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DNELOPWWl OF THE ULTRA-HIGH-FREQUENCY RADIO RANGE 
PART II -TESTING OF UHF RAOIO RANGE3 ON TOWE%! 

Thx report covers further developents of the ultra-high-frequency ratio 
range, discusses the factors affectmg the usefulness of radio ranges from a theoretical 
standpomt, discusses the effect of reflections from the ground and from a counterpase, 
shows the effect of height on dxtance range and contlntity of signal, describes the 
;Ep$,us used, and presents the data obtained at Inaunapolx, Ind , and Van Nuys, 

, dui-lng Ihe latter part of 1941 

Tte iniestlgatmn ms begun using only vertical polarlaatloo at 63 megacycles on 
a l&foot wwden tower, fu-st without a counterpoise and then mth a 30-foot counterpoue 
Tests were made using both vertical and horizontal dipole radiators on the high toner 

Tke second stage of the investigation ,vas carried on at 125 megacycles us=ng pure 
horleontal polaruatlon Tests were made on the 125-foot steel tower with a counterpoise, 
on a 30-foot pole arithout a counterpoise, on a 30-foot woaaen tower mth a 30-foot 
counterpoise, and then on a Z&foot steel tower mth a 35-foot counterpoise 

The mvestlgatlon was carrxd on in two separate locations, Indunapolx, Ind , 
and Van Nuys,.Callf. The results obtained at Indlanapolx are representative of what 
may be expected u, flat country, nhlle the results obtalned at Van Nuys x,&ate xhat 
may be expected when an x,stallatlon 1s made umnedlately adjacent to eatremely 
mauntalnous terram The Van buys work was done using an unproved ultra-high-frequency 
radio range antenna system mth pure horizontal polarizatu,n on a 22-foot steel tower 
mth a 35-foot counterpoue This antenna system was still further improved ana 
rexxtallea on t,e steel tower at Lndlanapolis w'nxh had been shortened from 125 feet 
to 22 feet mth the sane counterpoIse 

The ultra-high-frequency range characterlstxs are contrasted to ttose of the 
loser frequencJ ranges in extremely rugged country. 

"he conclusions reached as a result of this lnvestrgatlon are that the high 
toner 1s lmpractxal because of multiple low-angle lobes produced by reflections from 
the ground, the low tower 1s rcost satisfactory, ana a counterpoxe 1s essential and 
should be designed to 1-t the low-angle lobes to not more than two Rth a shght 
increase in counterpoIse diameter the lobes may be further lmted 

INTRODUCTION 

Early in the developnent of the ultra-high-frequency radio range', It was deter- 
lilned that the height of the supporting structure and the prrssence of a counterpoise had 
a defuute effect on the factors governing the usefulness of an ultra-high-frequency 
radio range, namely, distance range, character of the cone-cf-silence, course straght- 
ness, contmuty of signal, and multiple or false courses. The developnt of the ultra- 
high-frequency range explored two frequencies, 63 and 125 meeacycles, using vertxal dipole, 
horizontal dipole, and horizontal loop antennas on towers varpng in height from 16 to 
125 feet, with and mthout a counterpoise The data accmwlated vere sufficient for the 
conslderatlon of the elevation above gound phase of the ultra-high-frequency range 
problem, and the lnforrnatlon has been used in this report to compare actual with theoret- 
1ca1 "peratlon 

'Hromada, J C , and Ku,g, P B , "Development of the Ultra-High-frequency Ratio 
Range Part I - The FourXourse Aural Radio Range " C A A Teclrncal Development 
Report No 42, July 1944 
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some early teats using several types of cou"terpo1aes at I"diMapol3s and 
PLttsburgh, and usi"g a counterpcxa mounted atop a l25-foo$ steel tonw at 
Weehmgton, D C., have been described I" e. previous report These tests shored the 
desirabi~ty of e counterpoise because the reduction of highangle lobes wae quite 
pro"ou"c~. However, the results of these tests did indicate the necessity for 
further study of the problem 

THEORETICAL DISCUSSION 

The Electric field Pattern 1” a Vertical Plane 

From an anal&w,1 point of view there 1e no formal difference between the 
Mawrena" electrcagnetx theory and the classical theory of light. Radio nave propa- 
@lo" problems can be readily solved If certal" simpllffiing assw,pt~ons regarding the 
phys~al propertlee of the medu involved are made 

Complex and cumbersome equations are obtamed If B” attempt 1s msde to take 
account of the spetlal varvation of the ionisatio" in the Henelly-Heavyside layer, the 
wrylng electrical properties, and the curvature of the earth's surface The simplified 
theory used in tbie report gives useful qualitative lnformatlon as to the radiated 
electranagnetic field mthin the optical horizon 

In the radlatlo" field the E and H vectors are u simple relationship, and it 1s 
sufficient to eve, for example, the electrxc field lntenslty E. For investigation of 
the effect of the counterpoise and of the earth's surface on the radiation field, It 1s 
suffxvent to consider the electric u,teneity in a vertical plane 

One of the moor factors determinmg the ueefulness of a radio range system 1s 
its service area. IncreasFng the altitude of the recelting and the transmitting antennas 
naturally 1~1creases the ""obstructed optical path and, hence, the useful dlstfmce range 
of the system. I" a simple case of pomt-to-point codcation, It is possible to 
control the local condltlons eo that the most satisfactory circuit is obtainable The 
problen of au-craft "avlgatlon 1s far more cmplicated. There is no defmlte polnt-to- 
point path, the height of the receiver 1s variable, and the horizontal distance separating 
the transmitter end the receiver is contuually changing. The problem, therefore, becomes 
one of deteti"g the effect of all factors I" all dIrectlone, 1" all planes Inter- 
ference patterns set up by the ground and by objects "ear the antenna must be analfled and 
their uSlue"ce on the vertical end horizontal radu.tlon flelde consIdered At any give" 
inetallatlo" the height of the transmittx,g antenna above ground is the one factor which is 
under the control of the enpneer. Local conditions, such as terrau,, bulldIngs, and 
vegetation, must be accepted largely as they are 

It has been found that at frequencies higher than 60 megacycles the radiated waves 
are rarely reflected by ionized regions or layers in the upper atmosphere; hence, there 1s 
seldom any skip effect as observed with luuer frequencies However, reflection does occur 
from the earth's surface, and due consideration must therefore be given to the reflecting 
meduxn and Its effect on the radiatvan pattern 

I" the simplest caee of an antenna above a plane reflector of infimte area the 
vertxal flsld pattern may be eaelly calculated. The field strength at any point 111 space 
1s the vector sum of the direct ray end the reflected ray 

F=Fo (l+Ke-jd) (1) 

Where FoEelectric field atre"&h of the direct ray at a point in space 

2s ee reference 1 on page 1 



Fo depends on the conflgwatlon of the antenna system and Its current dlstrl- 
butlo", and on t?e dIrectIon and distance of the reference pomt. 

