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A V-TYPE AIRCRAFT ANTENNA 

SUMMARY 

An arcraft antenna for use with navl- 
gatlon and communlcatlon recelvlng equrpment 
must meet a number of electrIca requre- 
ments ln regard to gam, bandwldth. field 
pattern. and polarvx,tmn. as well as adhere 
to sound aerod~amlc pr~nclples in mechan- 
1cal c0nstruct10n T he C 1 v 11 Aeronautics 
Admxnstratmn Type V-109 arcraft antenna, 
which may be mounted at either a forward 
posltmnon the fuselage or aft on the vertical 
stabllleer, was developed for this s e r v 1 c e 
and has been used successfully for several 
years on CAA alrcraft This report des- 
crlbes the de s 1 gn, constructmn, Installa- 
tmn. and testmg of this antenna 

INTRODUCTION 

B e c au s e of the mcreaslng use of the 
very high frequencies for landmg and navy- 
gatlonal ads, and be c au s e these facllltles 
ennt signals that are horleontally polarized , 
the development of a sultable recelwng 
antenna for arcraft has assumed consider- 
able importance A study of the require- 
ments for such an antenna reveals that the 
unit ShouldexhIbIt broadband characterlstuzs 
In the frequency range of 108 to 122 MC. 
respond to horlaontally polarized signals with 
a mlnlmllm of response to vert1ca11y polar- 
leedslgnals, provide an essentlallynondwx- 
tmnal field pa tt e rn wlthout deep muuma , 
compare favorably with a dipole in respect 
to gam. andpresent a satlsfactoryxnpedance 
match to stand a r d flexible coaxial cable 
In addltmn, the antenna must be of substan- 
tlal weather-r e s 1 s t ant constructmn, light 
in waght, and of good aerodynannc design 
to prevent excessive drag 

A survey of the VHF antennas avail- 
able in 1947 at the trne this studywas under- 
taken demonstrated that none of the exlstmg 
types were completely satisfactory for use 
wzth locallaer, omiurange, and commun~ca- 
tmns rece,vmg equipment The vertical 
whip or quarter-wave antenna utllrang the 
skm of the alrcraft as a ground plane, wh,le 
excellent for communlcatlons, prov,ded 
neither a b al ant e d array nor the correct 
polarleatmn f o r receptmn of horleontally 
polarized signals 

A horizontal dipole, although the 
simplest form of antenna, had little value 
in this appllcatlon because Its directive 
pattern produces nulls along the axis of the 
antenna 

For severalyears prior to 1944. 
horleontal loop antennas whose fwldpatterns 
were essentlallyclrcular in shape were used 
exper1menta11y This type of titenna. while 
qute useful durmg the development stages of 
VHF locallzers and radro ranges. possessed 
several disadvantages which r end e r e d Its 
a c c e p t an c e on a large scale lmpractlcal 
The mherently low radlatlon resistance of 
the loop mcreased the dlfflcultyof matching, 
and the high Q of the device necessitated the 
use of elaborate tunmg clrcults In addltmn , 
the loops were rather bulky structures and 
offered excess,ve aerodynamrc drag 

The famlllar AS-27/ARN. a high Q 
antenna of U configuratmn, although entuely 
satisfactory for ope I at 1 on in the locaheer 
band of 108 to 112 MC, proved to be extremely 
lnefficlent at higher frequenaes 

The V Ante nnalh2d3been thoroughly 
mvestlgated by Jaslk ’ ’ and had shown 
excellent electrIca characterlstlcs m addl- 
tlon to reasonablylow weight and drag 
While the V antenna ,n the orlgmal form was 
not sultable for broadband operatmn because 
of the matchmg system and the small diameter 
of the elements, the higher radlatmn resls- 
tance of thzs type of a n t e n n a and the very 
satisfactory f 1 e 1 d pattern It produced mdl- 
cated that the device was worthy of serious 
conslderatmn and further development 

It IS the purpose of this report to 
discuss the problems ofdeslgn, constructvx,, 
mstallatlon, and testmgwhxhwere conducted 
on an Improved V-type of antenna 

1 J as I k. Henry, “V-H-F ’ V’ Antenna 
for AIrcraft, I’ Communuzatlons, September 
1944. pp 33-35, 03-86 

2 Jaslk. Henry, “U H F. V Antennas 
For Use On AIrcraft,” unpublished memo- 
randum, CAA T e c hn 1 c a 1 Development and 
Evaluatmn Center, June 1. 1942. 

