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Tests With Ultra-High-Frequency Radio Transmlttmg and Recewmg Eqmp- 
ment for Itmerant Aircraft Commumcatlon 

- 

SUMMARY 

Thli report descnbcs an m\estlgatlon under- 
taken for the purpose of determmmng that ultra- 
h@ frequemes c&n be ut&ed fol ltmerant 
amraft-to-ground commumcat~o~~ Equipment 
mutable for ltmerant mcraft 1s descrlbed to- 
gether mth charactenstm of the an-plane 
mtenna ‘lhc results of anaaftmto-gmund 
transm1ss10n are 111ghly satlsfact”r~- m spite of 
the low power used Based upon the use of an 
.intonna 65 feet hrgb at the giound statlou and 
dll n1rplnne flymg not less t11‘Ln 1000 feet &b”\P 
leml earth, the sermcc area ~111 have a mlnunum 
radluq of 50 m&s It IS concluded that the 
adoptlon of the ultramhlgb heqnemes ~11 re- 
sult m a substmtml rednctlon m radio mter- 
ferencc and aerodynannc drag due to the an- 
tenna togelhm mth mprored tlansmmss~on pev 
fommnce when compared mth plesent practm 

INTRODUCTION 

Expemme with radio transnuss~on nt fle- 
quemxs m the portloo of the spectrum abow 
Go megacycles hat: demonstrated the deslrabd~t~ 
of utllmng such frequemes for ~ommumcatmn 
with amrsft 

I’nor to tbc begmmg of these tests, a fre- 
quem3 of 141780 megaocles had been tenta- 
twely assigned to ltlmamt amraft Recentlj 
thu has been changed to 14010 megacycles, 
and It 1s antmpated that arport control tovcrs 
~111 be asslyxd several channels between 129 
and 132 mega+es 

A corrslderable amount of ulfonnatlon hat 
been pubhshed concermng transmms~on char- 
acterlstlcs of frequemes of the order mentmned 
and eqwpment wItable for use thereon Con- 
sequently, the mvestlgatlon about to be desmbed 

\\a\ undcitaken for the purpose of erolvmg 
rqu~pment nhlch would meet the requmements 
of ltmerant am-aft, and of nsmtamng that 
>mfact”ry arcmft-to-ground transmlsslon 
could be acluered The factors consldered are 
(1) C”rnmnnlcntl”n performance, (2) economy, 
and (3) restnctlon of equpment mgbt and 
aerodpnamc drag caused by the antenna 

EQUIPMENT 

A tralrsnntter and i-ecen-er conformmg to 
Cm1 heronaut,cs Authonty spmficatlons BA- 
241 and 242, respectmlg-, 11 we obtamed from a 
commercml source Both are designed for an-- 
craft operation The tlansmltter utlhzes a 
crystal-controlled oscdlator, has a calner out- 
put of 10 natts at 141% megacycles, and 1s 
capable of hang fnll~ modulated 1, lth speech 
from n con\ entlonal amaft-tape mmophone 
Weight of the complete tlansmmtter mcludmg 
cables IS 21 pounds The recemer 1s of the 
superhetmodyne tvpe mth a crystal-controlled 
osallator and may be pretuned to any frequency 
between 120 and 142 megacycles It welgbs 23 
pound?, mcludmg cables: For the tests made III 
connecbon n Ith tins pro@, the transmitter 
\,-a~ mstalled m a Waco tjpe “N” axplane and 
the receiver was situated on the ground at the 
ShIvor Hdl expermental statlon near Waslung- 
ton, D C Both the transmitter and recmrer 
operatrcl nlth T eltlcnl antr1mss app1 “xlmdtelv 