K=Ae$+=reflectlon coefflclent of the eartt's surface A is the ratlo of the 
amplitudes of the reflected to the x,cme"t ray The phase shift caused by the reflec- 
tlon 1s give" oy the angle @ . 

d=4~H 
- sin4 (2) 

A=phase sblft uetneen the direct ard the reflected rays due to difference in 
path length, at &stances tiere the dxect and reflected i-~'s may be consIdered as 
parallel 

H=helght of center of the antenna above the reflecting plane 
A=mve len&h. 
+=angle between the direct ray and the ground plane 

In general, It can be sad that the attenuation of the electric flela along the 
ground at low graang angles at a fxied height above tile ground varies mversely with 
tfie square of the distance, tifille at any fxea angle above the ground the attenuation 
~111 vary accoramg to the Inverse distance law 

Before e2-~ng the reflectlo" coefflclent K I" more d&all, a short dlgresslon 
1s made co explan terEuno1og-y 

The plane of wcldence 1s the vertical plane through the dnect and reflected 
rays. Accordwg to Fresnel's equak,ns, the reflectlo" coeffxxnt depends on whether 
the E (or H) vector 1s parallel or perpendxular to the plane of x,cldence. In the 
case of vertxal dipole antennas the E vector 1s parallel to the plane of incidence. 
For horvxx,tally ?olzrleed wales produced by loop antenras, the electric field always 
1s at right angles to the plane of xxxdence. In the case of an electromagnetic field 
producea by horizontal dipoles, the electric lntenslty has I" yeneral both a parallel 
and a normal component to the plane of lncldence The relative mawtude of the two 
coEponents depends on the angle between the plane of incidence and the dlpale axis 

When tne electric field stren&h vector 1s either perpendicular or parallel to 
the plane of Incidence, the varlatlon of the amplitude ratlo A as a function of the 
angle of elevatlon+for a perfectly conducting ground plane and for an msulatlng ground 
plane of dlelectrx con&ante=9 (dry earth) 1s shown I" flgure 1 

It ml1 be noted that I" the case of tre perfect condxtor the amplitude ratlo 
A 1s wty for botr perpendxular and parallel polarlaation The phase angls~iis MO0 
at zero or low ganng angles. This 1s equivalent to a perfect negative Image 

In the case of transrmsslon over a non-conductor or dielectric ground, the 
attenuation of the perpendicularly polarlaed ray 1s gradual, fmally reaching a value 
of 0.5 at normal mcldence (for l =9) The phase angle$x 180' upon reflectlo" from a 
pure dlelectrx I" the case of t?e parallel polarlzatlon the ratio A decreases rapIdly 
and et a crltxal angle of approxunately 18.5' (fore = 9) reaches zero. For a non- 
conauctlng ground of conduck-aty,cr =O, this crltxal angle 1s !aown as Brewster's 
angle The cotangent of this angle 1s equal to the square root of the dxlectrx con- 
stant At this angle the reflected ray 1s perpendxular to the refracted ray, and the 
phase change+of the lncldent ray on reflection 1s g0" At low grazing angles@x 380° 
Above the critical angle no phase shift occurs and 1s 0'. Above the crltxal angle 
the value of A for parallel polar1eatlon increases slowly to a value of 0.5 at normal 
lncldence. At normal incidence the ray parallel to tire plane of incidence has no 
vertical component, thus the reflectlo" coeffxlents for rays having both perpendicular 
and parallel polarxatlon are equal I" magnitude but opposite in sign. 

When the reflecting medium is partially conducting the situation 1s somewhat 
different, especially for the caee of parallel polarlzatlon For a fxced dielectric 
constant, the critxal angle, point of rmnurmm reflectlo", becomes smaller as the 
conductimty increases or as the frequency 1s decreased For very low frequencies tbe 
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crItical png e may be a fraction of a deflee. 
3 

At no angle does the reflected ray 
becme zero D4 

In general, It. can be smd that the vertxal pattern for hoi-lzontal @an- 
aation till be more uniform with chws in inndent. angle. 

For the purpose of mveatu&ing the vertical pattern, let ue consider for a 
mment equation (1) and calculate the radiatmn cbaracterietics of a vertical and e 
horizontal doublet as a func'non of the angle of incidence. 

Ueing subscripts v and h for vertuzal and horisonteJ. polzu'icatum, respectively, 
we obtain frw equation (1) 

Fv=Fov lta, 
L 

-3 e (evtA ) 1 
Fh= Fob l+Ah e j (@h-Ad) 

I 

(5) 

Kh=&e j@h (6) 

Aa sham by K. A. Norton5, the phase angleeh of the coefficient of reflection 
Kh m lsOO lagging at grazing ahgles and decreases with Increase m incident angle. 
'l'h~,s@~ 1e positive and the phase angle A due to peth difference is subtracted frcm$h. 
For &, the phase angle $8 ~ Is 180' leedmg at grazing angles and decreases with increase 
in incident angle. Therefore ev is negative end A is added to it to decrease Its lead. 

The gemetric solntion of the tmo vectors in each equatmn results in the follorrlng 
resultant field strength vectors. 

Fv=Fov lt~z+2~ccos (+v+A) (7) 

Fh= F,,h 1+ Ah'+ 2 Ab COe (@b- A ) (8) 

T&mg equation (8) for horimntal polarizatmn, since the amplitude ratio and 
@,ese angle remaIm more nearly conetmt for varioue angles of incidence, and ass- 
Ah=land~h=lSO, the expression far the field pattern in the vei-txcal plane becomes 

(9) 

Thx equation alao holds true for F, at low grazing angles. 

From this equation it can eaaily be seen that Fh mill becme -orminimum 
as the bracketed portion becmes equal to odd or Eden multiples of n/2, and the function 
mill go through greater n&era of raxim and minima for variation of 4 88 B Is lncreaeed 

3Trevor, h-tram, and Oarter, P S., W,tes on Ropagatlon of Haves belou Ten 
bbters m Length,' Rot. I E.E , vol. 21, p. 381, Uerch 1933. 

4Feldm, C.B., 'The Cqtical Bebavlor of the Ormmd for Short Radio VaVes,. 
Rot. I B E., vol 21, p. 7u, June 1933. 

5QrmmdT~ve Ropegation, Federal Communications Publication No. 47475, Feb. 194l. 
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Thus the vertxal pattern mll have 89 many maxLma and minima au H is a multiple of 
h/2. The angles at ahlch these occur are not easily obtamed by InspectIon Figure2 

Qves a graphical method of obtauung the approxunate values of the angles for any 
height of horizontally polarIsed antenna. Values up to seven wavelengths are shown. 
This flgure can also be used mth fax accuracy in the cae of vertxal polarization at 
angles of Incidence less than the crltlcal angle. For angles of lncldence greater than 
the crltlcal angle the m and rmnina must be interchanged when considering vertxal 
polerl~tlon Of course, the correct amplitude ratlo must be used for each angle It 
ml1 be seen that as H 1s increased more man- and minima are added to the vertxal 
E&tern. As H 1s increased the lmest lobe 18 depressed nearer to the ground As A, 
and A, at lugher angles are not equal to unity, the rmn- 111 the pattern ml1 not go to 
zero and the vertical pattern KLY be scalloped mth Its amphtude osclllatlng from 
maximum to rmnm around a value equal to the field due to the duect ray. For horl- 
eontal polarlzatlon these osclllatlons or pattern scalloping xtll be more or less 
uniform for varyLng angles of 6 from graemg to nom1 uxldencs. For vertical p&a-l- 
zatlon the scalloping mll be greatest at loa graz=ng angles, ml1 dxminlsh es the 
crltxal angle 1s reached, and then ~lll lncrBa%e as x$ approaches normal incidence. An 
airplane flying through such a pattern ~lll exper~nce surges and fades in the signal as 
It cuts through the mu and minima Thus, Ylcreaslng the height of the transmittq 
antenna to u~rease the distance range ~trcduces an undesuable condition of surges and 
deep fades at conslderable d-L&axes from the statlon 

Use of a Counterpoise 

In the case of a radio range installation, It 1s desvable to produce a field 
pattern with the fenest possible u‘regularitles. The mayor part of the radlatlon should 
be at low angles, and no signal should be radxated vertically Inspection of figure 
2 ml1 shmv that any antenna nhlch 1s located at any multiple of one-half wavelength 
above ground ml1 rab7ate such a field The higher the antenna the lower a~11 be the 
angle of the fuat maxurmm and, at the same tune, the number of lobes 111 the vertical 
pattern ml1 be greater in number If a perfectly conducting counterpox+ 1s placed 
one-half wavelength under the antenna, the maxuum lntenslty of signal ~lll be at 30' 
elevation and no signal -*nil be ratiated vertically, thus in~ui-lng a god cone-of- 
silence above the range Signals passing over the edge of the counterpo~e ml1 be 
reflected from the ground Thus, =n conslderlng the vertical pattern, due cognizance 
must be taken of the surface from alllch reflectIon takes place Two "ground factor* 
equations must be wed to describe the radlatlon in the vertical plane The 51ne fun- 
tlon ~TI equation (9) must be replaced by 

G, = sin 

fiere fi l= the height of the counterpoue above ground 111 
electrical radxans= 2 7~ h 

hl =the height of counterpoise above ground 

82 =the height of the antenna above the counterpxse 
III electrxal ratians = 2nh2 

A 
h2 =the height of the antenna above the counterpoise 

Y =the radius of the counterpoise In electrical radians 

6 =the elewtlon angle 

The twz values of the ground factor are based on the assumption that at elevation angles 
less than (tan -1 82 ) all reflectlon takes place from the ground and only GE applies. 

