9 . ) ;  —~~~~

33 —9 _ 0 —13 .6 —9 . ;

33 — 7 . 5 — 6 . 2 — 9 . 4
3 0 ,  — 7 _ 0 > — -  - 1 . 2 — 9 . -I

(3) 3 -  - — 7 _ 0 ;  — 7 . 2 — 9 .

l I —5 _ 6 — 5. -I —9 . 1

( I )  I I  -
‘ — 5 . 3 — 3_ 9 

- 
— 9 7

- 3 7  - — 5 . 3 — -1 . 1 —9 .7

( 5 )  -17 -o ;  9 - 6 . -I - -I . I
55 -5 . 3 - 3 5  / ‘I . I - - I . E

(6)  55 -3 .7 - 3. 2 - 1 . 5
MI)  -~~~5 — 

L ~~

44



I b a -  - o Sonic oloov t o  olti ~ v:o I I  O h i o  oil o n  I I i i -  0 - h a  o s  - 0 ( 5  - its ’ 00 , 1 Is I - 0 — 0 0 1 1 5  I~ 
- -~~I - O i l >  ‘ i i  iii

I i i i ! >  IV r e p rc so -To t  I n -  os o - r : o o ~ o o >I i - 0 > - S  o r a l l i s t  - 0 0 500 0 o - I f l > - f l I  s. hi 0 ’ > ‘ I / o  - I - > 1 , I hc i - o - n t ( - r f ( - d
t o n I  - i l f l a  : o j ) t ) - ; o l’s s O  ! > o -  o—s  s o  - i t o h  s I l t  ho p t l o F  tI /t o ll I l i t ’  h:s ‘ / 0 -I > t o i l ’  S -n s t o  - 0 0, 0 !  h> I -  W i ’ !  p or-

t hi n >I t l o -  h oo o i i l . \ t  I h Oh I n - i ’  o c i  o l t l io ’  ! s o o i i s h , t o o -  l o o t s >  h o l  ; o t , o i  ( - t - f l t - - o  I ~- 1 o - i l s o i - i i i —
0111c o- tend s  ¶ 5 5  (‘010V > ‘ l t 3  0 ’ , h o e  s i — >  - o I o I t ’  o i l  I I / - I’ (’110 > - IS- I  ~~ , - >  - n -  I t t i s s l  band 2 :o~

\f lLz  l~o o s h ot Is o-il ,o ’s o o l vcol _ It wo t u l o l a p i s > - : > ! ’  ‘ h a ’  t O t ’  ~IJl d 1 iis- ’wsoo ’ k b o o s  a h i :~l o i i i —

seru m loss at 13 \1IIi ; ioowo ’vc~ , ( - 0 0 1 i o p u l : o t 0 5 0 f l  i i i  i n ~~o - ~~’ i - - ! i  l os s u s i n g  ifl( i S U l > / i

inductor  ( .10 5 om o l I n o ’ a s u l - o - 01 aol 0 - l O l a  I lli 1 )e ’oiooOlCt- > 1 0> 5 i s  }t s  ss~ 1:0  -~ 
‘ 1 t Is > ‘ l i  - - t i  s o - ,

S O f l o , -  ufl t xpt -e-t o~~ I 1 0 - 5 0 2 1 1  sho iown I i~ 1 1 1 > -  0 ‘tlu’i 1 - I i s ’ V  I / i t  ‘ O O s l I l ’ o ’ l i l o - S . ’ i-i , is  I h o o t  - I t  i n o

e)f lx~th whips in the  prone p s i S i I i o > f l  is in i~o - o i c r a h s l i g h t  Is is  ‘ ; - i -  ‘110011 I - s i  r h o ’  S t a f 1 ( h i i o L ~
position . This ma s be due to > the I ou - I t hat to St l’ 5 5 ! / ~3 O ’ t  50! ~ t t t s t ’ — \’~ s __ C ’  15 I :tttiu -h - ol when

in th t -  pt-on e posi° ion . In sot he- r wsoo ’o is , t h e  g’rocinsl rt-fl> - -  l i - s f ’ s - - s - I  0 - I -  1 it / ‘ s I / / i - ,’.

