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DEvELOP,!FXT OF THE ULTRA-HIGH-FREQUEhOY 
HAD10 RANGE 

PART III - A VISUAL-AURAL ULTRA-HIGH-FREQUENCY RADIO 
RRNGE WITH SIMULTANEOUS VOICE 

SUMMARY 

This report describes the development of an ultra-high-frequency two-course 
vmual radlo range vath sector ldentlfxatlon and simultaneous ~o=ce It treats the 
basx prmclples of the various components of thm type of range, such as the mechm- 
cal modulator, radio-frequency bridges, antenna systems, and tie lines 

i 
The latter part of the report covers further smpllfxatmn of the antenna 

system and various methods of applymg smultaneous voice to this range A "av~ga- 
tlonal ad was developed whlc> provided tmo visual courses, two aural courses to eve 
sector ~dentlflcatmn, statlo" Ident1fxatmn, and a sm,ultaneo"s voice feature for 
meather 1nfomat~on and almay traffic control The recelvlng and transmttmg equip- 
ment whxh was used I,, thm development 1s described, and the results of flxht tests 

l are given 

Thm radio range was deseloped to demonstrate mproved methods m ali- nav=ga- 
tlon whxh would smpllfy the orlentatlon problem The fxld patterns are arranged so 
that the pilot 1s contmuously informed as to the quadrant he 1s in by a combmatlon 
of visual and aural x,dxatlons These prlnclples were demonstrated and proved to be 
a great step forward I" the smpllfxatmn of the navlgatvm problem 

INTRODUCTION 

Revlous reportsl~* describe the appllcatmn of ultra-high frequencies to 
radio range problems The systems described =n these reports produce four aural 
courses smllar to those of the low-frequency range systems now =n "se The mqor 
disadvantage of the four-course aural range 1s that a complxated and le&hy orIenta- 
tvx, procedure 1s necessary If the pIlo+. mshes to deterrmne m what quadrant he 1s 
located In bad weatber It 1s necessary that a pllot be xnmedlately aware of his 
location 50 that a mlnxmxo of maneuvering ls necessary to reach his destxxitlon Pre- 
vlously, systems have been proposed to supply quadrant ldentlfxatlon for the lm- 
frequency ranges 3>4 These systems have not been adopted because of their added com- 
plenty 

An approach to the problem of supplyLng lnformatlon to the pIlot as to his 
bearr,g wxth respect to the range statlon has been made at the ultra-high frequencies 
m the development of an omnld1rectlonal radio range 5 

'5 C Hi--da, "Prelm~nary Report on a Four Course Ultra-High-Frequency 
Badlo Range," CAA TechnIcal Development Report No 3, January 1938 

2J C Hromada and P B Kmg, "Developent of the Ultra-High-Frequency 
. Fadlo Range Part I - The Ultra-High-Frequency Aural Radio Range," CAA Techrucal 

Development Report No 42, June 1944 

3F W Dunmore, "A Method of Provldlng Course and Quadrant Identlflcatlon 
mth the Radio Range Beacon System, I' NatIonal Bureau of Standards Journal of Research, 
Vol 11, September 1933 

4Francx Pope, U S Patent 2,187,097 

51, G. C Luck, "An Oxnldlrectlonal Hadlo-Range System," RCA Revlea, July 1941 
and January 1942 



Further developents 1" the orrrmdlrectlonal type of range are nm m progress 
and, at this nrltlng, It 1s yet to be detemned mhether thm type of range ml1 pro- 
nde the same degree of accuracy and relmblllty as the two-course nsual range 

In May 1939, a subcouaittee of the Radio Technical CnrmLlttee for AeronautIcE < 
conducted an experimental program mth a Link Tramer which ,vzs equipped to sv,,ulate a 
four-course aural range, a two-course visual range mth sector identlflcatlon, and an 
omn~d~rectlonal range It was the unanimous declslon of the group of pIlots Imo partI- 
cipated 1" these tests that the two-course visual range mth sector ldentlflcatlon was 
the preferred type of range 

In August 1939, a contract 'was awarded to the International Telephone Develop- P 
ment co , 1°C , for the development of the two-course visual range mth sector Identl- 
f1cat1on The system was completed and accepted by the Clvll Aeronautics Adrmnlstra- 
tion m September 1941 Another developat contract was awarded to the International 
Telephone and Radio Manufacturmng Corporation 1" the fall of 19‘3 for the addltlon of 
a svnultaneous dolce feature to the system This system was completed and accepted I" 
July 19d2 IXlrlng this period, engineers of the Radio Development Section constructed 
a sunultaneous two-course range mth ~oxe and sector Identiflcatlon, some of the 
features of which were used by the International Telephone and Fad=" Manufactunng 
Corporatvx, I" the construction of their range 

This report treats the basx pr~nc@es of a two-course visual radio range 
mth sector ldentlflcatlon and simultaneous dolce The development of the methods 
used to obtain these basx requirements 1s described, and flight data of the completed 
systems are give" 

THEORmICAL DISCUSSION 

Theory of Radlatlng System 

The basx field patterns whxh are necessary to produce a two-course vxual 
radio range mth sector lddentlfxatwn are shown m figure 1 Two overlappIng bean- 
shaped patterns, one of whxh 1s modulated mth 150 cycles and the other mth 90 cycles, * 

form the visual courses wbmlch extend, say, east and west If the receiver 1s connected 
to a visual x,dxator, the lndxator ~lll point to one side when north of the course and 
to the other side when south of the course Vihhen located directly on course, the mdl- 
cator will point to the center With this arrangement, there 1s no amblgulty as to 
whether a pIlot 1s north or south of the course. 

Another par of bean-shaped patterns modulated at 1020 cycles 1s orlented at 
right angles to the u~sual cardlads. The aural patterns are keyed m a" interlocked 
&U rhythm, the D signal appearing to the east of the range station and the U signal * 

to the west of the range statlo" A statlon ldentlfxatlo" 18 also given at regular 
Intervals mth the antenna phase-reversing relay locked first on one side and the" on 
the other side Ey observing the visual x&c&or and llstenx,g to the aural signal, 
the pilot can umnedx,tely establish the quadrant I" nhlch he 1s located In addltlon, 
the x,tersectlon of the aural patterns forms two aural courses runnx,g north and south 
tilch can also be used for navlgatlonal purposes 

In a practxal setup, the patterns shorm I" figure 1 represent only the mcdu- 
latlon on a cxcular carrier field pattern Continuous carrier makes It possible to 
use a recel~er mth automatx volume control, the advantages of which ml1 be dlscussed 
later m the report Also, the addltlon of simultaneous voice to the range was planned 
from the beg~nnmg of the proJect, whxh further emphasleed the necessity of rad=tx% 
a circular c*rlTwr pattern 

L 
The basic entenna conflguratlon used to produce the bean patterns 1s shoxn 1" 

f1gure2 The three-loop array consxts of a center loop tihlch radiates a circular 
pattern and a pax of antIphased loops filch radiate a cloverleaf-shaped patter" Thew 
loops are spaced on ather side of the center loop at a distance S electrxal degrees 



3 

The expression for the relative field due to the outside radiators, assummg 
mt current represented by smwt 1" each radw.tor, 1s 

E,= 2 51." (S SZL” 9 ) coswt, 

where e 1s measured from the norm.1 to the 11"~ of antennas 

0) 

The field due to the center antenna *rth current represented by CosWt 1s 
circular and 1s represented by 

+ EC= k coswt, (2) 

where k 1s the ratio of the current m the center loop to the current I" ather cf the 
side loops. 

Since the current 1" the center antenna 1s phased et 90' to the current =n the 
side antennas, the field due to the array 1s 

t 
(3) 

the s1g-n of the field due to the side antennas depending upon whether the relative phase 
of the current m one of the side antennas leads or lags the current m the center an- 
tenna by 90" 

figure 3 shows the c~cular and the cloverleaf patterns for an array mth S= 
120° and various values of k The combined patter" of the array for ~ar1ous values of 
k 1s shown m figure 4 The right hand pattern 1s formed when the phase progression 
m the three antennas from left to right is + 90°, O",-90" S~~?~larly, the left hand 
pattern 1s formed by the opposite phase progression,-90°, O",+900 Thus, to reverse 
the posltlon of the bean pattern lt 1s only necessary to reverse the phase of either 
the center or of the side antennas 

The effect of k on the number and size of the minor lobes also 1s shown I" 
flgure4 In this figure patterns are shown when k 1s 10, 14, 1 73, 1 86, 2 0, and 
25 When the field from the center antenna equals the raaxram field from the side an- 
tennas, k ml1 be equal to 2 and there ml1 be one rmna- lobe When the field from the 
center antenna equals the field from the side antennas at right angles to the course, k 
ml1 equal 2 sin (S sm 90) or 1 732, and there lnll be two rmnor lobes For values of 
k between 1732 and 2, there ml1 be three rmnor lobes since the cx-cle ml1 Intersect 
each half of the cloverleaf pattern I" four places For the case where there are three 
mnor lobes, each of these lobes ~11 be smaller than for the case where there are only 
one or two nunor lobes. men k 1s less than 1732 there mll be one mxmr lobe whose 
SIZW progressively Increases as k 1s decreased When k 1s greater than 2, there zall be 
no mnor lobes 

k=2 
Figure 5 shows the effect of the spacingb S, lnth a constant current ratlo, 

In this figure graphs are shown for S=gO , 105', 120°, WOO, 160°, and 180' 

TAO characterxtlcs of the bean patterns are of mterest, the sharpness of the 
pattern intersections and the clearance between the patterns at angles other than I" 
the vlclnlty of the course. Course sharpness has been arbltrarlly defined as the ratlo 
m decibels of the two patterns at 1 5'off course 

k + 2 sin (S sin 1 5') 
Sharpness= 

k - 2 s=n (S s=n 1 5O) 
(4) 

k + 2 sm (0 026 S) 
= 

k - 2 83" (0 026 S) 
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For small angles, SF" A =A where the angle 1s expressed 1" radians 

k + 0 00091 S 
Sharpness = (5) 

k - 0 00091 S 

where S 1s give" 1" electrical degrees 

Flgure 6 shows the varlatlon I" course sharpness as k 1s changed, for values of 
S corresponding to 120°, 140°, and 160' 

P 
The pattern clearance must be such that the visual lndlcator 1" the a~-plane 

does not leave Its extreme posItlo" except when approaching the vlcxnty of the course 
If It 1s desired that the visual lndlcator show full-scale deflection at 10' off course, 
the" at any angle I" the quadrant the pattern clearance must be equal to or greater 
than the i-at.10 at lo'=, If the pointer IS to remal" off scale at angles greater than 10' 

k + 2 sun (S sl" 10') 
Clearance >, 

k-2s~n(Ssm10°) 
(6) 

k + 2 sm (0.1736 S) 

> 
k - 2 sl" (0 1736 S)' 

There are either one or two pants 1" each quadrant where the rmnoi- lobes are 
a maxunum and, hence, the clearance 1s a ~~"MIuT.. One of these pants 1s at right angles 

to the course and the clearance 1s equal to 
k + 2 sm S 
k - 2 sm S 

whenever k 1s greater than 2 51" S 

The other point of nutinum clearance occurs whenever k 1s less than 2 and 1s located at 
ti-e angle where the cloverleaf patter" has Its maxxmuo value, or sl" (S slne)=l ThlS 

angle 1s sm-' (9O) d th 
k+2 

s =" 
e clearance at this point IS ~ 

k-2 

The most desxable pattern, If lt could be obtalned, 19 a cardlad since there 
would be no rmnor lobes I" the field patter" In order to obtain a true cardlold, the 
spacing S would have to be 90' or less This 1s a dlffxult condltlon to acbeve 1" 
pi-a&Ice because of the physical size of the loops. At 100' spacing the coi-"ers of ad- 
Jacent loops almost touch and, for thx reason, a ~L"UINBI spacing of 120° has been de- 
clded upon I" order to i-educe the mutual coupling between the antenna elements The 
-um spacing must be less than lSO", e~nce mth lSQOspaclng, four courses xould be 
obtaIned instead of two. In the flnal design, a spacing of 120' was decided upon sluice 
It gave a physxally realizable array, the field patterns of which most "early approached 
cardlads 

I" deslgnu>g the three-element array two parameters must be considered, the 
spacmg S and the relative current ratlo k. Since It was decided to use a 120' spacmg, 
It 1s only necessary to examine the effect of changing k The sharpness and clearance 
are governed by the follo~ng relations 

k+Oll 
Sharpness at 1 5' off course= 

k-011 (7) 

k + 1 732 
Clearance at right angles to course = (8) 

k - 1 732 
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Clearance at 48 b" (angle at whxh k+2 (9) 
cloverleaf has Its maxlmllm value) = - 

k-2 

The llrmtlng ratm on the clearance 1s the patter" ratlo at lo', or 

k+O71 
Clearance = (10) 

k-071 
Then manmum clearance for all angles 1s desired, the value of k may be solved 

* k + 1.732 kt2 
graphxally by plottmg and- 

k - 1732 k-2 
agamst k and detemnmg the pant of intei-sectmn The optmum value of k ml1 al- 
ways lie betmeen 2 and 2 sm S and ml1 give a pattern mth three rmnoi- lobes 

2>k>2 smS 

These curves have been plotted for S=120° and are shown in figure 7 Smce 
we are mterested only m the rmrmm clearance, It 1s necessary to plot only the 
rmnmum values of these curves In flgui-e 8 slrmlar curves have been prepared for 
values of S corresponding to 120°, l&O', and l&J' 

The value of k for nhxh the clearance unll be a maximum can be solved for 
analytically by equating the clearance at right angles to the course and the clearance 
at the angle where the cloverleaf 1s a mzamum. 

K + 2 sin s 2+ k (11) 
=- 

k - 2 sx" S 2-k 
Solving for k, 

k=2- (1.2) 

For a spacmg of X20', this gives a value of 1 86 for k If maxmum clearance 
1s to exist m the quadrants Thx 1s the deared condltmn for the aural system, 
that IS, the background signal should be a m~nunum except when the course 1s approached 
If any of the mnor lobes were of an apprecmble size, the background svgnal would start 
to come up at one of the mnor lobes and the pIlot rmght gam the mpi-esslon that he 
was approaching the cow-se mtersectlon 

For the visual array, It 1s not necessary that naxxmm clearance exmt I" the 
quadrants as long as the full-scale deflectlo" of the visual mdxator 1s obtaxed Re- 
ferrlng to figure 7, It can be seen that when k 1s greater than 12, the oxual mdl- 
cator ml1 deflect full scale at all angles mm-e than lo0 away from the course 

A more mportant conslderatmn 1s the effect of k on the total visual percentage 
mcdulatmm as the azmuth angle changes, remembermg that percentage mcdulatlon 1s a 
function of the shape of the bean patterns smce the carrier fxld pattern is cxcular 
Since the two patterns are of different frequency, It 1s necessary to add the absolute 
magnitudes of each patter" mthout regard to the algebraic sign The modulation on the 
visual course due to both patterns ml1 be 2k smce the side radxtors cantrlbute no 
signal at that angle. 

At any other angle then, 

M (0) = k + 2 sm (S sm e)] t ,k - 2 51" (S sm ,j )I 
[ 

(13) 

The first term always has a posltlve sign for posltlve values of 0 , regardless 
of the value of k The second term 1s posltlve for values of k greater than 2 and nega- 
tlve for some values of 0 when k 1s less than 2 For values of k greater than 2 the 
terms can be added algebraxally 

M(e)=2k a+) 



and 
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Thus, as long as k?2 the percentage mcdulatmn at any angle ~111 be constant 
ml1 be equal to the percentage mc&lat~o" on the visual chase 

When k 1s less than 2, the second term ~111 be negative mhhen 

k<2 sm (5 sm 0) 
and the percentage mcdulatlon ~111 be 

M' (O)= 4 51" (5 51" e), 
or I" terms of the on-course percentage, 

(15) 

M' (e) 2 51" (S SL" e) (16) 

M (8) k 

The lmtmg angles where this relatlo" holds can be found by lettu,g 

(17) 

-1 8’ = sin [ 

180 - 51" 
-1 k 

2 

S 1 08) 
Between the lxxntmg angles, equation (15) must be used to compute the percen- 

tage modulation, while for any other angle, equation (14) 1.1 valid Flgure 9 shows a 

:,'":o:2 ?4z";eL~) g 
a anst 63 for varz.ous values of k, when the total mcdulat~on 

In order to decide on a value of k for the visual system, a comprormse must be 
made between course sharpness, modulation envelope, and pattern clearance Table I 
shows the effect of k on the characterutlcs of the vuual bean patterns 

TABLE I 

THE EFFECT OF CURRENT RATIOS ON PATTERN CHARKTERISTICS 

k 
ratlo) 

10 

14 

1 732 

i eb 

20 

25 

Sharpness 
at 1 5" 

(db) 

1 94 

1 36 

1 10 

1 02 

0 97 

o 76 I 

:leai-anCe xearance 
at loo at 48 b" 

(db) (db) 

15 4 

97 

76 

70 

64 

51 

95 

15 1 

22 8 

28 8 

OD 

19 1 

C 

I 

:1e?IIXtEYE 
at 9o" 

(db) 

11 4 

19 5 

co 

28 8 

22 8 

148 

0 333 

0 412 

0 465 

0 482 

0 500 

0 556 

da* Percent Mod 
Percent dad on 

COUl-Se 
(ratLo) 

2 00 

1 43 

1.15 

1 07 

1 00 

1 00 

A value of k = 2 was fInally chose" for the visual system Thu gives a con- 
stant percentage modulation 1" any dIrectIon, a high average clearance at angles other 
than 1" the vlcxnty of the course, and a reasonably high value of course sharpness 
The restrIctIon that the percentage mcdulatva" of the vxual signals remal" constant 



1s rather important since It perrmts usu~g a maxumun value of visual modulation mth- 
out e"counterl"g overmodulatva" at some angles Obviously, the restrIctlo" i-as no 
meaning for the aural system because only one of the aural patterns 1s present at a 
given Instant, whereas both visual patterns exut simultaneously As explained pre- 
vlously, a value of k=l 66 mas chosen for the aural system since It gave maximum 
pattern clearance 

I" order to adJust the array, It 1s necessary to know what effect phase ml1 
have on the patterns In the systems described m this report, the phase between the 
various antennas 1s a function of the length of transrmsslon line feedIng the antennas 
and, having once been adJusted, ~~11 remal" at that value Assurmng the outer antennas 
are correctly phased at 180' to each other, It 1s desxed to !xnom what the patterns 
mll be when the phase of the center antenna slth respect to the side antennas 1s 
other than 90' If 4 1s the angle by lrhxh the phase of the center antenna differs 
from 900, the field patterns become 

E= [k cos$ & 2 5111 (S sme)] 2+ [k ~1.41 2 
nhxh reduces to 

E=ZV! ; +kc05~sln(ss~ne)+slnZ(ss1ne) 09) 

00 
figure 10 shuws the field patterns when k = 2 and S =120° for values of 4 = 

, loo , 30°, 50°, 70°, and 90°, respectively Figure 11 shows one-half of the field 
pattern for values of4=OG, 100, 300, 509, 700, and 90' plotted on one graph 6y e*- 
annnlng these curves It can be seen that the field 1s constant o" course and changes 
slowly mth 4 1~1 the du-ectlon of the maxunum signal However, the relative field 
changes quite rapIdly mth phase I" the dIrectIons of munmum sIgnal, whhlch provides a 
simple method of correctly adJustlng the phase If a sensltlve field detector 1s placed 
on a radial where the field should be zero lrhen the phase between the center and side 
loops 1s correct, the phase may be adJusted for a null reading on the field detector 
For the case under cons1deratlon (k = 2, S = 120') the mmuum. 1" the field patter" 1s 
located 48 6" from the course After the phase adJustments are completed, the field 
pattern ml1 have the shape of the solld curve ('$=O ) m flgure 11. 

