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English/Metric Con-version Factors 

Length 

~ 0 Cm m Km in ft s mi nmi 

Cm 1 0.01 1x 1 o-s 0.3937 0.0328 6.21x10"6 5.39x 10·6 

m 100 1 0.001 39.37 3.281 0.0006 0.0005 
Km 100,000 1000 1 39370 3281 0.6214 0.5395 
in 2.540 0.0254 2.54x1o·S 1 0.0833 1.58x1o·5 1.37x 1 o·S 

ft 30.48 0.3048 3.05x1o·4 12 1 1.89x 1 o·4 1.64x10·4 

S mi 160,900 1609 1.609 63360 5280 1 0.8688 
nmi 185,200 1852 1.852 72930 6076 1.151 1 

Area 

~ 0 cm2 m2 Km2 in2 ft2 S mi2 nmi2 

Cm2 1 0.0001 1x1Q·10 0.1550 0.0011 3.86x1o· 11 

m2 10,000 1 1x1Q·6 1550 10.76 3.86x1o·7 

Km2 1x1o10 1x106 1 1.55x109 1.08x107 0.3861 
in2 6.452 0.0006 6.45x1o·10 1 0.0069 2.49x1o·10 
ft2 929.0 0.0929 9.29x1o·B 144 1 3.59x1o·B 
S mi2 2.59x1o 10 2.59x106 2.590 4.01x109 2.79x107 1 
nmi2 3.43x1o10 3.43x1o6 3.432 5.31x109 3.70x107 1.325 

Volume 

I~ 0 Cm3 Liter m3 in3 ft3 yd3 fl oz fl pt 

cm3 1 0.001 1 x 1 o-6 0.0610 3.53x 10·5 1.31x10·6 0.0338 0.0021 
liter 1000 1 0.001 61.02 0.0353 0.0013 33.81 2.1 13 
m2 1x106 1000 1 61,000 35.31 1.308 33.800 2113 
in3 16.39 0.0163 1.64x 1 o·S 1 0.0006 2.14x1o-5 0.5541 0.0346 
ft3 28.300 28.32 0.0283 1728 1 0.0370 957.5 59.84 
yd3 765,000 764.5 0.7646 46700 27 1 25900 1616 
fl oz 29.57 0.2957 2.96x1Q·5 1.805 0.0010 3.87x1o-s 1 ·0.0625 
fl pt 473.2 0.4732 0.0005 28.88 0.0167 0.0006 16 1 
fl Qt 946.3 0.9463 0.0009 57.75 0.0334 0.0012 32 2 
gal 3785 3.785 0.0038 231.0 0.1337 0.0050 128 8 

Mass 

~ 0 g Kg oz lb ton 

9 1 
Kg 1000 
oz 28.35 
lb 453.6 
ton 907,000 

0.001 0.0353 0.0022 
1 35.27 2.205 
0.0283 1 0.0625 
0.4536 16 1 
907.2 32,000 2000 

Temperature 

°C = 5/9 (°F - 321 

°F = 9te ~PC I + 32 

ii 

1.1 Ox 10·6 
0.0011 
3.12x1o-s 
0.0005 
1 

5.11x1o· 11 

5.11x10"7 

0.2914 
1.88x1o· 10 
2.71x1o·8 

0.7548 
1 

fl Qt 

0.0010 
1.057 
1057 
2113 
0.0173 
807.9 
0.0312 
0.5000 
1 
4 

gal 

0.0002 
0.2642 
264.2 
0.0043 
7.481 
202.0 
0.0078 
0.1250 
0.2500 , 
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plotted from computer data. 
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CAT II glide slope structure with the Mark 1E monitor 
tower in place. 

Comparison of the measured and modeled Mark 1E glide slope 
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Plot of the measured glide slope structure for the 
St. Louis 30R CAT II facility with the Mark 1E monitor 
tower removed. Digitized and plotted from computer data. 

View of the null reference glide slope site serving runway 
18R, DFW, January 4, 1984. 
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Low approach recording for runway 18 at Greenville, SC. 

Low approach recording showing improved glide slope path 
structure for runway 18 at Greenville, SC. 

Differential amplifier trace representing glide slope path 
for the "as-found" conditions at Bristol, TN. 

Differential amplifier trace representing improved glide 
slope path structure at Bristol, TN. 

Low approach recording showing final glide slope path 
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Low approach recording showing the "as-found" glide slope 
path structure at DeKalb-Peachtree. 

Low approach recording showing the improved glide slope 
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Far-field. monitoring site near the Pont.iac middle 
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Receiving and recording systems used for data collection. 
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Polar plot of relative field intensity level for 
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Polar plot of relative field intensity level for 
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Typical COl plot. 

Contour map of predicted peak COl perturbations in 
ILS Zone 2 for a C-440. 

Critical area map for CAT II/III tolerances relating 
to R-500 aircraft. R-500 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 

Contours of peak COl values produced in ILS Zone 2 for 
an R-500. R-500 fuselage is perpendicular to runway 
centerline, with tail away from the runway. 
Null reference glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is 
parallel to runway cen~~~line, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 

Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to C-440 ~irc1~ft. ~-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-~40 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Null 
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v 

Page No. 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 



2-42 

2-43 

2-44 

2-45 

2-46 

2-47 

2-48 

2-49 

2-50 

LIST OF FIGURES (continued) 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 

Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is parallel to run­
way centerline with tail towards the mast. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is parallel to runway cen­
terline, witt1 tail towards the mast. Null reference 
glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 

Contours of peak CUI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 

Critical area map for CAT I tolerances relating to 
DC-9 aircraft. DC-9 fuselage is perpendicular to run­
way centerline w-ith tail away from the runway. Null 
reference glide slope, directional antennas. 

