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PURPOSE 

The purpose of this study was to provide computer modeled Instrument Landing 
System (ILS) glide slope performance data for the proposed installation of a 
glide slope system to service runway 31 at La Guardia Airport, New York, 
New York. 

BACKGROUND 

The Eastern Region, AEA-431, plans to install a performance Category 1 ILS 
gfide slope system to service runway 31 at La Guardia Airport, New York, New 
York. The terrain in the area about this runway presents several irregularities 
considered problematic to the formation of satisfactory glide slope signals. 
Instead of the flat reflecting surface which is ideal for image type glide slope 
signal formation, runway 31 is bounded by tidal waters at the approach end and 
on the right side of the runway. In addition, embankments have been constructed 
along these boundaries to prevent airport flooding (figure 1). 

AEA-431 conducted a preliminary study and selected a proposed location for the 
glide glope facility which is l,050 feet inside of runway threshold and offset 
250 feet to the right of runway center! ine. Because of the terrain conditions 
cited, a math model study of this site was requested prior to installation 
work. Although lateral distance/obstruction height criteria prescribes the 
use 'of a sideband reference (SBR) system for the proposed 250-foot antenna 
offset distance, AEA-431 requested that the modeling study include computed 
performance data for null reference (NR) and capture effect (CE) systems 
at this same location. 

The request for math modeling was ~ubmitted by AEA-431 to the Airways Facility 
Service, Terminal Aids Branch, AAF-420, and referred to the Federal Aviation 
A~ministration (FAA) Technical Center for accomplishment. 

This study was performed under Technical Program Document 07-115, Subprogram 
Number 071-313, Project 071-313-840, ILS Math Models. The Program Manager 
is Mr. Edmund A. Zyzys. Additional information regarding this study may 
be obtained by contacting Messrs. Jesse Jones or John Walls, at FTS-346-3807 or 
(609) 641-8200, extension 3807. · · 

GENERAL 

The FAA Technical Center conducted model studies through application of the 
Geometric Theory of Diffraction (GTD) Glide Slope Model developed by the 
Avionics Engineering Center, Department of Electrical Engineering, Ohio 
University (references 1 and 2). The GTD model was selected for this study 
because it considers multiple signal diffraction/reflection effects and signal 
shadowing by intervening terrain when computing signal energy levels arriving at the 
observation point (simulated aircraft position). This model was recently obtained 
by the Center under a multi-year task order contract with Ohio University and 



converted for use on the Center•s Honeywell 66/60 computer. This modeling 
effort is the first application of the GTD glide slope model to a field site 
problem using the Center•s computer. 

While the GTD model is best suited to model the terrain affecting glide slope 
operation on runway 31, it does not consider the terrain located beyond the 
glide slope site in a direction transverse to the runway. Thus, the 
embankment parallel to the runway 31 is ignored by the computer program. Since 
effects from this embankment were of concern, it was decided to test for side 
embankment effects on glide slope performance using the Westinghouse 
Physical Optics-Plate model. This model computes object effects on glide slope 
performance such as a side embankment, but treats the remaining terrain as a 
single flat plate. Prior to GTD modeling, preliminary tests were conducted 
using the Westinghouse model with SBR, NR, or CE systems located at the proposed 
site adjacent to a single parallel embankment. The results indicated minimal 
effect on gl iae slope performance from the side embankment, and consequently 
the model output data are not included in this report. 

The results presented in this report are cons)dered preliminary since the ILS 
glide slope math models at the.Technical Center have not been validated. 
Model validation methodology is currently being developed by Ohio University· 
under an FAA Technical Center contract to quantitatively assess a model •s 
performance using actual flight test data at different types·of glide slope sites. 

MODEL INPUT DESCRIPTION 

The GTD ILS glide slope computer model requires two types of input files: 
(I) terrain files- which are matrices consisting of X, Y, and Z coordinate 
values that provide a three dimensional characterization of the terrain 
on the glide slope side of runway center] ine from the glide slope site to 
beyond the middle marker, and (2) antenna/flight path files - which provide 
antenna data (type, heights, locations, currents, etc.) and flight path 
descriptors (type, start points, end points, altitude, velocity, etc.). 

The terrain input files for this modeling effort were assembled from tide 
, levels and drawings provided by AEA-431, and U.S. Geological Survey 

Topographical Map (7.5 Minute Series- Flushing N.Y. Quadrangle). A computer 
controlled digitizing system was used to collect, scale, and format these 
files. Figure 1 is a plan view of the approach end of runway 31 showing the 
proposed site location and area topography. The localizer course for runway 31 is 
offset 1.7°. However, the terrain files and the glide slope approach 
path were modeled for a center! ine approach. This factor is considered to have 
minimal effect on the results obtained since terrain differences for this 
angular offset are very small. 

The computer model applies an interpolation process to the terrain files to 
determine a new terrain profile for each observation point (simulated aircraft 
position) along the flight path. The new profile is that of the terrain directly 
below a line drawn from the ILS antenna to the observation point. This profile 
is the reflecting surface used in the GTD computation of the glide slope energy at the 
observation point. Figure 2 is a composite of terrain profiles computed 
at 1,000-toot intervals along the approach path for the low tide condition. 
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Figures 3 and 4 are composites of terrain profiles similarly computed for the mean 
and high tide conditions, respectively. These profiles are representative of the 
terrain modeled. The actual profile interval utilized in the model computations 
was 170 feet. 

Antenna heights for the proposed site simulations were computed to produce 
actual path angles of approximately 3°. Antenna current phasing for all 
simulations were computed using a simulation of the airborne reference 
phasing techniques detailed in the Flight Inspection Manual OAP 8200.1 
(r~ference 3). In the simulation, samples of antenna current phase are recorded while 
flying the simulated aircraft along an approach angle of 1.50 from 8 to 4 nautical 
miles, with respect to the site. Ten samples of antenna current phase are recorded 
for each antenna. Using average phase values, the phase of the upper antenna 
is adjusted for zero phase difference with respect to the phase of the lower 
antenna for sideband reference or null reference systems. For capture effect 
systems, the phases of the lower and upper antennas are adjusted to result in 
zero phase differences with respect to_ the middle antenna. This technique 
is similar to the method originated by the Ohio University Avionics Center 
for their math modeling applications. Antenna current phasing runs performed 
for each of the three tide conditions resulted in slightly different phase 
values. These results were averaged to obtain the phase values which were 
used for all subsequent modeling runs regardless of tidal state. The antenna 
heights, antenna current-amp I itude/phase, and A-ratio values used in this study 
are listed in table 1. An altitude of 1,250 feet, with respect to the site, 
was used for all level run simulations. 

DATA PRESENTATION 

Math modeling results are provided on 18 data plots which are divided by figure 
number into 3 groups of 6 plots each according to the glide slope system modeled. 
Figure numbers 5, 6, and 7 identify SBR, NR, and CE computed performance 
plot results, respectively. Each figure number is followed by letter 
designators A through F which identify specific plots within the group. 
The ~plots within the group are further divided into 3 pairs of plots. A plot pair 
provides system performance results for each of the 3 tide levels modeled: low, 
mean, and high tide. 

Each plot pair consists of a glide path structure plot and a level run plot. The 
path structure plot snows modeled glide path structure (microamps) versus distance 
from runway threshold {feet). This plot is directly comparable with 
the first error trace as recorded by FAA Automatic Flight Inspection (AFIS) 
aircraft. The second plot of the pair is a level run plot showing course 
deviation ·indication (CDI) current in microamps versus approach elevation 
angle in degrees. 

The scheme for letter designators is as follows: Letters A and B designate the 
structure and level run plots for low tide condition; C and D indicate the 
structure and level run plots for mean tide; E and F indicate the structure and· 
level run plots for high tide conditions. With this scheme, one can compare 
the structure runs for each of the three antenna systems at low tide by selecting 
figures SA, 6A, and 7A. Level run, low tide comparisons can be made by 
selecting the B lettered plots of figures S, 6, and 7 for comparison, and so forth. 



Table 2 summarizes actual path angle, path width, and symmetry (± 7S microamp CDI 
current) data as presented on individual plots (figures SA through 7F). 

DATA ANALYSIS 

Table 2 provides a convenient reference for assessing the effect of tide 
level on glide slope performance parameters. The computed glide slope 
performance parameters for the CE system remain fairly constant with change 
in tide while the NR system is most affected by tidal variation. The 
gride path width of the NR system decreases 0.12° between high and low 
tide levels. The direction of change and non-1 inear relationship of path width 
variation with tide level should be considered during system installation and 
system performance assessment. 

Examination of plotted results (figures SA through 7F) reveals that poorest 
performance for all three systems should be obtained during low tide conditions. 
However, even at low tide acceptable path structure performance is indicated 
for all three systems in Zone 2 (24,300 to 3,S00 feet from threshold). All path 
structure results show large excursions of fly down CDI error in Zone 3 (3,SOO 
feet to runway threshold). This excursion in CDI is characteristically obtained with 
upsloped terrain such as the embankment at the approach end of the runway 
(reference 1). 

Examination of plotted level runs results indicate a possible problem with 
satisfactory clearance signals at low approach angles with the SBR and CE 
systems during low tide (figures SB and 7B). The remaining level run plots 
for the SBR and CE systems indicate acceptable course width and 1 inearity 
performance. 

