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INTRODUCTION

PURPOSE.

The purpose of this project was to test , evaluate, and analyze a select group
of very high frequency (VHF) and ultrahigh frequency (UHF) air/ground (A/G)
communications antennas, and to obtain antenna reference data for use in the
design, development and specification of an improved radiating system for
enroute , terminal, and flight service station A/C communications.

BACKGROUND.

• The continuing growth in air traffic has brought about a corresponding
increase in the number of A/C channels required for enroute, terminal and
flight service station communications . To provide additional A/C communica-
tions channels, the Federal Aviation Administration (FAA) Administrator issued
a notice of policy decision in May 1973, to reduce the spacing between exist-
ing A/G channels from 50 kilohertz (kHz) to 25 kNz. To reduce radiofrequency
interference (RFI) caused by collocated FAA transmitters, FAA Order 6610.3,
dated April 17, 1975, authorized communications transmitter output power to
be reduced from 50 to 10 watts. The combination of additional A/G communica-
tions channel assignments with narrow bandwidth requirements for 25 kHz channel
spacing , and the 7 decibel (dB) reduction in transmitter power output has
increased the problem of providing adequate A/G communications coverage.

Along with the modernization and replacement of obsolescent equipment, the
present A/C communications system requires many other improvements to reflect
changes in technology. This project was established to test, evaluate and
analyze a select group of off—the—shelf , state—of—the—art , VHF and UHF A/C
communications antennas and compare their operating characteristics with
current in—use FAA specified antennas . Many different type antennas were
tested at the National Aviation Facilities Experimental Center (NAFEC) antenna
range . Some of the test measurements are int~luded in the appendices to this
report to serve as antenna reference data. The use of a specific manufacturers’
antenna was considered to be a representative type antenna only and not an
endorsement of their product.

DISCUSSION

GENERAL .

Most FAA A/C communications sites presently use the elliptically polarized
(swastika) antenna for transmitting service, and the vertically polarized
coaxial dipole for receiving service in the VHF A/C communications frequency
band of 118 to 136 megahertz (MHz) . Also, a vertically polarized discone
antenna is used for communications with military aircraft in the 225 to 400 MHz
frequency band . Other type FAA specified antennas can be found at some A/G
communications facilities; however, they constitute a small percentage of the
total antenna complement and are not covered in this report.
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Commerc i a I [ ~‘ t va  i i  ab l e  .111 t e f l l t J  S I IS I  Vt ’ 1)00 U ins t .i ~i Od at A! i c ommuni cat ion t ac ii —
it tes with ‘V S g t ’ prob I ems . A r ep r e s C ut a t  I ye s.IIup c of  t l it ’ nons t andard
an t  enn5ls was t es t  t ’j - i t  N M ° (  ~

° and c t %Ulp.U ed w i t  Ii FAA Spot ’ i i  i Ott a t i t  t ’ t I t i . (S  . T u e
r e s u l t s  of t h i s  t e s t  et t ort .tro included In t h i s  report t o p r o v i d e  r e fe rence
data fo r  use in t he  dos ign and spec (ft ~‘.i t ton ot  an improved A/C communications
r~i~Iiattng svstt ’Tu .

tEST rNv t RoNMt:~~r.

tl t e s t  measu rons ti t S i nO 1 udt-d In tlt is repo F t  we rt ’ made at the NAFEC antenna
rau~ t’ shown n I ~s re I . Tb is i°ange cons 1st s of ,i t rausm i t  or s i t e  and
ret ’ 0 I Vt 5 r s i t  o I oc ,t  t OLI app  t~ x i ma t e l v 1 ,000 t 00 t apart on o p p o s  i t  e sides 0 t t he
At ta ut Ic 1’ i t  v t o  so rvo 11.

The t ran sm i t  t or site has .i Rolide and Schwa rz si gnal  sot i  I L ’ 0 t y p e  S l.SV BN4 1002
that  was adjust ed t o  pr ov  Ide a r ad i o fr eq uon cv  (RF) c o n t i n u o u s  wave  (CW) s ignal
o t 5 ~‘o I t  s t n t  o .1 ~(( ohm s~’urc t’ antenna at  t e s t  f req t ionc  I es of 118 , 1 ~ 7, 136,
225 , 31)0 , and .~~) () Mit : .  The source an tenna , a Scien t if i c — A t  I . i n t a  Series .~6 

0

I o~ —p e r iod i c d i po I o a r t’a V • was noun ted on an . i d 3  us tab Ic  pos it Ion tug mechanism
to pe rmi t  t i le  C ( iaug  I ug o I an t e n n a  a l i g n m e n t  and po I. i r i .~a t ion.

The r e c e i v e r  s i t e  cout  a i ned the t t’St  ant enna pos i t  t o n in g  and con t rol  system ,
r e ce i v i n g  sy s tem , and p at  t e rn  r e c or d e r .  The an t enna  p o s it  i~mer consisted of
an Ant  Lab a: Imut  h — o v e r — e l  eva t ion pt’tIeS ta I mounted on t o p  o t .i ~O— foot  tower
and connected o po sit ion i n d i c a t O r s , r emote  d I T o t ’ t ion c out  r ot s , and variable
speed c o n t r o l s  b c  ~i ted ins I do the  t r a i l e r  at  the base o i the t ower • A rotary
) o ln t  in the  .lntotiu.I pedest . t l  p e r m i t s  the  an t  enna under  t est  t o  r o t a t e  t r eel
w i t h o u t  di S O O U U O L ’ t tug the  feed  cab l e .

The r eceiv ing  svst en l , a Sc ien t  i t  i c — A t  l an t a  Ser i e s  I 6.•~ p r e c i s i o n  ampl i tude
receiver , (Lis a .

~
() dB dvn arni  c r an ge  w i t h  a hol one t or output t ot operating the

Sc tent it i c — A t  l a n ta  5cr i t ’s I S tO:\ ~0l at’ r e c o r d e r .
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ANTENNA MEASUREMENT S.

An antenna is one of the pr inciple  components in t h e  A/ C r a d i a t i n g  system and
serves as the connecting link between t ree space and the transmitter or
receiver by t rans forming  the e lec t romagne t ic  energy  c o n ta i n e d  in  t h e  t rans-
mis sion line to that  of free—space propagat ion or v i c e  versa.  The parameter s
most o f ten  used to describe antenna p roper t i e s  are polari zation . i nput imped—
ance , radiation pat tern , gai n , and ba n d w i d t h .  A d e s c r i p t i o n  01 the  antenn a
measurements and measurement techniques are inc luded  in t h i s  sec t ion  of the
report while the measurement data  for  each an tenna  are  inc l uded in t h e  appendix
for that  specif ic  antenna .

POLARIZATION. The po la r i za t ion  of an an tenna  is d e f i n e d  1w t h e  o r i e n t a t i o n  ot
the e l e c t r i c  vector of  the wave rad ia ted  by the  an t e n na .  Thus , a v e r t i c a l
di pole antenna above ground w i l l  r a d i a t e  v e r t i ca l  po 1ar i .~at  ion and have a cir-
cula r pa t t e rn  in the ho r i zon ta l  (11’) p l an e  and a f i g u r e — e i g h t  (cosine) pattern 

—

in the ve r t i c a l  (E) plane. V e r t i c a l  p o l ar i  ~~I t  Ion o t t e r s  t h e  advan tage  t h a t
interference phenomena which may occur b etwe en the  d ir e c t r ay  and t he  r e f l e c t e d
ray are for  the most p a r t  e l i m i n a t e d .

The design polar iza t ion of emissions for  V I ( F  A/ t  c o m m u n i c a t  ions In t he
Internat ional  Aeronautical Mobile S e r v i ce  is v e r t i c a l .  Mans ’ FAA facilities
use the swastika antenna which has ellipt ica l polarization ~both h o r iz o n t a l
and vert I c a l ly  polar ized components ’)  however  • i t  i s  p 1 . iuned t o  rep lace t hem
w i t h  ve r t i ca l ly  pol ar ized  an tennas  in the  near  t u t  u r o .

INPI ’T tMP EDANCE . Antenna inpu t  impeda mc e i s t he parameter wh I cli i.e I a t  es the
antenna to the transmission l ine and is used to  m e a s u re  t h e  of f i t ’ iencv of
energy t r ans fe r  into or f rom the an tenna . Al I FAA spec I f  led 5t n t  ennas were
designed to operate with  a 50 ohm imp edance and have  an i n i t i a l  v o l t  age
st a n d i n g  wave ra t io  (V SWR) to leran c c .1l i m i t of 2.0 :1.  o r less.

Antenna inpu t impedance was d e t e r m i n e d  w i t h  V SW R measurements  u s i n g  the
Alford Model lO2bC—6 s l o t t e d  l i n e , a I l ewlet  t — P a c k ar d  Model 1 5—F st a n d i n g
wave ratio meter • ati l a Smith Ciia r t  . Al l  \ ‘SWR measur emeu t s were mad .’ w i t h
each antenna mounted 30 fe et  above ground on a c rank—up t owe r and connec t ed
to the slotted li ne wi th  a 50 f o o t  l eng th  of RC—21~~/U c o a x i a l  cable. To o b t a i n
a true antenna VSWR (at the antenna te rmin a l s)  a 2 . 0 :1  mi sm a tch  was In s t a l l e d
on the end of the 50—foot cable and this VSWR v a l u e  was used to  calibrate
the standing wave ratio meter readings for cab le  a t t e n u a t i o n  at  t h e  t e s t
I requenc ies.

RADIAT IO N PATTERNS. r u e  r a d i a t i o n  pat  t e r n  of an a n t e n na  I s  a graphic .t 1
representat  ion of the m a g n i t u d e  of t he  r e l a t i v e  e l e c t r i c  I t o l d  s t r e n g t h
radiated from an an tenna  in a g iven  p l a n e  • p l o t t e d  . igains  t t h e  ~I t r ec  t ion
from a given reference. A free—space radiation r~” tern is i’eq ui red as a
basis for determining the a n t e n n a  performance even though in an op e ra t i ng
environment r e f l ec t  ions f r o m  the ant enna supporting st m c  I nrc • 0 t her
antennas , and extraneous o b j e c t s  cause considerable pattern distort ion.

