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I. Introduction

T rrain medeling in .lsctroasgn.tic scstt.riag problems has tredi-

tionally involved separating the terrain under considsrattoit into small

enough s.gments so that a Muygrnts source approximation to the treatment

of the scattered ft.1.ds is possible.1’2” Use of this tecimique very

often requires an exceedingly large number of ssgeents to properly

represent the ground surface. Moreover, numerical intagration techniques

are often used to calculate the scattered fields from the Huygena sources ,

Thu ~pprosoh can lead to computer programs running times on the order of

hours for many applicat ions (ref . 3, p. 70). This paper is concerned with applying the

half-plane scattering solutions of Sentor~, Woods5, and Broawtch6 to the

modeling of a wide variety of terrain conditions using closed form anal ytic - 
-

solutions. The use of such a technique can reduce computer running times

for many common terrain situations by orders of magnitude.

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

‘iore p~~.etical techniques (in terms of reduced computer running tines)

for computing the performance characteristics of instrument landing systems

(11$) glid, slope antennas over non—id•al terrain. Practically all glide

elope antennas in use today are of the ground-image type which depend on - -

• ground reflections for the formation of the gu idance beam . The formation

of ‘in ideal glide path in space requires a ground plane in f ront of the

antenna that is infinite, flat , and perfectly conducting. Such a case

is readily calculated using staple 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 Image theory can provide