3 
Jaslk, Henry. “Experunental Meas- 

urements onU H.F ‘V’ Antennas,” un- 
publlshed memorandum. CAA Techrncal 
Development and Evaluatmn Center, July 27. 
1942 



DESIGN CONSIDERATIONS 

Earher studles4’5*6.,f a V antenna 
for VHF use mdlcated the supermrlty of a 
unit “lth two horizontal quarter-wavelength 
elements a r r an g e d wltb an mcluded angle 
of 80” These particular values were estab- 
llshed after theoret,c al and experrmental 
studies of V antennas formed of elements of 
various lengths and usmg apex angles of 60’~ 
75’, 80’. and 90’ It “as found that III a V 
antenna 1x1 which the apex angle IS 1 a r ge, 
1 e., 80’or 90’, mnuma of the field pattern 
are s o m e” h a t more shallow the,, I,, those 
antennas constructed with s m alle r angles, 
but, that ln the 80--V, for example. the 
fields at the sides of the antenna were not 
less than 40 per cent of the maxun~m field 

It “as also determmed that the radla- 
tmn resistance of a V antenna mcreased both 
as the length of the elements and the apex 
angle are mcreased Quarter-wavelength 
elements with an apex angle of 80’ produced 
a satisfactory f le 1 d pattern and provided a 
resistance of approximately 30 ohms. whxh 
1s sufflclently high to slmpllfy matchmg 
problems. The relative gam of an antenna 
constructed as outllnedwas calculated 
to be only 0 95 db below that of a dipole at 
a given frequency 

The elements of the V-109 antenna are 
slightly u, excess of a quarter wavelength. 
The addltmnal length 1s requred to tune out 
the capacltlve I e act an c e Introduced at the 
center of the V, resultmg from the proxm-aty 
of the elements in the plastx mountmg head. 
A slight xnprovement also “as observed m 
the muuma of the fxld pattern at the sides 
of the antennaas a result of theuse of longer 
elements 

The V antenna, like a conventIona 
dipole , requres balanced feed In earlier 
models this “as accomplished by connectmg 
the quarter-wavelength elements to FlG 22/U 
balanced cable, and s1nc.z the recelvmg 
equipment w hl c h “as available at the hme 
required a balanced znput. no electrIca 
dlfficultles were e n c o unt e I e d as a result 
of the use of this cable However, the 

4 
Jaslk. Henry, “V-H-F ’ V’ Antenna 

for axcraft.” 

5 J a s 1 k, Henry, “U H F. V Antennas 
For Use On Alrcraft ” 

6 
Jaslk, Henry, “Experxnental Meas- 

urements on U H. F. “I’ Antennas.” 

balanced lane “as not mechanically strong 
and proved to be qute susceptible to break- 
age 1x1 au-borne mstallatmns on occasions 
one side of the 11ne wouldbecome open- 
clrcuted while the other rem a I ne d mtact, 
and under such condltmns unreliable infor- 
matmn may be supplied by the rece,vmg 
equipment As a result of several such 
expenences, ,t was de c DDE d to resort to a 
em&-conductor coaxial cable Because of 
Its physical strength RG 8/U “as selected as 
the most sutable cable for large a 1 r c raft 
mstallatmns, although RG 58/U proved to be 
entuely satisfactory for light arcraft use 

The mtroductmn of this cable presented 
the problem of properly transferrmg energy 
from the antenna to the recelvmg equpment 
through an unbalanced transmlsslon lme 
This “as accomplished by provldmg a bal- 
axed-to-unbalancedtransformer, commonly 
called a balun A transmlssux, lme balun 
“as selected III preference to lumped con- 
stants chiefly because sutable ope I atlo,, 
0”ez g I e ate r bandwldths could be obtamed 
wlthout the use of elaborate tuned-clrcmts. 
Of the sever+models tested, a modlfled 
Type III balun provided the best balance to 
the two quarter-wavelength elements of the 
antenna over a relatlvelywlde range of 
frequencies The Type III balun 1s shown 
dlagramatxally m Fig. 1 The length “8” of 
the balun sectmn 1s one-quarter wavelength 
at the center of the band of frequencies over 
whrch operatmn 1s desired It may be seen 
that whatever the unpedance between pant 2 
and ground, due to the relatmnshlp of B and 
C, there “111 be a slnnlar lrlpedance between 
pant 1 and ground, due to B and C Because 
the currents entermg junctmns 1 and 2 from 
the antenna are equal and 180” out of phase, 
and because the xnpedance between JW,&.3,-,S 