0 1
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B oth U—pl ane  and i - — p l a n t ’ t a d  t a t  i o n  p 5 I t t  ci i t s  wo r o  madt ’ I or , ‘acli antenna at the
low , cen Icr , and hi gh end o i t  S ~I L ’ gtied t requt -u5 - v t 5 i l ige  . The c e n t e r  I r equen~’ V
mad Lit ion pat  t e r m s  I or each ,lIit emm a t i e  in c lu d ed  in t he  r epor t  append ices , —

w h i l e  a l l  o ther  p a t t e r n s  art ’ . t v a t l . i b l e  at  NAFE ’ In the  pro jec t t i le .

u A I N .  1’he powe t gain o t  i i i  ~t n t  emma is Je t  m e d  as the  r at  10 of t he  r a d  lat  Ion
i i i  t etisi t V of t h e  ~in I en thi  in g i v e n  d I r e’t ’ I I on (usual  lv  on the  hor I z o I l ’)  to
t ht ’ max imum r .id t a t  Ion t n t  ens i t  v ol  a lo s  si ess r e t  er ence ant emma (usna 11 v a
ha I t  —wave  di p o le ’)  w i t h  th e ’  sam, i n p u t  power  • At i t  emma gain  is usual 1 v e xp i o s s e d
in dB over  the g~t in ot  a loss I ,‘ss ha I t  — w ~I V t  c i t  po l e  (dBd ) , or in dli ove l  t he
~.t i n  ot an i s ot r op i c  i~~d i a t o r i 5 t l i i  I . the  isot ropic radiator is a lt~ p oth e t  i~~a
an t e n na  w h i c h  r5tJ l a t e ? .  u t i l t  ~t r ~~ i~ in  ~i I  I d . i t t t  I O I T S  ~ nel has 2 . 1  ‘ dli less  ~a i i i

•t loss loss ha I t  — s a y  o d i  p It ’ an t e n na

i . i in  measuremen t s were n~’id~’ at t he SA l -F t  ~mt  emma r ange  1w conipar lug t h e ’ t e s t
an t ennas  t o  th e  St len t i t  i c — A t  i~ i n t  a Series iS . t d t t i s t a b i e  st andat’ d e~a in  d ip o l~’
antennas. The Sc r i t ’ s I ‘ st and at~l ga in an t  etina 5 have moveab I e c ’ I eme’n t s w h i t ’ ii
permi t  t h e i r  l en gt h  t o  he ad ~tt s1 ~ el to a hal t — w a v t ’ l c n g r h i  at t h o  t e st  I r e t lu en t ’v .
.\n ad ust  ~ih Ic coax Ia I ha Inn— I pe - 5ian5 - 0 t r a t i s t  ormor  wit  h im I he ant  emma suppe i I t
mast is used to mat cl i  t he ad us t 5ib I t ’ .tt i t e ’ti na t i  omen t s t o t lit’ 50 olitit I t’a t i sm is  —

~. ion  l ine .  When t he d ipi~ it’ ci etttt’n t s and t ’a i n n —  Imp ed atice t ran  st  orme r at  e set
to  the  etC lied test  t requenc v ca i i  b r a t  ion mar ks , t hose Sor los I ‘~ atit e ’1111515 1I~i~’ 0
ga in s  o t a ha If—wave I etig t h d Ipo It ’ (I ) d lid or 2 .  1 ~ d 1~1 )

P~\NDW 1lVL’H. lilt’ b a n d w I d t h  ot an a n t  enna is  the  t r e quen t ’v r ange  ov ct  whic Ii the
.iti l emm a  po t  t o ruts w i t  Ii in .i I l  t iit ’ o I cc t i  to a I ~~0 i t  omut anc e spec it It ’ a t  Ion s .  MaTI v
I a c t o r s , such as the de t e r  to t - a t  ion  ot impod a u c t ’ c h a r a ct  ci’ 1st L’, t’Isinge ’ In

~~si t tern shape , and loss 01 ga in a r e  used t o  dot cnn Inc a n t  emma ba ndw Id Ui.

I S t 1i . A 1 l t ~N .  I so I at ion in .t mu it Lint emma ei-iv I ronmen t Is obt a It i ed by o i t  her
phv 5 l~ ’ a l l  v or c l O t ’ t r i~’ a it v sepa ma t 1mg the’ t a d  I at od i~’iv os tha t a re  in to t’ac t I t i~~
wit li each ot h e r  . 150 1 a t  ion  I i ’ont t lie ant enna suppo t t in  ~ st I t i t ’ I U t’e is ~i 1 so an
I m p o t  t t mt  t OIlS td e t ’ a I l oll .

Ve’rt  I c _ i l st a c k i n g  of an t e n n a s  is OIiO met hod 01 . ici i  b y  i ng  i s o l at i o n  In a 1 t n t  i t  t 5 ~

spat ’ 0. The mu i t  i p Ic d I po le ’ c o t  I in oat  array ~
‘ oti~’ opt  • used b~’ t he’ ioc  liii I L ’ a 1

:~PP I ian~’ o l o t ’ pot ’ 51 t loll ( I AC& )) , omp i ovs ~‘o t’ t It ’.l 1 st _ t ~~ hi ng wit ti a met hod o t sit i t ’ I
tug the t e e d  c ah i  es to  improve ’ t ’ad f a t  ion p at  tern cha i ’act er  1st ie’s ant i  a I so
at ’ h i  eve a hi gh de ’gt’ oc 01’ iso I a t  ion between i t i t  etina s  iti a c l o se  lv  s p~t t’t~t~I ~t t ’ i’a

I1i ’ t AC O  c oi l  inca  r a r r ay  i i i  I ,‘ c t t t a s  I est  eel a t  NAF Et ’ cot is  i ~ t eel o t  t i l t ’ I)— 2 212
(VHF—VHF) , 0—221 (UHF—VHF) , 0—22 ~ t) (VHF—VHF—VHF) 0—21 i S ( i 1 I F — V I I F — 1 tl i ’)  51fld
t lie 11—2 2 15  ( V HF— ”U H F— V H I - ’’) a n t e n n a s .

I N S  i A i . I A T I O N  ANP EN VIR ONMENTAL . CON S I DERA 1’ION S.

A rca list i~ .lp p r oac  ii i i i  i m p rov i ng  t he FAJt A / t ~ I - ad t a t  I t i ~~ svst em must Invo  I V t ’

m o r e  t han tist e t s i  mg o t t  Ic I e ’nt and o t t  cot  iv e an t e n na s  • \~I iet t  dot ’ id lug vii i o u
an I cnn.t  would be best f o r  a SpOt ’ I t  Ic app 1 i c a t  Ion , flhltlv I at ’ I 0i’S Sl i t ’ ii  _ i t t  cost , —

s i .~ c , s-c ight , I n s t  a 1 ia ( i o n  r e q u i r e m e n t s , env I i ’onmen t a 1 pt’ oh I ems , t e l  i.il ’ I I  i t  v , 
—

and e x ’ e ’c ted li l t ’ O V t  Ic become’ v e l v  t mp o l t  • t m t  .
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1’ ite ’ FAA uses approximatel y 2~t , ilOt) A/( cotumun ications an tennas  in the ’ N a t  iona l
Airspace System. l ’ l i er e f o r c , any sttiall increase’ in cost becomes very signiti—
cant when multiplied by the number 01 antennas r equ i r ed .

Antenn a  si ~e and so ig ht at’e im p o r t an t  t a c  t or s  when con s i d e r i ng  ~‘Ii ipping, st or—

~~ e , ha m d i i  ng , an d inst a l l  a t  ion req ml remen Is • l I l t ’ .il~ f l i t  ~‘ o t one’ tli.in , 50 rk ing
a lone , it~ i dvor se  wea the r  cond it  ions , to r e p a i r  or r e p l a c e  a del  e c t i ve  an tenna
is a most i m p o r t a n t  i n s t a l lat i o n  c o n s i d e r a t i o n .  ~‘Iost FAA an tennas  arc’ p r e sen tly
in s t a l led  on s tandard  mount lug b r a c ket s , t h e r e f o r e , the  mount  It ig r equ i rements
b r  dt IV new ty pe  an tenna  should be compat ib le  w i t h  these ’ b r a c k e t s  if at  a l l
poss ib le

Ihe antenna is a passive device  w i t h  no moving p a r t s  to  wear out , therefore ,
it is r easonab le to expect that  a new type antenna using state—of—the—art
techniques to overcome environmet ita l  problems should prov ide at least 20 years
ot trouble free service, Environmental pr oblems such as wind loading, wea ther
t~itigue ~ 1e’e’ conditions , c’hemical decomposition , and galvani c corrosion due to
the  action ot  dissimilar metals in ~i sa l t air environnle’lt are important fac tors
wit Ic Ii rola to t o  the  rd fabi 1 ity and the  expec ted 1 ite e’yc Ic of an ant enna and
must he considered.

lEST RESULTS.

l’he an tenna  range measurement data in the appendices of this report show tha t
an improvement in :\/C communicat ions coverage could be obta ined by rep lac ing
the  FAA specified VHF broadband coaxial dipole and elli ptically polar ized
~swast ika ) an tennas  w i t h  commerc ial l y available antennas . Communications
e’ e verage I l i g h t  test measurements at NAFEC and at various field facilities
have shown th at a si g n i f i c a n t  improvement  occur red  when some of these non-
standard antennas were used to replace the FAA spe’cif fed antennas. ‘l’hese
light test data can be found in the  Advanced Communications Systems Support

P r o t e c t  repor t, prepared by the Verve Research Corporat ion cinder C o n t r a c t
i1t)I’_ FA ’51~A1—570, in the  NAFEC Techn ica l  L e t t e r  Repor t  NA—77— 6 0— LR , and in
the proj ec t f i l e .

IN PU T IMPEDANCE. Antenna input impedance in t h e  118 to 400 MHz I requeticy hand
is measured by de termin ing the  type 01 mi sma tch  the  an tenna  produces when it
is connected to a t ransmission l ine.  T h e  measurement of t ransmission line VSWR
permits the  de te rmina t ion  of antenna input  impedanc e by means of a Smith cha r t .