Several other factors are of Interest m adJustmg the antenna array, partlcu- 
larly mth regard to.the side radiators In the foregang dxxussvan, It has been as- 
sumed that the outer ratiators were fed MO0 out of phase Thx was achieved by a 
crossover m the line feedIng one of the antennas, as show" ~TI figure 2 Actually, be- 
cause of small differences I" the loops, the phase may devlate slightly from 180° I" 
thx case, the field due to the two side radiators becomes 

E = 2 ~05 
[ 
L - s 5~” e 1 (20) 
2 

where 6 1s the phase difference between the two antennas 

When 6 = 1803 this reduces to 

E=s~n (S sine) 

For values of 6 other than 180°, the mlnuna of the cloverleaf pattern ~~11 not 
be reciprocal, as shown III figure 12 for S = 120' and b=150°. but ~~11 devlate from the 

normal to the array by the angle 
-l Moo- b 

sin 
[ I 

Since the courses are located at the 
2s 

cloverleaf nulls, the courses ~lll not be allgned and ml1 bend toward the radiator 
whose phase is lagging ReferrIng to flgnre 2, let us assume that the nulls bend to- 
ward loop No. 1 In order to align the nulls and, consequently, the courses, the pant 
of tap AB, where the outslde loops are fed, must be moved along transmuslon line CD-EF 
toward loop No 1 This operation can be checked quite easily by maklng measurements 
mth a field detector at a radius of 200 feet along a cu-cle whxh has been staked out 

An alternate method can be used for allgnlng the nulls By changing the 



length of the bullting-out section on one of the out&de loops by a small amount, the 
phase of the current in that loop can be changed a consIderable amount mthout appre- 
clably channng the magnitude of the curlent This 1s somewhat more convenient than 
moving the point of tap AS, pronting the nulls are not displaced by too great an 
amo""t . For mstance, 1f the nulls bend toward loop No. 1, reciprocal alignment can 
be obtalned either by decreaslng the length of the bulldIng-out sectlon on loop No. 1 
or by xxreaslng the length of the bmldmg-out sectlon on loop No 2 Conversely, 
the opposite procedure should be followed If the nulls bend m the other dIrectIon 

Another essential requirement mth regard to the antenna system 1s the condo- 
tlon for non-parasltlc operatvm of the radiators. Because of the symmetry of the 
system, the outer antennas cannot induce current XI the center antenna since the 
fields produced by the outer radiators are equal and opposite at the center of the 
system and thus cancel out Unless precautwns are taken, the center loop ml1 Induce 
parasltx current I" the outer loops, prcduclng a carrier pattern mhxh ml1 no longer 
be circular and uhxh under most condltlons ml1 have a variable Instantaneous phase 
angle mth azimuth. This 1s a highly undesirable condltlon since dxtortlon on the 
vote and aural signals would be lntrcduced at yaplow azvnuth angles due to overmwlu- 
latlo" or phase distortlo" 

ReferrIng to figure 2, loop No 2 ~lll Induce paras1t.x current I" loop No 1 
and loop No 3 The voltages appearing at CD and EF bill be III phase, and since there 
1s a croseover m the line feedIng loop No 1, the voltage at AB roll be zero ThlS 
means that the impedance at AB 1s Bern Insofar as the parasltx actIon 1s concerned 
The amount and relative phase of the parasltlc current flang m the loop are functions 
of the spacmg, the self-impedance of the loop, and the unpedance appearing across the 
terrmnals of the loop. The effective impedance across the loop consists of a shorted 
length of line AS-CD m parallel mth the bulldog-out sectlon across CD, connected 
through a length of transrmsslon line from the loop ternurals to CD If this impedance 
IS made very high, the loop mll be effectxvely detuned for parasltlc operatao" and no 
Induced current can flow. If 0 1s the electrxal length of transrmsslon line from the 
ends of the loop to CD, 82 1s t I5 e length of the LulldIng-out sectlo" across CD, and 633 
1s the length of line AB-CD, It can be shumn that the follvmng relation ml1 hold for 
the condltlon of zero parasltlc current (See Append= I) 

tan 8 2 
t.ane3 = 

tan el tan 0, - i 0.1) 

The lengths 81 and 82 are a function of the self-impedance of the loop and the 
characterlstlc impedance of the transnusslon tine AdJustment 1s accomplIshed by 
energlzlng loop No 1 wxth the other loops removed from the vlcKnty and by varying 
the length of the LulldIng-out sectlon, 82, and Its posItIon 81, so that no reflectIons 
are present on the line A&CD The loop 1s now correctly adJusted for the case where 
It 15 driven 

The remalmng adjustment 1s that of line length &CD, 83, whxh can be calcu- 
lated and adJusted experimentally To make this adJustmat, a driven loop 1s placed 
120' away from loop No 1 and a current lndxator 1s placed on one of the elements of 
loop No 1 A short 1s placed on line &CD and Its posItlo" changed until the current 
Indxator reads zero The line 1s then cut at the short and JoIned to loop No 3 after 
the same adJustments have been repeated for loop No. 3. For the part~cu1z.r radiators 
used 1" this developent, 03 was slightly shorter than one-half wavelength. Radiators 
having a different self-mpedance would require different values of Q1, e2, ando 

When the outer loops are being connected at AS, care should be taken to reverse 
the line to one of the loops This may be checked mth a field detector by deterrmnlng 
whether there 1s a null normal to the line of radiators Ii there 1s a null, tx con- 
nectlon 1s correct, but If there IS maxurmm slg-nal nazal to the array, the loops are 
being fed in phase and the connectlo" to one of them should be reversed for correct 
operation 
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Theory of the Mechanical Modulator 

The basic elements of the two-course visual range are essentully the same as 
those of the mstmment landmg localiser 6 The method of smultanemxly producing 
the 9% and 150-cycle patterns and the method of maiulatm" ai-e Identxal, although 
the local~aer antenna configuratIon IS somewhat more complex 

The operation of the mechamcal modulator can best be explamed by reference 
to figure 13 whxh show the schematx dmgram of the modulator The modulator does 
not supply additIona power but fmctlons by effectively placing a" impedance in series 
Kith the transrmsslon line, the value of the impedance being vai-led at such a rate as 
to modulate the curler at the desued audlo frequency The uomodulated ca.rrler leaves 
the transrmtter at H and enters the lower bridge of the modulator at A, where It di- 
vides equally and leaves at B and C The current pasang through lines BE and CF 1s 
modulated at 150 cycles and 90 cycles, respectively, by the coupled se&Ions whxh 
Introduce varying impedances Into the lures at I and J 

The signal appearing at E conslets of cari-=er and 150-cycle sldebands, while 
the signal appearing at F consists of carrier and 90-c&e sidebands The two carriers 
~111 armve at G I" phase and combine to supply carrler to the center antenna, but be- 
cause of the ci-ossover bataeen F and H the cari-=ers ml1 ai-rlve at H lSO=' ou: of phase 
and all cancel out %nce the two sets of sIdebands are of different frequencies, 
they can neither coa,bine "or cancel and ~1.11 dlnde equally at E and F. !&qua1 90-cycle 
and 150~cycle sidebands will appear at G and H The 150-cycle sidebands at G ~~11 be 
in phase mth those at H, tile the W-cycle sidebands at G vlll be 180° out of phase 
fro,,, those at H because of the crossover between F and H. 

It may be see" that because of the actlon of the upper bridge, the proper 
phase relations are obtaned 1" the loops Assuming that the lengths of transrmsslon 
line from the modulator to the arrtennas are correct, the phase progresslo" from left 
to right r, the three antennas for one set of sidebands ~lll be + 90°, O0 -90°, 
while for the other set of sIdebands the phase progresslo" ml1 be -90°, b=- I +90° 
Thus, the two patterns ml1 exist sunultaneously, one patter" representing the 150- 
cyole sIdebands and the opposite patter" representing the 90-cycle sldebands Also, 
since modulated c-i-ler IS fed to the center antenna, the oerrler pattern ~11 be 
circular and the two bean patterns ~~11 correspond to percentage modulation of the 
calrler 

Several other factors are of interest 1" regard to the upper bridge In order 
to prevent lnteractlon between the modulation channels, no"e of the energy appearing 
at E should appear at F, and vice veraa This condltlon ~11 be obtained If the four 
anas of the bridge are made equal and the impedance at G matches the impedance at H 
Thus, if energy is introduced at E, equal amounts of energy ml1 appear at F, but 
because of the crossover I" one arm of the bridge the energy will be 180' out of 
phese and ml1 cancel Therefore, tie" point E IS used as B reference, a virtual 
short crcuit will exist at F, and since the cli-cult 1s symwetncal, the converse 
ml1 be true. 

The electrIca length of the arms of the upper bridge, as well as of other 
brldges used in various systems described I" this report, has a" optimum value so 
that the lines terrmnated at E and F may be matched. 'Rhen the loads connected to G 
and H are equal to the characterutx Impedance, Zo, the impedance lookIng into E 
and F should also be 2, Thx condltlon ml1 be obtained when each arm of the 
bridge has a" electrxal length of 0 152 wavelength. (See Append= II) 

Although the mechamcal mdulator +s desIgned to operate Into a matched 
transrmsslon lme, a certal" amount of uusmetch can be tolerated mthout prcducmg 

$ I Yeta, "The CALRTCA Instrument Iandug System Part I - Development 
and Installation, n CL4 Technical I!eveloprrx"t Report No 35, October 1943 
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ay ill effects It is Important, however, that the impedance at G equal the ~mpe- 
dance at H regardless of *ether or "ot the impedance at these points 1s equal to the 
characterxztx impedance Gne convenient nay of achieving this 1" practxe IS to 
e"erQze the upper btidge at E, remove the transmission line feedFng F, and place a 
sensltlve voltage detector across F The mpedance at H 18 adjusted to gage a null 
reading of voltage, thus xI&cating that the bridge 1s balanced 

The coupled sectlons which modulate the cari-U?I' signals are alternately tuned 
and detuned by toothed discs tilch rotate between condenser plates attached to the 
ends of the coupled sections. The toothed rotors are attached to opposite ends of the 
shaft of a" 1800 r p m synchronous motor The rotors have three and five teeth, re- 
spectlvely, and produce the q0 cycle and 150~cycle modulation frequencies. The method 
of operatlo" 1s such that mth modulation peaks the rotors are fully meshed, thus 
d&rung the sections and pemttmg maximum power to flow through the transrmsslon 
11nes When the rotors are unmeshed the sections are tuned to resonance and prevent 
any flom of energy beyond the open ends of the coupled sectlo" Su-ce the modulator 
supplxs no power but produces a form of d oe"mard modulatxm, the transrmtter must 
supply the peak modulated cari-her at normal plate voltage. The partxular type of 
transrmselo" line modulation used 1s such that the output te"k circuit of the trana- 
rmtter must have good voltage regulation under mdely Yarylng condltlons of load If 
good naye form 1s to be obtmned 

The actlon of coupled sectlone has been treated qute thoroughly in the 
Lterature7,8 so that no attempt ~~11 be made here to dlscuss the theoretical relatlon- 
shlps. From the standpoInt of a practxcal application, the coupled se&Ion can be 
consIdered as lntrcducr,g two virtual generators I" series mth the Lne dx-ectly be- 
low the open ends of the section In fIgore 13, the effect of the coupled sectlons 
1s concentrated mholly III the xumedlate re~on of points I and J on the transrmss~on 
lmes BE and CF. When the sectlons are tuned to resonance, a" apparent open clrcult 
occurs 1x1 the line8 et points I and J, and complete reflectlo" takes place so that no 
energy passes beyond these pomnts 7%~ the sections are completely detuned they 
have no effect on the lmes, and all of the energy 1s propagated along the lr~es BE 
and CF For other tuning condlt~ons, the amount of energy whloh passes along the 
lines 1s varied so as to produce the deared shape of modulation envelope 

For the modulator used I" thx developnat, the effect of the coupled sectlone 
on the line can be considered as analogous to that produced by the xntroductlon of 
capacltlve reactances in serves mth each of the lines at points I and J. The phase 
and magnitude of the reflected wave produced by the virtual generators are ldentlcal 
to those produced by mtroducmg capacltlve reactance I" the lme. Actually, of 
ccui-SW, the modulator could be made to operate 1" such a way as to produce an equlva- 
lent Inductive reactance m series mth the line Thx would mean that the section 
mould be detuned I" the opposite dwectlon to that now used At present, the operation 
of the coupled section 1s such that when power 1s prevented from flollng along the 
hne, that 16, at the rmnlmum of the mcdulatlon cycle, the sectlo" is one-quarter wave- 
length long electrxally, Its length bang adJusted for the resonant condlticm when 
the condenser rotors are fully umoeshed from the stator When the rotor IS meshed so 
as to detune the sectlon, the sectlon 1s effectively made electrxally longer, producing 
the effect of lntrcduclng capacltlve reactance m the line. This can be sholm from a 
conslderatlon of the relationshIps &Yen in reference 7 

The equlvelent cxcult of the modulating system 1s showo for one modulation 
cheanel UI figure l.4. The upper bridge has been replaced by a load and the lower 
bmdge plus the transrmtter replaced by a generator The upper f1gui-e shows the CLT- 

7A. Alford, "Coupled Networks III Fadlo-Frequency Circuits," Roceedxw of 
the I R.E , pp 55-69, February 19.&l 

'%L King, "The Application of Low-Frequency Crcuit Analysale to the Roblem 
of mstrlbuted Coupling UI Ultra-Illgh-Frequency Circuits," Proceedinga of the I.R.E., 
pp. 7.5-724, November 1939. 



chit as actually used, while the Iower flgure shows hew the Fnteractlon between the 
section and the line may be represented m terms of lump4 clrcults Thm the reac- 
tance of the equivalent series condenser 1s zero the energy 1s transrmtted lrithout 
reflectlo", uinle for InfInIte reactance complete reflection takes place and no energy 
1s transumtted. For mntermedxte values of capacltlve reactance, varpLng amounts of 
reflectxm would occur. mcdulatlng the amplitude of the carrier in accordance lnth the 
chqng reactance 

While a system as sholm 1x1 the equivalent clrcrut or a system using a variable 
condenser connected across the line would gLve the same results as the crcult using 
coupled sectlone, m practice It would be tiffxult to obtain the range of reactance 
values necessary to obtan complete mcdulat1on The coupled sectlo* acts as a step 
up transformer to control the energy In the man tie, and SUICB the Q of the coupled 
sectlo" 1s quite high, a large change UI current can be produced mth a small change 
in capaclte"ce. The transformetlon ratlo 1s a function not only of the distance be- 
tween the plane of the sectlon end the plane of the main lxre but also of the spacing 
of the conductors of the man lx~ and the sectIon The actual spacing used was de- 
ternuned emptically and 1s more CT less a comprase between several factors If the 
step-up ratlo 1s too low, complete mcdulatlon will be difficult, whereas If the step 
up ratlo 1s too high, the currents and voltages m the coupled sectlons ml1 mcrease, 
resnltlng 1" a loss of power m the section, as well as &ng it dlffxult to man- 
tam balance in the clrcult. 

The shapes of the rotors and coupled sectlo" stators were designed to produce 
90-cycle and 150~cycle mcdulatlons mth a rmnunum of harmonx distortlon Smce, be- 
cause of fnngmng, It wa dlfflcult to calculate the shape of the condenser plates 
whxh would give a s~nusov3alrmve shape, It lnas necessary to design them experlmen- 
tally 

The lower bridge OP cross-modulation bndge, as It 1s often called, swwes to 
prevent lnteractlon between the two mcdulatlng channels The radio-frequency power 
fran the transrmtter enters the lower bridge at A where lt tivldes equally and floms 
to the modulating channels BE and CF Since the moduletang system dlsslpates no povier, 
energy which does not reach the upper bridge ~~11 be reflected back into the trans- 
rmtter or Into the opposite modulating channel Thx last-mentIoned condltlon will 
cause cross mcdulatlon vinxh ~lll dxtort the output wave form and produce broad 
courses The cross-modulation bridge effectively Isolates the two modulation channels 
so that any disturbance m one channelvslll not affect the opposite channel. 

The operatlon of the lower bridge can be explaIned by reference to flgw-e 
13 The reflected 150~cycle energy ~11 enter the bridge at B, where It ~~11 dlvlde 
Into equal parts nhxh pi-ogress toa?ird A and D If the mpedance at D 1s the same 88 
that looking Into the transnutter at A, the two waves p~lll arrive at C mth their 
maF;tudes equal and mth a phase difference of NO0 due to the crossover between D 

The wows ml1 therefore cancel at C and no energy ml1 be transmItted from 
B to C It can also be shorm that the reciprocal relatlonsbp 1s true and that no 
enera ~lll be transrmtted from C to L? Little energy ~lll be lost m the cross- 
modulation xnpzdance, provided the transrmtter output tank and coupling clrcmt have 
km losses The Imp?dance at A looklog toward the transrmtter 1s essentially reactlve, 
therefore, the cross-modulation lmpedaoce ml1 also be reactive, thus dlsslpatlng no 
energy other than the clrcult losses The cross-modulation xzpedance consists of a 
tuned cxnut lshlch 1s aaJusted in operatlon to gLve mxnmur~ Interaction between the 
two channels 

The length of the lower bridge elements and the dx?tances from the open end 
of the coupled sectacne to the loner bridge have optunum dlmenslons of one-quarter 
wavelength for most affxlent operation Ben both modulating channels are dramng 
the same amount of energy, there ~11 be zero voltage at tne cross-modulation ~mpe- 
dance and the bridge arms CD and BD ~lll be equivalent to a pax- of short-cIrcuIted 
quarter-wave lines of high impedance connected aci-06s B and C The energy ml1 then 
dlvlde at A and reach the modulating channels mthout ~~urrlng any addltlonal losses 
due to reflectIon from the bridge clrcult At the tame mhen neither modulating chan- 
nel 1s dramng any p~lrer, the voltage at the cross-modulation Impedance %x11 be zero, 



hence, the pcwer dlsslpated due to circut losses ~~11 be cmnparatlvely small su~ce 
voltage does not 3ppee.r at the cross-modulation impedance except during portaons of 
the mcdulatlon cycle. 

When one of the coupled sections Is tuned to transrmt no energy, a" effective 
open cucult 1s produced at I or J, and smce BI and CJ are one-quarter wavelength 
long, an effectlve short clrcmt ml1 be produced at B or C If the 150-cycle sectlo" 
18 tuned to resonate, the effective short will be located across B. Ekcause of the 
fact that the bridge elements are also one-quarter wavelength, line BA will apply a 
very high impedance across A and ~lll allow all of the energy to flow Into the 96 
cycle channel. Thx 18 the ccnditlon which ~lll produce the largest voltage and power 
loss at the cross-modulat~cn impedance. Under actual condltlcns the power loss x, 
the cross-mcdulatlcn impedance has been found to be neglieble. 

The line from the transnutter to the loner bridge has an optimum length when 
no energy IS passing through elther channel For the condxtlc" of magurmm power, a 
matchuxg section 1s placed across the line between A and H 11, order to remove reflec- 
tlcns from the line. lAhen mnimum power 1s bang transmitted to the mc.du1atx.n 
charuvzls, effective short cucu1t.s are produced acrcs~ B and C, evmg rise to a 
very bgh ~pedance looking Into A If the length of line between A and H were made 
a" cdd number of one-quarter xavelengths mthcut the matching sectlo" in the clrcult, 
a short circut would appear across H and it would appear to tLs transmitter as 
though It, were wcrlang Into a very high im&ance load For a"y other length of 
line, a reactive impedance would be coupled into the plate tank, causmg excessive 
plate dlssipatic" when no energy 19 being supplied to the antennas and thus reducug 
the over-all efficiency during the modulation cycle 

In tuning up the modulator and transrmtter, the coupled sectlcns are fli-st 
short.-mrcuited near the open end so that they are completely detuned and allow 
maxumrm power to flow Into the antennas It 1s assumed, of course, that the antenna 
system has prevlcusly been adjusted and that the lines being fed from the upper 
bridge have been matched A building-out section 1s the" placed on the line feedIng 
the lorer bridge to remcve standing maves frcm the line The plate tank of the trans- 
mitter 1s then tu"ed for m~nunum plate current and the output couplxg clrcult tuned 
for maxllrum output No further adJustme"ts to the transmitter are necessary after this 
pomt. The short cii-cults are then removed from both coupled sectlcns and the 
toothed rotors turned by hand until the rotors and stators of both coupled sectlcns 
are fully unmeshed. The coupled sectlana are then tuned vlth the movable shci-tu,g 
bar to prevent energy from floKLng beyond the coupled sectlaw This can be readily 
checked tith a" r-f uxiicatlng instrument placed on the antenne ade of each zaodula- 
ting channel. The tang of the coupled sectlcns is rather sharp, therefore, care 
must be exercised I" moving the shorting bar when adjusting for complete cut-off- 

The length of lr,e from the mechanxal modulator to the transrmtter is deter- 
rmned for the cut-off ccn&tvan and IS so adJusted as to mve rmnunxn plate current 
This adjustment 1s not particularly cntical and when made *ill result I" rmnuwm 
plate heating of the flnal amplifier stage Before setting the percentage modulatlcn 
on each channel, It 1s necessary to tune the cross-modulat~o" network for mu?umm, u- 
teract1on bet-en the two channels. A convenient method of maklng this adJustmat 
is to place a dlcde rectlfler across the line feeding the center antenna and observe 
the rectlfled audlo voltage on an oscilloscope The 9%cycle channel IS short- 
circuited at the antenna side, the 150~cycle coupled section is short-clrculted at 
the open end, and the cross-mcdulat~on network is adJusted to grve minimum deflectlo" 
on the oscilloscope The circuit IS then adjusted to prevent lnteractlon from the 
9Gcycle channel Into the 150-cycle channel. The reciprocal relation ml1 hold and 
can be checked readily by short-crcuitmg the 150~cycle channel and the 90-cycle 
conpled sectIon Another ccnvenra,t nay of adJusting the ci-css modulatlcn 1s to 
place a wave analyzer acrcss the dlcde output and adJust for a minimum on the 2L+O- 
cycle component when evei-ythlng is -="g and there are no shorts on either the 
chanwls or the coupled sectlcns 

The percentage modulation an each channel can new be adJusted, since any 
changes made in one channel mll have no effect on the opposite channel %%%en the 



mechanical modulator IS used for localxer applicatmns, the total percentage mdula- 
t1cn nil1 be clcse to ml WI-cent. Since the carriwr divides eouallv Into the two 
channels, each cha""el can'be modulated 100 percent, and the t&l c&m ml1 be 
modulated scmwwhat l&s than 100 percent due to the fact that the two mcdulatmns are 
of different frequencies. For radio range applxatmns, the tctalmodulat~cn for the 
nsual system must be ccnslderably less than 100 percent smce space must be left for 
the YO?.CW and aural mcdulat~ms. The percentage mcdulatmn in each chmnel till vary 
from 40 to SO percent, dependmg on the partxular type of system used to combme the 
xme and aural mcdulatmns vlth the visual mcdulatmn 

The depth of mcdulatmn in the channelmll depend upon the tumng of the 
coupled sectlo" and the spacmg of the stator plates Normally, the rotor 1s turned 
by hand until It 1s fully unmeshed frcm the statcr IVIm" the tu"mg short crcult 1s 
positmned to Eve complete cut-off, 100 percent mxiulatmn ml1 be cbtamed To dw- 
crease the modulatlcn depth, the sectmn 1s slightly detumd by moving the shcrtmg 
bar away from the open ends of the coupled sectmn. Fine &ustments can be made mth 
a metal tab located near the shorting bar To decrease the percentage mcdulatlcn, the 
metal tab 1s rotated cut from the conductors of the coupled aectmn. 