cl o se - i’  to unitv ohio ,- to 00 l sw O-o ’  a n g l o -  o o l  i nc i ohence .  i l ’  O s l o  0 ’ , / i l ~~ t n t ’  o , o : ; ~ u -n -d in  a l l
n oose s was a (i 0011ler_ e’oLVc iiooiiop ole di-Ivcti a g a o o i s ’ 01 1’ :s ’ ! l : i  i - l i >  - ( ‘ 0 0 1 1 0 ’ s I~~i’ - i s o ’ wh ic-lo
Woos I.e St ng )fl t i le - grnuno I -

-1 .3 I0adiation Patte’rn s

,-\ / im u t h  radi :it l Oin  poo h s ’i ’I i S , m o - to s u re o l  S~~I !  ii l u s t  h 0 1 : ’  c o o l ’ 0 I I - -  t oO >  I ‘ : -  I o~~ 00 —

t enn oos arc - shown in fig-inn- s 2 1— th i -ou g -h i ;2 _ In a l l  o - : i s s - - - i lit - ~~~0 1 A ’  I f l  ( : o i - r v o I i g  - ho ’

manp tu -k radio v, as Iou - i  To g in i I /o ’ 1 0  — t - l ioo  rt ‘ I i  i o ’ c ’ ’  - s o t , 1 1 1 : 5  i~ h s  t o  srw:i i - I ( I - ’Wl ) s ,  /

I ha - poho r c-hart s. In the  J) I’ 0 0 1 10 ’  posit  is  on, t l io , ’  opt- ia t> n - s  la- os I is>! ’ i - — o - > i i o  k. - - - the

1) ol ii - e-ct j on I ~t t t to-en s w> - 0 -  I s - c ’  5 i’ o k ’ s I  a u t o o n n o l  u -a l  lv  o s  I / o  - - o
~~

s ’ -  I’ :iI 5 1 , Wi’ ho i -ad o ’s

and an t enna , was rot tot e d  - i l  0 l i i i  o t o o  i’ —d i - ive - io  :o ,  u iu t  11 p o s I t  s - H - i t o - i  gOt - ‘ t  I Ti 0 —

pedo-stal WOOS at~~nit iS inc -he ’s :ohx o vo gi-ound It v s - I  -

( O re - i’ t i l e -  lo,wo-r o-n d s o t  t h ~ - h an oI 3 0 )  3 0 ;  M I L , ’) tbio , - t o ,  i i o o t o t h  p:i ’ i t - i l l S  : ‘ - s > n i n i t l i  - 0 - c —
1 iona l sv it loin 00 3 ) 3 ) 1 ’  s \ j  1 11’s ~ - - I v  I 1’ I - s i  5 i i  h 0 i t O o -  m o  — i > - !  ‘ti - / (‘ t I l l - c i s - -  (- ‘ l i l t !  I / I  oon s _

i- ’ronl :js t o o  5 0 0  \I I i , ’ loo t bo I I ) ’ o W /t i ( 5 ) ! I I I L Y ,’Oj i - to t  i s o - -i o ’ x l t i l oo ’ i n s  0 0 5 s ’ s  oh 0’ > ‘0 ’ I -
‘ I V  i l l  t h i s -

