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AN INVESTIGATICN OF SITE REQUIREMENTS FOR
VERY-HIGH-FREQUENCY RADIO RANGES

SUMMARY

This note presents an analysis of the results of extensive flight tests
on a two-course visual radio range operating on a frequency of 125.4 megacycles
The objective of these tests was to determine the effect of bualdings, trees and
telephone or power lines on the range courses and to establish from these results
the site requirements for future i1nstallations A portable radio range was used
and tests were made at various distances from reflecting objects and wath the
courses aligned in several different directions. Both on-course and cross—course
recordings were obtained. The to 1nability to isolate a reflectang cbject for
study, 1t was 1mpossible to reach defimte conclusions concerning the reflection
coefficients of any one of these objects. However, considerable valuable informa-
tion was obtained which indicated that reflecting objects of the dimensions tested
could not be tolerated within a radius of 220 to 870 feet from a range station
depending upon the course orientation and the type of reflectang object

INTRODUCTION

A previous reportl by the Cival Aeronautics Administration has deseribed
the results of some preliminary work performed to determine site requirements for
very-high-frequency radio ranges. This report dealt primarily with the effects
of wave polarization, however, and the results relating to site requirements were
incomplete  Subsequent to the tests described in the previous report, several
notable advancements were made in the very-high-frequency radio range art result-
ing 1n the development of a vaisual-aural very-high-frequency radilo range with
simultaneous voice 2 While the efforts of this extensive range program resulted
in a navigational aid that provaded the desired performance in flat and open
country where nearly i1deal site conditions prevailed, very little was accomplished
toward the determination of minimum site requirements for ranges under the condi-
tions normally found in transcontinental installaticns During the development
of ranges and localizers-?% 1t was found that the proximty of buildings, trees
and wares had a marked effect on the smocthness of the courses produced by these
facilities. Tests were alsc ccnducted on the thickly-—wooded range site at Black
Moshannon, Pennsylvania, using an aural type range5 At this location trees were
cut outward from the antenna location until satisfactory courses were obtained.

It was found essential that a cleared area having a radius of 500 feet around the
station had to be provaded befcere flyable courses were obtained  However, this site

1y M, Lee and C. H Jackson, "Preliminary Investigation of the Effects
of Wave Polarization and Site Determimation with the Portable Tltra-High-Frequency
Visual Radic Range", Technical Development Report No 24, February, 1940

2Radio Development Section, "A Visual-Aural Ultra-High Fregquency Radio
Range with Simultaneous Voice", Technical Development Report No. 49, April, 1945

3H. 1 Metz, "The CAA-RTCA Instrument Landing System, Part I, Development
and Installatieon®, Techmical Development Report No 35, October, 1943.

44, I. Metz, "The CAA-RTCA Instrument Landing System, Part II, Tests and
Modifications", Techmical Development Report Neo 36, QOctober, 1943.

5J° C Hromada and P B King, "Development of the Ultra-High-Frequency
Radio Range, Part I, The Ultra-Figh-Frequeney Aurzl Radic Range", Technical
Development Repcrt No 42, June, 1944



requairement applied only where there were trees approximately 40 feet high The
results of the Black Moshannon aural range tests were later confirmed at the same
site using a visual range system with simultaneous voice.

Although previous tests had indicated some general information relating
to site requirements, little effort had been made to correlate any of this infor—
mation or to determine other essential data such as the effect of the height and
size of reflecting objects, the effect of course orientation from these objects
and exactly what degree of course scalloping due to reflections could be tolerated
It was decided, therefore, to conduct a further investigation on this subject with
a vniew toward collecting sufficient data to determine the trend of the reflection
phencmencn and i1ts effect on radio range courses Since the tests were to be con-
ducted 1n the vicinity of the Administration's Experimental Station at Indianapolis,
1t was realized that 1t would be 1mpossible to completely i1solate any one condition
because of the multiplicity of reflecting objects anywhere 1n that area. It was
possible to find several locations in the vicinmity of Indianapolis where very geood
radio range performance could be expescted but these areas were not sufficiently
clear of obstructions to allow the portable range equipment to be moved any
appreciable distance without encountering serious reflecticns from a combination
of buildings, wires and particularly trees Laikewlse, 1f 1t was desired to deter-
mne effect of distance from a certain object upon the amount of course scallop-
ing due to reflections, 1t would be impossible to move the equipment any appreci-
able distance from thas object without encountering reflections from other objects
It was decided, however, that very valuable information could be obtained under
these conditions and that the trend of the results would indicate the final tests
that should be made at a location where each reflecting object could be 1solated.