The percentage modulatm" can be measured directly in each channel by placmg 
an r-f mndxator on the antenna side of the channel. The rotor 1s slmly turned by 
hand and the maximum and the mnmum deflectmns of the mdxatcr are noted The pwr- 
centage modulatmn, m, can be deterrmned from the fcllmmg relatmn, 

and ccnversely, the rat.10 of the mnmum to the maximum deflectlo" m terms of the 
mcdulated percentage 1s given by, 

%i” lal -m -- 
sax- 100 + m 

SUC? the nature of the mcdulatvan system 1s such that the mxamum deflectlo" ml1 be 
almost constant regardless of the mcdulat~on depth, It 1s only necessary to calculate 
the rmlwnum deflection for the deared percentage mcdulatacn and to adjust the shcrt- 
clrcrutlng bar or metal tab to &VW the calculated deflectvan Maxvnum deflect~cn 1s 
obtaIned when the rotors are fully meshed and rmnlmum deflectlcn when the rotors a-e 
fully unmeshed 

The wave form of either mcdulatlng frequency may readily be observed on the 
csc~lloscope by shcrtlng the opposite coupled sectlo" In order to cbtaln the best 
-nave shape, It may be necessary to make some shght readJustw"ts m the spacing of 
the statcr plates, I" whhlch case the movable short clrcult an the coupled sectlo" 
should be readJusted 1" order to keep the same mcdulatlon percentage It 1s lmpcrtant 
that each channel be modulated the same amount If the visual coursws are to be m i-e- 
clprccal al1g"ment The percentage mcdulat~cn of one channel relative to the other 
can be cqecked by short-cxcultmg frst one coupled sectlo" and then the other and 
nctmg the deflectlo" on the csc~llcsccpe in each case 

Although It was panted cut premcusly that the cverlapplng bean-shaped pat- 
terns represent only percentage mcdulatxcn on the carr~r, It 1s pcsslble to obtain 
statx patterns whxh may be measured mth a fxld detector. In order to do this, 
both coupled sectvms are short-clrculted and a short clrcult 1s placed on the unde- 
ared channel For example, If It 1s deslred to set up the 96cycle bean pattern, 
the UO-cycle channel should be short-crcmted, and ~lce versa. Since only one side 
of the upper brxlge is supplied with carrier energ?, all three antennas are exclted 
at the same amplitude ratlo and phase as they are when the nechanxal mcdulatcr 1s 
cperat1ng normally. With only c"w pattern present, It 18 much simpler to phase the 
array than under dynauac ccntitlcns 



DwELOEaEENT OF THE VISUALvAUllALSYSTEMY 

Tests on 109 9 Megacycles 

The basic elements of the two-course range mth sector ldantificaticn were 
evolved as a result of the instrmwnt 1andi"g develcpent The first experime"ts 
with aural sector identlfxatmn applied to the visual two-course lccslieer were ccn- 
ducted at Indmnapolx durmg the fall of 1939 The three-loop lccal~zer mstallaticn 
was used for the visual system and a set of three loops, located halfway between the 
lccalmer loops and the ccunterpc~se and crxnted at right angles to the visual loops, 
was used for the aural sector Identiflcatlcn. 

The aural antennas were fed from a balanced modulator whhlch produced 1020- 
cycle sldebands I" order to prevent interactlo" betmxn the visual and the aural 
systems whxh would cause the visual mdxatcr to fluctuate mth the D-U kepng, It 
nas necessary to use a tx line between the two center antennas The tie line pi-e- 
vented any visual energy from reaching the aural balanced modulator, and vice versa 
If the tie ll"e x-as not used, visual energy would feed lntc the aural transmitter and 
overload the tubes and also would couple visual ~ei- Into the aural antennas and be 
keyed slmultanecusly mth the aur&l signals 

The prelmnary experiments and fllghts mth the equlpr,ent cperatlng on 109 9 
megacycles showed that the tie line could be adJusted to prevent mteract~cn between 
the aural and the visual systems It was also found that the percentage modulatlcn 
on the visual system would have to be reduced for radlc range appllcatlcns if excessive 
tistcrtlcn of the aural signal as evidenced by cross-mcdulatlcn products were to be 
ellrmnated 

These experiments concluded the first part of the program and proved that the 
system aas practical 

125~Megacycle Visual-Aural Range Usl"g the Six-Loop Array 

The next stage of develc~wnt utlllzed equipment operating on 125 megacycles 
rnth the an-loop array mounted on a 30-foot tower and counterpclse 
band of 119-126 me 

The frequency 
acycles had been allocated to the CAA for radlc range applicatlcns,9 

and pre~cus tests 0 f had proven the desrablllty of lccatang the antenna system on a 
tower I" order to increase the ser~lce radluus of the radlc range For these reasons, 
It was desired to design an experimental radlc range whxh would be satlsfactcry when 
applied to the axways It was also desxed to have a worting lnstallatvan whnhlch could 
be demonstrated to varlcus groups Interested 1" the use of ultra-high frequencies for 
a1r "avlgatlc" 

The most dlffxult problem m this develcFwe"t was the choxe of a sultable 
antenna system and clrcult arrangement lrhlch would prevent lnteractlcn between the 
visual and the aural systems mthcut prcducvlg any crcssc~w~s or false ccui-sws at high 
angles. Both the transrmttlng and the rece=vlng equipments used for the visual-aural 
range aevelcpawnt were of standard design and did not possess any partrcularly novel 
features. Figure 15 shows the 30-foot tower and ccunterpolse mth the building tiPnlch 
houses the transrmttlng eqmpment located directly underneath Figure 16 1s a VLW 
of the equlpwnt, the mal~l transrmtter bang at the left, the 1020%cycle sideband 
generator and keyer at the right,, and the mechanical modulator 1" the center 

9L H Slmscn, "Natlcnal Allccatlcn Plan for Asslmng Radio-Range Fi-equencles 
m the Band 119-126 Megacycles ," CM Technxal Develcpwnt Report No 2R, May 1941 

lop. B Xlng and T A Kcuchnerkavlch, Q?velcpnent of the Ultra-Hi&Frequency 
Radlc Range, Part II - Testing of UHF Fadlo Ranges on Tcwwrs," CM Technxal Develop 
ment Report No h3, July 194.4 



The arrangement of antennas that was fli-st ti-led on 125 megacycles was slrm- 
1e.r to the one used on 109 9 megacycles except that It was constructed in a more 
permanent fashion. The three nsual loops were located m lme and spaced one-half 
wavelength above the cmmterpolse The three aural loops were located III a line at 
right angles to the lme of the visual antennas and spaced one-qu&er wavelength 
above the counterpoise 

A block diagram of the eqtipent and the antenna system 1s shuwn m figure 
17. Although su,gle lu,es are shown, two-mre balanced, shIelded transrmsslon line 
1s actually used throughout the whole system. The principles of the mechanxal mcdu- 
later and the antenna arrays, mth the exeptlon of the tie lme, have already bee" 
described The method of feedlng the aural array 1s somewhat different from that used 
to supply energy to the visual antennas since the aural antennas have to carry only 
one pair of sldeband mcdulatum frequencies. All of the visual antennas have to carry 
both pars of sideband mcdulatlon frequencies 1" order to set up both bean-shaped pat- 
terns simultaneously, while the carrier 1s supplied only to the center visual antenna 
whxh provides a circular carrlei- pattern In addltlon, the phase of one pau of 
sldeband modulation frequencies m the side visual loops has to be reversed mth re- 
spect to the other par of sIdeband mcdulat~on frequencies, while both pavs of side- 
band mcdulatum frequencies are fed to the center visual loop in phase mth each 
other As previously explamed, these condltxms are automatxally satlsfled by the 
upper bridge cxcuit 

The aural antennas produce only one bean pattern at a time, so that all three 
loops can be drectly fed from the 1020-cycle ad&and generator Appropriate means 
are requued for controlling the relative power and phase of the side aural antennas 
The two aural bean patterns are obtained by chanQng the phase of the current in the 
side antennas by 180 degrees xath a double-pole double-throw relay whhlch reverses the 
line to the side antennas 1" accordance mth the D-U keying rhythm. 

The lnstallatlon of either a visual system oi- a" aural system by Itself would 
be a comparatively simple and stralghtforuard procedure. However, when It 1s desired 
to operate both systems simultaneously on the same tower, mutual coupling between the 
two systems causes some dlfflculty In order to elmmate the mutual couplmg, It was 
proposed to place each antenna system on a separate tower, but because of added equp 
ment and technical dlfflcultles, this Idea was abandoned 

When all SIX antennas a-e placed on a counterpoise mth the center of each ar- 
ray on the same vertical a*~, the largest degree of coupling takes place between the 
two center loops. Because of symmetry, each pax of side antennas Induces no current 
m the center antenna or 1" the other pau of side antennas Also, each center antenna 
educes no current I" either pai- of side antennas since the length of line to each 
side loop 1s adJusted to prevent the flow of paras1tx current Although a horizontal 
loop has zero radlatlon field 1" the vertxal dxectlon, the lnductlon field from one 
center loop Induces considerable current 1" the other center loop since they are sepa- 
rated by only one-quarter wavelength 

The mutual coupling between the two antennas namfests Itself by two undeslr- 
able cond~tlons Fxst, parasltx current 1s Induced 1" the visual loop by the aural 
loop, an.3 vice versa Second, as a result of thu parasltx current, energy from the 
visual system 1s fed Into the aural system and energy from the aural system 1s fed 
Into the visual system In order to prevent the flow of energy between the two sys- 
tems, a tie line between the two center antennas was ~ntreduced As mll be show" 
later, the tie line can also be used to control the parasltlc current 1" the center 
antennas 

The operation of the We line may be understood readily by referring to 
f-e 18 tilch show only the transrmssum lines feedIng the center antennas whxh 
are mounted one above the other Let us first conalder the case where power 1s fed 
into the visual loop Because of mutual coupling between the loops, energy ml1 ap- 
pear in the aural loop and flow tonard the aural transrmtter. At point B, however, 
the tie lx-~ ml1 feed energy of the same magnitude but mth opposite phase to that 
of the induced current, thus produclng a voltage node at B and preyentmg the flow of 



vxual energy ylto the aural transrmtter Smce the clrcult 1s symetrical, the re- 
ciprocal relation ml1 be true and none of the aural energy a~11 flaw Into the visual 
transrmtter 

The magnitude of the current m the tie line at point B depends upon the 
transfer vnpedance between A and B The transfer mpedance 1s deterrmned by the 
length of the tie Lne and by the length of the bulldIng-out se&Ion connected across 
the tie line Since the transfer impedance 1s purely reactive, the phase of the tie- 
line current can differ from the applied voltage at A by 90° either leadIng or lag- 
e*g Thus, m order to control the phase of the current at B, It 1s necessary to 
vary the length of lone between A and C lPnlle a reasonable amount of care 1s neces- 
sary in the ad.Justment of the tie hne, It 1s not cntlcal or &fflcult to make 

The tie line was located arbltrarlly during the first experiments; that 18, 
polti B w-as chosen at a comrerment location and the position of point A was varied so 
as to effect a balance. 

The first step when tuning the range was to balance the tie line so that any 
further adJustments m ather the visual oi- the aural system could be made mthout 
reacting on the other system After this, th? relative current and phase In the side 
antennas were adJusted The fIna patterns were checked by taking field-strength 
measurements on the ground at a radius of 2W feet. 

mAhen flight tests were made mth this set-up, It nas found that the aural 
patterns had poor clearance and several reversals of the signal at high angles when 
the usual course was flown It eras found that these dlfficultles were due both to 
the wade spacing (135' ) of the side aural loops and to parasltx current in the 
upper visual center loop Because of parasitic current, the center antennas produced 
a field pattern in the vertxal plane whxh was quite different from the pattern due 
to the side antennas This accounted for dxcrepancies between the observed horiaon- 
tal pattern on the ground and the results obtained m flight tests 

Further mvestlgatvx showed that the parasltlc current in one of the center 
loops couid be ellrmnated This was accomplished by posltionlng the tie line at such 
a point that the reactance reflected into the unfed loop would detune it for parasi- 
tic currents If the center aural loop was energized and the tie line correctly 
balanced, a virtual short would east at point A. After the tie line WQS balanced 
in order to prevent aural parasltlc current m the visual center loop when the aural 
center loop was driven, It was found that length BD was such as to cause nsual pa-a- 
altIc current to flow in the aural loop when the visual loop was dnven. 

When the tie line was relocated, the spacing of the side aural antennas was 
reduced to 100' m order to more nearly approsxmate a cardlold pattern in the bon- 
zontal plane. The elde aural loops were also elevated to a height halfway between the 
two center loops. This was necessary because of the physlcal size of the loops, smce 
the three aural loops would have touched each other if they had been placed at the 
same level 

Flight tests of this arrangement shoaed that the aural patterns were satls- 
factory and produced no sector reversals except at very high angles directly above 
the statIon It was also found that the visual xulicatlons were free of sector re- 
versals below a vertxal angle of 45' Some fllghts were made with only the visual 
system cperatlng and mth the lower center aural loop shorted out so as to prevent 
the flow of visual plrasltrc current Under these conditions, the regron of sector 
reversals on the visual system was limited to vertical angles above 66" from the 
horizontal 

In order to defxLtely estabhsh that the high angle croseovere and reversals 
were caused by parasltlc current m the center loops, vertvxl field patterns of the 
array elements were taken Thx? was done by recording the output of a receiver uhxh 
had a manual volume control Numerous flights were made at constant altitude on a 
radial through the statlo" in the vertical plane which passes through the visual array 
Figure 19A 1s a represent&Iv= recording of the flights made when the two side usual 



antennas only were energxeed antennas only were energxeed It ml1 be noted that the vertxal field pattern 1s It ml1 be noted that the vertxal field pattern 1s 
comparatively smooth and gives but one lobe on either side of the vertxal axis comparatively smooth and gives but one lobe on either side of the vertxal axis The The 
departure from symmetry m the two lobes 1s due to the effect of the aIrplane, since departure from symmetry m the two lobes 1s due to the effect of the aIrplane, since 
the recelvlng antenna was mounted on the top of the fuselage the recelvlng antenna ma.5 mounted on the top of the fuselage 

figure 19B shows a representative recording of the flights made when the cen- 
ter visual antenna only was energleed The effect of the lower loop operatang paras~- 
tIcally 1s quite marked and shoprs up by producing a very deep null at a vertxal angle 
of &?O on each side of the statlon Inasmuch as the radiated fxld 1s reversed by 
180' every time the field pattern passes through a rmnlmum, lt 1s apparent that sector 
reversals should exist above 42" This 1s further confrmed by the fact that theoretl- 
tally two lobes will be produced m the vertxel plane by two antennas spaced above a 
refleCtl"g surface at dxtances of one-quarter wavelength and one-half wavelength, 
respectively 

These flights, as well as some other experunents which ~lll be dxcussed 
later, proved that high angle sector reversals were pr~~anly due to visual parasltlc 
current flung In the lower aural loop It was therefore deerable to modify the 
clrcut m order to prevent parasltx a&Ion 1" both of the center loops ThlS w*s 
dons by locating points A and B so that both center loops were detuned when either 
loop w*s driven In order to accomplish this, It was necessary to use a tie line 
Rth a transfer impedance whhlch contar& a resxtlve term and a reactive term As a 
result, the Input rmpedance of the tie line contaIned a reslstlve component which dls- 
slpated power mth a consequent loss I" efflclency Thx loss I" effxlency 1s not as 
great as lt appears, however, because the field m the horizontal plane 1s Increased 
by an improved dlstrlbutlon of energy in the vertical plane, mhhen no parasltx current 
flrsws m either center loop 

A schematic sketch of the dlsslpatlve tie line is shown in figure 20 The 
adjustment procedure 1s somewhat different from t>at for the reactive tie lone Points 
A and B are deterrmned by excltmg one loop and placing a short on the transrmssxm 
line which connects to the other loop The posltlon of the short whxh results 1" 
rmnxmxx paresltlc current in the non-driven loop 1s then deterrmned Thx 1s done for 
each center antenna and the tie line 1s connected between the two transrmsslon lines 
at the posltlons where the shorts were located The tie line 1s next adjusted to pre- 
vent lnteractlon between the two systems3 that 1s. when voltage 1s applied at point A, 
there should be zero voltage at pant B and, rsciprocally, when voltage 1s applied at 
point B, there should be zero voltage at polrt A This adJustment also automatically 
satisfies the requirements for non-parasltx operatlo" since a virtual short will ap- 
pear at the end of the tie line opposite the end which 1s driven 

In balancing the tie line, there are three variables whxh have to be adjusted, 
namely, the length of line EF, the length of line BF, and the length of the bulldmg- 
out sectIon acrass pant E. These three adjustments make It possible to obtain avnost 
any desired value of transfer Impedance between pants A and B For convenience, the 
resistance across point F was made equal to the characterxtx impedance of the trans- 
rmss1on line, although this 1s by no means a necessary condltlon. A mde range of 
input impedances could be obtalned for a given value of transfer impedance Also, 
the input impedance at one end of the tie line 1s nor. necessarily the same as that 
at the other end of the tie line. In fact, the Input impedances were arranged so a 
greater percentage of aural power than msual power was dlsslpated. 

Comparatively little pawer 18 needed from the aural sldeband generator in 
order to eve the same distance range as the visual signals; therefore, from the 
standpoint of power efficiency It 1s more desrable to dl6slpet.e a higher percentage 
of aural power than ~lsual power, whxh includes all of the carrier power as well as 
half of the visual sideband power The order of power magnitude m the center visual 
ante"?* 1s about 150 watts, while the power In the center aural antenna 1s approxlmatc 
3 w2tts The power lost m the visual system 1s about 10 percent of the total visual 
power, whereas the power lost m the aural system 1s conslderably greeter than half 
of the total aural power Because of the small amounts of power Involved, It 1s dlf- 
ficult to make accurate measurements on the aural system. 

,ly 



'&hen the resutlve tie line was Installed, the spacing on the side vlsuel 
loops was reduced from 135" to 120' Revlous flights had shown that although the 
vmual pattern clearance was good at most of the pomts around the statmn, it was not 
entirely satlsfactoi-y when the plane was flymg 1" the center of the 150-cycle sector, 
due to the second harmonx of 90 cycles passing through the 150-cycla filter The 
l20'= spacmg increased the clearance and praiuced a more sultab19 pattern 1" general 

A schematic dmgram of the complete cxcult arrangement 1s show" I" figure 21. 
The double lmes on the dmgram represent the balanced two-mre shlelded transmissmn 
lme used throughout the system to feed the r-f energy to the antennas and var=ous 
clrcult elements. Buildmg-out sectmns or stub& are used to match the varlou8 cu- 
cuts to the charactermtw impedance of the two-mre transmsslon line so standmg 
waves are removed from the line. In one or two places stubs are used to msmatch the 
line I" order to obtam the correct power dmtrlbutmn between two cu-cults which are 
fed from the same so"rce Lme phasers are used to obtain the correct phase relations 
b&wee" the antennas, and to adJust the phase of the 102%cycle sIdebands mth respect 
to the carrier The phasers, which are constructed of telescopmg tubmg 1" much the 
same manner as a trombone slide, vary the relative phase by cbanglng the actual length 
of lme I" the cucut The slae and the spacing of the telescoping tubing are de- 
sIgned so as to make the characterlst1c impedance of the phaser the same as that of 
the transrmsslon line. 

I" several places, It ml1 be notxed that a one-quarter uavelength stub 1s 
connected across the line. These stubs have no effect on the clrcut but serve 
merely to correct condltlons of unbalance. A one-quarter wavelength stub presents 
u,fl"lte impedance to balanced currents and zerc mpedance to unbalanced currents so 
that It, effectively forces a balance at the por,t wtere It 1s connected across the 
11ne. These balancing stubs are most useful 1" elmnatlng unbalance occurr=ng at 
the energy source Unbalance ~TI cucult components, such as antennas, phasers, etc , 
can best be ellrmnated by careful design and consti-uctwn, mth partxular attention 
bex,g dlrected toward obtanmg a symmetrxal layout 

AdJustments of the transrmss~on line cucults feedrng the antennas can be 
nade mthout dlffxulty provided proper attention 1s pad to the sequence 1" which 
the YZYOUS operations are made. Each of the s=x antennas was fu-st matched to Its 
respective tra"smlsslo" 11ne This was done on the ground by locating the loop to 
be matched at a height above ground ,vhxh was ldentxal to the height to be used 
above the counterpoise Each loop was matched to Its own line mth "one of the other 
loops 1" the vxmlty. Then, the three visual loops were mounted on the counterpoise 
and the side loops adJusted for non-parasltlc actu,n when the center loop was driven 
lifter thu, the three aural loops were mounted and the above procedure repeated 

The transmlsslo" lines from tDe antennas to the transrmtter were connected 
and matched and the proper location of the tie line was deterrmned The tie lute 
v,as balanced by adjustment of the current stub and the two phasers show" I" figure 
21 It was necessary to match the line feedIng the center aural antenna agal" since 
connecting the tie line introduced a dxturbance on the line feedIng the center 
aural antenna No further adJustments *ei-e required on the line feedIng the center 
visual antenna after the tie line -nas connected The VMual antenna transm~sslon 
lmes were matched Into the upper bridge of the mechanxal modulator Next, the phase 
of the visual antenna currents was adjusted ar.d the nechanxal modulator was tuned. 
The current dutrlbutlo" 1" the aural antennas was adJusted mth the ald of a" mnduc- 
tlvely coupled radio-frequency meter The relatxve phase was adjusted 1" the sane 
manner as previously described The main transrmtter mstead of the sideband genera- 
tor vas used as the power source I" making these adjustments since the puwer output 
of the sIdeband generator was u,sufflcle"t to give a readmg. The Correct phase =e- 

llE J. Sterba and C B Feldman, "Ti-ansrmss~on Lutes for Short-Wave Fadlo 
Systems," Roceeamgs of the I R E , pp. 1163-1202, July 1932 
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latlonehip betmen the nan carrier and the sIdeband generator output was determned 
by varying the sIdeband generator output phaser so as to give mxmum 1020-cycle out- 
put with minimum dmtortaon in a monztor. (See Append= III ) 

SupIaeseor Array 

As pi-evlously discussmi, the dlffxultles due to reversals at high vertical 
angles were greatly rmmmz~eed by elminstion of parasitic current in the center an- 
tennas However, It ms lmposslble to completely elmmate reversals and osclllatmn 
of the vimal Indicator above vertxal angles of 70'. In order to determine the effect 
of antenna height above ground, flights wzre made on a 125~megacycle portable tm- 
course range mth loops that mwe about Z$ wavelengths above ground aml one-quarter 
lave1engt.h above a counterpoise. Flights were also made on a 109 9aegacycle localieer 
lFLth loops which were one-half wavelength above ground. These fhghts showed that a 
certain amount of course reversal took place at very high vertical angles regardless of 
the height of the antennas above the counterpoise or above ground. Sirice theoretical 
conslderatlons of the antenna systam offered no explanation concerning this phenomenon, 
It was decided that stray radiatwn eras causing the high angle reversals. 