Critical area map for CAT U/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
H and ILS Point C for a DC-9. DC-9 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is perpen­
dicular to runway centerline, with tail away from run­
way. Null reference glide slope, directional anten­
nas. 

Critical area map for CAT I tolerances relating to 
DC-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antenna3. 

Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is parallel to runway center­
line, with tail towards the mast. Null reference 
glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is parallel 
to runway centerline, Iilith tail towards the mast. 
Null reference glide slope, directional antennas. 

Critical ar•!a map for CAT I tolerances relating to 
B-727 aircrdft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. rl-727 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-727. B-727 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 

Critical area map ,for CAT I tolerances relating to 
B-727 aircraft. B-727 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is parallel to run­
way centerline with tail towards the mast. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is parallel to runway cen­
terline, with tail towards the mast. Null reference 
glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-727. B-727 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 
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Critical area map for CAT I tolerances relating to 
B-747 aircraft. B-747 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to B-747 aircraft. B-747 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a B-747. B-747 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-747. B-747 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a B-747. B-747 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 

Critical area map for CAT I tolerances relating to 
B-747 aircraft. B-747 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to B-747 aircraft. B-747 fuselage is parallel to run­
way centerline with tail towards the mast. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a B-747. B-747 fuselage is parallel to runway cen­
terline, with tail towards the mast. Null reference 
glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-747. B-747 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten­
nas. 
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Contours of peak CDI values produced between ILS Point C 
and threshold for a B-747. B-747 fuselage is parallel 
to runway centerline, with tail towards the mast. Null 
reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
an R-500. R-500 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Sideband reference glide slope, direc­
tional antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 

Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Sideband reference glide slope, direc­
tional antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
antennas. 

Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is parallel to runway 
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is parallel to run­
way centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is parallel to runway cen­
terline, with tail towards the mast. Sideband 
reference glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 

Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 

Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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LIST OF FIGURES (continued) 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
antennas. 

Contours of peak COl values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is perpen­
dicular to runway centerline, with tail away from run­
way. Sideband reference glide slope, directional 
antennas. 

Critical area map for CAT I tolerances relating to 
OC-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 

Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is parallel to run­
way centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 

Contours of peak COl values produced in ILS Zone 2 for 
a OC-9. OC-9 fuselage is parallel to runway center­
line, with tail towards the mast. Sideband reference 
glide slope, directional antennas. 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a OC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 

Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 

Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
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Figure 2-1. Plot of the "as found" St. Louis 30R CAT II glide slope 
structure. Digitized and plotted from computer data. 
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Figure 2-7. View of the null reference glide slope site serving runway 
l8R, DFW, January 4, 1984. 

Figure 2-8. Ground-based radio telemetering theodolite used by Ohio 
University to provide the reference for the flight 
measurements on the l8R glide slope at DFH. 
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Figure 2-9. Mini-Lab Mark IliA used by Ohio University in a 
craft Model A-36 to collect flight data. Shown 
right is the IFR 401-L ILS calibration transfer 
traceable to the National Bureau of Standards. 

Beech-
on the 
<:>tandard 
With this 

equipment, calibration can be accomplished between data 
runs in flight. 
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Figure 2-10. Copy of flight recording showing the vertical structure of 
the glide path. This record was obtained by flying at 
1000 feet above the elevation of the glide slope site. 
A path angle of 3.03 degrees with a width of 0.74 degree 
and a symmetry of 46:54 are evident. 
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Figure 2-ll. Copy of flight record 4-l2A made on a low approach to 
runway l8R. The trace is that of the differential 
ampliFier output which is representative of the path 
position in space. A maximum of 76 % of the allowable 
structure tolerance is indicatea. 



I ...... 
...... 
I 

~ 

0 
0 

• 

~ O' --

g v 
I 3.3 3.0 2.7 

(£'1EGRHS) 

Figure 2-12. Level run recording showing vertical structure of glide 
slope facility at Wheeling, WV. 



I ...... 
N 
I 

8 
'T 

CAT I TOL. 

~ 
~ 0 ......... 

DIFF 
AMP 

'lo.CTUAL 
PATH ANGLE 

3.05" 

0 
0 
-~·~----~------------------------------------------------~----------------------
+rH Pt. Pt. Pt. 

C B A 

Figure 2-13. Low approach recording sho~ing p~th structure of glide 
slope facility at Wheeling, WV. 



,_ ' ., 
\ 

Figure 2-14. View of the tree line running parallel to 
runway at Wheeling, WV. after cutting. Original 
tree line profile is shown by dotted line. 

Figure 2-15. Additional view of the glide slope facility at 
Wheeling, WV. 
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for the "as-found" conditions at Bristol, TN. 



