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I, Introduction

Terrain modeling in electromagnetic scattering problems has tradi-
tionally involved separating the terrain under consideration into small

enough segnents so that a Huygens source approximation to the treatment
1,2,3

of the scattered fields is possible. Use of this technique very
often requires an exceedingly large number of segments to properly
repressnt the ground surface. Moreover, numerical integration techniques
are often used to calculate the scattered fields from the Huygens sources.
This spproach can lead to computer programs runiing times on the order of
hours for many applications (ref. 3, p. 70). This paper is concerned with applying the
half-plane scattering solutions of Senior’, Woods’, and Bromwich® to the
modeling of a wide variety of terrain conditions using closed form analytic
solutions, The use of such a technique can reduce computer running tines
for many common terrain situations by orders of magnitude.

The motivation for the work presented here was a need to develop

more prrctical techniques (in terms of reduced computer running times)
for computing the performance characteristics of instrument landing systems
(ILS) glide slope antennas over non-ideal terrain. Practically all glide
slops antennas in use today are of the ground-image type which depend on
grouni reflections for the formation of the guidance beam. The formation
of an ideal glide path in space requires a ground plane in front of the

; antenna that is infinite, flat, and perfectly conducting. Such a case
is readily calculated using simple image theory. However, this ideal
condition is never encountered in practice and rarely is the flat ground
in front of the antenna of such an extent that imare theory can provide
an accurate model. Many times the terrain is of such a nature that it can




be accurately modeled by half-planes and large (> 2-3 wavelengths)

connected stripe that are infinite in length, Figure 1-Al shows some typical
goometries frequently encountered in practice which can be modeled by
half-planes and strips.

In order to properly characterigze the performance of an ILS glide
slope antenna on the glide path one needs to calculate the total fields
at a large number of points corresponding to an aircraft’s position as it
is approaching the runway., In addition, several more approaches above and
below the glide path and either side of the runway are needed to complete
the glide slope characterisation. Thus the scattered fields at a very
large number of aircraft positions are needed. In order to have a terrain
model that can economically and accurately account for scattering from
large segments of terrain, a closed form expression for scattering from
thene segments that is valid when the segments are in the near field of
the radiating antenna system is necessary. Use of the half-plane scattering
solution and combining two half-planes to form strips provides the basis
for such a terrain model.

Radlich7'8 has computed the performance of glide slope antennas over
limited ground planes, however, his approach involved a two-dimensional
terrain model and allowed evaluation of far field performance characteristics
only. The terrain model developed in this paper is a fully three dimensional
mode]l and allows for near and far field characterization of the glide slope

anteana,

Verification of the approach presented has been acoomplished by using
experimental data obtained by Lucas13, Good agreement between theory and

experinent has bsen achieved.
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11. APPROACH

The work reported in this Report is a continuation and expansion of that of ;_
Gedfrey et 8115*. In the latter work glide path DDM structures associated with :
the Capture Effect Array image type glide slope ILS over infinite planes ard
half-planes with edge transverse to the glide path were studied. The studies
] j reported herein . deal with all three image type glide slope systems** over
‘ varied terrain both in front and to the side (lateral) of the antennas and
runway. The theory used in the analysis and computer programs is discussed

E—

in Apperdix I-A herein. Table I-1 lists the various cases for which DDM
glide path structures were computed. Section II discusss the results of the
computer runs for sloping and rising foreground and their relation to Category
I and II tolerance for DDM deviations. Section III discusses the runs for
limited lengths of flat foregrcurd with various height steps to a lower
foreground plane. Section IV discusses the runs involving sloping and rising
ground to the side of the rurway. Section V discusses results for various
length ralf-planes with edge parallel to the runway. Section VI includes
glide path CDM structures for modified focus of NR and SR systems over the

A ¥
infinite plane . Also results are discussed with modified focus anc height

with variable azimuth approach angle with zll three systems over terrain with

sloping lateral ground.

*¥ null reference (NR), sidecband reference (SR) and capture effect (CE)

*x* modified focus for CE system over infinite plane was trecated in reference 15




III. TRUNCATED SLOFING AND RISING FOREGROUND

Figures I-1, I-2 and I-3 show LCDM path structures for 19.60 tilted
foregrourd pivoted at the antenna for the three image systems. Antenna height
and focus are fixed at the standard values used over the large flat plane i
(infinite plane equivalert). Standard heights were computed from the equations
of Table A-1, page A-2 of reference 15. For antenna element position dimensiors,
see Figures I-28, I-30 and I-32. Positive tilt results in fly-up DDM while
negative tilt results in fly-down DDM. The results for run 5 are consistent

with those of reference 3, page 3-11. Runs 1,2,3 (positive tilt) show the most
deviation from ideal (run O) for null reference (NR) less for sideband reference - 4
(SR), and the least deviation for capture effect (CE) as expected due to the

smaller low angle radiation of SR and CE. Run 6 (500' sloping strip) for NR :
shows the most deviation from the wide strip (106 ft) for the same reasor.

With the standard height of the runs none of the systems meet Category I or II

tolerance as indicated by Table I-2; however, by adjustment of height, all

systems can be trought within tolerance. The antennas must be raised for rising

foreground and lowered for sloping foreground. The gross behaviour of these

runs is explained by the fact that with rising ground the antenna pitterns are
raised resulting in fly-up DDM on-path with the opposite effect for sloping
ground.

