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DEVELOPMENT CF THE ULTRA-HIGH-FREQUENCY RADIC RANGE
FART 11 - TESTING OF UHF RADIQ RANGES ON TOWERS

SUMMARY

This report covers further develcpments of the ultra-high-frequency radic
range, discusses the factors affecting the usefulness of radio ranges from a thecretical
standpeint, drscusses the effect of reflections from the ground and from a counterpoise,
shows the effect of height on distance range and contimulty of signal, describes the
apparatus used, and presents the data obtained at Inaxanapolis, Ind , and Van Nuys,
Calif , during the laiter part of 1941

Tre investigation was begun using conly vertical polarization at 63 megacycles on
a 16—foot woaden tower, first without a counterpoise and then wath a 30-feot counterpoise
Tests were made using both vertical and horizontal dipole radiaters on the high tower

Tre second stage of the investigatlion was carrled on at 125 megacycles using pure
horizontal polarization Tests were made on the 125-foot steel tower with a counterpoise,
cn a 30-foot pole without a counterpoise, on a 30-foot wocaen tower with a 30-foob
counterpoise, and then on a 22-foot steel tower with a 35-foot counterpoise

The investigation was carried on in two separate locations, Indianapolis, Ind ,
and Van Nuys, .Calif. The results obtained at Indianapelis are representative of what
may be expected in flat country, while the results obteined at Van Nuys indicate what
may be expected when an instaliation 15 made i1mmediztely adjacent to extremely
mountainous terrain  The Van buys wor< was done using an improved ultra-high-frequency
radio range antenna system with pure herizontal polarimation on a 22-foot steel tower
with a 35-Toot counterpoise  This antenna system was stall further improved ana
reinstallea on the steel tower at Indianapolils which had been shortened from 125 feet
to 22 feet with the same counterpoise

The ultra-high-frequency range characteristics are contrasted to trose of the
lower frequency ranges in extremely rugged country.

The conclusions reached as a result of this investigation are that the high
toser 15 1mpractical because of multiple leow-angle lobes produced by reflections from
the ground, the low tower 1s most satisfactory, 2na a counterpoilse 1s essential and
should be designed to limat the low-angle lobes to not wore than two With a slight
increase 1n counterpoise dlameter the lobes may be further liamaited

INTRODUCTION

Farly in the development of the wltra-nigh-frequency radio I'a.ngel, 1t was deter-
mined that the height of the supporting structure and the presence eof a counterpolse had
a defimte effect on the factors governing the usefulness of an ultra-high-{requency
radie range, namely, distance range, character of the cone-cf-silence, ccurse straight-
ness, continuaty of signal, and mmltiple or false courses. The development of the ultra-
high-frequency range explored two frequencies, 63 and 125 megacycles, using vertical dipole,
horizental dipole, and horlzontal locp anbennas on towers varying in height from 16 to
125 feet, with and without a counterpcise The data accumulated were sufflcient for the
consideration of the elevation above ground phase of the wltra-high-frequency range
problem, and the information has been used in this report to compare actual with thecret-
1cal operation

1Hromada, J ¢, and ¥King, P B , "Development of the Ultra-Hlgh-Frequency Radio
Range Part I — The Four—Courae Aural Radio Range " C A A Technical Development
Report No 42, July 1944



Seme early tests using several types of counterpoimes at Indlanapolis and
Pittsburgh, and using a counterpoise mounted atop a 125-fook steel tower at
Washington, D C., have been deacrlbed in & prevlous report These tests showed the
desirability of a counterpolse because the reduction of high-angle lobes was quite
promounced, However, the results of these tests did indicate the necesslity for
further atudy of the problem

THECRETICAL DISCUSSION

The Electrlc Field Pattern in a Vertical Plane

From an analytical point of vlew there 1e no formal difference between the
Maxwellian electromagnetic theory and the classical theory of light. BRadiec wave propa-
gation problems can be readily solved if certain simplifyling assumptions regarding the
physical properties of the med:ia involved are made

Complex and cumbersome equatlons are obtained zf an attempt 13 made to take
account of the spatial variation of the ionleatlon in the Eenelly-Heavymide layer, the
varying electrical propertles, and the curvature of the earth's surface The simplified
theory used in thls report gives useful qualltative informatien as to the radiated
glectromagnetic field wathin the optical herizon

In the radiation field the E mard H vectors are in simple relatlonshlp, and it 1s
sufflcient to give, for example, the electric field intensity E. For investigation of
the effect of the counterpolse and of the earth's surface on the radiation field, 1t 1s
sufficient to consider the electrlc intensity in a vertical plane

One of the major factors determining the usefulness of a radle range system 1s
its service area, Increasing the altitude of the receiving and the transmitting antennas
naturally increases the uwnobstructed optical path and, hence, the useful distance range
of the system, In a simple case of point-te—point communication, 1t is posaible to
control the local conditions so that the most satisfactory circult 1s obtainable The
problem of aircraft navigation i1s far more complicated. There is no definite point-to-
point path, the height of the receiver 1s variable, and the horizontal distance separating
the transmitter and the receiver is continually changing. The problem, therefore, becomes
one of determiming the effect of all factors in all directicns, in all planes  Inter-
ference patterns set up by the ground and by objects near the antennz must be analyzed and
thelr influence on the vertical and horizontal radiaticn fields conaidered At any given
installation the height of the transmitting antenna above ground 1s the one facter which is
under the contrel of the engineer, Local conditlons, such as terrain, buildings, and
vegotatlon, must be accepted largely as they are

It has been found that at frequencles higher than 60 megacycles the radiated waves
are rarely reflected by lonlzed regions or layers in the upper atmosphere; hence, there is
seldom any akip effect as cobmerved with lower frequencles However, reflection does occur
from the sarth's surface, and due consideration must therefore be glven to the reflecting
medium and i1ts effect on the radiation pattern

In the simplest case of an antenna above a plane reflector of infimte area the
vertical field pattern may be easily calculated. The field strength at any point in space
18 the vector sum of the direct ray and the reflected ray

F=F, (L+EeJ A4) (1)

Where Fu=electric field strength of the direect ray at a polnt 1n space

?3ee reference 1 on page 1



Fg depends on the configuration of the antenna system and 1ts current distri-
bution, and on tne direction and distance of the reference point.

K=Aediy=reflection coefficient of the eartr's surface A4 is the ratio of the
amplitudes of the reflected to the ancilaent ray The phase shift cavsed by the reflec-
tion 15 given oy the angle i .

> sin ¢ (23
A = phase stift cetween the direct ard the reflected rays due to difference 1in
path length, at distances where the direct and reflected rays may be considered as
paraliel

H=height of center of the anterna above the reflecting plane
A=mwave length.
¢ =angle tetween the direct ray and the ground plane

In general, 1t can be said that the attenuation of the electric fiela along the
ground at low grazing angles at a fixed relght above the ground varies inversely with
trne square of the distance, while at any fixea angle above the ground the attenuation
will vary acceraing to the inverse distance law

Before examming the reflection coefficient ¥ in more detail, a short digression
1s made Lo explain terminology

The plane of i1rcidence 15 the vertical plane through the direct and reflected
rays. Accordirg te Fresnel's equations, the reflection coefficient depends on whether
the E (or H) vector i1s parallel or perpendicular to the plane of incidence. In the
case of vertical dipcle antennas the E vector 1s parallel to the plane of incidence.
For horizontally polarized waives produced by loop antenras, the electric field aiways
1s at right anples to the plane of incidence. In the case of an electremagnetic Tield
preducea by horizontal dipoles, the electric intensity has 1n general both a parallel
and a normal component to the plane of i1ncidence The relative magnitude of the two
components depends on the angle between the plane of incidence and the dipole axas

