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Prehminary Investigation of 

Determmation With the 

the Effects of Wave Polarization and Site 

Portable Ultra-High-Frequency Visual Radio 

Range 

SUMMARY 

Thlz rep”, t deswbcs (an nwestlgatlon made 
to deteimme the effects of horuontal and ICI tl- 
cal polaruatmn on ultra-high-freq~~enc4 radio 
range transnnss~on, and to estabhsh general site 
wqumements for the n&dlnt~“n of tlus eqrup- 
ment Paltxulal attention IS dcrvoted to the 
effects of p”lallzatl”n on the lllultlple course 

phenomenon A descrlptlon of the portable 
equqxnent used XI the mwstlg&wn 1s mclnded 
Copes of actual recoIdulgs taken rlarmg tosts 
wrlth trsnsmlsslon both from an “pen field 6nd 
nnmed~ately ndlawnt to s”urces of refle<tmn ale 
also mcluded 1n the repwt It IS c0nc1udl?d that 
sib requnements axe rnwh leis be\ we 1~1th horl- 
.xlntal polauzatwn than \\ Ith ,-cl tuxllj p”l.rl- 
1zed trsnsmls~lon 

lhe Clvd Ae~onnuhc~ Anthor$ h.~s been en- 
gaged 11, study and derelopmat n, the field of 
o1t1 d-lllgll-~reqllen~J I JdlO 1 n,,gc 5, ilP1115 t”l 
the pat t\vo ye‘us Ih1111g thlk tulle rl Iqe 

nmount of the nork has been crntered m the 
mrwst@mn of the p”\sW~hes of both horl- 
zontal and vertlal polnnz.~tlon at bnth 63 and 
125 megacycles 

An unportant conslda at]“” m de\ elopm~ anj 
radl” range system 1s the pl”x,ql”n of a fax& 
flee from multiple C”lll-?S In gc”“‘J1, It Rdi 
found more difficult to ehmnwce mnlt~ples fxorn 
ranges opernlmg on 1X meg.r~ycles than flom 
those operatmg on 63 megag cles$and that veltl- 
cal polanzdtlon vvas maxc susceptible to the mul- 
tlple course phenomenon Although no at- 
tempt ~111 be made to devrrlbe the tests made to 
arrive at this con&~~on. It was found extremely 

d&cult to precl~t the “peratlon of aradlo range 
<It vc~r,ous types of sites and It vy&s sometnnes 
necesscwy actually to make an mstallatmn befure 
It could be wd that a gren ate was sutable 
for ultra-hlgll-freqnency range “per&on 

All of the tests at Indmnapohs and Pltts- 
burgh were made nlth an aural tjpc (A-N) 
rang’ Recordmgs were taken 111 order thht a.11 
mulys~ could be made after the flights to do- 
termme &ether there vere tendencms toward 
multlplev prewt that nere not dlstmgmshed at 
rhe tune of the flight test At this tnne It WRS 
felt that much more defimte analyses could be 
rude from a ,~sunl tqpe radio mnge_u*here the 
tno mcho modul&on fwquencws blend smooth 
I\ hmn <,,I OFF-COIWV signal ,n which one fre- 
quer~y only IS recorded on one side of a zero- 
iente, record, through the cznter of the record 
1, llrll the two s1gn,rls combme equnlly lo form 
‘1 <wrse, to the olha OFF-comse sl@ul uherc 
the second frequency only 1s recorded on the 
other vde of the zero-center record When the 
p‘lttPlll$ I <Ldl‘ltrd flcml the ultcnnn system .~lt 
uform, then the recmd ml1 show a smooth lme 
from one side of the record to the other When 
the p,Lttcnls are nonmnform, a lagged hne wdl 
she\\ on the record and the results can be ana- 
1J Led \vltlr ease 

WHl these advantages 1” mmd, a portable 
v~ual 1ad1” lange SJ stem \I as pw~hased from 
tho Washmgton Institute of Technology The 
equpment WBL housed m a truler to p’ovlde <I 
4f-contamed m&de umt that cnuld be towed 
to nny ate 5” that twts could be made wulthout 
any requmments “the1 than those pro\ lded for 
m the trailer With tins equpmM, It -as felt 
that sutnble sites for future ultra-high-fre- 
quenq rndlo rmges could be selected m advnxe 
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of t.hhe actual installation and that further study 
could be made of the causes of multiples in 
given locations. 