foI ’arl (0° —e t i i— ec’ ti so n) I i  t h e  - i I : i i i s l i i i g  t - o n o l i t i o o i i  i l l s !  i n e r t - o s - — s - - i l i i  - ‘ iV IIV 111 1i~
I ~ O )  ‘5 (lir ection m i -  the p~- i / o  - p> o s i l  05 ) 1 1 . I t o > w o  -\  o - 1 . t O -  c o - n t  > - o I - -- w h o  t o -  5 s o ’  o i i :  o ~, I i i  b i t  s
better sv n o rn e - t  r\- al)t ,ut thu so - I ~ ax is . \ ‘ t o u  \ ! h I i  t Oo - b o o — e l > - -  ‘, s i : u i  i 0 0 5 ’ 2  s i t :  e x h i b i t s
deep nulls t on ’ t~ s I l o  s t O o l / l i  no, i t / s b  pro one s ’  ‘ i t s  I I I  1 0 0 1 1 - wb i l >  - I h o - 0 o I l t  o i l  ‘o l 1 0 0 0 1 t i _ - i — u s r e— —
main r o-o o sun a h lv w i - I l  bo-! : 0 \  -s i , eX I t - l i t  i i  c o o t >  0 0  ‘ - I I  - 0 ; , ’ - s o  - o h t i o t -  I ’  - os- : 0 1 , 1  :0 1/ / b

reai~~’oo rd ohirect i s - ils :iss s>c- i :o o o’s I w i ’ t o I b t o -  - i t 0 t n s ! i r i / . ~ and or  ‘1:. - I~~> s o o o - > I o - — 1 0 - s l o t ’ s ° i \ o ’ ! \  -

,- \ t  75i MHz  the  s ’ o ’ i i t o - t t t - s l ~vh o ~ o i ) T o i I o - — l o ~o t t o - T - u  is :110/ n— I ‘~~ • o h 1 v  t l i ’ o ( - I t ’ll > o ~ ’ ;o l o t

the 0 0 - 0 ( 1  (150° > h i i ’ o - o - l i oi~~ t o s t - > - o o i l o l  j So O t o - r f l  ‘ l i - q o  \~ oh -  lh o • ‘ p > r c I t  0 o->tio’liirig u s ’ s

t xJijIiits this (-ha i-acteristi (-. \p~aro’t o tl~ ~~~ s q o t  r a t ’  s i - s h ,oMj ~ o i o I I i  s~ ’I o s  t o

->ounlo ’rp o i i-a - (-:ousiloo _ t h s -  3)ttttt-rTl I ’ > he o u t > - ’  si > 0 1 1 / .  i > - : > ’ . l i  ‘ i _ t o t ’ ( 0  / 2 1 5  i > t