an accurate model. Many times th. terrain is of such a nature that it C*~

11._C. 
~~~
-_ 
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be accurately modeled by half-planes and large (~ 2-3 wa,sl.agths)

connected strip, that are infinite in length . Ligure 1-Al shows some typical

geometries frequently encountered in practice which can be modeled by

half-planes and strips.

In order to properly characterise the performance of an 11.3 glIde

slope antenna on the glide path one needs to calculat, 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 approsehes above and

below the glide path and either side of the runway are needed to coaplete

the glide slope characterisation. Thus the scattered fields at a very

larg. 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

these 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 elope antennas over

limited ground planes , however, his approach involved a two-dimensional

terra In aodel and allowed evaluation of far fj. eld performance characteristics

only . The terrain model developed in this paper is a fully three dimensional

mod~~ and allows for near end far field characterization of the glide slope

anti ina.

Verification of the approach presented has been accomplished by using

experimental, data obtained by Lucss13. Good agreement between theory end

experiment has been achieved .

-2-
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APPROACH

The work reported in this Report is a continuation and expansion of that of

Godfrey et ai)5*. In the latter work glide path DU4 structures associated with
the Capture Effect Array image type glide slope ILS over infinite planes and
I~alf—planes with edge transverse to the glide path were studied. The studies

reported herein deal wit.h all three image type glide slope sys tems~* over
vari ed 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
in Apper.di, I—A herein. Table I—i lists the various cases for which DDM

glide path structures were computed. Section II discu~~s 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 £oregrcur.d with various height steps to a lower
foreground plane. Section IV discusses the runs involving sloping and risirip

ground to the side of the runway. Section V discusses results for various

length 1-aif—planes with edge parallel to the runway. Section VI includes
glidc path C~~ structures for modified focus of NR arid SR systems over the
infinite plane . Also results are discussed with modified focus and height
with variable azimuth approach angle with all three systems over terrain with

sloping lateral ground.

*~ nulJ reference (NR), sidcbarid reference (sR) and capture effect (CE)

~~ modifi ed focus for CE ~iyst.ern ‘ver infinite plane was treated in reference 15

—3—



r - - - - - - - — 

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

~~ 
—

III. TRUN CATED SLOFI~~ AND RISING FORFCROUND

Figures I—i , 1—2 and 1—3 show D1]4 path structures for +0.6° tilted
foregrour.d 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

~infi nit e plane equivalent). Standard heights were computed from the equations
of Table A— i, page A--2 of reference 15. For antenna element position dimensior,s,
see Figures I—2~ , 1—30 and 1—32. Positive tilt results in fly— up D114 while
nega tive 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 0) for null reference (NR) less for sideband reference
(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 (10

6 ft) for the same reason.

With the standard height of the runs none of the systems meet Category I or II
tolerance as indicated by Table 1—2; however, by adjustment of height , aLt
systems can be brought 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
raise-i resulting in fly—up D114 on—path with the opposite effect for sloping

~round.

Figures 1—4, 1—5, 1—6 and 1—7 show Dl~4 path structures for tilted fore-

ground pivoted at threshold. For rising foreground , reflections occur from
toth the hori;~ontal and tilted planes in the vicinity of 3000 feet resulting
in the large fly—do~r. signals. This effect decreases for both the SR and CE

systems because of decreased low angle radiation. For the sloping ground the H-
DDM follows approximately that of the horizontal plane- for a ~ ort distance.
At longer distances the effect of the lower antenna height above the tilted

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 1100 foot horizontal half—plane givinp

a small fly—down L~~1 as in Figure 10 of reference 15. The SR system gives an

iiitern ediate result. CE system results for doubled tilt angle are n r t much

different , as expected, ~ shown in Figure 1—7. If the curves are interpr~ ted
as the average DEt1, all systems meet Category I and II tolerance with the NR
t h e  poorest arid CE the best. Antenna height adjustments would further improve

the perfor manc e cf all systems.

—4— -
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iv. TRUNCATED STEPPED HALF—PLANE FOR~DR0UND

Figures 1—8 through 1—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 feet. The result with the last step is the

same as that with a single 1000 foot half—plane. The total field arrivinE 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
arid peak deviations. Further improvement in average deviation could be achieved

with antenna height adjustment.

Figures I—li through 1—13 sho~ results ~~th steps at a 500 ’ edge. Now

the deviations from the ideal are niuch~arger because the ground currents in-

terrupted by t h e  edge arc much larger as shown by Figure 5 of Appendix I—A.
It is observed in the latter figure that, at 500 feet from the ant~ ina, th e CE

~‘round currents are highest. It would be expected that diffraction effects

would be the largest for CE and this is indeed borne out by the reLults. The

CE system has the largest deviation, relative to NB and SB, for 10 feet and 10~
feet steps. Other step values cause intermediate phasing effects. The only

cases rreeting Category I and II tolerance are the 10? foot step for NB, 1O7 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 —

~~ feet). Half—plane DDM’s can be corrected by height adjustment to zero DI1’4

at long range 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. 

-- 
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V. TRUNCATED SLOPfl~C AND RISIM~ 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

300 feet from the runway centerline and is located on the tilt ed st riz’ wh .j d’.
begins 150 feet from the runway. Standard antenna element heights are ~~~~
hut these heig F- ts are perpendicular distances above the tilted plane. If
standard heights above runway plane are used , very large far out of of tolerance
Ct~1 -1cvi~ tions result. Element offset cr Y5 position is for focus at standard
height over the runway plane.

Figures 1—14 through I—i6 are exploratory ruri s for the three systems
showing the effect of varying the extent and angle of a second strip attached

to a 200 foot sloping strip as indicated in the figures. A smooth structure

is obtained for the large second strip of run 3 with oscillations about the
latter run for the limited widths of 200 feet and 0 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 NB and SR has slightly
larger oscillations in the near region and smaller in the far region due to
the larger and smaller edge diffraction currents of the near and far region.

Figure 1—17 shows fly—in structure for the geometry of run 1 of Figure I—i6

with the 200 foot strip tilt angle varied from 0° to 1.72°. At 0~ the os-

cillations are about the standard response of Figure 1—16 while, as slope
ann e is increased, the av erage is biased below the standard. All runs of

Figures 1—14 through 1—17 are within Category I and II tolerance.

Figures I—1~ through 1—20 show fly—in results for the three image

syst ems for sloping and rising lateral strips of 200 feet width with variable

tilt of O.8&~ to ~~~~~ The antennas are nomTdnally 300 feet from run~ay
cunterline 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

0
system angles equa~ tu ~r greater than about 3 produce out of tolerance
-iver:igc deviations at point C (see Table 1—2) and closer. Angles greater

than ab~ut - 60 c-’~use excess deviation at pnint 13 and closer. The SF system
~~~~ 0is ~

;.Lnhi1:tr Lu t  is ii i tol~rancc for 3.44  . ftc CE systcrn is within Category
I ant IT toler ance except at -  th r eshold for tilt angles of greater th an  about
- Co .

— 6— 
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Figures 1—21 through 1—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 pO8ttiofled over the intersection of the two strips. For the

NB system the DLt~1 deviation. fromr standard is now decreased for all angles
beyor.d about 4000 feet, but the larger angles still cause out of tolerance
deviatior.s inside 40C0 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 only for tilt angles

greater than about 3
0 
at point C and closer. The CE system is out of tolerance

at threshold only for tilt angle greater than about 6°. It is of interest

to note that, for the SR and CE systems, adjustment of the strips to a width

between 150 and 200 feet would yield less derogation beyond point B (zone 2).