EQUIPMENT 

The trailer equipment. 

The traiIer equipment consists of a gas-engine- 
powered generator, a frequency and voltage reg- 
ulator, an ultra-high-frequency transmitter, a 
transmission line modulator, and three different 
types of antenna systems. The meight of the 
trailer and equipment is 5,140 pounds. A three- 
quarter-ton truck is provided for to-wing the 
equipment. 

The trailer. 

The trailer is of the general house-type con- 
struction with well-insulated walls and complete 
metal shielding. Two compartments are pro- 
vided; one for the gas-engine-powered generator 
and voltage regulating equipment, and the other 
for the transmitter and the storage cabinets. 

Both compartments have forced ventilation and 
protection against dust is provided. Because 
of the door seal between compartments, the 
blower in the engine room creates less than 
atmospheric pressure in that compartment 
thereby insuring against danger from carbon 
monoxide gas in the transmitter compartment. 
The gasoline storage tank located in the engine 
room has a capacity of 20 gallons and provides 
for approximately 15 hours of full load opera- 
tion. Storage cabinets are available in the 
t,ransmitter room for antenna rods, transmission 
lines, antenna structure, and miscellaneous 
material. The downward weight of the trailer 
at the coupling to the truck is 325 pounds. The 
coupling and jack systems are so constructed as 
to make it easily possible for one man to couple 
the trailer to the truck in approximately five 
minutes. Fig. 1 is a photograph of the truck 
and trailer. 

, 

Figure l.-Portable 125-megacycle radio range. 
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The power equipment. 

The power source equipment consists of a 
4-cylinder air cooled type gas engine driving an 
alternator capable of delivering 4 kilovolt-am- 
peres at 115 volts, 60 cycles. Since the modula- 
tion frequencies of 90 and 150 cycles are quite 
critical and are dependent on the exact fre- 
quency of the 60-cycle power source, a governor 
is installed on the engine to provide for fre- 
quency regulation at or near full load. Provi- 
sion is made for adjusting the frequency at lozzds 
other than full load. A voltage regulator main- 
tains the line voltage within 5 percent of the 
specified 115 volts. An outlet on the outside of 
the trailer provides for the connection of exter- 
nal l&volt, 60-cycle power when available. 
Fig. 2 is a photograph of the engine room. 

Figure 2.-Trailer engine room. 

The transmitter. 

The transmitter is constructed in two units, 
one containing the filament supply and radio- 
frequency stages and the other for the high 
voltage power supply and control circuits. The 
transmitter is crystal-controlled, using a 
5208.333-kilocycle crystal. One type 802 tube 
is used as an oscillator-tripler, one type 807 tube 
doubling, another type 807 tube doubling, two 
type UH-51 tubes doubling, two type 1OOTH 
tubes amplifying, and a final power amplifier 
stage consisting of two type 250TH tubes with 
a final frequency of 125 megacycles and an out- 
put power of 200 watts. The transmitter is 
built up in sections with each section individu- 
ally shock mounted for protection against vibra- 
tion. A centrifugal blower provides ventilation 
for both units of the transmitter with spun glass 
filters for protection against dust. Fig. 3 is a 
photograph of the transmitter and Fig. 4 a 
photograph of the power and control unit. In 
addition to furnishing the high voltage supply 
for the transmitter, the power and control unit 
contains all the necessary protective devices and 
cttrnl rol switches. Fig. 5 is a block diagram of 
11~ 1 rilnsmit.tt~r. 

The modulator. 

‘l’he 90- illld 15~-cy~:le modulation required for 
visual operation is furnished by means of a 
transmission line modulator. This equipment 
consists of two rotating condensers (one in each 
transmission line) driven by a synchronous 
motor. One condenser modulates the carrier 
in its transmission line at the rate of 90 cycles 
per second and the other modulates the carrier 
in its transmission line at the rate of 150 cycles 
per second. Percentage modulation is con- 
trolled by the spacing between the rotor and 
stator plates; the frequency by the speed of the 
motor and the number of rotor plates; and the 
wave shape by the shape of the condenser plates 
and the setting of the tuning stubs. Coaxial 
transmission lines are used to connect the trans- 
mitter power amplifier stage to the modulator 
and the modulator to the antenna system. 
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Figure 3.-Transmitter and beacon converter. 