Y 
At elevation angles greater than (tan -182) all reflectvm takes place from the 

Y 
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counterpoise and only 0, applies Strictly speaking, thsre is not an abrupt change in 
field strength at this cmticsl angle. Imperfect reflection at the edge and diffraction 
over the adge of the counterpoise c~nse a gradual change in the pattern produced. At 
any given installatmn alight irregularitms m terrain make any mthaatical anel~ls 
of the situation only approtite The ground factors given abow BPB based on aasmp . 
tmns that the reflection coeffxients of both the earth and the counterpoise are unity 
and that the phase change at reflection 1, 18oD Rigid application of accurate factors 
in the computation of the vertxsl pattern is purely of academic interest. 

The reaulta obtained during test flights agree fairly well rith the abow theory 
lhen the variations from the Ideal case are considered. These vEriaticns n.ay be briefly 
-ted 8s follorrsr (a) Uneven terrain ~~"88s large deviations fram the ideal plane, 
eapeclally In the CBBB where there is a focusing @lo") (b) no account of the edge 
effect of the counterpoise has been ccnalderedJ (c) irregularitlee in the vertical pattern 
of the airplane receiving aotenna could not be accurately deterndned; (d) variations of 
@Ming, even III Ideal weather, were sufficient to introduce errors. In the c.we of an 
actual installation it has been found that values of IKI<l, diffraction over the edge of 
the counterpoise and slight irregularity in the ground, reduce the low-angle surges to 
fades ratio. The characterlatlcs of the signal are, therefore, consIderably better than 
thoee mdxated by the calculated patterna where JKI = 1 (figs. 3 and 4). 

General Romatxm Characteristics 

Aa stated in the introduction, the teet of the ultra-high-frequency radio ranges 
on twrs ses carried on concurrently .ith the development of the ultra-high-frequency 
range eystem. Therefore, much of the teat data was applicable to both problema. A 
revLer of the general propagation characteristics at this point will aid in the proper 
interpmtatxm of the data tiich will be presented in thin report 

Ae stated above, the counterpoise improves the radiation Characteristic in the 
vertxal plane, and by placing the ant.e~a one-half wavelength abow the counterpoise a 
good cone-of-silence 18 insured and surges and fades are greatly reduced for elewtion 
angles greater than (tan -1 ). Blnce the mulmum of the signal is at a relatively 

Y . 
high elevation angle, 30°, a counterpo~ae of too large a diameter not only rlll be 
costly to conetruct but also will restrict lobes at low grasing angles. The signal frm 
these low-angle lobes till be received in aircraft flpng at a distance ti the station 
and at low elevation (for ample, the angle of elevation of an airplane flying at 2,OOC 
feet at 20 miles distance is awoxlmately lo). The de&II of the cconterpoiae Is e 
capi-omlse of radiation and economic considerations. 

After considerable study and tests on the 125-foot tDlrer it VBB decided that a 
counterpoise of such diameter and height as to premit only trro lowan&? lobe8 to be 
reflected by the ground w,uld produce a satisfactory field pattern. It was found that 
at a frequency of l25 megacyoles a counterpoise 30 feet in diameter would be quite 
suitable timen the entx-e structure is only three to four navelengths above ground. A 
30-foot counterpoiee with an antenna one-half ravele@h above It till radiate all maven 
at xxident angles greater than 14.7'. If the countsrpoiae is 30 feet high, only two 
lobes dll be reflected order this traneition angle. Figuree 3 and 4 show the vertical 
fvald patter?l camput& for both a high ard a low tower. The reflection coefficient is 4 

assumed to be unity The tranait1on angle (tan -s) ia shorn. It can be seen that 
Y 

the high tower lrill produce eeven lobes uoder the transition angle, whereas the low 
tmer will prcduce only tro lobes. The madmum of the lobes is lImitEd hy the form 
factors of the horizontal loop antenna which ia approxkately equal to cosine $ . 

If It -a possible to place a radlatcr over a perfectly conducting plane, it 
would be an easy matter to predxt its rave propagation characteristics regardless of 
its cprating frequency. If simple reflectors were placed at randen near thla ideal 
statlcn, It. would still be possible to predict ito charactaristicrr. Following the 8ame 
line of reasoning as in calculating the vertical field pattern, it may be seen that a 
waive mterference pattern will be set up The resulting field mll b-a scalloped rith 
,uxU,q and minima in both horizontal and vertical planes. Complex scalloping fill be 

P 

c 



7 

* 

caused by the reflectors placed along the ground. Simple scallopingnill occm- because 
of the height of the antenne above gron&. In the horisontal plane the distance 
betreen merlma cawed by cmplex sc%llopFng is related to the wavelength of the tram- 
mtted signal. In the case of e 300-ldlccycle signal this distance might be as great 
8~ several mles, tile In the case of e l25aegecycle signal the distance rould be only 
a few feet It has been ah-6 that scallopicg in the on-course region of a low- 
frequency radio range me eaally detected beceusb at norm.1 flying speed the effect 
would last en eppreclable time. At ultra-high frequencies, esy Y5 megacyclea, the 
irregularities cf the field pattern erw ec clone together m apece that they will be 
noticed only ae B fluttering signal. 

The problem is mede very ccmplex in the actual ceee lhere uneven ground, noun- 
t-sins, and ve&ng degreea of vegetation are present It mey be said, in general, that 
objects, in order to become reflectors or reradiators, must be of the order of a wave- 
length in et least one dimension. A till oeversl miles long might reflect an appreciable 
mount of energy of e 300~!alccycle svgmal At this lcn frequency small surface varietiws 
have little effect on the reflector as a whole, since the entire surface of the hill acts 
to distort the pattern Honever, the eamw hillaould appear aa an almostmnfirute number 
of reflectors et random angles for an ultra-high-frequency signal Considering the lars 
of probability, it is logical to 88-e that the resultFng pattern might be scalloped but, 
in general, would average cut almost as if the hill were not present. At ultra-high 
frequencies, then, anal1 irregularltiea 111 terrain my be coneider& as causing a dif- 
fusion of the signal, while at 10s frequencies such a surface may be considered flat and 
an actual dIstortion in the radiated field may &at, A range of mountelns no doubt 
would cause irregularities in the fxld of a lcn-frequency range of such magnitude es to 
cause multiple and bent c0uraes7,~ 

Recent improvementa ~TI ultra-high-frequency range antennas have reduced the 
probahlhty of irregularities 111 the on-courew region This result is effected by 
decreaeing the mid-quadrant aigcal and, hence, the signal which is reflected into the 
courses by objects within the qua&ante. 

The flight msaswemente made at Indianapol% and Van Nuy~ agree well with the 
above theory. The recordings of cross-course flights of ultra-high and low-frequency 
ranges in mount.ax~ous terrain show the greet improvement in course characteristics 
cbtaxxd by use of ultra-hgh frequency. A detailed description of these recordings and 
tests follon. 

APPARATUS 

The 63-Megacycle Tranemitter 

A type TXI transmitter ~ILB rebuilt for use et the tower installation. The tube 
line-up used is ahown in flgure 5. An "mKdul8ted cml.wr outpt of 300 watt0 us.8 essi1y 
obtained, although during most of the tests the output ma3 limited to appronmately 150 
watts modulated 90 percent The fxst twc stages (807 tuba) ccmprised the exciter unit9. 