EQUIPMENT

The trailer described 1n the previous report1 was used to house a complete
two-course visual radio range system. The same towing vehicle was alsc used The
original antenna system, transmitter and transmission line modulator were replaced
by equapment of more modern design  The power supply, voltage regulating equipment
and frequency regulating equipment remained the same as 1n the previous tests

Horizontal lcop-type antennas were used because 1t was desired to duplicate
the equipment used in fixed installations where 1t 1s necessary teo provide essen-
t1ally pure horizontal polarization. The theory of operation and general descrip-
tion of the antenna system and modulater are completely covered in the report on
the visual-aural sfstem with simultaneous volce.? The aural and simultaneous voice
features were not provaded in this equipment since any data applyaing to the visual
system would also apply to the aural system and since reflections have not been
found to cause any serious interference to the voaice channel A block diagram of
the complete transmitting equipment 1s shown in faigure 1  Since only visual signals
were transmitted, the antenna system consisted of three loops. The spacing between
adjacent antennas was 120 degrees and a current ratio of 1.73 to 1 existed between
the center and outside locps  The resulting field pattern as measured on the ground
15 shown in figure 2. A metal counterpoise having the dimensions shown in figure
3 was instalied on the roof of the trailer one-half wavelength below the leop antennas,
The counterpoise was covered with one-half inch mesh wire screen and was so designed
that those sections extending beyond the lamits of the trailer could be folded onto
the roof during transit. This counterpoise effectively reduced the radiation of
lobes at high angles thereby eliminating the possibilaity of course dascontinuity
due to the lobes Figure 4 is a photograph of the complete trailer equapment located
for tests to determine the effect of trees

lroc  Cit.

2Loc. Cit.



The transmtter used was a type TUD operating at 125.4 megacycles. A
type 807 tube was used as a fundamental crystal oscillator and frequency gquad-
rupler A crystal fregquency of 5225 0 kialocycles was used The crystal stage was
followed by an 807 doubler and a peutralizer fundamental amplifier which used a
type HE 54 tube. This stage was link coupled to a pair of HK 54 tubes which were
used as a push-pull tripler, The tripler stage was inductavely coupled to the
neutralized power-amplifier which also used & pair of HK 54 tubes  An untuned out-
put circuit coupled the oputput to the mechanical modulator  The average carrier
power output of the transmtter was 150 watts The transmtter was originally
designed for transmission of airport traffic control voice signals at 132 megacycles
and the modulator was used in these tests for cccasicnal voice communication from
ground to plane Voice communication was found teo be essential for efficient
cocrdination of work between the ground and flight perscnnel  Such extensive
flaght tests were planned that it would have been very inefficient for the plane
to land each taime 1t was desired to move the trailer to a new locataon A 140-
megacycle transmitter was i1nstalled in the plane for communication with ground
personnel and a Hallicrafter very-high-frequency reciever was provided in the
trailer towing truck for reception of these signals. With this arrangement instruc-
tions for placement of the trailer could be given from the plane, the i1nstructions
acknowledgsed from the ground and the trailer mcved while the plane was proceeding
to the location where cross-course tests weould be made with the new course orienta-
tion  Although 1t was anticaipated that badly distorted voice signals would he
received from the ground equipment, the received speech was found to be exception-—
ally good considering the method of modulation used

A Western Electric type RUM receiver was used 1n the airplane for recep-
tion of the treiler signezls This receiver 1s simrxlar to the type RUK localizer
receiver- except that 1t was medified teo include a radic frequency amplifier and
several other improverents A Western Electric type 385-A tube was used as a
radio-frequercy amplifier and 1ts grid circuit was capacitively coupled to the
antenna input circuit The plate circuit was inductively coupled to a type EJ7
mxer tube The hetercdyne voltage was applied to the screen grid of the mixer
A crystzl-controllea oscillater operating at a frequency of 9 617 megacyeles and
tnree harmonic multipliers were used to produce heterodyne voltage Two twin-
tricde type 6N7 tubes served as the crystal oscillator and harmonic multiplier

The rmixer stage was coupled into a three-staze, lO-megacycle, 1ntermediaate-
frequency arplifier which used three GSK7 tubes The intermediate-frequency res—
ponse was such as to provide a band width of approximately 70 kilocycles at six
decibels attenuation and 275 kilocycles at 60 decibels  The diede portions of a
type 63Q7 tube constituted the detector and delayed automatic volume control recti-
fier The triode portion of the 55Q7 tube acted as the first zudio amplifier
The output of this tube wnas {ed to the grid circuits of a twin-triode type 12SN7GT
tube atiere the speech and visual signals were separated by means of resistance-
capacity high-pass and low-pass I1lters  The audzo frequency resvonse of the aural
channel was attenuated 19 decibels at 100 cycles, 3 decibels at 400 cycles and 7 5
decabels at A000 cycles from the resvonse cbtained at 1000 cycles The visual out-
put of the 125N7GT was coupled to 90-cycle and 150-cycle band-pass filters connected
in parallel  The ovtputs of the two filters were appied to copper-oxide rectifier
units whose load circuits were conrected to a balanced bridge circuit  The vertical
needle of a crossed-pointer direct current instrument was operated by the rectified
difference of the two voltages Figure 5 15 a photograph of this receiver

The aircraft receiving antenra was a V-type as snown 1n figure 6. The
theory connected witr this artenna has been covered in the simultanecus range report
Its aercdynamic drag 1s negligible and 1ts gain 1s sornewhat higher than that of
ofher antenndas used previously The horizontal field patterr of the antenna as
Teasurea during level flight i1s shown ain fagure 7

3Loc. Cit

2Loc, Cit.