Figure I.-Power and control unit. 
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70 OHM CONCENTRIC 
TRANS. LINE 

XTAL XTAL. OSC. DOUBLER DOUBLER DOUBLER AMPLIFIER 

52063MC. -15.625 MC. - 31.25MC. _ 62.5 MC. _ 125 MC. _ 125 MC. _ I25 MC. 

I I 

Figure 5.-Block diagram of 125-megacycle transmitter, portable radio range. 

The antennas. 

Three different types of antennas are pro- 
vided, one for vertical polarization tests, and 
two for horizontal polarization tests. 

The vertical antenna consists of four vertical 
one-half wave doublets placed in a square with 
0.42 wave length separation between diagonally 
opposite elements. This array then provides 
two figure-of-eight patterns at right angles to 

each other in a horizontal plane with four 
courses approximately 90” apart. This an- 
tenna and its associated coupling device are 
shown in Fig. 6. 

The two horizontally polarized antennas em- 
ploy the same antenna elements but use different 
coupling systems. In the case of the two-course 
range, the carrier frequency,is fed in phase to 
two horizontal half-way doublets at right an- 

Figure 6.-Vertical four-course antenna. 





Figure X.-Horizontal two-course antenna. 

gles to each other 011 tire same Xii% The thro- 
retinal field l)itttcl’ll obtainetl by this 1yp~ oi 
array is sho\\.lr in Vig. 7. In tllis (‘:lsc~ tllc lobes 
of thC figruw-of-right bfXY~llle t?lOll~ilt~tl :llltl 

squecxctl so th:rl only two coii~‘scs are pro~li~cc~l 
approximatrly ISO” il l):Irt. Pig. 8 is a plloto- 
gKlph of this illlt~llllil S~SlC~lll. 

IT1 tllC CiIW Of tll? fOIlI’-COIIJX’ horizo~ilirll~ 
polarized iIllt~llllil, tllr> (3 i7.ichl. frequrrlcy is frtl 
90” out of lI,llasr, to the SillllC? allttllllla elemcilts 
as are used in the two-courw range. This arrav 
then provides two figlnx-of-eight patterns at 
right aligles to each other in a liorixoiital plai~r 
jrlst as iii tile case of tlw vertically polarized 
antenna. A photograpl~ of the four-course 
horizontally polarized antrnna is shown in 
Fig. 9. 

The aircraft equipment. 

The aircraft equipment used in the tests con- 
sisted of a 12;i-megacycle crystal-controlled air- 
craft receiver, a two-channel audio amplifier 
and detector unit, an Esterline-Angus t,ype AW 

recorder, a 75.megacycle horizontal marker re- 
ceiver antenna, a 125-megacycle horizontal 
antrnnn and a l25megacyclr vertical antenna. 
Flight tests \wre ~nadr ilr Civil Aeronautics 
Lirltllority airI)lalw NC-l;, a Vaco model “N” 
xith a tricycle landiilg gear. 

The receiver. 

The receiver is a crystal-controlled super- 
heterodyne using a 6N7 tube for the crystal and 
harmonic generator stage and a 955 tube for the 
second liarnloiiic generator stage. The crystal 
frequency is 9416.7 kilocyclrs. The twelfth har- 
mollic of the crystal frrquelwy is used to feed the 
first detector slll)pressor grid. The radio-fre- 
q~wncy anlplifier and first detector are type 956 
111lws. Tl1rcc stages of intermediate-frequency 
anlplificwtioll at 12 megacycles are provided by 
illrer typ” GKT tnbcs. E‘ollowillg is a 6Q7G 
t ltbe used as tile second detector, anton~at~ic vol- 
lune colrtrol and first altdio amplifier; a SC%3 
tllbe usecl as a Iroisr suppressor ant1 second audio 
amplifier ; and a 6K6G t,llt~ IBY~ as :I final arldio 

. 