Adjustment of antenna focus could improve and bring 5DM for all tilt angles
to within Category I arid 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 indica ted in Figure 1— 24. Figures 1—24 and -

1—25 show the results for the NB system. The largest DDM deviation occurs when

the edge is under the antenn a since the edge currents induced by the antenn a
are large~.t for this ccnditior.. 1~ viations decrease as the edge is moved away

from the antenna and, with 200 feet separation as shcwn in Figure 1—25, small
oscillations occur about- the standard (infinite plane) structure. Fastest os-

cillations occur for the 200 foot separation and for aircraft short ground range

from t hreshold because- the rate of change of phase difference between the direct
and image rays a-id the diffracted ray from the edge is the highest for these con—
ditior!s. Similar but larger deviations occur for the CR and CE systems as howr~

• by Figures 1—26 and 1—27. The largeat deviations occur for the SR due to its

hirhest ground current in the near antenna region. CE ground currents are next
with SR lowest as shown Ly Figur e 5 of Appendix I—A.

The NB system is within Category I and II tolerance even with the edge
under the antenna. For the SR system the edge must be about 15 feet or greater

f rom Lh e ant enna to he wit-t in tolerance. The CE system requires about 10 feet
or more to be within tolerance.

— 7 —
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VII. MODIFIED FOCUSI H~~GHT AND AZIMUTH APPROACH ANGLE

Figure 1—28, Run 1, shows that modified focusing of the NB array over
a larg e flat plane can result in small DDM deviations from zero on the flight
path* This is achieved by displacirg the upper antenna element 1.5 feet further
from the runway than the lower element in lieu of 1.13 feet closer as with

standard focus. ~~splacement greater than 1.5 feet will decrease the fly—up
DE’14 (negative sign ) but will increase the fly—down in the near threshold

region. Runs 1A and 18 show the sensitivity of the modified focus to azimuth

appruach angles of -i-8°. Runs OA and OB give the azimuth sensitivity of the
standard focu5 case. All azimuth runs result in fl y—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 . Disp].ac~—
rnent of the transmitting antenna from runway center causes the azimuth asyn—
metry.

Figure 1—29 shows modified focus runs for the NB array over sloping

lateral ground . Only one large tilted strip was considered ip the n-edified
focus runs because- the trial and error nature of finding optimum focus becomes

too computer—time consuming wh en two tilted strips are involved . A narrow

tilted strip yields oscillations about the large 5trip and two narrow con-
tiguous strips of different tilt give results not much different from one

strip of the same total width. Run 4 shows that modified focus yields a
threshold region structure with less deviation from the standard (Run o)
t it an Run 1 with stan.iard 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 E~’1 closer to zero. Runs 4.A

aid 4P give azimuth sensi.tivity for the modified focus case. itere 1)114 polarity

chanres with azimuth angle polarity due to the diffraction by the edge at YSE.

Figure 1—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 adjustmen t of the top element (almost in vertical line with lower element.)
the flight path LDN deviation from :-- ero is not more than about l u a  over the
entire p ath into threshold. The derogation from aerc’ here is less than that  of
Hui I for t he  NB system (Figure 1— 28) but more than that for the CE system
(Reference 15, Figure 8). Run s 3, 2,4, and 5 of Figure 1—30 are for sloping

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

- 
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lateral ground and for increasing displacement of the top element away from
the runway . All runs are wit hin Category I and II tolerence. Figure 1—31
shows glide ~~~t?. ~:ru ctures for +80 azimuth approach angle for Run s 1 and 4
c,f Figure 1—31.

