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CHARACTERISTICS OF A VOR ON A 200-FOOT TOWER

SUMMARY

A moblle VOR station located in & cleared area 200 feet square at
one corner of a heavily wooded site was flight tested. A maximum course
scalloping of plus or mnus 11 5° was recorded at a radius of 20 miles and
an altitude of 1,000 feet TLater, a VOR antenna was erected on a 200~foot
tower with a 60-foot-diameter counterpoise Simler flight tests indicated
a scalloping maximum of plus or mnus O 5°. A 20-mile-radius orbital flight
in the first null (1 2°) produced scalloping of plus or minus 6° maximum.
The distance range, for a receiver ipnput signel of 5 microvoltis, varied from
63 miles at 300 feet altitude to 175 miles at 9,000 feet altitude.

It is shown that with an antenne 200 feet abeve ground, while
there st1ll are objectionable course bends in the nullis of the vertical
plene radiation pattern, the detrimental effect of the site on VOR perform-
ance was reduced at low elevation angles, and the low-altitude coverage was
extended This type of installation should be useful in heavily wooded ter-
rain vhere & suitaeble site cannot be cbtained for the installetion of a more
conventional station.

INTRODUCTION

During the establishment of the VHF omnirange system (VOR), two
major problems have been (1) the provision of sufficient low-altitude cov=-
erage due to the inherent line-of-sight propagation, and {2) the extensive
site preparation requaired, including removal or replacement of wire fences,
and removal of trees and other obstructions

The Air Coordinating Commttee on April 20, 1955, recommended to
the Alr Navigetion Development Board that a project be i1nitiated to improve
the low-altifude coverage and minimize site preparation of VHF omnirange
stations This project was assigned to the CAA Technical Development Center,
Indianapolis, Ind

This report includes results of tests conducted with a mobile VOR
station having an antenna 14 feet high, compared with the results cbtained
when the antenna was erected on a tower 200 feet high with a counterpoise
60 feet in diameter. Both VOR's were tested at the same heavily wooded
site which hed negligible preparation.

SITE AND EQUIPMENT
The site was a large wood with trees 60 to 75 feet tall,

occcupying an area 0.4 by 0 75 mile A topographic map of the site is shown
in Fig. 1.
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A mobile VOR station, having & transmitter power of 50 watts, and
an Alford slotted-cylinder entenns, mounted on the truck with a counterpoilse
14 feet high and 12 feet in diameter, was used in the prelimimary tests A
view of the mobile VOR In the center of the 200-foot-square cleared area is
shown in Fig. 2

For the high=-tower tests, a 200-foot tower was modified to support
a counterpoise 60 feet in diameter ‘The counterpoise was covered with
Robertson Q-flooring. A standard four-loop VOR antenna’ and Fiberglas dome
were installed at the center of the counterpoise. Two views of the tower
and woods are shown in Figs 3A and 3B

Flight observations were made in a DC-3 aslreraft equlpped with
Collins Type 51R-3 navigation receivers and Esterline-Angus graphic re-
corders to record the operetion of the course deviation indicator (GDI). A
51R-1 recelver was converted into & linear field strength meter and used to
obtain data for plotting vertical-plane field patterns

TESTS

An area 200 feet square was cleared 1n the southeast corner of the
woods, and the moblle VOR was located at the center of the clearing for pre-
liminary flight tests in order to obtain data for the site with negligible
preparation. A maximum scalloping of plus or minus 11.5° was recorded on a
20-mile orbital flight at 1,000 feet altitude. This is showm in Fig. 4. The
least scalloplng was observed in a direction directly through the woods on
the 340° radial. This improvement in scalloping may have been due to the
fact that the trees were symmetricelly disposed on either side of the course,
which cancelled the reflections contalning both "left"” and "right" informa-
tion. This theory was borne out in later tests, after erection of the tower
The largest scalloping amplitude was measured on the north course because
most of the reflecting trees were west of the course which reradiszted west-
erly signals Figure 5 shows recordings obtained on radial flights in which
course bends occur with amplitudes of 5 1/2° on the 90° radial and 5 0° on
the 270° redial. The long-period bends are characteristic of reflecting
ocbjects close to the VOR station.

Following these tests, a tower 200 feet high with a counterpoise
60 feet in diemeter was erected. A preessembled four-loop antenna mounted
on a standard array plate was installed on the tower. Operation was ini-
tiated using a 50-watt transmitter. An east-to-west radiel flight showed a
great Iimprovement in close-in performance when compared with the mobile VOR.
This recording is shown in Fig. S alsc The 204-foot height of the trans-
mitting antenna and the shadowing effect of the counterpoise combined to
increase the ratio of direct to reflected signal at the alrcraft and reduce
the amplitude and pericd of the course bends and scalloping as the cone was

lsterling R Anderson, Hugh F. Keary, and William L. Wright,
"Fhe Four-Loop VOR Antenna,” Technical Pevelopment Report No. 210,
June 1953
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approached. A 20-mile orbital flight at an altitude of 1,000 feet Imdicated
e large reductlon in scalloping, that 15, a maximum of plus or minus 1.0°
The data from this flight are plotted in Fig 4.