CONCLUSIONS 

Modeled results indicate satisfactory path structure performance should be 
obtained in Zone 2 withthe SBR, NR, and CE systems installed at the propo~ed 
location. Computed CE system path structure is superior, but the higher 
antennas heights needed by this system exceed allowable obstruction 
height/distance from runway criteria. For this reason, the SBR system is 
considered the best choice of the available image type glide slope 
systems for this installation. 

Two potential system performance problems are indicated in the modeled results: 
(1) large fly down CDI errors in Zone 3, (2) clearance signal level may be 
marginal at low approach angles during low tide. 
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TABLE 1. ANTENNA INPUT DATA 

RUNWAY 31 LA GUARDIA, NEW YORK 

ANTENNA SYSTEM 

SBR 

NR 

CE 

ANTENNA HEIGHTS 
(FEET) 

Lower 7.30 

Upper 21.28 

Lower 14.80 

Upper 29.60 

Lower 14.27 

Middle 28.54 

Upper 42.81 

A RATIO 
(1) 

0.351 

0.342 

0.351 

ANTENNA CURRENT - AMPLITUDE/PHASE 
ISS (2) ICS (3) ICC (4) 

-1.0/0.0° 

1.0/-3.9° 

o.o;o.oo 

1.0/-0.2° 

-0.5/0.3° 
; 0 1.0/0.0 

-0.5/2.1° 

l.o;o.oo 

-.o;o.o0 

1.0/0.0° 

o.o;o.oo 

1.0/0.3° 

-0.5/0.0° 

o.o;o.o0 

0.0/0.0° 

0.0/0.0° 

o.o;o.o0 

0.0/0.0 0 

0. 484/0 •. 3° 

o.o;o.oo 

0.484/2.1° 

(1) A Ratio- Ratio of separate sideband amplitude to carrier sideband signal amplitude. 

(2) ISS - Separate sideband current. 

(3) ICS- Carrier sideband current. 

(4) ICC - Clearance carrier current. 



ANTENNA SYSTEM 

SBR 

0' NR 

CE 

TABLE 2. SUMMARY - GLIDE PATH DATA 

TIDE -
Low, 

Mean 

High 

Low 

Mean 

High 

Low 

Mean 

High 

RUNWAY 31 LA GUARDIA, NEW YORK 

ACTUAL ANGLE 
(DEGREES) 

3.05 

.3:01 

2.98 

3.06 

3.01 

2.97 

3.01 

3.00 

3.00 

WIDTH 
(DEGREES) 

0. 73 

0.71 

0.65 

0.79 

0.76 

0.67 

0.74 

0.69 

0.65 

SYMMETRY 
(% 90 Hz/150Hz) 

59/41 

57/43 

55/45 

60/40 

58/42 

55/45 

53/47 

50/50 

50/50 



References: 

1. In Service Improvements and Modernization of All Componen.ts of the 
Instrument Landing Systems, DOT/FAA/ Report No. FAA-RD-78-112, Vol. 1, 1978. 

2. GTD Terrain Reflection Model Applied to ILS Glide Slope 
IEEE Transactions on Aerospace and Electronic Systems, Vol. AES-18, No. 1, 
January 1982. 

3 •• United States Flight Inspection Manual, FAA Handbook OAP 8200.1, Change 32, 
Section 217. 

I 

I 
I 

7 

.. 



. ·.:_., ~ . '~ 

\ 

LA GUARDIA AIRPORT 
NEW YORK, NE~f- YORK 

_l~~~~~~.=md--~:~IT:·--::~~-=-~~-b;~;:z F!/I~:AI:)G 
-- ~<:-_6s-·--· ~..::.-~ ...... __ ;2.-- s----- }.:2~~~ 

- --- -7-- ---------·~, ·:\ ------ _ __._ .............. _. _______ .~-._ ______ ... _____ ... \ 
- - - - ---....... ~.·-~::::.._ _____ - (Y) l 

-------- -·- (.\ - - . _______ .. ~ 

--- ·- I --·--·- .......... 

6 "?. 
7 

B. Z00' ., 

SCALE 

~ ., .. 
~ 

/ 

. . 
FIGURE 1 -RUNWAY 31, PROPOSED SITE AND TOPOGRAPHY 

' 

~, 

k 



-~· 

< z z 
w. 
t-
z 
< 
LL' 
0 

I.Jj 
(f) 

< m 
01"' 
t-~ 

4) 

\D .o 4) 
W'+-
(.j v 
z 
w 
0::: 
w 
Lt.. 
w 
0::: 

z 
0 
H 
t-
< 
> w 
..J 

''I W 

~ 

20 

10 

'. 

10 

•','"' . ., 

~ 

DATA RECORDED AHD PROCESSED 
IY THE FAA TECHNICAL CENTER 

* 

.·. 

\ 

TERRAIH PROFILES 
LA ~UARDIA. H.Y. A,Y-31 
LO_W TIDE 

··r.o;· •4·,_·.-.~,.· ... · " • ·:-,.~ "'"~ ·-· . ., .... - ""t' .. ,-_ ;-··1'"'"' -~;- -.-~-~"";-~'!_ . 

I --
~ ...... 
I ...... 
i 

I ..... 

• ae I I I I I I f I t I I I I I I I I I I I I I t t t I I t I I I I I I t I I I I • I I 1 ! I I t I • I I 

DISTANCE FROM RPI (feet) 

FIGURE 2 - COMPOSITE OF TERRAIN PROFILES, LO~ TIDE 

" 

'\ !. 

~,.' 

~ 

l 

.. 
i 

w, 



< z z 
lJ..I 
1-
z 
< 
L&.. 
0 

lJ..I 
Cf) 

< 
0) 

0'"' 
1- ~ 

4) 
0 IQ 4) 

Wlt-
uv 
z 
w 
Ct:: 
w 
u.. 
w 
Ct:: 

z 
0 
H 
1-
< 
> w 

;_~ I~ _.., 
==5: 
=:§: 

0~'-
o:=::c 
0--t 
(O~CD 
1\.)~0 
CJ) .-::T 
...... =2. 
0>-£ 

~ 
~ 

\, 

• 

20 

10 

TERRAIN PROFILES 
tA GUARDIA. N.Y. R~Y-31 
fiEAI't TIDE ,... 

Cit 

~ 
' ~ .... 
i 

.... 
01 aGE ' , f f I t_/·~:t? ! I I I I I I I I I I I I I I I I I I I I I t I I I I I 1 ep I I I 1 t I 

10 

DATA RECORDED AHD PROCESSED 
IV THE FAA TECHNICAL CE~TER 

5000 

"' 20 I 1 I I I t I I t I I I t e I I I I I I I I I t I I I I I I I I ft f I I I I I I I I l I 1 I I I I I I 

DISTANCE FROM RPI (feet) 

FIGURE 3 - COMPOSITE OF TERRAIN PROFILES, MEAN TIDE 

.. 
-·· t 

~, 

' 

.. 

~ 



"' . 

• TERRAIN PROFILES 
LA GUARDIA~ "·Y· R,Y-31 
HIGH TIDE 

~ 
e0r --

< C\1 
' «> z ' z CD ., 

w ...... 
f-. I 
z 
< 
lJ.. 10t- . ---- I . ; 

~, 

0 

w 
(/) 

< m 
011""' 
f-.~ 

G) 
Q G) 
W'+- t0· 1000 2000 3000 4000 5000 (_) v 
z 
w 
~ 
w 
L!.. 
w 
~ 

z 10 
0 

I .;. 

H ..... 
< 
> 

I I jfj 
liJ DATA RECORDED AHD PROCESSED 
_J IV THE FAA TECHNICAL CEHTER 

;; I liJ 

20 

DISTANCE FROM RPI (feet) 

~ FIGURE 4 ,;.·co·MPOSITE OF TERRA1N PROFILES, HIGH TJDE . ' 

" 



., . 
.. 

·' 

,.... 
(.0 
0. 
E 
0 
0 
L r-. 
u Q. 
·- ~ 
e 

v > -
4-

wv 
~ 
:::> 
1-
u 
:::> 
CY 

N 
( I~ 

::r: 
1-
<( 
a.. ,.... 
w c 
0 ::z 
H 0 
_J""Q 
(.!) 

> o-
w 4-
_Jv 
w 
0 

'~I~ 

'.J 

·~·:~,_,.,.. 