50m b- ( l ( - g r o-(- t~ t I 0 P W ( 0 f l ’ ( t l ( i o n ( ’ i o ’ t - . m u  t O o -  . - ‘ti I s - t O u t  o t o- 3 0 1 - - i ’  o I s I ~ soo t i i  s ~o ‘ - n  ‘be-
operator’ s lxx I~’ is no-a l’ i’ e S 0 0 0 0 0 i i ( - l  - 0 h o  - p 1 > 1 1 0 5  

~~~‘ > ~~ 
0 0 0  - 0 -  7 s i  ‘ I I t i  in ° hi -, e u - ~ t ’ .

sh ru b r— c-on.— i i t i on  is > oh s o- i ’vt -d in I h o -  ( - 0 0 5 0 -  - - I  s - ! I i > ’oI l  : 0 i  0 ° ‘0000°c , lii I 0 ~ h o  1 WI ‘isIs;

If a whip antenn a is mount - ol on t O o, - 1 ( 1 1  1 0 0 0 0  s i t l t ’  - o h  :1 s~ h i ,  It’ I h o e  I :.o / 5 1  s i l o - i l l

lobe is dir ect ed towa rd the ii o ,Iii 11 - 5 )111 o I t ia , hi  o u t  : o ro >I  h i >  d o - o ’, ro-> o h  i i i  i- - t - t  ‘s i t  V I S  t O

function of fr equvno ’~’ .

-1 ,I~
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_‘\ s  S1l(IV.11 in L i i  s ’~— - s ’ . / / I  a r i d  t _~ lie H S(-/ s s I  I I ,  Sit  I ,  rn, are tibi—s o rathe r
asvmmt -tri ’,-ab :11 7) )  ‘s l l L i : ts I 7 \ l i i .

b i te  i ) )  ,\ l J l z  t ’ s t i ( t ’ i t s ’d w h ip  i t r m nt  p Z l I t  t I i ~~~( $ t f l ’ ’k ’Hl ’ i ’( ’’O fl)})J t S  h l t t  ‘~~) MH Z baSe—
f~~1 whip sta nd i r in  p at  I t - r n  i s -i -  I d  i i i  -: ‘ ~ iJ ari d s; ~i ! S I  h id I ht ’s - p a l l  c r115 could he
simulated  h~- an :i r i - a \ of two eIos~ -h spa - s - s  t - I t -n t t -n t  S led iii anti  —p h as € -  w i th  unequal
a n-ipli tud~’i-i . ~-0  the I~’’~’° 

- i i t  ( t i / i  - t h & i-i , - i l t i n s i d  S would  ix- t-pre-s (-fli (II by the

driven whip and p a r a s i t i c a l ly  t - X ( ’ j ! s - s I  > b - r a / s s r _  , \ l s p s r s - n t  lv  the (-xc-itation coeffi-

cients requirc 1 to ~( -nc- r ’ aT  I -  the i r i j s i - rv < - t I ~~ t I  t - i n s  -xi  si u n i v  s)V ’ -r  a i - sma l l  frequency
ran ge -

\n awcil i tu i ’v  m e a s u r ( - r n t - i S /  \\‘a - conduct  sd at th (- - t i l t  ( - ‘ S I  band (l b \l l l z)  ¶ o
d e t e r m i n e  the l ev e l  of ralli l ’ ion fromihe sip ’ l t i  - s r ’ s boil , . U c l t - r r ’ i r r i ~ t o  f igure -11 ,
a measurement was / ads-n in h s t Z l f l ( l i n ~ ~1 u 1 5  I t O  sfl ~‘‘j i i I iii ~ b 1i l ) Ve i l  1 ( Z )  I arid h ef t
900 , th e-  ( l i f fer en ce in I’ t’(-(’ ivs -ii signal W : t s  on i t  I - -~ t I B  as ~It -wn - This would indi-
cate- that sign i l i cant  e-n e-i -~~ is i t s -  h a ted H~ I li t - I )ps - 1 t i !  o r

’
s Ixslv at 1-1 \ I I IZ -dn( b pr ob—

abl y at all other frequc-n - i t ’s  w i t h  va i r i b )  s- m a g n i tu d i  ‘S - I s  ‘J S’i)thi i1L ~ on coupling anti the
ope-ratui i-’ Si /t . - - Inve i-a ig a l  ions - i f  I h i —  ~p( Wt ’ l ’ I - n - s t  c ont lus  -~ H at other freq u encies
due to t i n t s -  Ii rn i t at ion s  ii- s ’v ( - v t - l , I in: no - t i su  rc m -nt ( t o e -s  indR-atc-  the signiffc -ance of
radiation from the opera~~o” s body .

Tn oi~Jer to detern i i n ’  t h t -  - f l e e - I  of let t ing the  whi p di-op ~u a horizontal orienta-
tion when in the prone posi t ion , anoth - -i - s h o r t  Is -st was p t - r f s s i r  1 / ( 1  at -17 \l l iz . With
the operator in prom - position on th e- az i m u t h  rot tI  or , a p a t t i - r n  was nie-asu ri-d with
the whip antenn a orb -nt  -d in t he  n or m a l  V e I l  (- : 11 p ( 5 S i t  ott - The whip v’as then
oriented hori’i i s n t a I l v , —t o t h a t  r a d i a l  ion t o r n  both th w h i p  and s lp c - ra lo r ’ s bod y

would be ci - iss s—poiarizer l relal i ’ s l  to  the’ s i ~I is sl r t - t - s - i v i n g  a t r t r - n n a  and another