The pattern m the vertical plane of the loop antenna 1s a figure-of-eight 
nith maximnn lntansity dxected along the horlsontal and zero signal being radiated 
directly upmrd fire&y over the station no dvect signal 18 received3 therefore, 
any stray signelwhxh 1s radiated from the outer sheath of the transmission line or 
from the equi~tmll predate In additwn to thla, the receiver operates on 
automatic volume control so that Its sensitlvlty IS greatly Increased when m the 
cone-of-silence area over the range statlo" As a result of these two factors, the 
effect of a small amount of spurious slgnnal 16 greatly magnified and causes oscllla- 
bon of the visual Indicator when the fhght 1s over the statlo" 

The order of magrutude of the visual indicator devlatlon was such that a pIlot 
would attempt to follow the course dlscontinaities when flying over the statlon at high 
altItudea and, BB a result, would find himself I" one of the quadrants rather then on 
the reciprocal course. At ~GU altitudes, the visual pointer would vary so rapIdly that 
there would be no possibility of rmsconstrumg the mdlcation. It was decided that It 
would be more dealrable to have no signal at all over the statlob than to have false 
lnticatxms, .sxxx the pllot would merely hold his heading when the signal faded out 
and keep that heading until he encountered the reciprocal course. 

To eliminate this difficulty it was proposed to suppress the stray radlatlon 
directly over the station and to hold the receiver m automatx volume control by 
means of an unmodulated signal dIrected upward m a manner slrmlar to that of the 75- 
megacycle cone-of-silence marker. 12 Tnis suppressor signal dlffered in frequency 
from that of the range carrxer by 25 kilocycles so that no audible beat would be heard 
and no phase interference between the two signals would occur to produce further 
minima and maxima m the vertxal field pattern. 

The first suppressor arrangement used a transmitter which supplied 40 watts 
on 124.975 megacycles and an antenna array of four half-lrave dipoles These dipoles 
were spaced one-quarter wave above the ground and were arranged 1x1 the farm of a cro8s 
Cne pair of in-phase coaxial half-wave elements were fed in quadrature to the other 
pair of m-phase elements to give a circular field pattern Pllghts made mth thirr 
arangement shared the suppressor operation to be fairly satlsfectory, although it was 
found that the cone m which the suppressor functIoned was somewhat too broad and 
that the power output of the sup essor transmitter xas not suffxient for the amount 
of maln carrYLo paw (150 watts 

=W. E. Jackson and H I. Mets, "The Develowt, Adjnstaent, and A@icatlon 
of the Z-Marker,. CAA Technical Development Report No. 14, July 1938. 
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Greater dlrectlvlty I" the vertxal plane was obtained by doubling the "umber 
of antenna elements 'ha not only decreased the cone angle 1" which the suppressor 
,,a8 effectlye but Increased the effective power radiated directly u,,,,ard so it VBB 
not necessary to increase the output parer of the suppressor ti-ansrmtter The mm 
suppressor array co"s1sted of eight half-wave dipoles arranged as shorn 1" figures 22 
and 23 and spaced onequarter wavelength above a counterpows The four north-south 
antennas were fed I" phase, and 1" phase quadrature mth the four east-west antennas 
This arrangement gave very satisfactory results inasmuch as the cone of the suppres- 
sor has a much more deflmte and longer cone-zf-sllence than the present low-frequency 
four-course aural ranges. 

Numerous recordx$s were made to show both the effect of the suppressor array 
and the effect of ellrmnatlng the paraaltx current I" the lmier center loop These 
recordings of the visual indlcatlo" were made flying o-?er the statlon perpendwular 
to the visual courses For a" ideal cone mdxatlo", the v~ual mdicator should 
move smoothly without reversmng direction from one side to the other, or vice versa 

Plgure &A shows a recording taken mthout the suppressor transmitter opera- 
tang and ,,xth parasltlc current flwang I" the lower loop The nsual lndxator os- 
clllated several times before It defxnltely reversed itself The amplitude of the 
osclllaticm was such that the visual pointer deflected more than full scale Figure 
24B showa the improvement when the suppressor transmitter lras turned on ThE con- 
alderably decreased the ampllzude of osclllat1on, although not suffxlently to ba 
entirely satisfactory. In order to increase the ratio of the suppressor transmitter 
power to the power of the mal" transmitter, the plate voltage was reduced on the main 
transmitter Figure 24C 1s the result of a flight test made under these condltlons, 
shornng that further improvement could be obtalned by effectlv-ly lncreasmg the 
amount of suppressor sxgnal mth respect to the main sig~l I" order to llrmt the 
visual pointer osclllatxr, to the order of magnitude show" 1" figure 2&Z, It would 
be necessary to have a suppressor transrmtter lnth a power output comparable to that 
of the mal" transrmtter 

E+y elti"atiog the parasitx current 1" the lower loop, still further 1,~ 
prcwement was obtained, as shon" 1" figures 25A, 25B, and 25C These flight tests 
were made 1" the same manner as the previous tests except for a difference in alti- 
tude The latter tests were made at 2000 feet Instead of EC0 feet Figure 258 is 
almoat ldentxal to flme 2&A since the conditions of operation were the 981118, that 
ia, both recordvlgs nere taken mthout the suppressor transrmtter operatlng and mth 
parasltlc current flomng I" the lower loop Figure 25B shows the very marked =r,- 
provement obtaned by detunlng the lower loop so as to prevent the flow of parasltx 
current, whhlle figure 25C shows the addltlonal improvement obtaIned by turning on 
the suppressor transrmtter in addltlon to ellrmnating the parasitic current 

The resulta of figure 2% are quite satlafactory and pro-de the nearest ap- 
preach to the Ideal condition The visual lndlcator pointer moved smoothly from full- 
scale posltlon to the center of the scale wbera It remaIned for a short interval and 
the" traveled smoothly to the opposite full-scale posItlo". This operation 1s pre- 
ferable to the previous conditions where the visual lndxator oscillated several times 

Extensive flwht tests showed that a nominal amount of power supplxd to the 
suppressor array would &ve a satisfactory cone-of-silence provided the parasitic 
current m the lower center leap was &%~"atwi. The suppressor transrmtter had to 
supply about one-fifth as much powS?.as &at supplied by the mal" transrmtter Later 
tests on a two-course range utll~zl"gj~&oe rent system showed similar results for 
the suppressor action, and %hase wxll beaa%eussed more thoroughly I" the dIscusslo" 
of the flight tests. 

Some tests were also conduCted to deterI@e if the suppressor system could 
furnish aural and visual xdicatlons si,&ar to those noa. produced by the 75-megacycle 
cone-of-sllence marker. To acccmpllsh this, the suppressor transmitter was modulated 
lnth 3000 cycles fiile the output of the range receiver aas connected to the audlo 
fllters and rectlfler of the standard marker receiver. Under these conditions, the 
marker light operated in almost the same manner as "he" the rsgular 75-mzgecycle cone- 
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of-silence marker me supplying the signal. The duration of indxatlo" was alightly 
leas than with the 3ta"dard 2 marker. and the marker lxht rent out briefly when the 
airplane maa directly over the stat&" This was due to the vertical pick'-up charec- 
teristic of the horleontal loop receiving antenna SinCe the time these tests were 
made, another type of recexvlng antenna ha3 been used filch will receive sig"ale 
straight dcwnvar d 30 that the light lnll not go out when the plane 13 drectly over 
the etatio" Honever, a slmultanaou3 voice feature has been added 31"~~ these tests 
so voice frequencies are included 1" the receiver output. This necessitates another 
filter to prevent speech components from operating the roarker 1-t. Because of 
added complxetions, It lras decided to abandon the Idee of using the suppressor systsm 
for Z-marker l"dKatlons since the present 75-megacycle marker systems adequately 
supplied the desmed laformatlon nithaut the necessity of interlocking the range and 
marker indications. , 

In the Introductlo" to this report, it nae stated that tests in the L-Lnk 
Trainer showed the two-course visual range with sector ldentlficatlon to be the most 
desirable tm of range from the standpoint of having the simplest navigation prow- 
dnre. The equipnent described so far 1113 built specifically for the purpose of 
shomng that the navigation sgstem as set up 1" the lank Ralner could be duplicated 
in practxe and for the purpose of having a workable system to daonstrate under BC- 
tual flight co"dltions This work completed the orlgrnal contract mth the Interna- 
tio"al~Telephone Developwnt Co., Inc , which na3 performed 1" cooperation mith Civil 
Aeronautlea Adrmnlstratlon engineers. In the fall of 1941, demonstrations were give" 
to various x&rested groups, some of which Included ra~esentat~ves from varlou3 dl- 
w.310"~ of the Clvll Aeronautics Adnunwtration, FLadlo Technical Commission for 
Aeronautxs, the AU Ll"e Pilots Association, and representatives from the ~3110~3 
a1rli"M. 

It na3 the u"e"imous decision of these group3 that the visual-aural ultra- 
h=gb-frequency radio range system be adopted for installation on the alrrrayz to super- 
sede the four-course low-frequency ranges now used to define the awnaye It was 
further recomnended that a number of the lo--frequency ranges be kept I" 3ervlce for 
tirectlon flndlng purposes. It was also recommended by these group3 that the sector 
identification be continuously Interlocked 1" order to provide a pav of aural couwes 
at right angles to the visual courses and that sdtaneous voice 3e-ce3 be provided 
mtbout the necessity of ~ntei-rupt~ng the aural or visual 3aNices. 

DEVFXOPltENT OF VISUAL AND AURAL SYSTEX? WITH SIMULTANEOUS VOICE 

It was originally planned to pro-de simultaneous voice rith visual courses by 
transmitting voloe in tieu of the 1020-cycle quadrant and station identiflcatlon aural 
signals lfiich mere transrmtted once every 30 seconds, xnacrmuch as it we3 believed that 
an interruptlo" of these slgoals would not be obJectionable. With this arrangement. 
It would be ccm~ratively simple to transmit speech by supply-Lag ~olc.3 sidebands to the 
lower center antenna only, after the aural sidebands had been removed l-"x could 
~esily be accomplished by short-clrculting the liae to the side aural antennas and mo- 
dulating the aural sideband generator vlth speech Instead of 1020 cycles. However, the 
recommendation made by the Radio Technical Comrmss~on for Aeronautics that all three 
facilities be continuously available considerably complxated the problem of suppl~ng 
voice tra"srmsslo" It became necessary to devise a system which would either allow 
the sIdebands of all three 3ervxe3 to be transrmtted from the same center of radlatlo" 
or utlliae a separate carrier for the ti-ansrmsslo" of voice. 

Separate Carrier Tests - Sy&em No 1 

The possibility of using a separate c-er which dtifered in frequency from 
the main carrier by about 20 kilocycles had previously been examined for the aural 
part of the systam This was done by replacing the sideband generator mth a separate 
JO-wett transrmtter which had a cari?.er frequency 20 kilocycles below the visual trans- 
mitter and modulated at 1020 cycles. Sxnce the difference UI frequency was very small, 
the tie line rmlned balanced end the other circuits remained 1" tu"e There was no 
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necessity of adJustmg the relative phase between the aural and the visual systems 
since they were on different frequencies Tte difference I" frequency was lnsuffl- 
clent to give any dlfflculty due to receiver response 

Flight tests made mth this arrangement showed that the method could be made 
to work but that It possessed several disadvantages The biggest disadvantage was the 
fluctuatlan of the v~ual lndlcator mth the D-L keying Thx occurs when the axplane 
is off the visual or aural courses, since the total received carrier fluctuates except 
when the plane 1s on the aural course and changes the effective modulation of the 
rnsual frequencies When the arplane 1s on the visual course, the lndlcator receives 
no visual modulation energy, so a change in total cari-ler levelmll have no effect on 
the lndlcator The excessive Ind-Lcator fluctuation was due to the large amount of 
aural carrier that was necessary vmth the two-carrier method ln comparison to the small 
amount of aural sIdeband power that was necessary mth the sldeband generator 

Although the two-carrier method did not offer many advantages as a substitute 
for the sldeband generator It did offer advantages when used for tranemittlng voxe 
In this case, the carrier could be left on continuously eo that there was no variation 
of received signal due to the aural keying A 100-watt transrmtter was used to supply 
the separate cai-rler on the 125 020 megacycles. The energy xas fed into the lower 
center antenna and the aural elde antennas were short-clrculted. For these tests, 
the aural system ~83 not used eance It was desired to deterrmne only If intelll@ble 
voxe could be obtalned mth this method. If this method of operation proved desx- 
able the aural signals could agaln be added mthout difficulty The problem of detec- 
tlon m the rece=Ver for the two-carrier system was given careful conslderatlon Both 
square-law and linear detectlo" mere lnvestlgated experimentally and theoretically 

Let two carriers of amplitudes El and E2 and radlan frequencies WL andW2 be 
modulated to degrees ml and m2 by radian frequencies p and q, respectively Analysis 
of square-law detectlo", given m Appendix IV, show8 that a normal amount of second 
harmonic 1e present and no components of radxn frequencies (p? q) are present. If 
the difference frequency of the two carrxre 1s eupersonlo, no distortlo" terms other 
than second harmonics till be heard in the detector output 

Analysis of linear detectlo" lndxatee that dIstortion terms of all possible 
combination frequencies are present.13 The prlnclpal audlo dlstortlon terms a-e of 
radian frequencies 2p, 2q, (p + q), (2~2 q), (2q + p) and 2 (p? q) As brought out 
m AppendFx V, the series used I" evaluating the varloue terms m the frequency 
spectrum for linear detectlon converge for a restricted range of values of carrier 
amplitude ratlo X and degrees of modulation ml and m2 only, thus 1Lrmtlng analysx 
of the problem 

Using the equations even 111 Appendices III and IV, the amplitudes of output 
voltages after square-law ard linear detection were computed for K =l/lO, l/3, l/2, 
and ml= m2 = 0 5, and collected in table II. 

K=1/2 13 somewhat beyond the lirmtlng value of Kmax for linear detectlon, 
ae deterrmned from figure 26 It 15 believed, however, that the computed amplitudes 
for I( = l/2 are St111 fairly close to the actual values. The results given m table 
II are plotted m figures 27 to 29, Inclusive Flgure 29 shows relative amplitudes 
after square-law and llnear detectlen versus ratio of carrier amplItudea, the ordl- 
nates are m terms of the amplitude of the fundamental of modulation frequency sj2rr 
of the stronger carrier 

Slrmlarly, figure 28 shows the relative amplitudes of the detectlen products 
yereue K, but the ordinates are in terms of the amplitude of the fundamental of modu. 
lat1on frequency p/2 k of the rreaker carrier. hgu.re 27 shams a frequency spectrum 

l3C B Alken, Wheory of the Detection of Two Mcdulated Waavea by a Llneer 
Rectifier," Roceedings of the I R.B , pp. 601-629, April 1933. 



TABLE II 

RELATIVE AWLITUDES OF OUTPLIT VOLTAGES OF DETECTOR 

K= Carrier Aaplltude Ratlo Degrees of Mcdulat~on ml= 1~2~50% 

SQUARE-LAW DETECTOR 

K =1/10 1 K = l/3 1 K =1/2 

LINEAR DETECTOR LINEAR DETECTOR 

based on table II The length of the ~UP?ZS are approximately proportional to the 
amplitudes 

The fellwang conclus~on3 can be drawn from coneideratlon of the above figures 
Second harmonx dlstortlon of the mcdulatlon of the stronger cari-ler 1s considerably 
less for linear than for square-lam detectlo", however, second harmonx dxtortlon of 
mcdulatlon of the weaker carr=er 1s nearly the same for both types of detectors Sec- 
ond harmonics do not greatly reduce IntelliGblllty of speech or the brllllance of a 
tone Cross-modulation terms of radlan frequencies (p + q), etc , reduce the Intel- 
llglblllty of speech and make a tone appear rough. This is especrally true If one of 



the modulation frequencies 1s low, for example, 90 or 150 cycles Figure 26 shows that 
nth lnear detectIon a cross+nodulation term (p + q) of the order of 25 percent of 
the fundamental amplitude $ 1s present and nearly Independent of K Thm and the 
other cross-modulation terms make speech considerably more diffxult to understand 
mth linear detectIon than mth square-law detection 

It 1s worth mentxnng that if the weaker carrier is not desired, as for in- 
stance in case of an Interfering etatxm, lnear detectvan gives lees distortIon than 
square-law detectIon as long 88 the ratlo of c-er amplitudes 18 substantxally 
smaller than unity. 

The theoretIca studies wre confirmed by actual tests both on the ground and 
U-I the air With approximately equal amounts of parer contrrbuted by the visual trans- 
rmtter and the voux tranemitter, the relative field at a dxitance of 200 feet was 
about 5 to 1 m favor of the vlaual transmitter This was largely due to the loss =n 
the tie line and the lower height of the voice center antenna. The distortion measure- 
ments were made nth a wave analyser in the receiver laboratory of the CA4 Experimental 
Station, lfilch was located about 3200 feet away from the range station Excellent 
voice quality with very low dxztortion wee obtaIned when a square-lam detector was 
used. A linear detector produced speech wblch was understandeble but nhich contaIned 
considerable dIstortion 

In -ng the flight tests, the receiver was arranged to provide both linear 
and square-law detection; linear detectIon was used for the tisual range mdications, 
and either lx,ear or square-law detectlcn ms used to rectify the voice signals The 
visual indlcatlons were normel and no interactIon from the voice slgnale nas encoun- 
tered The quality of the received voice was good lrhen the BqUFX.SlaH detector was 
used When the l~ear detector nes used the ~o=ce quality wee inferior end was quite 
dlffxult to understand under flight conditions. 

Because of the numerous extraneous noises encountered while in fl@t, ~oloe 
quahty for arcraft use must be considerably better than that quality nhich ~11 g?.we 
mtellleble speech on telephone clrcults For thle reason the linear detector ,,ae 
not satisfactory for use in ancraft service, although 1" a quiet laboratory a far 
degree of lntelllgibillty could be obtained 

These flight tests Indicated that eatlsfactcry voice could be obtamed, however, 
the distance range was only about 10 rmles due to the excessively low field strength 
from the voice carrier In order to ~creese the distance range and to obtain more 
complete data, the voice trensrmtter wee fed into a separate antenne located at the 
edge of the counterpoise at a distance of 15 feet from the visual center antenna and 
one-half wavelength above the countsrpolse. The aural sldebande were fed Into the 
lower center loop and lower side loops m the usual manner, and complete sxnultanecua 
operation was obtaned The flight tests mth thxs range gave a distance range of 
epproxw&ely 22 rmles on visual, voxe, end aural at 1000 feet altitude. At this 
tune a loop-type receiving antenna was used on the airplane Iater information ob- 
tained or, a V-type receinng antenna ndlcated that the distance range would have been 
approxlmetely 36 rmles If this tm of axcraft receiving antenna had been used dunng 
the teets on thle range system. 

During these tests the two carriers mere adJusted to be equal. Ground tests 
were also made with the aural system moperatlve, vlth the visual System operating 
,,oi-m,xlly, and nth the voice channel modulated xith 1020 cycles using both linear and 
square-law detection. Under these condlt~ons the d~stortlon terms 870 and 1170 cycles 
(p + q) were about 3 5 percent of 1020 cycles for square-law detection and approxl- 
mately 20 psrcent of 1020 cycles for lanai- detectIon 

five-Loop Siu~ltaneoue Range - System No. 2 

The need for developing a visual-aural range with a simultaneous voice faclllty 
brought up the qua&Ion as to what type of antenna conflguratlcn and circuit arrange- 
ment would be most desirable The previous section describes some testa using P sepa- 



rate carrier 1" whxh the voxe me transmtted from a" ante""a located about 15 feet 
may from the center of the nsual-aural antenna system Although this operated sates- 
factorlly, It was not consldered a dearable arrangement since the voxe signal aould 
have a different field pattern 1" the vertxal plane from those of the visual and 
aura1 signals 

It was also desred to set up a slmultanecus range I" lrhlch the aural and vote 
signals would consist of double sldeband energy mhhlch combined *Ith the can-ET eupplxd 
from the visual system To do this, It was essential that all three s~goals have the 
same center of radlatlon Othermse, the phase of the sIdebands mth respect to the 
carrier would change as the aemth angle changed x?th a resultant xxi-ease 1" dxztor- 
tlon and posslble loss of the aural and voice signals at crltlcal angles 

When the program of developing a v~~~~-aural radio range was fvst initiated, 
numerous methods were proposed for accompllshlng the desved results The system nhlch 
appeared to be most etra~ghtfornard was the SIX-loop syetem using a tie line to pi-event 
xateractlon between the two systems Early tests using thla antenna arrangement showed 
that the system had definite posslbllltles and, accordingly, the frrst part of the work 
described I" this report centel'ed around this system 

Later It became obvious that the problem of makIng the tie line operate I" the 
desred fashion was not a simple one and another system using five loops uhlch had 
several advantages was proposed. This system combined the visual and aural energy Into 
one center antenna by means of a ratio-frequency bridge of the same type as that used 
I" the mechanxal modulator The only disadvantage of this arrangement was the "eces- 
slty of dlsslpatmg a considerable amount of energy 1" the balancing impedance of the 
bridge At the time this proposalrms made, It was thought that the tie 11"s could be 
made to operate satlsfactcrlly vnthout any loss m efficiency, 80 the floe-loop system 
was not tried Later developents showed that It was necessary to dissipate some power 
1" the txe line m order to reduce the high angle lobes; therefore, the question of 
comparing the respective power effxlencles of the two systems became less of a factor 
m decldlng their relative merits. 