Figjures I-4, I-5, I-6 and I-7 show DDM path structures for tilted fore-
ground pivoted at threshold. For rising foreground, reflectiors cccur from
toth the horizontal and tilted planes in the vicinity of 3000 feet resulting
in the large fly-dowr. signals. This effect decreases for both the SR ard CE

systems because of decreased low angle radiation. For the sloping ground the

DDM follows approximately that of the horizontal plane for ashort distance.
At longer distances the effect of the lower antenna height above the tilted q

plane predominates for the NR system, the antenna patterns are raised and fly-up

DDM is obtained on~path. For the CE system the decreased low angle radiation

results primarily in illumination of the 110C foot horizontal half-plane giving v

a small fly-down DDM as in Figure 10 of reference 15. The SR system gives an f

internediate result. CE system results for doubled tilt angle are not much

different, as expected, & shown in Figure I-7. If the curves are inlerpr:ted
as the average DDM, all systems meet Category I and II tolerance with the NR
thie poorest and CE the best. Antenna height adjustmerts would further improve

the performance cf all systems.
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1v. TRUNCATED STEPPED HALF-PLANE FORHGROUND

Figures I-8 through I-10 show fly-in DDM for a 1000 foot half-plane with
a step down to a second plane as indicated in the figures. Runs were made with
steps of 10, 20, 30, 50 and 107 feet. The result with the last step is the
same as that with a single 1000 foot half-plane. The total field arriving at
the aircraft in this case was computed by summing the direct field, the re-
flection from the base plane, the diffraction from the edge, the reflection of
edge diffraction from the lower plane, and direct reflection from the lower

plane. All systems meet Category I and II guidance tolerances for both average

and peak deviations. Further improvement in average deviation could be achieved

with antenna height adjustment.

Figures I-11 through I-13 show results with steps at a 500' edge. Now
the deviations from the ideal are much larger because the grourd currents in-
terrupted by the edge are much large: as shown by Figure 5 of Appendix I-A.

It is observed in the latter figure that, at 500 feet from the antema, the CE
ground currents are highest. It would be expected that diffraction effects
would be the largest for CE and this is indeed borne cut by the results. The
CF system has the largest deviation, relative to NR and SR, for 10 feet and 107
feet steps. Other step values cause intermediate phasing effects. The only
cases meeting Category I and II tolerance are the 1O7 foot step for NR, 107 and
20 foot for SR, and none for CE. The effect of the lower plane is to cause
oscillations (with range) about the DDM values for the half-plane alone (step =
107 feet). Half-plane LCDM's can be corrected by height adjustment to zero DDM
at long rarge as shown by Figure 17 of reference 15. Thus some cases can be

brought within the Category I and II tolerance by antenna height adjustment.

o re— ’ - e
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V. TRUNCATED SLOPING AND RISING LATERAL GROUND

The next series of runs exhibit fly-in structures for sloping and rising
ground on the antenna side of the runway. For these cases the antenna is offset
30C feet from the runway centerline and is located on the tilted strip which
begins 150 feet from the runway. Standard entenna element heights zre tsedl
but thesc heights are perpendicular distances above the tilted plane. If
standard heights above runway plane are used, very large far out of of tolerance
CDM deviotions result. Element offset ar Ys positior is for focus at standard

heisht over the runway plane.

Figures I-14 through I-16 are exploratory rurs for the three systems
showing the effect of varying the extent and angle of a second strip attached
to a 20C foot sloping strip as indicated in the figures. A smooth structure
is obtained for the large second strip of run 3 with oscillations about thé
latter run for the limited widths of 20C feet and O feet for runs 2 and 1.
Tilting upward of the second 200 foot strip as in run 4 adds a small slower
oscillation to that of run 3. The CE system compared to NR and SR has slightly
larger oscillations in the near region and smaller in the far region due to |
the larger and smaller edge ciffraction currents of the near and far region.
Figure I-17 shows fly-in structure for the geometry of run 1 of Figure I-16
with the 200 foot strip tilt angle varied from 0° o 1.720. At 0° the os-
cillations are about the standard response cf Figure I-16 while, as sloge
ancle is increased, the average is biased below the standard. All runs of

Ficures I-14 through I-17 are within Category I and II tolerance.

Figures I-18 through I-20 show fly-in results for the three image

systems for sloping and rising lateral strips of 200 feet width with variable
tilt of 0.86° to 6.88°. The antennas are nominally 300 feet from runway
centerline with standard focus and standard height above the sloping plane.
Increasing the tilt angle of the ground causes increasing fly-up signals for
all systems except for CE at short range for the largest angles. For the NR
svstem angles equal to or greater than about 30 produce out of tolerance
werage Jdeviations at point C (see Table I-2) and closer. Angles greater

than about 6° cause excess deviation at point B and closer. The SR system

is similar but is in tolerance for 3.44°. 'The CE systoem is within Catepory

I and IT tolerance cxcept at threshold for tilt angles of greater than about
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Figures I-21 through I-23 show runs for the same conditions as the previous
three figures except that the strip widths are reduced to 150 feet, so that

the antenna is positioned over the intersection of the two strips. For the

NR system the DDM deviatior from standard is now decreased for all angles
beyor.d about 4000 feet, but the larger angles still cause out of tolerance
deviatiors inside LOCO feet. The SR and CE systems ‘'show a markedly different
behavior with the reduced strip widths in that the DDM deviations go positive
beyond about 3000 feet. The SR system is out of tolerance orly for tilt angles
sreater than about 3° at point C and closer. The CE system is out of tolerarice
at threshold only for tilt angle greater than about 6°. Tt is of interest

to rote that, for the SR and CE systems, adjustment of the strips to 2 width
between 150 and 200 feet would yield less derogation beyond point B (zone 2).
Adjustment of antenna focus could improve and bring DDM for all tilt angles ;_
to within Category I and II tolerance. ;