Figure I).-Horizontal four-course antenna. 
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Figure IO.-Aircraft receiver for 125 megacycles. 

an~plifier. ‘I’~pes 024 aucl C;ZYSC; tubes :m usrtl ‘he recording equipment and visual indicator. 

as plate and bias rectifiers. Fig. 10 is a photo- Al1 Esterlitlc-Angus~ Model AW, zero t,o five 
graph of t,he receiver and Fig. 11 is x block dia- milliampere recorder was used for the record- 
gram of the unlit. ings taken during the tests. The paper feed 

70 OHM 

CLq;;ENTRlC R. F. A Y P. I ST DETECTOR I. F. 2NO DETECTOR 2ND A.F. 3RD A.F. AUDIO OUTPUT 
OHMS 

125 MC. 3 STAGES A.V c. NOISE 
250 

12 MC. 
IST AUDIO 

SUPPRESSOR 

956 956 6K7’S 6076 BCBG 6K66 

DOUBLER 

113 MC. 

955 

XTAL OSC. 

TRlPLER 

DOUBLER 

6W7 

XTAL r-l 9416.7 KC. 

POWER 

12” D.C. SUPPLY ,-i-J I- 024 
I- 62YSG 

Figure Il.-Block diagram of 125-megacycle receiver. 
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Figure It.-Recorder, amplifier-rectifier and dyna- 
motor. 

was set to operate at the rate of 6 inches per min- 
ute. The pointer was set to read mid-scale with 
zero signal so that any positive signal recorded 
on one side of center and any negative signal 
recorded on the other side. 

A filter-amplifier-rectifier unit was d&gned 
which would separate the go-cycle modulation 
frequency from the 150-cycle modulation fre- 
quency ; build LIP the normal headphone output 
of the receiver for each frequency individually ; 
and rectify the audio output of the two channels 
individually so that the final resultant, direct- 
current output could be applied plus or minus 
to the recorder. Fig. 12 shows a photograph of 

the filter-amplifier-rectifier unit used in the tests 
and Fig. 13 is a schematic diagram of the equip- 
ment. Since a standard 125-megacycle receiver 
Kas used which had no provision for 90-150- 
cycle filters, it was necessary to include the fil- 
ters in the amplifier-rectifier unit. Inasmuch 
as the filter used was not capable of handling 
over 50 milliwatts, it was necessary to place the 
filter at the input tq the amplifier to prevent 
overload. It was then necessary to amplify the 
two signals individually in two type 6F8G tubes 
so that there was sufficient signal on the grid 
of the rectifier to swing the recorder needle to 
its maximum in either direction with one milli- 
wat,t signal out of the receiver. Another 6F8G 
tube was used as a rectifier with the Esterline- 
Angus recorder across a potentiometer connect- 
ing the two cathodes of the double triode. The 
center of the potentiometer was grounded. A 
fixed bias was applied to the grids to provide 
for a maximum plate current change with sig- 
nal. The potentiometer was used to adjust the 
recorder pointer for mid-scale with zero signal. 
Then with equal signals of 90 and 150 cycles, 
the drop across the two halves of the pot,ent,iom- 
eter remained the same and the recorder still 
read mid-scale. However, with unequal or 
OFF-course signak, the drops across the two 
halves of the potentiometer were unequal and 
the recorder read right or left of mid-scale 

6F8G 6F8G 6 FEG 

IN 

, 

c 

COURSE 
INDICATOR 

I 

& 
rl 3 
6- 8’, 

Figure 13.4chematic diagram of 90-150~cycle amplifier-rectifier. 



depending 011 which signal predominated. The 
zero center course indicator meter which was 
actually used to fly the system was connected 
across the recorder line. 

Some tests were made previous to the flights 
with a separate copper-oxide rectifier for the 
course indicator connected in the circuit at the 
output of the filter. With this connection, it 
was found that unless the output of the copper- 
oxide rectifiers was carefully filtered, the ON- 
course indications of the recorder and course 
indicator did not coincide. 

Airplane antenms. 

The standard 75megacycle marker receiving 
antenna was used for circling the station on 
tests of horizontal polarization. This antenna 
provided ample signal since its location on the 
airplane provided maximum received signal 
from the sides. For flying toward or away 
from the station ON-course, on the horizontal 
polarization tests, a special horizontal doublet 
was mounted on the plane just over the cockpit 
with the elements of the antenna parallel to the 
wings. This antenna was accurately tuned to 
125 megacycles. 