Y -r e  1—32 shows results of computed fly—ins using modified focus

~~~~ wit :. sloping lateral ground. The 1)114 structure for a standard focused
-irr -i~ ~

j  given approxima t ely by Run 3 of F~.gure i—i6. The latter run indicates
fly—ui . signal relative to the standard reference over the entire path bi~t is wit~ir~
Ca t egory I and II tolerance. Modification of the focus can , however , reduce t F e
deviation from the standard as shown for example by Run 2 of Figure 1—32 in
which the third element is 0.1 feet (1.89 feet standard) closer to the runway
than. the second element . Rur.s 1 ,3, and 4 are for other focus adjustments.
Rux-. 1 is about the best adjustment if zero D114 is considered to be the ideal
or reference structure Figure 1—33 shows how the st.ruct ’n e of Run 1 varies
with a:~imuth approach angle at

—9—
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viii. 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 to irtcorporate the field equations resulting from the above analysis

to enable DDM calculations over terrain types synthesizable from half—p lanes

and strips.

Glide path DDM calculations over typical terrain types for the three

image type glide slope systems have been computed. Foreground tilted +0.60

at the ~nt enn t causes out of otolerance DDM with standard antenna heights;

however, performance can be brought within tolerance by height adjustmert.

Foreground tilted +0.86° at threshold gives within tolerance performance with

standard antenna height but can be improved with modified height. Foreground

with ~~eps between 10 feet and 1O7 feet at 1000 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

was found that all antennas must be positioned at standard , or near standard

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

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

of a lateral trough the tilt angle must be less than about 3
0 for the null

reference, 3•4
0 for sideband reference and 60 for capture effect. For ant ennas

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

is about the same as above but fly—down signals are obtained over much of the

pa th.  Modified focus and height could imprové .’and bring performance with larger

-10 
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tilt angles to within tolerance. For terrain having effectively a single

lateral edge the null reference antenr a 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 lea!t 10 feet from the edge.

Effects of modified focus of null reference and sideband reference

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 (0.86°) lateral ground were found to be within Category

I and II tolerance.

—11 —
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TERRAIN MODFLIW USING
THE ALF-PI.A~E GBOMETRY
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Ceaeral Theoretical Considerations

yodeling of general terrain features with th. half-plane geo try

is possible wiies the terrain in question oan be approximated by se.i..thfinit.

planes or strip .. The observed radiation depends on a geometric and diffracted

tsrm . Analytic .xpr. ssiona for th. rad iation have been obtained by Senior~
for a vertical dipole perpendicular to the half-plans and Woods5 for a

horisonta l dipole perpendicular to the half-plane edge . Bromvich6 present s

results for a hor isontal dipole par allel to the half-plane edge which when

calcu lated in the manner outlined by Senior yield solutions including s cond

order contributions in distan ce.

In general it is convenient to divide the total field into a direct

and reflected term where th. reflected term includ s the contributions from

the image and diffraction , thus
-~ ..aD .~R
~~~~~~~~~~~~ f~~ . (1)

The sdvsr~tage of this forenla tion lies in the fact that the di~~tt field

is only counted once and it is necessary to modify the solitions of Senior ,

Woods , and Bromwich to take this into consideration when summing contributions

from sote than one str ip.

Th. reflected fields define a set of nine solutions (for a unit dipole),

E~ j(~
te 1~

rvj .Yo,11o,~
c.Y,s) where I denotes the field component (I — X ,Y z), 3

denotes the axis along which the dipole i. parallel (3 — x,Y.z), z~ corresponds

to the position of the edge which i. always taken perpendicular to the X-sxis

and in the XT-plsne, ir~~y0, and s
~ 

denote the position of th. dipole and x,y, and

a denot. the observation point. Locating a s t  of axes (X0,Y0,z0) at the

dipole such that they are parallel to X,Y, and Z, respectively, it is possible

to def the components d~~, d~0. 
and dz for arbitrary orientat ions of the

dipole . The resulting fields satisfy,

-I i-
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- £~ ~~~y ~~~ dy (2)

where dk~~~d a ,,~~auCh that ~~~a~~e 1 a n d d i s the oomp1.i aap1ttude afld phaae

of the dipole .

‘or the situation of an arbitr ar ily oriented dipole and half-plan .

it is always possible to transfor. the space system to axes X , Y, and Z

such that the solutions can be calculated in ter se of the expres sions

developed by Senior , Woods, and Br oawich. The simplest such transformatio n

is a tra nslation , ¶‘(x’ ,y’ a’), from the space system to a set of axes

ftx~d in the ha)f-plane followed by a rotation , A ( ( X , ~3, Y),  which take s

the intermed iate ax~a into the XY! - system such tha t the half—plane

lies in the XY - p)nne with the half-pl ane edge perpendicular to the

X-.xis . The !uler an~lea specifying the rotation , ( oc , ~ , y) ,  are defined

In the convention of Goldstein9, for example, with the rot ation operator

similarly defined . The situatio n is depicted in ~igur. 2.

tn terse of the above operation, a vector transforme accord ing

to

• A (.i ,(? ,~’) T(x .y’ ,s’)1(x8,y5,a,) . (3)

~‘o~ lovtn ca lculation of the reflected fields in the XYZ - system the

original fields in the spec, system can be recovered u3j rtg the inierse

transformation

• T 1(x ’,y’,s) A 1(~(,p ,~~)g
R(x,y,s) . (1,) 

:1T_~~~~~~~~~~~~~~~~~



~~~~~~- -_----
~w 

~~~~~~~~~~~~~~~~~~
— - -

~~
---

~~
“---- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. - -

~~

---

~

- 
_ _ _ _ _ _

So far the discussion has bs.n confined tO half-plane., how ver, it is

possibl. to extend the procedare to se*i-infiaIt. str ips by simply combining

two half-plane solutions using the principal of .mpez’po.ittos. Although

this solution teohuique is approximat. in that the ground currents are assumed

frosen, a consequence of the dual Integral foZ~ulatton of the half-plane

solutions10, it is a good approximation when the strips are of finite sise

exoeediag a few wavelengths in vidthU.