VI. TRUNCATED LATERAL GROUND

A series of computer runs were made to investigate the diffraction effects
of the single lateral edge formed by the truncation of the infinite plane parallel
to the runway on the antenna side as indicated in Figure I-24. Figures I-24 and
I-25 show the results for the NR system. The largest DDM deviation occurs when
the edge is under the antenna since the edge currents induced by the antenna
are largevt for this ccnditior. Deviations decrease as the edge is moved away
from the antenna and, with 200 feet separation as shkcwn in Figure I-25, small
oscillatiors cceur about the stardard (infinite plane) structure. Fastest os-
cillations occur for the 200 foot separation and for aircraft short ground range
from threshold tecause the rate of change of phase difference tetweer the direct
and image rays axd the diffracted ray from the edge is the highest for these con- ‘
ditiors. Similar but larger deviations occur for the CR and CE systems as hown i
by Figures I-26 and I-27. The largest deviations occur for the SR due to its j
hirhest grourd current in the near antenna region. CE ground currents are next

with SR lowest as shown bty Figure 5 of Appencix I-A.

The NR system is within Category I and II tolerance cven with the edge

under the antenna. For the SR system the edge must be about 15 feet or greater
from Lhe antenra to be within tolerance. The CE system requires sbcout 10 feet

or more to be within tolerance.




VII. MODIFIED FOCUS, HEIGHT AND AZIMUTH APPROACH ANGLE

Figure I~28, Run 1, shows that modified focusing of the NR array over
a large flat plane can result in small DDM deviations from zero on the flight
path*. This is achieved by displacirg the upper antenra element 1.5 feet further
from the runway than the lower element in lieu of 1.13 feet closer as with
standard focus. Displacement greater than 1.5 feet will decrease the fly-up
DM (negative sign) but will increase the fly-down in the near threshold
region. Rurs 1A and 1B show the censitivity of the modified focus to azimuth
approach argles of 180. Runs OA and OB give the azimuth sensitivity of the
stardard focus case. All azimuth runs result in fly-up signal because large
lateral displacements in either direction from the flight path take the re-
ceiving antenna under the radiation null of the top antenna element. Displace-
ment of the transmitting artenna from runway center causes the azimuth asyn-

metry.

Figure I-29 shows modified focus runs for the NR array over sloping i
lateral grourd. Orly ore large tilted strip was considered in the mcdified
focus runs because the trial and error nature of finding optimum focus becomes
too computer-time consuming when two tilted strips are involved. A narrow
tilted strip yields oscillations about the large strip and two narrow con-
tiguous strips of different tilt give resvlts not much different from one
strip of the same total width. Run 4 skows that modified focus yields a
threshold region structure with less deviation from the standard (Run O)
thar Run 1 with standard focus; however, both Runs 1 and 4 meet Category
I and II tolerance. A top element relative displacement greater than 1.9
feet would bring most of the threshold region LCDM closer to zero. Runs LA
and LE give azimuth sensitivity for the modified focus case. Here DDM polarity
chanres with azimuth angle polarity due to the diffraction by the edge at YSE. :

Figure I-30 shows some SR array modified focus effects over flat ground
and sloping lateral ground. Run 1 is over a flarge flat ground plane and with
this sdjustmert of the top element (almost in vertical line with lower element)
the flight path L[DM deviation from zero is not more than about 1 ua over the
entire path into threshold. The derogation from zerc here is less than that of
Rw 1 for the NR system (Figure I-28) but more than that for the CE systcm
(Refererce 15, Figure 8). Runs 3,2,4, and 5 of Figure I-30 are for sloping

* It is shown in Reference 15 that modified focusing of the CE array can
produce essentially zero DDM over the entire flight path into the threshold.




lateral ground and for increasing displacement of the top element away from
the runway. All runs are within Category I and II tolerence. Figure I-31
shows glide p:th stiructures for iﬁo azimuth approach angle for Runs 1 and 4
of Figure I-31.

Tigure I-32 shows results of computed fly-ins using modified focus

CE Arrary with sloping lateral ground. The DDM structure for a standard focused
arrsy is given approximately by Run 3 of Figure I-16. The latter run indicates
fly-ur signal relative to.the standard reference over the entire path but is within
Category I and II tolerance. Modification of the focus can, however, reduce the
deviation from the standard as shown for example by Run 2 of Figure I-32 in
which the third element is 0.1 feet (1.89 feet standard) closer to the rurway

than the second element. Rurs 1,3, and 4 are for other focus adjustments.

Rur. 1 is about the test adjustment if zero DDM is considered to te the ideal

or reference structure Figure I-33 shows how the structure of Run 1 varies

with avimuth approach angle at iﬁo.




viIii. Conclusion

The half-plane diffraction analysis reported in Reference 15 has been
extended and generalized to permit the calculation of fields of dipoles of
any orientation over lateral or transverse conducting half-planes and over
multiple contiguous strips of arbitrary tilt angle. Fields diffracted from
strips were obtained as the difference between fields of half-planes of
length difference equal to stripwidth. Computer programs were modified and
extended tc incorporate the field equations resulting from the above analysis
to enable DDM calculations over terrain types synthesizable  from half-planes

and strips.