The flight tests were conducted in the Administration's airplane NC-11,
a Boeing Model 247D Fagure B 1s a photograph of the aircraft instrument panel
showing the crossed-pointer instrument installation. The 1nstrument actually used
in theae tests 15 shown at the extreme left.

The direct current flowing in the creossed-pointer instrument circwmt was
applied to a General Radio type 715AE direct-current amplifier in order to obtain
sufficient potential for full scale deflections of an Basterline-Angus Model AW,
0-5 mlliampere graphic recorder

The recorder was adjusted so that the on-course or zero signal would
indicate on the center of the receorder chart while full scale pointer deflections
to the right or left would cause full scale deflection of the recorder in the
same direction  All recordings were calibrated to show the magnitude of amplifa-
cation. This calibraticn was accomplished by marking the record when the vertical
needle of the crossed-pointer instrument was deflected to the wingtip of the mimia-
ture airplane, three dots and four dots. Since the distance from center to the
wingtip of the minature airplane 15 approximately one and one-half dots for the old
style instruments and two dots for the newer style instruments, the next two dots
beyond the wingtip are considered three dots and four dots, respectively The
instrument used 1n these tests was an old type instrument having wingtip to wingtaip
dimensions of 3 dots and having serial number 193 The vasual course width was
measured 1n terms of a pointer deflection of four dots right to four dots left or
vice versa.

TESTS

It was originally anticipated that tests made at Indiamapelis would provide
definite data which would indicate the effect on the course of the distance of the
range from reflecting objects such as the Experimental Station building, telephene
wires and trees It was also anticipated that definite reflection coefficients
for these objects could be obtained. As previously explained, however, 1t was
impossible to locate sumitable sites where each condition could be i1solated  Inas-—
much as other arrangements could not be made at the time, the tests proceeded as
planned

Preliminary tests were made to determine that all of the equipment was
in proper operating conditicn and teo adjust the input potential to the 90- and 150-
cycle falters in the receiver to provide a 4-dot to 4-dot deflection for a total
course width of 20 degrees This course width had been found to be optimum during
previcus range work  Within usable laimits, the resultaing course width varies in-
versely as the filter input potentaal since the greater the input potential, the
greater w1ll be the rectified cifferential voltage between the 90- and 150-cycle
patterns resulting in greater indicator deflection thus producing a sharper course
For this radio range the filter input potential for a 20-degree course width was
found to be 20 volts  This potential was maintained during all of the tests so
that all recordings would be analyzed under 1dentical conditions of course width.
The filter potential for a given course width will change wmith dafferent types of
receivers where the filter circuits are not identical and where the crossed-pointer
instrument calibration varies

Figure 9 shows the location of the various test points  The letter
references at each test peant indicate the corresponding recording shown in sub-
sequent figures. Test locations along the line normal to the face of the hangar
are indicated by the symbol .1 while those along an angle of 45 degrees to the
hangar are indicated by the symbol Z- The farst group of flaght tests was made
to determine the effect of the Experamental Station building on the range courses
when the trailer was located at various distances on a line perpendicular to the
face of the building Figure 10 1s a photograph of the side of the building used
1n the tests The building is 120 feet long and 30 feet high  The resulis of the
flight tests are shown in figures 11 to 16, inclusive. Cross-course recordings



with the courses aligned parallel to, perpendicular to and at 45 degrees to the

face of the hangar are shown in figures 11, 13 and 15, respectively The corres—
ponding on-course recerdings are shown in figures 12, 14 and 16, respectively  The
charts are placed in the same order for cross-course and on-course recordings so an
easy comparidon may bs made. Two graphs showing the effect of distance con the ampli-
tude of scalloping for each course are included in the figures centaining the cross-
course recerds On esach grapa the amplatude of scalloping 1s alsc shown aleong the
Y-axas of the graph as scallopang in percent of the 4-dot tc 4-dot aeflection  Thas
15 the only means by which the recordings can be properly analyzed and compared with
past or future records The amplitude of tre 4-dect deflection may vary from tire to
time due to a change i1n gain of the direct-current amplifier  Therefore, a rjuarter
inch of measured amplitude may be perfectly satisfactory when the 4-dot to 4-dot
calabration 15 in the order of 4 inches A course woula not be flyable, however, i1f
the same quarter inch of scalloping 1s present when the 4-dot to 4-dot calibration
15 less than one inch  Therefore, all scalleoping encountered during these tests