The reflected field component ~ is defined by

— -ik/JiE~ N~2) (kP1) sin(G/2) sth(~~/2)

- k2)[d~R(±) - 
45

(t)] (5)

+ f(Ssx ,x~) ,

where 

~)(t) - ±c; 142) (kS coebJL) d~ (6a )

— 

~~~ 
4~~(kR coeh~) d~ (6b)

and 

f(S~x,x0) _f (A~~~~~~~~ 

- iii e~~ 5/kS (0~~ $L - i r-~~~) 
(6c)

1% 0 
~~~~~~~~

In the above expressions k is the wavenusber, ~~2) and are }iankel

functions of the second kind , the plus and sinus signs are determined by
r I± •  ~~~~~~11 -çj~

t .  O~~n~+~
with e M defined by (x - x~) — r cosQ , a — r sine , (x0 - x~) • r0 ooa

and s
~ 

— r0 sin e0 (see rigure 3). The remaining quantitie s are defined

as follows*

L~ --— — — — ——
~~~~~~~~-~~~~~~ 

-
~~~~~~~~ - — -~~~~~~~~~~ -~~~~ . - - - -~ 

A



r ‘: ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~_~~~~~~~~~ _ - - -

- ((x - xo)2 + (y- y0)
2 + (

~ - bo)
2)+ (7a)

(7b)

r — ((x - x~)
2 + ,2)4 (?c)

(7d)

+ *y~)2 + (i - yo)
2)~ (Is)

where the edge dependence , Xep is in r, r0, nd H1 and the limits and 
- 

-

/25 become

- einb t 
~ 2’~!~~ co4(9 - go)] (Ba)

— sthh~~ [2[~~~ cos+(9+ e~
)
~ (8b)

~xpaMing the l3ankel functions asymptotically, using th. substitution

i~ •j~~~
’ sinh~~ (where u - H or s) • and evaluating the non-exponential terse

In the integrals about the lower limits (as outlined by Senior) one obtains

an expression for equa tion (5) in terse of ~resne1 Integra ls of the following

form s

sin+ 8 sin4ê0
- k~~s~~(1~ ) GR(

~
1Rt )  - sgn(1’5) %(~-~)7~ (9)

+ l/4 sgn(1t~~) MR(\r R~
,x,xO) ign(l5)

+ f(S~x,x0) ,

where 
_________

— •
_i(kR1-e IT/4) (10*)

• u) ‘Tub (lob)

I~u01ul am ,u’~) — 
~~~~~ 

c,~(Ii-~I) 
(b e)

In these expressions ~* ~~
. 

~~~ ar..l

• 2J ,~ ” 0~ co4(e-Q0) (11a

— 2J ~~~~ 0~ c.4(e+ e0) (bib)
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with the complex Presnel integral satisfying
2

!(%,. i) ç’~ •~•i~i~ ~~ (12)
4 V

Unlike Senior and Voods it w~~ necessary to retain the image

oentrthstins separately since the presence of the edge position pr.vents

a straightfor’mzd expansion of the oombined image and diffracted term.

The remaining reflected field components are given as fol lowss

— 1/k c sgn(r~) Hfi ( t r RI ,x ,y0) - sgn(?~) H~(tT 5I ,z,y0)]

+ f(Sgz,y0) (13)

Exz a _ N n sin+ecoe+9.
+ 1/k 

~ 
s~nC-r~) HR(t r Rt ,x ,SO) - sgn(i~ ) H3Ui~ t ,x,s0)]

+ f(Six,s0) - 
(1i )

• 1/k ¶ sgn(~~) ~~~~~~~~~~ - s~~(1~ ) H~( ~~~ ;y,x0)]

+ f(S~y,x0) (15)

+ 
~~‘~~ R) flR(t. R~ ~y,y0) - sgn~~5) i*5(~ r5% ,y,y0)]

+ f(S~y,y0) (16)

• 1/k [ egn(Tfi ) ~R~~~R
1 17,110) - sgn(1~) li~0e’9L ~~~~~~

+ f(S~y,s0) ( 1?)

— -N~~ eos4e.in4e~
+ 1/k 

~ 
s~n(l~ ) K

R
(t h ~ Rt I  s,x0) - .gn(1~) H5(~’r3L ;E .Z~)]

+ f(S;s ,x,~) ( 18)

— 1/k ( s~~(r~) Hfl(lt~ I ls .y0) - agn(~8) H5(~~r~ ‘~,‘~
)]

+ f(S~s,y0) ( 19)

E 
~~ 

- R~ co4~ cos3e~
- It [.gn( rfi ) GR( I r RI )  + sgn~ P5) O~( %~~i)]

+ i/k ~ sgn(T~) H H(% ’~~ ~~~~~ 
- ,g,t(’5) Hs(t13t tii ,ii0)j

+ g (Ssz,s0) . (20 )
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In the above equat ions when O~~~~1T-~~

(~~~~0
_ k 2

’
)e t~~/its ( a — x o r y aM s~-x0 or y~, respec tively)

— (21*)

e~~~~/kS , (s.m~) denote different .ites)

also
- g(S~s,s0) •(ès~~r,o 

+ k2) •~ikSp1~ • (21b)

Por all other waives of 0 • f and g vanish.