I ...... 
00 
I 

I 
I - r 

-- f - i-

1 

+--
L_ ·i-- + -~--
1 I , I • , ~ ' ~· .I L' ' """' ENOoN.,AONO _j_-.,.! 70'fj, _Q<' - r-- 1 -- j - 1!!!11£ .,:•;,::.:~.~ •-- - ""' I· •• _ 

r-o L£ll'l~d -l' -: ... .-..t_._ r l---L 1Rt· ''"' - '.1/>JU ;;;._,. • .__ + ----~---dt,-- .. --t--. I '""""ce~'=> .... ~'M"'"''"'' --
- - . : : ' I I ' Typo c .......... ~.omoo -' I IO f-1 I __ - J'UY! 100 •••• ,_ : rl ;~ ----~ A~rcr•ft '"''--'--- C.I·Scale PEN"'--~ 

r 'ai!CON" 1 I cowrnc.l'arl!IM, ~~PEN#2 --

1 : I :;-- I_ I :..........,.. '··l:~. ···no__.""" .. , - ' 

AVIONICS ENGINEERING CENTER ~ :---i---r -r-- -+---t---'- ---+- ·--~-
1
. I __ I I 'I I+ I I I ' : I , _ _, ___ [ ___ , -r---1---r----+- ---. 
I ' I I I ' i I ' 

I 

Tl41\LC:. 
PT.c. 

I . - C3- - - I .... ),QQ ... 

r· I ,_ '""' ---------
1 

· I 2o_ --, ._... -N\ 
1-- " - -I ~--- ~~~-- i NOili'MI. "fh, 

I I ! 1 L--1-- " -·~ 
i ~ . 1--- -G~- -· --- ' I , ""_"""'"',."'"'"Ohoou=:'s .. ,~co"o 

-+-- I ' I , , --._.,. "'''"'od ""' momiO•Ood '"FAA ' 1 I CentMwo,.equopment I I lLS J ' !-
PT.s 

---f-. 

Figure 2-20. Differential amplifier trace representing improved glide 
slope path structure at Bristol, TN. 
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Figure 2-21. Low approach recording showing final glide slope path 
structure at Bristol, TN. 
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Figure 2-24. Far-Field monitoring site near 
the Pontiac middle marker. 
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Figure 2-25. Receiving and recording systems 
used for data collection. 

Figure 2-26. Interior of 2~ ton truck used as equipment 
shelter at the far-field monitoring site. 
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Figure 2-27. Polar plot of relative field intensity level for half­
wave dipole radiating elements. 
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Figure 2-28. Polar plot of relative field intensity level for 
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Figure 2-32. Typical CDI plot. Perturbations are caused by a Convair C-440. 
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Figure 2-35. Contours of peak CDI values produced in ILS Zone 2 for 
an R-500. R-500 fuselage is perpendicular to runway 
centerline, with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-36. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
antennas. 
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Figure 2-37. Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 
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Figure 2-38. Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten-
nas. 
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Figure 2-39. Critical area map for CAT I tolerances relating to 
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Null reference glide slope, directional antennas. 
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Figure 2-40. Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-41. Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is perpendicular to runway 
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Figure 2-42. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
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Figure 2-43. Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is per­
pendicular to runway centerline, with tail away from 
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Figure 2-44. Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-45. Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is parallel to run­
way centerline with tail towards the mast. Null 
reference glide slope, directional antennas. 
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Figure 2-46. Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is parallel to runway cen­
terline, with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-47. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten-
nas. 
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Figure 2-48. Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional antennas. 
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Figure 2-49. Critical area map for CAT I tolerances relating to 
DC-9 aircraft. DC-9 fuselage is perpendicular to run­

. way centerline with tail away from the runway. Null 
reference glide slope, directional antennas. 
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Figure 2-50. Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-51. Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is perpendicular to runway 
centerline, with tail away from the rum~ay. Null 
reference glide slope, directional antennas. 
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Figure 2-52. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 
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Figure 2-53. Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is perpen­
dicular to runway centerline, with tail away from run­
way. Null reference glide slope, directional anten-
nas. 
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Figure 2-54. Critical area map for CAT I tolerances relating to 
DC-9 aircraft. DC-9 fuselage is parallel to runway 
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Figure 2-55. Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-56. Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is parallel to runway center­
line, with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-57. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten-
nas. -54-



.....,. 

...... 
LLJ 
I.Ll 
u.. 
~ 

...... 
(1) 
a: 
:s:: 

u.. 
10 

...... 
z 
10 
a: 
u.. 
z ..... 
LLJ 
u 
z 
a: 
...... 
(1) ..... 
Cl 

1200.0 

1100.0 [l 
1000.0 

900.0 

800.0 

700.0 

600.0 

500.0 

1100.0 

300.0 

200.0 

100.0 

o.o 
MAST 

0.0 100.0 200.0 300.0 1100.0 500.0 600.0 700.0 800.0 
DISTANCE FROM RUNWAY CENTERLINE (fEETl 

Figure 2-58. Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is parallel 
to runway centerline, with tail towards the mast. 
Null reference glide slope, directional antennas. 
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Figure 2-59. Critical area map for CAT I tolerances relating to 
B-727 aircraft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-60. Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-61. Contours of peak CD! values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Null 
reference glide slope, directional antennas. 
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Figure 2-62. Contours of peak CDI values produced between ILS Point 
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perpendicular to runway centerline, with tail away 
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Figure 2-63. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 
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Figure 2-64. Critical area map for CAT I tolerances relating to 
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Figure 2-65. Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is parallel to run­
way centerline with tail towards the mast. Null 
reference glide slope, directional antennas. 
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Figure 2-66. Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is parallel to runway cen­
terline, with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-67. Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-727. B-727 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten-
nas. 