Glide path DDM calculations over typical terrain types for the three
image type glide slope systems have been computed. Foreground tilted 19.60
at the antenn: causes out of otolerance DDM with standard antenna heights;
however, performance can be brought within tolerance by height adjustmert.
Foreground tilted 1-0.86O at threshold gives within tolerance performance with
standard antenna height but can be improved with modified height. Foregrourd
with s£eps between 10 feet and 107 feet at 10CO feet from the antenna gives
performance within tolerance for all systems. With steps at 500 feet, however,
the Capture Effect system goes out of tolerance for all steps. The other
systems are in tolerance for some cases. Some cases could be brought into
tolerance by height adjustment. For the sloping and rising lateral ground it
wac found that all antennas must be positioned at standard, or near standard

heirht above the tilted plane, rather than above the runway plane, to give

within tolerance CDM. For antennas at standard height over the sloping section

of a lateral trough the tilt angle must be less than about 30 for the null

reference, 3.49 for sideband reference and 6° for capture effect. For antennas

positioned over the center of the lateral trough the tilt angle requirement

is about the same as above but fly-down signals are ottained over much of the

path. Modified focus and height could improveé.and bring performance with larger

T pE———
i et




tilt angles to within tolerance. For terrain having effectively a single
lateral edge the null reference antenra can be on the edge, but the sideband
reference must be at least 15 feet from the edge while the capture effect

must be at least 10 feet from the edge.

Effects of modified focus of null reference and sideband reférence
over a flat plane were investigated. It was found that the upper antenna
element position can be adjusted to give small deviations from zero DDM
in the glide path threshold approach region. Modified focus runs of all
systems over sloping (0.860) lateral ground were found to be within Category

I and II tolerance.




APPENDIX I-A

TERRAIN MODELING USING
THE HAIF-PIANE GEOMETRY
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General Theoretical Considerations

vYodeling of general terrain features with the half-plane geometry
is possible vhen the terrain in question can be approximated by semi-infinite
planes or strips. The observed radiation depends on a geometric and diffracted
term. Analytic expressions for the radiation have been obtained by Senior %
for a vertical dipole perpendicular to the half-plane and Woods> for a
horisontal dipole perpendicular to the half-plane edge. Bromwich® presents
results for a horizontal dipole parallel to the half-plane edge which when
calculated in the manner outlined by Senior yield solutions including second
order contributions in distance,
In general it is convenient to divide the total field into a direct
and reflected term where the reflected term includes the contribtutions from
the image and diffraction, thus
Tt 3. (1)
The advaritage of this formulation lies in the fact that the direct field
is only counted once and it is necessary to modify the solutions of Senior,
Woods, and Bromwich to take this into consideration when summing contributions
from more than one strip.
The reflected fields define a set of nine solutions (for a unit dipole),
e:j(x'oxo.yo.so.x.y.l) vhere i denotes the field component (i = X,Y,Z), J
denotes the axis along which the dipole is parallel (Jj = X,Y,2), Xy Corresponds
to the position of the edge which is always taken perpendicular to the X-axis
ang in the XY-plane, Xg0Yge and £, denote the position of the dipole and x,y, and
¢ denote the observation point. Locating a set of axes ( xo.ro.zo) at the
dipole such that they are parallel to X,Y, and Z, respectively, it is possible

to define components dxo. dYo' and dzo for arbitrary orientations of the

dipole., The resulting fields satisfy:




| |
l R R R .R i
-' Ex Exx &y Exg a, j
7] - |ém Em Ewm| |ay, (2) i
%y Epx oy 72 gt |

where 4 = 4 a, such that <L;n,2t = { and d is the complex amplitude and phase

of the dipole.
Tor the situation of an arbitrarily oriented dipole and half-plane

1t is always possible to transform the space system to axes X, Y, and Z

such that the solutions 5: 4 can be calculated in terms of the expressions
developed by Senior, Woods, and Bromwich. The simplest such transformation
is a translation, T(x',y',s2'), from the space system to a set of axes

fixed in the half-plane followed by a rotation, A(oC, p.Y). which takes

the intermediate axes into the XYZ - system such that the half-plane

11es in the XY - plane with the half-plane adge perpendicular to the
X-axis. The Fuler anxles specifying the rotation, (o ,f,Y )s are defined
in the convention of Goldauinq. for example, with the rotation operator

sinilarly defined. The situation is depicted in Figure 2,

In terms of the above operation, a vecior ? transforas according

F(xyez) = Al y oY) T(X* 0y o2*) T(Xge¥ge2,) « (%
Following calculation of the reflected fieclds in the XYZ - system the

original fields in the space system can be recovered using the inverse

| transformation

Brgarginy) = Ty n0) A7 oY) Elrares) ()




So far the discussion has been confined to half-planes, however, it is

possible to extend the procedure to seai-infimite strips by simply combining
two half-plane solutions using the principal of superposition. Although

this solution technique is approximate in that the ground currents are assumed
frogen, a consequence of the dual integral formulation of the half-plane
loluuoncm. it is a good approximation when the strips are of finite size
exceeding a few wavelengths in widthll,

The Teflected field component £ &y is defined by
ng - ~1k/{TTy HSZ)(kni) 8in(6/2) sin(ey/2)

1/2(B - e - byte)] (5)

+ £(S 3*0*0) ’

where gcao
t (2)

bg(x) = 1), B 08 comnp) ap (6a)

o©
b ) =+ i 1) (kR cosny) dp (6v)

and 2 -1kS
3)'7— -k £

£(8yxixy) = S Rl Ay (6¢)

0 (6>n-¢)
In the above expressions k is the wavenumber, ng) and Héz) are Hankel

functions of the second kind, the plus and minus signs are determined by

£: 0500 (S-hewwd

r: O4meB,  (Rdeww)
with O and Bo defined by (x - x.) =rcosD, = =rsind, (x - x.) = 1, cos 6,
and 3, = 1, sin % (see Figure 3). The remaining quantities are defined

as followss
- .