Two 20-mile calibration circles were flown after the transmitter
power was increased to 200 watts These date are plotted in Fig & The
first circle was at 1,000 feet above ground in the lower lobe of the ver-
tical plane radiation pattern, and the system error was plus or minus 1 05°.
A escalloping of plus or minus O 5° was the maximim recorded. The second
eircle was at 2,200 feet above ground in the calculated first null at 1.2°
elevation angle. A maximum scalloping of plus or minus 6° was recorded in
an easterly dairection, where the aircraft actually was in the null, while
considerably lower errors were encountered on the west side of the station
vhere the null was not at the calculated position due to terrain
irregularities ‘The system error was plus or mnus 0 9°.

During the course of flight tests, 1t was noted that the
scalloping in the nulls dad not always repeat in amplitude or shape on suec-
cegsgive flights. Since the second null was the worst, a more thorough in-
vestigation was conducted near the 90° radisl at a distance of approximately
LO miles and 9,000 feet above ground. Five radials were flown in each di-
rection ebout 2° apart while using both hatch- and tail-mounted aircraft
antennas The recorded scalloping varied from minus 19 4° to plus or minus
2.5° Figure 7 is a plot of the data from this test

The distance range of the 200-foot VOR was consliderably greater
than that of a VOR using a standard 10-foot-high counterpoise, as may be
seen in Fig 8

A detailed investigation of scalloping was conducted on eight
radials with particular emphasis on the field strength in the nulls and the
resultant course scalloping. The automatic volume control action was suf-
Tielent to prevent a CDI disturbance due to a drop in signal strength alocone,
and there was only general correlation between the depth of the null and the
scalloping recorded due to the differences in terrain and tree locations on
the radials tested Figure 9 shows the scalloping on the radials in relsa-
tion to the station and immediate woods It can be seen from this figure
that the best VOR course, 270°, was obtained because the ground was suffi-
ciently rough to prevent the formation of deep nulls in the verticel plane
pattern The next best course was the 315° radial directly through the
woods, where the extent of the trees causing the reflections was "balanced”
about the course being flown The roughest course was the 90° radial where
the trees to the north of the VOR caused r-f energy containing quadreture
azimith information to reflect into the deep nulls of the vertical plane
pettern

Detailed graphs of these radials showing data taken at 1,000 and
5,000 feet above ground are presented in Fig 10. The theoretical locations
of the nulls are shown on the graphs The correlation with actual nulls
was qulte good on those radials where the ground was level for 1 mile from
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the station. For example, Fig 10D shows the points of maximum scalloping
at slightly lower angles than the theoretical The ground slopes downward
at 135° azimuth, and the effect is that of a taller tower in that direction.

Vertical plane patterns on five radials are shown in Fig. 11 in
both polar and rectangular coordinates  These data were obtained using a
ta1l1-V aircraft antenna on an outbound heading in order to minimize possible
proximty effects of the aireraft Variatioms in the depths of nulls on the
same radial occur becsuse of varletions in roughness and tree growth at the
point at which the r-f energy causing the Interference strikes the ground.

Figure 12 shows a comparison of field strength and scalloping in
the nulls on five selected radials There is a falr correlation between
null depth and scalloping in the null, although there are several examples
where negligible scalloping occurs in the deeper null.

THEQRETICAL CONSIDERATIONS

A theoretical study i1s necessary to understand the characteristics
of the VOR antenna atop the 200-foot tower. Although e counterpcise 12 feet
in diameter was used at a height of 10 feet, and a counterpoise 60 feet in
diameter was used at a height of 200 feet, the mathemstics assumes no coun=-
terpoise. This assumption simplifies the analysis and appears to be
Justified for low elevation angles A perfect earth is assumed

Figure 13 shows a diagram of the situation studied, wherein the
VOR antenna is h0 above & perfect flat earth, the reflecting object 18 h1

above ground, and D is the distance between antenna and reflector The
reflecting object for simplicity is assumed to be effectively loceted at one
point. The waves travel to the aircraft from the two sources at elevation
angle & The amplitude of the VOR ccurse scalleoping, S, may be expressed

b

h_h h
s = K3D2f(a) sm(ég _B_l) Sin(?.fi_l Sin 9) (1)
27h,
IiD Sin 'T Sin @
where
8 = amplitude of VOR course scalloping

Dl = distance from the reflector to the aircraft

25 R Anderson and H F Keary, "VHAF Omnirange Wave Reflections
from Wires," Technical Development Report No 126, May 1952, Equation (8),
P 8' s
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D2 = distance from VOR antenna to aircraft
K3 = a constant depending upon the reflector size and other parameters
f(a) = a function of the reflecting object and the azimuth angle.