one-half wa\ e-length long The antenna on the 
an plane camp, IWI a temcopmg umt ofmckeled 
tubmg smular to the “n Inp” antennas com- 
monly used m mob& serrlce It was mounted 
“11 n cmmlnc 1ns111at01 “I1 top of the fuselage 
about 5 feet belnnd the propeller The separa- 
tlon between the antenna and a metal plate m- 
tey al with the anplane framework mas 4 
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mches Lntelal support was pm&d b>- t\\o 
braces formed of bakehte lads A conductol G 
mches long connected the lowa end of the an- 
tenna to a couplmg umt located nude the BIF- 
plane From the couplmg umt, a 1/@~h co- 
ax& transmmwon lme about 7 feet long rnn to 
the transrnrtler This lme IS of the t: pe employ 
mg n spun glnss spual cord to msulate the cen- 
ter condultor from the sheath Its cho~nctel- 
IstIc mpedance 1s nommally 70 ohms All 
asymmetrical pi-type se&on nas used to match 
the transmlsslon lme to the &enna, the nnped- 
ante of n Jmb n as 380 ohms reslstn e and 160 
ohms capncuvc The m&cJnng sect~ou corn- 
pnsed an mdnctance mserted between the a- 
terms and the centa conductor of the lmc nlth 
vanable capncltances connected betneen both 
sides of the mductance and ground For the 
condltmns gwen above, the mdnctance had a 
value of 0 15 m~roJ~enr,~s, the condenser at the 
antenna end of the mductance had a maxm,um 
capacitance of 10 m~crmmcrofarads, and the 
maximum value for the other condenw \\ as 15 
nncronncrofarads Tha ~ccavmg antenna \~a> 
mounted at the top of a &foot ~vooden pole 
It TI as formed of two smnlnr se&Ions of 2.mch 
brass pipe mounted end to end and separated by 
a speaal fittmg A 6.mch ceramx msulntol 
was used to support each tubmg se&on Thr 
specml fittmg bad a ceram,c bushmg tlmmgb 
vhxh a central conductor could be pass~d A 
3/,-Inch coaxml transnmsslon lme ,an from tbvz 
fittmg to the EWIP~I The transmlcslon lme 
sheath nas connected to one of the antenna Jnpe 
scctmns, and the central conductor m&s co,,. 
netted to the other antenna sectmn CarrIeI 
strength of mcommg signals w&s determned by 
recoldmg values of mtermed~ntc frmymq nm- 
phfier plate current which had been cahblated 
to mdlcate curler amphtude by rcplncmg the 
antenna with a standad slgnal generator 
TThen norkmg at lower and more conveni~onnJ 
frequencies, It IS customary to refer to ,adn 
frequency ca-ner amplitude m terms of r”lts/ 
meter However. mensurements of tins tplm at 
freqnencles c”nwJewd here are wb,ect ,,, I,,rge 
PllOlS Conseq”‘ntlv, cnrr,er +Pngth \\ 111 bP 
rcfened to m (erln~ of nrbltr<>rJ ,,n,ti 

TESTS 

With equpment set up as desctlbed aboce 
flights aele made along l‘ldlals emanatmg 
from the Sliver Hill statloll Posltlon and al- 
tltudc of tho nucrdft were recorded together 
11 It11 curler strength at the rccclvor In nddl- 
tlon, compass headmg of the arp1.u~ was 
recorded when It n&s flown m a circle for the 
purpose of determmmg the vxllatmn m Its 
antenna reiponse fol d&rent hendmgs In 
C”llClULtlllg t111s test, care was taken to keep tt1e 
distance to the rece~rer gieat a\ compared to 
the dmnetel of tlw mclc around mh~h the 
slup vas flown TJle anplm n A. JAmd m a 
honzontal posltlon for each rcadmg while fly- 
mg around this cncle 