OU.J0/CTD GLIDE SLOPE SI"UtATIOH 
GLIDE PATH STRUCTURE - LaGyardla R/Y 31 
ACTUAL PATH AHGLE • 3.15 DEGREES 
SBR AHTENHA 
LOLl TIDE 

DATA PROCESSED BV FAA TECHHICAt CENTER 
A\lan\1' Ci\y Airpor\. HJ 18..S 
OJGSSL 

---------------~---------------------~--------------- -

~ 
u; 

N ., 
' ., -..... 
i 

01 I I I I 'I ;_.,rt:::=r=-.<:1 1 '< I I I I ::Jaa= w==r::;: I I I I I I I I I t I f I '3.es 

as 

50 

75 

-~---------~~--~---- ' 

----------~=~=~~-

PEIW""AffCE C~TECORV TOt.ERMCE:St 
---.CAT£CORY 1 
-------Cf11T£GORV II 

•100• 1 1 1 1 e e e 1 e e 1 e 1 e e 1 e e 1 e e a 1 e e e 1 e 1 e 1 a e e p 

0 10 20 30 
DISTANCE FROM THRESHOLD Cthouaanda of feet) 

FIGURE SA ~ MODELEU PA1H S1RUC1URE, SBR SYSlEM, LOW TIDE 

• 

!, 

I 

~ 

('> 



"'"' (/) c 
0. 3 
E 0 
0 "'0 
0 
"- >-
0 
·- ...... 
E v 

v 

z 
0 
H 
t-
< 
u 
H 

..... I~ \.N 

H 

z 
0 
H 
t-
<! 
H 
> 
w 
QA 

Q. 
w ::;) 
(/') 
~ >-
::>-
OLt-

;If 
I (..) v 

.. 

I OU.J0/GTD GLIDE SLOPE SinUtATIOH 
lEVEL RUN - LaGuardia R/U 31 • 
PATH UIDTH • 9.73 
SVMMETRV • 0.59/8.~1 
SBR ANTEtlttA 
LOW TIDE 

. 
DATA PROCESSED BV FAA TECHHICAt CEHTER 
A\\antle Ci~y Airpor\. HJ 18+t5 
03CSLL 

----------------------~-----~--------------------------

01 1 e e a e ·• t e e I p e e e e e e e '\:I e e e e e e e e 1 I e e a e e e e e e 1 

50 

-------------------------------~----------------------
100 

150 

200 

250 

" 30 0' t I I I I I I I I I I I I I t I I 1 1 I I t I I 1 1 t I t I I I I I I t I ! ! I 

5 4 3 
ELEVATION ANGLE 

Cdagraea) 

2 

FIGURE 5B - MODELED LEVEL RUN, SBR SYSTEM, lOW TIDE" 

1 

~ ... 
N 
Gl) 
...... 
41) 

N ...... 
I 

'-' 

!' 

.Ill 



... 

"' C/) 
a. 
E 
0 
0 

L. "' I) Q. 
·- :) 
E 

v >--
'+-

wv 
0:: 
:::> ..__ 
u 
:::> 
~ ... 

-=-
..__ 

0 (/) 

:I: ..__ 
< 
a.. 

"' w c 
0 :l 
H 0 
_J"Q 
(!) 

>-
0 
Wit-
_J v 
w 
0 

,.· 
.~·· 

:.,, 0 
~ 

100 

\ 

OU.J0/GTD GLIDE SlOPE Sl~ULATIOH 
GLIDE PATH STRUCTURE - laGuardla R/U 31 
ACTUAl PATH ANGLE • 3.t1 DEGREE~ 
SBR ANTENNA 
PIEAH TIDE 

DATA PROCESSED 8Y FAA TECHHICAl CENTER 
Atlantic City A1rpor\. HJ 88~15 
03GSSft 

------...-.--------~_._ 

-----~--~-~---------
----~----- . 

"' ~ 
"' 
N 
~ 
....... ., 
..... 
i 

I I I I 7~ 1">.'-<::::::' I I I I ' l I I I ' 8 I I I 5 • 3.et 

0 

---------~-------------------------·-------===-=----

PERFORtWtC£ ~TEGORV TOL£RMCEII 
----~TEGORV I 
-------C4'TEGORV U 

10 20 30 
DISTANCE FROM THRESHOLD Cthouaande of feet) 

FIGURE 5C - MODELED PATH STRUCTURE, SBR SYSTEM, MEAN TIDE 

~Y ... -~--~, ... ~·~'7~~ .. ~-:·~ .. «-·~~~-~~-·~~"'t~'\:~~"'~F<>!"<'_.,.,~"X:'r~""~~~~--·~·'""""'~"7':~".~~'>t.,~"!''~-'~···;·,t"'-'"t ·~~I>··~ '',\- !>.~)· 'n~· •• :. '; ·.~4-~~ ;~ ~ 't'\ ... ; ... "·~:'J I IPrt/ ··~~·:~:· ~-···~T- .. ;_ ... ~-..r.~t~.-:~~-~·~~1 l~r~:?:"' T'~!~ 

.• , 

w 

...,. .... 
;}'' 

'·' 



_. 
Vl f 

il' 

.· .. •.· .. ....... 
'. 

"' "" (I) c 
a. :1 
E 0 
0 "'0 
0 
L >-
0 ·- ..... 
E v 

v 

z 
0 
H 
~ 
<( 
L) 
H 
c 
z 
H 

z 
0 
H 
~ 
<( 

H 
> 
w 
0" 

0. 
w :J 
(/) 

cr .>-
::::> -
0'+-
u v 

\ 

0 

'300 
5 

OU.J0/GTD GLIDE SLOPE SIKULATION 
LEVEL RUN - LaGuardia R/W 31 ' 
PATH ~IDTH • e.71 
SV~~ETRV • 8.57/€.43 
SBR ANTEHNA 
ft£Att TIDE 

DArA PROCESSED tV fAA TECHNICAL CEHTER 
A~lantic CAtv A1rpor\, HJ 18415 
03CSL~ 

~-----------------~--------~~---

---------------.----------------.-...-----------------------

-4 3 
ELEVATION ANGLE 

Cdegreesa) 

2 

FIGURE 50 - MODELED LEVEL RUN, SBR SYSTEM, MEAN TIDE 

1 

i 
1/) 

~ • ..... 
I 

·~ .,.. ; # ..... ~ 

~~ 

... 



. . 
. . . 

... 

,..... 
fJ) 
Q. 
E 
0 
0 
L. ,..... 
0 Q. 
·- ~ 
e 

v ').. -
~ 

wv 
~ 
::) ..__ 
u 
::) - . I e: ~ 

(/) 

::r: ..__ 
< a... 

" w c 
0 :1 
H 0 
_J""O 
(!) 

> 
0 
w~ 
..Jv 
LLJ 
0 

·~I 0 
~ 

~ 

OU.J8/GTD GliDE SLOPE SI"UtATIQH 
GLIDE PATH STRUCTURE - LaGuardia R/Y 31 
ACTUAL PATH ANGLE • a.gs DECREES 
SBR ANTENNA 
HIGH TIDE 

DATA PROCESSED IY fAA TECHHICAL CENTER 
A\taftt1e C1\y A1rpor\, HJ 18485 
03GSSH 

----~------=~==~~ 
---~-------------------- . 

i 
It) 

~ ...... ., 
...... 
I 

ej I I I > .....-c:t: I +- ~ • I • • I • I 0 I n n , ' n 2.VS 

25 ------------~~~~~ . ' ------------- ' -----------~ ....... ---.--. 

PERF'OIHtMCE ~TEQORV TOLERMCEit 
----~TEQORY 1 
-------CATEQORY U 

l00' I t f t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 

0 10 20 30 
DISTANCE FROM THRESHOLD <thousand• of feet) 

FIGURE 5E - MODELED PATH STRUCTURE, SBR SYSTEM,· HIGH TIDE 

• 

!' 

w 



....... 

..: ~: 
;"'t ... > ~ 

,...... ,...... 
(/) c 
0. 3 
e 0 
0""'0 
0 
L. >-
0 
·- '+-Ev 
v 

z 
0 
H ,_ 
< 
(_) 

I H 
0 
z 
H 

z 
0 
H ,_ 
4: 
H 
> 
w 
0,...... 

a. 
w :;) 
(/) 

~ >-
:::>-
0'+-

'I' I u v 

-> ......... 

.. ·~ 

~ 

OU.J0/GTD GLIDE SLOPE SIMUtATlO" 
LEVEL RUN - LeCuar41a R/U 31 
PATH UIDTH • 0.65 
SYMMETRY • t.SS/1.~5 
SBR AHTENNA 
HIGH TIDE 

DATA PROCESSED IV FAA TECHNICAL CENTER 
A\laRtie Cl\W Alrpor\. HJ t84tS 
OJQSLH 

-------------------------------
01 I I I I I I I I I I I I I I I I I I I "< t 1 I I I I I I I I I I I I I I I I I I 

50 

-------------------------------·----------------------

300 I I I I I I I I I I I I I t I 1 t t I I I 1 1 1 t t t 1 I I • I e I p I I I I t I I 

5 4 3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 5F -·MODELED LEVEL RUN, SBR SYSTEM, HIGH TIDE 

~· 

I 
&I) -
4'11 

~ 
e 
...... 
I 

:, . 

~ 

1 

0 



. -~ ;~· ...... 

l) 

. -.-
':'. ; :.'- .. .. ~ . 

... 

,:... 
fJ) 
Q 
E 
0 
0 
L. "' 0 ~ ·- :,) 
e 

v > -
'+-

wv 
~ 
:::> ..__ 
u 
:::> 
0::: 

():J ; I ..._ 0 • (f) 

::r: ..._ 
< 
a.. 

"' w c 
0 :z 
H 0 
_j""'O 
(!) 

>-
0 
w .... 
_Jv 
Lo.J 
0 

.. ~-::-· ~I o 
.~····· . l: 

·tee 

.. · . .;. 