When tne electric field strength vector i1s either perpendicular or parallel to
the plane of incidence, the variation of the amplitude ratio A as a function of the
angle of elevationg for a perfectly conducting ground plane and for an insulating ground
plane of dielectric constant € =9 (dry earth) 1s shown in figure 1

It w11l be noted that in the case of tre perfect conductor the amplitude ratio
4 15 umty for botr perpendicular and parailel pelarization  The phase angleyris 180°
at zero or low grazing angles. This 15 equivalent to a perfect negative image

In the case of transmission over a nen-conductor or dielectric ground, the
attenuation of the perpendicularly polarized ray is gradual, finally reaching a value
of 0.5 at normal incidence (for €é=9) The phase angley1s 180° upon reflection from a
pure dielectric In the case of tne parallel polarization the ratio A decreases rapidly
and at a critical angle of approximately 18.5° (for € = 9) reaches zero. For a non-
cecnaucting ground of conductivaty,o =0, thls critical angle 1s known as Brewster's
angle  The cotangent of thoa angle 1s equal to the square root of the dielectric con-
stant At this angle the reflected ray 15 perpendicular tec the refracted ray, and the
phase changetof the incident ray on reflection 1s 90° At low grazing anglestis 180°
Above the critical angle no phase shift occurs and 1s G°. Above the critical angle
the value of A for parallel polarization increases slowly to a value of 0.5 at normal
incidence. At normal incidence the ray parallel to the plane of incidence has no
vertical component, thus the reflection coefficients for rays having both perpendicular
and parallel pelarization are equal in magnitude but oppesite in sign.

When the reflecting medium is partially cenducting the situation 1s somewhat
different, especially for the case of parallel polarization For a fixed dielectric
constant, the critical angle, peant of minimum reflection, becomes smaller as the
conductlvity increases cor as the frequency 1s decreased For very low frequencies the



critical angle may be & fraction of a degree. At no angle does the reflected ray
became zero “»

In general, 1t can be said that the vertical pattern for horlzontal polari-
gation will be more uniform with changes in inciadent angle,

Far the purpose of investigating the vertical pattern, let us consider fer a
moment equation (1) and caleulate the radiation charascteristics of a vertical and a
horizontal doublet as a function of the angle of incldence,

Using subscripts v and h for vertical and horimontal polarlzation, respectively,
we obtain from equation (1)

¥, = Foy [1+Av o3 (P4 )] (3)
Fy, = Fop [1+Lh o J ("’h—ﬂ)] (4)
K, A e ¥V (5)
K, =A e VB (6)

As shomn by K. A, Hortons, the phase angle l,bh of the coefficlent of reflectlon
Ky 1ms 180° lagging at grazing angles and decreases with increase in incident angle.
Thus iy, 1s positive and the phase angle A due to path difference is subtracted fromyy.
For K, the phase angle iy , 1s 180° leading at grazing angles and decreases with increase
in incident angle. Therefore ¥ _ 1s negative and A is added to it to decrease 1ts lead.

The geometrlc solution of the two vectors in each equation results in the followlng
resultant field strength vectors.

F,= Fop J/1+ A%+ 24, cos (¥pv+4) (7)

= Fon V1+ A2+ 2 4y cos (y—4) (8)
Talong equation (8) for horizontal polarimation, since the amplitude ratlo and
phase angle remain more nearly conetant for various angles of incidence, and aspuming
Ap =1 and 3y, = 180 , the expresslon far the field pattern in the vertical plans becomes
T
Fp, = 2Fgy 91D [_2,\5 sin ¢ ] (%)
This equation also holds true for Fy at low grazlng angles,

Fram this equation 1t can eeelly be seen that P will became maximm or miniwum
as the bracketed portion bscomes equal to odd or even miltiples of #/2, and the functlon
will go through greater mmbers of maxims and minima for variatlon of @ as H i increased

3Trevor, Bertram, and Carter, P 8., "Notes on Propagatlion of Waves below Ten
Metera 1n length,® Proc, I R.E , vol. 21, p. 387, March 1933.

*’*Feldman, C.B., "The Optlcal Behavlor of the Ground for Short Hadio Waves,™
Proc. I R E., vol 21, p. 764, June 1933.

5Ground Wave Propagation, Federal Communications Publication No. 47475, Feb. 1941,



Thus the vertiical pattern will have as mapy maxima and minima ss H is a multiple of

l/2. The angles at which these occur are not easily obtained by inspection Figure 2
gives a graphical method of cbtaiming the approxaimate values of the angles for any
height of horlzontally polarized antenna. Values up to seven wavelengths are shown.
This fagure can alsc be used with fair accuracy in the case of vertical polarization at
angles of i1ncidence less than the critical angle. For angles of incidence greater than
the craitical angle the maxima and minjma must be interchanged when considerlng vertical
polarization  Of course, the correct amplitude ratio must be used for each angle It
w1l be geen that as H 1s increased more maxima and minima are added to the vertical
pattern. As H 1s increased the lowest lobe 18 depressed nearer to the ground As Ay
and Ay at haigher angles are not equal to unity, the minima i1n the pattern mll not go to
zero and the vertical pattern wmll be scalloped with 1ts amplitude oscillating from
maximum Lo minimimm arournd a value equal to the field due tec the darect ray. For hori-
zontal polarization these oscillations or pattern scalloping will be more or less
uniform for varying angles of ¢ from grazing tc normal incidence. For vertical polari-
zation the scalloping mll be greatest at low grazing angles, mll diminish as the
critical angle is reached, and then w1ll increase as ¢ approsches normal incidence. An
alrplane flying through such a pattern will experience surges and fades in the signal as
1t cuts through the maxima and minima  Thus, increasing the height of the transmltting
antenna to increase the dastance range introduces an undesirabtle condition of surges and
deep fades at considerable distances from the station

Use of a Counterpoise

In the case of a radio range installation, 1t 1s desirable to produce a field
pattern with the femwest possible irregularities. The major part of the radiation should
be at low angles, and no signal should be radiated wertlcally Inspectien of figure
2 w111 show that any antenna which 1s located at any multiple of one-half wavelength
above ground will radiate such a field The higher the antenna the lower will be the
angle of the first maximim and, at the same time, the number of lobes in the vertaical
pattern ml1l be greater in number If a perfectly conducting counterpoise 15 placed
one-half wavelength under the antenna, the maximum intensity of signal will be at 30°
elevation and no aignal will be radiated vertically, thus insuring a good cone-of-
silence sbove the range  Signals passing over the edge of the counterpoise will be
reflected from the ground Thus, 1n considering the vertical pattern, due cognizance
must be taken of the surface from which reflection takes place  Two Pground factor®
equations must be used to describe the radiation 1n the vertical plane The sine func-
tion 1n equation {9) must be replaced by

Gg = #1n [(ﬂl+ B2 )smd)] when ¢ <ta.n_1 ﬂ_2 (1)
4
Ge = sin [32 31n¢] vhen ¢ > tanl Ap {(11)
7}

where A 1 — the helght of the counterporse above ground in

electrical radians = 2 7 h

hy] = the heirght of counterpoise above ground

B o =the height of the antenna above the counterpoise
1n electrical radians = 2mhz

A
hy = the height of the antenna above the counterpolse
¥ =the radius of the counterpcise in electrlical radlans
® =the elevation angle

The two valuea of the ground factor are based on the assumption that at elevation angles
less than (tan —1 83 ) all reflection takes place from the ground and only Gg applles.
¥
4t elevation argles greater than (tan 1 £ 2) ail reflection takes place from the
rd



counterpolss and only Gp applies  Strictly speaking, there is not an ebrupt change in

fleld strength at thle craitical angle. Imperfect reflection at the edge and diffraction

over the edge of the counterpoise cause a gradual change in the pattern produced, At

any glven insgtallation slight irregularities in terralp make any mathematlical anslysis

of the situation only approximate The ground factors glven above are based on sssump— ‘
tions that the reflection coefficlents of both the earth and the counterpoise are unity

ardd that the phase change at reflecticn im 180° Rigild application of accurate factors

in the computation of the vertical pattern is purely of academlic interest.