When it became evident that a ax-loop ante""= system nas not well suIted to a 
simultaneous range system, It was declded to proceed mth the development of a five- 
loop antenna system whxh combined all three signals Into the center antenna by means 
of two radlc-frequency bridges Thus, a more smetrlcal array resulted with a ccnse- 
quent reductlcn I" complexity of the feed- clrcults. figure 30 show the five-loop 
antenna system whxh M spaced one-half wavelength above the counterpoise The 
speclng of the cuter loops was set et 120° for the reasons give" 1" the theoretxal 
dlscusslon 

The block diagram of System No 2 1s show" 1" flgore 31 As before, angle 
lmes on the diagram represent t-o-xxi-e balance sblelded transrmsslon 1~~s The 
manner 1" whxh the visual energy 15 modulated 1s exactly the same as 1" the previous 
range, mth the exception that the carrier output of the upper bridge of the mechanl- 
cal modulator does not feed the center antenna drectly Instead, It connects to r-f 
bridge No. 3, ahlch combines the visual sldebands, aural and voxe subcarver side- 
bands, and carrier into the center antenna The bridge 1s balanced by xapedance Z3, 
nhlch Is equal to the lnpedance loohng Into the transrmss1on line feedlng the center 
loop Since the bridge 15 balanced, no energy from the vz.sual system can appear 1" 
either the aural oL the ToIce channel, and vice Vei-sa 

The aural end voice subcemer aldebands are combined I" r-f bridge No. 4, 
which in turn feeda r-f bridge No. 3 If it were not necessary to furnish voice, the 
aural subcarrier sIdebands could be fed directly into bridge No 3. However, mhen 
voice is supplled, it 1e necessary to prevent interaction between the aural and the 
voxe channels, in addition to preventing interaction between these two channels and 
the vleual channel Therefore, bridge No 4 is necessary aml must be balanced I" the 
same way as bridge No. 3 That IS, Z must be equal to the xnpedance looking Into 
bridge No. 3 80 that the voice channe t IS independent of the aural channel, and vice 
versa. 



As m the ongIna visual-aural range, the side aural loops are fed from the 
same source that feeds the center loop. SuItable means are used for adjusting the 
relative amplitude and phase of the side antennas vlth respect to the center loop 
Keying of the aural patterna 1e accomplished by reversal of the line feeding the side 
antennas 

A total of four phasers is necessary to ensure correct phase relationshlps m 
the rar~ous parts of the system One is used for each par of side antennas and one 
1s used for each sldehand generator, that is, the current I" each pair of aide anten- 
nae must be correctly phased nth respect to the current 1" the center antenna in order 
to obtain the correct field pattern, while the phase of the sidebands with respect to 
the caTTIer must be correctly adjusted m order to obtain minxmum dlstcrtlon The an- 
tenna phasing edJustments have already been described and need to be made only when 
the system 1s first tuned since the characteristics of the antenna system ~111 r-1" 
constant The phase of the sldeband generators IS dependent on the tuning of the tank 
clrcults, thereby mating it necessary to rephase the sIdebands when tube replacements 
are made. Phasxng of the sldeband generators is acccmpllehed by adJustment of phasers 
placed between each sldebend generator and bridge No. 4, as shorn m figure 31 The 
phase= m the aural SIdeband circuit is adJusted for m~n~num 150-cycle response and 
marmom 1020-cycle aural response. The 150-cycle rmnlmum and 1020-cycle maxunum occur 
at apprcnmately the same phaser pcsltlon figure 32 1s a graph shmng measurements 
taken m adJustlng the phaser The phaser in the voice sideband generator circuit 1s 
adJusted m a slrmlar manner 

System No. 2 transrmts the aural and voice lntelllgence on subcarrlers, as 
shcm m figure 33 The 1020-cycle aural mcdulation 1s placed on a 12-kilocycle suh- 
carrier and the vclce mcdulatlon 1s placed on a 20-kllocycle subcarrler The vial* 
purpose of using two subcarrIers was to pro-de a system which had the manmum degree 
of freedmu With this system It ~8s possible to transrmt the entlre vcxe spectrum 
mthcut elirmnatrg the low frequencies m the visual modulating frequency spectrum 
or the band around 1020 cycles It also precluded the posslblllty of the vclce being 
broken up by the higher order harmorncs produced by the mechamcal modulator Further- 
more, It was believed that there would be less pcs%blllty of overmcdulatlon in the 
voxe channel producing any effect on either the visual or the aural mdlcatlons A 
secondary ccnslderatlcn was the possiblllty of reducing the weight of the axcraft 
equlpent due to the ampler filters which could be used for separztlng the 12-kilo- 
cycle and 20-kilocycle channels rather than the band pass-band reJectIon filters whxh 
are nom necessary for separating the 1020-cycle aural mcdulatlon and the voice modu- 
latlo" 

Excellent vcxe reproductlcn was cbtalned tith little interference from either 
the aural mcdulat~on or the visual mcdulatlo" A graph of the over-all transmitter 
end receiver audio response 1s shown m figure 34 for both the aural range and Yclce 
channels. The use of the subcarrlers scmenhat ccmpllcated the recelvlng clrcults and 
It was subsequently found that no substantial Lmproveaent was obtalned After the 
man carrier was rectlfled and the 90- and 150-cycle modulation frequencies were ob- 
taned, It was necessary to separate the subcarrlers and detect each one separately. 
Although the 12-kllccycle and 20-kilocycle detector-amplifier unit was not reduced 
to Its lightest nelght, it did not appear that any meight improvement could be made 
over other systems to be described later. 

Subsequent development showed that the same results could be obtained mthout 
the "ecesslty of plac~"g the Vcxe and aural ccui-se lntelllgence on subcarrxrs 
However, the development of System No 2 shorted the practlcabillty of a five-loop 
system and Its advantages over the original six-loop system Also, much valuable 
experience m regard to the use of subcarrlers m arcraft applications was cbtalned 

five-Loop Simultaneous Range - System No 3 

l'h~s system used essentially the same r-f clrcult as that of system NC 2 
A block diagram of system No 3 1s show" III figure 35, the main difference between 
this end the prevlcus system being the dlstrlbutlcn of frequency components The 
frequency spectrum 1s shown in fIgore 3b The antenna system and radiated field pat- 



terns are ldentlcal to those of system No 2 

Work on thx range was started by International Telephone and Radw Laboratory 
engineers some tx,,e after system No 2 had been partx.lly constructed The or1glnal 
intent had been to use the visual-aural system previously described and add the voice 
faclllty by usx-g a bridge network to combme the aural and voice energy Considerable 
time was spent I" a" effort to make this scheme operate The work may be best summed 
up by stating that the tie line was finally found to possess disadvantages over the 
r-f br+dge from the standpoInt of power effxlency tie" It 1s desired to feed a con- 
slderable anount of energy to the lower center loop 

Fran the standpo-nt of using the sxzplest antenna conflguratlon and having the 
most straghtforward adJustme"t procedure, the system using five antennas with a 
bridge I" the center antenna clrcult 1s the most dearable one This was adopted and 
"tIllsed the same equipment which was or1gmally used mt.h the sx-loop visual-aural 
system The only addltlonal p=eces of equipnent necessary wei-e the sldeband generators 
nhlch supplIed 40 watts of voice-modulated energy and the 20-kilocycle subcarrIer 
equipment SUES the mayor difference between this system and system ho 2 1s the 
lack of a subcari-ler for the aural system, It ~lll not be "ecsssary to descnbe the 
radio-frequency clrcults. The results obtalned mth thx system nere entirely satis- 
factory and the recelnng equlpment used was simpler and lighter tPan that used mth 
system No. 2 

five-loop Simultaneous Range - System No 4 

System No. 4, the block diagram of which 1s show" I" flgure 37, 1s essentially 
the sane as system No 3 except that a subcarrler mas net used for voice Instead, 
vo=ce sIdebands were applied drectly to the ma=" cai-rler The frequency spectrum for 
system No. 4 1s shown I" flgure 38 The equlpnent used was Identxal to that of system 
No 3 The changeover was effected merely by removing the 20-hlocycle subcarrIer 
generator from the clrcult and modulating the sIdeband generator directly ,clth dolce 

Numerous flight tests were made I" whxh systems Nos 2, 3, and 4 were can- 
pared directly ErIefly summarleed, the flight tests showed that It made little dlf- 
ference wbet'ler the aural and dolce fac1lltles were placed on subcarrIers or whether 
they wire transrmtted dli-ectly on the carrier mECt ~~~~~~~~~~ b&Wee" SyStemS NO5 
2 and 3 sbo~ed that the aural signal had the same quality mth either system, and 1" 
nather case was there any appreciable amount of keying reactlo" on the visual or 
YOlCe clrc"Lts mrect compar~o" between systems Nos. 3 and 4 disclosed no difference 
L" v"lce quality or mtell~g~b~l~ty. I" fact, It was quite dlfflcult to dxtx,gulsh 
between the three systems when they were properly adJusted. It was observed that the 
"else level on the vo=ce cxxult at the extreme service radius mas "otxeably higher 
when subcarrxzr transrmsslon was used. 

Since there was little dlffererlce between the results obtained mth each of 
these tnree systems, It was finally decided to transrmt all of the facllltxs drectly 
on the carrier This slmpllfled the transrnttmng and recelvlng equipe"ts due to the 
ellI;unatlon of subcarrxr equipment and more complxated recelvlng equipment 

The most important feature of systems Nos 1, 2, 3, and 4 1s that the v~ual 
Indlcatlons are independent of phase shift and changes 1" power output whxh rmght be 
caused by heating of tuned cli-cults, tube aging, etc , that 1s. the coui-SP sharpness, 
course location, and pattern clearance are not affected by these changes ThlS 1s 
due to the fact that the shape of the transrmtted patterns 1s deterrmned only by the 
physxal constants of the transmxslon IMES, bridges, and phasers which appear be- 
tween the center antenna and the side antennas Any change I" radiated carr=er power 
~lll have little effect on the courses since the receiver operates on automatx gal" 
control and would therefore malntaln a constant adlo level and, hence, a constant 
visual course rmdth Phase shift 1" either of the sldeband generators has no effect 
on the courses, although the relative level and dIstortIon on the voice OP aural 
channel ~~11 be affected A change 1" SIdeband power output ml1 affect the audio 
level of either the ,olce signal 01‘ the aural signal, but since all three aural anten- 
"as are fed from the same source, the patter" shape and the course sharpness ml1 re- 
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mal" co"sta"t 

These statements have been checked by actual tests which simulated the sort of 
condltlons whhlch night be encountered 1" practice The porrer output was reduced 1" 
various parts of the system and the phasmg of various circuits changed by detuning of 
the tank clrcult, mthout any effect on the locatIon or sharpness of the course8 Also, 
either the voice or aural faclllty could be turned off mthout affecting the remal~rlg 
seances. Loss of the visual systerr ml1 result 1" the complete loss of all three 
facllltles sxxe the carrier 1s supplled from tte visual transmitter One of the ma.,or 
advantages of this system 1s that a false lndxatron cannot be given under any crcum- 
stances sxxe either the correct signal pnll be transmitted or nb signal xnil be 
transrmtted. 

Five-Loop Simultaneous Range - System No 5 

It was prenously stated tlxt systems Nos 2, 3, and 4 had a" extremely high 
degree of stablllty and that the course sharpness and coui-se location are unaffected 
by normal changes 1" the tra"smitt1ng equipment It was also stated that there was a 
loss of power efflcxncy I" these systems because of the "ecesslty of dlsslpatlng a 
portlo" of the r-f energy 1" the balancing lrrpedances of the bridges 

The frequency spectrum for system ho 5 1s ldentxal to that of system No 4 
ahlch 1s show" 1" figure 36 This system represents a compromxe between efflclency 
and stablllty I" this system, the bridge losses have been reduced to a neslgxble 
amount by utlllelng class C ampllflers instead of sldeband generators Referring to 
figure 39, r-f bridge No 4 1s fed by two class C ampllfxrs whose outputs are equal 
to each other and on the same frequency as the man transmitter We" no modulatlo" 
1s applied to either of the ampllflers, all of the carrier enera flows to brlage No. 
3 None of the carrier energy appears at the side aural antennas because of the 
cmssover m bridge No 4 The sxde aural antennas also act to balance the bridge and 
prevent interactvon between the two claes C ampllflers 

Both ampllflers are modulated I" phase mth voice and the sIdebands are fed 
to bridge No 4 All of the vote sldeband energy flows to bridge No 3 and none ap- 
pears I" the side aura.1 antenras 

To transmit the aural sIdebands, only one of the class C ampllflers 1s modu- 
lated The aural sldeband energy 1s divided UI bridge No 4, one-half of the energy 
being fed to bridge No 3 and the other half of the energy being fed to the side aural 
ante""aS In order to obtain tte aural CUUPS?S, a reversing relay 1s placed I" the 
line to the side aural loops m a manner- slrmlar to the arrangement used I" other 
systems. An alternate method of keying 1s to modulate fxst one class C ampllfler 
and then the other m accordance mth the MJ keying rhyth In this way, the phase 
of the aural side-band energy in the side antennas mth respect to the phase of the 
aural sIdeband energy 1" the center antenna 1s reversed because of the Crossover I" 
bridge No 4 

This system 1s 1de"tlca.l to the systems previously described I" that one-half 
of the sldeband energy 1s dlsslpated 1" bridge No. 3 However, only a small amount 
of carrier power 1s dxslpated for the same reason that "o energy 1s lost ln bridge 
No 4, that IS, the carrier energy from bridge No 2 and bridge No 4 combine III 
phase to feed the center antenna Because of the crossover, the carr;ers ml1 partially 
cancel at impedance 23, resulting I" a substantial reduction of power loss When both 
carrier powers are equal, no voltage ml1 appear across Z3 and consequently no power 
~lll be dlsslpated Even when the cari-ler power from bridge No 2 1s much greater 
than that from bridge Ido 4, the power loss 1s stall quite low For Instance, when 
the power from the rral" transmitter 1s tmce that of tte power supplled by both class 
C ampllflers, the carrx+r power lost m 2 1s less ttan 3 percent of the total carr~?r 
power passing Into the center antenna I z can thus be seen that a large increase m 
power efflclency has been obtalned xath system No 5, ante the network efflclency for 
both the carrier energv and the sldeband energy 1s apprommately tmce that obtalned 
mth the previous systems 



It 13 necessary to diesipate a portion of the energy eupplled to the side an- 
tenuas 1" order to obtain the current ratlo which ml1 produce the desired pattern 
Shape. As discussed 1" the firet section of this report, the most favorable shape of 
patter" 1s obtaIned when the value of K 1s 2 0 With the arrangement shDm in figure 
39, the value of K for the viauel array would be 10 If Z2 "ere ormtted, while the 
aural array would have a value of H equal to 1 41 If 24 were omitted Smce the power 
m the side loops cannot be Tar-led by adJusting the imp&a"ce into which the bridge 
looks, because of the "ecssslty of keeping the bridge balanced, It xes "ecessery to 
place dummy loads, Z2 and 24, across the 1~~s feeding the side loope In this ray 
the correct ~npedance can be presented to the bridge, since after the power 1s co?- 
rectly divided by adJustl"g the dummy load, the trensmiasion line 1s matched to rebal- 
ance the bridge. 

Although system No 5 is considerably more efficient than eyetems Noe 2, 3, 
end 4, It does not possess the inherent stability of these systems A change 1" 
phase or emptitude of either of the class C amplifier outputs or of the main trans- 
rmtter output of system No 5 will produce a more harmful effect then a similar change 
of phase or amplitude in the ""Its of the previous systems It ml1 be recalled that 
tests on the previous systams showed the courne indxatlons to be substantially free 
of phase and amplitude changes 

This is not true of system No 5, as can be see" from both theoretical con- 
slderatlons and actual tests For instance, a change in the phase or amplitude of 
one of the class C emplifra-s ~~11 allow cari-ler and voice energy to appear I" the 
side aural antennas due to the fact that bridge No 4 ml1 become unbalanced. Because 
of the keyer 1" the line to the side loops, the phase of the carrier a"@. voice energy 
eppearlng 1" the side aural loops will be reversed in accordance with the keying 
rhythm and, ml1 cause fluctuetlon of both the carrier and the voice levels Except 
when the arplane 18 on the visual course, fluctuation of the carrier level will cause 
the ~~"a1 lndxator to vary in rhythm w.th the D-O keying, which is annopng to the 
p11ot Also, the voxe transmission will become dlffxult to understand at some azl- 
muth angles because of the fact that It ~~11 be keyed siralarly to the aural signals 
l-he degrees to which these diffxultles impair the operatao" of the system depends 
upon the amount of phase or amplitude change Systems Nos 2, 3, and 4 are free from 
these defects elnce a fallure of the voice or aural facility has no effect on the re- 
me1ning sei-vlcee 

TRANSMITTING EQUIMT 

Type Tw Tre"an"tter - Non-Simultaneous System and Y&ems Nos 1, 3, 4, and 5 

The type TUE transtitter operated on a frequency of 125 megacycles A type 
SO'/ tetrcde served as a combination crystal oscillator and quadrupler stage The 
crystal was ground to osclllete on a frequency of 3906.25 kilocycles. A" 807 doubler 
stage follmred, rhloh in turn excited two more doubler stages using 304-B trlodes 
The output of the 125~megacycle doubler was link coupled to a neutralized push-pull 
amplifier-driver stage ahich used two loOTA trxdea The output of this stage ex- 
cited the neutralleed power-empllfier stage which used two type HK-454-H triodes A 
tuned output circuit lde used to couple the transroltter to the mechanical modulator 
""it The average ceri-ler powet appearing at the trenemitter output terminals wee 
approxLmete1y 200 watts 

Excitation for the eldebend generators used in eyetens NOS 3 and 4 maas ob- 
tained from the last 304-B doubler stage Bxcltatlon for the voice and aural class 
C ampllflers used in syetem No 5 wee obtaned from a link which coupled to the tuned 
output ClrCUlt A dials mOnitOr lmich used a 6H6 tube me capacitively Coupled to 
the output circuit 

Rotective md bxis to all stages wee aupphed by a selenium rectifier pov@r 
SUPPlY. Plate and ecreen voltages for the oscillator aml multiplier dtapes were eup- 
plied by a bridge rectifier uem"g four 523 tubes Plate voltage for the amplifier- 
driver aid power-amplifier stagea rae supplied by a bridge rectifier using four 866-A 
tubes 
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Type TUD Transmtter - Systems Nos 1 and 2 

The type TUD transmtter operated on 125 4 megacycles A type 807 tube nas 
used as a fundamental crystal oscillator and frequency quadrupler A crystal frequency 
of 5225 0 kilocycles was used The crystal stage was followed by an 807 doubler and a 
neutralleed fundamental ampllfler which used a type HK-54 tube. Thx stage aas ll"k 
coupled to a pax of HK-54 tubes which were used as a push-pull trlpler The trlpler 
stage was lnductlvely coupled to the neutralleed power ampllfler nhlch also used a pali- 
of HI-54 tubes A" untuned output clrcult coupled the output to the mechanical modu- 
lator. A 6H6 dxde, capacltlvely coupled to the output crcult served as a monltor 
The average cari-ler power output of the transrmtter wee approxmately 150 watts 

The same transrmtter rack also contaxed a class B audio empllfler which had 
orlgxxilly been used to modulate the power-ampllfxr stage Since plate modulation of 
the fIna ampllfler was not used I" system No 2, the class B amplifier was dxconnec- 
ted from the fIna amp1lfw.r and used to modulate the ZO-kilocycle subcarrler generator 
nhxh fed the voice sIdeband generator A PIP of type 805 tubes served as the class 
B audio amplifier These were driven by two type 2A3 tubes whxh vere driven by a 
6C5 audlo stage 

The high-voltage rectlfler used a par of type 872 tubes, and the low-voltage 
rectlfler used a pax of type 866-A tubes Grid bxs for all stages was supplxd by 
a 5Z3 rectlfler. 

SIdeband Generator - Non-Simultaneous System 

A schematIc of the sldeband gewrator used 1" the orlglnal non-simultaneous 
development 19 shove I" flgure 40 A type @29 tube acted as a balanced modulator and 
supplled approximately 6 watts of sldeband energy The grids of this tube were ex- 
cited m parallel mth r-f energy while audio energy was applxd XI push-pull CO"- 
trols were provided to balance the plate current and audlo voltage in each sertlon of 
the tube so that the carrier could be completely balanced out I" the plate clrcult, 
leaving only the sldeband energy 

The 1020-cycle energy was supplxd by two type 6G6-G tubes, one as a grid feed 
back oscillator and the other as an lsolatlon anpllfler A type 5V4-G tube supplied 
plate power for these two tubes and the E29 balanced modulator Another par of 5VL-G 
tubes I,, the same unit SupplIed 110 volts d c to operate the D-U transmlsslon lone 
reversing relay. 