A 125-megacycle vertical fish pole was used 
for receiving all vertically polarized signals. 
This antenna was mounted on the fuselage to 
the rear of the radio cabinet. The two hori- 
zontal receiving antennas were also used to re- 
ceive the vertically polarized signals to check 
the amount of horizontal component present. 
Figs. 14, 15, and 16 show the position of the 
receiving antennas on the plane. 

TESTS 

Preliminary flight tests were made with this 
equipment at the Civil Aeronautics Authority 
Experimental Station, Silver Hill, Md., during 
the latter part of April 1939. The trailer 
equipment was located in front of the Silver 
Hill station in the largest open space available. 
The tests indicated that satisfactory operation 
could not be obtained at this location because 
of the proximity of other ultra-high-frequency 
antennas, and towers and woods. One 125-foot 
radio tower located approximately 150 feet from 
the trailer contained one 6l-megacycle hori- 
zontal transmitting array and one SO-megacycle 

Figure 14.-Horizontal receiving antenna for 75-mega- 
cycle markers. 

diamond receiving antenna. Slightly farther 
away, a 141-megacycle vertical receiving an- 
tenna was moimted atop a GO-foot pole. 
AIICJ~~IW 125-foot radio tower located approxi- 
mately 500 fret from tire trailer cont,ained a 
125megacycle horizontal radio range antenna 
located on top of the tower l/2 wave above a 
24-foot square counterpoise. Thick woods, 
houses, and other poles were all located within 
200 feet of the trailer equipment. 

Although no recordings were taken during 
preliminary flight tests, it was definitely deter- 
mined that proper operation could not be ob- 
tained with the equipment at this location 
principally because of the number of multiple 
courses encountered. An aerial photograph 
shown in Fig. 17 indicates the approximate loca- 

1 
I 
I 

Figure 15.~-Special horizontal doublet receiving an- 
tenna for 125 megacycles. 
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tion of tllc‘ equipment at Silver Hill ant1 tllca 
proximity of the sou~‘ce~ of interference. 

Sufficient information was acquired during these 
tests to substantially check the ground patterns 
as published in the instruction books furnished 
with the equipment. These ground patterns 
:IW reproduced in Figs. 20, 21, and 22. 

After flight tests had been made with trans- 
mission near tile center of the field, the equip- 
ment was mo\-ed to a position immediately 
adjaccbnt to tile trees on the northeast side of 
the field. Fligllt tests were again made to com- 
~J:LIT tlltl wwlts of (rsts iu the center of the field 

Figure 16.-Vertical receiving antenna for 125 megacycles. 

Fite. Fig. 1!1 slrows the genrral loc*atioii with 
respect to Washington and Silver Hill and the 
type of terrain over \rhich transmission \v:ts 
made. As shown on Fig. 18, the field was ap- 
proximately 1,750 feet long by 1,000 feet nitle. 
For the first. tests, the trailer was located near 
the center of the field 650 feet from the woocls 
at the rear. The nearest trees were approsi- 
mately 480 feet away and the nearest power line. 
telephone line, and buildings were about 
1,500 feet removed. The location used V:IS 
approximately the highest point in the field. 

The first tests to be made at this location were 
ground checks to determine whether the proper 
field patterns were being radiated from the l-ari- 
ous antenna arrays. These ground tests were 
made with receiving equipment furnished 1)~ 
the Washington Institute of Trclmolopy. This 
equipment used rc4 filters rather than rl(~ctrical 
filters as are used ill all the flight tests wit11 the 
Civil Aeronautics Xlltllority test equipment. 

to tlie results obtained with thr trailer near the 
1rres. At both locations, flight tests were made 
on all three types of transmitting antenna 
arrays and usilig all three types of receiving 
antennas individually. 

RESULTS 

The copies of the recordings taken of all tile 
fli4lts are shown ill Figs. 23 to 35, inclusive. 
Fiis. 23 to 27, inclusive, show the results ob- 
tained on the four-course horizontally polarized 
antenna. The first four figures showing the re- 
cordings taken using the 75.megacycle receiving 
antenna contain two recordings each-one with 
the transmitter in the middle of the field and one 
with the transmitter near the woods. Each of 
these four recordings shows the results obtained 
on each iildiviclual course iii the two locations 
on flights cross course at ii distance of 2 miles 
from the, transmitter. On all the recordings, 



there is a difference between the amplitude of 
OFF-course readings at 90 cycles and readings 
at 150 cycles. The go-cycle OFF-course ampli- 
tude is considerably less than the 150-cycle 
amplitude. This was caused by the additional 
loss at 90 cycles over that at 150 cycles in the 
audio response of the receiver. 