-64-



-.. 
t-
UJ w 
~ 

1--
en 
a: 
s:: 

u... 
D 

t-
z 
c 
a: 
u... 
z -
LLJ 
u z 
a: 
t-
en -0 

1200.0 

1100.0 

[l 1000.0 

900.0 

800.0 

700.0 

600.0 0 
500.0 

~oo.o 

300.0 

200.0 

100.0 

o.o 
HAST 

0.0 100.0 200.0 300.0 ~00.0 500.0 600.0 700.0 800.0 
niSTANCE FRCM RUNWAY CENTERLINE (FEETl 

Figure 2-68. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional antennas. 
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Figure 2-69. Critical area map for CAT I tolerances relating to 
B-747 aircraft. B-747 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-70. Critical area map for CAT II/III tolerances relating 
to B-747 aircraft. B-747 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Null reference glide slope, directional antennas. 
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Figure 2-71. Contours of peak CDI values produced in ILS Zone 2 for 
a B-747. B-747 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Null 
reference glide slope, directional antennas. 
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Figure 2-72. 

DISTANCE FRCM RUNWAY CENTERLINE (fEET) 

Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a B-747. B-747 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Null reference glide slope, directional 
antennas. 
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Figure 2-73. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-747. B-747 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Null reference glide slope, directional 
antennas. 
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DISTANCE FRaM RUNWAY CENTERLINE (FEETl 

Critical area map for CAT I tolerances relating to 
B-747 aircraft. B-747 fuselage is parallel to runway 
centerline with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-75. Critical area map for CAT II/III tolerances relating 
to B-747 aircraft. B-747 fuselage is parallel to run-
way centerline with tail towards the mast. Null 
reference glide slope, directional antennas. 
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Figure 2-76. Contours of peak CD! values produced in ILS Zone 2 for 
a B-747. B-747 fuselage is parallel to runway cen­
terline, with tail towards the mast. Null reference 
glide slope, directional antennas. 
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Figure 2-77. Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-747. B-747 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Null reference glide slope, directional anten-
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Figure 2-78. Contours of peak CDI values produced between ILS Point C 
and threshold for a B-747. B-747 fuselage is parallel 
to runway centerline, with tail towards the mast. Null 
reference glide slope, directional antennas. 
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Figure 2-79. Contours of peak CDI values produced in ILS Zone 2 for 
an R-500. R-500 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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Figure 2-80. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Sideband reference glide slope, direc­
tional antennas. 
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Figure 2-81. Contours of peak CD! values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
antennas. 
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Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
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mast. Sideband reference glide slope, directional 
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Figure 2-83. Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-84. Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 
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Figure 2-85. Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 
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Figure 2-86. Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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Figure 2-87. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Sideband reference glide slope, direc­
tional antennas. 
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Figure 2-88. Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C~440 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
antennas. 
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Figure 2-89. Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is parallel to runway 
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-90. Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is parallel to run­
way centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-91. Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is parallel to runway cen­
terline, with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-92. Contours of peak CDI values produced between ILS Poinl 
B and ILS Point C for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-93. Contours of peak CD! values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-94. Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 
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Figure 2-95. Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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Figure 2-96. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
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Figure 2-97. Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is perpen­
dicular to runway centerline, with tail away from run­
way. Sideband reference glide slope, directional 
antennas. 
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Figure 2-98. Critical area map for CAT I tolerances relating to 
DG-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 

-95-



1200.0 ---y------ ---------- -------------

..... 
1-
UJ 
UJ 

1100.0 

1000.0 

900.0 

800.0 

~ 700.0 
1-
U) 
a: 
::1: 600.0 
"-10 

1-z 
~ 500.0 
LL. 

z -
~ ~00.0 
z a: 
1-
U) -Cl 300.0 

200.0 

100.0 

0.0 

>-a: 
:z 
z 
:::l 
a: 