\ 

·~· 

\ 

OU.J8/GTD GLIDE SLOPE SI~UtATlO" 
GLIDE PATH STRUCTURE - LaCvard1a R'U 31 
ACTUAL PATH ANOLE • 3.t6 DEGREES 
HR ANTEI'frfA 
LOU TIDE 

DATA PROCESSED IV FAA TECHNICAL CENTER 
Atlanta~ Ci\y A1rpor\, HJ tl4tS 
OJQNSL 

------------------=----....... ---------------~~---~---------- . 

-·-.--,' •' ~:i"::<. ;: t~ 

i ., 
~ ..... ., 
..... 
i. 

,,··"r . 

' 

I 1 t 1 1 1 ~ e 1~ 1 e ]b e 1 e e e !:::au'reCf"":"- e e 1 e e e t t e I e e e e I 1.t6 
~ < 

e 

--------------------------==--------------'-------

PERf'ORMHCE ~TE~ORV TOLERMCUa 
---.CATE;ORY l 
-------CATEGORY ll 

10 20 30 
DISTANCE FROM THRESHOLD Cthouaanda. of feet) 

FIGURE 6A - MODELED PATH STRUCTURE, NR SYSTEM; LOW TIDE 

:~ 

.., 



I• 

.. , .. : .. \'· 

A A 
fJt c 
a. :1 
E 0 
O"'Q 
0 
L. ').. 

IJ 
·- '+-E v 
v 

z 
0 
H 
1-
<! .... 0 

\.0 H 
f a 0 z 

H 

z 
0 
H 
1-
4': 
I-f 
> w 
Qr'\ 

Q. 
w :) 
(f) 

~ >-
:J-
0'+-

··~' (.) v 

300 

' 

5 

OU.J0/GTD GLIDE SLOPE SI"ULATJOH 
lEVEl RUN - LaGuardia R/Y 31 
PATH UIDTH • 8.7g 
SVMMETRV • 1.61/t.~t 
NR ANTENNA 
LOiol TIDE 

DATA PROCESSED IV FAA TECH"ICAL CEHTER 
A\\an\i~ Ci\y Airpor\, HJ t84tS 
03GHLL 

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

----------------·----------------~---------------------

... 3 
ELEVATION ANGLE 

Cdegreee) 

2 

FIGURE 66 -'MODELED LEVEL RUN, NR SYSTEM, LOW TID£ 

1 

~ ..... 
0 

In 

-.... 
CD 

..... 
I 

.) r 
"-

~,. 

ill 



.J ~. 

~ ....... . 

"' lD 
0. 
E 
0 
0 
L A. 
0 Q. 
·- :) 
e 

v '). -
It-

W'V 
cr 
::::> 
...... 
u 
::::> 
cr 

N ; I~ 0 0 

:c 
...... 
<( 
a_ 

"' w c 
0 :I 
H 0 

-'" (.!) 

> 
0 
w It-
_Jv 
w 
0 

.. , ,o 
~ 

'100 

'. I .. 

' 

.... 

" 

\ 

OU.J0/GTD QLIDE SLOPE SI"ULATIQH 
GLIDE PATH STRUCTURE - LaCvard1a R'U 31 
ACTUAL PATH ANGLE • 3.11 DECREES 
NR ANTENNA 
ftEAtt TIDE 

DATA PROCESSED IV FAA TECHHICAL CEKTER 
At\anti~ Ci\y Alrpor\. HJ IB+tS 
03GNS" 

--~-------------==--_._. 
---~~---~~-~----

--~--------- . 

~ ,... 
If) 

~ 
' ., ..... 
I 

I I I I )'-<' I :LX I -,.,.'=:!::::I I I I I I I ' . I I I I 
0 

' I 3.11 

0 

. 
---------------------------==------------------

P£RFOIUWtCE C411TEGORV TOl.£RMCUI 
----CATEC.ORV I 
-------CATEc.oRV II 

10 20 30 
DISTANCE FROM THRESHOLD Ct~ouaanda of feot) 

FIGURE 6C -·MODELED PATH STRUeTURE, NR SYSTEM, ·MEAN TIDE 

1 

i 

~, . 

"' 



N ..... ; 

..... · .... - ;li 

.. 

OU.J0/GTD GLIDE SLOPE SI"ULATIQH 
tEVEt RUN - t-Guord!a R/U 31 
PATH UIDTH • 0.76 
SYMMETRY • t.SB/0,42 
NR ANTENNA 
"EAH TIDE 

DATA PROCESSED IV FAA TECHHICAL CENTER 
A\lant!c Ci\y Alrpor\. KJ t841S 
03~Lft 

-.-------------------------------

---------------------------------~---------------------

4 3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 60 - MODELED LEVEL RUN, NR SYSTEM, MEAN T1DE 

t 

ia ,... 
It) 

~ 
C) 

..... 
I 

~, 

fli 

1 

0 



.:. ~~:-i~~ ·. ·,' •: 

"' (/) 

0. 
E 
0 
0 

"- "' 0 0. 
·- ":) 
~ 

v :> -
'+-wv 

cr 
:::::> ..... 
u 
:::::> 
cr 
t- 0 (f) 

~ 

:r: ..... 
<( 

a.. 
" w c 

0 :r 
H 0 
_J""O 
(.!) . 

>-o-
w '+-
_J v 
w 
0 

.•·1 0 
~ 

~~· ' _.;.-

iee 

• .. 

\ 

OU.J0/GTD GLIDE SLOPE SI~LATIOH, 
GLIDE PATH STRUCTURE - LaGuardia R/Y 31 
ACTUAL PATH ANGLE • 2.~7 DEQREES 
HR ANTENNA 
MICH TIDE 

DATA PROCESSED IV fAA TECHHICAt CENTER 
Atlan~ic C~tv Alrpor\. HJ 88485 
03QHSH 

---------------==----
-------------------------~~--------~ . 

a. 
0') ,... 
It) 

~ ...... ., 
...... 
i 

I I I '7~ .:-;::, I ...... .....\:::::::!: I I e t I e I , f I , I , I I I I ' I I , I a.V7 

0 

----------~-~~---- ' 

------~--~===~~~-

PERFORftMICE C,_TECOIN TOL£RMCE1t 
----CATECORV J 
-------CATEGORY JJ 

10 20 30 
DISTANCE FROM THRESHOLD Ctnousands of feat) 

" 
FIGURE 6E - MODELED fATH STRUCTURE, NR SYSTEM, HIGH TIDE 

. ',• 

L 

! '!· 
•·. 

... 

0 



N 
w 

~ 

' , .. 
... ~~ ....... 

,..... ,..... 
(/) c 
a. 3 
E 0 
0 -o 
0 
L. >-
0 
·- .... 
Ev 

v 

z 
0 
H 
~ 
<( 

u 
H 
0 
z 
H 

z 
0 .... 
~ 
<( 

H 
> w 
0"" 

Q. 
w :) 
(/) 

~ > 
:J-
O't-
(..) v 

' 

0 

OU.J0/GTD GLIDE SLOPE SI"UlATIOH 
LEVEL RUN - LaGuardia R/Y 31 
PATH UIDTH • e.67 
SV~~ETRV • t.SS/C.~S 
NR Al'tTENNA 
HIGH TIDE 

DATA PROCESSED 8Y FAA TECHHICAL CENTER 
A\lan\ic Ci\V Airpor\. HJ tS405 
03CiHLH 

--~--------------~-----~-----------~--~--------~-------

-------------------------------......... ---------------------

• .. 3 90' I I I I I I I I I I I t t I I t I I I I I I I 2 I I I I t I I I I I I I I I ! I 

5 ... 3 
ELEVATION ANGLE 

(degr-ees) 

2 

FIGURE 6F - MODELED LEVEL RUN, NR SYSTEM, HIGH TIDE 

I 

~ 
I' 

"' -
~ • -..... 
~ 

! .,. 

.. 

~ 

1 

c 



... ~~ ~":··. ,• ;·· 

,. 

" (I) 
a. 
E 
0 
0 
L ""' 0 a. 

J 
e 

v ::.. -..... 
wv 
~ 
::JI ,_ 
(.) 
::JI 
cr 

N 
t I t; ~ 

::c ,_ 
<( 
a.. 

" w c 
0 :X 
~ 0 
..J"'O 
(.!) 

>-
0 
w '+-
..JV 
w 
0 

;~I 0 
~ 

·tee 

•'-: 
'·.1 

.. 

OU.J01GTD CtiDE SLOPE SIMULATIOH 
GLIDE PATH STRUCTURE - LaGuardia RrY 31 
ACTUAL PATH ANGLE • 3.tl DECREES 
CE AHTEHNA 
LOW TIDE 

DATA PROCESSED IV FAA TECHHICAL CENTER 
Atlaftl1c Cl\y Alrpor\. HJ 184tS 
03CCSL 

----------------~-------------------------~~-~---------- . 