In the present application, f(o) is constant since the azimuth
angle and reflecting object are held unchanged 5 1s the course scelloping
for & given height h, of the VOR antenna above ground The course scalloping

aspociated with a different VOR antemna height, h,', ebove ground may be
designated by S'. Thus

st = KD2(@) Sin(e_;’ h°];hl) sm(ﬁ)\l Sin 9] 2)

D,D sm(e"hO' Sin 9)

Combining Equations (1) and (2)

on ho‘hl) (2«110 J
_ sm(T —=)8in| =52 Sin @ (3)

h ' h_ h
21% 2w "o 1l
S:i.n(——--—k Sin 9) Sin{—k D )

The conditicons of the high-tower tests may be applied to
Equation (3) by letting S' = SEO& = emplitude of VOR course scalloping

with the VOR antenns 204 feet above ground. Also, S = Slh = amplitude

Sl
ER

of VOR course scalloping with the VOR antenna 14 feet above ground

h ' = 204 feet
h, = 1k feet

= 8.56 feet
Thus

Sool = Sin(8,580° _1};) Sin (5689° Sin @)

51 D (4)

515(5890 ﬂ) Sin(8,580° Sin @)
D
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Figure 13 is a plot of Eguation (4) for two values of the paremeter
Ei It 15 evadent from Fig 13 that the course scalloping decreases upon

D
raising the VOR antenna from 14 feet above ground to 204 feet at elevation
angles of 0° to 1.05° and 1 45° to 2,05° for hy = 0 025 Much flying takes

place in the airspace below 1° where a substagtial improvement in scalloping
is realized for hy = 0 025

D
Figure 14 is another plot of Egquation (h) where the parameter @
equals O 613° This shows that when h;< 0 Ol, an improvement in relative
course scalloping results D

The significance of Figs 13 and 14 may be obtained by reference
to the actual high-tower VOR site The site consists primarily of trees 60
to 75 feet high. It can be shown that the upper porticn of reflecting ob=-
jeets contributes most to the VOR course scalloping For this analysis,
let By = 50 feet From Fig 1L, it can be seen that the scalloping remsins
constant as the VOR antenna is ralsed from 14 feet to 204 feet for trees
5,000 feet from the VOR (Bl = 0 01) For trees from 227 feet to 2,941 feet,

the course scalloping is reduced approximately two thirds. For trees at
greater distances than 5,000 feet, the course scalloping increases to a
maximm of 1 & times that for a 1lk-foot-hagh VOR It is important to point
out that experience has shown that trees beyond approximately 3,000 feet
from the VOR cause negligible scallcoping.

Applying the 50-foot tree reflector to Fig. 13, the — 0 002

curve may be though of as a curve for D = 25,000 feet, a distance too great
to cause perceptible effects on the VOR course scalloping  The hl = Q0 025
T

b«
D

curve applies for D = 2,000 feet when the reflecting object is 50 feet high
VOR course scalloping is experienced from reflectors at this distance. The
infinite values of VOR course scalloping, which occur theoretically at 1.2°,
2.4°, 3.6°, and so forth, are explained by the term Sin (8,580° Sin @) = 0
of Equation (4). Equation {4) in this way takes into account the nulls in
the vertical plene field pattern of the 20k-foot VOR antenna.

CONCLUSICNS
The tests of a VOR on the 200-foot tower have shown that-

1 The largest course scalloping appears in the nullg of the vertical
plane field pattern.

2 The counterpoise is very effective in providing etraight courses
at elevation angles between 7° and 65°, thus permitting guidance when
flying over the VOR.
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3. This type of installation could be used in rough, heavily wooded
terrain where a sultable site cannot be obtained for a more conventional VOR.
Bowever, this facility would not meet flight inspection requirements in the
nulls between 1° and 7°.

4. While there still are objectionable course bends in the lower nulls
of the vertical plane pattern, the effects of a detrimental site have been
reduced at low elevation angles, and the low-zltitude coverage hes been ex-
tended very substantially. For example, the distance range hes been
increased 70 per cent at an altitude of 500 feet.
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FIG. 2 MOBILE VOR IN CENTER OF CLEARED AREA



FIG

s - -
- - - o *
- ks = s E w
% - E o PR =
- o s - S Wm“*a‘m"* ww“%m
* - - “ - - wET e
w E - -
- = -
& - - = A
= s -
- we - w
- i o -
- -
- 5 - ™
N . 5 w P
. “ wow - w
i . > P
- . .t -
" t # -
w - S
*

3A VIEW OF TOWER AND WQODS LOOKING NORTHWEST

- . LA
P
o w B
w - 5
™ w

¥ @ - ¥
- - & P
- % ”
w
mE T W P
w ¥ L *
P R e
» T w -
® LoF
-,
. ¥ =
H
¥




[P I
PR

LS * =
PR T I
o s e
i

R i A
e avm % oA T wopr e B PR
5
" e B R TR

s g A Bl
T P

‘ —— p wn e - 8 s
e ngtéli g g e S e T

B R

o g e 3 LR ekl

FIG 3B VIEW OF TOWER AND WOODS LOOKING SOUTHEAST



COURSE SCALLOPING (DEGREES)