EJ 

EJ 

El 

El El 

(:1 (:1 

(:1 EJ 

EJ EJ 

EJ 

EJ 

IIIIIIIJIIIIIIIIIJIIillllillllllllliilll f'lTTTT 

MAST 
0.0 100.0 200.0 300.0 ~00.0 500.0 600.0 700.0 800.0 

DISTANCE FROM RUNWAY CENTERLINE (fEETl 

Figure 2-99. Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is parallel to run­
way centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-100. Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is parallel to runway center­
line, with tail towards the mast. Sideband reference 
glide slope, directional antennas. 
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Figure 2-101. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-102. Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Sideband reference glide slope, directional antennas. 
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Figure 2-104. Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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Figure 2-105. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a B-727. B-727 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Sideband reference glide slope, direc­
tional antennas. 
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Figure 2-106. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is per­
pendicular to runway centerline, with.tail away from 
runway. Sideband reference glide slope, directional 
antennas. 
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Figure 2-107. Critical area map for CAT I tolerances relating to 
B-727 aircraft. B-727 fuselage is parallel to runway 
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-108. Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is parallel to run­
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-109. Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is parallel to runway cen­
terline, with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-110. Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-727. B-727 fuselage is 
parallel to runway centerline, with tail towards the 
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Figure 2-111. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-112. Critical area map for CAT I tolerances relating to 
B-747 aircraft. B-747 fuselage ·is perpendicular to 
runway centerline with tail away from the runway. 
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Figure 2-114. Contours of peak CDI values produced in ILS Zone 2 for 
a B-747. B-747 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Sideband 
reference glide slope, directional antennas. 
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Figure 2-115. Contours of peak CD! values produced between ILS Point 
B and ILS Point C for a B-747. B-747 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Sideband reference glide slope, direc­
tional antennas. 
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Figure 2-116. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-747. B-747 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Sideband reference glide slope, directional 
antennas. -113-
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Figure 2-117. Critical area map for CAT I tolerances relating to 
B-747 aircraft. B-747 fuselage is parallel to runway 
centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-118. Critical area map for CAT II/ III tolerances relating 
to B-747 aircraft. B-747 fuselage is parallel to run­
way centerline with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-119. Contours of peak CDI values produced in ILS Zone 2 for 
a B-747. B-747 fuselage is parallel to runway cen­
terline, with tail towards the mast. Sideband 
reference glide slope, directional antennas. 
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Figure 2-120. Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-747 •. B-747 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-121. Contours of peak CDI values produced between ILS Point 
C and threshold for a B-747. B-747 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Sideband reference glide slope, directional 
antennas. 
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Figure 2-122. Contours of peak CDI values produced in ILS Zone 2 for 
an R-500. R-500 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Capture 
effect glide slope, directional antennas. 
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Figure 2-123. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for an R-500. R-500 fuselage is 
perpendicular to runway centerline, with tail away 
from runway. Capture effect glide slope, directional 
antennas. 
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Figure 2-124. Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Capture effect glide slope, directional 
antennas. 
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Figure 2-125. Contours of peak CDI values produced between ILS Point 
C and threshold for an R-500. R-500 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Capture effect glide slope, directional anten-
nas. -122-
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Figure 2-126. Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Capture effect glide slope, directional antennas. 

-123-



-...... 
liJ 
liJ 
LL.. -
...... 
(I) 
a: s: 
LL.. 
1:) 

...... 
z 
1:) 
a: 
LL.. 

z -
liJ 
(..) 
z 
a: ...... 
(I) -c 

1200.0 ~---------------------------------------------, 

1100.0 1 

1000.0 

900.0 

800.0 

EJ 

700.0 EJ 

EJ 

800.0 EJ 

EJ 

500.0 El El 

El El 

Y.OO.O El El 

El 

300.0 EJ 

EJ 

200.0 EJ 

>- EJ a: 
100.0 ::z: 

:z EJ El 
::;::) 
a: El 

o.o 

0.0 100.0 200.0 300.0 Y.OO.O 500.0 800.0 700.0 800.0 
DISTANCE FROM RUNHAY CENTERLINE tFEETl 

Figure 2-127. Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Capture effect glide slope, directional antennas. 
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Figure 2-128. Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Capture 
effect glide slope, directional antennas. 
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Figure 2-129. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
perpendicular to runway centerline, with tail away 
from run~ay. Capture effect glide slope, directional 
antennas. 
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Figure 2-130. Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Capture effect glide slope, directional 
antennas. 
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Figure 2-131. Critical area map for CAT I tolerances relating to 
C-440 aircraft. C-440 fuselage is parallel to runway 
centerline with tail towards the mast. Capture effect 
glide slope, directional antennas; 
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Figure 2-132. Critical area map for CAT II/III tolerances relating 
to C-440 aircraft. C-440 fuselage is parallel to 
runway centerline with tail towards the mast. Capture 
effect glide slope, directional antennas. 
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Figure 2-133. Contours of peak CDI values produced in ILS Zone 2 for 
a C-440. C-440 fuselage is parallel to runway cen­
terline, with tail towards the mast. Capture effect 
glide slope, directional antennas. 
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Figure Z-134. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Capture effect glide slope, directional anten-
nas. 
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Figure 2-135. Contours of peak CDI values produced between ILS Point 
C and threshold for a C-440. C-440 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Capture effect glide slope, directional anten-
nas. 

-132-



-...... 
UJ 
L&J 
1.1.. 
~ 

...... 
(f) 
ex 
~ 

1.1.. 
E) 

...... 
:z: 
E) 
a: 
1.1.. 