The results cbtalned during test flights agree fairly well with the above theary
when the varlations from the i1deal case are consldered, These varlation» may be briefly
sumarized as follows: (a) Uneven terrain causes large deviations from the ideal plane,
especlally In the case where there 1s a focusing actiony (b} no account of the edge
effect of the counterpoise has been consideredp {c) irregularities in the vertical patterm
of the alrplsne recelving anterma could not be accurately determined; (d) variations of
plloting, even in ldeal weather, were sufficient to introduce errore. 1In the case of an
actual installation it has been found that wvalues of [E|<1, diffraction over the edge of
the counterpolee and slight irregularity in the ground, reduce the low-sngle surges to
fades ratio. The characteristics of the signal are, therefore, considerably betier than
those indicated by the calculated patterns where |Kl= 1 (figs. 3 and 4).

General Propagation Charscterlstics

As stated in the 1ntroduction, the test of the ultra-high-frequency radio ranges
on towers wae carried on concurrently with the development of the ultra-high-frequency
range system, Therefore, much of the test data was applicable to both problems. A
review of the general propagation characteristics at this polnt wlll ald in the proper
interpretation of the data which will be presemted in this report

As mtated above, the counterpolse improves the radiaticn characteristic in the
vertical plane, and by placing the antenna one-half wevelength above the counterpolse a
good cone—of-silence 18 insured and surges and fades ara greatly reduced for elevetion
angles greater than {tan "1 82 ). Bince the maximm of the signal ip at a relatively

yY

high elevation angle, 30°, a counterpoise of too large a diameter net only will be
costly to construct but alsc will restrict lobes at low grasing angles. The slgnal from
these low-angle lobes will be recelved in aircraft flying at a diatance from the atatien
and at low elevation (for exsmple, the angle of elevation of an alrplane flying at 2,000
feet at 20 mlles distance ias approximately 1°)., The design of the counterpoise 15 a
compromise of radiation and economlc considerations.

After considerable study and tests on the 125-foot tower 1t wms decided that a
counterpoige of such diameter and helght as to premit only two low-angle lobes to be
reflected by the ground would preoduce & satisfactory field pattern. It was fourd that
at a frequency of 125 megacycles a counterpoise 30 feet 1n dlameter would be qulte
suitable when the entire structure 18 only three to four wavelengths &bove grourd. 4
30-foot counterpolee with an antenna one-half wavelength above 1t will radiate all wavas
at incident angles greater than 14.7°. If the counterpoise 1s 30 fest high, only two
lobes will be reflected under this transitior angle. Figures 3 and 4 show the vertical
field pattern computed for both a high and a low tower. The reflection coefficlent is +
assumed to be unity The transition angle {(tan 2 ég ) i shom. It cen be Bssn that

14

-

the high tower will produce seven lobem under the transition angle, whereas the low
tower will produce only two lobes. The maximm of the lobes is limited by the form
factors of the horlzontal loop antemnna which is epprorimately equal to cosine ¢ .

If 1t were possible to place a radlator over a perfectly conductlng plane, 1t ~
would be an easy matter to predict its wave propagatlon characteristics regardless of
its operating frequency. If simple reflectors were placed &t random mear this ldeal
station, 1t would st1ll be poseible to predlct its characteristices. Following the same
line of reasoming as in calculeting the vertical field pattern, it may be seen that a
wave interference pattern will be set up The resulting fleld mll bo scalloped with
maxima and minima in both horizontal and vertical planes. Complex scmlloping will be



cauaed by the reflectors placed along the ground. Simple scalloping will occur because
of the helght of the antemna above ground. In the horlzmontal plane the distance

between maxlma caused by camplex scalloping is related to the wavelength of the trans-
mtted slgnal. In the case of a 300-kilocycle aignal this distence might be as great

as several miles, whlle in the case of a 125-megacycle signal the distence would be only
a few feet It has been shown® that scalloping in the on-course region of a low-
frequency radio range 18 eamlly detected becausé at normal flying speed the effect

would last an aprreciable time. At ultra-high frequencles, say 125 megacycles, the
irregularities of the field pattern are so closs together in mpace that they will be
notlced only as a fluttering signal.

The problem is made very complex in the actual cese where uneven grournd, moun—
tains, and varying degrees of vegetation are present It may be said, in general, that
obJacts, in order to become reflectors or reradlators, must be of the order of a wave-
length in at least cne dimension. A h1ll seversl mlles long might reflect an appreclable
amount of energy of a 300-kilocycle signal At this low frequency small surface variations
have 1ittle effect on the reflector as & whole, since the entire surface of the hill acts
to distort the pattern However, the same hill would appear as an almosat infimite number
of reflectors at random angles for an ultra-high-frequency signal Considering the laws
of probability, it is logical to aesume that the resulting pattern mlght be scalloped but,
1n generml, would average out almost &s if the hill were not present. At uwltra-high
frequencles, then, small irregularities in terrain may be considered as causing a dif-
fusion of the signal, while at low frequencles auch a surface may be considered flat and
an actual distortion in the radlated field may exist, A range of mountains no doubt
would cause Ilrregularities in the field of a low-frequency range of such magnitude as to
cause multiple and bent courses’sB

Recent improvementa in ultra-high-frequency range antennas have reduced the
probabilaty of irregularities in the on-courme reglen This result 1s effected by
decreasaing the mid—quadrant mignal and, hence, the signal which Is reflected into the
couraes by objects within the quadrants.

The flight meassurements made at Indianapolls and Van Nuys agree well with the
above theory. The recordings of cross-course fllghts of ultra-high and low-frequancy
ranges in mountainous terrain show the great lmprovement in course characteristics
obtained by use of ultra-high frequency. 4 detalled deacription of these recordings and
tests follows.

APPARATTS

The 63-Megacycle Transmitter

A type TXI transmitbter was rebuilt for use at the tower installation. The tube
line-up uwsed is shown in faigure 5. An ummodulsted carrisr cutput of 300 watts was easily
obtained, although during most of the tests the ocutput was limited to spproxmately 150
matts modulated 90 percent The first two stages (807 tubes) comprised the exciter unit®.

6See reference 1 on page 1.

7ITl.(ult.iple Course of Radio Range Beacons Investigated,™ Air Commerce Bulletin,
Vol, 6, No 3

8'Radio Phencmena at Salt Lake Hange Station Studied by Bureau,” Alr Commerce
Bulletin, Vol. 8, No. 3

9Jackaon, C.H., "Development of an Improved Crystal Bxciter Unit,* CAA Technical
Develomment Report No. 26, July 194C.



Thds unlt was mounted with 1ts power supply in a relay rack adjacent to the trans—
mitter The output of the exclter was link—coupled through a coaxmal line to the
grids of the HE-54 doubler. This tube furnished ample excitation to the push-pull
power—amplifiler consisting of two HEK-254 tubes  All tank circuitas with one exception
were Solenoidal inductances and standard semicircular plate condenmers. A hairpin
inductance and disc-type condenser were used in the plate circult of the final stage.
Inductive coupling to the output circuit was used The cutput of the transmitter was
fed through a short length of coaxial 1ine to the interleck relay, which wes mounted
on the rear wall of the bullding The keying devlce and ractifier for the relay were
mounted in the relay rack with the exciter unit.