N N S




Re ((x - x)” + (- 7)) + (5 - 5)2)? (7a)
S = ((x-x)2+(y- :r(,)2 +(s+ .o)z)i (7v)
re ((x - x‘)2 + '2)') (7¢)
Ty = ((xy - :r,)2 + s%)* (7a)
R = ((rer)?+(y- 102)? (7e)

where the edge dependence, X, , is in r, Toe and Ry and the limits h! and

Fg o0

b = o1t |20 ot - o) (80)
pg = ainn-1 [z‘_f;D. cosd(o + 60)1 (8v) *
3
Expanding the Hankel functions asymptotically, using the substitution
T =[2ku’ sinhdp (whero u = R or S), and evaluating the non-exponential terms
in the integrals about the lower limits (as outlined by Senior) one obtains |

an expression for Equation (5) in terms of Fresnel integrals of the following

forms
& " Np, sin}® sind 8,
- [ semlry) c,(1ma)) - sentrg) 5(h)) (9)
+ 1/x( sen(Tp) Hp(\rplixexy) - sen(tg) Ho({rgl sx.xo)}
+ 1(S1xe%g)
where

2k _-1(kRy+w/b)

'Rl b wRyrT, (10a)
- -1ku

qlim) = B =y rim) (108)

HyOr b smem,) = 3%2;-.—6 Gy(lTy)) (10e)

In these expressions u= RorS and

T "2 ,1;—0,-"': cos(® - @) (11a)

Ty "2 1;'—'-:% cos}(© + &) (11v)




with the complex Fresnel integral satisfying
2

-4y

= e ar .

F(lvgl ) Sjw u (12)
Unlike Senior amd Woods it was necessary to retain the image

contributisn separately since the presence of the edge position prevents

a straightforward expansion of the combined image and diffracted term.

The remaining reflected field components are given as follows:

5;, - 1/k ( sen(rg) Ha(\ vl 1xey,) - sen(Tg) Hg(lrgl ""o)]

+ 7(Ss1x,¥q) (13)
Exz = = M, Sind0 coste,

+1/k ( sen(Tp) "g(\fa‘ '*o'o) - sgn(1y) Hs(h's| lx.lo)]

+ £(Six,%,) ’ (14)
ER = 1/k (sen(T) Hylivpbrexy) - sen(tg) H( 7l ayax,) |
+ £(S1y,x,) (15)

ER = - x {aen(ty) Gylirg) - menlTy) Gyl i)
1A sen(Tg) Hp(Vrpliveyy) - sen(Yg) Hg(\vg) myo)]

+ £(S1y,¥p) (16)
£ ;‘z = 1/x ([ sen(T) Ho (175l 7,8,) - sen(7g) Hg(l7gl m-o)]
+ £(S1y,s;) (17)

E:x = -Np, cos}Ssinje,
+ 1k { son(Tp) Ha(\vgls n,x5) - sen(g) Hg(lvgl 12exy) )

| + £(S18,x,) ; (18)
\ Egy = 1/ ( sen(rp) Ha(\ Tl 13s3,) - san(Tg) Hg(\X) as.yo)]
E" 4+ f(SISOYO) (19)

E:z - "R‘ cos$O cosdO,
- % [ oen(1g) o(imgl) + sen(rg) Gg(ingl) ]
+ 1/ [ smn(Tp) Hy(\ryl 1908) - sen(Tg) Hg(irgl 1musy)]
+ g(S12,35) . (20)




e a—

In the above equations whem 0<8<w-Q,

32 o ~1kS - and -
( .. k) e (:o o: ;:.’ucpo:hnly)

2(Simymy) = (21e)
T)T—- 2‘0 o~1kS x5 | (mym, denote different axes)
also
g(Su.so) -(a_'_a_:_'_o + kz) e'“s/ks : (21v) ] i

For all other values of © , £ and g vanish.

The direct radiation is independent of the ground plane geometry except
for the shadow region defined by this geometry. Consequently, since
o~ 1kR/kR 1s invariant under rotations one can define the direct fields in
terms of any system subject to the requirement that the fields vanish in the

shadov region, For most purposes it will be convenient to express the direct

f radiation in the space system. Thus, one obtains

A pm -

| Eg.\ £x L5 ‘5x Y, é4( 2.} [ g0

| g, | - &x,x, CY Y, 5! e, (22)
% £2 LR Ez % 52 z,] \%2g! *

where dy t!Y o and d are the dipole components with respect to a set

s0 Ts0 Zso
of axes fixed at the dipole and parallel to the space axes. In ths illuminated

region the direct component fields are defined by

J2 -
- (m - kz\) ® ""R/kn (Mg = M)

52.,,5 - ; ‘ (23)
! . 2 g MeRpp (M #u)
TRgdug, -l

When H. Yge Y a? or 7, one has m, = RgoYge OT Bg0 respectively, and when
| My = Xgo Y.. or Z, one has R0 ™ %s0° a0 OF Zg0° respectively. In the
space system (x..y..z.) ‘défines the observer position while (x.o.yao.s.o)

P T

represents the dipole coordinates analogous to the XYZ system.