The VSWR measurements in the  appendices of th is  report  were made with the
antenna under test , mounted on a crank—tip tower 30 feet above ground , and
clear of reflecting objects. VSWR is not constant along a transmission line;
t i t o r e f o r e , the VSWR measurement should be made at the antenna terminal.
However , at n a n  i n s ta l l a t i o n s, making  a VSWR measurement at the antenna term-
inal  is imprac t [cd l  • When the  VSWR measurement  is not made at t h e  a n t e n n a
t e r m i n a l , the change in SWR , due to cable a ttet iu a t ion , should be considered ,

The HP—415E SWR meter was ca l ibra ted  f o r  change due to cable loss by in st a l—
I ing ~l 2~ 0: 1 nism.i t~ Ii elemen t on the  50— t oot lemgt ii o I c a b l e ’ used to connect
the ~tn I enna under t es I to the 1 ott ed I Inc • The dot t cci 1 inc in I igure A— 2

S
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ot  appet id ix A i ll u st  r at e s  tha t the 2.0:1  m i s m a t c h  t h r o u g h the  ) O — I o o t  l e n g t h
of RC— 214 c~- axia1 cable has a VSWR meter v a l u e  ot  l . b 7 : l  at 115 i’fl-I z , and
l.~ 5:l at  13h ~I i t ~~~, due to cable a t t e n u a t ion. 11w J o t t e d  l im e  in figure 11—2
Ot  appe ’n J 1 x 1) shows the 2 . 0 : 1  mismatch  has a \‘5~ R m e t e r  v a l u e  ot 1. ~S : I at
2 2 5  MHz , and 1 • ~~ ‘. : I at 00 >11L , due to cable a I t  e i iua  I ion.

~iieu cable attenuation is taken into cons id era  l ion , t h e  t o i l  owing an t cu i i5 t
\‘5~ k values 5ere obtained . I l t e ’ FA —567 5 an t enna  in append ix ‘ has a V5~tt’R val ue’
ot less than 2 .0:1 at  the antenna terminal  between  119 MHz and 133 M }lz . t h e

~ id lon ics  an t enna  in append ix 1) has a \ SWR v a l u e  at the an t e n na  ot less t i t an
2 .0: 1 across the  115 to 1 3r’ ~~~ I r equ cn cv  hand .

RAD IAT1ON PATTER N S. Both  t he H—p lane and t h e  E—p lane radiation pat t e m s  in
the appendices of this report w e r e ’ made with the’ an tennas  mounted  on a wooden
support at least feet above the an t en n a  pedestal (12 t ee ’t above the l os-or
platform). All  patterns were made w i t h  the  a n t e n n a  u n d o r  test o p e r a t i n g  in
the re t ’e tve  mode. However , due t o  t h e princip le ot reciprocity, th e resu l t s
would be the same it the antennas under test we r e operating in the transmit

C

An omnid i rec  t ionaf  an tenna  is c i i i  a nt  emma li.i ~- l ug ~tn e s s cn t  i5t l lv tiond irec tive
pattern in a~ imuth  and a d i rc~’ t i ve  pa t t  em iii e l ev a t i o n  (ISA s t an d a r d )  . The
re Ltt  lye gain of ~in o m n i d i rec t i o n a l a n t e n n a  in .inv 5i imut li d i  i c c  t b i t  should
aol  v ar y  f r o m  tu e mean value by more than + 1.1) dB b r  3hO~ 0 1 r o t a t i o n  (El:\
standard). F igu res  A—3 and I—~+ in append ix  A show th e v e r t ic a l  and horizontal
r a d i at i o n  pattern for .t typical omnidirectional , verti~’a1lv—p o1ar i :e’d , half—
w a ve dipole antenna. Figure B—3 and figure 1’—~ show distorted vertical radia-
t ion patterns caused by antenna currents flowing in the  shield of the  coax ia l
toed cable .

Fi gure s 1— 1 , B—S . and Q—4 , were included In the append ices ot this report to
sh ow the v e r t i c a l  pa t tern  d i s t o r t i o n  tha t o c c u r s  when a 5— f o o t  l e n g t h  ot
inch aluminum m o u n t i n g  p ipe  was a t t a c h e d  to the base o I t h e  a n t e n n as . The 2~
dB loSS of signal  on the  lior i on shown in f i gure  B—S Is si S caused  by ~m n t enna cur-
rent be ing coup led in to  t lie S — f o o t  m o u n t i n g  p i p e  d ir e~’ t 1 bone5t t h  t h e  a n t e n n a .
th is  is a p r i n c i p l e  reason f o r  cove rage  problems when t h i s  type  an tenna  is used
or A / i ;  communications.  The l’At ’O 11—22 lb  a n t e n na  (a p p e n d ix  Q) had the  l ea s t

amount of pa t te rn  d i s to r t ion  of a l l  the broadb and omnidirect ional  an tennas
tested at NAFEC .

o irec t lot i al  antennas can be used to improve c ov e r a g e  and t edu c e ’ i nt e r t e r en c e
when the antenna  site Is not lo c a t e d  in the ~‘e nt er  o t t he cove ’ rage  at’ e’ -
Rad ia t ion patterns t o r  directional antennas can he found in appendie’es H, 1 ,
K , V , and W . Appendix \‘ a iso con ta ins p at  t e m s  of d i r e c t  iona I a n t e n n a s  when
the y are both stacked and skewed .

A d i rect ional  antenna has one or more maj or lobes in the l ior i .~on t 5 t l p at t e rt l
whose maximum re la t ive  gain O N t  cods the minimum r e l a t i v e  ga in by more t han ~ dB.
rhe h o r i z o n t a l  be amwidth  of a d i rec t i o na l  an tenna  is  I lie angular  w i dt h , i n clu d  lug

(t
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maximum rad iation , measured between two points on the major lobe of the hori-
zontal pattern 3 dB below the maximum. For example , the horizontal beamwidth
of the DB—224E antenna shown in f igure G—4 is 160°.

The vertical beomwldth o an antenna Is defined as the  angular width , includ ing
maximum radiation , measured between the two poin ts  on the major lobe of the
v er t i c a l  p a t t e r n  3 dB below the maximum. The vertical bcamwidth of the Di’V—22
.i n I  e ’nn.t shown in f i gure E— 3 is 140

‘[‘lie’ e l evation beam t i i i  e l i  an a nt e n n a  is  defined as the angle between the
d ir ec t ion of max imuni i-ad t a t  ion and the  h o r i z o n t a l  plane . ‘th e I)cant t i l t  oh the
DPV—2 2 antenna shown in I igure  E—3 is 8° above the  hor izon .

‘ [cv~it  ion beam t II t loss of ‘i i i  antenna Is t h e  ( l i f t  er ence  between the  maximum
rod t a t  ion and t h e ’  rod to t ion in the  h o r i z o n ta l  p lane cxpr esscd in dB . Tit~ beam
1 11 I loss  01 1 lie l )h ’V—2 2 an tenna shown In f i gum e L— I is 4 dB

CA I N .  An t  emma ga i i i  measurements  Inc luel ed in th i s  repe l r t we m e ’ made by comparing
t h e ’  a i lt e t I t la  tinde’r test to a standard gain dipol e a n t e n n a .  A f t e r  each h o r i z o n t a l
ra~i h a t  ion pat  t e rn  Wa S made , I lie a n t e n na  under test was r’p h :ie ’e’d by t he  standard
go in a n ten n a  and a dci t r ep resen t  1mg t h e ’  s t anda rd  go In an tenna  rec d y e  level
was placed on the 0 or 900 rod I i l .  ‘l’hie gain of each an t enn a  in dbd can be found
by compar ing  the ’ dli ci i f  f e ’r e i ic e  between t h e ’  ga in dot  and t i i~’ an tenn a  under  test
tad to I ion p.i t te’rn 1 eve’ I . ‘rite an t e n n a  go in in dBi can be foun d  by add ing 2. 15 dB
to the  dlid measurement , howc ’ver , in  p r oc  I I L ’ 1’ onl y In t cgrLI l dii v a t  u& ’s are used

~iud t he’ . 15 ~l Ii v a l u e  E s dropped •

h’he p r i n t ’ ip I e’s i f a n t en n a  des 1gm and h o w  I o di  i’ec t or shape thic ’ rod Ia t ion ~a I t  em
t o  01)1 tim ~ t fe ’& ’ t ly e  i-ad lot  ed power go In are ’  we ’ 11 oslahl ished • ( a l i i  in an omili—
d i r e c t iciti~ I ant emma is oh t a t t l e d  by compress ing t lit ’ ver  t ical rod I at ion 

~~ 
t tern

c ’ h e i s t ’ r to tilL’ horizon as shown in f i gures  :— !, F—3 , C—3 , X—3 , and Y— I • t:~ Ii i
lii a un ld lr cc  I h o i s t  I or b ld lm e ’c t iona l  t n t  citna is  o b ta i ned  by compress ing  t h e  h or—

o t t  I a I rad f at ion p a t t e r n  as shown in ii gu res (~—4 , 11—4 , 1—4 , K— 6 , V— ~ , and W—4
i’hie unid iree’ t i c i t I t i  I yog i antenna or ray in append Ix 1 cai~ be made bid iree ’ I lonit 1
by t’evt ’r s i ng  the  eli roe t i  on ci f  elite i i i  I h it ’ three ’  c’ h ement yag I set ’ t Ions.

I t t  . t  ss 1st In making the  go l i i  inetisti t ’cIttCll Is , a s t andard  gain an t  dfltla r e l c  rem cc’
I e’vc ’ 1 dot was a I so  p laced OII some’ of t h e  ver I it ’ o I rad lot ion pat te’ i’llS . For
exon ip ic , the  s tandard ga in  antenna  r e f e r e n c e  level dot on t h e ’  h i o r l z o n t z i l r a d i o—

• l ion pa I tern (figure K—4 oh appendix E) for I he D l’V— 22 a n t e n n a  shows tha t t hi is
lil t t ’lilla has l e s s  t i t an  d ipo le  gain . However , t h e  s t andard  g a i n  a n t e n na  rc ’l el’ence
level dot on the v e r t i c a l  r ad i a t ion  p a t t e r n  ( !i gure E— b of appendix E) shows

• t he  DPV—22 an t enna  has ~. dB of gain more than a dipole 80 above the horizon .