The interlock relay was an AC74 link circuit relay rebuilt for ultra-high-
frequency operation. The modification consisted of reducing the size of the contact
mounts and the diameter of the contact surfaces and replacing the mmasive bronze aupports
with i1solantite mounting poste. Particular care was taken in the design of this relay
to avold variable contact resistance and to keep the capacity between radio-frequency
current—carrylng parta as low as poassible,

The 125-Megacycle Transmitter

The 125-megacycle transmitter used was excited by an 807 oscillator-tripler
controlled by a 5208.33-kilocycle crystal. The oscillator was followed by an 807
doubler. These two tubes and their power supply comprised the exciter unit, which
was mounted in a relay rack with the keyer and the interlock relay rectifier The
exclter was link-coupled to the transmtter proper by means of a flexable coaxial line
The transmitter was bullt in a type TII frame and consisted of two HE-54 (triodse}
doublers followed by a final amplifier consisting of two HK-254 triodes operated in
push-pull. Link coupling was used between each stage The final amplifier tank wae of
the loaded transmission line type. All other tuned clrcuits used coils and condenwmers.
The high voltage power supply for the Hk-54 and tre HK-254 tubes was supplied by a bridge
type selenium dry disc rectifier. This rectifier was made up of 28 stacks of 32 plates
sach and supplied 1650 volts to the transmitter., The power input to the final stage was
330 watts (unmodulated}. The plates of the power amplifier were modulated 90 percent at
1020 cycles. A block diagram of the transmitter is shown in figure 6 The high voltage
power supply was mounted in a second relay rack which was placed ad)acent and to the
right of the exciter rack. A third rack placed between the transmitter and the exciter
rack was used as a frame to support the various radio-frequency networks used to feed
the antenna system.

Because of the remote location of the station, poor voltage regulation of the
power source, and intermattent loads on the lins, it was necessary to use a voltage
regulator to secure satisfactory mervice, This regulator was an autgmatic undt of three
kva rating of the saturating core type. It had the very desirable characteristic of
dramng but 300 watts when the ouiput terminals were short-circuited, thus eliminating
the need for heavy line fuses or elrcuit breakers. The normal operating characteristics
were as follows  Output voltage 115 volts plus or minus 1 1 volts, with input voltage of
115 plus or mimus 16 volts The full load pomer factor was 90 percent, and an efficiency
of 85 percent was realized.

The 16-Foot Tower and Counterpoise

The 16-foot tower was a wooden structure which supported the center of the verti-
cal dipoles 20 feet above ground. One-quarter of a wavelength (at 63 megacycles) below
the center of the dlpoles was a round counterpoisse, 30 feet in diameter, mede of 2-inch-
square galvamzed lron mesh

The 125-Foot Tower and Counterpoise

The 125-foot tower and the 35-foot eircular counterpolse structure were supplled
and erected on contract. The 15-foot—square base of the structure was anchored to con-
crete piers buried to a depth of 8 feet  Adeguate &llowance 1n design was made for mnd
and ice loading. Figure 7 1s a photograph of the tower showlng its comstruction and
location wmith respect to the station building



The counterpoise on top of the tower was supported by & structural steel
framework so constructed that 1t wae fastened te the tower at only fowr points. Thims
waa done 3o that the entire counterpolse could be lnsulated from the steel tower if 1t
were found advisable. The counterpolse consisted of sections of expanded metal mesh
fastened to a steel framework with #J® bolts  Steel strips were used to hold the mesh
arcund the periphery  Special squeeze—on clips were used to join the peams which
cccurred between frame membera. The counterpoise was clrcular in shape and had a
diameter of 35 feet The expanded metal mesh was of & dlamond pattern, the axes of
which measured approximately 2 by 5 inches A ladder wes provided between the platform
of the tower and a hatchway in the counterpolse Scme trouble wam experienced with the
method of fastening the mesh with ®*J® bo tm. A piece of mesh upder one radimtor which
had not been properly replaced after the antenna had been installed caused variakle con-
tact between the mesh and counterpoise framework It was found that this defect had been
cauging difficulty 1n the balancing of the antenna currents. Special care to lnsure
tightneas of the "J¥ bolts was necessary

The 30-Fout Tower and Counterpeise

The 30-foot tower structure was fabricated entirely of wood Four 30-foot
poles located at corners of m square supported a circular counterpolse 30 feet in
diameter.

The counterpoise wes covered with a 1/2-inch-equare galvanized iron mesh, A
frame bullding loceted under the counterpoise housed the transmitter and associated
equipment Flgure 8 1a a view of the station

The 22-Foot Steel Tower and 35-Foot Counterpoise

The Van MNuys tower and counterpoise was originally the same as the 125-foot
steel tower at Indianapolis. The results of the experiment on the 125-foot structure
led to the conclusion that a low tower was more sulteble and, conmequently, the Van Nuys
structure was cut down to a helght of two bays of the origlnal, making the height 22 feet
Tipgure 9 shows the modified atructure. The ladder 1n the center was used to support the
transmission linem, while that on the east side wam used to gain access to the top As
at Indianapolls, the diamond-expanded metal meah was anchcred with 7J® bolts, and the
electrical properties of the counterpolse were found equally unsatiasfactory because of
the "J" bolts  After the Van Nuys testa, the 125-foot Indianapelis tower was cut down
to the same height as the Van Nuyas tower

Transmissicn lines, Interlock Relay and Phasers

Throughout the tall tower test the antennas were fed by 66-ohm ccaxial trans-
ms3ion lines  Since the interlock relay was In the transmitter bullding, 1t was
necessary to run twe lines from the relay to the top of the tower Themse lines were
run up the outside of the tower leg neareat to the transmitter. They were held parallel
to the tower by strap iren clamps spaced at 10-foot intervals. These clamps were designed
to flex slightly with expansion and contraction of the lines.

During the test conducted with the single horlzontal loop antennas on 125 mega-
cycles, 1t was necessary to use a two—wire line which was balanced to ground 1In the
case of the tall tower installation, the two coaxjal lines were used together as a balanced
two-wire line

During the tests of the four-loop and five-loop anternna systems on the 30-foot
ard the 22-foot towers, shielded two-wlre tranamiasion line, having a surge impedance of
175 ohms, was used. One line wam used to feed the center lgop and two lines were unsed to
feed tre A and N palrs of loopa. A double-pole relay was built from a standard interlock
relay. It was necessary to redesign the contact system, and in the new design 1t was
poasible to completely shield and isolate all radio-frequency conductors Flgure 10
shows the double-pole interleck relay.

Tre five-loop antenna system required very exact adjuetments of phame and ampli-
tude of the various radiator currents. A trombone-type adjustable phasing line wms built
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to phase each pair of corner loops (A and N paira) with respect to the center loop.
These lines were built from telescoping tubing and were of such a length that the
phase could be varied over a range of about 120° The slges of tubing used were
selected so that the characteristic impedance of the sectlon would be the same as that
of the two-wlre line. Faigure 11 1m a view of the phesing units and the shielded 1nter-
lock relay used at the Van Nuys installation The two unites in the foreground are in
the lines to the corner loops (A and N), the one in the background is in the line to the
center loop The interlock relay is shown in an inverted position from that shown in
figure 10.

’

The arrangement shown differs from that used in the original inatallation on the
30-foot tower in the use of the imdividual phasers in the A and N I1ines With this
arrangement 1t is poasible to adjuat the lengths of the A and N lines independently to
obtain an untuned condition in the unused pair of loops during keying and thus restrict
the amount of parasitic current im them. The third phasing section 1n the center element
permita adjustment of 1its phase wath respect to the othera The section bridged acress
tre center line 13 a quarter-wave secticn and ls used to ad}ust the power in the center
element.