1 and 2 to ground are equal, the dual lme to 
the load “111 e balanced. The spacmg be- 
tween B and B P has been kept small I,, order 
that the unshelded sectmn of n,ner conductor 
of the co a x1 a 1 cable E ~111 place muumum 
Inductance ,n series with one side of the 
balun thereby mmxn,emg unbalance Fag 2 
shows the percentage of balance obtamed in 
the quarter-wavelengthelements of an antenna 
when usmg the Type III balun 

The radlatmn reelstance of the V anten- 
na m free space “as found to be appron- 

78, Very High-Frequency Techniques,” 
complied by Staff, Radio Research Labora- 
tory, Harvard Unlverslty. 1947, Vol I, 
pp 86-88 
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F,g. 1 D,agram of a Mod,hed Type III Balun 

mately 30 ohms. but this value 1s reduced by 
the proxxmty of a ground plane at a distance 
of less than one-halfwavelength For 
reasons dIScusSed m this reportunder 
“Tests,” a pedestal height of 18 Inches was 
selected as the most satlsfactorycompromlse 
between optimum electrlcalperformance and 

aerodynamic conslderatmnS. Atths distance 
above a ground plane the radlatmn reslSt=C= 
of the V antenna measured 25 ohms and S 
2 to 1 unpedance transformation 1s required 
to match the antenna to 50-ohm transmlsslon 
line. 

Smce the balun sectmn consisted of 
quarter wavelengths of coaxial cable, It was 
found co nv e n L e n t to construct this UNt of 
cable having the proper characterlstlc Im- 
pedance to match the antenna to 50-ohm 
transmission line The nnpedance of such 
a matching Sectmn may be readily deter- 
mmed by the equatmn 

zo= 1/z,za (1) 

where 

Z = characterlstx xnpedance of the match- 
kg sectmn 
Z = characterlstlc Impedance of the trans- 
mfssmn line 
Z = impedance of the load plus the Imped- 
&e seen between pants 2 and E, Fig. 1 . 
In the case of the V antenna, the proper 
impedance for the matching sectIonwas 
found to be 35 ohms 

Although the balun sectlon, conslder- 
mg the outer condyctor of the cables to the 
shield B to C and B to C, presents a nearly 
mfmite unpedance between load and 11ne at 
a frequency at which its physical length 1s 
e qua1 to an electrIca quarter wavelength, 
the characterlstlc Impedance of the coax4 
cable selected to make up the sectlon (con- 
ductors A to B) ~111 rem a, n constant, and 
this cable, therefore, may be used as an 
Impedance matchmg sectmn 

The relatmnshlp shown m the equatmn 
demonstrates that by the p r o p e r choice of 
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Z , Z can be made to assume the desired 
vane PO match the transmlsslon lme feeding 
the antenna at a given frequency If the 
frequency is varied. but Z does not change 
smce Z 1s constant, a mat%h ~111 be man- 
tamed ‘It is known, however, that Z 
changes with frequency, but the r e are twg 
balancmg factors that tend to keep this un- 
pedance relatively constant These factors 
are the antenna reactance which becomes 
negative w 1 t h a reductmn in frequency and 
the shuntmg reactance of the balun which 1s 
posltlve under the s am e condltmns of fre- 
quency change. The Inverse of these react- 
ance changes ~111. of course, be true If the 
frequency 1s rased With these factors 
tendlng to mantan a nearly constant Z and 
with flxed values of Z and 2 , It 1s pos?ilble 
to Secure a satlsfact8ry rnphdance match 
between transmlssmn line and antenna over 
the requred band of frequencies 

DESCRIPTION 

The Type V-109 antenna consists of 
four uluts, Vll. , the pedestal, the head, the 
antenna e 1 e m e n t s, and the balun se&Ion 