4 we reference 1 on page 1. 

'lalbultiple Course of Ratio Range Beacons Investlgnted," Air Carmerce Bulletin, 
vol. 6, NC 3 

8 Vadio Phencmwna at 3alt Lake Range Station Btudied by Burea~,~ Air Cmrce 
BulletIn, Vol. 8, No. 3 

9Jackacn, C.H., V2evelopent of an Improved Crystal Exciter Unit.,' CAA Technics1 
Developnent Report No. 26, July 19&G. 



This unit mas mounted rlth Ita pwr supply in a relay rack adjacent to the trans- 
mitter The output of the exciter 1116 link+cou~led throueh B coaaal line to the 
grids of the RX-54 doubler. Thla tube furnuhe;l ample ex&.atlon to the push-pull 
power-amplifier consisting of two HK-254 tubes All tank circuita with one exception 
were 3olenoaial inductances and standard semicircular plate candenaers. A hairpin 
xductance and tisc-type condenser were used in the plate circuit of the firrsl stage. 
Inductive couplu,g to the output cu-cut was used The output of the transmitter was 
fed through a short length of Coaglal line to the interlock relay, filch .BE mounted 
on the rear wall of the building The keying device end rectifier for the relay were 
mounted in the relay rack lnth the exciter unit. 

The interlock relay ua8 an AC74 lx& circut relay rebuilt for ultra-high- 
frequency operation. The mcdification consisted of reduoing the ~118 of the contact 
mounts ati the dvameter of the contact surfaces and replacIng the maenive bronze supports 
mth lsolantlte mountu,g posts. ptlrticular care maa taken in the design of this relay 
to avoid variable contact reslatance and to keep the capacity betaeen radio-frequency 
Current-carrying parts as low as poeJible. 

The 12%Megacycle Transmitter 

The 125-megacycle transmitter used we.8 excited by an 807 oscillator-trlpler 
controlled by a 5208.33-k&xycle cry&al. The oscillator .a9 follow& by a,, 807 
doubler. These tlro tubes and their parer supply comprised the exciter unit, which 
was mounted in a relay rack mth the keyer and the interlock relay rectifier The 
exciter wa8 lmk-coupled to the transrmtter proper by means of a flenble coaxial line 
The transmitter ms built in B type TII frame and ConsIsted of two K-54 (triade) 
doublers followed by a fmal amplifier consisting of two K-254 triodes operated In 
push-pull. Link coupling was ussd between each stage The flnal amplifier tank me.B of 
the loaded transnussion line type. All other tuned clrcuts used colla and condensers. 
The high voltage power supply for the B-54 and the HK-254 tubes mo supplied by e bridge 
type selenium dry disc rectrfler. This rectlfxer was mada up of 28 stacks of 32 plates 
each and supplied 1650 volts to the transmitter. 
330 mtts (UnmcdulatEd). 

The power Input to the final stage maa 
The plates of the power amplifier mere modulated 90 percent at 

1020 cycles. A block hag-ram of the transmitter is shown in flgui-e 6 The high voltage . 
parer supply maa mounted in B second relay rack ltilch was placed adjacent and to the 
right of the exciter rack. A thud rack placed between the transmitter and the exciter 
rack maa used as a frame to support the var=ous radio-frequency networka used to feed 
the antenna system. 

Because of the remote location of the statlon, poor voltage regulation of the 
power source, and interrmttent loads on the lme, it was necessary to use a voltage 
regulator to secure satisfactory service. ThlS regulator was an automatic unit of three 
h ratmg of the saturating core type. It had the very desuable char&cterlstlc' of 
dramng but 3W lratts lhen the output terrmnals wre short-crcuited, thus elirmnating 
the need for hewy one fuses or circut breakers. The normal opsratlng characteristics 
rere an follow3 Output voltage 115 volts plus or minus 1 1 volts, mth input voltage of 
115 plus or rmnus 16 volts The full load porrer factor ms g0 percent, and an efficiency 
Of 85 percent raa realized. 

The l&Foot Tower and CounterpoIse 

The 16-foot tower 1118 a wooden structure which aupported the center of the verti- 
cal &poles 20 feet above grouod. Cne-quarter of a wavelength (at 63 megacycles) belorr 
the center of the dipoles n-a9 a round counterpoise, 30 feet in diameter, mde of 2-Inch- 
square galvarneed iron mesh 

The l25-Foot Toner and Counterpoise 

'l-w l25-foot t,c,wer and the 35-foot cucular counterpolss structure were supplied 
and erected on contract. The 15-foot-square base of the structure -6 anchored to con- 
crete piers burled to a depth of 8 feet Adequate allonance in design ~~88 made for mnd 
and ice load-. Figure 7 is e photograph of the tu"er shoalng its construction and 
location *Ith respect to the station buildu,g 
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The counterpoise on top of the toner mns supported by e structural steel 
framework 30 constlvcted that It nne fastened to the tower at only four points. This 
wae done eo that the entire counterpoise could be insulated fran the steel tower if it 
were found edmsable. The counterpoise consisted of sectlone of afpanded metal mesh 
fastened to a steel framework with YJ. bolts Steel strips were uaed to hold the mesh 
around the perlphely Special squeeze-o" clips *ere used to loin the seams &ich 
occurred between frame members. The countsrpolse was circular in ahape and had a 
diameter of 35 feet The expanded metal mesh ma8 of e diamond pattern, the ~88 of 
which measured approtitely 2 by 5 inches A ladder *BCI provided between the platform 
of the tower end a hntchwy in the counterpoise Some trouble we..? experienced lith the 
method of fastening the mesh with 'J' bo'ts. A piece of mesh upder one radiator which 
had not been properly replaced after the antenna had been Installed caused variable con- 
tact between the mesh and counterpoise framework It m'ae found that this defect had been 
causing difficulty in the balancing of the antenna currents. Special care to insure 
tightness of the nJ* bolts ms necessary 

The 30-Foot Tower end Counterpoise 

The 30-foot toner structure wae fabrxated entirely of wood Four 30-foot 
poles located at corners of B square supported a c~cular counterpoise 30 feet in 
dlemeter. 

The counterpoise WBJ covered mth a l/2-inch-square galvanized iron meah. A 
frame building located undsr the countsrpolee housed the transmitter and associated 
equipment Figure 8 1e a view of the statlo" 

The 22-Foot Steel Tower end 35-Foot Counterpoise 

The Van Nuye tower and counterpoiee w&e orIginally the same a6 the l25-foot 
steel tower at Indianapolis. The results of the experiment on the l25-foot structure 
led to the conclusion that a low toner xxe more suitable and, consequently, the Van Nuye 
structure was cut down to a height of two bays of the original, making the height 22 feet 
Figure 9 sholm the modified structure. The ladder in the center ras used to support the 
transmission lines, tile that on the east side %'a8 wed to gain accuse to the top As 
at Indx.napolls, the diamond-expanded metal mesh was anchored mth "JR bolts, and the 
electrical properties of the counterpoise mere found equally unsstiafaotory because of 
the "J" bolts After the Van Nuya tests, the 125-foot Indianapol~ tower wae cut down 
to the same height 89 the Van Nuya tower 

Transmlsslan Lines, Interlock Relay and Phasera 

Throughout the tall tourer test the antennas were fed by 66-ohm o-al trane- 
rmsslon hnes Since the Interlock relay ~88 in the transmitter building, It wee 
neceesary to run two lines from the relay to the top of the tourer These lines were 
run up the outside of the tower leg nearest to the transmitter. They were held parallel 
to the tower by strap iron clamps spaced at lo-foot Intervals. Theee clamps were designed 
to flax slightly mth expanslo" and contra&lo" of the lines. 