The 22-foot tomer installation which followed the Van Nuys installation differs
from that described above for Van Nuys in that gquarter-wave power varying atubs were
also bridged on the A and N lines ahead of the phasers In addition, all three lines
mere terminated with building-out matching sections behind the phasers. Flgure 12 i3 a
view of the 22-foot tower station at Indianapolia

All transmigsion line inner conductor sections were joined together by meana of
sllver solder All Junctions of the outer conductors or shields were comnected wilth
Raybould solderless couplings, ells, and tee Junction bexes. These connectors were
found to be very easily applled, in that only two wrenchea were required  Their con-
struction i8 such that when tightened the connection lg sealed to the tubing by means
of a rubber sleeve, much as any gland or stuffing box This rubber sleeve has copper
ringa moulded on each end to insure a good electrical contact and to prevent the rubber
from cold flowing into the threades or the tubing.

All Junctions in the antenna asesembly and junctione to which solderless couplings
and fittings could not bs applied were moldered with 95-5 hard asolder It was found
advantageous to apply a small amount of 50-50 solder to the jolnts Just as the hard
solder set Thims application removed any possibility of gas leakage. When necessary,
the lines were dried and kept moisture-free by means of dry nitrogen gas under pressure.

Antennae

Vertical antenna {63 megacycles) 10 The vertical dipoles making up the four—
course range used on the 16-foot tower mere of the coaxlal, end-fed variety, and each
pair of diagonally oposite dipoles could be adjusted to reduce the standing waves,
inside as well as outmide the coaxial lines, to @ negliglble value. By adjusting the
lower telescoping sleeve on the dipoles, the standing waves on the outer conductor of
the transmission line can be reduced %o a negligible value independently of the atanding
waves on the 1mner conductor A line-shunting condenser and the upper dipole telescoplng
sleeves are then adjusted to obtain a minimum standing wave ratie on the inner conductor
This antermma system has glven very good reaults. The dlagonal spacing of elements of the
array maa 0.2 mavelength, which not only made the antenna small physically but provaided
sharper courses. Figurs 13 shows this antenna mounted above the 30-foot circular
counterpoise on the 16-foot tower.

The four—course vertically polarized antenna used on the 125-foot steel tower
was designed for mechanical and electrical stabillty rather than simplicity of con-
struction. Flgure 14 1s a view of this antemnna installed in place. Every effort was

lOSee reference 1 on page 1
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made to make the assembly suitable for operation in adverse weather conditlona., The
tuning and balancing networks were inclosed in sealed compartments, as were the con-
nections to the end-seals of the coaxial lines The entire antenna agssembly was
supported 1n the center Ly means of a 6-inch copper plpe through which the four lines
were run to the main junction casting The four end-seals of the linea were scrawed
into this casting. At the lower end of the pape the lines were terminated in special
fittings and connected to the two lines running up the tower. Quarter-wave, two—to-one
matching secticns were inserted in the lines between the tower lines and the special
fittings for the purpose of matchlng the impsdance of the feeder lines to the parallel
lines feeding the antennas.

The single coaxial lines were coupled to the dipele radiators through balancing
networks These networks were contained in the cast housings at the centers of the
dipoles and at the ends of the supporting arms. The required 1B0° phase shift for
feeding opposite radiators was obtained by connecting the center conductor of the feed-
ing line to the upper antenna element on one dipole and to the lower element on the
oppogite dlpole. Figure 15 1m a diagram of a network It may be seen that this network
is an 1mpedance-traneforming T mection., It 18 used in an unconventional way in that
the ordinarily high side of the sectlion is grounded. When so connected 1t becomee a
talancing device and permits the dipele to be balanced to ground, even though fed from
an unbalanced system. ©Since it was desired to balence the antemna to ground, it was
necesaary to make the network simmlate a transformer with a one~to-twe voltage step-up
so that the voltage between the cutpul termlnals of the network would be twice the
voltage between the lnner conductor of the line to ground. The networks were designed
accordingly and their performance was checked in the laboratory before installation on
the tower. It was found possible to obtain a very good balance of antenna currents by
adjusting condenser Gy (fig. 15) to a value that would resonate with the two inductances
17 and I, connected in parallel and dlsconnected from the antenna  Inasmuch as the
impedance tranaformatlon of the network was 1 4 from input to output, 1t was not possible
to feed the antenna directly at the two Iinslde ends of the dipola (The transmlsslon
line lmpedance was ©6 ohms and the center impedance of the dipoles arranged as used was
20 + 31 46 oms )} Therefore, it wme necessary to bridge the center of the antennas with
an inductance In {fig. 15) The lengths of the dipeles then had to be adjusted to com—
pensate for the added lmpedance at the center. Final adjustment of the circuit resulted
in a ratlo of antenna currents of 1.1 to 1 and an lmpedance match between laine and load
sufficiently close to result in a standing wave ratlo of 1 2 to 1

Horizontal antenna {63 megacycles). The antenna used for horizontally polariged
radiation conslsted of a palr of crossed dipoles fed with a trombone matching and phasing
network TMlgure 16 1s a diagram of this anternna. 5lnce the impedance and phase relat-
1onshipa are inherently correct, no adjustment, other than that of radiator lengths,
was made after assembly in the shop The radlating elements were adjusted for maximum
antenna current after installation on the tewer The maxammm to mimmm ratio of these
currents was approximately 1.1 to 1

Loop antenna {125 megacycles) For the tests on 125 megacycles, a single loop-
type antenna simlar to those used on the Indianapolls instrument landing system was used
This type of antenna radiates purely horizentally polarized waves. The measurements,
therefore, are directly applicable to any purely polarized system The mechanical detalls
of such an antenna can be seen in figure 17 The supporting structures used were {a) the
30-foot wooden tomer with a 30-foot counterpcolse, (bg & 30-foot wooden pole, and (c¢) the
125-foot ateel tower with a 35-foot counterpoise

The data obtained on tests of the foregolng antemnna systems were usped to supple-
ment the data obtained during the development of the ultra-high-frequency five-loop aural
radio ranga. The five-lo¢p range was developed at Indianapolis on the 30-foot wooden
tower with the 30-foot eounterpcise This range was then moved to Van Nuys, Callf , and
installed on the 22-foot steel tower with a 35-foot counterpoise. Followlng the tests at
Van Nuys the antenna system was returned to Indlanapolis and installed on a similar steel
tewer The antennas were mounted 1n a wooden framework (see fig 17) As at tre original
Indianapolis installation, the spacing belween each diagonally opposite pair of loops 1s
360° During the development of the five-loop radio range on the 30-foot tower, a roof
was built over the loops (see fig 8) At Van Nuys, wooden boxes, weatherproofed with
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tar paper, were slipped on over the loops to protect them from the weather (see fig. 9).
This was found particularly convenient during tune-up and an economical means of pro-
tection for a temporary installation.

The final installation on the 22-foot steel tower at Indianapolis was intended
to be a permanent installation for demonstration purposes, and a 12'x 12'x 8-3/4' house
of 3/16-inch masonite was built over the loops to duplicate the installation of the
commercially manufactured equipment on the Chicago-New York airway. Figure 12 shows
the tower and house.

Receivers and Airplane Antennas

Flight tests of the 63-megacycle vertically polarized range were begun during
the latter part of August 1939. Airplane NC-80 (Stinson Reliant), equipped with the CAA
modified RUB receiverll, was used for these tests. The antenna, a quarter-wave whip, was
installed on the center line of the ship midway between the leading and the trailing
edges of the wing. A tuned circuit at the base of the antenna was used to match the
flexible transmission line feeding the receiver.

