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PRFUMTNARYINVESlTGA'ITONOF THEEFFECTS OFWAVE WURIZATIO~ 

AND SI'PE DE!VZXLUNATIONWITH THE FORTABLE 

ULIRA-FEGH-FFCXQOENCY VISUAL RADIO RANGE 

by 

J. M. Lee and C. B. Jackson 

!Rus report describes an investigation made to deterrmne the effects 

of horizontal and vertical polarlzatlon on ultra-high-frequency ra&o 

range transrmsmon, and to establish general site requrements for the 

installation of thx equpment. Particular attention 1s devoted to the 

effects of polarization on the multiple course phenomenon. A descrlptlon 

of the portable equipment used In the uwestagation 1s mcluded. Copies 

of actual recws taken during tests tith transrmsslon both from an 

open field and mdiately adjacent to sources of reflectlon are also m- 

cluied In the report. It is concluded that site requsrements are much 

less severe mth horizontal polaneatlon than with vertxally polarized 

trsnsmisslon. 

INTRDDUC'ITON 

The Civil Aeronautxs Authonty has been engaged In study and de- 

velopment in the field of ultra-high-frequency ra&o range systems for 

the past two years. Eurlng ths time a large amount of the work has 

been centered In the investigation of the possibllitles of both hon- 

zontal end verkcal polarization at both 63 and 125 megacycles. 

An important consideration m developing any ratio range system 

is the provlslon of a facility free from multiple cowses. In general, 
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it was fomd more hfficult to elhinate multiples from ranges operatin&! 

on 125 megacycles than from those operating on 63 megacycles, and that 

vertical polarization was more susceptible tc the multiple course phe- 

nomenon. Although no attemptzxll be made to describe the tests made 

to arrive at this conclusion, ltzas found extremely difficult to pre- 

&ct the operation of a ra&o range at zarlous types of sites and itsas 

sometimes necessary actually to make an installation before it could be 

said that a given site was suitable for ultra-high-frequency range oper- 

ation. 

All of the tests at Indianapolis and Pittsburgh were made with an 

aural type (A-N) range. Recortigs were taken in order that an analysis 

could be made after the flights to determine if there were tendencies 

toward multiples present that were not distinguished at the time of the 

flight test. At this time it uas felt that much more definite analyses 

could be made from a fisual type radio range where the tna audio modu- 

lation frequencies blend smooth4 from sn OFF-course signal in which cne 

frequency only is recorded on one side of a zero-center reoord, through 

the aenter of the reoord when the twc signals combine equally to form 

a oourse, to the other OFF-oourse aimal where the second frequency only 

is recorded on the other aide of the ssro-oenter record. When the ptterne 

radiated from the antenna ey’stem are uniform, then the record MU ahcw 

a smooth U.ne from one side of the reoord to the other. When the patterna 

are non-uniform, a jagged line mill show on the record and the results 

OM be analyzed with ease. 

Rth these advantages in mind, a portable visual radio range system 

was purchased from the Washington Institute of Ibohuology. The equipment 
1 ISO 
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was housed in a trailer to provide a self-contained mobile urmt that could 

be tomed to any site and tests made vlthout any requirements other than 

those provided for in the trailer. With this eqmpment, It VGIS felt that 

sutable sites for future ultra-high-frequency ratio ranges could be 

selected In advance of the actual installation and that further study 

could be made of the causes of multiples In gnven locations. 

The Paler Equipment 

The traler equipment consists of a gas-enane-powered generator, a 

frequency and voltage regulator, an ultra-bgh frequency transrmtter, a 

transmission line modulator and three different types of antenna systems. 

The weight of the trailer and equipment IS 5140 pounds. A three-quarter 

ton truck is provided for tomng the equpment. 