12

=10

+8

+6

+4

2

VOR ON IO-F(;)O"I' TOWEI}
|
\ |
i N |
/ \
\ \ \ 1
/ |
\/ \ 1/
\
Vi
AIRCRAFT 1,000 FEET ABOVE GROUND
VOR ON 200-FOOT TOWER
2
——
40 B0 120 160 200 240 280 320 360

AZIMUTH (DEGREES)

FIG 4 COURSE SCALLOPING ON A 20-MILE ORBIT FLIGHT WITH VOR

ON 10- AND 200-FOOT TOWERS




= 7
/ s0°RADIAL [ / j/ / 4 7L TZ?O'RADIAL /
[ / [ ] / A [

/ / / f 1 /
" TOOT'T“’TW = [ ) N —
’ — M PN S
A Sy ad N 11 ) - oN
\'\ P"\u Nl “‘7“"/ R Tr . ! ﬂ‘ 1'.: - I o COURSE
\ L/ f NS h/ 11 \ )

i
9] i\ au
| N~ | N !
k RSV AN | W _‘L B\
\

TN Ny
\ \ - 10-FOOT TOWER \ Y \ \ \ \ \
\ \ \ \ \ \ \ \ \ \ \ \ \
\ DIRECTION OF FLIGHT _ \ \ \ ALTITUDE 2,500 FEET ABOVE GROUND
\ N == N \ \ \ \ \ \ AN \
AN AN A\ A \ AN \ AN \ \ N\ -\

71/2 5 21/2 0 z1/2 5
DISTANCE FROM STATION (MILES)
3.7 5.5 11* 90* 11° 5 5%

VERTICAL ANGLE (DEGREES)

FIG 5 RECORDINGS OF CDI CURRENT ON EAST TO WEST RADIAL FLIGHTS



SCALLOPING (DEGREES) ERROR (DEGREES)

+1

+6

+4

%2

(=

SYSTEM ERROR ALTITUDE MSL  VERTICAL ANGLE
b %1 05* 1800 0.54*
- - + 09° 3000' 12*
S S T T A I
STATION ELEVATION 830 FEET
/_\_.’. . u -
™~ A e 4
e s T —-h / o
=] Iy LY Y .
Y Y A I e g
———
[N [IAY
,' \ ,’ \ 1Y
T A N fi\
] ! N |
A~ ;r 7 1N ~o | T
- N
e o ] "-n-_—p—.,__\ _/’h“—ni ey
0 20 40 60 80 100 120 140 loo 180 200 220 240 260 240 300 320 340 360

AZIMUTH (DEGREES)

FIG 6 CALIBRATION AND SCALLOPING




CDI DEFLECTION (DEGREES)

15

B B
10 Iﬂ
5 A
A
0 H
|
: / FORWARD 377-3 ANTENNA
-1p
<+ TEST AREA [
N AZIMUTH
_15 (DEGREES)
IS
10 TAIL V109 ANTENNA I s ] 87
. 89
VOR 91
] PLAN VIEW |40 MILES
M
i H
’ H
-5 , L
i INBOUND| OUTBOUND
I
-10
-15
80 az 84 86 as 90 92

AZIMUTH (DEGREES)
FIG 7 SCALLOPING IN 2 5* NULL




12

-
o

ALTITUDE ABOVE GROUND (FEET IN THOUSANDS)

VOR 200 FEET HIGH
Z00W 5.V
7
"4
/
y.
///
W
/] A
VOR 10 FEET HIGH
200w 5.v | b e
"
e

20 40 60 80 100 120 140 160 180 200

MILES

FIG 8 VOR DISTANCE RANGE WITH VOR ANTENNA ON 10- AND 200-FOOT TOWERS



Tl

LR\ A
]

{

W]

T
|

T
L

)
|

I T7T 1T/

5,000 FEET ABOVE GROUND
TAIL V109 ANTENNA
OUTBOUND HEADING

75 MILES

100 MILES

125 MILES

FIG 9 PLAN VIEW OF SCALLOPING ON 8 RADIALS



5334930 NI 9NIdOTTVYOS 3SHNOD

(o]
B T [ =T= m — e
17 T i B . I M N - —— M ,ﬂ 1
T H R , i E B e na R
L 4 B _ - 3 o | 1o
i I+ I <+
- -—1+— -
e EHS
— 1 —
RGN 3 - 1T o
_ : 1 mr \{W[.‘T — m— 1 B
S A : B PR I
T r = [ I ol
T  E— t +— - - +— 1 4 -
Yol _ TR
B 4 I L _ o
] ! + _ [ {o
1 1] 1 ] 1=
"t U i P I . -
IR I T i e P
& A_ i
SR _ R e
4+~ w4 n.U L [ ,
ul z e
F 1 WW [— wm " B T 1 -
9 ﬂ -—F R
LRt “ i — o
n = T {4
F-2e31-2| ! - . | ,ﬂ_ o)
len_.WI\\N [ » } T @
\\. DNL..J‘ - \J\\_ T ‘_ T 11717 h
HR I N SN - ) B |
l J L o
\$ ! | i L] W | o
: i | e |
ﬁ ] L] : W_
11 1 H - i
T | -4 0
- ! | L ~
1 - -
- WA ]
- __ o
- I ! . 1 — . 6
LT z TR 1 ! L]
T 1T [ T1TT 1
N ) 13 _
n , T , - O
7 - L 1@
A < Il
W IREEra = 7( _ -
— - + — L 1
1 ] H __ o
L.SQ _ > N M
INS-2 1 I ) ! i )
TrE- vz > b &N
[ | & Lo H A N m\_H
21t T -
R ML TR LT
muh.Tw o s rLuMH_
3 Tl & 7 R i o
T < -
| | u_ | o T S o
BT BN = B N
TE ESCCUBEEENS
19y L e =
% [ ) I~ el ~L N ]
=TT T — T e S ™~ L H -
f S t—— T rlﬂ -
V \n.._p I e s g e Mg J...JII
7 ] | T
: i I ] [ 11 o