15 ultimately referred to 1n terms of scalloping in percent of 4-dot to 4-dot deflec-
tion A sketch 1s included at the lower center of each figure to show the test
points for the respective recordings  Bach course was cross—checked at distances
ranging from 10 to 23 miles from the trailer depending upon convenient check points
Cross-course checks were also made at a distance of cne mile from the staticn  The
on-course records show the distance from the station whers the recording startea,
the ease wath which the course was flown and the signal encountered over the station

An analysis of the first group of recordings reveals the information contained
in Table I The terminology used in the "ease of flaght™ column of the table are
those adopted at the time the flight tests were made The term "easy te fly" should
be interpreted as meaning any course that 1s flyable Under tlns condition a course
mght be excellent or barely flyable In almost all other cases some sort of diffi-
culty was encountered which would make the course not acceptable for ordinary flight
procedures. As 1ndicated in the table, the maxaimum amount of scalloping that can be
tolerated under the test conditions for "easy toc fly" or flyable courses 1s 25 per-
cent With the exception of the southeast course satisfactcry operation was obtained
when the traller was located 500 feet or more from the building.

During the tests with the trailer located 500 feet from the front of the
bualding some additional flight checks were made with the courses oriented at cther
angles to the face of the hangar All of the flight data obtained at this location
are shown in figures 17 and 18 TFigure 17 whach contains the cross-course data has
a polar graph shoming the effect of course orientation on scalloping under the test
condition The termneclogy used i1n grading the courses will be described later. The
results of these tests are also shown in Table IT  The maximum amount of scalloping
for "easy to flyP courses was found to be 22 2 percent Unsatisfactory courses were
found toward the southeast at angles of 45 degrees and 60 degrees from the face of
the building. Occasionally a course that 1s labeled as "fairly easy to fly" is
considered satisfactory while 1in other cases 1t 13 considered as unsatasfactory
These courses are only considered as unsatisfactory, however, when the percent
scalloping exceeds the maximum "easy to fly" value The terminclogy "fairly easy to
fly" was generally used 1n borderline cases and experience has shown that when excessive
scalloping exists, 1t may be possible to find an unsatisfactory course easy to fly
when the course is intercepted at Just the right point where a favorable multiple course
condition exasts 1In these cases, however, i1t 1s usually found that this point 1s
not easily located and further flight tests wall find the course generally unsatis-—
factory. When a low degree of scalloping exasts, 1t 1s generally found that "fairly
easy to fly courses" are satisfactory.

When the trailer was located at a distance of 3150 feet from the frort of
the hangar, flight tests were conducted to determine 1f the scalloping changed with
altitude and distance Tests were made at 20 miles and 3200 feet, 17 miles and 2000
feet, and 15 mles and 1200 feet. The results are shown in figure 13 In thas
particular case there was no observable difference between any of the recordings
The southwest side of the course contained the most scalloprng and remained practically
identical in all three records. It is believed that this might not be the case, how-
ever, where the reflection pattern was very sharp or confined to an extremely small



angle Thas condition 15 believed to be quite rare slnce, ln most cases, the inter-
ference pattern was found to be gquite broad.

Figure 20 18 a group of four panoramic photographs showing the obstruction
conditions that existed at the four test locations where the tests previously
described were made,

A second group of tests were made cm a line approximately A5 depgrees to the
face of the hangar toward the southwest. Figure 21 15 a view of the building from
the angle used in these tests The building has dimensions of 120 feet along the
front, 150 feet along the side and approximately 30 feet of height The trailer was
located at distances of 130 feet, 530 feet, 900 feet and 2100 feet from the hangar
with three different values of course orientation at each locaticn The results are
shown in figures 22 to 27, inclusive Cross-course recordings are shown in figures
22, 24 and 26 while on-course recordings are shown in figures 23, 25 and 27 The
same order of presentation has been used as for the previous group of tests,

An analysis of this group of tests i1s shown in Table IIT., The maximum
amount of scalloping for "easy to fly" courses was 26.6 percent With the exception
cf the southeast and northwest courses, satisfactory operation was cobtained when the
trailer was located 530 feet or more from the building Figure 28 shows pancramc
photographs of the four sites involved 1in this group of tests

The building tests just described are the only tests made where the recorded
scalleping had any degree of regularity From the pericd of regularly cccurring
maxima or minima 1t 1s possible to determine the distance of the reflecting object
from the course 1ine With this information i1t 1s then possible to determine the
exact location by inspection of the surrounding terrain An attempt was made durang
the building tests to check the computed distance of the reflecting object from the
course line as determined by the period against the actual measured distance. A
falr agreement was obtained at dastances up to 500 feet  Beyond that point reflections
from other buildings began to cause more scalloping of the course than the building
under test particularly at some angles Occasionally large errors were encountered
at distances under 500 feet when the pattern maximum was oriented toward another
burlding