The Trader 

'The traler 1s of the general house-type construction with well- 

insulated nails and complete metal shielding. Two compartments are pro- 

videdi 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 dcor seal between compartments, the blower 

in the ensne room creates less than atmospheric pressure xi that com- 

partment thereby insuring agaalnst danger from carbon monoxLde gas m 

the transrmtter compartient. The gasoline storage tank located In the 

engjne room has a capacity of 20 gallons and provides for approximately 

15 hours of full load operation. Storage cabinets are available ln the 

trsnsuntter room for antenna roda, transmisfnon lines, antenna structure, 
J#S0 
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and ~~~scellaneous material. The dowmard weight of the trailer at the 

couplmg to the truck 1s 325 pounds. The coupling and Jack systems are 

so constwcted as to make it easily possible for one mu to couple the 

trailer to the truck m approximately fo.ve mmutes. Fxg. 11s a photo- 

graph of the truck and trailer. 

Tl3e Power Koulpment 

The power source equpment consxsts of a 4-cylmder ax cooled type 

gas engme drlvlng an alternator capable of dellvermg 4 KVA at 115 volts, 

60 cycles. Smce the modulatmn frequencies of 90 and 150 cycles are 

qmte cntxal and are dependent on the exact frequency of the 60-cycle 

power source, a governor is installed on the engine to provide for frequen- 

cy re,giLatlon at or near full load. Proolslon 1s made for adjusting the 

frequency at loads other than full load. A voltage regulator mamtams 

the lme voltage mthm 5 per cent of the specified 115 volts. Au outlet 

on the outslde of the trailer provides for the comcctlon of external 

115 volt, 60 cycle power when avaIlable. Fig. 2 is a photograph of the 

engine room. 

The Transrmtter 

The transmtter 1s constructed In two units, one contammg the fila- 

ment supply and radio frequency stages, and the other for the high voltage 

power supply and control mrcuts. The tranmtter is crystal-controlled, 

usmg a 5208.333 kilocycle crystal. One type 802 tube 1s used as an 

oscillator-tnpler, one type 807 tube doubLmg, another type 807 tube 

doublmg, two type UK-51 tubes doubting, two type 1OO'iTl tubes amphfymg, 

and a final power amphfier stage consistmg of two type 25OTB tubes mth 

a fmal frequency of 125 megacycles and an output power of 200 mat&. 
A PSO 
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The trammatter 1s bult up m sections m.lh each section mdlvlduzlly 

shock mounted for protection agamst vlbratlon. A centrifugal blower 

provldes ventllatlon for both umts of the transmtter mth spun glass 

filters for protection against dust. Fig. 3 1s a photogra_oh of the trans- 

rmtter and Fig. 4 a photograph of the power and control umt. In addltlon 

to furnishmg the hgh wltage supply for the transmitter, the power and 

control umt contams all the necessary protectam devices and control 

mtohes. Fig. 5 1s a block diagram of the transrmtter. 

The Modulator 

The 90 and 150 cycle modulation reqmed for visual operation 1s 

furmshed by means of a transmission lme modulator. This equipment con- 

sists of tm rotating condensers (one m each transrrmssxon lme) dxuoen 

by a syncironou3 motor. One condenser modulates the earner m its trans- 

msslon lme at the rate of 90 cycles per second and the other modulates 

the carrier In Its transrmssxm 3ule at the rate of 150 cycles per second. 

Percentage modulation 1s controlled by the spaemg between the rotor and 

stator plates; the frequency by the speed of the motor and the nmber of 

rotor plates; and the wave shape by the shape of the condenser plates and 

the settmg of the tuning stubs. Coaxaal transmission ties are used to 

conuect the transrmtter power amphfxer stage to the modulator and the 

modulator to the antenna system. 

The Antennas 

Three different types of antennas are provided, one for vertical 

polarxzataon tests, and two for honzontal polarization tests. 

The vertical antenna consists of four vertical one-half wave doublets 

placed m a square wath O.L+Z wave length separation betxen diagonally 

oppomte elements. This array then prondes t-w0 fl,gore-of-eight patterns 
l#sa 
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at right angles to each other in a horizontal plane mth four courses 

approximately 90° apart. This antenna and its associated coupling de- 

nce a-e shown in Fig. 6. 

!Che two horizontally polarized antennas employ the same antenna 

elements but use different coupkng systems. In the case of the two- 

course range, the carrier frequency is fed in phase to two horizontal 

half-vave doublets at right angles to each other on the same axis. The 

theoretical field pattern obtalned by l&s type of array is shown In 

Fig. 7. In this case, the lobes of the figures-of-eight become elongated 

and squeezed so that only two courses are produced approximately 1800 

apart. Fig. 8 is a photograph of this antenna system. 