Early in September, airplane NC-80 was, grounded for a major overhaul and NC-17
(Waco N) was used in its place. The CAA modified RUB receiver was used on this airplane,
also. The antenna system was similar to that of NC-80 with the exception that the whip
was installed approximately 5 feet aft of the trailing edge of the upper wing.

Upon completion of the test with vertically polarized antennas, a series of
measurements was made using horizontally polarized radiators at 63 megacycles. A hori-
zontal dipele, oriented to have maximum pickup along the direction of flight, was
installed above the cabin at the leading edge of the wing. The line to this antenna
was connected directly to the inside ends of the elements. No stubs or matching net-
works were used. The dipole was used only because no loop for 63 megacycles was
available. It was unfortunate that the field pattern of this antenna was such that
cross—course measurements could not be made with accuracy. However, as will be
explained later, the purpose of the horizontal measurements did not make cross-course
flights necessary.

For all of the 125-megacycle tests, the CAA tunable ultra-high-frequency
receiveri? and the horizontal loop antennai3 mounted above the cabin of airplane NC-80
were used. This receiver is a superheterodyne using tuned coaxial line input circuits
and a tunable coaxial line radio-frequency oscillator of high stability. The receiver
has a tuning range of 60 to 132 megacycles, and its stability is excellent after a
warm-up period of approximately 1 minute.

Recorder

Recordings of signal strength were made on an Esterline-Angus type AW recording
milliammeter. The sensitivity of this instrument, 5 milliamperes full scale, was
sufficient to give adequate deflection without the use of an additional amplifier. The
recorder was equipped with a copper oxide instrument rectifier for rectifying the 1020-
cycle audio signal. The paper feed was in all cases operated at the rate of 6 inches
per minute.

The altitudes of test flights at Indianapolis are referred to ground level.
The altitudes of test flights at Van Nuys, unless otherwise noted on the records, are
all referred to sea level. The elevation of the antenna at Van Nuys was approximately
750 feet above sea level.

llsee reference 1 on page 1.

12McKeel, P.D., "An Ultra-High-Frequency Aircraft Receiver,” CAA Technical
Development Report Neo. 17, September 1938,

135¢e reference 1 on page 1.
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TEST PROCEDURE

Adjustment Test (Ground Patterns)

In addition to the usual antenna current measurements for antenna current
balance and the gstanding wave measurements for termination purposes, horizontal
patterns were taken to determine the antenna orientation for proper course alignment.
Figure 18 represents the horizontal field pattern of the 63-megacycle vertically
polarized system as finally adjusted on the 125-foot tower.

Because of the height of the tower and antenna it was necessary to employ
a unique method of taking "ground® field patterns so that they would represent field
strength in a horizontal plane through the anterma. A 20-foot wooden radius arm was
arranged to swing around the central supporting pipe of the antenna assembly. A pair
of rubber-tired wheels was mounted at the end of the arm just insids the edge of the
counterpoise. These wheels carried most of the weight of the beam and permitted it
to be adjusted rapidly to any desired azimuth. An auxiliary 10-foot pole was secured
to the arm and a vacuum tube field meter was mounted on the extreme end. The radius
from the center of the antenna to the field meter was 30 feet. The meter was read
through a pair of field glasses from underneath the counterpoise. A pair of wires
was run from the keying device up to the counterpoise and a push button connected so
that the operator could change from A to N quadrant at will. This setup made it
possible to take accurate readings for a field pattern in a time of approximately
15 minutes.

Figure 19 is a ground field patiern of the horizontally polarized five-loop
125-megacycle radio range tested on the 22-foot tower at Van Nuys, Calif., The
spacing between the two loops of each pair was 360°. The outside loops were in
phase and the center loop was out of phase with them by 180°. The current ratios are
shown in figure 19. The course sharpness is slightly better than that which was
obtained with the first installation on the 30-foot tower at Indianapolis, and the
quadrant signal strength is slightly less. This is due to the fact that the center
loop current was only 1.8 times the current value in one outside loop.

When the five-loop range was reinstalled at Indianapolis on the 22-foot steel
tower, the loop spacing in each outside pair was made 416°. The center loop is out of
phase with the outside loops by 180%, and its current is adjusted to twice that in a
corner loop. The parasitic current in the unused loops was kept to a minimum and is
well below one-half of 1 percent. This adjustment results in slightliabroader courses
but eliminates any quadrant reversal effects near the cone-of-silencel4,

Flight Test

Cross—course flights. Cross-course flights were made in order to establish the
true position of each course., Flights were made across the courses in two directions
to establish their positions accurately and to determine if any pushing of the course
was evident. In many of the recordings shown, the quadrant signals have been removed
and only the envelope of these signals is indicated. This is done to show more clearly
any tendency toward multiple courses.

Distance range. The maximum distance at which a usable signal could be
received was determined for various altitudes above ground.

ligee reference 1 on page 1.
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Cone-of-silence characteristics The cone—of-sllence characlteristlics were
obtained by flying a constant gyro course along the center of & quadrant directly
over the station. The width of the cone at various altitudes and its freedom from
course reversals i1n the cone were determined by these fllghts. To check the depth of
the cone, the lnterlock relay was locked and flights were made for about B mlles
elther side of the station

Course stralghtness To check the course stralghtness, flights were made on a
congtant gyro heeding from an on-course lndicatiom 10 or 15 miles out, directly over
the statlon; that 15, the airplane was flown exmctly where the couree should have bsen
Then the courae was perfectly strelght am on-course Indication was recorded, but if the
ceurse was bent, the indleations varled from N to A, or vice versa, according to the
bends. Simllar tests were made on both the hlgh and the low antemna stations  Most of
the records plainly showed the quadrant signels, but 1n some cases near the on-course
region, the aural signal gave a more accurate indication The records reproduced in
this report are marked to correspond to the aural ildentification received at points that
appear questionable.

Pushing ard cireling’®  Pushing or pulling of the course (shift in course
posation for flights in opposite directions) was determined by cross flights at right
angles to the course. Circling was inveatigated by executing a flat 360° turn about 10°
off course. Circling effect (reversal of the quadrant ldentification as the heading
of the airplane 15 changed) was almost universally observed with the crossed dipole
antenna.

The above tests were performed on both the vertically and the horizontally
polarized antennas except for cross-course measurements on the herizontal crossed-
dipole assembly. Cross-course checks were not practicable on the crossed dipoles because
of the orlentation of the dipole antemnna installed on the airplane

Many tests were made in addation to the regnlar test flights described above.
Test flighte on the single 125-megacycle loop antenna were made to determlne i1ts vertical
radlation characteristice when mounted on gtructures of variocus helghts. These testas
were made by flylng in a straight line directly over the varlous antemnna installations.
Distance tests were also made to determime the effect of cperating the antenna at one-
quarter and at one-hself wavelength above a counterpoise. Further measurements were made
with the loop antenna on a 30-foot pole without a counterpolse and wlth a dipole antenna
one—quarter wavelength above ground placed 200 feet south of the 125-foot tower. Flgure
21 18 an Index of the flight tests that were made at Indianapolis.