During the teat conducted mth the single horizontal loop antennas on 125 ?iega- 
cycles, It was necessary to use a t-c-mre line which wae balanced to ground In the 
caee of the tall toner lnstallat~on, the two coaxial lrnes mere uaed together as a balanced 
two-mre line 

Durmg the tests of the four-loop and five-loop antenna c.yetem on the 30-foot 
ard the 22-foot torers, shielded two-tire tranamiasion lme, having a surge impedance of 
175 ohms, was "Bed. Cm line was used to feed the center loop and tno lines were used to 
feed We A and N patis of loops. A double-pole relay me3 built from a standard interlock 
relay. It was necessary to redesign the contact system, and in the new desqm It lge 
poeeible to completely shield and isolate all radio-frequency oonductorw Figure10 
shows the double-pole interlock relay. 

Tte five-loop antenna system required very exact adjuetments of phase and nmpli- 
tude of the various radiator currents. A tranbone-type adjustable phasing line wms built 
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to phase each pair of corner loops (A and N pairs) with respect to the center loop. 
These lmes were blult from telescoping tubmg and were of euch a length that the 
phase could be ma-led over a range of about 120' The slews of tubing used wre 
selected 80 that the charscter~atic impedance of the section aould be the sane as that 
of the two-wire line. figure ll 1e a view of the phasing units and the shielded inter- 
lock relay ueed et the Van Nuye installation The two umts in the foreground are in 
the linea to the corner loops (A and N), the one in the background is UI the line to the 
center loop The interlock relay 1s shoan m en inverted positlon from that shown in 
figure 10. 

. 
The arrangement shorn differs from that used in the orlginel installation on the 

30-foot tonw ~TI the use of the I&vidual phasers in the A and N lines Uith this 
arrangement It is possible to adjust. the lengths of the A and N lines independently to 
obteln en untuned condition in the unused pair of loops during keying and thua restrict 
the amount of perasitx current in then. The thud phasing section m the center element 
permita adjustment of its phase mth respect to the others The sectlo" bridged across 
ti-e center line 1s a quarter-rave eectlon and la used to adjust the power in the center 
element. 

The 22-foot tmer llwtallatlon whxh followed the Van Nuye installation differa 
from that described above for Van Nuye 111 that quarter-rrave power varying stubs llere 
also bridged on the A and N lines ahead of the phasers In eddltlon, all three lines 
were terminated with bulding-out matching sections behind the phasers. Figurel213.3 
vim of the 2Zfoot tower statlo" at Indianapolis 

All transmission line Fnner conductor aectlons were joined together by means of 
eilver solder All junctions of the outer conductors or shields were connected with 
Raybould solderless couplxge, ells, and tee junction boxes. These connectors were 
found to be very easily applied, in that only two nrenches were required Their con- 
atructloa is such that when tightened the connection is sealed to the tubing by meana 
of a rubber sleeve, much as any gland or stuffing box This rubber sleeve has copper 
rings moulded on each end to Insure a good electrical contact and to prevent the rubber 
from cold flowing into the threada or the tubmg. 

All junctlone ~TL the antenna assembly and junctlone to nh+ch solderlees coupl~nge 
and flttmgs could not be applied were soldered mth 95-5 hard solder It nas found 
advantageous to apply a snail amount of 50-50 colder to the joints juet as the hard 
solder set This application removed any pozslblllty of gas leakage. When neceasery, 
the Lnes were dried and kept moisture-free by meane of dry nitrogen gas under preseurs. 

Antennas ' 

. 

Vertxal antenna (63 megacycles) lo The vertical dipoles making up the four- 
cowse range uaed on the 16-foot tower rere of the coaxial, end-fed variety, and each 
pair of diagonally oposite dipoles could be adjueted to reduce the standIng naves, 
inzide es well as outside the coaxial Hnes, to e negllglble value. 4 adjusting the 
lowar telescoping sleeve on the dipoles, the standing wavea on the outer conductor of 
the transmission line can be reduced to .s negl&ble value independently of the atand~ng 
waves on the xmer conductor A line-shunting condenser and the upper dipole telexo@ng 
aleeves are then adjusted to obtain a himum stantig nave rat19 on the inner conductor L 
This ante- system has given very good resulte. The diagonal epacing of elements of the 
array mn 0.2 Iravelength, lrhich not only made the antenna smell physically but provided 
sharper coureee. F~gui-e 13 shons this antenna mounted above the 30-foot circular 
counterpoise on the &-foot toner. 

The four-zourae vertically polarized antenna used on the 125-foot steel tower 
me designed for mechanical and electrical stability rather than eimplicity of con- 
struction. Figure 14 is a tier of thie antenna installed in place. Every effort was 

L 

1osee reference 1 on page 1 
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nrade to make the assembly suItable for operatlo" in adverse weather condltiona. The 
turung and balancing networks rere lncloaed I" sealed compertments, as were the con- 
nectione to the end-aealq of the coahlal ties The entire antenna assembly was 
supported I" the center by means of a &lnch copper pipe through whxh the four lines 
were run to the mal~l junction casting The four end-seals of the lines were screwed 
Into thu castmg. At the loner end of the pipe the lines were terminated m special 
fittings and connected to the two lines running up the toner. Quarter-nave, twc-to-one 
matching sections were inserted in the lines between the tower lines and the special 
flttlngs for the purpose of matching the impedance of the feeder ties to the parallel 
hes feeding the antennas. 

The single coaxial lines were coupled to the dipole radiators through balancu,g 
netaorks These networks were contau,ed in the cast houstigs at the centers of the 
dipoles and at the ends of the supporting armz. The required 1tW phase shift for 
feedlng opposite ratiators "as obtuned 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 
opposite dipole. figure 15 is e diagram of a network It may be see" that this network 
is a" Impedance-transforming T eectlon. It 1s used in an unconvent~onallray in that 
the ordinarily high side of the section is grounded. WE" so connected It becomes a 
bala"cmg device and permits the dipole to be balanced to ground, eve" though fed frum 
an unbalanced system. Smce it was desired to balance the antenna to ground, it was 
necessary to make the network simulate a transformer with a one-to-two voltage stepup 
so that the voltage between the output terminals of the network would be tmce the 
voltage between the inner conductor of the line to ground. The networks xere designed 
accordingly and their performance WBB checked in the laboratay before installatxm on 
the tower. It rms found possible to obtain .a very good balance of antenna currenta by 
adjuat.Fng condenser Cl (fig. 15) to a value that would resonate with the txo inauctances 
L1 and L;I connected In parallel and disconnected from the ante""a Inasmuch as the 
impedance transformation of the network naa 14 frclm Input to output, It lras not possible 
to feed the antenna directly et the two inside e"de of the dipole (The transmissio" 
line impeda"ce was 66 ohmz and the center impadance of the dipoles arranged as used was 
20 + j 46 ohm.~ ) Therefore, it wee necessary to bridge the center of the antennas with 
an inductance 9 (fig. 15) The lengths of the dipoles then had to be adjusted to c- 
pensate for the added impedance at the center. FLndl adjustment of the cFrcuit resulted 
I" a ratio of antenna currents of 1.1 to 1 and a" impedance match between lx,e and load 
suffxclently cloee to result In a standing wave ratio of 12 to 1 

Horizontal antenna (63 megacycles). The antsma used for horizontally polarized 
radmtion consistad of a pair of crossed dipoles fed with a trombone matching and phasing 
network l'igure 16 is a diagram of this antenna. Since the impedance and phase relat- 
Ionships are Inherently correct, no adJustmat, other than that of radiator le@he, 
mas made after assembly I" the shop The radiating elementa were adjusted for maaimum 
antenna current after installation on the tower The In- to m- ratio of these 
currenta was eppr0xzlzate1y 1.1 to 1 