= 18=




o s -

The geometry for a half-plane over an infinite plane is illustrated
in Figure 4, It is important to recognise that the reflected diffraction
component of the fields makes a substantial contribution; consequently, this
term is included. The problem is to determine the fields in the
four principal regions of practical interest depicted. Since aircraft antemns

are sensitive only to the horisontally polarised radiation ( Y’-eo-ponont)
it will be convenient to consider this component. In region I the field
consists of a reflected (from the half-plane) and a direct term:

Gy p o2
SR oy (24)

The direct radiation is given by Equations (22) and (23). The reflected
R
radiation is simply By =d Eyy ¥heve d is the dipole amplitude and phase.
(-]
In region II the fields satisfy

LS R S (25)

vhere the reflected diffraction term is given by
e = -k [ sen(vy) Gp(iml) - sen(tg,) G, (Ingd )] (26)

+ a/x _sen(rp,) Hpe (V7,1 1707g) - sen(Tg,) Hg, (171Gl myo)] :
The primes refer to the indicated distances and angles depicted in Figure 4

where
R = ((x - %) + (v - yp)2 + (5 + 2n + 5p)2)} (274)
$* = ((x - 29)° + (v - y)? + (2 + 20 = 3)2)? (27%) :
ro= ((x - x)? + (2 + 2m)2)} (27¢)
r§ = g (274)
R = (0 + 507+ (v - vy} (270)

with h being the height of the half-plane above the infinite plane. 1In region
IIT the fields are the same as in region II except the half-plane's image term

vanishes ( ©>w-@,). Finally, in region IV the fields are the same as in region IIT
except they include the reflected direct term (from the infinite plane).

v) _ g(T11) .
L SR AR (28)
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where f(Re 'y.yo) is defined in Eguations (2ia) with S = R°.

To see the applicabdility of the general presentatioa consider the situation
of Figure 1a. Contribtutions to the reflected field come from the half-plane
with edge at x, = 0 and a strip rotated according to A(-I,{,I) with edges
at 0 and x'. The solutions only involve the Cyy component fields, The
situation of Figure 1b is simply treated as previowsly discussed in the half-
plane over the infinite plane case. In Figure 1d a lateral edge is illustrated
with edge at Yoo = Y One simply rotates the space system through the
transformation A(-T,0,0) with only the £ component fields entering the
calculation. Figure 1c corresponds to a rotated half-plane, A(-g.o.o) representing
the transformation needed, with edge at y,, = -y'. In addition a tilted
strip contributes where the required transformation for modeling the strip
is A(=y-$,T) T(0,~y*,0). In general since only the Y, component of the
total flelds 1s needed for modeling aircraft antensas the Exy, Ergs Exge
and £ component fields will be required for this case. In all cases
the antenna dipoles are parallel to the Y. - axis,
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TABLE I-1

LIST OF COMPUTED GLIDE PATH DDM STRUCTURE RUNS
Total Number of Runs = 187

‘ A. TERRAIN: SLOPING AND RISING FOREGROUND -~ 59 RUNS

Antenna Figure Run Description ;

)

i

NULL REFERENCE, I-1 0 standard reference (large flat plane, focused) :

standard height :

and focus ;

1 16° $6. Btedp rising ot 0.6° Starting b sutews '3’

1200 ft. strip rising at 0.6° starting at antenna

500 ft. strip rising at 0.6° starting at antenna
106 ft. strip sloping at 0.6° starting at antemna
1200 ft. strip sloping at 0.6° starting at antenna

500 ft. strip sloping at 0.6° starting at mitenna

© O AR P W N

SIDEFANL REFERENCE, I-2 standard reference (large flat plane, focused)
standard height and

focus

106 ft. strip rising st 0.6° starting at antenna

[

1200 ft. strip rising at 0.6° starting at antenna

500 ft. strip rising at 0.6° starting at anterra

106 ft. strip sloping at 0.6° starting at antenna

1200 ft. strip sloping at C.6° starting at antenna
500 ft. strip cloping at 0.6° starting at antenna

CAPTURE EFFECT, 1-3 standard reference (large flat plane, focused)
standard height

and focus

Ho& o W N

106 ft. strip rising at 0.6 starting at antenna
1200 ft strip rising at 0.6° starting at antenna

N

500 ft. strip rising at 0.6° starting at antenna
106 ft. strip sloping at 0.6 starting at antenna
1200 ft. strip sloping at 0.6° starting at antenna

o Wit W

500 ft. strip sloping at 0.6° starting at antenna

-59-




Antenna Figure Run Description
NULI RFFERENCE, I-4 0 standard reference
' standard height and
' znd focus
‘ 1 10® #e. “otripSthine 3t 0 00 starting at threshold
;
i 2 1000 ft. strip rising at 0.86°startingat threshold
3 500 ft. strip rising at 0.86° starting at threshold
f : I3 106 ft. strip sloping at 0.86° starting at threshold
5 1000 ft. strip sloping at 0.86° starting at threshcld
6 500 ft. strip sloping at 0.86° starting at threshold
g
SIDEBAND REFERENCE, I-S 0 standard reference
standard height
and focus
1 100 7t stetp vietng o 0.96° starting at threshold J
2 1000 ft. striprising at 0.86° starting at threshold
3 500 ft. strip rising at 0.86° starting at threshold
L 106 ft. strip sloping at 0.86° starting et threshold i
f 5 1000 ft. stripsloping at 0.86° starting at threshold
6 500 ft. strip sloping at 0.86° starting at threshold
CAFIURE EFFECT, I-6 0 standard reference
standard height
and focus
1 106 ft. strip rising et 0.86° starting at threshold.
2 1000 ft. strip rising at 0.86° starting at threshold
3 500 ft. strip risirg et .86° starting at threshcld
4 106 ft. strip sloping at 0.86° starting at threshold
ﬂ 5 1000 ft. strip sloping at 0.86° starting at threshold
| 6 500 ft. strip sloping at 0.86° starting at threshold
|
!
|
‘-j%
3

-60-




CAPTURE EFFECT, I-7 0

standard height

and focus
1
2
2
L
5
3

Description

standard reference

106

1000 ft. strip rising at 1.72° starting at threshold

500 ft. strip rising at 1.72° starting at threshold

6

10° ft. strip sloping at 1.72 ° starting at threshold
1000 ft. strip sloping at 1.72° starting at threshold

500 ft. strip sloping at 1.72 starting at threshold

ft. strip rising at 1.72° starting at threshold

B. TERRAIN: STFP DOWN IN ANTENNA FOREGROUND - 26 RUNS

Antenna Figgre Run
NULL REFERENCE, I-8 SR
standard height
and focus
10
20
30
50
107
SIDEBAND REFFRENCE, I-9 SR
staridard height

and focus

10

8

30
50

10

Description

standard reference

10 ft.
20 ft.
30 ft.
50 ft.

step at 100C ft. from antenna
step at 100C ft. from antenne
step et 1000 ft. from anterns

step at 1000 ft. from anterna

107 ft. step at 1000 ft. from anterna

standard reference

10 ft.
20 ft.
30 ft.