The pedestal, which in a standard 
mstallatmn IS 18 mches high, 1s constructed 
of aluminum sheet formed mto a tube having 
an airfoil section welded at the trallmgedge 
The top and base plates of aluminum sheet 
also are welded m poaitmn The head 1s 
machmed from methyl methacrylate plastic 
similar to Lucite, and the two sections are 
bonded together with a dl-methyl chloride 
solvent The headls attached to the top 
plate of the pedestal bymeans of steel screws 
which are safety-wired before mstallatmn 
A neoprene gasket 1s used between head and 
pedestal for weather-proohng 

The antenna e le m e nt s may be made 
elther of ALCOA Type T-533 streamlmed 
alurmnum tub 1 n g drawn together, welded, 
and flushed with a rounded tip at the outer 
extremities or of solid alummum bar stock 
machmed to smnlar proportmns If tubmg 
IS selected, a tapered alummum slug ma- 
chined to fit the mner contour of the elements 
1s used for addItIona strength Brass screws 
passing through the tapped elements extend 
through the bottom of the head into the ped- 
estal to provide electrical connectmns If 
desued. the e le m e nt s may be anodized to 
retard corrosmn 

The balun sectlon contamed wlthln the 
pedestal 1s made up of 35-ohm coaxial cable 
supported in a Bakellte tube. This balancmg 
and m at c h ln g device 1s connected to the 
antenna element terminals In the head and 
termmates m a Type 82-24 Amphenol fittmg 
at the base 

The total weight of the antenna and 18- 
inch p e d e s t al with balun, base plate, and 
connectors IS 2 pounds 9 l/2 ounces Fig 3. 
a disassembled view of the antenna, shows 
the several component parts, and Fig 4 
illustrates the g e ne r a 1 constructmn of the 
umt 

Fig 3 Disassembled View of the Component 
Parts of the Antenna 

INSTALLATION 

The V-109 antenna may be mounted m 
either oftwo posItIons on most arcraft 
forward on the fuselage or aft on top of the 
vertical stablllzer The forward posltlon 
offers advantages In ease of mstallatmn and 
the posslblllty of a very short transmlsslon 
lme to the receiver. but operatmnal dlffl- 
culties may be encountered In the f o r m og 
propeller modulatmn and polarlzatmneffects 

8 
Hurley, H C , S. R Anderson. and 

H F’. Keary. “The CAA VHF Omnlrange, ” 
CAA Technical Development Report No. 113, 
June 1950. pp 56-59 
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Fig. 4 Man Assembly Antenna V-109 
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Fig 5 Typical Installation of V-109 Antenna in the Forward Mounting Posltmn on a Douglas 
DC-3 

The tail mounting position on the other hand, 
constitutes a somewhat more difficult mstal- 
l&on problem, necessztates a longer trans- 
missionline, andmayrequxe some strength- 
ening of the v e r t 1 c a 1 stabllleer assembly 
It is the most desirable location for a VHF 
antenna. Essentially free space conditions 
are obtamed m the t al 1 mountmg position, 
and both an improvement in operation with 
respect to freedom from polarization effects 
and a consIderable r e d u c t 1 on m propeller 
modulatmn Interference ~111 be noted 

Fig. 5 shows a typical installation of 
a V antenna in the forward posltmn on a 
Douglas DC -3 airplane In this case the 
V-109 antenna simply replaced an AS-27/ 
ARN-5 U antenna Fig 6 illustrates one 
method of m o u n t 1 n g the V antenna on the 
vertical stablheer of a s 1 m 11 a r arcraft. 
For light a 1 r c r aft the usual locatlon for a 
navlgatmnal r?celver antenna 1s m the for- 
ward position, although a tall mountmg has 

9 Gehres, F , E C Gregory. and 
James 0 Martin. “The Development of 
Techniques for the Utlllnatlon of VHF Radio 
m Light Aircraft.” CAP. Technical Develop- 
ment Report No. 116, June 1950 

been u$ed successfully on Ryan Navlons and 
on some Grumman amphxblans where a for- 
ward positmn 1s undesirable Fig 7 shows 
the mstallation of a V-109 antenna on aGlobe 
Swift. while Fig 8 shows a modified V-109 
antenna with a shortenedpedestalmounted on 
an F-80 turbo-Jet type of axcraft 

Regardless of the location of an antenna 
of this type, the mstallation should be made 
m such a manner that the antenna elements 
are m a horleontal plane durmg level flight. 