Suppressor Transrmtter - NonSlmultaneous System and Systems Nos 1, 3, 4, and 5 

The suppressor transmitter whxh was used mth the non-simultaneous range as 
well as mth systems 1, 3, 4, and 5 supplxd approximately 40 watts on 124 975 mega- 
CYCkS A type hN7-G tube was used as a combination oscillator-trlpler The funda- 
mental frequency of the crystal was 4628.70 kilocycles A type 6V6 tube acted as a 
frequency trlpler tilch excited a par of type 7C5 tubes operating as a push-pull 
frequency trlpler A type 829 tube nas used as the fIna power amplifier wblch was 
lnductlvely coupled to the transmxslon 11"e that fed the antenna The power supply 
used four type 866-A tubes Two were usso to supply the oscillator and multlpller 
stages and two wei-e used to supply the fIna ampllfler stage 

SIdeband Generators - System No. 2 

A schematx of the sldeband generators used I" system No 2 1s show" I" flgure 
41 A pa== of HK-24 tubes was used for each balanced modulator The grids vvere excltea 
1" parallel mth r-f energy, and the plates were connected 1" push-pull No d-c plate 
voltage was used. The audio voltage was applzd to the plates I" push-pull and served 
to generate the sIdebands An ID-24 trlpler stage aas used to excite each sldpband 
generator Direct-current plate power for the trlpler stage wee supplled by a recti- 
fler using two +,ne 866-A tubes A photograph of the sldeband generators 15 show" in 
fwi-e 42 



SIdeband Generator Momtors - System No 2 

In order to obser?re the output mve form of the sldeband generators on an os- 
cllloscope, diode type monitors were used to rectify a part of the output These 
monitor units are located directly above the SIdeband generator panel Fwm 43 
shons the schematx hagram of each monitor A type 6H6 tube was used for eadh i-w- 
tlfler The r-f energy for each tube was obtained by a comblnatwn of lnductlve and 
capacitive coupling. A high-pass Illter was placed m the rectified output of each 
monxtor m order to prevent all components except the subcarrxr rave from appearing 
on the cathode ray screen 

SubcarrIer Generators - System No. 2 

k schematic dxgram of the 12-hlocycle subcarrler generator 1s shown in 
f%"=e 44 A pazr of type 807 tubes operated as a push-pull oscillator at 12,000 
cycles and excited a par of type 805 tubes as a class C push-pull ampl1fler. This 
ampllfler was modulated at 1020 cycles by a par of 805 tubes operated as a class B 
ampllfler The modulator tubes were driven by an audio ampllfler lrhlch was excited 
by a 1020-cycle audio oscillator 

The 20-kilocycle subcarrier generator nhxh 1s shoan schematxally in figure 
45 used a par of 807 tubes as a push-pull oscillator to drive a pax of 805 tubes 
as a class c amplifier The 20-kIlocycle output was modulated by voice energy sup- 
plied fro,,, the class B audio ampllfler and speech ampllfler in the TUD transrmtter 

Sldeband Generator - Systems Nos 3 and 4 

A schematIc dmgrm of the sideband generator used in systems Nos 3 and 4 1s 
shomn in flgure Lb h novel clrcult using two type 829 tubes was utllleed Indlvl- 
dual grid and tank clrcults were used for each tube and the elements of each tube were 
connected =n push-pull The two grid tanks were connected XI parallel by a half-wave 
lx,e, and the two plate tanks vere con7ected in parallel by a half-wave line which 
had a crossover in It In thm my, the carrier was cancelled Either voice modula- 
tlon or 20-kllocycle subcarrler mth upper and lower vo=ce SIdebands 'was applied in 
push-pull to the paralleled screens in each 829 tube This arrangement produced 
only sldeband energy =n the plate tanks. Output energy was obtaned by coupling m- 
ductlvely to one of the plate tanks Equal amounts of energy were delIvered by each 
tube due to the Falf-wave line rrfixh tightly coupled the two tank clrcults together 

Class C Ampllfler and Modulating EquIpmat - System No 5 

The voice and aural class C ampllflers used in system No 5 were built on a 
single chassx m a symmetrxal arrangement Figure 47 shows a schematic diagram of 
thx equipment Each ampllfler used a single type 629 tube operating in push-pull 
The output from each stage was lnductlvely coupled to the output phasers and bridge 
The grid clrcults of each tube were untuned, mth common couplx,g to the lnductlve 
link whlcb carried the excltatlon from the ma=n transmitter 

Each ampllfxr stage was modulated by four bLb tubes =n push-pull-parallel 
actwg as class AB audio ampllflers Two type 655 tubes were used in cascade as 
voltage ampllflers, and one pax- of bl5 tubes was used =n push-pull to drive each 
modulator One audio ampllfxr was supplled mth voice slgnal only, while the other 
audv, ampllfler was supplxd mth both voice and 1020~cycle energy The tno signals 
were combined in a bridge cxcult to prevent InteractIon between them 

The 1020-cycle energy was supplled from the same audio osclllatol that was 
used for the sldsband generator of the non-simultaneous range Power for the class 
AB modulator was supplxd by two ldentlcal power suppl~=s, each of which used two 
type 523 tubes 



RECEIVING F&lJIPMEXT 

Type RUM Becelver 

The receiver used for most of the non-sunultaneous tests and for a large part 
of the smultaneous tests was a Western Electrx type RUM receiver This receiver 
ms a type RUK locallzer receiver whxh was modified to include an r-f amplifier and 
several other improvements 11, 

A type 'R.E 385-A tube was used a6 an r-f ampllfler and Its grid cz-cult was 
capacltlvely coupled to the antenna Input clrcult The plate CL-cult was lnductlvely 
coupled to a type 657 rmxer tube The hetercdyne voltage was applied to the screen grid 
of the rmxer A crystal-controlled oscillator operating on a frequency of 9 583 mega- 
cycles or 9.617 megacycles and three harmonx multlpllers lrere used to produce the 
hetercdyne voltage tie tlrin trxde tgpe 6N7 tubes served as the crystal oeclllator 
and harmonx multlpllers. 

The rmxer stage coupled Into a three-stage, lo-megacycle IntermedIate-frequency 
ampllfler vhlch used three type 69K7 tubes. The shape of the Intermediate-frequency 
response curve was such as to provide a band vndth of approximately 70 lalocycles at 
b decibels attenuation and 275 kilocycles at 60 decibels The dxde portlon of a type 
6.587 tube constituted the detector and the delayed avc rectifier. The trlode portlon 
of the &Q7 tube acted as the first audlo amplifier and a type 655 tube was used as 
the second audio ampllfler. 

In the orlglnal receiver nhxh we developed for non-simultaneous operation, 
no provlslon ms made for voice reception ting the sxnultaneous dolce development, 
a separate anpllfler for ~oxe was essential and a t-n trlode tme 12SN7-CT tube was 
Installed m place of the 6J5 tube One trlode mas used to amplify the visual signal 
and the other trlode was used to amplify the voice and aural range signals slmp1e 
resistance-capacity low-pass and high-pass filters were placed In the grid clrcults of 
the vxeual and YOXB amplIfiera, respectively These filters proved to be very ef- 
fectlve I" reducing the mteraction between the two services The audio-frequency re- 
sponse of the aural channel was attenuated 19 decibels at 100 kllocycles, 3 declbels 
at 400 cycles, and 7 5 declbels at 4000 cycles from the response obtalned at 1000 
cycles 

When subcarrlere were used, It ras necessary to install a tuned trap in the 
plate clrcult of the flrst audio tube and make several minor modlficatlons m the de- 
tector clrcult 1" order to increase the response of the clrcult at 12 krlocycles and 
20 ~locycles A separate unit was used to demodulate the subcarriers m order to 
obtain the ~oxe and aural signals. 

The visual output was coupled to txo band-pass fllters 1n parallel, whxh 
passed the 90-cycle and 150-cycle modulation frequencies The outputs of the two 
filters were applied to copper Oxide rectifier units whxh nere connected in a bal- 
anced bridge clrcult A crossed-pomter d-c Instrument was operated by the rectified 
difference of the two voltages. 

The receiver ms desIgned to operate from a source of 12 volta The filaments 
mere connected m a comblnatlon of senes parallel and parallel A mbrator type 
poser supply furnished plate and bias voltage A type OZ.!+ tube served as the plate 
rectlfler and a type bZP5-G tube served as the bxs rectlfler 

Type 32A Receiver 

The receiver used for some of the non-simultaneous demonstrations and for part 

“s ee reference 6, page 9. 



of the simultaneous tests was a Western Electrx type 32A receiver ThlS receiver nas 
speclfxally desIgned for ali-line use and covered the frequency range of 109-111 mega- 
cycles for locallzer service and the frequency range of 119-133 megacycles for range 
and traffx control services Remote electrIca tuning by mea"3 of a motor-driven 
ganged condenser could be used for 30 spot frequencies I" these bands Pi-OvlS~O" was 
also made for local manual tuning The eseentul features of the i-ecelver are shown 
schematxally I" flgure 45 Flgure 49 1s a photograph of thx recerver, 

The balanced antenna cu-cut was uductlvely coupled through a" electrostatic 
shield to the first tuned clrcL=t. Three tuned clrcults were provided between the an- 
tenna clrcult a"d the control grid of the type 6AC7 rmxer tube as a band-pass filter 
to uuprove the image reJectIon characterutlcs The heterodyne oscillator voltage was 
InJected Into the control grid of the mixer stage by capacltlve coupling The heter- 
odyne oscillator voltage was prodwed by a variable-frequency oscillator and a harmonic 
multlpller which used two type 955 tubes The variable-frequency oscillator operated 
throughout the band of w, to 49 megacyrles In the 109- to Ill-megacycle band the 
second harmonic of tke oscillator was used, and I" the 119- to 133-megacycle band the 
thxd harmonx of the oscillator was used The heterodyne frequency was lower than 
the sIgna frequency for receptuxn I" the XX- to Ill-megacycle band and was higher 
than the signal frequency during operation I" the 119- to 133-megacycle band 

Three stages of 13-regacycle Intermediate-frequency arcpllflcatx," followed the 
lnxer stage The shape of the Intermediate-frequency response curve wae such as Lo 
Frovlde a band mdth of approxmately 115 kilocycles at 6 decibels attenuation and 395 
kilocycles at 60 decibels A type 6~~7 tube was used I" the fust stage mth two t.me 
12SG7 tubes I" the other two stages. A 12X7 multiple purpose tube served as a diode 
detector and fu-st aualo ampllfler This tube also pronded delayed ampllfled a"c 
actlo" Another 12SQ7 tube acted as a "else lunter and coda" or carrier-operated 
noise suppressor To ohtan negative voltage for operation of the delayed ampllfled 
avc system, a type 12SR7 was used as a bxs oscillator and Its output was rectlflea by 
a diode I" the same envelope 

The detector output fed voice and aural dual output channels using 12A6 tubes 
The grlde of the visual output tube, which vae a ffi117-CT double trlode tube mth both 
sections 1" parallel, were also connected to the oetector output Res1sta"ce-capaclty 
lm-pass and high-pass filters were @aced 1" the visual and voice channels, respec- 
t1ve1y The audlo-frequency response of the aual channel was attenuated 28 decibels 
at 100 cycles, 5 decibels at 400 cycles, and E 5 declbela at 4000 cycles from the re- 
sponse obtaned at 1000 cycles The nsual band-pass filters and rectlfler units were 
essentially ldentxal to those used I" the type RLM receiver 

The receiver was desIgned to operate on ather 12 or 24 volts The fllment 
heaters were conrected I" series-parallel Plate voltage was supplled by ather a 
12- or a 24-volt dynnamotor, the voltage rating of which corresponded to the supply 
voltage I" uee. 

A function selector smtch was arranged to set tte sens1tlvlty control, avc 
time constant, coda", and audlo level at We sac time It operated the band changing 
relay 

Some of the performance characterlstlcs of the type 32A a"o the tyoe RUM 
receivers are show, 1" figures 50 to 59, u,clus~ve 

SubcarrIer Ampllfler-Detector Unit - System No 2 

Suxe the recei~ere qad no means for demod=latlng the subcarrlers Lsed m 
systerr No 2, It was necessary to pro-de a" external unit for this purpose A 
scnexatlc of this unit 1s show" I" figure 60 and a photograph of It 1e show" 1" 
f1gui-e 61 Thm unit was desIgned to operate mth the RUEJ recelvere 

The 12-kIlocycle and 20-kIlocycle voltages were developed across a trap cl=- 
cult I" tne plate cu-cut of the type 6SE7 tube I" the RUM receiver and fed to the 
Inputs of the 12-kIlocycle band-pass filter and the 20-kIlocycle high-pass fll-,er 
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which were connected m parallel 

The response of the 12-k1locjcle ana iC-kilocycle filters 1s shown I" figure 
62 The ortputs fron, each of these filters were coupled to type 12SQ7 tubes whhlch 
operatea as L-lode amullf~ers and mode detectors The demodulated YOIC~ I" the 20- 
kIlocycle crannel and the demodulated 1020-cycle range s~g"als I" the 12-kilocycle 
charnei were each mpllfx?d by tjpe 12SN7 tubes with both trlode sectlons connected 
1P parallel The output of each chan"e1 was fea to the headphones t'rrough a matchmg 
tra"sfonr.er The over-all output response for the complete transrrlttmg and recelvlng 
systen when thu unit was used 1s shown I" fIgore 63 

SubcarrIer Pnpllfler-Detector Unit - System ho 3 

A schematIc of thu unit 1s sham I" flyre 64 and a photofiraph of It 1s sbom 
I" flyre 65 The unit was very simple and light ln weight Thu unit was coupled 
to the 20-kilocycle tuned crcult ln the plate of the 6SQ7 I" the RUM reca~er Thz 
unit demodulated the 20-kIlocycle subcarr:er and used a tJTe 6AG7 tube that acted as 
a grid leak oower detector The outpllt was coupled to the headphones ttrauph a rratch- 
YLng transformer The zudlo response curye of the over-all systerr using thrs unit 15 
sho.n, I" flgui-e 63 

Sand-Pass Dana-ReJectIon Filter 

Systems Nos 1, 4, and 5 Esed a bana-pass, aand-reJectIon illter to separate 
the voice ana range signals The filter usen was a standard au-craft filter unit used 
mth the low-irequency raqgee The response of this unit 1s show" I" flgnre 66 

TESTS 

Ground Keasurerrents of RadIatea Patter": 

I" order to obtain the correct field patterns, It was necessary to make ex- 
perlnent2.1 grouna neaswements The correct current rat10 was set up in each group 
of antennas mth the aId of radio-frequency cwrent lndlcators wk~ch clarped on to the 
anterna elements Phasing between the side antennas and the center antenna was ac- 
compllshad ln the rr,a""er described under Theoretical Eu?cusslon 

Wher al; of the adJustne"ts had been completed, tte shapes of the field pt- 
terva were detern;ned by taking neasurements OF the ground at a ran~us of 200 feet 
fron the antenna system Measurenents were nade mth a portaale flela lntenslty ureter 
slrrllar to that used ior Instrment lanalng systen xeasurerents l5 F~gxe 67 shows 
the patter" obtalned Then only tme center loop was driven 'he pattern deviates from 
a cncdar shape by approxlnately 2 15 percent due to a slzght u"bala"ce I" the antenra 
elements *no the presence of t+e other four loop radiators 

Tne pattern abtamec wnen on11 the sloe vuual loops were exclted 1s show" in 
fqure 68 The resultant hean oatterns attalned wher all three usual antenras wei-e 
e.xlter: are -how in figwe 69 iYe resultant patterrs oatalned vher the aural an- 
tenras were ererzlred UP S'IOW" I" fwre 70 Tw patterns agree fauly ~11 mth 
t lea-=, ike olgpest ducrepancv occurr~np 1" tie anplltude of the runor lobes Thrs 
was pi-urar~:y due to t-e fact that It was not poss?ble to read the fleid lntenslty 
meter accrate,y at the low end of tre scale 

The field patterns shorn are those take" mth syeten No. 2 wbxh are repre- 
sentatlve of all the systems 

l5%e reference 6, page 9 



m5tortlon Tests 

Extensive dxtoi-tlon and cross-modulation tests were conducted on systems Nos 
2, 3, 4, and 5 to determx,e the qyzllty of the signals provlced by the aural range 
and voice channels For these tests the normal 90-150-cycle frequenc~s were ap,,lled 
to the visual channel, the 1020-cycle tone was applxed to t,e range channel. and B fre- 
quency of 1500 cycles was applxd to the voice channel A type RUM receiver was I"- 
stalled at the Experxental Statlo" and conrected to a loop antenna nounted on the 
roof of the Fxperxnental StatIon The receiver lnstallatlon wss identical to that 
used on alrcraft The recelvlng antenna was located approx1roately mldxay between the 
north aural and the east nsual coui-ses m the 150-cycle visual sector and the "D" 
aural sector The results of these tests are shown 1" table III system No 5 pro- 
vlded signals mth the least dxtortlo" The alstortlon frequencies p + q (870, 1170, 
1350 and 1650 cycles) were less than 2 9 percent and had a" average value of 1.7 
percent The dIstortlo" terms caused by the 90-cycle frequency were not present be- 
cause the receiver was located 1" the 150-cycle sector. The cross-modulation was 
highest I" the range channel where 6 5 percent of 1500 cycles was observed The dls- 
tortlo" observed I" the other systems was only slightly more than that for system No. 5 
The largest amount of dlstortron was observed 1" the voxe channel of system No 3 
where exact phasing of the 20-kIlocycle sIdebands was not accomplished 

Rtt further development, all of these systems could be w.de to give equlva- 
lent performance mth respect to the quality of the various signals 

hrci-aft Antenna Tests 

A loop antenna of the type shown in figure 71 was used I" t'le fxst part of 
the flight tests During the ccui-se of the flight work, another type of antenna was 
proposed I" a" efforl. to decrease the aerody"annc drag. This antenna consIsted of a 
half-wave dlpole bent around Lo form a "V." Figure 72 shows this V antenna mounted 
on the tall of NC-11 The antenna consIsted of two rods 26 2 Inches long and mounted 
mth a" included angle of 60' The antenna was fed with 90-ohm line tapped out 5 8 
Inches from the apex 

The V antenna possessed several advantages over the loop antenna previously 
used. Its aerodynarclc drag was conslderably less than that of the loop while Its gal" 
was approxvaately 3 ab higher Because of Its srraller size it was passlble to mount 
the V antenna on top of the vertical stablllzer and thus reduce the "else background 
I" the receiver since the antwna was located farther away from We engine lgnltlon 
systerr This locatlon Improved the sIgnal-to-noise ratlo by approxxnately 3 ab 

The field pattern of the V antenna 1s not as circular as that of the loop an- 
tennal6 since It pulls I" slightly at the sides, as may be see" from figure 73 The 
measured pattern was obtalned on the ground mth a V antenna mounted on a pole one- 
half wavelength above ground. The calculsted pattern was abtax,ed from the equation 
whxh was derived I" Appendlx VI The fact that tre pxk-up at the sides 1s not so 
great as that drectly I" 11~ mth 'G-e antenna 1s consxlered a" advantage since re- 
ceptlo" 1s usually I" line mth the apex of the V 

One i-eason for the Increased gal" of the V antenna over the loop antenna 1s 
Its bIgher radlatlon resistance. TSeoretlcally, L" free space, the two antennas would 
have alnost equal effv?lency I" the dlrectlon of maximum pxk-up However, It 1s much 
more dlfflcult to build a" efflclent natchlng clrcult for the loop antenna, since Its 
radlatlon reslstance 1s only about 10 ohms The radlatlon reslstance of the V antenna 
1s about 37 ohms, so that much less dlfflculty 1s encountered I" matchng It effxvzntly 
to the transnusslon line The locatron of the V antenna hlgb above the skin of the 
ship further Ynproved the antenna gal" 

16 Andren Alford and A G Kandolan, "Ultra-High-Frequency Loop Antennas," 
AIFE Transactxns, Vol 59, pp 843-84'3, 1940 
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figure 74 shows the actual patterns of both the loop and the V antennas. 
These patterns were obtaned by flight tests mth the axcraft 1" horlaontal flight 
and at parlous angles of bank. 

Some of the early flight tests on the non-simultaneous system were made I,, a 
single-engine axplane, a Waco Kodel N Homver, most of the tests wa-e made 1" a 
Model 247-D Baelng, NC-11 The lnterlor of NC-11 was mcdlfled to promde ample space 
for mounting several units of equlpnent to be tested, and a duplicate set of the neces- 
sary flight x,struments was provided m the cabin These duplxate r,struments are 
all mounted on one panel and a-e located so that they may be seen by the flight e"gx,eer 
or by any observers who are partlclpatlng 1" the flight demonstrations Fqre 75 shows 
the lnterlor of NC-11 as arranged for flight tests on the radio range equipment The 
duplxate flight instrument panel 1s mounted 1" the center of the work bench and con- 
tans the crossed-pointer instrument which 1s connected =n parallel mth a slmllar I"- 
strument used by the pilot for flyLng the range system, a" altimeter, a" axspeed x,dl- 
cator, a gyro compass, a rate of climb lndxator, an accelerometer, three marker Indi- 
caters, and tvio instruments not required for these tests The Western Electric type 
32A receiver 1s mounted on a shelf dxectly under the bench at the left side of the 
photograph. The type RUM recel~er IS mounted at the same level and 1s shovm I" approxx- 
mately the center of the photograph The auxlllary detectorampllfler and filter ""Its 
are mounted to the right of the marker recel~er which 1s located adJace"t to the type 
Rub rece?.ver The Esterlme-Anys recorders and the d-c ampllfler are mounted directly 
below the 32A receiver, and a gyro recording devxe 1s located dxectly oelow the RUB 
receiver The controls for the 324. receiver are si-orun to the left of the door to the 
cockplt Flgui-e 76 shows the crossed-pointer xu+trume"ts mounted I" the cockpit The 
lower se&Ion of the x,strument face 1s colored blue and yellow mth the dlvldlng line 
at the center of the instrument These colors lndxate whether the arplane 1s located 
north or south of the range course In this lnstallatlon the arplane was located north 
of the course when t',e vertical needle of the lndlcator pox&d to the blue side, and 
south of the course when the lndlcator polnted to the yellow side In flight, the pllot 
"a-gates to keep the vertxal needle centered along the vertical dots on the face of 
the instrument The aural ra"ge 1s used in the same manner as the present low-frequency 
ranges except that D and U are used Instead of h' and A as x,terlockl"g signals With 
the comblnatlon of the aural and the visual signals, the pIlot 1s able to determ="e 
lmrredlately 1" which quadrant of the range he 13 flpng For exarpple, If he beard the 
letter D from the aural system and the visual Indicator panted at the blue sector of 
the mstrument, the awplane would be located northeast of the range statlon Slmllarly, 
the comblnatlons U and blue lndlcate northwest, U and yellow Indicate southwest, and D 
and yellow lndxate southeast 

Figure 77 18 a block diagram showx,g the rece=vx,g Installation I" NC-11 that 
was used for the greater part of all flight tests on all of the systemg The tuning 
box for transferrIng from dual to single conductor transm1sslon line was necessary 
because of the fact that the type RUM receiver was constructed xath a single conductor 
unbalanced Input crcu1t When the type 32A receiver was used, the tuning box was 
elmnated and the dual line connected drectly to the 32A balanced Input clrcult. 