50 ft.

107 ft.

-61~

step at 1000 ft. from anternnc
step at 10CO ft. from antenna
ster at 1000 ft. from antenna
step at 1000 ft. from antenna

step at 1000 ft. from antenna




B s — —

tenn: Figure Run Description
CAPTURF EFFECT, I-10 SR st.endard reference

standerd height

ar.c focus

10 10 ft. step at DOO ft. from antenna

2 2 ft. step at 1000 ft. from antenna
30 30 ft. step at 1000 ft. from ant.enna
50 50 ft. step at 1000 ft. from antenna

107 107 ft. step at 1000 ft. from antenna

NULL REFERENCE, I-11 Sk stondard reference

standard height

and focus
10 10 ft. step at 500 ft. from antenna
20 2 ft. step at 500 ft. from antenna

30 30 ft. step at 500 ft..from ezntenna
50 50 ft. step at 500 ft. from enterna
107 107 ft. step at 500 ft. from anterna

SIDEBAND REFERENCE, I-1Z2 Sk stardard reference

standard height

and focus
10 10 ft. step at 500 ft. from antenna
20 20 ft. step at 500 ft. from antenna
30 30 ft. step at 500 ft. from entenna
50 50 ft. step et 500 ft. from antenna

lO7 107 ft. ster at 500 ft. from antenna

CAPTURE EFFECT, I-13 SR standard reference
standard height
and focus
10 10 ft. step at 50C ft. from antenna

20 20 ft. step at 500 ft. from antenna
30 30 ft. step at 500 ft. from antenna
50 50 . step &t 500 ft. from antenna

L5 4

10' 107 ft. step at 500 ft. from antenna




C. TERRAIN: SLOPING AND RISING FOREGROUND - 48 RUNS

Ant enna Fipure
11 REFERENCE, I-14

szz2ndard focus.
Standard height
atove tilted plane.

SIDEBAND REFFRENCE, I-15
standzrd focus.

Standard height

above tilted plane

CAPTURE EFFECT, I-16
standard focus.

Standard height

above tilted plane

Run

0

L

Description

standard reference

200 ft. 0.86° sloping

strip

200 ft. 0.86° doping strip plus 200 ft.

horizontal strip

200 ft. 0.86° sloping
horizontal strip

200 ft. 0.86° sloping
0.86" rising strip

standard reference

200 ft. 0.86° sloping

200 ft. 0.86° sloping
horizontal strip

200 ft. 0.86° sloping
horizontal strip

200 ft. 0.86° sloping
0.86" rising strip

standard reference

200 ft. 0.86° sloping

200 ft. 0.86° sloping
horizontal strip

200 ft. 0.86° sloping
horizontal strip

200 f£t. 0.86° sloping
0.86° rising strip.

Qs

strip plus 106 ft.

strip plus 200 ft.

strip

strip plus 200 ft.
strip plus 10~ ft.

strip plus 200 ft.

strip

strip plus 200 ft.

strip plus 106 ft.

strip plus 200 ft.

ey R e R



Antenns

CAPTURE EFFECT,
standard focus.
Standard height
above tilted plane

Figure

I-17

NULL REFERENCE, I-18
standard focus.

Standard height

above tilted

plane

SIDEBAND REFERENCE,
standard focus.
Standard height
above tilted

plane

I-19

CAPTURE EFFECT, I-20
standard focus.
Standard height

above tilted plane

° E

0.86

1.72

0.86
1.72
3.44
6.88

0.86
1.72
3ol
6.88

0.86
1.72
3.4k
6.88

Description

150 ft. lateral edge plus 200

150 ft. lateral edge plus 200

150 ft. lateral edge plus 200

standard reference

Lateral trough,
Lateral trough,
Lateral trough, 200
Lateral trough, 200

standard reference

lateral trough,
lateral trough,
lateral trough, 200
lateral trough, 200

standard reference

lateral trough,
lateral trough,

Jateral trough,

lateral trough,

ft.
ft.
ft.

ft‘

fit.
ft.

ft.

ft.
ft.

ft.

) ft.

sides
sides
sides

sides

sides
cides
sides

sides

sides
sides
sides

sides

ft. strip at o° slope

ft. strip at 0.86° slop

ft. strip at 1.72° slope

at 0.86° angle
at 1.72°
at 3:44°

at 6.88°

angle
angle

angle

et 0.86° angle

at 1.72o angle
at 3.44°

at 6.88°

engle

angle

at 0.86°

st 1.72°

angle
angle
angle
angle

at B.LAQ
at 6.88°




Antenna Figure Run Description

NULL REFERENCE, I-21 0 standard reference
Standard focus.

Standard height

above tilted plane

* 0.86 laterel trough, 150 ft. sides, at. 0.86° angle
1.72 lateral trough, 150 ft. sides, at 1.72° angle
3.4, lateral trough, 150 ft. sides, at 3.44° angle
6.88 laterel trough, 150 ft. sides, at 6.88° angle

SIDFBAND REFERENCE, I-22 0] standard reference

standard focus.