In the case of the four<ourse horizontally polarized antenna, the 

carrier frequency 1s fed 90° out of phase to the same antenna elements 

as used In the two-course range. This array then provides two figure- 

of-eight patterns at right angles to each other UI a horizontal plane 

Just as In the case of the vertically polarized antenna. A photograph 

of the four-course hor~aontally-polarized antenna 1s shown m Fig. 9. 

The Axcraft Equpment 

The alrcraft eqmpment used m the tests consisted of a 125-megacycle 

crystal-controlled axrcraft receiver, a h-channel audio amplifier and 

detector urnt, an Esterlme-Angus type AW recorder, a 75-megacycle her?- 

zontal marker receiver antenna, a 125-megacycle horizontal antenna and 

a 125-megacycle wrtxal antenna. FLghht tests were made m CIVIL Aero- 

nautics Authority airplane NC-17, a Waco model UN" pnth a trxyle land- 

mg gear. 
2 8-a-a 
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The Receiver 

The receiver 1s a crystal-controlled superheterodyne us~.ng a 6117 

tube for the crystal and harmo,rnc generator stage and a 955 tube for the 

second harmonx generator stage. The crystal frequency 1s 9416.7 lalo- 

cycles. The twelfth harmonx of ilie crystal frequency 1s used to feed 

the first detector suppressor gnd, The radio frequency ampllfler and 

fx-st detector are type 956 tubes. Three stages of uYtermedu.te frequency 

amphflcatlon at 12 megacycles are promded by three type 6K7 tubes. 

Pollolmng 1s a 6Q7G tube used as the second detector, automatic volume 

control and fu-st audro ampllfler, a 6CgG Tube used as a noise suppressor 

and second atio ampl~fxr, and a 6K6G tube used as a final atio ampllfler. 

Types 024 and 6Zy5G tubes are used as plate and bias rectlflers. Fig. 10 

is a photograph of the receiver and F1g. 11 1s a block diagram of the wt. 

The Retorting Equpment and Visual Indxator 

An Esterline-Angus, ModelAW, zero to five rmlhampere recorder was 

used for the recordings taken during the tests. The paper feed was set 

to operate at the rate of 6 Inches per ,7lmute. The pointer was set to 

read mid-scale mth zero signal so that any posltlve signal recorded oil 

one side of center and any negative slgnal recorded on the other side. 

A fllterampLfler-rectlfler mt mas designed which would separate 

the 90-cycle modulation frequency from the 150-cycle modulation frequency; 

buld up the normal headphone output of the receiver for each frequency 

Indlvldually; and rectify the au&o output of the tim channels lndlvldually 

so that the final resultant d.c. output could be apphed plus or rmnus to 

the recorder. fig. 12 shows a photograph of the fllter-ampl~fler-Pect;ifler 

wnt used m the tests and Fig. 13 is a schematIc diagram of the equpment. 
2 b-0 
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Smce a standard 125~megacycle receiver was used whxh had no provxlon 

for 90-150 cycle filters, It was necessary to mclude the filters m the 

ampllfler-rmtlfler wt. Inasmuch as the filter used was not capable of 

handlmg over 50 mlkmtls, It was necessary to place the filter at the 

Input to the ampllfler to prevent overload. It was then necessary to 

mphfy the two signals m&vldully m tmo tspe 6F8G tubes so that there 

was suffxlent signal on the grid of the rectifier to swmg the recorder 

needle to Its maximum xn either &reckon mth one rmlliwatt slqnal out 

of the receiver. Another 6F8G tube was used as a rectlfler mth the 

Esterkne-Angus recorder across a potenkometer connecting the two cathodes 

of the double trlode. The center of the potentiometer was grounded. A 

fued bias was apphed to the grids to provide for a -mum plate current 

change yplth signal. The potentiometer was used to adJust the recorder 

pointer for rmd-scale vvlth zero signal. 'Then mth equal signals of 90 

and 150 cycles, the drop across the two halves of the potentiometer re- 

marned the same and the recorder still read rmd-scale. However, vnth 

unequal or OFF-course signals, the drops across the +z.m halves of the 

potentiometer ware unequal and the recorder read right or left of rmd- 

scale depen&ng on whxh sIgna predormnated. The zero center course 

rndlcator meter whwh was actually used to fly the systemwas connected 

across the recorder line. 