~ 
1/) 

~ .. -..... 
I 

I I I j<' I '"'C'):== 3 I 'sec:! I I I I I t I l ' I I ' I I I , I I I I 1::: ' 3.81 

e 

--------------------------------------===~~-

PERFORM"CE CATE~ TOt.ERMCESt 
----CATECORV I 
-------CATEQ~V II 

16 20 30 
DISTANCE FROM THRESHOLD Ctnousanda of feet) 

FIGURE 7A • MODELED PATH STRUCTURE, CE SYSTEM, LbW TIDE 

I 

!' 

.., 

0 



,. . ·.~· 
· .. :..:. 

r" " 
1/1 c 
a. 3: 
E 0 
0""0 
0 
L >-
0 
·- «+--ev 
v 

z 
0 
H ..._ 
<{ 

u 
H 

N , I ~ 0 
V'1 

H 

z 
0 
H ..._ 
<{ 

H 
> w 
or. 

a. 
w ;::, 
(/) 

IY >-
::::>-
01+-

;~,I(..) V 

300 

. ~-
... ~ 

' 

5 

OU.J9/GTD GliDE SLOPE SI"ULATIOH 
LEVEL RUN - LaGuardia R/U 31 
PAiH UIDTH • 8.74 
SVM"ETRV • t.SJ/0.47 
CE ANTENNA 
LOY TIDE 

DATA PROCESSED IV FAA TECHHICAl CEHTER 
A\lantle Ci\y Alrpor\. HJ 88415 
03CCLL 

---------~----------------------

_________________________________ ...,. _____________________ _ 

4f 3 
ELEVATION ANGLE 

Cdegr-eea) 

2 

FIGURE 7B - MODELED LEVEL RUN, CE SYSTEM, LOW TIDE 

l 

Cl) ... ,... 
II' 

N ., 
...... ., -..... 
C) -

~, 

"" 

1 

0 



~ r·:.r . 
.. :. ~ 

,.... 
(/) 
0. 
E 
0 
0 
L.. ,.... 
0 0. 
·- ':) 

e 
v > -

tt-wv 
0::: 
'::) 
1-
u 

N I~ a-
1-
(f) 

:c 
1-
4: 
a.. 

" w c 
c :1 
H 0 
....J""O 
<.!) 

>-c 
w '+-
....Jv 
w 
0 

:\J I 0 
X: 

'100 

.. 

' 

OU.J9/GTD GLIDE StOPE SI"ULATIQH 
GLIDE PATH STRUCTURE - LaGuardia R/Y 31 
ACTUAL PATH ANGLE • 3.Ci DEGREES 
CE ANTENNA 
PliEAN TIDE 

DATA PROCESSED BY FAA TECKHICAL CEHTER 
A~laRtie C1~y Airpor\. HJ t8415 
OJCCS" 

---------------~....., -------
----~ .... ----------~~--~~~ . 

<!D 

~ 

"' 
N ., 
..... ., -....... 
~ 

I I I ,C I I I :::0. 0 t I I 1 I I I I I I I I I I I I I I I I I I I I I I I 3oM 
7 

0 

-.......... _______ ... __ 
-------------------------------==-=------

P£RF~CE CATECORV TO~SI 
---.CATECORV l 
-------CATECORY I% 

10 20 30 
DISTANCE FROM THRESHOLD <t~ouea~de of feat) 

FIGURE 7C - MODELED PATH STRUCTURE, CE SYSTEM, MEAN TIDE 

,, 

;.j 

0 

f 
fi; 



·-.· ... 
J, .1·.~~;. 

r-1"'\ 
(I) c 
0. :1 
E 0 
0""0 
0 
L ~ 
0 
·- '+-ev 
v 

z 
0 
H ...... 
<( ....., IU '-J H 
0 0 z 
H 

z 
0 
H ...... 
< 
H 
> w 
01"'\ 

0. 
w :::J 
(f) 
cr ~ 
::> -
0'+-;, I u"" 

'300 
5 

! . 

.. 

OU.J0/CTD GLIDE SLOPE SI"ULATJOH 
LEVEL RUH - LaGuardia R/W 31 • 
~ATH UIDTH • 8.69 
SYMMETRY • 8.59/&.St 
CE ANTENNA 
f'IEAH TIDE 

DATA PROCESSED IY FAA TECHHICAL CEHTER 
A\lan\1~ Ct\y Airpor\. HJ t84t5 
03GCLft 

--------------------------------· 

-------------------------~-----~------~---------~-----

... 3 
ELEVATION ANGLE 

(degrees) 

2· 

FIGURE 70 - MODELED LEVEL RUN, CE SYSTEM, MEAN TIDE 

1 

~ 
1/) 

~ 
' • -..... 
I 

" 

I 

~,. 

"' 

... 



~ ~·. OU.J0/GTD GLIDE SLOPE Sl"ULATION 
~ .: · .... ~;· .. GLIDE PATH STRUCTURE - LaGuardia R/U 31 CD 

~CTUAl PATH ANGLE • 3.0~ DEGREES ,... 
CE ANTENNA .., 
HJGH TIDE . ..,.., 

r. (\1 
(/) CD 

'· ' a. CD 

E ' 0 75 i 
0 DATA PROCESSED BY F'M TECtltiCAL CEHTER 

L "" 
Atlentic City Airport. HJ 884tS 

0 0. OJGCSH 
- ':) -~ 

E t:C\ I !, 
v '). --.... 
LLlV 
0:: 

as~ ---------------==------:::> -----~----~--------t-- ---~------- . u 
:::> 
0::: 

N . I ..._ ~I 00 t (/) I I I I I I I I I I I I I I I I I . I I t t . I t . t I I I . • I I •3.N 

I 
t--
< as~V --~------ . Ct. -----------------"" ---~-------===~~-w c 
0 :E 
H 0 
...J""' -= ..... i 

(.!) 

> c-

?~L 
PERrORftAHCE CATE~ORV TO~SI 

W'+- ----CATEGORY I ...Jv -------CATECWRV U w I w 
0 

~ 10 :a: 
·tee 

0 10 20 30 
DISTANCE FROM THRESHOLD Cthouaanda of' feet) 

.. 

... FIGURE 7E - MODELED PATH STRUCTURE, CE SYSTEM, HIGH TIDE 

" 



.. ' ......... 
. ...~~. , . . ' 

r-. ""' 
lh c 
Q :t 
E 0 
0""0 
0 
L >-
0 ·- ...... 
E v 

v 

z 
0 
H .__ 
<( 
u 

N .. I ~ \0 

z 
H 

z 
0 
H 
I-
<( 

H 
> w 
01" 

Q. 
w ~ 
(f) 

~ > 
::::> -
O&o-

;~I U V 

·.• ..... 

15@[' 
100 

OU.J0/GTD GLIDE SLOPE SI"UtATIOH 
LEVEL RUN - LaCvard1a R/Y 31 ' 
PATH UIDTH • 8.65 
SVM~ETRV • e.Se/e,se 
CE ANTENI'iA 
HIGH TIDE 

DATA PROCESSED 8V fAA TECHHICAt CEHTER 
Atlan\tc Ci\y Alrvor\, ~J t84eS 
03CCLH 

----------~~~---~-----~--~-------~-----------------~---
50 

et 1 I I I I I I t I I I ! I I I I I I I 't I I t t I I I I I I I I I I I I I I I I 

--------------------------------~----------------------

~l'llo 0 I I I I I I I I I I 1 1 p e ..;JiCJ I I t I I I I I I I 1 1 t 1 1 1 5 ,,,,,,,,,,, .. 2 3 
ELEVATION ANGLE 

(dogreaa) 

FIGURE 7F -.MODELED LEVEL RUN, CE SYSTEM, HIGH TIDE 

1 

,... 
~ 

"' 
~ ..... ., 
...... 
i 

l 

~, 

IIi 



LA GUARDIA AIRPORT 
NEW YORK~NEW YORK 

GLIDE SLOPE SITE EMBANKMENT? FLUSHING 
• h ..-.<PROPOSED:> I BAy 

1 1 t .... _ ~--- ---..... ---------·---- CTIDAL) 

~-c~ ~··'~~~-~;:;~- ~ ~:~:_~·:::;,z~~=~~ 
----· -- -~~----- --- --·····-1---·- -----·-·· _____ ·:s,. _________________________________________ _.__,.,\ 

,, 
··- _.._,_.......,_ ~ ---.... 7·~---·--...._,._.. __ ,._, _ _.._ ...... ----~--....___ • ._ ___ ...,..._, ___ ,~,- ,_......-- .. - ... ---.---~·-.. •--•-._,,._, •-·-·-----·-•r•• 

(X) , --------·----·-··-.. ··-·-----·-------..... _ .. ______ a-----... ____ _ - .. ---~ .. -~- --···· .. _.- .. -- -- ---- -- J~ \ ·-·--·-···-· ~ I; i ---·--· c-~~~--- -· ---~~-~-===-=---=· -=-=~_=_ =:.____=-=--_==-~::::. c=.-=--=.--~==-:~-=---:-::-::_::=·_:::=:--=-=--1·~ ~-=:,:...;·-.. <•' 
... \ ' I .. ~~ ;~ ·'' . ..... \.----"' 

r; -...... 

- -~·~- -· ... .--~-·--- ~--~ -·------;---·-~~~-----'--. -· c. .. 