A third group of tests were made to determine the scalloping effect from
telephone or power lines. As has already been stated i1t was i1mpossible to find a
location where a wire line existed waithout trees or buildings being present to prevent
1sclation of the wire line effect. However, the sites selected were the best that
could be found within a reasonable distance from Indianapclis The results of the
ware line tests are shown in figures 29 to 32, inclusive. Two different course
orientations were used at each site  Table IV 1temizes the results of each test
The maximum scalloping for Yeasy to fly" courses was 23.2 percent Satisfactory courses
were obtained at the second test point located 980 feet from the wire lines. However,
the wire line effect at this point and beyond 1s almost completely obscured by reflec-
tions from neighboring trees Other course orientations and other locations between
50 and 980 feet were 1mpossible to obtain because the trailer could not be maneuvered
in the congested area Figure 33 19 a group of panoramic photographs showming the
three site locations i1nvolved in this group of tests.

The final group of tests was made to determine the effect of trees upon course
gcalloping Since 1t was not possible to find one isolated group of trees, these tests
mll only show the effect of different tree combinations  The results are shown in
figures 34 and 35 Only one direction of course orienvation was possible due to in-
ability to maneuver the trailer at all locations The results are alsoe shown in
Table V. As indicated, the maximum value of scalloping for "easy to fly" courses 1s
25 5 percent Figure 36 1s a group of panoramic photographs of the sites involwved

During all of the flight tests, an opportunity was presented for the accumu-
lation of olher engineering data of interest although not directly associated with
the site determnation project. Figure 37 contains two range signal recordings taken
while the aircraft was cireling the statlon at one mile The top recording was mede



with the recorder amplifier sensitivity reduced so that any irregular.ties in the
patterns at off-course points could be observed. The bottem recording was taken with
normal gain and shows that the instrument pointer i1s always off-scale except when at
or near course. The mimiature airplane and dot calibration are 1ncluded on both
records to show the degree of amplification.

It has always been of i1mterest to obtain vertaical field patterns of the range
systems to determine the effect of the counterpoise i1n reducing vertical radiataon
and to show the general shape of the vertical patterns This 1s done by recording
automatic volume control current and by means of a calibration curve obtained with
a standard signal generator converting this current to relative field intensity in
microvolts. The results of two such recordings are shown 1in faigure 38 where recorder
chart deflections have been plotted for various distances from the station Figure
39 15 an automatic volume control current calibration curve for the receiver used in
the tests In figure 40 the two graphs shown in figure 38 have been replotted in
terms of relative field intensity at various distances.

An analysais of all the tests conducted indicates that the maxamum value of
scallopang that can be tolerated for flyable courses 1s approximately 25 percent when
the course wadth is set for 20 degrees using an old type crossed-pointer indacator
Since the time these data were taken, a new type meter has been adopted as standard
by the Cival Aercnautics Administration As previously explained, the new type meter
has wing tip to wing tip dimensions of the miniature alrplane eguivalent to the
spacing of 4 dots while the old instrument has 2 3 dot spacing for the mimature
airplane. Therefore, the total dot wadth from 4 dots to 4 dots on the new meter 1s
8 dots and on the old meter 1s 7 dots The angular increase for 4 dots to 4 dots from
the old to the new meter 1s approximately 11 2 percent Since the 4-dot spacing has
increased by this amount, the maximum allowable scalloping must be decreased by the
same amount without any other change Therefore, the maximum allowable scalloping
value of 25 percent obtained in these tests must be reduced to 22 percent when the
new meter 15 used

It 15 sometimes desairable to grade the condition of a radio range system
in terms of the amount of scalloping present Therefore, the values up to 22 percent
were divided into four groups denoted as "Excellent", "Very Good", "Good", and "Fly-
able" The values of scalloping above 22 percent were termed as "Unusable" The
following table shows a tentative division based on the new meter

Excellent — = = - — = = = = = - - - up to 5 5 percent

Very Good = - — — = = = = = = = - = 5.5 ta 11 percent

Good - — = ~ = = = = - = = = = ~ = 11 to 16.5 percent
Flyable - ~ - = = = = — = = = — = - 16 5 to 22 percent
Unusable - - = -~ = — — = = = - = = Over 22 percent

These are the values that appear on the polar diagram of figure 17 and may easily be
changed to conform mth other types of instruments provaded the difference in angular
degrees between the reference points 15 known. The 22 percent value for maximum
allowable scalloping agrees very well with subsequent tests where trees had to be
removed considerably beyond a 500 fool radius before flyable courses resulted TWhen
the percent scalloping was reduced to 22 percent, the courses begcame flyable, while
values above 22 percent were found to be unusable. The trees were particularly high
1n the case mentioned thereby accounting for the increased scalloping at a given
distance over that indicated by previous tests where the trees were not as high

The data obtained in the building and wire tests have been examined to see
how far away from the subject reflecting objects the range would have to be placed
in order to get satisfactory operation from both courses The tree tests were not
considered in this analysis because of the extreme multiple conditions that existed
Table VI shows the results of this analysis.