BANI )W lD’I ’hl . An an t e n na  t a t  was  designed t o  L Ove ’  t a hi ’ot id band of f r e q u e n c ie s  will
usu t i  i i  y not have ’ is low a VSWR 01’ 05 much go l i i  s I S  an ant  enna designed I or a i ta r—
reiwband of f r equenc ie s .  Many of the broadband antennas t e st  e’d a t  NAF ’EC w i th  a
V SW R ol 2 .0 :  I or loss , i t ’ ross the ’ 118 t o  I lb  ~1H z fre’qtie ’nc’y band had pa It  em
ci 1st t i r t l o n  tincl  I 1155 O f go in w i t h i n  the’ h . i t t t h  . ‘I ’htls i’ettl d It  loll WOS n e i l  f ound
ii i  t lie n a r r owh t i n d  l i l t  e ’ t i n t s .

7

- - -——~~~~ 
—— 

-— — _~L_ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



-5- ——‘V ’ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~~~ •

ISOI.ATION. Isolation measurements between dipole elements in the TACO collinear
array antennas were made with the antennas under test installed on a crank—up
tower 30 feet above ground and c lear 01 re f lec t ing  obj ects.  The isolation
between antenna elements measured greater titan 30 dli in all cases.

Isolation between the antennas and a metalic supporting structure was investi-
gated with radiation pattern measurement s . Lack of isolation between the antennas
and the supporting structure caused pattern distortion as shown in figure s A— 5 ,
B-5 , and Q—4 . ‘
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CONCLUSIONS

Based on the data collected , evaluated , and presented In this report , it Is
concluded t h a t :

1. FAA A/c communications antenna specifications do not include sufficient
radiation pattern requirements and thereb y have permitted the use of antennas
with marginal radiation characteristics .

2. The FAA specified broadband VHF dipole and elliptically polarized (swastika)
antennas are inefficient and could cause A/C communications coverage problems .

3. The broadband UHF discone and dipole antennas have similar operating
characteristics. However , a VHF dipole antenna sealed inside a fiberglass
enclosure should provide more reliable communications in adverse weather
conditioi”~i.

4. The omnidirectional gain antennas tested at NAFEC that had a gain of more 
h

than +2 dBd become excessive in length and lost overhead coverage.

5. Directional antennas can be used to provide an effective radiated power
(ERP) gain at FAA communications facilities where omnidirectional coverage Is
not required .

6. Isolation between antennas in a limited space can be increased by using
an antenna with a low profile desi gn and by stacking the antennas in a
collinear manner.

7 .  Some VHF antennas with less than 18 MHz bandwidth had more suitable
operating characteristics than the broadband antennas .

8. AddItional test , evaluation , and analysis is required to define an
optimum FAA Air/Ground Communications Radiating System.

-i

.
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RECOMMENDATIONS

Based on the test results obtained during this test and evaluation effort ,
it is recommended that:

1. In addition to polarization , input impedance , gain , and bandwidth , future
FAA A/G communications antenna specifications shou’d also include definitive
radiation pattern and isolation requiremen ts. 

‘

2. Broadband VHF antennas with performance characteristics equal to or better
than the TACO D—2216 VHF dipole antenna be installed at A/C communications
facilities with coverage problems .

3. Broadband UHF dipole antennas that are sealed inside a fiberglass enclosure
and have performance characteristics equal to or better than the TACO D—2217
UHF dipole antenna be Installed at field facilities with environmental problems .

4. The use of omnidirectional gain antennas should be restricted to those
fac i l i t ies  where the cost and coverage requirements can be justified .

5. Directional A/C communications antennas be installed at FAA field facll’-
ities with coverage problems that i-ould be corrected with the use of direc-
tiona l antennas .

6. A limited number of collinear array antennas with operating characteristics
equal to or better than the TACO D—2212 (VHF—VHF) antenna, and the TACO D—2213
(UHF—VHF) antenna , be obtained and i n s t a lled  w i t h  a d d i t i o n a l  on—si te  test
and evaluat ion .

7. The usefulness of narrow band antennas be Investigated for possible
communica t ions coverage improvements.

8. A long term test and evaluation project be established at NAFEC to define’
an optimum air/ground communications radiating system based on antenna range
measurements and verified with fligh t test measurements.

- 
•
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APPENDIX A

CA-1594/A VHF NARROWIBAN D COAXIAL DIPOLE ANTENNA

The CA—1594/A antenna shown in figure A—i is a verticall y polarized , omni-
directional, narrowband coaxial dipole that was designed to operate in the
VHF frequency band of 117 to 123 MHz. This antenna was manufactured for

• the Civil Aeronautics Administration by tile Granite State Machine Company ,
Manches ter , New HampshIre under contrac t CCA—32100. The CA-l594/A antenna
weighs approxImately 6 3/4 pounds and consIsts of a 22—Inch long by 1—inch
diameter radiating element and a 24 1/8—inch long by 2 1/2—inch diameter
lower element skirt separated by a 2—Inch porcelain insulator. A mounting
pipe extends 12 inches below the skirt and has standard 1 1/4 inch pipe thread
for attaching the antenna assembly to its mounting bracket.

77—39—A - i

FIGURE A—i. CA—1~94/A COAXIAl.. DIPOLE ANTENNA
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PREQIJE~4Cy MHz 77-39-A-2

FIGURE A—2. CA1594/A COAXIAL DIPOLE ANTENNA

VSWR measurements for the CA— l594/A antenna are shown in figure A—2. The
numbers on the l e f t  side of the graph represent the VSWR values at the antenna
terminal. The numbers on the rig ht side of the graph represent the VSWR values
with a 50 foot length of RG—214 coaxial cable between the antenna and the
slotted line .

The CA—l594/A antenna free space vertical radiation pattern shown in
figure A—3 is a typical dipole patte rn. Figure A—4 is the horizontal rad iation
pattern and fi gure A—S shows a distorted vertical radiation pattern caused
by a 5 foot length of mounting pipe bein g attached to the base of the antenna .
These radiation patterns were made with the antenna installed 5 feet above
the pedestal on a wooden 4—inch by 4—inch support.

The CA—15 94 /A antenna had di pole gain (0 dEd or +2 dBi) at 120 MHz as shown
by the standard gain antenna reference dot on f i gure A— 4 .

.
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FIGURE A-3. CA-1594/A VERTICAL RADIATION PATTERN
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FIGURE A-4. CA-1594/A HORIZONTAL RADIATION PATTERN •
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FIGURE A-5. CA-1594/A DISTORTED VERTICAL RADIATION PATTERN
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APPENDIX B

FA— 7957A VHF BROAD BAND COAXIAL DIPOLE ANTENNA

The FA—7957/A antenna , shown in f igure B—i , is a vertically polarized , omni-
directional, broadband coaxial dipole that was designed to operate -in the
extended VHF air/ground frequency band of 118 to 144 MHz . This antenna was
manufactured for the FAA by R. A. Miller Industries Inc.,  Grand Haven ,
Michigan, under contract DOT—FA7OWA—2366. The FA—7957/A antenna weighs
4 1/2 pounds, is 39 inches long, and consists of a 15 1/4—inch radiating
element and a 15—inch skirt separated by a 2—inch ceramic insulator. A

• mounting pipe extends 6 inches below the skirt and has standard 1 1/4 inch
pipe thread for  attaching the antenna assembly to a mounting bracket.

77-39—B—I

FIGURE B—i . FA—7957/A COAXIAL DIPOLE ANTENNA
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FIGURE 8—2. FA—79 57/A COAXIAL DIPOLE ANTENNA

VSWR measurements for the FA—7957/A antenna are shown in Figure 6—2 . The
numbers on the left side of the graph represent the VSWR values at the antenna
terminals and the numbers on the right side of the graph represent the VSWR
values with a 50 foot length of RG—2l4 coaxial cable between the antenna and
the slotted line.

The free—space vertical radiation pattern for the FA—7957/A antenna is shown
in fi gure B—3 . The horizontal radiation pattern is shown in figure 6—4 , and
a distorted vertical radiation pattern is shown in f igure  B—S. The dis tor ted
vertical radiation pattern was caused by antenna currents being coupled into
the S—foot length of 1 1/’~—inch mounting pipe attached to the base of the
antenna . This 25 dB loss of signal on the horizon that was caused by attach-
ing the antenna to a 5—foot length of mounting pipe will vary depending upon
the frequency used and the size and composition of the mounting pipe or
structure.

The gain of the FA—?957/A antenna at 127 MHz measured 8 dE below the standard
gain dipole (—8 dBd or —6 dai) when mounted 5 feet above the antenna pedestal  

—

on a 4—inch by 4—inch wooden support.
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APPENDIX C

FA—5675 VHF ELLIPTICALLY POLARIZED (SWASTIK A ) ANTEN NA

The FA—5675 antenna shown in figure C—i is an elliptically polarized , omni-
directional, broadband antenna that was designed to operate in the VHF air/
ground frequency band of 118 to 136 MHz. This antenna was manufactured for
the FAA by the Antenna Products Company , Mineral Wells , Texas under contrac t
FA65WA—l341. The FA—5675 antenna weighs 18 pounds , is 21 inches high , 36—
inches square , and consists of an upper and lower hub , each having four dipole
elements spaced approximately 1/3 wavelength apart at the midband frequency

• and inclined 300 with respect to the horizon. The upper and lower hubs are
separated by a fiberglass reinforced plastic indulator. This antenna was
designed to mount on a standard 2 1/2—inch galvanized iron pipe.

/
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FIGURE C—i. FA—5675 ELLIPTtCALLY POLARIZED ANTENNA
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APPENDIX I)

FA—5668 UHF D1SCONE ANTENNA

The FA—5668 antenna shown in figure D—l is a verticall y polarized omnidirec-
tional , broadband discone antenna that was designed to operate in the military
air/ground communications frequency band of 225 to 400 MH z.  This antenna was
manufactured for  the FAA by the Antenna Products Company , Mineral Wells , Texas ,
under contract FA65WA—l203. The FA—5668 antenna weighs 4 1/2 pounds , has
overall dimensions of 15 3/8—inches high by 18 1/2—inches wide, and consists

• of a 12 5/8 inch diameter radiating disc and a lower hub assembly with six
threaded element rods tha t are each 15 inches long. A glass reinforced
plastic insulator separates the radiating disc from the cone section. This
antenna is designed to mount on top of a mast having a maximum diameter of
1 3/4 inches.