-~. 
6 ~ 

0 200~ 

SCALE 

~ 

~ ~ 

_.__,__,.. ...... --·-:--·--
1 

FIGURE 1 -RUNWAY 31, PROPOSED SlTE AND TOPOGRAPHY 

I 

-- - - ··-- - - . -. -~ 

c 



<( 

z 
z 
w 
1-
z 
<( 

l.J._ 

0 

w 
(/') 
<( 

m 
OA 
1- ~ 

Cl) 

I..D ;0 Cl) 
w 4-
Uv 
z 
w 
0::' 
w 
l.J._ 

w 
0::' 

z 
0 
H 
1-
<( 

> 
L&J 
...J 
L&J 

20 

10 

10 

DATA RECORDED AHD PROCESSED 
BY THE FAA TECHNICAL CEHTER 

2000 

* TERRAIN PROFILES 
LA GUARDIA, N.V. R/U-31 
LOY TIDE 

3000 

i 

~ 
' CD ., 
...... 
I 

... 

2 0 I I I I I I I I. • I I I ' I I I I I I I I I I t I I I I I I I I I ' I I I I I I I I I I I I I I I I I 

DISTANCE FROM RPI (foet) 

FIGURE 2 - COMPOSITE OF TERRAl~ PROFILES, LOY TIUE 



< z 
z 
w 
1-
z 
< 
LL 
0 

w. 
(f) 

< m 
01"'\. 
I-...,;» 

G) 
0 IQ G) 

W4-
i u v 

z 
w 
~ 
w 
l.L. 
w 
a:: 
z 
0 
H 
1-
< 
> w 
....J 
w 

20 

10 

10 

DATA RECORDED AMD PROCESSED 
JY THE FAA TECHNICAL CEMTER 

2000 

* TERRAIN PROFILES 
tA GUARDIA, N.V. R/~-31 
P!EAN iiDE 

3000 

20 I I I 1 I t I I I I I I I f I I I I I I J I I t I t I I I I J I t I I I I I I I J I 1 1 1 f 1 ! I 1 I 

DISTANCE FROM RPI (feet) 

FIGURE 3 - COMPOSITE OF TERRAIN PROFILES, MEAN TIDE 

,... 
0 

"' ., 
..... 
~ ...... 
i 

.... 



< z 
z 
w ..__ 
z 
< 
LL 
0 

w 
(/) 

< 
tD 

OA ..__ ~ 
Q 

0 Q) 

W4-
u v 
z 
w 
fr:' 
w 
LL 
w 
a:: 
z 
0 
H ..__ 
< 
> w 
_J 
w 

20 

10 

10 

DATA RECORDED AND PROCESSED 
BV THE FAA TECHNICAL CEHTER 

2000 

• TERRAIN PROFILES 
LA GUARDIA, N.V. R/Y-31 
HIGH TIDE 

3000 4000 

! 

C\1 ., 
..... 
0 
0') ..... 
0 
CQo 

.... 

5000 

20' 1 1 1 s e 1 • 1 e I e t e e e t e e t I t e 1 1 1 e e e e I e t t I I 1 1 e 1 I 1 1 e 1 1 1 e 1 1 I 

DISTANCE FROM RPI (feet) 

FIGURE 4 - CdMPOSITE OF TERRAIN PROFILES, HIGH TIDE 



"' (j) 

a. 
E 
0 
0 
LA 
1.) a. 
·- "J 
E 

v >--
4-

wv 
cr: 
::::> 
I-
(_) 
::::> 
CY 
I-

N j(J) 

I 
I-
4:: 
a.. 

A 

w c 
.a 3 
H 0 
_j""O 
(.!) 

> 
.a 
w 4-
_Jv 
w 
.a 
0 
L 

OU.J0/GTD GLIDE StOPE SI"UL~TION 
GLIDE PATH STRUCTURE - LaG~ardia R/U 31 
ACTUAL PATH ANGLE • 3.05 DEGREES 
SBR ANTENNA 
LOU TIDE 

DATA PROCESSED BY FAA TECHNICAL CEHTER 
A~tanttc City Airport. HJ 88~05 
03GSSL 

-----------~=====~-------------------

~ 
In 

~ 
' 0) 

.... 
i 

0l 4 I I I I ,,.....,,:::=r>,e..c':l I "<' I I I I ::>a ....-r:::-1 I I I I I I I I I I I I I •3.85 

25 

50 

75 

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

PE~ORftAf'ICE CATE~ TOLERNtCES I 
---.CATECORV I 
-------CAiEOORV Il 

1001 t 1 t l e t e 1 t I a t I 1 I t p 1 I I 1 t 1 t 1 t 1 1 1 I 1 e 1 1 1 

0 10 20 30 
DISTANCE FROM THRESHOLD <thousands of feat) 

FIGURE SA- MODELEU PAlH SlRUCluRE, SBR SYSlEM, LOW TIDE 



"' "' (/) c 
0. 3: 
E 0 
0 -o 
0 
!... >-
u 
·- 4-
E v 

v 

z 
0 
H 
1-
<: 
u 
H 
Q 

w •z 
H 

z 
0 
H 
1-
<: 
H 
> w 
QA 

0. 
w :) 
(/) 

~ >-
:::::> 
04-
u v 

300 

250 

150 

* OU.J0/GTD GLIDE SLOPE SIAUtATION 
LEVEL RUN - LaGuardia R/U 3~ 
PATH UIDTH • 0.73 
SVMMETRV • 0.59/0.~1 
SSR ANTENNA 
LOU TIDE 

DATA PROCESSED BV FAA TECHNICAL CENTER 
Atlantic City Airpor~* HJ 08405 
03GSLt 

01 I I I I I I I I I I I I I I I I I I ' '<I I I I I I I I I I I I I I I I I I I I I 

:::t ' ' ' ' ' ' ' ' ' I ' ' ' ' ' ' ' ' ' l ' ' ' ' ' ' ' ' ' l ' ' ' ' ' ' I I I l 
s ~ 3 2 .1 

ELEVATION ANGLE 
(degrees) 

FIGURE 56 - MODELED LEVEL RUN, SBR SYSlEM, LOW TIDE 

z 
-r 

~ 
...... .., 
<'II 

' c 
CD 



""' (/) 

0. 
E 
0 
0 
L r, 
0 Q. 
·- :) 
E 

v >--
4-wv 

~ 
:::> ._ 
u 
:::> 
~ 

.<:- ,I-
(/) 0 

:r: 
1-
<! 
(L 

""' w c 
c :l 
H 0 
_j"'U 
(.!) 

>-c 
W4-
_Jv 
w 
0 
0 
:E 

100 

1:. 
I 

. 
OU.J0/GTD GLIDE SLOPE SIMULATION 
GLIDE PATH STRUCTURE - LaGuardia R/Y 31 
ACTUAL PATH ANGLE • 3.01 DEGREES 
SBR ANTENNA 
I':EAM TIDE 

DATA PROCESSED BV FAA TECHNICAL CENTER . 
Atlantic Citw Airpor\. NJ 88~85 
03GSSA 

------------~====~--------------------

~ 
"' 
(\1 
liD 

' liD 

' i 

I I I I 7 ~ I~ I "t'>.•<: f I f ;;!:::::!::;=' I I I I I I I I I I I I I 3. 61 

0 

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

PERFORftAHCE CATEGORV TOLERAHC£51 
----~TEIOCRY I 
-------~TEGORV II 

10 20 30 
DISTANCE FROM THRESHOLD Cthousands of feat) 

FIGJRE 5C - MODELED PATH STRUCTURE, SBR SYSTEM, MEAN TIDE 



... 

,..... ,..... 
1ft c 
0. 3 
E 0 
o-u 
0 
L >-
0 
·- 4-
E v 

v 

z 
0 
H 
1-
<! 
(_) 
H 

'·'' ' ,o z 
H 

z 
0 
H 
1-
<! 
H 
> w 
01" 

0. 
w ::) 
(/) 
!Y >-
::::>-
0~ 
u v 

0 

50 

100 

150 

200 

OU.J0/GTD GLIDE SlOPE SI~lAiiON 
LEVEL RUN - LaGuardia R/W 31 
PATH WIDTH • e.71 
SVMMETRV • 0.57/0.43 
SBR ANTENNA 
I'IEAN TIDE 

DATA PROCESSED BV rAA TECHNICAL CENTER 
Atlantic City Airport. NJ 88485 
03GStM 

3 e 0 I I I . I I I I I I I I I I I I I I. I I I I I I I t I I I I I I I I I I I I I I I '. 

5 4 3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 50 - MODELED LEVEL RUN, SBR SYSTEM, MEAN TIDE 

1 

i 
1,1) 

C\1 ., 
' ., -..... 
C) 
CD 



. ,_ 

,.... 
(/) 
0. 
E 
0 
0 
L. ,.... 
0 Q. 

'J 
E 

v ').. -
4-

Wv 
0:: 
::> 
1-
u 
:::> 

C" ,a:: 
1-
(/) 

:r: 
1-
<( 

0... 

"' w c 
n :t 
H 0 
..J""O 
<!) 