Loop antenna (125 megacycles) For the tests on 125 megacycles, a single loop 
type antenna smlar to those used on the Indianapolis Instrument landing system was used 
Thx type of antenna radiates purely horizontally polaxaed naves. The measurements, 
therefore, are dxectly applxable to any purely polarized system The mechanical details 
of such a" antenna can be see" 1" flgui-e 17 The su 
30-foot aocden tower mth a 30-foot counterpoise, (b B 

porting structures used were (a) the 
a 30-foot lrocden pole, and (c) the 

l25-foot steel tuner nth a 35-foot counterpoise 

The data obtuned on tests of the foregoing antenna systems xere used to supple- 
ment the data obtalned duri"g the developant of the ultra-high-frequency five-loop aural 
radio range. The five-loop range was developed at Indianapolls on the 30-foot wooden 
tower nth the 30-foot counterpoise This range was the" moved to Van Nuys, Calif , and 
Installed on the 22-foot steel tuner lnth a 35-foot counterpoise. Following the tests at 
Van Nuys the antenna system was returned to Indianapolls aad installed on a suralar steel 
toner The antennas were mounted I" a wooden framework (see fig 17) As at the original 
Intianapol~ Install&on, the spacing between each dlagonelly opposite pair of loops 1s 
360" Durx,g the developnent of the five-loop radio range on the 30-foot tower, a roof 
was bult over the loops (see fig 8) At Van Nuys, wooden boxes, Heatherproofed 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'~ 12'~ 8-3/4' house 
of j/X-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 
(Uaco 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 approtimately 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 dipole, 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 
receiver12 and the horizontal loop antenna 3 mounted above the cabin of airplane NC-80 I 

the CAA tunable ultra-high-frequency 

were used. This receiver is a superhetercdyne 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. 

9See reference 

l-&kKeel, P.D., 
Development Report No. 

13See reference 

1 on page 1. 

"An Ultra-High-Frequency Aircraft Receiver," CAA Technical 
17, September 1938. 

1 on page 1. 
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TEST PBOCRDURE 

Adjustment Test (Ground Patterns) 

In addition to the usual antenna current measurements for antenna current 
balance and the standing 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 l25-foot tower. 

Because of the height of the tower and antenna it was necessary to employ 
a unique method of taking "grounda field patterns so that they would represent field 
strength in a horizontal plane through the antenna. A 20-foot wooden radius arm uas 
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 inside 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 lo-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 pattern 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 3600. The outside loops were in 
phase and the center loop was out of phase with them by MOO. 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 &L~O. 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 slight1 broader courses 
but eliminates any quadrant reversal effects near the cone-of-silence 94. 

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. 

%ee reference 1 on page 1. 



Cone-of-sllsnoe charactarlstics The coneaf-silence characteristics were 
obtained by fly!ag a constant gyro course along the center of a quadrant directly 
over the station. The uidth of the cone at various altitudes and its freedan from 
course reversals m the cone were determined by these flights. To check the depth of 
the cone, the interlock relay was locked and flights wei-e made for about E ties 
either side of the statran 

Course straightness To check the cowse straightness, flights were made on a 
constant gyro heading from an MI-course indxation 10 or 15 miles out, directly over 
the station; that xs, the airplane ms floan exactly where the coup88 should have been 
men the course was perfectly straight an on-cows8 indxation was recorded, but If the 
course was bent, the indic%tionE tied from N to A, or vice V~PBB, eccordlng to the 
bends. Similar tests were made on both the high and the low antenna stations Yost of 
the records plauity shovsd the quadrant signals, but XI some cases near the on-course 
regmn, the au-al signal gave 8 moi-8 accurate indxation The records reprcduced in 
this report are marked to correspond to the aural identlfxation received at points that 
appear questionable. 

Pushing and circling15 Pushing or pulling of the course (shift In course 
position for flights in opposite duections) was determined by cross flights et right 
angles to the tour88. Circling was uwestigated by executing a flat 363' turn about 10' 
off course. Clrclu-,g effect (I-eVSTBd of the quadrant identification as the heading 
of the axplans 1s changed) nas almost universally observed with the crosrred dipole 
antenna. 

Tbe above tests were performed on both the vertxally and the horizontally 
polarized antennas except for cross-cou-se measurements on the horlxontal crossed- 
dipole assembly. Cross-course checks wire not practxable on the crossed d~~poles because 
of the orientation of the dipole antenna Installed on the axplane 

Many tests were made in addzwtion to tha regular test flights described above. 
Test flights on the single l25-megacycle loop antenna were made to determine Ite vertical 
radiation characte~stics .hen mounted on structures of various heights. These tests 
wsre made by flying in a straight line drzctly over the various antenna installations. 
Distance tests Were also made to detetie the effect of operating the antenna at one- 
quarter and at one-helf wavelength above a counterpoise. Further measurements wei-a made 
with the loop antenna on a %-foot pole mthout B counterpoise and with a dipole antenna 
onequarter wavelength above grouod placed 200 feet south of the 125-foot tOnBr. Figure 
21 1s an index of the flight tests that were made at Indianapolis. 

The Van Nuys station -raa located nearly rmdmay between the Santa Monxa and the 
Verdugo mountains The terrain vnthin an t?+nile radius of the station UUB almost 
perfectly flat A dirt road ran east and west, adjacent to the south side of the trans- 
mitter building, and a barbed-tie fence ran along the south side of the road A rural 
polei- line on 35-foot poles, terrdnated approtitely 600 feet rest of the station, ran 
met and parallel to the road Figure 9 1s a photograph of the station 

The courses mere alIgned so that 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 lox-frequency range . 
Figure 20 show the location of the station, the course alig,r,ent, points atlmich ci-oss- 
cowae flights were made to check the coui-ES, and points lrtiere other flights were made 
to check the propagation characteristics in mountainous regions At the Van Muys 
installation, cross-course flight8 were made on all legs of the ultra-high-frequency 
range et mtervals of 10 miles to the limits of the service area Recordmgs were made 
at altitude lntmrals of 1,ooO faet from 7,000 feet to the lowest altitude at which 
the s1gnz.l could be used. In all of these tests particular attention aas given to course 
uldth and to any tendency toward split or multiple courses Similar but not as extensive 

i 

tests wei-e made on the lor-frequency range for companaon. 

15% reference 1 on page 1. 
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I semmd aerles of flights maa made to record the cone-of-silence character- 
mtice and to determine the nmtm and eerioumesa of false cones and the presence or 
abeence of quadrant reversals. Further tests TBW made to Fnvestigate the propagation 
charactermti~ of the l25aegacycle signals in the vicinity of mountains and, .hare 
possible, in the valeys behind ranges of momta~ns 

Measurements of the low-frequency Nemball range mm made using the lIestem 
Electrw type U-B receiver which mas a part of the arplane's re&Lar eqtipmnt. 
Figure 22 19 8" Index of the flight tests that were made at Van Nuys. 

Tests on the Indianapolis five-loop rarlg~ consisted of cros~-cour~e checks 
to eetablmh cour8es, mid-quadrant flights through the cone-of-mlenee, and on-course 
flIghta to check fades, aurges, and, in general, the reflection characteristms of the 
cou"terpTise . 

me 11%foot towr range 188 found to baVB approz&mte1y the Sam m""t of 
pushing and circling as other ultra-b&,-frequency rfmgea using similar ante~a 
aptema. Suxe theme effects are hwwn to be dependent on polarizationl6, their 
presence or absence cannot be attributed to the height of the antanne. The w 
reason for elevating the anten"n was to increase the distance range of the station. 
The reWfitB &tamed are shown in figure 23. 
from 16 feet (curve 1) to 125 feet ( 

Increasing the height of the antenna 
cm8 2) increased the useful range of the station 

from 51 miles to slightly over 74 tiles for flights at 1,000 feet, and frw s7 miles 
to 119 milea for flighta at 4,ooO feet 

It wrat be borne in ~~Iind that these tests ners made over very flat country. 
It ia to be expeoted that other topographical condltiona rould cause wide wrlatione 

in these fives. The data for figxre 23 n~i-e taken under 83 nearly eimik conditions 
8s psible in order to obtain true comparisons of slg"al strength The lnp pmere 
to the l&foot and l25-foot ustallations were adjusted to the some value (300 watts), 
and during the distance flight tests the trawnitters were put on the air alternately 
accordingto a prearranged schedule. 