77-39-D— l

FIGURE D—1 . FA—561 8 UHF DISCONE ANTENNA
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FIGURE 0-2. FA—5668 DZSCONE ANT ENNA

VSWR measurements for the FA—5668 antenna are shown in figure D—2 . The numbers
on the l e f t  side of the graph represent VSWR values at the antenna terminals.
The numbers on the right side represent VSWR values with a 50 foot length of
RG—214 coaxial cable between the antenna and the slotted line.

The free—space vertical radiation pattern for the FA—5668 antenna is shown in
f i gure D—3 and the horizontal radiation pattern is shown in f igure  D—4 . Some
pattern distortion was found at both 225 and 400 MHz.

The gain of the FA—5668 antenna measured 1 dB below the standard gain dipole
(—I dBd or +1 dBi) at 300 141iz as shown in figure D—4 . The antenna gain at
400 MHz measured 4 dB below the standard gain dipole.
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APPENDIX E

ANTENNA PRODUCTS DPV—22 UHF GAIN ANTENNA

The DPV—22 antenna shown in figure E—1 is a vertically polarized, omnidirec-
tional. broadband gain antenna that was designed to operate in the military
A/C communications frequency band of 225 to 400 MHz . This antenna is the
same as FAA types FA—7881A and FA—7881B per specification FAA—E—2277a that
were manufactured under contracts DOT—FA72WA—3084 and DOT—FA76WA—3763. The
DPV—22 antenna was manufactured by the Antenna Products Company, Mineral Wells ,
Texas, weighs 35 pounds, is 13 feet long by 4 1/2—inches in diameter, and cost
$1,500.00.

The DPV—22 antenna consists of five stacked dipoles connected by a phasing
harness which tilts the beam upwards. The antenna assembly is enclosed in a
fiberglass housing which has permanently embedded deicing wires. The mounting
bracket at the base of the antenna has two holes , 20 inches center to center
to permit mounting with the use of 1/2 inch through bolts or lag screws .

EEEEE~
FIGURE E—1. DPV—22 UHF CAIN ANTENNA

E—1 

--~~-5 ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ —-~~~~~~~~
- -

~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ - --5’~~~ --



‘-5- - _ -5 -‘-- .~~~~-5-5-~~-----5—--~~ “ ‘ -~~~~~~~~ 
~
‘
~~~~~~~~~~~~~ -~---- — 

— ‘ - 
~~~~~—“--—~~ —-5—,-.-—-- - - -~~~~~~~

— — — 
2.0* 1

— 
U

— — — —— m
0, — _ 4

U

z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~z — —~~~~~~~ t~~~Iii ~~~~~— — —  
I- - s_ _  i- --

— - ~~~~~~~~~ 0 

~~‘S71.0:1 1.0:1
220 310 400

FREQUENCY MHz 77-39-E-2

FIGURE E—2. DPV—22 GAIN ANTENNA

VSWR measurements for the DPV —22 antenna are shown in f igure  E—2 . The numbers
on the left side of the graph represent the VSWR values at the antenna ter-
minal and the numbers at the right side of the grap h represent the VSWR values
with a 50 foot length of RG—2l4 coaxial cable between the antenna and the
slotted line.

Figure E—3 is the free—space vertical radiation pat tern for  the DPV—22
antenna at 300 MHz which shows the peak of the ma in beam to have a 8° upward
t i l t  and a beamwidt h of 14° . The horizontal radiation pat tern in figure E—4
shows a 2 dB variation in the omnidirectional pattern strength measured on the
horizon below the ma in beam.

The gain of the DPV—22 antenna measured 1 dB below the standard gain dipole
at 300 MHz on the horizon and 4 dB above the standard gain dipole at the
peak of the main beam , as shown by the standard gain antenna dots on the
radiation patterns.
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APPENDIX F

COL LINS 4 37B—7 UHF IA 1N ANT ENNA

The 437 6— 7 UHF antenna shown in f igure F—i is a ver t ical ly  polarized omni-
directional broadband gain antenna that  was designed to operate in the mi l i ta ry
A/C c~~~ unications frequency band of .~25 to 400 MHz. This antenna was menu—
lectured by the Co ll ins Radio Group of Rockwell International , Dallas, Texas,
and weighs 50 pounds, is 5 feet , 9 inches long by 8 inches in diameter , and
coat $l.970.0O.

This antenna is designed to be vertically stacked , up to four units high ,
supported only by the lower base f lange, and be able to withstand 100 mile per
hour winds wIth 1 Inch of radial ice. The antenna consists of two collinearlv
arrayed radiating elements mounted concentrically around a common central
aluminum tube, and foamed in place inside a fiberg lass housing. An infinite
bandwidth balun is used to provide equal power and equa l phase to both dipoles
across the band . A 1 1/2—Inch diameter tube thr ough the center of the antenna
permits cables from other antennas to be brought through the center. The
11 1/2 inch diameter base flange is designed to mount  to  a support bracket
with six 1/2—inch bolts.

1.-
I,

FIGURE F — I .  4~~7 8—7 UHF GAIN ANTENNA
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FIGURE F-2 . COLLINS 437B— 7 ANTENNA

VSWR measurements for the 437B— 7 antenna are shown in figure F—2. The numbers
on the left side of the graph represent the VSWR values at the antenna ter-
minal ard the numbers on the right side of the graph represent the VSWR values
with a 50 foot length of RG—214 coaxial cable between the antenna and the
slotted line.

Figure F—3 is the free—space verical radiation pattern at 300 MHz which shows
an upward tilt with an 820 beamwidth . The horizontal radiation pattern in
figure F—4 shows a 1 1/2 dE variation in the omnidirectional pattern strength.

The gain of the 437B—7 antenna measured 2 dB above the standard gain dipole
(+.~ dBd or +4 dBi) as shown by the standard gain antenna dots on the radiation
patterns.
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APPENDIX G

DECIBEL PRODUCTS DB—224 VHF CAIN ANTENNA

The DB—224 antenna shown in figure C-i is a vertically polarized omnidirectional
or directional gain antenna that was designed to operate with a center frequency
of 127 MHz . This antenna was manufactured by Decibel Products , Inc., Dallas ,
Texas , weighs 35 pounds , is 23 feet 9 inches long, and cost $230.00. Due to its
size , the DB—224 antenna was shipped to NAFEC in two 12—foot sections for ease
of handling with each section consisting of two folded dipole elements and a
cable harness. An omnidirectional radiation pattern is obtained with this
antenna when all four dipole elements are evenly spaced every 90° around the
mast. When all four dipoles are aligned on one side of the mast this antenna
has directional characteristics and is designated as a ~B—224E antenna .
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FIGURE C—i. DB—224 VHF GAIN ANTENNA
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FIGURE G—2. DB—224 GAIN ANTENNA

VSWR measurements for the DB—224 antenna are shown in figure G—2. The numbers
on the left side of the graph represen t VSWR values at the antenna terminal
and the numbers on the right side of the graph represent VSWR values with a
50 foot length of RG—2l4 coaxial cable between the antenna and the slotted line.

Figure G—3 is the vertical radiation pattern for the DB—224E antenna at
127 MHz. This vertical pattern shows the peak of the main beam to have a
slight downward tilt and a 17° beamwidth. Figure G—4 is the horizontal
radiation pattern f or the DB—224E antenna which shows the offset directional
characteristics when the four dipole elements are aligned on one side of the
mast.

The gain of the DB—224E antenna measured 6 dB above the standard gain antenna
(+6 dEd or +8 dBi) at 127 MHz on the peak of the main beam, as shown by the
standard gain antenna dots on the radiation patterns. In the omnidirectiona l
con figuration , the antenna measured 3 dB above the standard gain dipole.
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APPENDIX H

DB PRODUCTS DB—23 0 VHF DIRECTIONAL YAG I ANTENNA

The DB—230 antenna shown in figure H—i is a vertically polarized , directional
YAG I antenna tha t was designed to operate with a center frequency of 127 MHz.
This three—element YAGI antenna was manufactured by Decibel Products, Inc.,
Dallas, Texas, and weighs 6 1/2 pounds, is 51 inches long, 46 1/2 inches high,
costs $128.00, and consists of a 40—inch director , a 43 7/8—inch radiator , and
a 46 1/2—inch reflector , spaced 19 3/4 inches apart on a 51—inch support boom.
A 1 3/4—inch aluminum angle welded to the suppor t boom is used to mount this
antenna to a support p ipe.

FIGURE H—I. DB—230 DIRECTIONAL YAC1 ANTENNA
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FIGU RE 11—2. DB—230 DIRECTIONAL YAG I ANTENNA

VSWR measurements for the DB—230 antenna are shown in figure H—2 . The numbers
on the left side of the graph represent VSWR values at the antenna terminal
and the numbers on the right side of the graph represent VSWR values with a
50 foot length of RG—2l4 coaxial cable between the antenna and the slotted line .

Figure 11—3 is the vertical radiation pattern at 127 MHz. This pattern shows a
vertical beamwidth of 600 with a downward tilt. Figure 11—4 is the horizontal
radiation pattern which shows this antenna has a horizontal beamw ldth of 90°.