RESULTS 

DISCUSSION 

Itlllerallt ‘lll<ldft no,\’ tlall5lnll 011 3105 kJl”- 
< \ cles or the auxdw) frequencxs of 3120 and 
6210 kd”cy&s, and recelre amport control 
to\\er 1nst1uct1011s on 278 lnlocycles at mter- 
rnednte pants along the anrayr, such arcraft 
IeCelVe tmllsmmslonc from ClVll AeronautKr 
Antllorlt\, stntmns operatmg Ill the mterme- 
&ate frequenc3- band, 200 to 400 kilocycles 
TJw 310%kilocycle channel IS subJect to spa- 
,ad~, fadmg and skq’ effects This IS also true 
771th t11c t\ro aux111srv frequellcles The 6,~ 
of the axcraft antenna requrcd fol efficuznt 
tran~mlsslon mtrodnces addltmnnl drag which 
1~ relatlrely apprecuxblz for many hght an- 
plnnes Also, the wght lpstrlctlons are such 
tbat rho powr avsdnble I< barelj suffiwnt 
for sallcfnctorj 1ecept1on at the c0nlr01 tower 
Then the background n”1v lerel rises above 
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DISTANCE FROM TRANSMITTER IN MILES 

Figure I.-Attentuation of 141.78 mc. airplane transmission. 
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210" 200" 1900 180' 170" 160" 150" 

Figure 3.-Pattern of vertical antenna on NC-17. 
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Figure I.-Altitude of horizon looking from point 
elevated 65 feet. 

nomlal. Figures 1 ad 2 show grayliically the 
strengtll of airplane signals as received at the 
ground station while the ship was flying along 
a radial from the receiving st,ation. Voice- 
iuodulated sljgnals having a carrier strength 
of’ not. less t,han 10 on the arbitrary scale pro- 
\.itled gold iutelligibility. It will be seen that, 
signal strength did not drop to this value until 
:I. distance of about 80 miles \vas reached when 
the airplane was flying at 5,000 feet,. These 
result’s were achieved with an antenna power 
of 5 watts, and in the absence of any abnormal 
background noise. ,In other experiments, 
which include continuous recording on a 40- 
mile point-to-point circuit at 61 megacycles 
and extensive aircraft tests at 63 and 125 mega- 
cycles, there has been no evidence of other than 
momentary periods when the atmospheric noise 
became excessive. It will be noted that upon 
flying beyond the point where the transmis- 

sion path falls below the horizon the signal 
strength decreases much more rapidly. Al- 
though the signal will not disappear immedi- 
ately upon dropping below the horizon, 
reliable communication could not be guaran- 
teed when the dist)ance below the horizon be- 
comes appreciable. If a height of 65 feet is 
assumed for t,he ground station antenna, t.he 
horizon will be 9r/rt miles distant for level 
earth. By assuming that the altitude of the 
airplane is not less than 1,000 feet, this dis- 
tance increases, thus providing a service area 
with a minimum radius of 50 miles. 

The airplane antenna pattern shown in 
figure 3 indicates a maximum response ratio 
of 3lh to 1. Since this pattern was made by 
flying the ship in a circle, the point of reflec- 
tion for that portion of the energy which ar- 
rives at the receiver after reflection from the 
earth’s surface must move about. It is pos- 
sible some of the irregularities in this pattern 
were introduced in this manner. Further- 
more, there were two other antennas on the 
airplane which affected the pattern ; one of 
these was a vertical “whip type” mounted on 
top of the fuselage toward the tail and the. othe.1 
was a ‘V type” extending from the wings to 
a point, on the fuselage near the tail. Lack 
of time prevented further investigation of the 
effects of these antennas. The results obtained 
from flights toward and away from the re- 
ceiver in various directions failed to indicate 
any serious variation in signal strength. 

The weights of the transmitter and receiver 
used in these tests are comparable with the 
weights of the present equipments used in air- 
planes operated by the Civil Aeronautics Au- 
thority. These airplanes are similar to those 
used by many itinerant fliers. There are no 
restrictions apparent which would prevent the 
size and weight of ultra-high-frequency equip- 
ment from being reduced to the minimum 
achieved in existing lower frequency units. 
Inasmuch as this equipment is in a develop- 
mental stage, a direct cost comparison with 
present lower frequency equipment cannot be 
drawn. However, ultra-high-frequency equip- 
ment suitable for the service considered here 
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