TESTS 

Tests of the V antenna included meas- 
urements of voltage standmg wave ratms , 
field patterns, gain. polarlaatlon and pro- 
peller modulation e f f e c t s, d I a g, and ice 
accretion 

Voltage standmg wave r at 1 o s plotted 
against frequency are s hewn for both free 
space and ground plane conditions m Fig 9 
These measurements we r e ma de with an 
Andrew Co Type 3100 slotted lme and 
associated travelmg voltmeter, In con,unc- 
tlon with a Ferrx Model 18-C ticrovolter 
signal generator The standing wave ratm 
of the slotted lme when operated Into a 
purelyreslstive dummy load of 52 ohms 
measured 1 05 A correctmn factor. to 



Fig 6 V-109 Antenna h4ourited on the Vertical 
Stabllner of a Douglas DC-3 

Fq 7 V-109 Antenna Mounted on a Globe 
“Swift” (la-mch Pedestal) 

Fig 6 Modlfled V-109 Mounted on an F-80 
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compensate for attenuatvan of the reflected 
wave III the length of coaxial line connectmg 
the slotted lme to the antenna, has been 
added to all measurements to show true 
standmg wave ratms 

Both laboratory and flight teclunques 
were employed ,n determmlng the horuontal 
field pattern of the antenna In the laboratory 
measurements, the antenna was mounted on 
a calibrated rotatable platform. with a slgnal 
source located several hundred wavelengths 
away The field strength was measured with 
a Stoddart Alrcraft Radm Co. Model NMA-5 
field lntenslty meter Measurements of 
slgnal level were taken each 10’. while the 
antenna was rotated through 360” of aaunuth 
The field pattern shown III Fig 1OA was ob- 
tamed III this manner Flight tests to ~nves- 
tlgate the field patterns of both the forward 
and t a I 1 mounted V antennas on a Douglas 

DC-3 airplane were conducted by fly,ng 
circles of small radius about a pant 40 miles 
removed from a slgnal source. As m the 
laboratory method, measurements of signal 
level were taken every 10” m azimuth, 
utlllzmg the same fxld mtenslty measurmg 
equipment Figs 10B and 1OC show the 
field patterns obtained III the flight tests. 

Comparmg Figs 10B and 1OC. It may 
be seen that in a flat cucle, a condltmn m 
whxh the ante nn a elements remamed ,n a 
horleontal plane, the held pattern of the 
antenna m o u n t e d on the vertical stablheer 
of the arcraft resembles that obtamed by 
laboratory measurements, while the forward 
V exhlblts a more nearly circular pattern 
When the tests were repeated wlththe 
arcraft in a 30” bank, the pattern of the tall 
mounted antenna still retamed a sxrnlarlty 
to the calculated pattern, whereas the pattern 

Fig 10 Field Patterns m Horizontal Plane of V-109 Antenna 
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Fig 11 Gam of V-109 Antenna Relative to Tuned Dipole 

obtamed wlththe forward antenna was consld- 
erably dmtorted It should be noted that all 
measurements of fhght f leld patterns are 
relative and should not, therefore, be used 
as comparative gain measurements 

To determme the gam of an antenna 
the s lgnal strength obtamed at a receiver 
from the antenna under test can be compared 
with that secured when utlllzmg a one-half 
wavelength dipole, the elements of which 
have been adJusted to proper length for each 
operatmg frequency to be mvestlgated Such 
tests revealed that the gam of the V-109 
antenna 1s shghtly more than 2 db below that 
of a d,pole at mldband, and approxmately 
5 db below that of a dipole at the extremltles 
of the band 108 to 122 MC Fig 11 shows 
the relative gam of the sub J e c t antenna at 
several frequencies 

The relative gams of V antennas 
mounted forward on the astro-dome and aft 
on the vertical stabllmer of a Douglas DC-3 
were measured 1.000 feet above a ground 
check point 26 4 m&s from a VOR statmn 
Pedestal heights of 9 and 18 riches were 
used m the forward posltmn and 5 Inches In 
the vertxal stablllzer positmn The arcraft 
was headed to the station and each antenna, 
m turn, was connected to a f 1 e 1 d lntenslty 
meter An average numb e r of these trmls 
revealed that the forwa I d antenna on an 
lg-mch pe de s t al delIvered approxxnately 
6 db lower signal level than the tall mounted 
umt, while the forward antenna on a 9-Inch 
pedestal was 12 db below the tall antenna 