Some tests were made prenous to the flights pvlth a separate copper- 

onde rectlfler for the course lndlcator connected m the clrcut at the 

output of the filter. Tith this connection, It was found that unless 

the output of the copper-oxLde rectlfxrs was carefully filtered, the 

ON-course uxdlcatlons of the recorder and course u-&cator did not 

coincide. 
.?em 
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Au-plane Antennas 

The stidard 75-megacycle marker recelmng antenna was used for 

Lirchng the statIon on tests of horizontal polapizatlon. This antenna 

promded ample signal sxnce Its locatIon on the axplane proolded man- 

mm received signal from the sides. For flyng toward or away from the 

statlon ON+ourse, on the horizontal polarization tests, a special horl- 

zontal doublet was mounted on the plane just over the cockpIt vnth the 

elements of the antenna parallel to the mr~gs. !llns antenna was accu- 

rately tuned to 125 megacycles. 

A I.25megacycle vertxal fish pole was used for recelvlng all vertl- 

tally polarized signals. This antenna was mounted on the fuselage to the 

rear of the radio cabinet. The two horizontal recelvlng antennas mre 

also used to receive the vertxally polarized signals to check the amount 

of honzontal component present. figs. 14, 15, and 16 show the posltlon 

of the recelmng antennas on the plane. 

TESTS 

Preludnary flight tests were made mth this equpment at the Clvll 

Aeronautxs Authonty Expanmental Station, Silver H111, Md., during the 

latter part of April 1939. The trailer eqmpment GABS located In front 

of the Silver Hill station In the largest open space awllable. The 

tests mdxated that satisfactory operation could not be obtained at 

ths location because of the proxlrmty of other ultra-high-frequency 

antennas, and towers and woods. One 125foot radio tower located ap- 

proximately 150 feet from the trailer contalned one 61-megacycle hon- 

aontal transrmttlng array and one 80-megacycle diamond receiving antenna. 

2‘50 
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Sbghtly farther away, a l&l-megacycle vertxal recelvlng antenna was 

mounted atop a 60-foot pole. Another 125-foot XL&O tower located ap- 

proximately 500 feet from the trailer contaned a 125-megacycle bon- 

zontal radio range antema located on top of the tower l/2 wave above a 

z-foot square counterpoise. Thxk woods, houses, and other poles were 

all located tithln 200 feet of the trailer equpment. 

Although no recordings were taken during preluunary fbght tests, 

it was defuutely determIned that proper operation could not be obtined 

mth the equipment at this locatIon pruxlpally because of the number of 

multiple courses encountered. An aenal photograph shown In fig.17 III&- 

cates the apprommate location of the equpment at Sliver Hill and the 

prordrmty of the sources of Interference. 

At this tune, It BXS decided that a new site should be obtined 

?rhlch was as nearly perfect as possible so that the results of tests made 

at an ideal location could be compared later with the results of tests 

made at less favorable sites. Such a site was finally located near 

Forestvllle, Maryland. Fig. 18 1s an aerial photograph shovzng the site, 

the surrounding territory and the two locations of the trailer equpment 

at the site. he;. 19 shows the general location mth respect to Washing- 

ton and Sliver all and the type of terrain over whxh tranmssxzn xas 

made. As shown on Fig. 18, the field vas approxunately 1750 feet long 

by 1000 feet mde. For the first tests, the trailer was located near the 

center of the field 650 feet from the woods at the rear. The nearest 

trees were approximately @O feet away and'the nearest power Lne, tele- 

phone line, and buldlngs were about 1.500 feet removed. The location 

used was approximately the Iughest point m the field. 
I,20 
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The first tests to be made at thu location mere ground checks to 

deterrmne whether the proper field patterns were being raduted from the 

various antenla arrays. These ground tests were made mth recelvlng equip- 

ment furrclshed by the Washington Institute of Technology. TLs equpment 

used reed filters rather than electrical filters as used In all the fhght 

tests mth the Clvll Aeronautics Authonty test equpment. Sufflclent 

information was acqured during these tests to substantially check the 

ground patterns as published in the u-&ructlon books furnIshed mth the 

equpment. These ground patterns are reproduced in Figs. 20, 21, and 22. 