').. 
Q 
w 4-
_J v 
w 
0 
0 
~ 

OU.J0/GTD GLIDE StO~E SIMULATION 
GLIDE PATH STRUCTURE - LaGuardia R/U 31 
ACTUAL PATH ANGLE • 2.98 DEGREES 
SBR ANTENNA 
HIGH TIDE 

DATA PROCESSED IV FAA TECHNICAL CENTER 
Atlantic City Airport# NJ 88~05 
03GSSH 

--~-----------====-=------------------------------

" ~ 
"' 
C\1 
(!I) 
...... 
Cl) 

...... 
~ 

ej I , I 7 ......,....--;- 1 +- 4:::::::!::: I I • I I • ' • I ' , , • • I 2.9s 

25 

50 

75 

-------------------------~~=-------------------

PERrORnAHCE CATECORY TOLERAHCESI 
----CATEGORY l 
-------CATEGORY U 

1001 I I I I I I I I I I I I I 1 1 I I I I I I f I I I I I I l I I I I J I 

0 10 20 30 
DISTANCE FROM THRESHOLD <thou~ands of foot) 

FIGURE 5E - MODELED PATH STRUCTURE, SBR SYSTEM, HIGH TIDE 



-...J 

.•·· 

"" I"' 
(,'~ c 
0. ~ 
E 0 
o-v 
0 
L '>-
Q 
·- 4-
E v 

v 

z 
0 
H ,__ 
4: 
u 

I H 
a 
z 
H 

z 
0 
H 
~ 
<! 
H 
> 
w 
QA 

Q. 
w ~ 
(/) 
Q:: '>-
~ 
04-
u v 

0 

. 
OU.J0/GTD GLIDE SLOPE SI"ULATlOH 
rEUEL RUN - t.aGuard1• R/lol 31 
PATH UIOTH • 0.65 
SYMMETRY • 0.55/0.~5 
SOR AN"!"ENNA 
HIGH TIDE 

DATA PROCESSED BY FAA TECHNICAL CENTER 
Allantic Ctlw Airpor~. HJ 08485 
03GSLH 

300' I I I I I I I 8 I I I I I I I I t I I I t 1 1 I t 1 1 I I J t t I I l I I I I I 

5 4 3 2 1 

~ 
1/) 

~ 
4D ..... 
4D 

..... 
C) 
CD 

I ELEVATION ANGLE I 
(degrees) 

FIGURE 5F - MOD~LED L~VEL RUN, SBR SYSTEM, HIGH TIDE 

C> 



""' (fl 
0. 
E 
0 
0 
\... ""' t,) Q 

:;I 
E 

v >--
4-

wv 
~ 
::::> 
1-
u 
::::> 
~ 

C:l , I 1-
(/) 0 

:r: 
1-
< 
a.. 

""' w c 
c ::r 
H 0 
_J"U 
(.!) 

>-c 
w 4-
_j v 
w 
0 
0 
l: 

100 

OU.J0/GTD GLIDE StOPE SI~UtATIOH 
GLIDE PATH STRUCTURE - LaGuardia R/W 31 
ACTUAL PATH ANGLE • 3.06 DEGREES 
NR ANTENNA 
LOU TIDE 

DATA PROCESSED BV FAA TECHNICAL CEHTER 
Altanltc City Airport* HJ 08~05 
03GN5t 

------------=========-=--------------------

i 
II) 

(\1 
C> 

' G:) 

' 2 

I I I I I I _.,., I ~ I ' " ' • ' I I I ._..,..........-. I f • I I I I I I I I I I I 3.e6 
~ < ::::::;::= 

0 

---------·---------------==-----------------

PERFORIWtCE CAT£~0RV TOt.ERAHCESa 
--- -CATE~ORV I 
-------CATEGORY U 

10 20 30 
DISTANCE FROM THRESHOLD <thousands. of fQQi) 

FIGURE 6A - MODELED PATH STRUCTURE, NR SYSTEM, LOW TIDE 



<· ... 

A A 
!/1 c 
0. '3 
E 0 
0 -o 
0 
L >-
u 
·- '+-
E v 

v 

z 
0 
H 
I-
<r: 

__. u 
\.!) , I~ e z 

H 

z 
0 
H 
1-
<( 

H 
> 
w 
OA 

0.. 
w -;:, 
(/) 
~ >-
::::>-
04-
(_) v 

300 
5 4 

. 
OU.J0/GTD GLIDE SLOPE SIMULATION 

"LEVEL RUN- LaGuardia R/U 31 
PATH U!DTH • 0.79 
S~MMETRV • 0.60/0.40 
NR ANTENNA 
t.OU TIDE 

DATA PROCESSED BV FAA TECHNICAL CENTER 
Atlant!~ Citw Airport. HJ 08405 
03GNLL 

3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 68 - MODELED LEVEL RUN, NR SYSTEM, LOW TIDE 

1 

~ 

~ 
II) 

~ 
...... ., 
..... 
C) • 



A 
(/) 
Q. 
E 
0 
0 
LA 
I) Q 
·- :J 
E 

v >--
'+-wv 

cr 
::> .__ 
u 
::> 
cr 

N 
' I~ 0 0 

:c 
I-
< 
Q.. 

A 
w c 
0 :r 
H 0 
_J"'"" 
(!) 

:::>-
0 
W'+-
_Jv 
w 
0 
0 
:i: 

100 

OU.J0/GTD GliDE SLOPE SI"ULATIOH 
GLIDE PATH STRUCTURE - LaGuardia R/Y 31 
ACTUAl PATH ANGtE • 3.81 DEGREES 
HR ANTENNA 
MEAN TIDE 

DATA PROCESSED BY ~AA TECHHICAL CEHTER 
Atlantic C1ty Airport. HJ 88405 
OJGNS~ 

----------~~~=~~~ --------- . ------------

.... 
.... 
II) 

C\1 
CD 

' CD 

' ~ 

I I I I .,.<C: l I ~lc::::::' I I l I !:: I I I I I I I I I 2 ° I I 3.81 

0 

-------------------------::~--------------------

PERFO~ CATE~ORV TOLERAMCESI 
----CATECORV I 
------ -CATECORV II 

10 20 30 
DISTANCE FROM THRESHOLD (thousands of faei:) 

FIGURE 6C - MODELED PATH STRUCTURE, NR SYSTEM, MEAN TIDE 



,· 

A A 
(/) c 
Q '): 

E 0 
0 ""'0 
0 
L >-
IJ 
·- 4-
Ev 

v 

z 
0 
H 
1-
<: 
u 

N IH 
0 0 z 
H 

z 
0 
H 
1-
4: 
H 
> 
w 
OA 

Q. 
w ~ 
r.n 
Ck:: >-
:::> -
04-
u v 

300 
s 4 

OU.J0tGTD GliDE SlOPE SI"UlATIOH 
lEVEl RUN - LaGuardia RIU 31 
PATH UIDTH • 0.76 
SYMMETRY • 0.5810.~2 
f'jR ANTENNA 
I'IEAN TIDE 

DATA PROCESSED BV FAA TECHNICAL CENTER 
Atlantic City Airport. HJ 08~85 
03GNLA 

'.,,. 

-------~------------------------

3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 6D - MODELED LEVEL RUN, NR SYSTEM, MEAN TIDE 

1 

!C .... 
1/) 

N 
(Z) 

' «) 

' ~ 

,:, 

C> 



.. · ...... ·. 

I"'\ 
C/! 
0. 
E 
0 
0 
L. I"'\ 
0 Q 
·- ., 
E 

v >--
<+-

wv 
cr 
::> 
I-
0 
::> 

N te: N 

(/) 

::r: 
I-
<( 

a.. 
I"'\ 

w c 
c :1 
H 0 
_j""O 
<!) 

> 
0 
LIJ '+-
..Jv 
w 
a 
0 
:c 

. 
OU.J0/GTD GLIDE SLOPE SIMULATION 
GLIDE PATH STRUCTURE - LaGuard1a R/U 31 
ACTUAL PATH ANGLE • 2.97 DEGREES 
NR ANTENNA 
HIGH TIDE 

DATA PROCESSED BV FAA TECHHICAL CENTER 
Atlant1c City Airport. HJ 88~05 
OJGNSH 

---------~====~~~ 
...... -------------------

G) 
~ ,... 

"' 
N .., 
..... .., 
..... 
i 

0 r 1 1 I 7 .re=. I =z-:z 1 ........_ool:::::!:: 1 , I I • I 1 I • I I I I I I I 1 • 1 1 1 1 a. 97 

25 -----------------------...._ _____ _ __________________ .._......_. 

PERFORMA~CE CAf£C~ TOttR~CESt 

------CAi£GORV I 
- ------CATt:CORV II 

100~--~--~~~~~--~--~--~~----~~----~~~--~~--~ 
0 10 20 30 

DISTANCE FROM THRESHOLD Cthousanda of feet) 

FIGURE 6E - MODELED PATH STRUCTURE, NR SYSTEM, HIGH TIDE 



,...... ,...... 
(J) c 
0. 3: 
E 0 
0 -o 
0 
l. >-
0 
·- Cot-
E '-' 

v 

z 
0 
H ..._ 
<! 
<...) 
1-f 

N to VoJ . z 
1-f 

z 
0 
1-f 
1-
<( 

1-f 
> w 
or. 