0 m nl r an g e and localiser facilities 
radiate horrz.ontally polarleed e ne r g y, but 
currents Induced on the surface of vertical 
obJects in the xnmedlate field. such as the 
pedestals supportmg the sldeband 1 oops in 

the omnlrange antenna system, 10 Will 
radiate some energy that 1s vertically 
polarrzed The presence of this vertically 
polarized energy m the received signal can 
produce course errors. and for this reason 
It 1s essenttlal that the recelvxng antenna be 
comparatively msensltive to the I e c e p t 1 on 
of any but horIzontally polarleed e n e r g y 
Early tests mdlcated that the magmtude of 
these polarleatmn errors In a well-balanced 
ar-borne antenna system 1s largely deter- 
mmed by the locatmn of the antenna on the 
aircraft and Its height above the conducting 
surface (skin) of the aircraft 

In order to study further these polar- 
vatlon effects, a V-109 antenna was mounted 
on a 5-mch pedestal on top of the vertical 
stablhzer of a Douglas DC-3 and used as a 
reference to checkslmllar antennas on 9- and 
la-inch pedestals located on top of the for- 
ward astro-dome of the same axplane The 
followmg polarlzatlon tests were conducted 
20 miles from the Ind~anapohs VOR station 
at an altitude of 1. 000 feet 

A 30” Wmg Rock 
Headed toward the station the arcraft 

1s banked +30° The course deviation indi- 
cator current was recorded and converted 
to degrees of course displacement 

B Eight Ways Over a Ground Check Pant 
While recording the course devlatmn 

Indicator current. the al r c r af t was flown 
on eight different headings o v e I a speclflc 

10 Hurley. H C , S R Anderson, 
and H.F Keary, “The CAA VHF Omnirange ‘I 
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TABLE I 

Flight Polarlzatmn Errors 

Flight Test 

36O’Clrcle 
Eight Ways Over a Pant 
*3O’Wing Rock 

Tall V 
Degrees(*) 

0 53 
0 25 
0.25 

ground check pant The recorded bearmg 
was marked and the mdlcated bearmg was 
compared with the magnetic bearmg. The 
zero reference point in each case was that 
obtamed while flying over the pant headed 
to the statmn 

C. 360” Circle 
Startmg from a heading toward the VOR 

station. a 360’ circular pattern was flown 
at a constant 3O’bank The course devlatmn 
mdicator current was recorded d u I in g the 
circle and converted into degrees of error 
from the azimuth course being flown at the 
beginning of the circle Since the arcraft 
mthe 360” circle was changing aaxnuth 
slightly wxth respect to the VOR. this devl- 
ation was computed indegrees and subtracted 
from the lndlcated course devlatmn error, 
resulting In the numerical value of polarl- 
zatlon error 

Manmum errors observed m the three 
tests are shown In Table I 

During this mnvestlgatmn. It was con- 
sidered f e as 1 b 1 e to examine the effects of 
propeller modulation as a source of error by 
us ln g the antenna mounting positions and 
pedestal heights prev~~sly described. This 
test was made while flying a radml toward 
the VOR with the arcraft engine speed ad- 
Justed to 2, 133 rpm. The oscillation of the 
course devlatmn Indicator due to propeller 
modulation was measured In degrees of 
course displacement Maxnnum errors are 
shown m Table Il. 

As a r e s ul t of the polarlsatlon and 
p r o p e 11 e r modulation tests, It was con- 
cluded that the most suitable mounting 
posltmn for a navzgational receiver antenna 

Forward V-109 Forward V-l 09 
9-mch Pedestal 18-inch Pedestal 

Degrees(+) Degrees(+) 

1.85 07 
1 25 0 25 
0 25 0.25 

was on top of the vertical stabillser of the 
a1rcratt However , If conditions dictate a 
forward mounting posItion. very satisfactory 
operatmn may be obtalned if the V antenna 
1s supported by a pedestal 18 Inches in 
height. and this value was adopted as stand- 
ard In the final model 