The Van Nuys statlon was located nearly midmay between the Santa Momica and the
Verdugo mountains The terraln wmthln an B-mile radius of the station was alwmost
perfectly flat A dirt rcad ran east and west, adjacent to the south side of the trans-
mitter bullding, and & barbed-wire fence ran aleng the south side of the road A rural
power line on 35-foot polea, termlnated approximalely 600 feet west of the statiom, ran
wept and parallel to the road Flgure 9 15 a photograph of the statlon

The courses were aligned so thet the northeast leg lay along the Newhall pass
between the Verdugo and the Santa Susana mountains. Because of the location of the
station, this was the only leg that could be compared with one of a low-frequency range
Figure 20 shows the location of the statlon, the course allgmment, points at which cross-
course fllghts were made to check the courses, and polnts where other flights were made
to check the propagation characteristice in mountalinous regions At the Van Nuys
installation, cross-course flighte were made on all legs of the ultra-high-frequency
range 8t intervals of 10 mlles to the limits of the service area  Hecordings were made
at altitude intervals of 1,000 faet fram 7,000 feet to the lowest altitude at which
the signal could be used., In all of these tests particnlar attention was glven to course
width and to any tendency toward split or multiple courses Simllar but not as extensive
tests were made on the low—frequency range for comparison,

1556¢ raference 1 on page 1.
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A pecond serles of flights was made to record the cone-of-gllence character~
1stieca and to determine the mmber and serlousnesa of false cones and the presence or
absence of quadrant reversals. Furiher tests wore made to lnvestigate the propagation
characteristics of the 125-megacycle slgnals 1n the vicinity of mountains and, where
pogsible, in the valeyw benind ranges of mountains

Measurements of the low-frequency Newhall range were made using the Western
Electric type 14-B receiver which was a part of the airplane’s regular equipment.
Figure 22 13 an index of the flight tests that were made at Van Nuys.

Teste on the Indlanapolis five-loop rauuge congisted of crogs—course checks
to establish courses, mid-quadrant flights through the cone-of-silence, and on-course

flights to check fades, surges, and, in general, the reflectiom characteristics of the
counterpoiee.

RESULTS

The Indianapolis Test

The 125-foot tower range was found to have approximately the same amount of
pushing and circling as other ultra-high-frequency ranges using simllsr antenna
aystems. 8ince thess effects are known to be deperdant on polarizationlB, thelr
Fresence or absence camnot be attributed to the height of the antenna. The
reason for elevating the antenna was to increase the distance range of the gtation.
The resulte obtained are shéewn in figure 23. Increasing the height of the antenna
from 16 feet (curve 1) to 125 feet (curve 2) increased the useful range of the station
fram 51 miles to slightly over 74 mliles for flights at 1,000 feet, and from 87 miles
to 119 milea for flighta at 4,000 feet

It must be borne In mind that these tests were made over very flat country.
It is to be expescted that other topographical conditions would cause wide varlations
in these figures. The data for figure 23 were taken under as nearly similar conditlons
as possible 1n order te obtsin true comparisons of sipgnal strength The iqput poWers
to the 16-foot and 125-foot installations were adJusted to the same value (300 watts),
and during the distance flight teets the transmltters were put on the alr alternately
according to a prearranged schedule,

The curves represent altitudes for reception of signals suificlently stromg to
be nsed for navigatiop even in the presence of moderate ignition nolse. Comparison of
curves 1 and 7 will show that the counterpeise on the 16-foot antenna materially reduced
the effective range of the station. The ocbservations with ne counterpolss (curve 7)
were made several days later than those with the counterpolse (curve 1), and it is
pogaible that the Iimprovement may be exmggerated because of uncontrollable condltions
Curve 2 ls representative of the 125-foot tower range for vertical and horlzontal
antennas and for a horizontal antenna with the counterpoise covered with sheet metal.
Curves 5 and 6, shown for 125 megacycles, represent the results obtained with slightly
less power In the antenna, approximately 120 wetts. Curves, 3, 4, 5, and 6 indicate the
lncrease 1n range by raising the antenna from one-quarter wave to one-half wave above
the counterpoise for both the 30-fcot and the 125-foot towers It is interssting to
note that the proportional incresses for the two towers are approximately the same.

The increase can be explained by examining equation (9} The vertical field pattern can
be closely approximated by multiplylng this equation by the form factor of the antenna,
Mg =Cos ¢ . Substituting the values of B i1n equation (9) shown that at low angles
equation (9) increases in valus more rapidly for H = A/2 than for H = A/4, and reaches
& maximm at an angle of 30°,

légee reference 1 on page 1
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A comparison of curves 6 and 4 or 5 and 3 of figure 23 indicates the increase
in range dne to raising the antenna from approxdmately 30 to 125 feet, It is also inter-
esting to note that an antenna one-half wavelength above a counterpolme on a J0-foot
tower has a greater range than an antenna one-—quarter wavelength above a counterpolwme
on & 125-foot tower.

The irregularities ln the cone-of-silence and the discentinuities in the range
courses in the vicinlty of the atatlon are the most serious conditlons introduced by
elevating the antenna to 125 feet The results of the flight tests shom in flgure 24
11lustrate the multiple surges and fades received when approaching and leaving the
station. These recordings clearly show the high ratios of nulls to surges encountered
in the vicinlty of the station. It would be quite possible to mistake amy of the nulls
for the actual cone-of-silence At this stage of the development there sesms to be no
practicable way to elimnate these Ilrregular patterns The presence of nulls detracts
from the usefulness of the cone-of-silence method of locating the range station

& secondary effect caused by thls wave interference phenomencn 1+ that of course
irregularities. In the cage of the simple dipole above the level earth, the vertical
field pattern could be calculated quite accurately If two such entenna systems were
used to make & range, the vertical patterns would be exactly allke and the resulting
range coursas would be perfectly straight Now 1f some local oblect, such as & tree or
fence, were introduced in the field of one antenna and not the other (say the center of
one quadrant}, & reflection might take place which would distort the vertical pattern
of only one antenneg This distoertion might result in a slight shift of the lobes or
perhaps elimination of socme of the lobes altogether. It 1s obvious that the resulting
courae wounld be bent or discontimuous at the points 1n gpace where one get of lobas
was shifted.

The recordings reproduced 1n figure 25 show the course discontinultiles actunally
enicountered on the 125-fool tower range. It is interesting to note that discontinuities
are present to an equal degree with both horizontal and vertical polarization. In the
actual case the field patterns are greatly complicated by uneven ground, the probability
of many small reflecting bodies, and the possibilliy of excitatlon and reradiation from
the steel tower. The presence and unpredictable nature of these course discontinuities
greatly detract from the usefulness of the range 1n the vicinity of the station. The
course discontinuities encountered on the 125-foot tower installation coentrast greatly
with the smooth uninterrupted course obtained with the antenna system mounted above a
counterpoise 16 feet above ground. A recording taken on the 16-foot tower installation
13 also shown on fagure 25 for comparison

The test of the 125-megacycle horlzontal loop antenna on the 125-foot tower,
30-foot pole, and 30-foot-high counterpoise (fig. 26) substantlated the results obtained
on the lower frequencies. Figure 26 slso shows the scalloplng of the vertical field
patterns radiated by the horizontal lcop antenna on the various supporting siructures

A series of flights was made over a horizontal dipols sntenna one-quarter wave
above grourd in order to obtain a vertical fleld pattern of the alrplane's 125-megacycie
horisontal loop antenna. The pattern obtelned is shomn in flgure 27. The lrregulari-
ties in the pattern are caused by shlelding effects 1n the alrplane structure, since
all signals at large angles of elevation are recelved through the structure. The re- N
cordings of the flight testm are the product of the transmitting and recelving antenna
patterns. Consequently, the mmber of surges and fades shown may vary plightly from
thome actuaslly radiated. Qualitatively, however, it is seen that both the tall tower
and the 30-foot pole without a counterpoise are quite upsuitable for use as supports
for 125-megacycle antennas.

During the flight over the dipole one—quarier wave above ground, several
reccrdings were made to observe reflectlons from the steel tower, The dipcle was
oriented to radiate maxlmm energy toward the tower. The dietance between tower and
dipole was 200 feet. Figure 28 shows the 1lnterference pattern preduced in the
vertical plane through the antenna and dipole. It le lnteresting to note that the
acalloping does not occur while the airplane is in the shadow of the tower, with

-
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respect to the dipole. It 1e slao evident that the scalloping 1s not deep, showing
that the amouvrt of energy reflected from the tower is small cempared to the direct

signal.