TABLE VI
Test Course Aligrment Minimum Distance
Building East-West 220 Feet

{right angles) North-South 10
Northwest-Southeast 500 ¢
Building EastWest 235 1
(45 degrees) North-South 450 0
Northwest-Southeast g0 ¢
Wire East-West 475 0
Nerth-South 355

It should be emphasized that the tests contrabuting to the results contained
1n Table VI were made with reflecting objects having elevations of approximately 30
feet above ground  These results would change considerably with cbstructions whose
height differed from this figure The figures 1n the table are also subject to some
degree of error due to the presence of other reflecting objects.

CONCLUSIONS

As a result of the tests conducted and described herein, the following con-
clusions may be reached. In interpreting the results it should be borne i1n mind that
the range equipment used had antennas located 13 feet above ground while actual fixed
installaticns have the antennas located 34 feet above grouna.

1 The maxamum scalloping that can be tolerated for flyable courses when
an old type crossed-peinter instrument 1s used as an indicator 1s 25 percent of the
4-dot to 4~dot deflection

2 TWnen a new type meter 15 used the maximum value of gcalloping decreases
to 22 percent.

3 The degree of scalleping varies i1nversely as Dx where X 15 some value
between the limats of one and two The exact value of X cannot be determined from
the data obtained 1n these tests D 15 the distance from the transmtter to the
reflecting object

4  TWhen range equipment of the type employed in these tests 1s usea the
maximum amount of scalloping will occur when the courses are aligned approximately
30 degrees from a line perpendicular to the face of the reflecting object.

5 Wath range equipment of the type used in these tests, the necessary
separation from reflecting objects having an average heaight of 30 feet will vary from
220 to 870 feet dependaing on the course orientation and the type of reflecting objects

6 Further tests are necessary to determine accurately the ifollowing infor—
mation with respect tc the effect of scalloping on the range courses.

(a) The effect of distance from reflecting objects
(bmilding, wires, trees)

(b) The effect of the size of the reflecting object
(building, wires, trees)

(¢c) The effect of height of the reflecting object
{(bmalding, wires, trees)

(d) The effect of the number of conductors on a
wire line



(e) The effect of an airway light beacon tower

{(f} The effect of different types of building
surfaces

(g) The effect of raising the trailer equipment
so that the antenna height 1s 34 feet above ground so
that results may be interpreted in terms of fixed
mnstallations

APPENDIX

As a result of the data accumulated in the tests described in this note,
1t 15 apparent that further tests wall be necessary before certain laws of behaviour
can be established for various reflecting objects Consequently, plans for future
tests bave been made and outlined as follows

1 The tests must be conducted 1n a locality where no other obstructions
ex1st within a radius of two miles or more

2 The laws of distance from buildings, helght of buildings and size of
buildings should be determined using wire screen to simulate the building surfaces
The laws can then be applied to buildings of known reflection coefficients and the
amount of scallopmng from real buildings determined

3 Laws for the effect of distance from wire lines as well as for the effect
of the number and height of conducters i1n a line should be similarly determined using
specially constructed lanes

4. The effect of varaous conditiors of trees should be studied particularly
with respect to the height of trees and the distance from a single group of a gaven
height.

The only known terrain swtable for the final building and wire line tests
18 desert country where no buildings, wires or trees exast In such terrain 1t would
be easy to find a location where no obstructions exasted within at least two miles
It would also be desarable that no high mountain ranges exasted within 20 miles that
would shield the signal at low altitudes  Although there are probably several such
desirable locations in the country, one 15 known to exist near Winslow, Arizona A
particularly desirable site 15 located several miles east of Winslow near Holbroock
The ground at this location 1s relatavely flat and there 1s only 700 feet difference
in elevation at distances up to 20 miles A map of this section of the country is
shown 1n figure 41

A wire screen arrangement such as that shown in figure 42 should be constructed
50 that 50-foot sections may be easily sleveted by means of pulleys on poles  After
construction of the screen, the tests outlined in figure 43 shoula be conducted to
determine the laws of scalloping wath respect to distance from the reflector and with
respect to course orientation. The course crientation tests should be made at a
distance of about 400 feet where scalloping exists but 1s not too violent to prevent
easy analysis., These tests should be conducted every 15 degrees from a line perpendicular
to one face of the reflector to a line 45 degrees removed. Tests should be made up
to distances of 1600 feet aleng the perpendicular and 45-degree line.