Both visual and aural recordings were nade slnultaneously durx,g all flvght 
tests Txo Esterllne-Angus Model AR, O-5 mlll~",pere, graphx recorders were used 
The General Sadlo type 715AE d-c ampllfler was used to provide sufflclent ampllflcatlon 
of the direct current I" the meter clrcu1t so that full-scale recordings would equal 
approximately full-scale Indlcatlons of the crossed-pointer instruments For these 
tests the recorder was adJusted so that zero slgnal would lndlcate on the center of the 
recorder chart, thereby makIng It posslble to record right and left Indlcatlons The 
d-c ampllfler was balanced to lndlcate at the center of the chart when the a~plane was 
on coui-se and equal 90- and 150-cycle frequencxs were obtaned All recordr,gs of the 
visual system were calibrated to show the nagnltxe of ampllflcatlon Ttns callbratlon 
was acconplxhea by markIng the record when the vertical needle of the crossed-pointer 
x,strument -was deflected to the wx"g tip of the mxnature airplane, three dots and four 
dots I" either dIrectIon Figure 76 show the Mnlature arplane and dots on the face 
of the instrument The distance from the center of the scale to the mng tip of the 



xanlature au-plane 1s equai to tre space tetwee" two dots Therefore, the first and 
second sots beyond the mlnlature ax-plane were considered three dots and four dots, 
respect1ve1y Visual course mdth nas Teaswed I" terms of a pox&r deflectlo" of 
four sots right to four dots left, three sots to three dots and mng tip to mng tip 

An anpllf1er was placed I" the output of the aural channel of the recelvlng 
eqillpment to "romde suff1clent ampllflcatlo" to make the aural recorder lndlcate at 
least one-thud full-scale arrnlltude With ths degree of ampilfrcatlon course charac- 
ters (D or U) may be recorded "ear the course when they can no longer be dlstu,gushed 
1" the phones Curmg cross--course tests a" the aural systen, the recording was 
marked where the last character was heard golne Into the course and the fx-st character 
heard coming out of tte course. The distance between these narks was used to compute 
the COUI‘SB mdth 

Flight tests 

The results of flight tests on all of tr.e radla ralge systems wei-e substantially 
the same and typIca recordlrgs of YB~LOUS systems are Included 

One of the fust flight tests nade on each s>sterr conslsted of cu-cling tSe 
statlo" at a 2-n1le radxus recordly both the visual ard the aural signals These re- 
cords show the general srape of the radlateo patterns, the amount of clearance and the 
quality of the aural and v;sual courses 4ctual f11g'lt recora1ngs for thE test are 
show" 17 figure 78 The effect of minor looes 1s clearly show" I" this figure 1" the 
recording of the aural signal where the m~"uwm sl~nal mldaay between each aural and 
visual coui-se aoes not reac, zero a" tte chart Tbls provides a" lndlcatlon of clear- 
ance The clearance shown in fIgwe 78, bowever, 1s more than avple A slight mdl- 
catlo" of ,r~l"oi- lobes 1s shown on the %lsual recordly w'1ere there 1s a tendency for 
less than maxuwm signal "ear the south aural course Clearance of the visual signal 
1s consIdered ample when the vertxal pointer of the instrument does not x,dlcate less 
than full scale at u,ternedlate points between the courses System No 2 provided 
field patterns that ‘lad Tuch more clearance than that for system ho 5 Ttis 1s shown 
1" figure 79 In this flyre t%e gal" of the d-c amullfler was reduced so that the re- 
corded visual slenal would re"al" mthln tte chart area and pi-ovlde a means of deter- 
mlnlng If tr'ere WAS a"j' te"oe"cy for the IndlCator to retlr" at off-course points 
No notIceable terldericy can be observed on the record. It ml1 also be noted tPat the 
,,,lnu,~m of the aural signal never deviated from zero at off-course points This lndl- 
cates that the minor lobes were negllglhle 1" system No 2 Smce the antenna spacmg 
a"a current ratlo for systems Nos 2 and 5 wei-e Identical, the difference between the 
recorded signals of the two systems could have been made negllglble by further adjust- 
ment of the antenna system for system No. 5 

Flight recordings of the vlsua.1 slgnal of system No 5 were made while crossing 
each vlsua.1 course at i-l&t a&es and are show" I" figure 80 The west course 1s 
slightly worse tna" the east coui-se mtY respect to roughness of the recorded signal 
Ths roughness, "owevw, 1s barely notIceable on the cross-pointer u,strwent because 
of the relatively low amplrtude Both co",-se.? were consIdered extremely good and easy 
to fly an co11rse Before t+ese fllgW recordings were made It was necessary to adJust 
the 90-15C-cycle filter Input voltage I" the receiver until the desu-ed cowse vlldth 
was obtanea It 1s possible to vary the resulting course mdth over a very mde range 
rrereiy by varying the filter Input voltage Early fl;ght tests lndlcated that courses 
Paving 20' of total mdth from four dots to four dots on the visual u,dlcator pronded 
optlmun results for auway flying since the courses were suffuxently accurate and easy 
to fly Eurlng these early tests It was found that the filter Input potentul should 
be 25 volts to pronde 20' courses. This potential was ma1ntane.d durug all of the 
fIna flight tests for all a@errs 

Dxr~ng the demonstration of the non-sumLtaneous system to the Au Line Pilots 
Assoclatlo", sore flight tests were conducted to detemlne visual course mdth at con- 
slderably bIgher altitudes than those used for the greater part of the tests Flight 
tests were made up to 17,000 feet above the statlo" The results of these tests are 
shown I" fIgwe 131 The course broadened appreciably below a~ altitude of 3000 feet 
above the grouna at a dxtance of 17 rmles due to rapldly decreasing signal These 
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tests wele made usmg the loop-type recelvlng antema Abore an oltz+uc of ?OOO ik=d 
ti-e course Lroadened approxmateiy 38 aercent at 12,000 feet Later te.5,; 17" ;;,lul- 
taneous system No 5 u,dlczted an increase I" vildth of ap"rox1m~ely 10 percent from 
3000 to 12,000 feet This conflicts fith ttw earlier AIT Ll~e Pllots Assocmtlon tests 
and my be due to the dlfferept transrlttlng antenna systems The non-slmltaneous 
system used two center antennas and system Ire 5 used one antenna 

Copies of cross-coui-se recordlngs nade on the rorth ad south aural courses 
are show" 1" fq-ure 82 Courses having a math of approxmately 1' were obtaned 
These courses are very snootb and eav to fly No multiple courses or tendencies to- 
ward rultlple courses were ooserved aurally or noted o" the recording Flight tests 
on sore of tke early ultra-high-frequency ranges lndlcated "pushing" effects when 
flyL"g across the course and nrheq cu-cll"g "ear the course Thxs pushing effect was 
evidenced by apparent alsplacenent of t"e course for different duectlons of flqht 
With thx effect It was qute dlffxult to locate tie true course and mantan flight 
on COUrSe Bracl,etl"g of the co"rse was particularly a,fflcult 

WE" the non-slwltaneous range nas fust xstalled, pushing was observed on 
the aural courses a"d rot o" the xxwal courses The arte""as which produced the 
vxual course were one-"&f naveleqgth above We courterpolse, and tk#e antennas ahlch 
produced the aural course were three-eights of a wavele@h aoove the courterpoxe 
'Kner the aural artennas were placed one-half wavelen@ above the counterpo=se, pushing 
effects disappeared It 1s probable tPat the pushng was caused by excessive currents 
flown,: I" tne counterpoIse xv%ch radiated vertically polarized waves 

ho push;"g was ooserved tie" the V or loop antenra was used LTI level fllgrt on 
any of the svnultaneous systems tested Howa, a slqtt a.noun: of course duplace- 
ment xas observed when cucllnl: close to the COX-se ln a 30' bank 1x1";: the loop antenra 
This effect IS orobaoly due to the sweldlng effect of the war: on the du-ect slqnal 
and not to the type of antenna used 

Fqure 83 show copies of flleht recordulgs taken wPl:e flying awa> from the 
statlo" on both the west vuual and We souxh aura: cou-ses T:,ese recoras lndlcate 
the ease mth which the pIlot was able to follow the vlsudl and anral courses suxe 
the v~xal record barely dev;ated from zero-center on tte chart and the aural record 
shows very 1Lttle trace of off-course charactcrs 

Several tents were made o" the cone area over the statlon at altltuaes froD 
1000 to 12,000 feet mth aid lulthout the slp2rcasor system ererg:lLed Flgure 84 shows 
samnles of recordings take" at an alt;tude of 3000 feet 'The cone ared nttmut the 
supirre&sor system; operatInE IS described as ttat area abom the StatIon where abnnrnal 
movement of the vlstial lndlcator and abnormal iluctuatlo-s in the in+enslt:- 31 the aura: 
sqral are observed As mdlcated on the recordmgs, the suppressor acts to stabilize 
the vuaal lndxator and provides a deflnlxe aural cone-of-sllence owr tre stat;"" 
Tte results of tne cone area tests are shown graphlcaily in Equre 81 The area of ab- 
normal fluctuatlo" of the qeter pointer on the visual causes mthout the suppressor 
was ldentlcal to that of the zero sqnal area mth tie ~i~pnressor operatlnF "ne ,v=dth 
of tie area of abnorwl fluctuatlops 111 sqnal l"tens,tJ on the aural courses v:thout 
the skppres~or 1s the ba?e as the ndth of the ?er,c s1zna3 area Pntb the suqressor 
Tte Rdth of the cone ared of the aural ;lg?al *lore tne -msual co"rses nlth the b~pm 
pressor operat1-g IS expressed 1" terms of zero s1gna ala 10 db dO7v iroE tne norra-l 
blgnai on coui-se The cone-of-silence 1s conslderatlp larger ttian trre area c+ aonorral 
fluct>Jatlon in signal wtenslty mti-out the suppressor Slrnll arly, '!,e cone area of 
the vuual sxgnal along =ke aural courses mtk the suppre*>or opprstlnf 16 erpresseo 1P 
terns of zero sq?al and trree dots to trree aots 3otr cone uea3 ZE consl,lerably 
mder than the cone ol ntnornal reter fti~ctLatl"n wlthort tile c,,p~ressor 

T"re results of the fllgl,t tests -ade to determlne course ruldths d'la rrne >#;dths 
for all systorps are shm I" ao1e IV Visual course wddtbs ire glw" 1~ i-exr,s of 
four dots t, four dots> tri-ee sots to three dots. and 7~rj~ t1L‘ to mng tip, w?,ilc We 
CO-E areas are shopri Kt- a"d ali?out the suporessor systnm cperatln: Cone areas are 
shown for both j,)@O 2nd 12,000 feet above tb,e statlo" when t'-fl suppressor :s energized 
Course-mdtr data for syster No 5 have been aqlled to :I e nay -n fqure 86 The 
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munature am-plane ad dots have bee" included to shorn the relatlw areas covered in 
actual flight on the nsual courses When flying the tisual courses, it 1s easily 
possible to keep the visual Inticator nthin the center portlo" of the mlnlature air- 
plane mth a resulting apparent course mdth of approximately 1 5' The width of 
the aural courses 1s approxvnataly lo It 1s possible to fly these cu"rses with a" 
accuracy of plus or minus 10. 

Eurlng the demonstration of the non-slmultaneou~ system to members of the Ax 
Line Riots Assocx&lon, some tests were also made to determIne cone mdth as well aa 
cwrse lndth at various altitudes. Figure 87 shw the visual courses and co"e width 
measured dwlng these tests at an altitude of 12,000 feet above the statlon. At any 
point mthl" the area of the curve the visual pewter rnll not u,dxate more than three 
dots on the mstrument. The size of the cone area 1s deterrmned by the relative power 
of the suppressor system compared to that of the range antenna system and 1s considered 
to be excessively large I" this case A suular curve 1s shuw" 1" figure 88 for system 
No. 5 where the cone area for three dots deflectlo" has been conslderably reduced to 
pro-de more accuracy I" determlnlng posltlo" and still mantam ease of flight over 
the statlo" The varutlo" of COUTS~ mdth mth altitude has also bee" considerably 
reduced 

Tests were conducted on all systems to determine the d]Ttance range at a" 
altitude of 1000 feet above the statlon Some of the tests we=* made vlth both a 
loop and a V receiving antenna The results of these tests are show" 1" table V In 
this table the relative carrier powers and percentages of modulation have been Included 
to assist I" Judging the merit of the various systems System No 5 provided the best 
coverage due prmrily to the increased carrler power and the gal" acqured through the 
"se of the V antenna 81th this system, a dutance range of 45 rmles was obtalned 
where optxal lxx? of sight 1s 45.7 rmles The same distance range was obtaxned mth 
all Elervlces of a give" slmulta"eous system 

Eurlng the tests made to determIne the distance range of the various systems, 
recordings were also made of the recel~er avc current ln order to determine the verti- 
cal field pattern of the tra"slNtt1"~ antenna 3yste.n. The data obtained from the re- 
cording for system No 5 are shown ln figure 89 The avc current was then transposed 
to relative field mntenslty I" mxrovolts by means of a callbratlon curve for the 
receiver of BYC current Versus Input 1" rlcrovolts Flyre 90 shows the vertxal 
field pattern obtained from these uata Kthout a counterpoise and assllrmng perfect 
reflectlo", a total of "lne maxuna should occur at 0 04, 0 11, 0 17, 0.23, 0 31, 0 43, 
0.63, 100 and 3 29 miles from the statlo" at a" altitude of 1000 feet Smlarly, 
a total of eight rmnlma should occur at 0 OR, 0 l4, 0 20, 0 27, 0 36, 0 51, 0 80 and 
1.63 rules from the statvan at a" altitude of 1000 feet However, the counterpoise 
effectively ellrmnates all but the last two maxima at 1 08 and 3 28 rmles, as well as 
all but the last rmnlma at 1 63 rules Partu.1 ellm~nat~o" of the rmnlma at 0 80 
rmles 1s also accomplished 

Avc current CUTYes such as that sh- I" figure 89 also Frovlde =n effective 
means of deterrmnlng the distance range In the case of the simultaneous systems 
where comparatively low percentages of ncdulatlon are "sea, the llmlt of usabIlIty of 
the range system occurs at the pant where the avc current reaches Its nax~mum value 
This point occurs at a alstance of 48 miles from the statlon for system No 5 and 
cancldes exxtly mth the distance range determu,ed by observation of the aural and 
the visual slg"als When the percatage modulatu," 1s xxi-eased, however, the llrmt 
of usabIlity of the system occurs beyond the pant where the BYC curve flattens off 

CONCLUSIONS 

As a result of thu aevelopment, the folloxang conclusions are drawn 

1 A" ultra-high-frequency two-course visual radio range mth sector Ident=- 
fxatlon has bee" developed The Badlo Technxal Comrmss~n for Aeronautics, the 
Au LXE blots Assoclatun, and other groups of pIlots have thoroughly tested this 
type of range and have unanimously preferred It to the four-course aural range ThlS 
SelectIon was brought about by the slmpllfled system of navlgatlo" whmlch continuously 



TABLE IV 

COURSE AND CONE WIDTHS 

COURSE WIDTHS 

WIDTH OF VISUAL COURSES AT 3,000 FEET 
(4 DOTS TO 4 DOTS) 

WIDTH OF VISUAL COURSES Ai 3,000 FEET 
(3 DOTS TO 3 DOTS) 

WIDTP OF VISUaL COURSES AT 3,000 FE& 
(WING TIP TO WING TIP) 

- FILTER VOLTS FOR VISUAL COURSE 
MEASUF0B-ENTSWITHTYPERUXRECGIVER. 

WIDTH OF AURBL COURSFi? AT 3,000 FEET 
W?DTIl OF AURBI. COURWS AT 12,000 FEET 

KCIDITT OF CONE AREA WITHOUT SUPPRESSOR 

VISUAL CONE ALOKG VISUAL COURSES 
AT 3,CGO FEET 

VISUAI CONE ALONG AURAL COURSES 
AT 3,000 FEET 

AURAL CONE ALONG AURAL COUMFS 
AT 3,000 FEET 

AUFLAI. CONE ALONG VISUAL COUmFS 
AT 3,000 FEET . 

RrIDTH OF CONE OF SILENCE WI% SUPPRBSC 

VISUAL CONE ALONG VISUAI COURSES 
AT 3,000 FEET 

VISUAL CONE ALONG iURAL C0iJRSF.S 
AT 3,000 FEET 

AURAL COPE ALONG AURAL-COURSES . . 
AT 3,000 FXET 

. AURAL CONE ALONG b1SW.L COUASES 
AT 3,CCO FEET 

VISUAL CONE ALONG VISUAL COU%%?S 
AT lZ,OOCI FEET . . 

. VISUAL CONE ALLING AUPALCOURS~ 
AT l2,WX FEET 

AURAI CONE ALONG AURliL CO'URSB 
AT12,OCOFEET . .a . 

ALU CONE ALONG VISUAL COURSES 
AT 12,ooO =. . . 

N 
S T N 

I- 
! IR 

ONSIMULTANEOU! 
YSTFX ANE SYSTI 
06 3, 4, 5 

17 7O 

12.3° 

7.2' 

25 VOLTS 

0 9O 
100 

4,000 FEET 

0 FEET' 

2,lbC FEET 

1,140 FEET 

4,0X FBET 

1,700 FEET 

2,200 FEET 

3,200 F-WI 

20,900 FEEZ 

7,300 FEET 

8,500 FELT 

17,600 FEET 

3 EMS 

1 
1 

I 

7 

A 

;YSTEX NO. 2 

!l lo 

L3 6' 

7 6' 

!5 VOLTS 

1 lo 

3,560 FEET 

L,400 FEET 

3,360 FEET 

2,340 FEET 
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TASLE V 

MSTBNCE BANGE OF THE VARIOUS SYSTEW 

DISTANCE RANGE IN 
MILEZATAN 

and posltlvely ldentlfies each of the four quadrants and also by the use of visual 
mdxatmn for flying the alrreys. As a result of this work, It has been decided to 
n,st,all facllltus using these basx prlnclples cm a universal basis throughout the 
Federal Anna~ 

2. The simultaneous voice feature has been added to this type of range to 
provide weather lnfoi-matlcn and airway traffic controln-lthout sacrificing any of 
the basx features of the orvgnal system. 

3. A suupP,fled ti-ansrmttlng antenna system has been developed, and several 
satisfactory methods of pronw snniitaneous voice have been tested. Systems Nos 
1, 2, 3 and L, provide the ul+,u,,ate m stabl1lt.y at a large sacrlfxe in effxlency, 
whereas system No 5 prondes a euffxlent. degree of st.abi1lt.y at a very much higher 
over-all efflclency. 

.$. Numerous tests *Ith subcarrier modulation have shown that It 1s satlsfac- 
tory for ancraft use although It requn-es addItIona transrmttlng and recelvlng 
equpment. If It becomes necessary to add another "olce channel or cmnmuncatun cban 
nel to the r&o range faclllty m the future, subcarner mcdulatlon offers a satis- 
factory solution to this problem. 

5 The optunum shape of visual and aural patterns has been determined 
theoi-etxally and confirmed by tests. 

6 The optimum visual course indicator sharpness for sunny flying was found 
to be full-scale deflectIon (35' pornter deflectlon) for 10' denatlon from the center 
of the course. 

7. IN,rmg the course of this development, an unproved u-h-f arcraft recelvlng 
antenna vms used filch 1s known as the V antenna. This antenna has several advantages 
over the-loop antenna previously used m that it has a greater pickup, less aercdyna- 
MC drag, and better broad-band characterutlcs. Furthermore, It was possible to locate 
the antenna on the top of the vertical stabxlzer, wbxh penoltted excellent signal 
pickup and su,,,,ltieously reduced the wtlon interference 



Tuning of Antennas for Non-Parasltx Operatam 

The length of lme 83 filch mll prevent pamsitx current can readily be cal- 
culated by considering the equvalent clrcut. To simplrfy matters, the case of a 
half-wave dipole till be assumed figure 9lA shows the schematIc of the antenna as It 
appears mhen acting parasltlcally. 
1s explained m the text.. 