gOA 3A0BY L334 40 SANVSNOHL NI 3dnLiLv

DISTANCE IN MILES FROM VOR

COURSE SCALLOPING ON RADIAL FLIGHTS

10 A

FIG



ALTITUDE IN THOUSANDS OF FEET ABOVE VOR

[ NN ENEEE i [
I T | I S N S B |
T i 1] 4[—— — ;gﬂ—%‘g%I#LTOWE[\_ ch_ | i [[ T ( :
T NN, [l P SR A N 1 ‘ J
| | [ | THEORETICAL NULL LOCATIONS ! T T1]T L .
L1 [ | 1 | NOTE | -
L 1] k FTIT ! 1 4 IREEN § INBOUND B
Hele ] | e ks ~ T T, OUIBCUND v
A 4 gt
war jrasa N J0RRIAG: Hﬁﬂ-——- CEHT R ,__J[” r T
v I~ A TITITITIT 1 *_T" T J
11 i T T
HER 1] 1111 i | I X !
/ /i RE RN ] BN ! i
e 1 ! 1 mEEE
11 ] A N ‘ -
T i M ] A f T 11 T r P s w
{ '\II AT L v ] *2 g
— L NP L AR | &
B | AT = RTAL S e I g = N J o
f_ gril [ELAT] ] z
T 11 B “1 1 I | -
aul / / / L ] e E g
7] / _7L ] T T 3
A [ ] [ ] NN )
/ 4 j 0
; : H 3
f 7 I I mERN @
[IRyARri L L1111 A w
{ 1 | 4w
| . /] R ) | o
T LY | 3
— s I 1 5 ©
/ END OF FLIGHT _7_7¥ - 41 1 1 +2
4 - 1 RIS T T L ﬂ_’_J_
11 L1 E 1] L [
| |
N} 20 30 40 50 60 70 80 90 100 110 120 130 140 150
DISTANCE IN MILES FROM VOR
FIG 10 B COURSE SCALLOPING ON RADIAL FLIGHTS



ALTITUDE IN THOUSANDS OF FEE® ABOVE VOR

GOURSE SCALLOPING IN DEGREES

| T
90 PADIAL \ 117
200-T'O0T TOWER VOR
1-LOUP ANTENNA
TH.EIORET[CALINULL LOGAILLIONS TTTLLLL]
LT I ] | NOTE ] I L]
: 4+ - ~ INBOUND |
Ll ~ - ———=0UTBOUND T
/
’I / 7/ ) l
/1 /
1] / )
I ll 7 T )_/ *i¢
-/t 4 f N
AR EAT) )4 ] *
ARTY/I WAV A 4 1 -
AV T IS A !.- =N .
~ N et = A LA A » N [
/ //" L 0
/|
I
/ L
B R 4 i [ ]
If €.
{ i | | ||
{ j
f / A
”[ / Y ‘[
] { ] T ]
| END OF FLIGHT j M|
i LA ‘sz
= = o
: _
]
B 1 |
[ [1
10 20 30 40 50 60 T0 80 90 100 10 120 130 140 150
DISTANCE IN MILES FROM VOR
FIG 10 C COURSE SCALLOPING ON RADIAL FLIGHTS