:z: -
L&J 
u z 
ex ...... 
(f) -Cl 

1200.0~---------------------------------

1100.0 1 

1000.0 

900.0 

800.0 

El 

700.0 El 

El 

600.0 El 

El El 

500.0 El 

El El El 

1!00.0 El El 

El 

300.0 EJ 

200.0 EJ 

>- El a: 
100.0 :z 

z El El 
:::::> 
a: EJ El 

0.0 

MAST 
o.o 100.0 200.0 300.0 1!00.0 500.0 600.0 700.0 800.0 

DISTANCE FROM RUNWAY CENTERLINE CFEETl 

Figure 2-136. Critical area map for CAT II/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Capture effect glide slope, directional antennas. 
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Figure 2-137. Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Capture 
effect glide slope, directional antennas. 
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Figure 2-138. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is per­
pendicular to runway centerline, with t~il away from 
runway. Capture effect glide slope, directional 
antennas. 
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Figure 2-139. Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is perpen­
dicular to runway centerline, with tail away from run­
way. Capture effect glide slope, directional 
antennas. 
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Figure 2-140. Critical area map for CAT I tolerances relating to 
DC-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Capture effect 
glide slope, directional antennas. 
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Figure 2-141. Critical area map for CAT 11/III tolerances relating 
to DC-9 aircraft. DC-9 fuselage is parallel to runway 
centerline with tail towards the mast. Capture effect 
glide slope, directional antennas. 
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Contours of peak CDI values produced in ILS Zone 2 for 
a DC-9. DC-9 fuselage is parallel to runway center­
line, with tail towards the mast. Capture effect 
glide slope, directional antennas. 
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Figure 2-143. Contours of peak CDI values produced between ILS Point 
B and ILS Point C for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Capture effect glide slope, directional anten-
nas. -140-
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Figure 2-144. Contours of peak CDI values produced between ILS Point 
C and threshold for a DC-9. DC-9 fuselage is 
parallel to runway centerline, with tail towards the 
mast. Capture effect glide slope, directional anten-
nas. -141-
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Figure 2-145. Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is perpendicular to 
runway centerline with tail away from the runway. 
Capture effect glide slope, directional antennas. 
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Figure 2-146. Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is perpendicular to runway 
centerline, with tail away from the runway. Capture 
effect glide slope, directional antennas. 
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Figure 2-147. Contours of peak CDI values produced between ILS Point 
Band ILS Point C for a B-727. B-727 fuselage is 
perpendicular to runway centerline, with tall away 
from runway. Capture effect glide slope, directional 
antennas. -144-
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Figure 2-148. 
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Contours of peak CDI values produced between ILS Point 
C and threshold for a B-727. B-727 fuselage is per­
pendicular to runway centerline, with tail away from 
runway. Capture effect glide slope, directional 
antennas. -145-
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Figure 2-149. Critical area map for CAT I tolerances relating to 
B-727 aircraft. B-727 fuselage is parallel to runway 
centerline with tail towards the mast. Capture effect 
glide slope, directional antennas. 
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Figure 2-151. Contours of peak CDI values produced in ILS Zone 2 for 
a B-727. B-727 fuselage is parallel to runway cen­
terline, with tail towards the mast. Capture effect 
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Contours of peak CDI values produced between ILS Point 
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-164-



1-
4.1 
4.1 
~ 

1-
en 
a: 
::1: 

~ 
10 

1-
z: 
10 
a: 
~ 

z: 

4.1 
L) 

z: 
a: 
1-
en ..... 
c 

1200.0 ~----------------------------------------------~ 

1100.0 

1000.0 [l 
900.0 

800.0 

El El 

700.0 El El El El 

El El El El El 

600.0 El El El 

El El El El El 

500.0 El El El 

El El El 

1100.0 El El 

El El El 

300.0 El El 

El El 

200.0 El 

>-
a: El 

100.0 ~ 
:z: 
:::::> 
a: 

0.0 

HAST 
0.0 100.0 200.0 300.0 1100.0 500.0 600.0 700.0 800.0 

DISTANCE FROM RUNWAY CENTERLINE (fEETl 

Figure 2-168. Critical area map for CAT I tolerances relating to 
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Figure 2-169. Critical area map for CAT II/III tolerances relating 
to B-727 aircraft. B-727 fuselage is parallel to run­
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Figure 2-208. CDI trace showing the effect of decreasing depth of 
depression at Y=900' to 601.85' MSL for modified profile. 
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Figure 2-209. CDI trace showing the effect of decreasing depth of 
depression at Y=900' to 602.85' MSL for modified profile. 
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Figure 2-211. Sensitivity of ARDH to depth of depression at Y=900' for 
modified profile. 
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Figure 2-212. CDI trace showing the effect of decreasing depth of 
depression at Y=1242' to 599.85' MSL for modified profile. 
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Figure 2-214. CDI trace showing the effect of decreasing depth of 
depression at Y=1242' to 601.85' MSL for modified profile. 
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Figure 2-217. Sensitivity of ARDH to depth of depression at Y=l242' for 
modified profile. 
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depression at Y•l600' to 598.85' MSL for modified profile. 



I 
N ,_. 
0\ 
I 

0 . 
0 
0 -I 
0 
0 
0 . 

-o 
(f)ll) 

o...' 
L 
a: 
0 
a: 

PROFILE 32A 

ADH = Y9. 0 FT. 

AADH = SY. 6 FT. 

ug++ ....... . 
;EO 

-...... 
......, 

....... 0 
Do 
uo . 

0 
ll) 

0 
0 
0 
• 

0 
0 I I I 

-o.oo 
I I I I 

so. 000 100. 000 1 so. 000 200. 000 2 2SO. 000 300.000 
I - DISTANCE (fTl (XlO J 
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depression at Y=l600 1 to 599.85 1 MSL for modified profile. 
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depression at Y=l600' to 600.85 1 MSL for modified profile. 
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Figure 2-221. CDI trace showing the effect of decreasing depth of 
depression at Y=1600' to 601.85' MSL for modified profile. 
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modified profile. 
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Figure 2-226. Topographic map of proposed glide slope critical area 
terrain at runway 9R, Chicago O'Hare International 
Airport. 
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* O'HARE RUNWAY 9R GLIDE SLOPE TERRAIN MODEL 
SECTION 1 
NO OF PTS ·10 1 
COORD. 0.0 0.0 0.0 

0.0 1170.0 2.5 
0.0 1220.0 4.5 
0.0 1380.0 4.5 
0.0 14q!0.0 3.5 
0.0 2030.0 2.5 
0.0 2510.0 3.5 
0.0 30'30.0 5.5 
0.0 4000.0 3.5 
0.0 20000.0 1. 5 