pattern was measur - ed . li - su i t s  s~ f t h i s  I ( S )  - as shown in t i gu r e -  -1-1 , ind ica tes  tha t ,
a re lativel y sI r-mi, vi r t u a l  ( o I 1 i ~~~ i i l i ’ i i i  r s  r : t c h i a t r - d  kIStl l \’ -~~ as  t s IB h e- low t h e  ver ti cal
whip pat tern ) even though t h e ’  ( S j ) t - i t i t o i ’  a n t  wh ip  ar e  both hor izon ta l . It is also of
interest t o  note- that the- hori _-on tal s - - - r i s ! i ion p a t h - i -n  is  fl t t r ’ I \  o r ’nn id ir e ct i nn al _

s_ 0 Summ ar v  an(I C - m e lu sr o n s

BasH upon ra - \  it- w of all  l e t - t I r e s ul t s , i t  is  wne- lude-sI  hat  the- e- e-n t e - r led whip
antenn a of k- ri— i n u m b er - - I  t i d ’  ; s til i L s - , ’  i’ s - I a i v-- I - s  t h e  ba se-ts,- i t  conf igura t ion . These
are as k - l i n i - a i e d  h ( -bo ts - :

I l e I a t  lye I ii t h e  hass ’k-d w h i p ,  - u - i i i  i - r h - s l i n g  re- -/ ’ t — L U  :i rmich smaller  reactive
antenn a im p i - t l a n e - i -  e ’n r n p o i i ’ ’r ri  lvi-! i t o  I - v a r ;,- i t i r i t  of l i i -  30-- si M h z  band . i’his
resul t s in l e s s  impHanc - ( I i  -~ps - i - s l o t s  wh it h -  t n t  s - t i  ta input impedance is t ransform—
ed liv addition of th i - m a t c h  i n~ l i t - l w - ! I ~ ; her a - s - - h’wei’ suJthZr nds a I c  requ 1 r1/d .\ I so ,
i mpedance variat ion lx-twta -n s tandin g antI  l Ir s  no - pi u - si t ion s , tot’ the cetnte’r fed whip,
is less than (tn(-ountel- e(i w i l h  th i -  h i ~ t -h - i t l i s t  i - m i t . I h i s  a l lows a reasonable im —
pedaiwt- m a t e -h  to lit - r n a j n t a j i r t - s l  f - s i  hot Ii i - s  s i ,  l i t  ~~i s i rs -



2 . l-: fflciency of the cent erfed whip is several dB bett er than the hasefed whip over
the lower freq uet ne-v range and about equal to th e basefed whip at the high end of the
band . Also , the centerfed whip exhibited ver y good performance in the prone posi-
tion -

3 . Azimuth radiation pattern s of both the centerfed and basefed configu rations
were reasonably omn idirectional over the lower (30-50 Mh z) portion of the band .
At 60 MH z however , the basefed whip exhibited a double lobed pat rem with deep
nulls in two direction s . The centerfed whip showed a similar patt ern for the
prone position , bit at 80 MHz .

In genera l , both antenn a confi gurations exhibit ed increased directivity in the
direction the operator was facing when standing and in the direction of the operator ’ s
feet wh en prone. This characteristic is minimal at 30 M li’s (near omni pattern) and
becomes increasing ly pronounced at hi gher fr equencies .
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HYBR ID BRIDGE ACCU R.A CY CONS II )ERA T IONS
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\V Ir -n is --tin e a l~~I I  hvhi’ id Ito ) l i l p ’ - ( i ; i i ) ( i -  i ’ s ‘ i l / s ; i  I ‘ - O i l , i S  i n tl i cat etl  in th e sketch
t i t - i ,  i\k , it is  u I  i f l te I s ’St t s i  in vest  I i, t t - - the - i f f e  i - - i n ’ s -  p - ‘1 r io I I a S 1 func t ion  s r i  rote renc-e load
U k N e-omp onent s a i- hi t ion r - ela ti  e to the  unkn own bi a s I it ~ - N eoi iipon -nt s \~ hich one desire s
I s -  i f l i l — t I i O . I n i r t h e t ’  Wfl! - ( IS , i t is i l e s i r a i s l e  t o  (I s - ts -rt i )ine lio~v ru t -  a su rerni ’f l t  ac-cu racy is se —
t at H I - - I1LI1I ( Ii ’t ) t  ii to r -~

- a n o n  s rin k nown h ad i inped an ci  - (‘0 tlponeflt S -

I -’ i- - l ~~~~
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~~~~~

fl i l J i ( l I (