The gain of the DB—230 antenna measured 6 dB above the standard gain dipole
(+6 dBd or +8 dBI) at 127 MHz on the peak of the main beam , as shown by the
standard gain antenna dots on the radiation patterns .
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APPENDIX I

DB PRODUCTS DB—286 VHF DIRECTIONAL YAGI ARRAY

The DB—286 antenna shown in figure 1—1 is a vertically polarized , directional
YAC I array that was designed to operate with a center frequency of 127 MHz.
This antenna array was manufactured by Decibel Products , Inc., Dallas , Texas ,
and weighs 15 1/4 pound s, is 40—inches long by 40— inches wide by 46 1/2—inches
high, cost $195.00 and consists of two 3—element yagis spa~ed 1/2 wavelength
apart that are fed in phase through a quarter wave transformer. Each 3—element
‘fAC t contains a 46 1/2—inch long reflector , a 44—inch radiator , and a 40 112—inch
director that are spaced 19 inches apart on a 39 1/2—inch support boom. A
1 3/4—inch aluminum angle is welded to the 36—inch crossboom to permit the
mounting of this antenna array on a support pipe.
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FIG URE 1—1 . DB—28 6 DIRECTIONAL YAG I AR RAY
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FIGURE 1—2. DB—286 DIRECTIONAL YAGI ARRAY

VSWR measurements for the DB-.286 antenna are shown in figure 1—2. The numbers
on the left side of the graph represent VSWR values at the antenna terminal and
the numbers on the right side of the graph represent VSWR values with a 50 foot
length of RG—2l4 coaxial cable between the antenna and the slotted line.

Figure 1—3 is the vertical radiation pattern at 127 MHz which shows this antenna
has a 51° vertical beamwidth with a downward tilt. Figure 1—4 is the horizontal
radiation pattern which shows a horizontal beamwidth of 570 •

The gain of the DB—286 antenna measured 8 dB above the standard gain dipole
(+8 dBd or +10 dBi) at 127 MHz on the peak of the main beam , as shown by the
standard gain antenna dots on the radiation patterns.
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APPENDIX J

KRECO SC—155BN MUL’rIPLE—SKiRT COAXIAL DIPOLE ANTENNA

The SC—155BN antenna shown in figure J—l is a vertically polarized , omnidirec-
tional , multiple—skirt coaxial dipole that was designed to operate with a
center frequency of 127 MHz . This antenna was manufactured by the H. Kreckman
Company , Cresco , Pennsylvania and Costs $138 .00. When the .SC—155BN antenna
elements were assembled on a government furnished 12—foot long , 1 1/4 inch
thick wall aluminum pipe the antenna assembly weighed 27 pounds and’ was 14—
foot long. The supplied antenna elements consisted of a 20 1/2—inch long
radiating element , three 22 3/4—inch skirts , a glass insulator hub assembly
and a ground—plane assembly. The glass insulator hub assemb ly has standard
1 1/4—inch pipe thread for mounting on a support pipe .

I
I

I

FIGURE J—l . SC—155BN MULTIPLE—SKIRT COAXIAL DIPOLE 
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F iGURE J—2 . KRECO SC—1S5BN MULTIPLE—SKIRT COAXIAL ANTENNA

VSW R measurements for the SC—155BN antenna are shown in figure J—2 . The
numbers on the left side of the graph represent VSWR values at the antenna
terminal and the numbers on the right side of the graph represent VSWR values
with a 50 foot length of RG—214 coaxial cable between the antenna and the
slotted line.

Figure J—3 is the vertical radiation pattern at 127 MHz which shows a vertical
beamwidth of 107° and approxImately 4 dB of pattern distortion below the peak
of the main beam. Figure J—4 is the horizontal radiation pattern which shows
a less than 1/2 dB variation in the omnidirectional pattern .

The gain of the SC—15SBN antenna was equal to the standard gain dipole
(0 dBd or +2 dBi ) at 1,27 MHz , as shown by the standard gain antenna dots on
the rad iation patterns .
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APPENDI X K

KRECO VB—155BN VHF DIRECTiONAL YAU I ANTENNA

The VB— l55BN ant enna shown in fi gure K—i is a vertically polarized , three
element , directional YArn that was desi gned to operate with a center frequency
of 127 MHz. This antenna was manufactured by the H. Krec kman Company , Cresco ,
Pennsylvania , and cost $112.00. When installed on a 5—foot aluminum pipe , the
antenna weighs 16 pounds and consists of a 20 1/2—inch folded radiating element ,
a 23 1/2—inch skirt which is separated from the radiating element by a 2—inch
glass insulator hub assembly, a 44—inch director assembl y and a 48—inch reflec-
tor assembly. The folded radiating elemen t provides a DC path to ground for
protection against static build—up and lightning . The grounded side of the
radiating element is smalle: in diameter to obtain the correct impedance match.
The director and reflector elements were spaced 11 inches from the rad iating
element. The antenna hub assembl y mounts on a 1 1/4—inch support pipe with
standard pipe thread on one end .
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FIGURE K—I. VB— 1S5BN DIRECTIONAL YAG I a

K—I
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FIGURE K—2. KR.ECO VB—1 55BN DIRECTIONAL YAGI ANTENNA

VSWR measurements for the VB—155 8n antenna are shown in figure K—2 . The
numbers on the left side of the graph represent VSWR values at the antenna
terminal and the numbers on the right side of the graph represents VSWR values
with a 50—foot length of RG—214 coaxial cable between the antenna and the
slotted line. 

—

Figure K—3 is the vertical radiation pattern at 127 MHz which shows a 60°
vertical beamwidth with an upward tilt. The horizontal radiation pattern in
figure K—4 shows this antenna has a 106° horizontal beamwidth.

The gain of the VB— 155BN antenna measured 8 dB above the standard gain dipole
(+8 dBd or +10 dBi) at 127 MHz at the peak of the main beam as shown by the
stand ard gain antenna dots on the radiation patterns .
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APPENDIX L

KRECO C0—l56A VHF GROUNDED DiPOLE ANTENNA

The CO—i56A Antenna shown in figure L--- l J.s a vertically polarized omnidirec-
tional grounded dipole that was designed to operate with a center frequency
of 122 MHz. This antenna was manufactured by the H. Krecktnan Company , Cresco ,
Pennsylvania and cost $60.00. The CO—156A antenna weighs 8 1/4 pounds , is
9 feet long and consists of a 22-inch long radiating element and a 23 1/2
inch long skirt which are connected together by an aluminum hub assembly
instead of a non—metalic insulator. This antenna is excited by means of a
grounded radiating element under the skirt.
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FIGURE L—1 . CO—l56A GROUNDED DIPOLE
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FIGURE L—2. KRECO CO—].56A GROUND ED DIPOLE ANTENNA

VSWR measurements for the CO—lS6A antenna are shown tn figure L—2 . The
numbers on the left side of the graph represent VSWR values at the antenna
terminal and the numbers on the right side of the graph represent VSWR values
with 50 foot of RG—214 cable between the antenna and the slotted line.

Figure L—3 is the vertical radiation pattern at 122 MHz which shows a vertical
beamwidth of 61° with an upward tilt of 18°. Figure L—4 is the horizontal
radiation pattern which shows less than 1/2 dE variat ion in the omnidirectional
pattern.

The gain of the CO—156A antenna measured the same as the standard gain dipole
(0 dBd or +2 dBi) at 122 MHz as shown by the standard gain antenna dots on
the rad iation patterns.
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APPENDIX M

KRECO CP—l56A VHF GROUNDED DIPOLE ANTENNA WITh GROUND PLANE

The CP—l56A antenna shown in figure M—l is a vertically polarized , omnidirec-
tiona l grounded dipole with a ground—p lane assembly that was designed to operate
with a center frequency of 122 MHz. This antenna was manufactured by the

- H. Krec kman Comp any , Cresco , Pennsylvania and cost $88.00. The CP—156A antenna
weighs 10 1/4 pounds , is 9 feet long and consists of a 22—inch long radiating
element and a 23 1/2 inch long skirt which are connected together by an

- 
aluminum hub assemb ly instead of a non—metalic insulator. The hub assembly

- 

- with skirt and radiating element are assembled on a 7—foot long 1 1/4 inch
- thick—wall aluminum pipe . The antenna is excited by means of a grounded

radiating element under the skirt . A ground—plane assembly with four 23 1/2—
inch element is located 24 inches below the base of the skirt.

- 

FIGURE M—~ . CP— 156A GROUNDED DIPOLE WITH GROUND PLANE
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FIGURE M—2. CP— 156A GROUNDED DIPOLE ANTENNA WITH GROUND PLANE

VSWR measurements for the CP— l56A antenna are shown in figure M—2 . The
numbers on the left side of the graph represent VSWR values at the antenna
terminal and the numbers on the right side of the graph represent VSWR values
with a 50 foot length of RG—2l4 coaxial cable between the antenna and the
slotted line.

Figure M—3 is the vertical radiation pattern at 122 MHz which shows the
antenna has a 50° vertical beamwidth with an upward tilt of 32°. Figure M—4
is the horizontal radiation pattern which shows 1/2 dB variation in the
omnidirectional pattern.

The gain of the CP—156A antenna measured 5 dB below the standard gain dipole
on the horizon and less than 1 dE above the standard gain dipole at the peak
of the main beam 32° above the horizon. These gain values at 122 MHz are
shown by the standard gain antenna dots on the radiation patterns.
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- APPENDIX N

PHELPS DODGE VHF GAIN ANTENNA

The Phelps Dodge Antenna shown in figure N—i is a vertically polarized omni-
directional gain antenn a tha t was designed to operate from 123 MHz to 129 MHz .

- This an tenna was manufacture d by the Phelps Dodge Communications company,
Marlboro, New Jersey, and is similar to their super stationmaster base station
antenna (Cat. No. 220). The Phelps Dodge antenna weighs 27 pounds, is 190 inches
long, cost $225.00 and comes equipped with a clamp set to permit mounting the

- antenna to a suitable support structure.

77 - 3 7 — N — i

FIGURE N—i. PHELPS DODGE GAIN ANTENNA

N-i
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VSWR measurements for the Phelps Dodge antenna are shown in figure N—2. The
numbers on the left side of the graph represent VSWR values at the antenna
terminal and the numbers on the right side of the graph repre sen t VSWR values
with a 50 foot length of RG—214 coaxial cable between the antenna and the
slotted line.

Figure N—3 is the vertical radiation pattern at 127 MHz which shows the antenna
has a vertical beamwidth of 25° with an upward tilt. Figure N—4 is the hori—
zontal radiation pattern which shows a 1/2 dB variation in the omnidirection
pattern.