SECTION 2 
THEODOLITE 360.00 0.0 0.00 3.00 0.7 
SECTION 3 
ANT DATA 2 331.7 0.400 0.300 0.900 
POSITION 1 360.860 0.000 15.15 

0.0 0.0 1. 0 0.0 0.0 0.0 
POSITION 2 359.140 0.000 30.30 

1. 0 0.0 0.0 0.0 0.0 0.0 
I SECTION It 

N PATTERN 3 50 1 0.0 30000.0 3.0 
N 
U1 0.0 1000.0 
I SECTION 5 

OUTPUT 3 1 2 30000.0 0.0 100.0 -100.000000000000 ... 
Rl 

Figure 2-228. Sample of input data file for mathematical model OUGS. 
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terrain profile shown in figure 2-227, with Category I 
tolerances applied. 
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Figure 2-231. Examples of the shapes of irregular terrain considered. 
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Figure 2-234. Profiles of the shapes of irregular terrain considered 
initially for sensitivity analysis. 
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• RDH SENSITIVITY 
SECTION 1 
NO OF PTS 6 1 
COORD. -0.0 0.0 0.0 

0.0 1400.0 0.0 
0.0 14~0.0 10.0 
e.0 1:5:50.0 10.0 
0.0 1600.0 0.0 
e.e :5000.0 10.0 

SECTION 2 
THEODOLITE 400.00 0. 0 0.00 3.00 0.7 
SECTION 3 
ANT DATA 2 331.1 0.408 0.300 0.900 
POSITION 1 400.333 0.000 14.13 

0.0 0.0 1. 0 0.0 0.0 0.0 
POS!TION 2 399.667 0.000 28.26 

1. 0 0. 0 0.0 0.0 0.0 0.0 
SECTION 4 
PATTERN 3 21 1 0.0 2~300.0 3.0 

0.0 4:500.0 
SECTION ~ 
OUT=•u.,.. 3 1 2 30001:1.0 0.0 100.0 -100.0000000000~0 

Figure 2-237. Example of an input for the mathematical model OUGS. 
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Figure 2-243. Simulated differential amplifier recordings for a 
triangular-shaped elevation of 10' duration and 10' high, 
located at 2100' to 2500' from the antenna mast. 
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Figure 2-244. Simulated differential amplifier recordings for a 
triangular-shaped elevation of 10' duration and 10' high, 
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Figure 2-245. Simulated differential amplifier recordings for a 
triangular-shaped elevation of 10' duration and 10' high, 
located at 3100' to 3500' from the antenna mast. 
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Figure 2-246. Simulated differential amplifier recordings for a 
triangular-shaped elevation of 10' duration and 10' high, 
located at 3600' to 4000' from the antenna mast. 
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Figure 2-247. Simulated differential amplifier recordings for a 
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Figure 2-255. Sensitivity curves for deviation of RDH and ARDH from 
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and a height of 2, 4, 6, 8, and 10'. 
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Figure 2-267. Picture of the tree l1ne after cuttin~ at 
Wheeling, WV. The sideband reference glide 
slope is located 250' off centerline and 
the row of trees is located approximately 
300' off centerline. This is the condition 
for the measurements shown in Figure 2-269. 
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Figure 2-278. Measured raw CDI and differential CDI traces from 
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Figure 2-295. Filtered, zero-mean, CDI traces; SGH 23-19. 



I 
N 
\0 
~ 
I 

"""" N 
:r: ......., 

0 
0) 

-N 
:r: ......., 

0 
l/) 
~ 

0 
0 
0 . 

DATE : 
RUN NUH. 
FACILITY 

23 APR 80 
23-20 
SGH CE 

---- RAW - - - - - CALCULATED 

RHS = 9.1.!5 

~+o-.-oo-o----r--------r------1------+-----~-------~ 
60.000 90.000 120.000 150.'!f,O 180.000 210.000 

0 I STANCE lFTl (X 10 l 

Figure 2-296. Filtered, zero-mean, CDI traces; SGH 23-20. 



3-D TERRAIN PROFILE USED IN MODEL CALCULATION OF REDBIRD 

z 
1 0 

y 1 3 0 1 0 0 1 2 0
1
0 0 1 1 0 10 0 1 :?I 0 

-10 

-20 

-30 
.A7 't .'k l:ftft I 

I 
N 
\0 
VI 
I r40 

-so 

Figure 2-297. ROB terrain profile. 



,..... 
N 
:r: ........, 

0 
m 

I 
N 
\0 
0\ 
I 

........ 
N 
:r: -
0 
U1 -

0 
0 
0 . 
0 
([) 

I 

0 
0 
0 . 
0 
::1' 
I 

,...... 
CI 
::Jo 
~o 

t-tc:i 
D 
u 

0 
0 
0 . 
0 
::1' 

0 
0 
0 . 