Standard height

above tilted plane

0.86 lateral trough, 150 ft. sides, at 0.86° angle

1.72 lateral trough, 150 ft. sides, at 1.72° angle
3.4 lasteral trough, 150 ft. sides, at 3.44° angle }
6.88 lateral trough, 150 ft. sides, at 6.88° angle
CAPTURE EFFECT, I-23 (0} standerd reference
standerd focus.
Stenderd height
above tilted plane
0.86 1lateral trough, 150 ft. sides, at 0.86° angle
1.72 1lateral trough, 150 ft. sides, at 1.72o angle | 3
; 3.1 lateral trough, 150 ft. sides, at 3.44° angle
6.88 lateral trough, 150 ft. sides, at 6.88° angle

D. TERRAIN: LATERAL EDGE - 21 RUNS

; Antenna Figure Run Description
§ NULL REFERENCE, I-24 0 lateral edge O fi. from antenna
§ standard height
i end focus
ﬁ S lateral edge 5 ft. from antenna
{
§ 10 lateral edge 10 ft. from antenna

: 20 lateral edge 20 ft. frcm antenna

f 30 lateral edge 30 ft. from antenna

40 lateral edge 40 ft. from antenna




Antenna Figure Run Description
NULL REFERENCE, = I-25 50 lateral edge 50 ft. from antenna
standard height
and focus
t ' 100  lateral edge 100 ft. from anterna

200 lateral edge 200 ft. from antenna

SIDEBAND REFERENCE, I-2 0 lateral edge O ft. from antenna
standard height
and focus
5 lateral edge 5 ft. from antenna ;

10 lateral edge 10 ft. from antenna
20 lateral edge 20 ft. from antenna
30 lateral edge 30 ft. from anterra

40 lateral edge 40 ft. from antenna

CAPTURE EFFECT, I-27 0} lateral edge O ft. from antenna
standard height
and focus

5 lateral edge 5 ft. from antenna

10 lateral edge 10 ft. from antenna
20 lateral edge 20 ft. from antenns
30 lateral edge 30 ft. from antenna

40 lateral edge 4O ft. from antenna

E. TERRAIN: FLAT AND SLOPING LATERAL GROUND - 33 RUNS

Anternz Figure Run Description
NULL REFERINCE, I-28 0 standard reference. Infinite plane, standard height
standard and and focus. 0° azimuth '

modified focus

(6] standard reference. Infinite plane, standard height -
and focus. -8~ azimuth.

(0)3] standard reference. Infinite plane, standard height
and focus. 8° azimuth.

1 infinite plane, standard height, modified focus, 0°
1A infinite plane, standerd height, modified focus, -8°

1B infinite plane, standard height, modified focus, e°
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Ant enna

NULL RFFERENCE,
standard and
mciified focus

SIDEBAND REFERENCE,
modified focus and
height

SICEBAND REFERENCE,
modified focus and
height

I-30

I-21

o Ig’

-

L

N

1A

1B

Description

standard reference

106 ft. lateral strip, standard height and focus

10® £t. 1ateral strip, modified focus, 0°

10® ft. lateral strip, modified focus, -8°

10% £t. lstersl strip, medified focus, 8°

standard reference

infinite plane, standard height, modified focus

106 ft lateral strip, modified height and focus

106 ft. lateral strip, same height and different

focus

106 ft. lateral strip, same height and different

focus

106 ft. lateral strip, same height and different

focus

standard reference

infinite plane, standard height, mcdified focus,
0~ azinuth

inginite plane, standard height, modified focus,
-8~ azimuth

infinite plane, standard height, modified focus,
8" azinuth

sloping &06 ft. lateral strip, modified height and
focus, O azimuth

sloping 106 ft. lateral strip, modified height and
focus, -8° azimutkh

sloping &06 ft. lateral strip, modified height and
focus, 8 azimuth.




Antenna Figure Run Description w
CAPTURE EFFECT, 92 0 standard reference
mcdifiec focus
and height
: 1 sloping 106 ft. lateral strip, modified height and
i focus
2 sloping 106 ft. lateral strip, modified height and
focus
3 sloping 106 ft. lateral strip, modified height and F
focus 3
i
4 sloping 106 ft. lateral strip, modifiecd height and
focus
CAPTURE EFFICT, I-33 (0} standard reference
modified focus b
3 and height ‘
1 sloping 06 ft. lateral strip, modified height and
focus, 0~ azimuth
1A sloping 106 ft. lateral strip, modified height and -
focus, -8° azimuth
1B sloping 306 ft. lateral strip, modified height and
focus, 8 azimuth




TABLE I-2

CATEGORY I AND I1 GLIDE SLOPE DDM TOLERANCE

; F“—~“""'ZONE 3-——‘+**-' ZONE 2-——-L*———'ZONE 1-————_**‘4
THRESHOLD C B A LIMIT OF
COVERAGE
A ~ 4 nautical miles from threshold
B ~ 3500 feet from threshold
C ~ distance at which commissioned glide path is 100 feet
abcve the threshold horizontal plane (901 feet for
glide slope angle of 2.86°)
CATE:GCRY ZONE T ‘ﬂaz t S&az
(Leviation of the average (Peak deviatior from
from the ideal focused, average, + or -)
infinite plane glide path,
+ or =)
I 1,2 37.5 By
11 1 37.5 EY
37.5 30 at 4, 20 at B
3 37.5 at B to 48.75 at C 20

to 75 at threshold
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