The curvec~ represent altitudes for reception of signals sufficiently strong to 
be nsed for natigetloo eve" in the presence of moderate lgnitxm nolae. Comparison of 
curves 1 and 7 will show that the counterpoise on the l&foot antenna raterially reduced 
the effective range of the station. The observationa tith no counterpoise (curve 7) 
mwre made several days later than those with the counterpoise (curve l), and it is 
postlible that the improvement may be exaggerated becaulle of uncontrollable ccnditlons 
Curve 2 is representative of the l25-foot touer range for vertical and horizontal 
antennas and for a horizontal antenna with the counterpoise covered rith sheet metal. 
Curwlr 5 and 6, shown for 125 megacycles, represent the resultrr obtalned ,nth slightly 
less parer In the antenna, epproxiinately 120 mtts. Curves, 3, 4, 5, and 6 indicate the 
Increase 1x1 range by ra=a=ng the antenna frran o"e-quartar save to one-half Moe shove 
the counterpoise for both the 30-foot and the E&foot twers It IS interestulg to 
note that the praportvxal incressea for the two towerrr are epprox3xately the same. 
The increase can be mplained by aami"Fng equation (9) The vertacal field pattern can 
be closely sppw&wat.zd by multiplying thla equation by the form factor of the antenna, 
‘4 =cos 4. SubstitutJ"g the values of H m equation (9) shomr that at low anglee 
equation (9) lncreaaes In due more rapidly for H = A/2 than for H = A/4, and reaches 
B - at 8" angle of 30". 

14*e reference 1 on page 1 
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A comparison of curves 6 and 4 or 5 and 3 of figure 23 i"dxates the 111crea~e 
in range due to rassing the antenna frao approldmately 30 to 125 feet. It la also Fnter- 
esting to note that an antenoe one-half wavelength above a counterpoise a" B 30-foot 
t- has a greater range than a" ante""8 one-quarter ravelength above B counterpoise 
on a l25-foot tower. 

Th-3 irre&Larltiea in the cone-of-silence and the &~c~t,nuitie~ i" the r- 
C-~les in the vicinity of the station are the moat aerioua candltlona i"trcduc& b 
elevating the antenna to 125 feet The results of the flight tests abonn In figure 24 
illustrate the multiple surgea pnd fades received lh~" apprW,chi"g and leaving the 
station. These recordinga olearly shcm the high ratios of nulls to surge,, enco,,"~red 
I" the vicinity of the statlo". It would be quite possible to mistake any of the nulls 
for the actual cone-of-silence At this stage of the developnent there seems to be no 
practicable my to ellmxate these Irregular petterns The presence of nulls detracta 
from the usefulness of the cone-of-silence method of locating the i-we station 

A secondary effect cawed by this wave interference phenolaenon iq that of co,,r.,e 
irregularities. In the case of the simple dipole above the level earth, the Vei-tiCa1 
field pattern could be calculated quite accurately If two Buch antenna systems were 
used to make a range, the vortxal patterns would be exactly alike and ths resulting 
range corrse would be perfectly straight Nor ti some local object, such as a tree or 
fence, qre introduced in the fxld of one antenna and not the other (say the center of 
one quadrant), a reflectlo" might take place which would distort the vertical pattern 
of only one antenna This distortlo" rmght result in a slight shift of the lobes or 
perhaps elwtlo" of some of the lobes altogether. It 1s obvious that the resulting 
cou-BB would be bent or tiscontinuous at the points I" space ,‘hhare one set of lobes 
va.3 shifted. 

The recordings reproduced I" fIgwe 25 shmr the corr~e discontinuities actually 
encountered on the 125-foot tower range. It is Interesting to note that dlecontirmities 
are present to an equal degree rith both horizontal and vertxal polarlzat1o". In the 
actual case the field patterns are greatly complicated by uneven ground, the probability 
of many small reflectlug b&es, and the possibility of excitation and reradlation from 
the steel tower. The presence and unpredictable nature of these course discontinuities 
greatly detract from the usefulness of the range in the vicinity of the station. 'Ihe 
course ~scontintit~es encountered on the l25-foot tower inetallation contrast greatly 
wxth the mooth unu,terrupted course obtamed tith the antenna syetem mounted above a 
counterpoise 16 feet above ground. A recording taken on the l&foot tower Fnstallatio" 
M also shorn on fxwre 25 for cmp=-iso" 

'l-he test of the l25aegacycle horizontal loop antenna on the l25-foot tower, 
YO-foot pole, and 30-foot-h@ counterpoise (fig. 26) substantiated the reoulta obtaFned 
on the 1-r frequencies. F'igure 26 also show8 the scalloping of the vertical field 
patterns radiated by the horizontal loop antenna on the various eupportlng structures 

A ee,-ies of flighta ms made over a horizontal dipale antenna o"e-q"=%r -Ye 
above grd in order to obtain B vertical field pattern of the airplane's 125-mega~y~le 
horizontal loop antenna. The pattern obtained is shun" in figure 27. The irregulari- 
tiea QJ the pattern are caused by abielding effect.3 in the air lane structure, wince 
all a-a at large angle8 of elewticm are received throu&?h e be structure. The re- 
cordings of the flight teats are the prwduct of the transmitting and receiving antenna 
patterns. Consequently, the numb+r of surges end fades ahou" may VW Blightly fran 
thoas actually radiated. Gulitatively, h owevwr, it is gee" that both the tall towar 
and the J&f,,& pole without B counterpoise QTB guite unsuitable far UaB 88 ="PPortS 
for l25-w?lcycle antennaa. 

L,,&,g the flight over the dipole one-quarter 1(1ve above .QWund, eeveral 
reccrrdir,ga wre made to observe reflection8 fram the steel tower, The dipole ~I(LB 
oriented to radiate e energy toward the tower. The distance bstmeen tower and 
dipole ras 200 feet. Figure 28 chows the intarference petter" produced in the 
vertxe.1 plane through the antenna and dipole. It ia Interesting to note that the 
ecslloping does not OCCUT fi=le the airpla"e is in the shadum of the tower, with 

. 
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respect to the dipole. It is alao &dent that the scalloping is not deep, shoring 
that the ammxrt of energy reflected frw the tower ie emall compared to the direct 
eignsl. 

figure 29, which shows the cones-of-silence recorded frw the horieontally 
palm-lzed 63inegecycle crossed-dipole range on the X25-foot tower, else sbors the 
effectlveneaa of the mesh counterpoise used. Very little difference can be noted 
between the q ignnl lnteneitlee BB received frw the solid sod fran the meah counter- 
poiaea. 

The Van Nuye Test 

Utiple Courees The Van Nuye ultra-high-frequency range nas fatal to have 
~haracteriexlcs which were slmoet identical to tiwse of the five-loop station 
developed et IndianapoUs. The most atrikLng characteristica were the sharp coureee 
end lack of wiLt.iples above the mountains end in the passea. 