$334930 NI 9NIJOTIVOS 3ISHNOD

=]
T T T T T — n
S f\l | - f } _ | =TT ——— J# -
n L | ! " “ . _ ' ! — == 1
1 ! a | [ I U A B
} L = - | o~ _
- P R _ T A
! ™7 + T f <
t - 4 1 -
J |
T - ] T T | — _
- — -+ — -1 | {1 == —
- m —- ] e
o = 1 I "
— +— -2 1S B —t -
! S=o= S
| n .
L | \ , o
| . o
- - L o iy
i
! T !
——1— - 1 — I +\\\L, —
| { | R S L
m A_ " I A o
f -t — 1+ . Ly bt— 441 =
j —— - - 4+ + _ —+ —t
T SRS
} Lo ' N T | L LD U S S S ) o
e A - — Lo
| 1 - | 1 I + | —
| i !
- - t -+ == - =+ + +—+ —1 k- -
| M —} i * ) e FE ‘+ L
L 2 L L. . L
— = — ; (o]
| . AZ o _ ! I . | | =]
me afZ| ] = ,
- ~DR Z31 1 I I | - t
- —<FE11 23 _ L L ]
_— @ e - -1 - e — | -1 —
<3ml | z3 L | , o
HRFW A , L )
smPrEinciiie - - -
F+— e 1412 |1 . | ! _| - - [
ERELE] Z 1 [ , _ i ]
T T
. r_ (o)
- , f 1~
N |
l L —3
| - i S R
L o
I ! w
A EEEERING ol .
samnEagalem S TH=
| ~ T ! HINEEE S
~
Frot Ty - Ea - —
i N : :
=1 17177 | 3 |
Tz 1T ' - -
- o4 -1~ : +1+—1 0
Lol <
o< t]
] + Pk : L L - , _
af- _ ennnsndidRARNARE
AT v el ! 1711
+3 w4l - (A o
£ } —1= ™
I — . G
2 ! - ™~ 1 "
5 BT _ T
B & f ] ; - i i
MII i L _ 2
g - = - T ]
m\{ o_w ] ~ F~] N i
] [ T I o ]
I 1 ] =2 1T e ™ !
L) o o == —~— =3 = T T - |lo
— e N Ll |~ WY I U
_ 5 Tt ] - IJMHWI. L
.‘ﬂ ll:lTu”ll.l;ul”JJIu/
f\ | 5 NN
LI o
@ ~ © w T Lt ] od — O

HOA 3A08V L334 40 SONVSNOHL Ny 3dnLiLV

DISTANGE IN MILES FROM VOR

COURSE SCALLOPING ON RADIAL FLIGHTS

10D

FIG



53349340 Ny ONIdOYT¥OIS 3ISuN09

o
] T ] _ L
n BEEESEEERRRE I b, mpu
A B s i e e n AR SR S T N
|| N . | . 1. L
1 t | n
o e e s e
' ! i —t ¢ ¥
mEE T t \mT — 1 ” 1171 —t
. : ] | + +—
— - - - Ly _ ] e
,, -
! 1] . []o
s T I, ~ | | ]
- AR SR pepssity
- — SN .
_ 1 — — o
} ol
— — T T ]
—— 4 N SR
4+ |- — ﬁ T - ]
i | I (@]
.
Id 1]
L i P
©
4 1 + — -
- Ly - . L
I
s N JI_ 1 1]
P ] [ o
m 1 Bl _ |
< | | L 4 L[
B2 a ! B
Z o= 4 | |
ES a5
1~ A5 & 4 1 - Tr T
Pz d 2o o
0
| AEsy | gE | 1 | Ll |
<Sa Zh [ |
_ 2881150 , 4
gs= 151 | B
FEEImEAR i . 1T o
A ! [ r
! /] N
—— “ -
| ! _l]o
, , _ | @
T % : ||
- | € 4
N 1 1 \ .
_ 1./ } | _ L] w
I
gz g 2l
w S ,
5 N H i 2
B 3= L3 | , N
4 L; |_ -+ DM 1 Rz — _ - | i
—-re-t431 - hieE pa N W -
| I+1| 4y SHY < f ]
-1 - OT — - s — - -0
5 wm 3 3 ™
z X . 7 I, — 3 —
z i o N ; 3
% T i 11T, 1T
E— e . TT7 11
T Tet 0 [~ Pew ™ xll_mo 1 | L]
BT = [~ 2 2
g n P, Ny ]
ﬁl _.v aauNEREE _ .rrrV\ F |
B 19 I i —
t T T _Iﬂlllr.l..Hll o T ] { | ]
vifme T s T3 ] ~ N T T o
T L S —L —~ I v I
[Tt T [~ ™ .
] , e R —
S P = = -4
_ A BR
_ [T S EEE
o
© ~ w Te) < ) o - O

dOA JA08Y 1334 40 SANYSNOHL NI JANLILY

DISTANGE IN MILES FROM VOFR

COURSE SCALLOPING ON RADIAL FLIGHTS

10 E

FIG



5334930 NI ONIJOTI¥PIS 3ISHNOD

o
N T _ _ 10
[T, N - 11
I ! 7T
u»..ll_u._lﬁln. | W T o o
rd
_ =
T - W
! g ﬂ ' o
| | | 8 ] ! m
l o 1 —
AT
L1 L N | |
O I | 1 1
! , T o
— : i ' o~
i — 1 — - - ; - -
- | -
[ S - | | ;
- ﬁ ,ﬁ —| _ [T .
,ﬁ . o
- +— + e “
- t W f
L ,
, . SV O B
sl . 3
‘ A ! =)
v - |
1 ] ,
| o
| ] 1 - [s2}
= J __
g ] A4l 1= '
- 1 1 xz= ,-l ,
[=]
22l 1 ¢ — , o
ol 4081+ 5- ) t ®
8¢ I Z i
1ge=<] e _ , !
T 1ER ] 5 | | T
Mep1 4 ﬁ ol
ng=lle [ , ~
B r Ay z f i
| 4 /
1 TR T A 3
| o
[ 1 L w\ ©w
I N I O o
L ] ™ LTS
J
< =]
T T T 1] )
™~
B I A I I ~ _ J
|1 a1 _ [ N1~
=4 H o~ L o
3 _ N _ ¥
INIE : s HH -
I T T 1120 8 el <1 , m
: , : -
5 [~ N b
-4 [ o
3 i 2
N - P -
T8 T T TS
E [ e ™~ 1 o
| | M\[ m._ I 1 o
| "o 15 L e S Y L] e - 1
nl%”l s o Tl - e i
= j _._. Jll.lalr..l.. .IHI;I 4 e
| —— =L [ | L N . o
— i e S Y B I - [T~ ~L N -
- i e Y S ! i i
i S ¥
: S w e
[ “ [ 1 o
foe) w 0 T m o — o