Thó direct radiatio n is independent of the ground plane geometry except

for the shadow region defined by this geometry. Consequently, since

e~~~~/kR is Invariant under rotations one can define the direct field. in

te~~~ of any system subject to the requirement that the fields vanish Ia the

shadow region . Per moat purposes it will be convenient to express the direct

radtatien in the space system . Thus , one obta ins

,~D f Dr~x5x5 C~X5y5 £~x8z5 t ~~~4~) ~~~~ ~ y5y8 
dy 0 

(22)

Ez 8x~ 
E z5; Ez z

where d , d • and d~ az’e ths- dipols components with r.spect toas.t
50 sO sO

of axes fixed at the dipole and parallel to the space axes • In the illuminated

region the direct component fields are defined by

- - k2
’

) .
_tkR

/kR (N5 — M~)

— (z~)

- — e_ikR
/kR (N ~( N’)

Vhen — 
~~~ 

Y,, or one has m5 • ~~~~~ or a~, respectively, and when

• ;, Y51 or one has — z50, y~~, ~~ s~~ , respectively. In the

space system (x ,y5 ,s~) - defines the observer position while (x~~,y~~,s~~)

represents the dipole coordinates analog ous to the XYZ system.

—18— 
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The geometry for a half~plane over an infinite plan. is illustratsd

in Figure 4. It is important to recognise that the reflected diffraction

ouspansut of the fields makes a substantial coatribution~ conseqeently, this

term Is included . The problem is to determine the fields In the

four princ ipal regions of pract ical interest depicted . Since aircraft antenna

ax. sensitive only to the horisontal]y polarined radiation (Y5-oonponsnt)

it will be convenient to consider this component . In region I th. field

consists of a reflected 
- 
(fro. the half-plane) and a direct tera s

I) 
— + . (24)

The direct radiation is given by Squations (22) and (23) . The reflected

radiation is simply — 4 where 4 1. the dipole amplitude and phase.

In regIon II the fields satisfy

(25)

where the reflected diffraction ter m is given by

— —d k 
~ 

sgn(V~~) Gfi , ( I  ~,I) .
~ sgn(’r5, ) c~,( b~,L )3 (26)

+ d/k ~~s~~(1~~.) HR .(~ t~R,I I7~7~) — sgu(t51 ) Hs,ftYs.t 11,70)]
The primes refer to the indicated distances and angles depicted in Figure 4

where

H’ — ((x — ro)2 + (y — yo)~ + (a + 2h + 10)
2)4 (27*)

8’ — ( (x - )2 
+ (y - yo) 2 

+ (a + 2h bo)
2)~ (27b)

r’ — ((x — x~)2 + (a + 2h)2) * (27c)

r6 — r0 (2?d)

— ((r ’ + r6)
2 + (~ - 7~)2)+ (2?.)

with h being the height of the h*lf-plane above the infinite plane . Zn region

III the fields are the sass &a in region II except the half-plane’s image term

vanishes ( e,is-e1). Finally, in region IV th . fields are the same as In region II ~
except they include th. reflected dIx.ct term ( from the infinite plane).

41v) 4111) + d f( R’ ;y.70) (28)
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where f(R’~y,y0) Is defined in ~~uations (21*) with S — R’ .

To see the applicability of the general presentation cons 14cr the situation

of Figure la Contribetions to the reflected field come from the half-plans

with edge at ~~ • 0 and a strip rotmted according to A(4,4,*) with edges

at 0 and x’ • The solutions only Invelve the component fields. The

situation of Figure lb is simply treated as previously discussed in the half..

plane over the infinite plane case . In Figure Id a later&l edge is illustrated

with edg. at — -y’. One simply rotates the space system through the

transformation A(-~ ,0,0) iri~’s only the component flilds entering the

calculation . Figure Ic corresponds to a rotated half-plans • A(. ~ .0,0) representing

the transformation needed, with edge at 7se • —r • In addition a tilted

str ip coustribates where the required transformation for modeUng the strip

is A( — rr ,—4 ~,~~) T(O .-r ,O) . In general since only the Ta component of the

total fields is needed for modeling aircraft antens.. the E~~. E~~. E