A survey of the recordings indicates that all 
the courses were excellent with the equipment 

serious multiples on the south course was the 
reflection from the trees north of the transmis- 
sion point. 

Fig. 27 shows a reproduction of a recording 
taken on a flight toward the station on the east 
course, over the station, and out on the west 
course. This recording shows clearly the high 
angle lobes encountered directly over the station. 
All antennas on the trailer equipment were 

Figure 17.-Aerial photograph of Silver Hill, Md. 

in the open field. The radiated patterns were 
free from scalloping or any other irregularities. 
With the transmitter located near the woods, 
however: less favorable results were obtained. 
Many scallops appeared and there were actual 
indicator reversals on the south and west 
courses. The most serious condition was on the 
south course where there were indicated re- 
versals of large amplitude. It is believed that, 
in the case of this antenna, the cause of the 

approximately r/s wavelength above the screened 
roof of the trailer and 3/2 wavelengths above 
ground. 

Figs. 28 and 29 are copies of recordings taken 
on the two-course horizontally polarized trans- 
mitting antenna using the 75-megacycle marker 
receiving antenna. The same arrangement of 
figures is used here as in the previous antenna. 
the top section of a given figure being a graph 
of results with the equipment in the open field 
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and the bottom section being results obtainetl 
with transmission near the trees. It call lK> 

seen tliat the courses using this type of trawl-- 
mit,ting arrtcrlrla are much broader thall r11c 
four-course aritelma and much easier to fi)-. 
as shown bv Fig. 3Oa, as compared to Fig. 27 
for tire f&r-course antenna. In fact, tllc 
(~oursc was probably much too wide for accurate 
flyilig. Analysis of the recordings sho\vs tlrat 

and the ground field pattern. As shown on the 
recording, there is actually an indicated course 
at this point as Jvell as the area 180” removed. 

The results obtained on tests of the vertically 
polarized array using the 125megacycle verti- 
cal antenna for receiving are shown in Figs. 31 
through 34. In this case, the recordings taken 
in the open field contain almost as much scallop- 
ing as the rrcordings taken on horizontal polar- 

Figure l&-Aerial photograph of Forestville, Md. 

although there was very slight scallopirlg OFF- 
course with tr,ansmis5ion in the open field, the 
ON-collrse \\-its very smooth with no indicator 
reversals. When transmission was made near 
the trees, however, the OK-colrrse signal showed 
slight indic*a I or reversals on both courses. 

Fig. 301) is a recording taken in the carrier 
s~~pl~ressr~l mule shown bet ween 70” and 120” 
on Fig. 20. Ai comparison of these two figures 
inclicates agreement between the flight recording 

ization with transmission near the woods. It 
is interesting to note that tile best course w-as 
probably the north course and that the thickest 
trees and obstructions were located north of the 
station. The east course was definitely the 
worst course encountered, as shown in Fig. 32. 
Mllltiples there are so numerous as to make it 
difficult to judge where the course should be 
located. The thick trees to the east were only 
480 feet removed from the antenna while the 
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(A) NORTH COURSE, TRANSMISSION FROM OPEN FIELD 

(8) NORTH COURSE, TRANSMISSION NEAR WOODS 
F,gure 23 -1%megacycle, four-course radio range, honzantal polanaatmn (a) North course, transmlsslon 

from open field (h) North course, transmnssmn near woods 



(A) EAST COURSE, TRANSMISSION FROM OPEN FIELD 

(B) EAST COURSE, TRANSMISSION NEAR WOODS 
Figure 26 -125.megacycle, four-course radm range, horzxmtal palarlzatlon (a) East EOUPS~, transmtss,on 

from open field 0) East course, transmission near woods 
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(A) SOUTH COURSE, TRANSMISSION FROM OPEN FIELD 