Upon completion of the above werk, tests should be made to determine the
effect of height apd size of a reflecting object as outlined in figure 44. The same
wire screen assembly should be used and the screen secticns varied as outlined Tegts
should be made using wadths of 50, 100 and 150 feet and with heights of €, 10, 20, 30
and 40 feet The tests should be made with the courses aligned for maximum scalloping,
With these two groups of tests the laws of scalloping due to distance, height, wadth
of reflecting objects as well as the effect of course orientation may be obtained and
applied to scalloping known to exist from various hangar surfaces.
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A group of ware line tests 1s outlined in figure 45 The same poles used
for the wire screens may be used for these tests with two additional poles added to
extend the line to 450 feet i1n length. Tests should be made with a single conductor
elevated 10, 20, 30 and 40 feet and with two or more conductors at different eleva-
tions  Another wire line test could be easily made 1in desert country by locating a
highway containing a real power and telephone line and conducting tests as outlined
in figure 46.

It 18 highly probable that when radic range sites are selected for general
installation of these facilities, there will be several occasions where 1t will be
desirable to use space adjoining existing airway beacon light towers. It seems very
desirable, therefore, to investigate the effect of such a tower on course scalloping
This test 1s outlined in figure 47

Figure 48 outlines a group of tests to determne the effect of one group of
trees. This group will determine cnly the effect of distance from the trees and the
result of different orientations of the courses It m111 then become necessary to
select other sites where trees of different height exaist This can be accomplished
by selecting sites on different airports at various elevations since, in geperal, the
height of the trees varies with the elevation Such sites can be found on the map
shown 1n figure 49 Suitable sites can probably be found at the Valle, South Him and
North Rim airports It would also be very desirable to know what effect the elevation
of the trailer to provide an antenna height of 34 feet instead of 13 feet would have
on the condition of course scalloping at a given lecation This test should be made
wherever found convenient during the course of the other tests

Upon completion of the outlined tests, 1t 1s believed that the data can he
presented so that 1t wall be possible tc determine aqmickly and conveniently what the
effect of various objects near prospective sites wall be and whether a radic range
having flyable courses will result from an installation at the site



TABIE I

MAXTMUM VALUE QF SCALLOPING FOR "EASY TO FLY" COURSES — 25 PERCENT

Distance Between
Trailer znd Building

Course
Information

Scalloping 1in
Percent. of 4-Dot
to 4=Dot Deflection

Ease of Flight

130 Feet

500 Feet

1500 Feet

3150 Feet

£ BF vzzow

Hxxwn=xom

Hrwm=nt@

0=

g §§Un2:z:m

course
course
course
course

course
course

course
course
course
course
course

course

course
course
course
course
course
course

course
course
course
caurse
c{nit se
course

parallel to building
parallel to buildaing
through building
opposite building

45° to building
45° to tuildang

parallel to building
parallel to building
through building
opg031te building

45% to building

45° to building

parallel to building
parallel to building
threugh building
opposite building
45° to muildang

45° to building

parallel to building
parallel to building
through building
opposite building
459 to building

45% to building

40.3 Percent
25,0 Percent
111,.0 Percent
101.0 Percent

20,2 Percent
124.0 Percent

16,4 Percent
10.0 Percent
22 2 Percent
16,0 Percent
15,0 Percent
28.5 Percent

7.9 Percent
5,2 Percent
7.3 Percent
7.3 Percent
5.1 Percent
8,9 Percent
5.9 Percent
4.2 Percent
5,2 Percent
5.2 Percent
6,9 Percent
10.4 Percent

Somewhat difficult ta fly

Easy to f1y
Net flyable

Fairly easy to fly - severe

bend near station
Very dafficult to fly
Not noted due weather

Faarly easy te fly
Easy to Ily
Basy to fly
Easy to fly
Easy to fly

Somewhat difficult to fly

Easy to fly
Fasy tc {1y
Easy to fly
Easy to fly
Basy to fly
Easy to fly

Easy to fly
Easy to fly
Basy to fly
Easy to fly
Easy to fly
Easy to fly

I



TABLE II

MAXTMUM VALUE OF SCALLOPING FOR "BEASY TO FLY" COURSES - 22,2 PFRGENT

DISTANCE FROM TRAILER TQ BUILDING - 500 FEET

Course Information

Scalleping in Percent
of 4-Dot to 4-Dot

Ease of Flaight

Deflection

E course — parallel to building 16,4 Fairly easy to fly

W course - parallel to building 10.0 Easy to fly

SE course - 30° from building face 19.5 Somewhat difficult to fly
NW course - 30° from building face 9.0 Easy to fly

SE course - 45° from building face 28.5 Somewhat difficult to fly
NW course - 45 from building face 15,0 Basy to fly