HOA 3A08YV 1334 40 SANVSNOHL NI 3ANLILTY

DISTANCE IN MILES FROM VOR

COURSE SCALLOPING ON RADIAL FLIGHTS

I0F

F1G



$334930 NI 9NIAOTIYIS 3ISHN0D

150

140

130

120

e

Q0

20

80

70
DISTANGE IN MILES FROM VOR

60

50

COURSE SCALLOPING ON RADIAL FLIGHTS

40

30

10 G

20
F16

Io

1 u T
L _ L
AR |
T3 759 - T ! TV T 1
_ : 1
- _ B
- a T : C
; | |
T 1 - T - — T
,
T
1 , |
d f
| i 4.1 , 4.
| 4]
,
b — F e i e 0 — 0 —
1 ! !
* g, _ |
|
| | i
= ]
s L4 W
o S I} I
_mw% &1 T I =T 1
JCHT 9 b1 11 - — b
H @ | |
sZ o 1T
Aes| £2 REE A ||
o} 7 [ 11
205,10 1
DMO‘M W —r _
SRezl -
_ L
i
# —
- —+ —
_ L
X
. | |
gl ™~ - _
: T — 1
L i 1 g1,
m - = [ - |
| — [
C = |4 oL
a L 3
5
= ] iR \uw I = i
3 RS N —_
,
=4 ! - —4—+ L 4-H
L E ; ir 4 [ . 11 -
7] . , T | W
& M i by - _ X
E . BRI . Tl
| LA ~ -
WA . [ - >
= - v G
- o N
! N Y e s e S e -
] AM 4 4 I g My
| | ,. o
|
1 ! | 1
w > < " o —

H0A 3A08Y 1334 40 SANVSNGHL NI 34Ny




§334930 NI 9NIdOTIV¥IS 3ISHNOD

o
T T
S 4 m\\wlw 1 - +— 4 i W _ JU I a | 8 I
SRR EOR N e n ks ime B gl pm
BN R k3 i m AL Sl £
BN EERN NN s 1T ] ] -
T g r [ B
| I A I | ] B ) 1117
, | 5
Rl s v 0 0 A B T sanin
% v +— -+ +—F {11 —1 ——

- 41 b RS [ o
I =
L3 | L | L I ] | ]

et e e e i -

_ — =
T SEnadEin=s NER NS ap =
14—t e ! | — o T
IS EEREE Eeoas i - - |

t Bas e H : o =
AT sy e ppasa a1y °

e FH T - g 1]

2T og T ] I N

VA ‘,ﬁ H | [o]
1 T | (]

- AZ1 o A 3 |
WN z ﬁv _ j.‘ _ L4 R ,l h

1L Jok] meﬂwr — I 1] L -

o LTEZED g2 - | _

- _ m_nmPl. WW : o

i t e W7y - 4t ——t 4-1 @

SRR ) I T I Lo
. * n,ni_imﬁ “ T T | f Hﬁ

T - 1 | J
RERE B T o
1 - ﬁ_ 111 T ; | M~
SRR sl e i o T

| Y ,
SR ESEBEES : _ b ERS P

LT T A T
Lot ! R N A I | ~

QUM st e :
i i | “ “Tleo
_ * \hy H B / _ g 1 B _ [Te]

L e ik : :

R P I R = e SIS b 4 - il

A T ] i _ 1]
u e | f /_ﬁ — ! w
T T T T T S e T ST
|| mt_ SRS ERRun RIRY. 1~ i
Lo vkl TR —t e
ol e LI T o
' w. H I b Jm b } 0

M. S
S A AN O i ot R ‘ 0 _

._— rT..“ . _Illlj.rrrulr 1T r\ T E - Q

4 t M T .m__*V T — I~ I..!.. : | od
— — F @ o1 7T - M = T
11 m+ 9 ”l,ﬁlur _ | L1 TR 11

T [ _ﬁI_L A H [ T JI,T Pl |
! | - = A ' = ) (=]
+ = iy ] - ] 4T -
| ! i a S N g e Y gy o N . ~No T
] ] T ] | , =
] f [ | ! o
o "~ w (s} <+ m o - o