(B) SOUTH COURSE, TRANSMISSION NEAR WOODS 
Fwre 25-125.megacycle, four-course rad,o range, horizontal palanzatmn (a) South course, transmmswn 

from open field (b) South COWW, transmlssmn near woods 



(A) WEST COURSE, TRANSMISSION FROM OPEN FIELD 

I 
I I I I 

I 

(8) WEST COURSE, TRANSMISSION NEAR WOODS 
F,gure B--125 megacycle, four-course rad,o range, lmr,zontal palsrmtm (a) West course, transm,ss,on 

from open field (b) North course, transm,s~,nn near woods 
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Figure 27--12%megacycle, four-course radm range, on-course Aught over statmn, honzontal polaneatmn 
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(A) NORTH COURSE, TRANSMISSION FROM OPEN FIELD 

(B)NORTH COURSE, TRANSMISSION NEAR WOODS 

F,gure 28-125.megacycle, two-course radio range, horwontal polar,zat,on (a) North course, transrmsmon 
from open field (b) North course, transnusslon near woods 
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(A) SOUTH COURSE, TRANSMISSION FROM OPEN FIELD 
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(8) SOUTH COURSE, TRANSMISSION NEAR WOODS 

Fwm 29-125.megacycle, two-course i-ad)” range, ho,,,untaI polarmtm (a) South course, transmss,on 
tram open field (b) South course, transrmssmn near woods 



(A) ON-COURSE FLIGHT OVER STATION 

(8) FLIGHT ON END ZONE SHOWING LOBE 
F,gure 30 -125.megacycle, two-course rad,o range, honzontal polarrzatlon (a) On-course flight over statlon 

(b) Flight on end zone showmg lobe 
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(A) NORTH COURSE, TRANSMISSION FROM OPEN FIELD 

(81 NORTH COURSE, TRANSMISSION NEAR WOODS 
Figure 31-125megacycle, four-course radio range, vertvza, po,ar,zatlon (a) North course, trmsmms,on from 

open field (b) North course, transmsslon near woods 
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(A) EAST COURSE, TRANSMISSION FROM OPEN FIELD 
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(8) EAST COURSE, TRANSMISSION NEAR WOODS 

Figure 32 -125.megacycle, four-course radw range, vertical polanzatlan (a) East course. transm~sslon from 
open field (b) East course, transmmsmn near woods 
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(A) SOUTH COURSE, TRANSMISSION FROM OPEN FIELD 
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(B) SOUTH COURSE, TRANSMISSION NEAR WOODS 



(A) WEST COURSE, TRANSMISSION FROM OPEN FIELD 
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(9) WEST COURSE, TRANSMISSION NEAR WOODS 
Figure 34 -125.megacycle, four-course radm range, verhcal polarrzatron (a) West course, transmmsmn from 

open field (b) West course. transmlsswn near woods 



FLIGHT ACROSS EAST COURSE, TEN MILES FROM STATION 

thick growth to the north wits removed appro\‘m 
mdtely 650 feet away 

It IS very dd%xlt to analyze tho recordmgs 
taken on vertical polmmtlon nlth transrmsslon 
near the woods E\m m this case, hoxrever, 
the east course XBS defimtely norse tbm the 
others 

One cross-course flight TFZLS made on the east 
course at d. distance of 10 mles from the station 
mth transmlsilon mar the woods The results 
of 1111s fbght ale +omn m Fig 35 Here sgam 
there vere many mdmttor reversals, but they 
ne~e not so swere m amphtude as those 
encountered clam to tbe statlon 

CONCLUSIONS 

A survey of the recordmgs taken mdxates 
that, from the pomt of vwcv of multiple courses. 
homontal polarmtlon 1~ far supmor to rer- 

txal polsnzat~on for ulha-high-frequency radio 
rmge apphcatlons This should be partmlarly 
true whae pure homontal polarmtlon IS 
obtamed 

A second defimte use for this equpment 1s m 
the mestlgatlon of the causes of multiple 
COUIS~S and other phenomena encountered m 
the use of ultmh@ frequenwes for rsdlo range 
work 

The data also mdmte that it 1s powble to 
locate vltable sites for llltrd-high-frequency 
raillo langes wtb this equlpmcnt It would be 
possible to drlw the trmler to the site and m a 
vely few hours’ flymg tune It could be deter- 
mmed whether the .slte was sutnble for this 
app11&1011 

It 1s also cornladed that the mordmgs of B 
v~susl type range are much easwr to analyze 
than those taken on a comentlonal A-N type 
range 