After fhght tests had been made vnth trsnsrmsslon near the center 

of the field, the equipment was moved to a posItIon unmetiately adJacent 

to the trees on the northeast side of the field. Flight tests were agan 

made to compare the results of tests m the center of the field to the 

results obtained wxth the trailer near the trees. At both locatIons, 

flight tests were made on all three types of transrmttlng antenna arrays 

and using all three types of recelvzng antennas uxLndually. 

The copleg of the recordings taken of all the fhghts are shown m 

Figs. 23 to 35, inclusive. Figs. 23 to 27, lncluslve, show the results 

obtained on the four-course horuontally-polarized antenna. The first 

four figures shomng the recordings taken using the 7$megacycle recelv- 

ing antenna contain two recordings each; one mth th> transmitter ln the 

rmddle of the field and one vnth the transrmtter near the woods. EaCll 

of these four recordings shows the results obtalned on each Lndlvldual 

course xn the two locations when flying cross--course at a &stance of 2 
I%# 
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ales from the transmtter. On all the recordmgs, there 1s a difference 

betmen the mpktude of OFF-course readmgs at 90 cycles and readmgs at 

150 cycles. The 90 cycle OFF-course mphtude 1s considerably less than 

the 150 cycle mphttie. 'I2ns was caused by the adbtional loss at 90 

cycles over that at 150 cycles m the audio response of the receiver. 

A survey of the recordmgs mdxates that all the courses were excd- 

lent mth the equpment In the open field. The rahated patterns were 

free from scalloping or any other x-regulantles. Kth the transrmtter 

located near the woods, however, less favorable results were obtamed. 

Many scallops appeared and there were actual indicator reversals on the 

south and west courses. The most serious condl'clon was on the south 

course where there were lndlcated reversals of large smplltude. It 1s 

believed that, In the case of thxi antenna, the cause of the Serious 

multiples on the south course was due to reflection from the trees north 

of the transmission point. 

Fig. 27 shows a reproduction of a recording taken when flpng toward 

the station on the east course, over the station and out on the west course. 

Thx recordug shows clearly the tigh angle lobes encountered duectly over 

the station. All antennas on the trailer equpment were approximately l/2 

wavelength above the screened roof of the traler and j/2 wavelengthsabove 

ground. 

W&s. 213 and 29 are copies of recordings t&en on the two-course 

horizontally polarized transmttlng antenna using the 75-megacycle marker 

recelv3.ng antenna. The same arrangement of figures LS used here as m 

the previous ank3~1a, the top section of a given figure being a graph of 

z*>o 
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results mth the equipment ~tl the open field and the bottom section being 

results obtalned vn.th transmission near the trees. It can be seen that 

the courses using this type of transrmttlng antenna are much broader than 

the four-course antenna and much easier to fly, as shown by Kg. 3Oa, as 

compared to fig. 27 for the four-course antenna. In fact, the course was 

probably much too szde for accurate flying. Analysis of the recortigs 

shows that although there was very shght scalloping OFF-course mth trans- 

mission m the open field, the ON-course was very smooth mtn no m&cator 

reversals. When trsnsucssxn was made near the trees, however, the ON- 

course sqnal showed slight lndxator reversals on both courses. 

fig. 30b is a recording taken m the carrier suppressed zone shown - 

between 700 and 12Q" on fig. 20. A comparison of these two figures m&- 

sates agreement between the flight recording and the ground field pattern. 

As shown on the recorhng, there LS actually an lndlcated course at ths 

point as well as the area 18Oo removed. 