~~~

(

~~~~
i l R H Ni

—~‘ 1 80 — l iv l~I~ [I ) 11 ‘ N )  ‘‘F It

- 

I \k \~~~~~\ \ \ i ~~~~~~~\ D  I
I ’ iN Ct r i - ’ l - l ’ I ( - ! I - N] I

L_~~~~ -_

Re ferring to the abov e sketch , a vo ltag e -- I- ’ appl ied  to the  sum port of the hybrid
results in reflected voltages i t  the sum and diffe  I’ ence s t i l t s  g iv i - n  by :

-

~

- 

j  
( \ l )

-~
— / x~~~ j  

(A 2)

~:xpanding equations ( i i  and (2 ) y ield s :

Ej ~~ ~ f~
+ P~~ ( A3)

A - I



~~
_ 2 r C ~s~ j  (A4)

g (
~r 

~~
)

The - Ii  ffe r on co port ou~ ut is maxiniu in wh en l ’~ - 
~~ I , 

l ’~ I and - 
~
- = ‘-

~~ 
; i n ot her word s ,

the  voltag e reflected to the d i l f i - r i - n c i -  port is e~ u aI  to ‘ E ’  t h e  voltage applied to che su m port .
I it- f in in g null depth as the ratio of the d i f f e r e n c e  po rt output to the m a x i m u m possib le d i f f e r —
once port output - -  1 ’

~~ m
’’ one obt ains:

Nu ll i)ept h (dil) - - I n  !o~J~ j ~ j o  1~ 
~~~ 

(
~~~ L

+ ~~~ - ~~ c~~

I I  s~ 0 , e uati on ,‘\ - 5 5 reduces to:

Nul l  (d fl)  = 2) )  j
~~ f± (r~ -

Conversel y , if ~~ fl,, f ’  4 ~~ 
or 

~~ d~ )
eq uation (A —~~~ beco m es:

Nul l  (d R)  = 21) / O
c~~I o [

~ ~ ~ J (A7)

t- quation A— 7) sh ows that - ‘ - ~
, and must bc- :a’(-u r a t v l ~’ matched o~- —0 ) to obtain

a good null when (I - is lar ge (1 — . l~ . ( ‘ on y s - r ’ t-de l\’ , wh e n  I is small  a good null can he achieved
with a rather large diffe rs nc s- I a-t ~v t - i t n - - 

~
- and 42~( r esu lting in poo r accuracy .  l-or exa m ple ,

— ~~~~~~ 2u - and 1 unity equation ,-\ - 7~ yields -i - l ’ ~ dl~ null , but it ’ l 10 elB a
— 2~’ dB null results , for t h e  same 2 ) )  a ngular e r ro r .