~z.

and component fields wi ll be required for this case • In all cases

the ant nna dipoles are parallel to the Ta - axis .

-20 --
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TABLE 1—1 -

LIST OF CO?~ UTED GLIDE PATH DDP4 STRUCTURE RUN S

Total Number of Runs = 187

A. T~ RAIN: SLOPING AND RISING FCR&~ (XJND — 59 RUNS

Antenna Fi~ure Run Description

NULL RFF~R~~CE, I—i 0 standard reference (large flat plan e, focused )
standard height
and focus

1 ~o
6 ft. strip rising at 0.6° starting at antenna

2 1200 ft. strip rising at 0.6° starting at antenna

3 500 ft. strip rising at 0.6° starting at antenna

4 io6 ft. strip sloping at 0.6° starting at ant enna

5 1200 ft. strip sloping at 0.6° starting at antenna

6 500 ft. strip sloping at 0.6° starting at aitenna

SID~~-AN [i REFERFNCE, 1—2 0 standard reference (large flat plane, focused)
standard height and
focus

1 106 ft. strip rising at 0.6° starting at ant enna

2 1200 ft. strip rising at 0.6° starting at antenna

3 500 ft. strip rising at 0.6° starting at anter.na

4 io6 ft. strip sloping at 0.6° starting at antenna

5 1200 ft. strip sloping at c.6° starting at antenna

6 500 ft. st-rip Eloping at 0.6° starting at antenna

CAPTURE ~~~~~~ 1—3 0 standard reference (large flat plane, focused)
standard height 6
and focus 1 10 ft. strip rising at 0.60 starting at antenna

2 1200 ft strip rising at 0.6° starting at antenna

3 500 ft. strip rising at 0.6° start ing at antenna

4 10~ ft. strip sloping at o.é~ starting at antenna

5 1200 ft. strip sloping at 0.6° starting at antenna

6 500 ft. strip sloping at 0.6° starting at antenna

—59— 

- -  - 



1 . 
- - -

Antenna Figure Run Description

NULl RI~F~R~Z~ICE, 1—4 0 standard reference
standard height and
~nd focus

1 io6 ft. strip rising at 0.86° starting at threshold

2 1000 ft. strip rising at 0.86° starting at threshold

3 500 ft.  strip rising at 0.86° starting at threshold

4 io6 ft. strip sloping at 0.86° starting at threshold

5 1000 ft.  strip sioping at 0.86° starting at threshcld

6 500 ft. strip sloping at 0.86° starting at threshold

SID~~AND REFFR~~CE, 1—5 0 standard reference
standard height
and focus

- - 1 ~o6 ft. strip rising at 0.86° starting at threshold
0 .2 1000 ft. strip rising at 0.86 starLing at threshclld

3 500 ft. strip rising at 0.86° starting at threshold
- 4 10~ ft. strip sloping at 0.86° starting at threshold

5 1000 ft. strip slo~~n g a t 0.86° starting at threshold -

6 500 ft. strip sloping at 0.86° starting at threshold

CAP fURE EFFECT, I-.6 0 standard reference
standard height
and focus

i io6 
ft. strip rising at 0.860 starting at threshold .

2 1000 ft. strip rising at 0.86° starting at threshold
03 500 ft. st.rip risirg at C.86 starting at thresl~c-ld

4 ~o6 ft.  strip sloping at 0.86° starting at threshold

5 1000 ft. strip sloping at 0.86° starting at threshold

6 500 ft. strip sloping at 0.86° starting at threshold

• -60-
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Antenna Figure Run Description

CAPTURE EFFECT, 1—7 0 standard reference
standard height
arid focus

1 ~o6 ft. strip rising at 1.72 ° starting at threshold

2 1000 ft. strip rising at 1.72~ starting at threshold

3 500 ft. strip rising at 1.72 ° starting at threshold

4 io6 ft. strip sloping at 1.72 ° starting at threshold

-. 5 1000 ft. strip sloping at 1.720 starting at threshold

6 500 ft .  strip sloping at 1.72~ starting at threshold

B. TERRAIN : STEP LOWN IN ANTN ’JNA FOR EGROUN D — 36 RUKS

Antenn a Figure ~~ Description

NULL REFEREN CE, 1—8 SR standard reference
standard height
arid focus

10 10 ft. step at 1000 ft.  from antenna

20 20 ft.  step at 100C ft.  from aritenxt~

• 30 30 ft.  step at 1000 ft. from ar~tenx~a

50 50 ft. step at 1000 ft.  from antenna

1o~ 1O7 ft. step at 1000 ft. from antenna