SE course - 60° from building face 43.0 Fairly easy to fly
NW course - 60° from building face 14.5 Easy to fly

S course — opposite building 16.0 Easy to fly

N course - through building 22,2 Easy to fly

Al



TABLE IIT

MAXIMUM VALUE CF SCALLOPING FOR "EASY TO FLY" COURSES - 26.6 PERCENT

Distance Between
Trailer and Building

Course
Informaticn

Sealloping 1n
Percent of 4-Dot
To 4-Dot Defleection

Ease of Flight

130 Feet

530 Feet

900 Feet

2100 Feet

0=

nw
SE

HEon= e

0=

mZu==H

o=

=1 =8 ca

NW
SE

course - parallel to building
course - parallel te building

course - through building
course — opposite building

course — 45° to building
course — 45° to building

course - parallel to buildaing
course - parallel to building
course - parallel tc building
course - parallel to building

course — 45° to building
course - 45° 1o building

course - parallel to buildang
course — parallel to building
course — parallel to building
course ~ parallel to building

course - 45° to building
course - 45% to bullding

course — parallel to building
course - parallel to building
course — parallel to building
course — parallel te building

course - 45° teo building
gourse - 45° to building

frent
frent
si1de
side

front
front
side
side

front
front
side
gc1de

40.3
25.0
111.0
101,00

=
[w VR S e O ]
DLDwm oo o EO
" s & s m u .

oOwnds o0~ O a

B
.

D W

[ 4]
-

-._]J:\S\.OOLL) 1 O 1]

L ]
N -1 0T

Somewhat difficult te fly
Easy to fly

Not flvable

Fairly easy to fly-
severe bend near station
Very dafficult te [y
Not noted due weather

Fairly easy toc fly
Fairly easy to fly
Lasy to fly

Eazy to fly

Fairly easy to fly
Very difficult teo fly

Easy to fly
Easy to fly
Easy to fly
Easy 1o fly
Easy to fly
Easy to fly

Easy to Ily
Basy to fly
Easy to fly
Basy to fly
Easy to fly
Easy to fly




TABLE IV

MAXTMUK VALUE OF SCALLOFING FOR "EASY TO FLY" COLRSES — 23 2 PERCENT

Scalloping 1n
Percent of 4-Dot
to 4-Dot Deflection

Ease of Flight

Dnstance Between Course
Trailer and Wires Information
50 Feet E course - parallel to wires
W course - parallel to wires
N course - through wires
5 course - opposite wires
980 Feet E course - parallel to wires
W course - parallel tc wires
N course — through wires
S course - opposite wires
2200 Feet E course - parallel to wires
W course - parallel to wires
N course — through wires
S course — opposite wires

258 0
48 8
86 0
59 2

14

v
No ) SR e
wh

2
4
5
4
0
4
2
2

OEREE

Not flyable
Not flyable
Hot flyable
Not flyable

Fairly flyable
Fairly flyable
Easy to fly
Fasy to fly

Easy to
Easy to
Easy to
Easy to

fly
fly
fly
fly

TABLE V¥

MAXIMUM VALUE OF SCALLCPING FOR "EASY TC FLY" COURSES - 25 5 PERCENT

Distance Between Course Scallopaing an
Trailer and Trees Information Percent of 4-Dot Ease of Flight
to 4-Dot Deflection
10 Feet E course 138 0 Not flyable
W course 119 © Very difficult to fly
2 lecal trees - 110 & 270 Ft E course 62 0 Infficult to fly
Thick trees - 300 & 400 Ft W course 25 5 Easy to fly
Local trees - 70 Tt E course 531 Somewhat difficult to
fly
Thack trees — 500 te 1300 Ft | W course 61 9 Scmewhat dafficult to
fly
Local trees - 50 Fi E course 231 Easy to fly
Thick trees - BOO to 3500 Ft | W course 25,0 Fasy to fly
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Figure 4  External View of the Complete Portable Ground Equipment Located for the Tree Tests,
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Figure 6 The Amrcraft Receiving Antenna
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AVC CURRENT RECORDED FOR VARIOUS GYRO HEADINGS IN LEVEL FUIGHT
DISTANCE - 34 MILES ALTITUDE ~ 3000 FEET

Figure 7 The Awrcrait Receving Antenna Pattern
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Figure 16 On Course Recordings Townard the Station of Northwest and Southeast Courses Showing
the Effect of Distance from a Hangar on the Courses with the Portable Range Located
at Various Dhstances Measured Perpendicularly to the Experimental Station
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Figure 22 Cross-Course Recordings of East and West Courses, and Graphs, Showing the Effect of
Distance from a Hangar on the Courses with the Portable Range Located at Various
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Figure 29 Cross-Course Recordings of Last and West Courses, and Graphs,
Showmng the Effect of Distance from Telephone Wires
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