HOA 3A08Y 1334 40 SANVSNOHL NI 30NLILTY

DISTANGE IN MILES FROM VOR

COURSE SGCALLOPING ON RADIAL FLIGHTS

IO H

FI1G



N
iad
™
>
_ ¥
=
' \V R —
| 4
T z T
| /A .
i / 0
/ z
! h G
f <t E
™
B
i M
...1/1
\\\\\
M-
-
.
1] B e o A
1] /
™
N
ey
[
|
\\\\
— B
lJJlJ'..J'.l
. =
o~ ¥ ] [t -+ - 5

HIDNIYLE ATI"R {ATLVTIY

10

3

2

1

ANGLE OF ELEVATION (DEGREES)

AN
k\\‘:‘:‘\\ f

RELATIVE FIELD STRENGTH

LD STRENGTH PATTERNS OQF 0 RADIAL

FI1G 11A VERTICAL PLANE FI



RELATIVE F.ELD STRENGTH

-

|1
Y

/ FaN AN
s

B
\-\\

ARNEVEAN

"

N ~

EXPANSION CF LOWER

10

]

flij
! |
\ EEENEE T

(=1

2 3 4 H 4 7 5

ANGLE OF ELEVATION {DEGREES)

RELATIVE FIELD STRENGTH

FIG 11B VERTICAL PLAMNE FIELD STRENGTH PATTERNS OF 90 RADIAL




4 .
»
bt
N A
=1
T2
ST T8
e g
// m
- M\
S|
e
- K
-
nn\\
[~
N +
R - N T <

HIDNIYLS QTAHTT JAILVIAH

10

7

2

1

0

ANGLE OF ELEVATION (DEGHREES)

a

9

10

RELATIVE FIELD STRENGTH

FIG 11C VERTICAL PLANE FIELD STRENGTH PATTERNS OF 180 HRADIAL



s il B

7N

333333333

HHHHHHHHHHHHHHHHHHHHH




BREEREE

\

AN\

EXPANSION OF LOWEA 10

N

1AN

1ir

3

2

1

HIDNIWM LS O TAId TAILVTHH

ANGLE OF ELEVATION {(DEGREEs)

RELATIVE FIELD STRENGTH

FIG 11E VERTICAL PLAME FIELD STRENGTH PATTERMNbL OF 315 RADIAL



SCALLOPING (IN DEGREES)

+10

+8

+6

+4

+2

T “‘ 15T MAX
AVERAGE OF MAXIMA ]

2ND MAX T7 N

1] b

18T MIN

FIELD STRENGTH
[T T T

FIGURES IN PARENTHESES DONATE NULL NUMBER D 3 py % 3
DEGREES
BADIAL ]L} 0
4 AZIMUTH | TERRAIN CONDITIONS IN
p{2) SYMBOL (DEGREES)| [DIRECTION OF RADIAL
) » o LEVEL GROUND WITH 3/4-MILE
\ QF 60- TO 75-FOOT TREES 'I
) L1 11 L 111
g 90 CLEAR LEVEL GROUND
1 d ] ] | 1 o
1 180 CLEAR LEVEL GROUND
1 L1 1 1 1 J
Q1) ! LARGE VALLEY WITH 1/3-MILE
270 OF 60- TO 75-FOOT TREES .
[ [ Y A Y A
(3) 215 LARGE VALLEY WITH 1/2-MILE
N = OF 60- TO 75-FOOT TREES 1
{40 (1)
g (3)
t
(2)e <~
2
(2) (4) () (3)
B {
(4) (4) (1) (1) [P
(3)
10 20 10 40 50 60 70 80 Sy

FIELD STRENGTH IN NULLS {FPER CENT OF AVERAGE OF ADJACENT MAXIMA)
FIG, 12 SCALLOPING A5 A FUNCTION OF FIELD STRENGTH IN NULLS

100



204!

COURSE SCALLOPING FOR

5204

el

y
/
|
‘ $
|
\
}
By
D oo
h‘l 0o l \ TO
= 0,025
T | NS / AIRCRAFT
\ A
\ ] REF LECTING
OBJECT
/ VOR ANTENNA T 9
h, = 14' + 204" | § A 0
N R L
/ f
] 2 77
b o
' ;
. 4 N ‘\
' \ ] \ P N,
= ’I .\\ ‘,‘ ~ N
-’ -
l r ” e h__ -
-
L 1-F
0 05 1o 15 20 25 3,0 35 40

g IN DEGREES

FIG. 13 THEORETICAL COURSE SCALLOPING VERSUS VERTICAL ANGLE




100

52.04 COURSE SCALLOPING FOR L, = 204!

14

‘ _— a
10 ™ ﬁ ‘\J 8=0613"
7 i To -
< AIRCRAFT \\
4 \
7 | l \] Y
- REFLEC TING r \ [/
VOR ANTENNA | |/ OBJECT | / \
NNA | X
|
< P A \ ” X
01 N Ae f
h, b
L
i
-~ P "t — — = —rr
D
00l
0 0001 0 001 0ol ~— — 01—
S04 _ 0
514
h

1
D

FIG, 14 THEORETICAL COURSE SCALLOPING VERSUS REFLECTOR LOCATION