!Che results obtained on tests of the vertically polarIsed array using 

the 125-megacycle vertical antenna for receiving are shown in Figs. 31 

through 34. In this case, the recordings taken in the open field contin 

almost as much scalloping as the recor&ngs taken on horx.ontal polariaatlon 

mth transnnssion near the woods. It xs lnterestlng to note that the best 

course was probably the north course and that the thxkest trees and ob- 

structions were located nortn of the station. The east coxrse was defl- 

mtely the worst course encountered, as shonn In fig. 32. Multiples there 

are so numerous as to make It dlffxult to Judge where the course should 

be located. The tluck trees to the east were only 480 feet renoved from 

the antenna tile the thxk growth to the north was removed approximately 

650 feet away. 
MS-d 
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It 1s very dzfflcult to ar?alyze the recordings -x&em m mrtxa~ 

polarlzat~on mth transmsslon neer the wmds. 3m; .~i r&5 Z:F~ -CT- 

ever, the east course was deflmtely vmrse :‘EY +hz CJI* ers. 

One crossxoups? fllghtiras mde on the east course at a &stance 

of 10 mles from the station mth trarmdss:on near the W&S. Tr;e :e- 

sul.ts of tbm flight are sbom in FILM. 35. Here agam there ve?e mny 

indicator reversals, but they mre rot so severe m amphtude as those 

encountered closer to the station. 

CONCLUSIONS 

A survey of the recordings taken mticates that, frorr, the point of 

mew of miltlple courses, horizontal polarlaation 1s far superior to 

vertical polarlzatlon for ultra-hgh-frequency rad;o range agphcations. 

Ttns sholuld be partxularly true There pure honzontal polaxxza'don 1s 

obtaIned. 

A second deflmte use for this equpment 1s In the mvestlgation of 

the causes of nultlple courses and other phenomena exountered In the use 

of ultra-high frequencies for ra&c range work. 

The data also lnmcate that It 1s possible to locate suitable sites 

for ultra-i-ngh-frequency ra:L-Lo ranges mth tis eqmpaent. It would be 

possible to drive the trailer to the site and in a very few hours fmng 

tune It could be deteruned whether the site eras sutable for this apph- 

cation. 

It 1.5 also concluded that the recorhngs of a ~.sml type ran,* are 

much easier to analyze than those taken on a conventional A-X type range. 
2 *IO 
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Portable 125 megacycle radio range. 

Trailer ergme room. 

Transrmtter and beacon converter. 

Peer and control unit. 

Block diagram of 125-megacycle transmitter, 
portable raho range. 

Vertxal four-course antenna. 

Theoretical field pattern, M-course visual 
r&o range. 

Horizontal t-ourse antenna. 

Horizontal fow-zourse antenna. 

Axroraft receiver for 125 megacycles. 

Block diagram of 125-megacycle receiver. 

Recorder, smpllfler-rectlfler and dynamotor. 

Schematic diagram of 90-150 cycle amplifier- 
rectifier. 

Horizontal receiving antenna for 75-megacycle 
markers. 

Special horleontal doublet receiving antenna 
for 12.5-megac@es. 

Vertxal receiving antenna for l254negacycles. 

Aerial photograph of Silver Roll, Md. 

Aerial photogrsph of Forestvllle, Md. 

Map shoKlng location of portable equpment, and 
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Horizontal field pattern, 125-megacycle, two- 
course ratio range, horizontal polarization. 

Horizontal field pattern,, 125-megaacycle, four- 
course ra&o range, horxzontal polanaation. 

Horizontal field pattern, 125-megacycle, four- 
course radio range, vertical polanzat1on. 

125-megacycle, four-cowse radio range, hon- 
zontal polarization. 
(a) North course, transmssion from open field. 
(b) North course, transnsalon near woods. 

125~megacycle, four-course radio range, ho=- 
zontal polarxzation. 
(a) East course, trsnsmss~on from open field. 
(b) East course, transnusslon near moods. 

125~megacycle, four-course ra&o range, horn- 
zontal polarlzakon. 

It 1 
South course transmsmon from open field. 
South course: transmission near mods. 

l25-megacycle, four-course ~&LO range, horl- 
zontal p3lamzation. 
[ai Fs; course, transmsswn from open field. 
b es course, transmssmn near woods. 

125-megacycle, four-course ra&o range, on-course 
flight over station, horizontal polamzakon. 

125-megacycle, two-course radio range, horn- 
zontal polarization. 

[t 1 
North course transrmss~on from open fxld. 
North course: transmission near woods. 