The flights in the N&all pass region vBre conducted to compare the quality 
of the course be-en the mountains with the c-se of the lowfrequency range along 
the eame path. This cmpriaon IS clearly shorm in the recortigs of croee-cowee 
flights of the two statlone, figures 30 end 31 It should be noted that the vu.ri- 
ations in e~gnal strength of the Van Nuys ultra-high-frequency station are in general 
very rapld, tie those of the Nenhall low-frequency station ere slou. The rapid 
variations may be attributed to the rugged hills at the entrapce to the pass which 
tie in the path of the signal and obstruct the lhe of sight path Although the ultra- 
high-frequency signal is subject to considerably more fluctuation then the lor-frequency, 
there is no tendency toward false courses. The A and N q ignale are affected the 881118 
way by the various reflectora and apparently maintain their original ratio. This Is 
definitely not the ceee pith the low-frequency range, since both north'weat srd southeaet 
legs ahon fslee course9 and cross--overe. Figures 32 and 37 are crotm-cowse recordings 
of the northeast and southwest legs of the Van Nuye range. 

mstance Range. The distance range of &n ultra-high-frequency inetallatlon 
may be said to depend almost entirely upon the terraIn in lmich it is located. The 
praflle map, figure 34, ahowe the altitudes of ecmue of the flights rith respect to 
the earth's surface end optical line of slghtl7. The radlne of the earth ueed in these 
calculations lraa 5,284 miles (epproxiutely 1.33 times the earth's radius), tich is 
the figure frequently employed to account for refractlo" ~TI radio problems. On 
f1gu-e 34 are spotted, with circled numerals, the locations and altitudes et which 
flight tests were made. The numerals Indicate the figure on which the resulta of the 
flight test are shorn. 

The ueaeurements over Long Beach (30 miles distant on the eouthsast leg) show 
that some dtifraction of the signal 1s caused by the Intervening mountains. The 
recordings (fig. 35) taken at an altitude of Boo feet above eea level indicate that 
the B amount of bendrng that may be expected ie 1,500 feet at 30 miles or about 
33 minutes of angle. Tbia checks very closely the diffraction of light (35 mlnutaa) 
end indicates that the line of sight lines shown on figure 34 are dram fmrly 
accurately The signal at this point is very unsteady ard could hardly be used for 
navlgatxral purpoees. Hueever, the recording at the next higher altitude (2,oDo 
feet above sea level) is enally read. The aural aignsls were unndetakable aml eaeily 
nsed to locate the mume. This point 1s 300 feet belox the optical horiwm. The 

l%'he curved surface of the earth has been dram to pa-t. the pl0ttlDg of 
altitudes alona etraitit vertical linea frcr~ the earth'6 datum. and distances along 
B streigbt horisontal‘line. TUB le in accordence rlth en nntiblished manorandue 
de&d September 7, 1937, Wra@ical Methods for Representing a Straight Line Above 
the surface of the Earth, '1 by J. Il. &-roe of the Bell Telephone LaboratorIes 
5arro.e' methad of plotting profiles ID based on an elliptic coordinate syetezn and Is 
suiiable for !x-ofiles coveting a range of 4CQ to 5M) milea with reaeanable eocuracy. 

i 
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data fm the recorda shcmn in f&vu 3M: a& 3OD ware taken in the N&all psss anA 
clearly lalicate hwthe ~1~1 la c.anpletely cut off by intervwning mcnmteiae. The 
nbole record was t&w below the line of sight The data for figure 36, 98 indicated 
on figure 21, ~BPB de tiile flylug frcan behind a mountain into an rmobatructed 
0ptxalpat.h and back bebimlthe mountain. 
Is stl-iking. 

The very rapid increase in field strength 

Puehing and Circling. Every effort - made at the tisle of installation to 
eliminate my trace of vertical cwaponent. in the emitted signal. Ba trace of 
vertically palwired .@rMlf could be detected rlth the vacuum tube field mater 5CO 
feet fran the station During the flight teeats there wa8 no evidence of a cFrcllng 
effect, and plshing rae less than 0.5O cm all legs. 

Cone-of-silence. The cone-of-silence characterietics nre much the same aa 
thoee formd on the 30-foot wooden ton-r at Indian8golis. )g previously at&A, the 
current in the center loop was 1.8 and not exactly two timea the current In a corner 
loop, and the pare&tic current in the unused loops Van a~oximately 10 percent. 
Qxdi-ant reversal took place at high angles within the cone-of-silence. This could 
be d&acted only lhen the receiver WBB operated dth marFmum seneitivity and mu not 
considered diaadvantageoos in tier of the increaered sld on crur8e. Ihrrlng normal 
operation of the receiver this effect would not be detected. The recording aharm in 
figure 37 ah- the cone-of-silence 88 raceived along the northnest-southeerrt lags of 
the range. Figure 38 shorn the quadrant ~dentiflcation through the cone and along 
the two quadrant BXBB with the receiver set et w.xLzum sensitivity. 

Testa on the ultra-bigb-frequency range after its installation at India~polls 
gave results tiich substantiated those obtained vlth the 30-foot t0.n at Iodianapolle 
end dth the 2%foot to"er at Van Nuys, Calif. The parssitlc cm-rents in the rnmaed 
pair of loop were reduced to lloro. Aa a result, no reversals could be fca?A in the 
cone-of-silence lhen the PBCB=VB~ lras operated at high gain. The range @hared no 
evidence of multiple courser 

CONOLIJSIONS 

Aa a result of tblo investigation it is concluded thetr 

1. Although a decided increase in dirrtance range can be obtaIned by increanng 
the height of the tuner, the introduction of multiple lobes due to reflectione fran the 
ground with the reeulting surges, fades, COUPBB diacontinaltiea, and false ccmes-of- 
silence, nullifies the usefulness of the range a~ an aid to aerial navigation. 

2. Although the use of B caunterpoiae wLl1 reduce the multiple lobes at high 
anglea, the size of the counterpoise for a high torn, lnstallntlon nuld have to be 
probLbltively large to effectively eltite the low-angle 16~~. This is dmnonstreted 
in figure 39, tiich charm the diameter of counterpoirre for any height tower frrw 0 to 
40 feat required to restrict the lcn-a&e lobes to one and two lobes. 

3. The most practical tomrr structure is a lml tower betreen 20 and 30 feet 
with a 30-foot to 45-foot counterpoise, with the antenna located one-half rese above 
the counturpoise. 

, 
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Ci-ass-course checks on NE leg, l25-megacycle radx range, Van NUP, Calif 
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39. Connterpoise diameter ver.,us height for 125 iW+CyCleB . 
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Fwm ? Vertical F,eld Pattern 12E-MC Loop Antenna h/2 Above 
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Fmure 4 Vertxal Field Pattern n&MC Loop Antenna h/2 Above 

30.Fwt Counterpmse on 30.Foot Tower 



i 

F~yure 6 Block Dngram of G-MC Transmntter 
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F,gure 20 Course Ahgnment and Locatmn of Fhght Tests E&MC Radm Range, Van Nuys, Cahfomm 
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2gZE 
3 3O.FOOl 
4 30.FOOT 
5 125FOOl 
6 125.FOOl 

ABOVE M.FOOT COUNTERPOISE 
ABOVE 35.FOOT COUNTERWISE 
ABOVE 35.FOOT COUNTERPOISE 
ABOVE 30.FOOT COUNTERPOISE 
ABOVE 30.FOOT COUNTERWISE 
ABOVE 35.FOOT COUNTERPOISE 
ABOVE 35.FOOT COUNTERWISE 
NO COUNTERWISE 
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DISTANCE FROM STATION IN MILES 

Figure 23. Distance Versus Altitude UHF Range Stations. 

ke ONE MINUTE 

125FOOT ELEVATION 
VERTICAL FULARKATION 
35.FWT COUNTERPOISE 

16.FOOT ELEVATION 
VERTICAL POLARIZATION 
30.FOOT COUNTERPoISE m 

l&FOOT ELEVATION 
VERTICAL FOLARlUTlON 
WITHOUT COUNTERPOISE 

b 
OlSTANCE APPROXIMATELY 10 MILES -i 

NOTE: RECORDlNGS MADE WHILE FLYING AT X00 FEET 
IN CENTER OF QUADRANT OVER STATION 
WlTH GYRO HEADING OF 315’ 

Figure 24. Cones-of-Silence 63-MC Radio Range Vertical Polarization. 
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Flgore 28 Reflectxm from 125Fmt Tower-E&MC 
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Figure 34 Profile Map Showmg Propwatmn Paths lZ&MC Radm Range, Van Nuys. Cahforn~a . 
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Flgure 33 Counterpmse Dumetar Versus Height for 12%MC 