The reason for the mrtual short at the end of@3 

The antenna may be replaced by a generator aid impedance, as shown UI figure 
91B, the induced voltage being equal to the product of the current NIL the exciting an- 
tenna by the mutual Impedance, and the generator impedance being equal to the self- 
impedance of the antenna. The cucuit of figure 9lE may be further slmpllfled to that 
of f1gu-e 9lC mhere Xlls the equvalent reactance of the transllnsslon lmes. 01, S2, 
and 83. The parasltx current 1s then even by: 

-10 ZY 
‘P= z,+xT 

In order for the parasltlc current to be zero, either the numerator must be 
eero or the denarunator must approach mnfunty. The fust cond1txon can be obtued 
only by reducing the mutual impedance to zero, whxh means that the spacing between 
the tao antennas must be made veq great Tbu 1s obviously an lmposslble conditum, 
so the denaunator must be made very large. Smce 83 1s the only quantity nfixh can 
be vaned, Its length must be so adJusted that the impedance lmxh the center of the 
antenna looks Into 1s very large. This uupedance consists of two shorted transrmsslcm 
line sections m parallel connected through another length of transrmsslon lme. If 
we let X2 and X3 be the reactance of llnes82 and 83, respectively, then the reactance 
reflected u&o the center of the antenna 1s 

1 
X2 X3 
xl+ + JZ, ta” 8, x, =z, 2, + J 53 & e1 

X2 + x3 ! 

In order for the above expressIon to become Infmlte, the denannator must 
become equal to zero 

' 2, + J 
X2 x3 

X2 + X3 
tan e1 = 0 

Substltutlng X2=3 Z, tan 82 

xy=J z, tan e3 
and slmpllfymg, me obtain 

he2+tae3- tan el tan e2 tan e3=o 

soinw far tan e3 

+=e3= he2 
tan e1 tan e2 - 1 

The above regult 1s true only for half-nave r&&a-s but ml1 give the order 
of magnitude and dIrectIon of varlatlon for other antennas For the antennas actually 
used m this development, 03 had a value filch was very close to 1EW 
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APPENDIX II 

Optuwm Ceslgn for Radio-Frequency Bridges 

Several radio-frequency bridges, constructed of transmission line elements, 
are used m all of the ranges described ln thu report Although these bridges l~lll 
perform theu functlo" when they are constructed mth elements of any arbitrary length, 
It 1s convenient If the bridges ritrcduce no rmsmatch when connected Into the associated 
Cli-cults. 

Referrrng to flgure 9211, the bridge 1s used to combine two voltages of the sape 
frequency Into a single antenna. Viben power 1s fed 1" at pants A A', It 1s desired 
that no voltage appear at pants C C' In order to obtain this condltlon, the bridge 
elements should all be of the saw length and the impedance at D D' should equal that 
at B El' Assurmng that the bridge elements are constructed of the same transrmsslon 
line as that used I" the rest of the system, It 1s desued that the impedance looking 
Into A A' be 2, when pants B B' look Into the characterxtx impedance Z,. 

To meet this condltxon, the impedance of each half of the bridge should be 
equal to 2 2, 

ZAA' -B B' -C C'=ZAA'-D D1 -C C'=2zo 

Thus, when the two halves of the bridge ape connected, the impedance at A A' 
will equal& The length,@, of each element can be solved for as follovs 

When voltage 1s applied at A A' 

Q Cv=O (assunung the bridge 1s balanced) 
then 2 C C,=O 
PL"d 

ZBBILCC~=J Z, tantl 

The Impedance at ZBB, consists of two parallel u~pedances, the antenna load, 
2 o, and a shorted transnuss1on line of length,0 . 

2 BB, = (2,) (J 20 t=* e) 

Z. + J z, tan e 

Rat1o"allemg, 

+ = J z, tme+ z, m2e 
l+bde 

ReferrIng to flye 9ZB, It can be seen that 2~~1 IS the recelvlng end 11~- 
pedance of bridge element A A' - B B' The sendug end impedance can be found from 
the relation 

[ 

z, + J z, tan e 
z,= 2, 

Z, + J Z, tan 9 1 

There Z, 1s the sending end Ynpedance and Z, IS the recelvlng end Impedance, 
2, 1s then set equal to 2 Zo, Z, 1s set equal to 2~~1, and the equation 1s solved for t?. 

3 2, be+ z, tan2e 
2 z,=z,=z, +J 2, tan e 

1 + tan2e 

z,+ 3 
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J z, tan e + z, tan2 8 + (J 2, tan e) (1 + tan2 e ) 

z,+ z, tan2 e+ cJ he) (J z, tane+Z, tan2 e) 

Cross multlplylng and reducmg 

2 + J tad ,g = J 2 tane+tan2e 

equatmg the real terms 

2 =tan2 e 

e = tan -1 @ = 54 70 

L = 0 lj2 A 

e=,et 

B=c 
A 

APPEmIX III 

The Effect of Phase Shift Between Carrier am Sidebands of an 
Amplitude-Modulated Wave on the Quality of Received Signals 

The purpose of thu append= 1s to analyze the effect of phase shift between 
carrier and sidebands of an amplitude-rodulated wave on the quality of the received 
signals, usmg square-law and lmear detectIon. The treatment given belon 1s not con- 
cernea mrh phase modulation whereby the phase of the modulation frequency 1s varied 
11armonica11y. 

(1) Square-Law Detection 

Let a carrier of frequencyW/2r be modulated by two frequencies p/2r 
and qj27.l The lnstantxwous voltage e 1s 

e = E(l+ ml cos pt+ m2 co5 qt) cos W t (1) 

where E = sari-ler amplitude 

ml= mcdulatlon factor for frequency p/271 

m2= mcdulatlon factor for frequency qf2n 

Introducing a phase shift &between carrier and sIdebands m equation (1) 

(2) 

(3) 

Assurmng the detector characterlstlc 

1 = a, + ale + a2e2 (4) 

and neglecting constant terms and terms mvolvlng the carrier frequency, vTe find 

I = a2E2 "1 
,cos (Pt*$fq+;Cos (qt? 6) 

9% 
+--co= (p? q) t 

2 

T2 "2 
2 

+- CO8 zpt+-- 
4 4 

cos 2qt 1 (5) 



w a further transfomatm", the first two members I" the parentheses of 
equatmn (5) are changed Qvlng 

ca2E2 
IIll cos pt co5 .$+% cos qt cos + 

cos (P? 4) cos 2pt+ In22 cos 2qt II (6) 
Cons~deratlon of equatmn (6) shows that the amplitude of the desred terms (of 

radian frequencxs p and q) varies mth the cosine of the phase shift angle+ The 
dlstortuan terms (p k q), 2p, 2q are not affected by the phase shift Therefore, mth 
~"creas~ng phase shift, the relative amount of dlstoi-tvan ~"creases For 4 = n/2 the 
desx-ed terms disappear 

(2) L1ne2.r Detectlo” 

Starting from equation (2) and calling 

A= ml cos pt + Ill2 cos qt 

we obtain 

(7) 

e=E cos wt+Acos (wt+#) 
3 

(8) 

'Ike problem of linear detectlo" 1s to find the ewelope of the carrier in 
terms of the component frequencies 

The expresslo" for the carrier envelope 1s that part cf the voltage equatlan 
mhnfllch remains after factoring out the carrier frequency 

e=E 
[ 

l+A2+ ZAcosr$ 
+ 

I2 
cos (tit++) 

where tan +; s'" 6 
A cos# 

(see fxui-e 93) 

Bmomu.1 expansion of the form (l+ X) + gives 

(1+ &l++x-$X2++6 x3 - 

let X = A2 + 2A cos + 

lh-on equation (9) we have 

(1 + A2 + 2A cos + ) + =[ 1 1 + 2 (A2 + 2A cos 4) 

-+(A4 + f+k2 cos2#+4A3 cos#) + 

2 
=l+++A cos .$ -&$cas2 

3 
6 -+cmq5. 

A2 A3 A4 
=l+ A cosr$+~ s,n2@ -T cos $ -s + 

neglect 

1 

(9) 

(10) 

(11) 

02) 

03) 

Ehtermg equation (7) Into (13) gives for the envelope voltage e' 

x= 
E [ 

1 + (ml co.5 pt + In2 co5 qt) cos I$ (U) 

++n2 s$ $2 cos2 pt + m22 cos2 qt + 2 m1m2 cos pt cos qt) 
I 
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which upon transfonmt1on gives the final result 

I 2 
1+ +3x2 q5 (ml + m2 2, 

I. + co5 $4 (ml cm pt+ m2 cos qt,) 

++n2 @ cm; CO8 zpt+ m22 COB 2qt 

+P2 s1n2$$ cm (p 2 q) t 
1 

(15) 

e'= E 

The rectafled current I 15 proportional to the envelope voltage e', the pro- 
portmnality constant V" bemg equal to the elope of the detector characte~stx 

1=ae (16) 

It ml1 be observed that all the frequencies shown XI equation (15) depend in 
thev mplltude on the phase shift angle @ For zero phase shift, there is no dls- 
tortlon present, but mth increasing ,$ the amplitude of the dlstortlon terms lncreasee 
proportionally to ain* $a, whereas the amplitude of the deslred frequencies decreases 
proportionally to cos $4, as m the case of square-law detectIon 

At this pant, It is well to examine the 1lrmt.e mthm whxh the theory as 
applied to the case of linear detection holds From equations (7) and (8) there 
follom that 

A<1 

ml+mz<l (17) 

Thx however 1s not a sufflclent restriction The series mven m equation 
(11) converges for I< 1 only By equation (12) we have after introducmg equation 
(7) 

l> A* + 211 co5 $ = ml2 cm2 Pt+m22 cos* qt+aQ- co5 pt co5 qt 

+ 2 CO8 $8 (ml 008 pt + m2 CO8 qt) 

LettAng Cc.8 pt =l = co9 qt gives 

(I + 9) + 2(m1+ 9) cos$ < 1 w 

For ml= m2 = 0 2 the mequality (18) is fulfIlled for eny value of 6. For 
mall degree8 of mcdulatlon, the theory holds for any phase shifts. However, It 
should be remembered that dicltortlon terms uwolving harmonics higher than the second, 
and combination frequencies thereof, have been dropped by neglecting powers higher 
than A2 III equation (13). 

(3) Conclusions Applied to Double Uodulatlon 

To avoId dmtortion of the subcarrier frequencies and them sldebands, 
phase shifts between caners and sIdebands must be avoided. This is done by pro- 
vldmg phaeers at a sutable place between carrier and sideband generators. Also, 
voice sldebande and the carrier should be radiated from the center antenna only 

A good check on correct phasmg suggests itself by inspection of equalam 
(15). The term of radian frequencies (p k q), 2p, Zq, should disappear after the 
first lmear detection; p and q designate subcsrrlers and their sIdeband frequencms. 
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APPENDIX IV 

Square-Law Detection of Two Rnplltude-Modulated Carrxxs 

Let carrier amplitudes be El and E2 rrodulated ~1 and "2 percent by radian fre- 
quencxzs p and q, respectively The carriers have radian freqJencxes (Jl and(J2 Let 
the detector characterlstlc curve be 

I = a, + ale + a2e2 

The voltage impressed across the detector 1s 

(1) 

e = El (1 + ml cos pt) coswlt + E2 (l+ m2 cos qt) cosw2t 
Y "1 

=E1 cosw1t+y cos (U,, - p) t+ F-COS (w1+ p) t (2) 

+E2cosW~t+IPZCOS (w2-q)t+n2 cos (Wz+q)t 
2 2 

Intrcduc1ng equation (2) into (1) and collectmg audio terns and terms xwolvlng o?lg 

(WI -02) = u 
we obtain, using the transformation 

2 cos A cos B = cos (A + B) + cos (A - B) 

(3) 

(4) 

(5) 

hxpressmn (1) states ;hat the m~nmwr of the r-f voltage e"veloL>e cf the otronger 
carrier (hi) nust be ereatcr than the 1paxxw71 oi the r-f voltage envelope cf the vealier 
carrier (EI) To facliltate select;on of valves of K, rl ard "2 for mxh the theory 
1s appkcable, exprcss1on (1) 1s rewr1tter as an equat1an 
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Equatron (2) represents a famly of straight lmes mth K- plotted as ordl- 
n&e, m2 as abscissa, and nth ml as parameter (fwre 29) 

For convenience, the equatmns for cmputmg Ep, Eq, E2p, E2q as given m 

Alken's paper,17 are reproduced below, and numeruziL results are shown m table II 

r; = m2 + Kg G20 811 +& G40 *jl+gu G60 a51 + . (3) 

HMK=; < 1 

G 20 = 2 + ml2 

G++6m12.,y4 

2 
G6G =2+15m1 +pal 4 ++1 b 

=- 5m2 (1++2) 
(1 - m22) 912 

where where a10 = 2 a10 = 2 

(1 - nl$ (1 - nl$ 

(2 + 92) (2 + 92) 
30 = 30 = 

(1 - m22) (1 - m22) 
5/2 5/2 

2 (1 + 352++ m24) 

a50 = 
(1 - 92) 

3/z 

G21 = 2 ml 

7 
G41 = 4 ml 0 +Gml 2, 

G61 = by (l+$q 

(4) 

17See reference 13, page 22. 
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n $=($) G20 '12 +(&) G40 *32 +(&) GbO a52 + (5) 

2 

92 = 

G 14'+,, 2 

a22 
*32 = 

(1 - m22) 
5/2 

2 
G20=2 + ml 

m 2=(f)'= *lo +(j$) GL,2 90 +(&) G62 '50 + . . (6) 

ml2 -- 
G22 - 2 

G 4.2=c (3+<) 

Gb2 z.z y ml 2 (1: Q+$) 

*lo = 
2 

(1 - 92) : 

y0 = c2 + mz2) 5,2 

(1 - m23 

2 (1+ 3 mJ2++ 94) 
*50 = 

(1 - mz2) 9/2 
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The expressions for the terms of radmn frequencies (p + q) were taken from 
Vllblg.lE 

K2 

Epiq 
"1G (9 ++rrLJ + 

E2 
m2 [l-; (1 +g s1 +; s2 s3] 

where 
2 

s1=1++n2+ $9 
4 35 6 

+=Iy + . 

(7) 

3 4 s,=l+3m,2+gml 

s3=3 (1+$22 35 4 105 6 
+79 +x%? + ) 

The case of a quarter-wave V antenna 1s calculated for the field mtenslty 
dmtrlbutlon in both the horleontal and the vertical planes In thm analysm, a 
smusoxial dmtrlbutmn of current 1s assumed The total field from the antenna 1s 
found by mtegratmg the field from a series of dlfferentml lengths of antenna and 
consldermg the fact that both the magnitude and the space phase of the field due to 
the current floKln2 in the drfferentml dipole vary as the total field 1s mtegrated 
ovei- the length of the antenna 

Referrmg to figure 94, the magnetx fxld from dl1, and dl2 at a great dls- 
tame 1s given by the expressmns 

=1 
dH,=s I dll sn, 4 cos " (t --$ 

0 
027T 

dH2=- =2 
A r I dl, sin Y cos W (t -7) 

0 

The expression for the current 1s 

dH=02r 
1- I cos (+) dl 

;hro 0 

dP 2 =+?w$ IO cm (- 2ni)dl sFLnY cosw (t-ro- II co.5 Y 
A c ) 

- s1n w (t -g) sm ( w 11 cm $+ c )I 
18 F Vllblg, "Lehi-buch der Hockfrequenztechnlk," LapzIg, 1939 
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dH=FI COS(~ 2 
0 0 

2 ;') dR 

The total fxld 1s 

The total field at any pomt can be found by lntegratmg the above expressmn 
from the apex to the end of the antenna, that IS, from 0 to A/b. The expressIon could 
be used to deterrmne the field from a V ante-ma any length I, by cha&qng the lirmts of 
lntegratlon from 0 to L and changing the term cos (29) to ~xnv 

However, the primary interest 1s the case where the elements are one-quarter 
wave long since a longer structure would be dlffxult to place on an ax-plane, I" ad- 
dltlon to the fact that nulls would appear m the field pattern 

obtain 



1;“f2 1 - [,,, u (t - $) smy s= ; (cos y, -cOsy 
51” Y 

] 

The electric field mtenslty then becomes 

- [sl”W(t - y 

In the plane of the antenna, It can be seen from the geometry of fxgwe 94 
that 

4=*-e Y=*+e 

These values could be substituted m the expresslo" for E to compute the hoi-l- 
eontal field dlstrlbutlon However, smce 4 and Y have been made general angles, It 
ml1 be passable to obtam the expresslo" for E m terms of the elevatmn angle 01 as 
well as in terms of the ammth angle 0 and the antenna angle ~5 In polar cocrdmates, 
then, 

=1/l - cos2a co2 (G- e ) 

Slrmlarly, 
cos Y = cos a cos ( * + e ) 

Sl" y = 1/l - costs cos2 (e+ e ) 

Then, for any azmth angleeand any elevatmn angle dl 

E=% [ 
i 

CosW(t -") 

IL 

Cos(; cos~cos (6 e)) + Cost COSOICOS (@ + e)) 

c 1 _ cos2 01 cos2 (4-e) d1 - co~2a co~2 (4 + 8) 

This expressmn consists of two waves m time quadrature to each other The 
absolute amplitude can be found by ta!ang the square root of the sum of the squares 
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(@I+@ 

E= 3 
=o 1 - cos~~cos2 (4-e) {i - COST a ~05~ (a+ 

+ 
5~3~L.3 (4-e)) - ~03 (4- e) + SIII[~COS (o+e)) - ~05 (4+e) 2 

51” (4-e) SLO (4+e) II 
In the vertlcal plane when @=O 

1 - cos2a cos2 4 

These equatmns can be checked b takmg the lmtmg case of a half-wave 
dqole or2 O=lEW. 

Then the expressmn for (I = 0 becomes 

601 
E=$ 



These relatmns mdxate a toroid mth the antenna as the axis of a revolution, 
the expressmns for whxh check those III the pubfished Lterature 

In order to compute the gem of a V antenna mth respect to a half-wave dipole, 
It 1s necessary to know the radmtmn resxtance of the V antenna This calculatmn 

mvolves mtegratmg the power flon 
(2 4 

over the surface of a sphere 

a.i-mud the antenna, m addxtmn to uhlcn the mutual power must be calculated. The 
solution becmnes extremely laborious and has to be computed by numerxal lntegratlon 
However, the radlatxm resxtance can be found quote amply by experimental methods 
Thx has been done for antennas of various apex angles and lengths, and for a resonant 
quarter-nave V mth an apex angle of EO" the rtiatlon resistance has been found to be 
approxuoately 33 ohms. Using this figure to calculate the relative field mth respect 
to a half-wave &pole, assuxnng the same parer 1n each antenna, the field of the V 
antenna was found to be 0 8 db below that of the dipole. 

Patterns have been calculated III both the horxontal and the vertxal planes 
for an antenna mth an apex angle of 8o" and are shorn III flgwes 95 and 96 
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F,gure 1 Basrc Patterns of the Tno-Course V,sual Range wth Sector Ident,f,cat,on 

F,gure 2 Bas,c Three-Loop Arrav for the Two Course V,sual Range 
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120”SPACING 

FIVE CENTER LOOP PATTERNS CLOVER LEAF PATTERN 
FOR VARIOUS VALUES OF K f(0)=2sln(Ssm0) 

Figure 3 Relahve Size of the Cloverleaf Pattern and the Circular 
Pattern for Var,ous Values of Current Rabos 
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F,gure 12 Cloverleaf Pattern for S = 120’ and d = 150’ 
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Ftgure 13 Schemat,c D,agram of Mechanrcal Modulator 
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F,gure 14 Eqwalent C,rcu,t of One Modulator Channel 



Figure 15. Thirty-foot Tower and Counterpoise with the Suppressor 
Array Located to the Left of the Building. 

Figure 16. Transmitting Equipment for the Visual-Aural Range. 
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Figure 42. Closeup of the Sideband Generator Tank Circuits for System NO. 2. 
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Figure 43 Schematrc Dmgram of the Sideband Generator Morutors for System No 2 

Fqpre 44 Schemattc Dmgram of the 12.Kdocycle Subcarner Generator for System No 2 
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Fpre 46 Sebemanr Dxagram of the Sndeband Generator for S,am\ Nos 3 and 4 
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Figure 49. Front View of the Type 32A Receiver. 
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SIGNAL INPUT IN MICROVOLT5 

30% MOoLlLATlON AT 400 CYCLES 

E,gure 50 Automats Volume Control Char.strr,rt,ci for the Type RUM and 32A Rtc~wer? 
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BATTERY POTENTIAL IN VOLTS 

Figure 59 Change III Meter Deflectmn versus Batter) Voltage for the Type 32A Recewer 





Figure 61. View of the Subcarrier Amplifier-Detector Unit for System No. 2. 
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Figure 62. Response of the 12-Kilocycle and 20-Kilocycle Filters. 
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FREOUENCY IN CYCLES PER SECOND 

Figure 63 Over-all Output Response of the Subcarner Ampbfler-Detector 
Umt for system No 2 

Figure 64 Schematic Dragram of the Subcarner AmpIlfer-Detector Umr for System No 3 



Figure 65. View bf the Subcarrier Amplifier-detector Unit for System No. 3. 
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Figure 66. Response of the 1020~cycle Band-Pass Band-Rejection Filter. 
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F,gure 67 Measured Pattern When Only 
the Center Loop wci, Drwen 
,I, System No 2 

Flgure 68 Measured Pattern When Only the 
Side Visual Antennas Were Drwen 
m System No 2 

Figure 69 Measured Patterns When all Three 
\‘,sual Antennas Were Driven I” 
Svstem No 2 

F,gure 70 Measured Patterns When all Three 
Aural Antennas Were Drwen III 
System No 2 



Figure 71. Loop Receiving Antenna Mounted on NC.1 t 
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Figure 73 Calculated and Measured Hormmral F&d Patterns 

for the V Type Recemg Antenna 
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Flgure 82 Cross Course Flqht Recordmgs of the North and 
South Aural Courses of System No 5 
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WEST DlSTPlNCE FROM ST*TION ,N MILES EAST ~ 

Figure 88 Varlatmn of Visual Course Width and Cone Width wth Alt,tude for System No 5 
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Figure 95 Calculated Pattern I” Homontal Plane for the V Antenna 2@=80’ 

Figure 96 Calculated Pattern in Vertml Plane Through Apex 
Bwxtor for the V Antenna 2,$=80’ 