Q. 
w :J 
(j) 
~ >-
:::> -
Ot.t-
u v 

300-

0 

OU.J0tGTD GLIDE SLOPE SIMULATION 
LEVEL RUN - LaGuardia RIU 31 
P~TH UIDTH • 0.67 
SYMMETRY • 0.5510.~5 
tiR ANTENNA 
HIGff TIDE 

DATA PROCESSED BY FAA TECHHlCAL CENTER 
A\lan\ic City Airport. NJ 88~85 
03GNLH 

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

300' I I I I I I I I I I I t t l I t I I I I I I I I I I I I I I I I l I I I I I I ( 

5 4 3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 6F - MODELED LEVEL RUN, NR SYSTEM, HIGH TIDE 

1 

N 
N ,.... 
U) 

~ 
' CD 

...... 
~ 



'··.·. 

I'"\ 
(/) 

0. 
E 
0 
0 
L I'"\ 
0 0. 
·- J 
E 

v >--
4-

wv 
0:: 
::) ...._ 
u 
::) 

0::::' 
N 

,..__ 
.;::-

(/) 

I ..__ 
<! 
a.. 

" w c 
Q :3: 
H 0 
_JIJ 
(.!) 

>-a 
w 4-
_.IV 
w 
0 
0 
~ 

100 

. 
OU.J0/GTD GLIDE StOPE Sl"UlATION 

. GLIDE PATH STRUCTURE - LaGuardia R~Y 31 
ACT~At PATH ANGLE • 3.01 DECREES 
CE AI'ITEHt!A 
LOI.I TIDE 

DATA PROCESSED BV FAA TECHNICAL CENTER 
Atlantic Citv Airport. NJ 88~05 
03GCSL 

,. 
I ----------------------------------------------==-- ,,. . ... 

(I) 

~ 
It) 

~ ., 
.... 
C) 
CD 

I I I )4 1 ;=- hzo f L1-=!:::::: I I I I I t I I I I I I I I I I I I I I I I I 3.01 

0 

----------------------------------------------. --------

PERF'ORAAMCE CATECOR'Y TOt.ERAffCES I 
---.CATEGORY I 
-------CATE<a<mV II 

10 20 30 
DISTANCE FROM THRESHOLD (thousands of feet) 

FIGURE 7A • MODELED PATH STRUCTURE, CE SYSTEM, LOW TIDE 
n 



I'"\ A 
IJl c 
0. 3 
E 0 
0 v 
c 
l. >-
C) 

·- 4-
E v 

v 

z. 
0 
H 
I-
<! 
u 
H 

N 'I~ V1 
H 

z 
0 
H 
I-
<! 
H 
> w 
or. 

a. 
w :J 
(f) 

~ >-
::::> 
04-
(_) v 

300r 

250L 

20J 

OU.J0/GTD GliDE StOPE SIMULATION 
LEVEl RUN - LaGuardia R/U 31 
PATH WIDTH • 0.74 
SVMMETRV • 0.53/a.47 
CE ANTENNA 
lOLl TIDE 

DATA PROCESSED BV FAA TECHNICAL CENTER 
Att~ntic City Airport, NJ 08405 
OJGCLL 

----------------------~--------------------------------
ser 

01---' I I I I I I I I 1 I I I I I t I I ''l I I I I I I $ I I I I I I I l I t I I I 

50 

100 

150 

200 

I 1 I I ! I I I I I ! I I I I I t 1 1 1 1 J 1 300 1 I I t I I t 1 I 

5 4 3 
ELEVATION ANGLE 

(degrees;) 

2 

FIGURE 7B - MODELED LEVEL RUN, CE SYSTEM, LOW TIDE 

I I I I I I I l I 

1 

& ... ,... 
In 

N 
CD 

' CD 

...... 
C) 
CD 



.. ~· 

""' II> 
0. 
E 
v 
0 
L ""' 0 0. 
·- :s 
E 

v > -
4-

wv 
cr 
=> ...__ 
(_) 

=> 
N In:: c. ...__ 

(/) 

:r: 
1-
4: 
CL 

""' w c 
0 :X 
H 0 
_J""'O 
<.!) 

> a 
w 4-
_Jv 
w 
0 
0 
L 

100r-

751-

501-

251-

OU.J8/CTD GL!DE StOPE SIMULATIOH 
GLIDE PATH STRUCTURE - LaGuardia R/~ 31 
ACTUAL PATH ANGLE • 3.08 DEGREES 
CE ANTEI"'NA 
MEAN TIDE 

DATA PROCESSED BY FAA TECHNICAL CENTER 
A~tantic City Airpor~. NJ 08~85 
03GCSM 

-------------------~-------------------------------

., 
j::: 
II' 

(1,1 
c. 

' CD 

...... 
0 
CD 

I I ' I I I I I I I ' I I I ' tv,..,- ' ' ' "" ' ' ' ' ' ' 
2:~ :==============--

, 1 I I I 1 1 J.ee 

501-

751-

PERF~CE CATECORV TOLERANCESa 
----CATEGORV I 
------ -CATEGORV II 

1001 , I I I I I I ' I I I ' I ' I I I I I I I ' I I I I I I I I I I I I I 

0 10 20 30 
DISTANCE FROM THRESHOLD <thousands of feet) 

FIGURE 7C- MODELED PATH STRUCTURE, CE SYSTEM, MEAN TIDE 
(• 



.- .... 

300-
A A 

(J) c 
0. ~ 
E 0 
o-o 
0 
L ).. 

0 
·- 4-
E v 

v 

z 
0 
H ...... 
< 

N IU -.....! H 
0 0 z 
H 

z 
0 
H ...... 
< 
H 
> 
w 
OA 

a. 
w ~ 
(f) 
~ >-
::>-
0'+-
u v 

300 
5 

OU.J0/GTD GLIDE StOPE SI"UtATION 
tEUEl RUN - LaGuardia R/~ 31 
PATH UIDTH • 0.69 
SVMMETRV • 0.50/0.50 
CE AtiTEto!NA 
"EAN TIDE 

DATA PROCESSED BV FAA TECHHICAL CEHTER 
Atlantic Cttw Airport, HJ 88405 
03GCLM 

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

-------------------------------~----------------------

4 3 
ELEVATION ANGLE 

Cdegraes) 

2 

FIGURE 7D - MODELED LEVEL RUN, CE SYSTEM, MEAN TIDE 

1 

~ 
If) 

C\1 .. 
' ., 
' i 

"' 



"" (/> 
0. 
E 
0 
0 
L I"" 
0 a. 
·- ':) 
E 

v ).. 

-
4-

wv 
~ 
:J 
1-
u 
'::) 
~ 

N II-c::; (/) 

:::r: 
1-
<( 

a.. 
"" w c 

0 :z 
H 0 
..J-o 
(!) 

).. 

0 
w '+-
..Jv 
lJ.J 
c 
0 
L 

100r-

75t-

set-

25t-

OU.J0/GTD GliDE SlOPE SIMULAIION 
GtiOE PATH STRUCTURE - LaGuardia R/Y 31 
ACTUAl PAT~ ~~GLE • 3.00 DEGREES 
CE ANTENNA 
HIGH TIDE 

DATA PROCESSED BV FAA TECHNICAl CENTER 
Atlanltc City Airport. NJ 88~05 
03GCSH 

----------=~~==~~ ------ . -------------

.. 
(D 
r--
11) 

N 
(D ..... 
4) 

' C) • 

0 3.ee 

25 -~--------~----~----
------------~====--

50t-

?St-

~ERFORAAHCE CATE;cRY TOLERAHCESt 
---.CATECORY I 
-------CATE~RY II 

1001 I I I I I I I I I I I I I I I ' I I I I l I I I , I I I I I I I I I ' 

0 10 20 30 
DISTANCE FROM THRESHOLD <thousands of feet) 

FIGURE 7E - MODELED PATH STRUCTURE, CE SYSTEM, HIGH TIDE 



-.' -.-

,..... ,..... 
(/) c 
0. 'l: 
E 0 
o-u 
0 
l.. ).. 

0 
·- 4-
E v 

v 

z 
0 
H 
1-
< 
u 

N jH \.0 c 
z 
H 

z 
0 
H 
I-
< 
H 
> w 
01""\ 

Q. 
w ':J 
(/) 
~ ).. 

:::> -
04-
u v 

150 

100 

50 

OU.J0/GTD GLIDE StOPE SI"UtATIOH 
LE~EL RUN - taGuarala R/U 31 
PATH WIDTH • 0.65 
svr,METRV • 0.50/0.50 
C£ ANTENNA 
HIGH TIDE 

DATA PROCESSED BV FAA TECHHICAt CE"TER 
Atlantic City Airport# HJ 08405 
03GCLH 

0' I I I I I I I • I I I I I I I I I I I X I I •• I , I I I I I I I I I I I I I I 

50 

100 

150 

200 

250 

300 I I I I I I I I I I I I I I I I A I I I I I I I f I I I I I I I I I I I I I I I I 

5 4 3 
ELEVATION ANGLE 

(degrees) 

2 

FIGURE 7F - MODELED LEVEL RUN, CE SYSTEM, HIGH TIDE 

1 

,..._ 
,..._ 
,..._ 

1/) 

~ 
...... ., 
...... 
C) • 