125+egacycle, two-course radio range, bon- 
zontal polanzatlon. 
(a) South course, transmssion from open field. 
(b) South course, transnusslon near mods. 

125-m.egac~cle, two-course ra&o range, hoti- 
zontal polam.zat3.on. 
a) On-course flight over statIon. 
b) Plight on end zone shmng lobe. 
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35 

J25+negacycle, Pour-course r&o rmge, vertical 
pdanzation. 
(a) North cowse, transnusslon from open field. 
(b) North course, trZnsmission near woods. 

12+megacycle, four-course ra&o range, vertical 
polanzatron. 
I;', Es; course, transmission from open field. 

as course, transnussron near woods. 

UT5-meg~cycle,four~owse ratio range, vertical 
polarization. 
(a) South course, transrrnssion from open field. 
(b) South course, transrmsslon near woods. 

125-megacycle, four-course radio range, vertical 
polarlzatxon. 
(a) West course, transmission flom open field. 
(b) West course, transrmsslon near woods. 

125-megac~le, four-course ra&o range, vertical 
pola~zatlon. Flight across east course, ten 
rmles from statxm. 









FIG 4 POWER AND GONTROL UNIT 
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FIG 5 

BLOGK DIAGRAM OF 125 MEGACYCLE TRANSMITTER 

PORTABLE RADIO RANGE 



R 

FIG 6 VERTICAL FOUR-COURSE ANTENNA 



330 340 350 0 IO 2c 30 

210 200 Id0 180 170 160 150 



FIG 8 HORIZONTAL TWO-COURSE ANTENNA 
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FIG 9 HORIZONTAL FOUR-COURSE ANTENNA 
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FIGJO AIRCRAFT RECEIVER FOR 125 MEGACYCLES 
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FIG II 

BLOCK DIAGRAM OF 125 MEGACYCLE RECEIVER 



FIG. 12 RECORDER, AMPLIFIER-RECTIFIER AND D$NAMOTOR 
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FIG I3 SCHEMATIC DIAGRAM OF 90-150 CYCLE AMPLIFIER-RECTIFIER 



16.14 HORIZONTAL RECEIVING ANTENNA FOR TBMEGACYCLE MARKERS 
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FIG.15 SPECIAL HORIZONTAL DOUBLET RECEIVING ANTENNA 
FOR 125 MEGACYCLES 



FIG.16 VERTICAL RECEIVING ANTENNA FOR 125 MEGACYCLES 



FIG. I7 AERIAL PHOTOGRAPH OF SILVER HILL, MO. 



FIG. I8 AERIAL PHOTOGRAPH OF FORESTVILLE, MD. 
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FIG.27 125 MC FOUR COURSE RADIO RANGE ON-COURSE FLIGHT OVER STATION, 

HORIZONTAL POLARIZATION 





(A) ON-COURSE FLIGHT OVER STATION 

(8) FLIGHT ON END ZONE SHOWlNG LOBE 

FIG30 125 MC TWO COURSE RADIO RANGE, HORIZONTAL POLARIZATION 
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IA) NORTH COURSE, TRANSMISSION FROM OPEN FlELo 

(81 NORTH COURSE, TRANSMISSION NEAR WOODS 

FIG 31 125 MC FOUR COURSE RAO,O RANGE, “ERT,CAL POLARIZATION 

iA) EAST COURSE, TRANSMISSION FROM OPEN FlELD 

IS) EAST COURSE, TRANSMISSION NEAR WOOOS 

FIG 32 123 MC FOUR COURSE RADIO RANGE, VERTICAL POLARIZATION 
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(Al SOUTH COURSE, TRANSMISSION FROM OPEI I 

N FIELD 

(8) %?):M COURSE, TRANSMISSION NEAR WOODS 

FIG 33 125 MC FOUR COURSE RADIO RANGE, VERTICAL POLARIZATION 

(al WEST COURSE, TRANSMISSION FROM OPEN FIELD 

, 

, / _~~ 

IS) WEST COURSE, TRANSMISSION NEAR WOODS 

FIG 34 125 MC FOUR cOUASE RADIO RANGE, VERTICAL POLARIZATION 



FOG. 35 125 MC FOUR COURSE RADIO RANGE, VERTlCAL POLARIZATION 