The gain of the Phelps Dodge antenna measured 5 dB above the standard gain
dipole (+5 dEd or +7 dBi) at 127 MHz, as shown by the standard gain antenna
dots on the radiation patterns. 
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APPENDIX 0

- RADIONICS 5731 VHF DIPOLE ANTENNA

- 

The RAD-.5731 antenna shown in figure 0—1 is a verticall y polarized omnidirec-
tional , broadband , ground—independent antenna that was designed to operate in

- the VHF A/G communications frequency band of -118 to 136 MHz . This antenn a was
- . manufactured by Radionics Incorporated , Webster , New York , and weighs 2 1/4

pounds , is 44’ inches long and 2 1/4 inches in diameter. The R AD—573 1 antenna
has a DC grounded radiating element for lightning surge and static protection
and is mounted on a supporting structure by clamping the choke section at the
base of the antenna.

77—39 — 0— 1

FIGURE 0—1. RAD—573 1 VHF DIPOL E ANTEN NA •
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FiGURE 0—2. RADI ONICS 5731 DiPOLE ANTENNA

VSWR measureme nts for the RAD—573 1 antenna are shown in figure 0—2 . The
numbers on the left side of the graph repre sent VSWR values at the antenna
terminal and the numbers on the rig ht side of the graph represent VSWR values
with a 50 foot length of RG—2l4 coaxial cable between the antenn a and the
slotted line.

The antenna vertical radiation pattern at 127 MHz is shown in figure 0—3 .
This pattern shows the antenna has an 82° vertical beamwidth with an upward
tilt. Figure 0—4 is the horizontal radiation pattern which shows this antenna
has a 1 dE variation in its omnidirectional pattern.

The gain of the RAD—573l antenna measured the same as the standard gain dipole
at 127 MHz as shown by the standard gain antenna dot on the vertical
radiation pattern.
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APPENDIX P

RADIONICS 5831 UHF DIPOL E ANTENNA

The RAD—583 1 antenna shown in figure P—l is a vertically polarized omni—
directional , broadband , ground—independent antenna that was designed to oper—
ate in the military A/G communications frequency b-snd of 225 to 400 MHz . This
antenna was manufactured by Radionics Incorporated , Webster , New York and

‘weighs 1 3/4 pounds , is 28 3/4 inches long and 2 1/4 inches in diameter. The
RAD— 583l antenna has a DC grounded radiating element for lightning surge and 

—

static protection and is mounted to a supporting structure by clamping the
choke section at the base of the antenna .

77— 39—P — i

FIGURE P—i. RAD-5831 UHF DIPOLE ANTENNA
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VSWR maasurenients for the RAD—5831 antenna are shown in figure P—2 . The
numbers on the left side of the grap h represent VSWR value s at the antenna
terminal and the numbers on the right side of the graph represent VSWR values
with 50 foot of R G—2l4 coaxial cable be tween the antenna and the slotted line .

The vertical radiation pattern at 300 MHz is shown in figure P—3 . This pattern
shows the antenna has a 770 beamwidth with a downward tilt. Figure P—4 is the
horizontal radiation pattern which shows this antenna has an approximate 1 dE
variation in its oim~Udirectiona1 pattern .

The gain of the RAD-5831 antenna measured the same as the standard gain dipole
(0 dBd or +2 dBi) at 300 Mhz , as shown by the standard gain antenna dot on
the vertical radiation pattern .
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APPENDIX Q

TACO D-2216 VHF DIPOLE ANTENNA

The D—22l6 antenna shown in figure Q—i is a vertically polarized broadband
omnidirectional half—wave dipole antenna that was designed to operate in the
extended VHF frequency range of 116 to 150 MHz. This antenna was manufactured
by the Technical Appliance Corporation , Sherburne , New York and cost $170.00,
weighs 3 1/2 pounds, is 55 inches long by 1 1/2 inches in diameter. The
antenna elements are sealed inside a filament wound fiberglass enclosure .

77— 39—Q-l

FIGURE Q—1. D—22l6 VHF DIPOLE ANTENNA
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FIGURE Q—2. TACO D—2216 VHF DIPOLE ANTENNA

VSWR measurements for the D—22l6 antenna are shown in figure Q—2. The numbers
on the left side of the graph represent VSWR values at the antenna terminal.
The numbers on the right side of the graph represent VSWR values with 50 foot
of RG—2l4 coaxial cable between the antenna and the slotted line.

The antenna vertical radiation pattern at 118 MHz is shown in t igure Q—3 . This
pattern shows the antenna has an 83° vertical beainwidth with a downward tilt.
Figure Q—4 is the vertical radiation pattern at 118 MHz with a 5—foot length of
pipe attached to the base of the antenna. The vertical patterns at the low end
of the band were selected to show the worst—case pattern distortion for this - 

-

antenna. Figure Q—5 is the horizontal radiation pattern at 127 MHz which shows
a 1/2 dB variation in the omindirectiona l pattern.

The gain of the D—22l6 antenna measured I. dB less than the standard gain dipole
(—1 dBd or +1 dsi) as shown by the standard gain antenna dot on the horizontal
radiation pattern.
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APPENDIX R

TACO D—22l7 UHF DIPOLE ANTENNA

The D—22 17 antenna shown in figure R—l is a vertically polarized broadband
omnidirectional , hal fwav e dipole antenna that was designed to operate in the
military A/G communication frequency band of 225 to 400 MHz. This antenna
was manufactured by the Technical Appliance Corporation , Sherburne , New York ,
and cost $110.00 , weighs 2 pound s, is 32 1/2 inches long, and 1 1/2 inches in
diameter. The antenna elements are sealed inside a filament wound fiberglass
enclosure .

77—39 —R—l

FIGURE R—l. D—22l7 UHF DIPOLE ANTENNA

R-l

L —— —— —— - . - - — —t - U:  ~~~~~~ ~~~~~~~~~~~~~~~ 
-



-
~~~~~~~ _•-5•.-5 a-’ ~N- 5- 5~ 

- 
‘N i  