Drag measurements of the v-109 
antenna mountedon an lS-mch pedestal were 
conducted In the wind tunnel of the Polytech- 
nic Institute of Brooklyn. N Y These tests 
revealed a measured drag of 0 59 pound at 
a dynamic pressure of 27 pounds per square 
f 0 o t. equivalent to a velocity of 105 mph 
Extrapolation mdlcates that a drag of 2 36 
pounds rmght be expected at 210 mph The 
he ad and elements of the antenna, wlthout 
the pedestal, exhlblted a measured drag of 
0 18 pound at 105 mph and an estrnated drag 
of 0 72 pound at 210 mph The latter figures 
are of special interest in the application of 
the antenna to a mounting posltlon on the 
vertical stablheer of aircraft, for In this 
type of installation the pedestal height may 
be reduced to only four or five inches with a 
I e s u 1 tan t reduction in the total amount of 
drag of the umt Since the velocltles 
obtalnable In this wmd tunnel were of 
limited magmtude. further investigations 
of the antenna at increased airspeeds were 
consldered advisable 

Vlbiation and lclng tests at velocltxs 
to 300 mph were later conducted In the lcmg 
research tunnel of the NACA Lewis Flight 
Propulsmn Laboratory In these studies 
special emphasis was placed on mechanical 
design considerations, and in this connectmn 
two types of antenna elements a5 well 2,s two 
kinds of material for head constructmn were 

TABLE II 

Propeller Modulation Errors 

Flight Test 

Propeller Modulation 

Tall V-109 
Degrees(+) 

0 25 

Forward V-109 
9-inch Pedestral 

Degrees(+) 

3.25 

Forward V-109 
18-mch Pedestal 

Degrees(+) 

25 



Fig. 12 V-109 Antenna After Severe Icmg and Air Speeds to 300 mph 

examined One of the sets of antenna ele- 
ments tested consxsted of hollow streamlined 
aluminum tubing, while the other was smu- 
lar except for the additmn of s&d aluminum 
Inserts machmed to fit the inner contour of 
the tubing Materials tested for head con- 
struction we r e linen-based Bakellte and 
methyl methacrylate (sinnlar to Lucite) 

These wmd-tunnel tests conductedwlth 
and wIthout 1ce and at azr velocltles f ram 
100 to 300 mph demonstrated conclusively 
that antenna elements containmg the msert 
were tughly supermr to the hollow tube type 
with respect to vlbratlon and fatigue failure 
Tests of the head materials were not so con- 
cluslve as those of the elements, but results 
lndlcated sane supermrlty of the me thy1 
methacrylate o v e r the Bakellte m that the 
plastx retams a degree of elasticity even 
at low temperatures and tends to damp out 
vlbratlon of the elements. Fig 12 1s a 
reproduction of a photograph take n aft e I 
extended tests In the Lang tunnel The 
antenna employed a plastic head and elements 
with s&d mserts 

Because of lackof access to wind 
tunnels In which air velocltles of 500 to 600 
mph are produced, very little laboratorydata 
has been secured on the aerodynamic per- 
formance of the modlfled jet type of V-109 
antenna However, one of these units 
installed On an F-80 (see Fig 8) was sub- 
lected to more than 200 hours of flight time 
o v e r a period of approrxnately one ye a r 

without developing either mechanical or 
electrlcaldlfficulty This experience 
demonstrates the worth of the antenna at 
altitudes up to 45,000 feet and arspeeds to 
610 mph. 

CONCLUSIONS 

1 The antenna exhibits broadband 
characteristics cave* afrequencyrange 
extending from 106 to 122 MC 

2 The antenna compares favorably with 
a dipole with respect to gain 

3 The field pattern of the antenna shows 
mmnna whxh are at least 40 per cent of the 
maamurc field. 

4. The antenna responds primarily to 
horleontally polarized slgnals with a rnira- 
mum of I e s p o n s e to vertically polarlaed 
slgnals 

5. The antenna is light m weight but of 
substantial weather-reslstant construction. 

6. The design of the antenna IS such that 
drag 1s reduced to a low value 

7 The antenna ,s equally adaptable to a 
mounting posltion forward on the fuselage or 
aft on top of the vertical stabllieer of the 
arcraft 

S With only rnlnor modlflcatlons the 
antenna can be mounted on either light or 
heavy types of arcraft 

9 The antenna 1s so matchedand balanced 
that smgle coaaal cable may be used as a 
transmlsslon lme to the receiver 