Figure 29, which shows the comes-of-silence recorded from the horisemtally
polarized 63-megacycle crossed-dipole range on the 125-foot tower, also shows the
offoctiveness of the mesh counterpolse used. Very little difference can be noted
between the signal intensities as received from the g¢lid and from the mesh counter-
poiges.

The Van Nuya Teat

Multiple Courses The Van Nuye ultra-hlgh-frequency range was found to have
gharacteristice which were almoat identicel to trose of the five-loop staticm
developed at Indianapolis. The most strlidng characteristice were the sharp courses
and lack of multlples above the mountalns and in the passes.

The flights in the Newhall pass region were conducted to compare the qualliy
of the course between the mountains with the course of the low-frequency range along
the same path. Thle comparison is clearly shown in the recordings of cross—course
flights of the two atatlons, flgures 30 and 31 It should be noted that the varl-
ations in si1gnal strength of the Van MNuys ultre-high-frequency statlon are in genersl
very rapid, while those of the Newhall low-frequency station are slow. The rapld
variations may be attributed to the rugged hills at the entrapce to the pass which
lae in the path of the signal and cbstruct the line of sight path  Although the ultra-
high-frequency signal is subject to conslderably mere fluctuation tham the low-frequency,
there 1s no tendemcy toward false coursea. The A and N slgnals are affected the same
may by the varicus reflectors and apparently maintain their original ratio. This is
dafinitely not the case with the low-frequency range, slnce both northwest and sontheast
legs show false courses and cross-overs., Flgures 32 amd 37 are cross-course recordlngs
of the northeast and scuthwest legs of the Van Nuys range.

Distance Range. The distance range of an ultra-high-frequency installatiom
may be said to depend almost entirely upon the terrain in which it 1s located. The
mrofile map, figure 34, shows the altitudes of some of the flights with respect to
the earth'e surface and optical ldne of s1ghtl7. The radius of the earth used in these
calculations was 5,28, miles (spproximately 1.33 times the earth's radius), which is
the figure frequently employed to account for refraction in radio problems. On
figure 34 are spotted, with circled numerals, the locatlons and altitudes at which
flight teats were made. The numerals 1lndicate the figure on which the results of the
flight test are showm.

The measurements over Long Beach (30 miles distant on the moutheast leg) show
that some diffraction of the signal 1s caused by the lptervening mounteins. The
recordinge (fig. 35) taken at an altitude of BOO fest above sea level indicate that
the maximm amount of bending that may be expected ia 1,500 feet at 30 mlles or about
33 minutes of angle. This checks very closely the diffraction of light (35 minutes)
and indicates that the line of sight lines shown on flgure 34 are drawo fairly
accurately The signal at this point 18 very unsteady and could hardly be used for
navagational purposes. However, the recording at the next higher altitude (2,000
feet above esa level) is emsily read. The aural signels were urmlstaksble and easily
used to locate the course. This polnt 1s 300 feet below the opileal horlgon. The

17The curved surface of the sarth has been drawn to permt the plottipg of
nltitudes elong straight vertical lines from the earth's datum, and distances along
a straight horizontal line. This 1s in accordance with an unpubllshed memorandum
dated September 7, 1937, ™Graphical Methods for Representing a Straight Line Above
the Surface of the Earth," by J. D. Sarros of the Bell Telephone Laboratorles
Sarros! method of plotting profiles is based on an elliptic coordinate seystem and 1g
sultable for profilee covering a ranges of 400 to 500 mlles with reascnable accuracy.
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data for the records shown 1n figurcs 30C and 30D were taken in the Newhall pass and
clearly lmicate how the slgnal is completely cut off by intervening mowmtaine. The
whole record was takem below the line of sight The data for figure 36, as indicated
on figure 21, were made while flying from behind a mountain into an uncbstructed
optical path and back behind the mountain. The very rapid increase in field stiremgth
is strildng.

Pushing and Circling, Every effort was made at the time of installation to
eliminate any trace of vertical component in the emitted eignal., No trace of
vertically polarized slgnals could be detected with the vacuumm tube fisld mster 500
feet from the station During the flight tests there was no evidence of a circling
effect, and pushing was less than 0.5° on all legs.

Cone—of-silenca. The cone—of-silence characteristics were mmch the same as
those found on the 30-foot wooden tower at Indlanapolis. Aa previously atated, the
current in the center loop wes 1.8 and not exactly two timea the current in a corner
loop, amd the parasitic current in the unused loops was approximately 10 percent.
Quadrant reversal took place at high angles within the cone—of-silence, Thie could
be detected only when the recelver was cperated with maximm ssnsitivity and was not
considered disadvantageous in view of the increased signel on course. During normal
operatlon of the recelver thls effect would not be detected. The recording shown in
figure 37 shows the cone-of-sllence as received along the nerthwest-southeast legs of
the range. Flgure 38 shows the quadrant identification through the cone and alomg
the two quadrant axes with the recelver set at maxignm sensitlvity.

The Indianapolis UHF Range

Teats on the ultra-high-frequency range after 1ts installation at Indianapolis
gave results which pubstantiated those obtalned with the 30-foot tower at Indimnapclis
and with the 22-foot tower at Van Muys, Cerlif., The parasitic current=s in the mmwred
palr of loops were reduced to gero. Aes a result, no revermals could be found in the
cone—of-silence wheo the receiver was operated at high galn. The range showed no
evidence of multiple courses

CONCLUSIONS
Ag a result of thie investlgation i1t 18 concluded that:

1. Although a declded lncrease in dilstance rangs can be obtained by increasing
the height of the tower, the lntroduction of multiple lobes due to reflections from the
ground with the resultlng surges, fades, course diecontinuitles, and false cones—of-
silence, nullifies the usefulness of the range as an ald to aerial navigatiom.

2. Although the use of a counterpolse will reduce the multiple lobes at high
angles, the size of the counterpolse for a high tower installation would have to be
prehibltively large to effectlvely ellminate the low—angle lobes. This 13 demonstrated
in figure 39, which shows the dlameter of counterpoise for any helght tower from 0 to
40 feot required to restrict the low-angle lobes to one and tweo lobes.

3. The most practical tower structure is a low tower Detween 20 and 30 fest
with a 30-foot to 45-foot counterpolse, with the antenna located one-half wave above
the counterpoiss.
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Figure 7. The 125-Foot Tower Station, Indianapolis, Indiana. Figure 8. The 30-Foot Tower Station, Indianapolis, Indiana.



Figure 9.

The 22-Foot Tower Station, Van Nuys, California.

Figure 10.

Dual Contact Interlock Relay.
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Figure 11.

Phasing Network-125 MC Radio Range, Van Nuys, California.
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The 22-Foot Tower Station, Indianapolis, Indiana.



Figure 13.

63-MC Vertically Polarized Antenna
Mounted Above a 30-Foot Circular
Counterpoise 16 Feet Above Ground.

Figure 14. 63-MC Radio Range 4-Course Vertically
' Polarized Antenna, Indianapolis, Indiana.
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Figure 15. Matching and Balancing Network 63-MC Radio Range.
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Cross Dipole 4-Course UHF Range Antenna.



Figure 17.

125-MC Radio Range 5 Horizontal Loops, Van Nuys, California.
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Figure 18. Horizontal Field Pattern of Four-Course
Vertical Antenna (63-MC).
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Figure 38 Quadrant Identification in Cone-of-Silence 125-MC Radio Range, Van Nuys, California
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