DATE : 25 AUG 82 
RUN NUM. : 25-0Y 
FACILITY : ROB CE 

---- RAH - - - - - CALCULATED 

AHS = 5.66 

0+-------+--------+-------+-------+--------+----~ 

~0.000 60.000 90.000 120.000 150.~0 180.000 210.000 
0 I STANCE (fll fX 10 J 

Figure 2-298. Filtered, zero-mean, CDI traces; RDB 25-04. 
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Figure 2-300. Measured raw CDI and differential CDI traces from 
aircraft recorder. 
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* MODEL INPUT SAMPLE 
SECTION 1 { NO. OF PTS 0 1 0 Terrain Section 
SECTION 2 { THEOD 424.000 82.280 5.167 3.000 0.700 Theodolite Section 
SECTION 3 
ANT. DATA 3 332.000 0.400 0.300 0.900 0 
POSITION 1 452.670 o.o 14.130 
CURR & PHS -0.500 o.o 1.000 o.o 0.484 o.o 

~ Antenna 
POSITION 2 451.920 o.o 28.260 Section 
CURR & PHS 1.000 o.o -0.500 o.o o.o o.o 
POSITION 3 450.930 o.o 42.390 
CURR & PHS -0.500 o.o o.o o.o 0.484 o.o 
SECTION 4 

I PATTERN 3 331 1 o.o 20000.000 3.000 { Pattern Selection w 
0 PATTERN o.o 3500.000 Section ,..... 

100.000 -100.00000000000000{ Output Control Section 

I SECTION 5 
OUTPUT 2 1 1 30000.000 o.o ... 

Figure 2-303. Example of model input data. 



The following control points were used in digitizing flight check 
recordings. 

1 • Second road 33,075 FT. 
2. Canal 18,787 FT. 
3. Krome avenue 12,950 FT. 
4. Boundary fence 1,979 FT. 
5. Threshold 1,044 FT. 

Numbers to be entered when executing DATACON are: 

33075.0 
14288.0 
5837.0 

10971.0 
935.0 

The theodolite location used in the validation is: 

X "' 424 .0 FEI!:T 
'l .. 82.28 FEET 
Z • 5.167 FEI!:T 

The glide slope reference angle is 3 degrees. 

These traces were taken from 10 in. recordings. 

Figure 2-304. Sample memo file containing data used in validation 
procedure. 

-302-



COLLECT FACILITY DATA 

DIGITIZE 
RTT 

CONVERT TO 
COl VS DISTANCE 

SO FOOT 
SAMPLE INTERV~L 

PL01 
RTT VS 

DISTANCE 

PLOT COl 
CALCULATED 
VS DISTANCE 

FILTER USING 1ST 
ORDER LOW PASS 

.424 TIME CONSTANT 

DIGITIZE 
MEASURED COl 

CONVERT TO 
COl VS OIST ANCE 

AIM 65 

DATACON 

r----
50

---'-FO_OT __ ..., INTERPOL 

SAMPLE _INTERVAL 

PLOT 
MEASURED 
·CDIVS 
DISTANCE 

FILTER USING 1ST 
ORDER LOW PASS 

.424 TIME CONSTANT 

CDITOREC 

WOUGS3D 

ICRMS 

Figure 2-305. Flowchart of math model validation procedure (2 sheets). 
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* SAMPLE OF tllDEL INPUT FOR VALIDATION OF GLIDE SLOPE 
SECTION 1 
NO. OF PTS 0 1 0 
SECTION 2 
THEOD 424.000 • 82.280 5.167 3.000 0.700 
SECTION 3 
ANT. DATA 3 332.000 0.400 0.300 0.900 0 
POSITION 1 452.670 o.o 14.130 
CURR & PHS -0.500 o.o 1.000 o.o 0.484 o.o 
POSITION 2 451.920 o.o 28.260 
CURR & PHS 1.000 o.o -0.500 o.o o.o o.o 
POSITION 3 450.930 o.o 42.390 
CURR & PHS -0.500 o.o o.o o.o 0.484 o.o 
SECTION 4 
PATTERN 3 331 1 o.o 20000.000 3.000 
PATTERN o.o 3500.000 
SECTION 5 
OUTPUT 2 1 1 30000.000 o.o 100.000 -100.00000000000000 

o.o 20000.0000 1076.2549 
o.o 19950.0000 1073.2639 
o.o 19900.0000 1071.1345 
o.o 19850.0000 1068.7878 
o.o 19800.0000 1066.6580 

--------------·---------------
o.o 
o.o 
o.o 
o.o 
o.o 

3700.0000 
3650.0000 
3600.0000 
3550.0000 
3500.0000 

198.1818 
195.8096 
193.2879 
190.7264 
188.2540 

Figure 2-308. Sample of model input for validation of glide slope. 
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Figure 5-28. BLF predicted data, dephase U/L, 0 ~A locations. 

normal 



N 
I 

~ 

< 
:l_ ......... 

0 
0 
-.:t 

I 

-0 
0 

1u 
\.A) 

~ ...... 
I 

1'1 
I 
0 
1.1") .... 

8 
:t 

.--------------upper retard 40 ° 

.--------------upper retard 30° 

~ _______ .... ,..upper retard 20° .. 
• .upper retard 1 0° 

----- ----------------------- -------- -- --------------------------------------------- --------

0 

• ----eupper advance 10° 

• ..upper advance 20° 

-upper advance 30° 

- "'4U pper advance 40 ° 

~p~advance 50° 

~pper advance 60° 

300 350 

Distance from Runway (Feet) 

Figure 5-29. BLF measured data, dephase U/L, probe locations. 
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Figure 5-30. BLF predicted data, dephase CSB/SBO, 0 ~A locations. 
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Figure 5-31. BLF measured data, dephase CSB/SBO, probe locations. 



Figure 5-32. Photograph of wooden mast used in measurements. 
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