~~~~ - -_--,‘~~~~.—w--~~
_
~~~~w—-a- - - _ “ ,  - ‘~~ -.

— —

Ml
L —

4
U

1.0:1 — 1.011
22ö — — — -.~o_ 400

FREQUENCY MHz 77-39-R- 2

FIGURE R-2. TACO D-2217 DIPOLE ANTENNA

VSWR measurements for the D—2217 antenna are shown in figure Q—2 . The numbers
on the left side of the graph represent VSWR values at the antenna terminal
and the numbers on the right side of the graph represent VSWR values with
50 foot of RG—2l4 cable between the antenna and the slotted line.

The antenna vertical radiation pattern at 300 MHz shown in figure R—3 shows
the antenna has a vertical beamwidth of 750~ The horizontal radiation pattern
in figure R—4 shows this antenna has a 1 dB variation in its omnidirectional
pattern.

The gain of the D—2217 antenna measured 1 dB below the standard gain dipole
(—1 dBd or +1 dBi) at 300 MHz, as shown by the standard gain antenna dot on
the horizontal radiation pattern.
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APPENPTX S

TACO D—22l3 (V—U) - ~LINEAR ARRAY

The D—22l3 antenna array shown in figure S—i contains both a VHF and a UHF
antenna arranged in a collinear manner and sealed inside a filament wound
fiberglass enclosure . Both antennas are vertically polarized , broadband ,
omnidirectional , half—wave dipoles that operate independently with more than
30 dB of isolation between their antenna elements. The upper VHF antenna
was designed to operate in the extended VHF A/C communications frequency
band of 116 to 150 MHz and the lower UHF antenna was designed to operate in
the military A/G communications frequency band of 225 to 400 MHz .

This antenna array was manufactured by the Technical Appliance Corporation ,
Sherburne , New York and cost $880.00 , weighs 12 pounds , and is 85 inches long .
A molded fiberglass clamp on the antenna base is used to moun t this antenna
on a 3— inch diameter support mast.

-71—39-S—i

FIGURE S—i. D—22 13 (V—u) ARRAY
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VSWR measurements for the upper VHF antenna are shown in figure S—2 and the
lower UHF antenna VSWR measurements are shown tn figure S—3. The numbers on
the left side of the graphs represent VSWR values at the antenn a terminals and
the numbers on the right side of the graphs represent VSWR values with 50 foot
of RG—2 l4 coaxial cable between the antenna and the slotted line.

The vertical radiation pattern for the upper VHF antenna in figure S—4 shows
a 76° beamwidth at 127 MHz w4th some pattern distortion caused by the lower
UHF antenna. Figure S—5 is the upper VHF antenna horizontal radiation pattern
which shows approximately 1 dB of variation in its omnidirectional pattern.

The vertical radiation pattern for the lower UHF antenna in figure S—6 shows U

a 62° beamw idth at 300 MHz with some pattern distortion caused by the upper
VHF antenna. Figure S—7 is the lower UHF horizontal radiati on pattern which
shows approx imately 1 1/2 dB variati on in its omn idirectional pattern at 225 MH z.

The gain of the D—22l3 upper VHF antenna at 127 MHz and lover UHF antenn a at
300 MHz measured 1 dB below the standard gain dipoles (—1 dBd or +1 dBi) as
shown by the standard gain antenna dots on the horizontal radiation patterns.
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APPENDIX T

TACO D-2212 (v—V ) COLLINEA.R ARRAY

The D—2212 antenna array shown in figure T—l consists of 2 VHF antennas
arranged in a collinear manner and sealed inside a filament wound fiberglass
enclosure. Both antennas are vertically polarized broadband omnidirectional
half—wave dipoles that operated independently with more than 30 dB of isola-
tion between their antenna elements. These antennas were designed to operate
in the extended VHF A/C communications frequency band of 116 to 150 MHz.

This antenna array was manufactured by the Technical Appliance Corporation,
Sherburne, New York and cost $1 030.00, weighs 15 pounds and is 152 inches long.
A modled fiberglass clamp on the antenna base is used to mount this antenna
on a 3—inch diameter support mast.

7 7 — 3 9 — T — I

FIGURE T—1. D—2212 (v—v) ARRAY •
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VSWR measurements (or th e  upper VHF antenna are shown in figure 1— 2 and the
1 ower VHF ant enna VSWR measurements art ’ shown In f i g u r e  1’— .1 . liii’ numbers on
the let t side of the graph represent VSWR values at the antenna t e r m in a l s  and
the numbers on the ’ r igh t  side of the graph represent VSWR values w i t h  ~ ) t oot
of RG— 2 14 coax ial  cable between t he’ antenna and the s’otted l ine .

The vertical r ad ia t ion  pa t t e rn  fo r  the upper VHF antt ’nua at 118 MHz in
t i gure 1—4 shows this  an tenna  has a 76 0 beamwidth wi th  a downward t i l t .
Figure 1—5 is the upper VHF an tenna  hor izontal  rad ia t ion  p a t t e r n  at 118 MHz
which shows a 1/2  dli va r i a t ion  in i ts  omnidirectional  I)~l t t e r l ~.

Figure 1—b is the t ree— space  v er t  tea l  rad ia t ion  pat te rn  I or the  lower VHF
antenna at 118 MHz and I igu re’ 1’— / is the  hor iz onta l  m d  t a t  ton pat t ern  for t h e
lower VHF antenna at 118 MH z.  The 118 MHz pat t oru s  we’rt’ He ’ Icc  ted to show t h e
worst—case pat t  em d i s tor t  ion ceind it  ions.

The gain of hot h the upper and l ower I ) — 2 21 2 VHF antennas  at 1 2 1 M h z  measured
I dli below the  s tandard gain  antennas (—1 dlid or +1 d l i i )  as shown by the standard
gain antenna dots on t h . ’ h or i z on ta l  rad t a t  ton patterns.
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APPENDIX U

TACO D—2260 (V—V—V) COLLINEAR ARRAY

The D—2260 antenna array shown in figure U—i consists of 3 VHF antennas
arranged in a collinear manner and sealed inside a filament wound fiberglas s
enclosure. All three antennas are vertically polarized broadband omnidirec-
tional half—wave dipoles that operate independently with more than 30 dli of
isolation between their antenna elements. These antennas were designed to
opera te in the extended VHF A/C comunic ations frequency band of 116 to
150 MHz.

This antenna array was manufacturd by the Technical Appliance Corporation,
Sherburne, New York and cost $1 ,405.00, weighs 19 pounds and is 196 inches long.
A molded fiberglass clamp on the antenna base is used to mount this antenna on
a 3—inch diameter support mast.
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FIGURE U-i. D—2260 (V—V—V) ARRAY .
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VSWR measurements for the upper D—2260 VHF antenna are shown in figure U—2 .
VSWR measurement for the center VHF antenna are shown in figure U— 3 , and the
lower VHF antenna VSWR measurements are shown in figure U—4 . The numbers on
the left side of the graph represent VSWR values at the antenna terminals
and the numbers on the right side of the graph represent VSWR values with
50 foot of RG—214 coaxial cable between the antenna and the slotted line .

The vertical radiation pattern for the upper VHF antenna at 127 MHz shown in
figure U—S has a 92° beamw~4th with au upward tilt. The horizontal radiation
pattern for the upper VHF antenna ehown in figure U—6 has a 1/2 dB variation
in its omnidirectional pattern. The vertical radiation pattern for the center
VHF antenna at 127 MHz shown in figure U—7 has an 83° beamwidth on the horizon
and the center VHF antenna horizonal radation pattern at -127 MHz as shown in
figure U-8 has a 1 dB variation in its omnidirectional pattern . The vertical
radiation pattern for the lower VHF antenna at 127 MHz in figure U— 9 shows a

• distorted pattern which could be caused by the feed cables to the center and
upper VHF antennas . The horizontal radiation pattern for the- lower VHF antenna
at 127 MHz in figure U—lO shows a 1 1/2 dB variation in its omnidirectional
pattern.

The gain of the D—2260 VHF antennas measured between 1 and 2 dB below the
standard gain dipole (—2 dBd or 0 dBi) as shown by the standard gain antenna
dots on the horizontal radiation patterns.
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APPENDIX V

TACO Y— 102 B—130 VHF DIRECTIONAL YAGI ANTENNA

The Y— 102B—l30 antennas shown in figure V—i are vertically polarized 10—element
directional YAGI antennas that were designed to operate across the VHF A/G corn—
munication frequency band of 118 to 136 MHz . These antennas were manufactured
by the Technical Appliance Corporation, Sherburne, New York, and cost $202.00
each, weigh 12 pounds each and are 103—inches long and 50 inches high. The
antennas are shown vertically stacked 10 feet apart and connected together with
a stacking harness to permit increased gain and skewing measurements.
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VSWR measurements for the antenna are shown in f igure V—2. The numbers on
the left side of the graph represent VSWR. values at the antenna terminal and
the numbers at the right side of the graph represent VSWR values with 50 foot
of RG—2l4 coaxial cable between the antenna and the slotted line.

The single antenna vertical radiation pattern at 136 MHz , in figure V—3 ,
shows a 50° vertical bearnwidth. The single antenna horizontal radiation
pattern in figure V.-4 shows a horizontal beamwidth of 62°. Figure V—5 is the
horizontal radiation pattern for two antennas vertically stacked and skewed 0°
which shows the horizontal beamwidth was reduced from 62° to 54° by ver tical
stacking. Figure V—6 shows the horizontal radiation pattern at 136 MHz when
the antennas are skewed 90° and figure V—7 shows the horizontal radiation
pattern when the antennas were skewed 1800.

The gain of the single Yagi antenna measured 12 dB above the standard gain
dipole (+12 dBd or +14 dBi) at 136 MHz as shown by the standard gain antenna
dots on the radiation patterns. The antenna gains increased 3 dE when stacked
and skewed 0° and decr eased 3 dB when stacked and skewed 180°.
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APPENDIX W

TACO Y—4 1—l29 VHF DIRECTIONAL SCREEN YACI ANTENNA

The Y—41-129 antenna shown in figure W—l is a vertically polarized, directional
screen YAGI antenna that was designed to operate from 126 to 132 MHz. This
high gain grid type screen YAGI antenna was manufactured by the Tec’- iical
Appliance Corporation, Sherburne, New York and cost $400.00, weighs 18 pounds,
is 40 inches wide , 80 inches high , and 43 inches long. The antenna elements
and grid tubing are welded to a 1 1/4 inch aluminum frame and the antenna feed
system is foam—filled for reliable operation in all type weather conditions.
Antenna installation is accomplished by clamping the frame to a supporting
structure.
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FIGURE W—l . Y—4l—129 SCREEN YAGI ANTENNA
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F iG URE W—2. TACO Y—41—129 DIRECTIONAL SCREEN YAGI ANTENNA

VSWR measurements for the Y—41— 129 antenna are shown in figure W—2. The
numbers on the left side of the graph are VSWR values at the antenna terminal
and the numbers on the right side of the graph are VSWR values with 50 foot
of RG—2l4 coaxial cable between the antenna and the slotted line.

Figure W—3 is the antenna vertical radiation pattern at 127 MHz. This pattern
shows a vertical beamwidth of 58° and a 22 dB front—to—back ratio. Figure W—4
is the horizontal radiation pattern which shows this antenna has a horizontal
beamvidth of 86° at 127 MHz.

The antenna gain measured 10 dB above the standard gain dipole (+10 dEd or
+12 dBi) as shown by the standard gain antenna dot on the vertical radiation
pattern.
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APP ENDIX X

TACO D—2261 VHF CAiN ANTENNA

The D—2261 ant enna shown in figure X 1  is a vertically polarized omnidirectional
gain antenna that was designed to operate across the VHF A/C comeunications
frequency band of 118 to 136 MHz. This antenna was manufactur ed by the
Technical Appli ance Corporation , Sherburne , New York, and cost $1,110.00,
weighs 14 pounds and is 142 inches long. The antenna elements are sealed
inside a 1 1/2 inch diameter filament wound fiberglass enclosure which has
a mold ed fiberglass clamp at the base of the antenna f~r installing the
antenna on a 3—Inch diameter support mast.

FIGURE X—t . D—2261 VHF GAIN ANTENNA

1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __
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FIGURE X—2. TACO D—2261 VHF GAIN ANTENNA

VSWR measurements for the antenna are shown in figure X—2. The numbers
on the left side of the graph represent VSWR values at the antenna terminal
and the numbers on the right side of the graph represent VSWR values with
50 foot of RG—214 coaxial cable between the antenna and the slotted line.

The vertical radiation pattern for the D-226l antenna in figure X—3 shows a
vertical beamwidth of 40° with an upward tilt at 127 MHz. The horizontal
radiation pattern in figure X—4 shows this antenna has a 1 1/2 dB variation
i~ its omnidirectional pattern.

The gain of the antenna measured 1 1/2 dE above the standard gain dipole
(+1 dBd or +3 dBi) as shown by the standard gain antenna dot on the horizontal
radia tion pattern.
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APPENDIX Y

TACO D—2262 UHF CAIN ANTENNA

The D— 22 62 antenna shown in f igure Y—l is a vert ical ly polarized omnidirectional
gain an ten na that  was desi gned to operate in the mi l i t a ry  A/C communications
frequency band of 225 to 400 MHz. Thin antenna was manufactured by the
Technical Appliance Corporation , Sherburne , New York , and cost $975.00, weighs
5 pounds and is 68 inches long. The antenna elements are sealed inside a
1 1/2—inch diameter filament wound fiberglass enclosure.

I i -~~s i . \ - 1

FIGURE Y—1. D—2262 UHF GAIN ANTENNA
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FIGURE Y—2. TACO D—2262 UHF GAIN ANTENNA

VSWR measurements for the antenna are shown in figure Y—2 • The numbers
on the lef t side of the graph represent VSWR values at the antenna terminal
and the numbers on the right side of the graph represent VSWR values with
50 foot of RG—214 coaxial cable between the antenna and the slotted line.

The vertical radiation pattern for the D—2262 antenna at 300 MHz, in figure
Y—3, shows a vertical beamwidth of 30° with some distortion. The horizontal
radiation pattern in figure Y—4 shows this antenna has a 1/2 dE variation in
its omnidirectional pattern.

The gain of the antenna measured 2 dB above the standard gain dipole
(+2 dBd or +4 d3i) as shown by the standard gain antenna dot on the
horizontal radiation pattern.
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