—2



—

The U ansi N i i  i ipeelri _ iici - c -umnponr  -sits a rt ~ i i  - l u tes I 1 ( 5  t h e  i i  - fl& ct ion coo li i  ( - l i -n t  by the
tollov -ing - Xpt- i S Sj O I i S :

,, i_ r a)  
-

~~ 

- —  A8

N = ____________
(‘~~ P~~~— 2 f l C~~s4 (A9)

I t  one assum es = ~~( I  -
, and 5 r = — 100 (~ 2 ) )  m ~~ ith 1’ = - 1 0  d lt , the resultant

measured U and N components as given by equation (-\ ~) and (- \  - are U ~ 7 . 2 ohms anti
N 25 . 7-1 ohms; whereas the  c-orrect values ar e  U~ -IS , -15 ohms and X ,< — 3 1 .  -15 ohms .
‘1 lu i~ represents an 1~~’ error for both components. II C r and -

~~~~ 
ar t -  matched within 10 ’ ,

~ hich -orrespon ci s to a null of —39 d B , t i m e  e r ro r  is reduced to l0~ for the H co m ponent
a n ]  ~. tV b r  th e~X- co~~pon~-nt .

The above discussion indicates that carefu l adjustment of the i-ole s’ ene- e load re-
f l ec t ion  coeff icient  angle is neeessai-v to ach ieve good a ccurac y when I 1’~ l is small . -\ Iso ,
equati on A - ; t shows that adjustment of the m - efe i- once load reflection c-oefiicient magnitude
is isot - 4 u i t t -  as (- r iti ca l , in terms of’ achi evin g a good null , when 1’~ is small . I - or  example,
if I 

~ 
— 10 d l i  and ‘‘r = ~~~~~ i 1 d 13 a —35 cIB null is r eal ized assuming = 0r- HOWeVer,

th e good null is mislead ing because a larg e error in t h e  me a su red reactive component (-an
r esult even thoug h the r es istive component error re m ains t - easona hly small . ~I ’ here for c ,
nec- u rat e adjust ment of 1’~, t is also necessary.

~\‘hen the unknown reflection coefficient magnitude is la m - ge ~~ 
-—

~~~ unit y) , th e bridge
null is most sensitiv e to adjustment of c~ - and accurate r eaet iv - component measu rements
result . h oweve r , la r ge er - s-or s in the resistive c ompone nt Will O CC U I ’ if I’ r~ doe s not ac-
curately match th e unknown load s- eflel tion coefficient magnitud e , oven though a deep null
is ach ieved .

If the variable reference load is constructe d by p lacing a va r iable attenuator in
series with a variable reactance , as Sk i~t (- h p( l below ; the attenuator insertion loss (practical
values being 0. 2 to ( 1 5 d l~ }~~coim-s th e l imiting tae’ t ( s t ’  when mn ea su ring high reflection
coefficient load s.

i t h



l- ur OX8IT1I)l(’, ~ t ’
~~ is 1~ less than ~‘ -~~~ d l i  null can be achieved by setting

~~~~
. C~~, hut the error I n the measured H- component wi l l  he 5 0 /  for 

~~r ~~ 
±45 degrees.

I ’he r etor e, when measuring high ji ’ I load s it is advisabl e to make su re tha t the attenuator
is not set at minimum even though a good null is achieved ; because , there may be a small
u l i t f e r ence between u n  and f F x I  resulting in large H-component -rror , as discussed above .
In other word s, the attenuator adjustment should allow the null indic -ato r to pass through a
minimum be fore reachi ng the lowe r limit of attenuation adjustmen t . If thi s cannot he di-
rectl y accomplished , a reactance of known value can be placed in ser ies with the unknown
impedance to transform the reflection coefficient to a lower value . ‘I ’he impedance thus
m easur ed can then be corrected by deducting the Iai own reactance.

A-- i



A PPENDLX B

IMPEDANC E CH,A HAC TE rUSTIC PLOTS

FOR

STANI )ING, STANDING WITH HANDSET EXT ENDEI)

AND PRONE CON DITIONS

FEED LINE CIT.A HACTEHISTIC IMPEDANCES

(75, 95 and 125 Ohms)

FEED POINT LOCATIONS

(17 Inch, 19 Inch and 21 Inch)
ABO VE BASE OF WHIP
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