SIi~~ ANt) REFEREN CE, 1—9 SR standard reference
sta ndard height-
and focus

10 10 ft. step at 1000 ft .  from antenr a

20 20 ft. step at 1000 ft.  from antenna

30 30 ft. step at 1000 ft. from antenna

50 50 ft.  step at 1000 ft. from antenna

1O7 10’
~ ft. step at 1000 ft. from antenna

‘I
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~Antenn~ Figur e Rur. Description

CAPTURE EFFECT, 1— 10 SR standard reference
st-~r.dard height
a~-~ f~cus

10 10 ft. step at V00 ft. from antenna

20 20 ft. step at 1000 ft. from antenna

30 30 ft. st.ep at 1000 ft. from ant enna

50 50 ft. step at 1000 f t .  from antenna

io7 1O7 ft. step at 1000 ft. from antenna

IIS.T1JLL REFERENCE, I—li SR st~n~dard reference
otandard 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 antenna

50 50 ft. step at 500 ft. from ariter.na

- 1o~ ~~~ ft. step at 500 ft. from antenna

SI DEBAND REFEREN CE, 1—12 SR stai-dard reference
standard height
ari ’ focu s

— 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 antenna

- J 50 50 ft. step at 5CC) ft. frcri antenna

io7 10’ ft.  step at 500 f t .  from antenna

CAPTURE EFFECT, 1—13 SR standard reference
standard height
and focus

10 10 ft. step at 500 ft. from antenna - -

20 20 ft. step at 500 ft. from ant enna

30 30 ft. step at 500 ft. from antenna

50 50 ~t .  step ~t 500 ft. from antenna

10’ ~~ ft. step at 500 ft .  from antenna
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C. TERRAIN: SLOP NG AND RI~~NG F~~B~~CJJND - 48 RUNS

Antenna F~~ .ire ~~~ Description

!r.YLL REFEREN CE, 1—14 0 standard reference
3:andar l focus.
Standard height
above tilt ed plane.

1 200 ft. 0.86° sloping strip

2 200 ft. 0.86° aoping strip plus 200 ft.
horizontal strip

3 200 ft. 0.86° sloping strip plus io6 ft.
horizontal strip

4 200 ~t. 0.86° sloping strip plu~ 200 ft .
0.86 rising strip

SI DENAN D REFERENCE, 1—15 0 standard reference
standard focus.
Standard height
above tilted plane

1 200 ft. 0.86° sloping strip

2 200 ft. 0.86° sloping strip plus 200 ft.
horizontal strip

3 200 ft. 0.86° sloping strip plus io6 ft.
horizontal strip

4 200 ft. O.B6~ sloping strip plus 200 ft.
0.86° rising strip

CAPTURE EFFECT, I—i6 0 standard reference
standard focus.
Standard height
above tilted plane

1 200 ft. 0.86° sloping strip

2 200 ft. 0.86° sloping strip plus 200 f t .
horizontal strip

3 200 ft. 0.86° sloping strip plus io6 ft.
horizontal strip

4 200 ~t . 0.86° sloping strip plus 200 ft.
0.86 rising strip.
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Figu.re ~~~ Description

CAPTURE EFFECT, I—i? 0 150 ft. lateral edge plus 200 ft. strip at 00 slope
st~ndaz d focus.
Standard heigl t
above tilted plane

0.86 150 ft. lateral edge plus 200 ft. strip at 0.86° s]o~

1.72 150 ft. lateral edge plus 200 ft. strip at 1.72° slore

NULL REFERENCE, 1—18 0 standard reference
standard focus .
Standard height
above tilted
plane

0.86 Lateral trough, 200 ft. sides at 0.86° angle

1.72 Lateral trough , 200 ft.  sides at 1.72° angle

3.44 Lateral trough , 200 ft. sides at 3.44~ angle

6.88 Lateral trough, 200 ft. sides at 6.88° angle

SIDEPAND RJ~~ERENCE, 1—19 0 standard reference
standard focus.

• Standard height
above tilted
plane

0.86 lateral trough , 200 f t .  sides at 0.86° ang le

1.72 lateral t rough , 200 ft.  sides at 1.72° angle

3.44 lateral trough , 200 ft. sides at 3.44° angle

6.88 lateral trough, 200 ft. sides at 6.88° angle

CAPTURE EFFECT, 1—20 0 standard reference
standard focus.
Standard height
above tilted plane

0.86 lateral trough, 200 ft. sides at 0.86° angle

1.72 lateral trough , 200 ft. sides at 1.72° angle

3.44 ]atera l trough , 200 ft. sides at 3.44~ angle

6.88 lateral trough, 200 ft. sides at 6.88° angle

—64—
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ite~~a Fi~~~~ Run fle8crip~.j on

NULL REFERENCE, 1—21 0 standard reference
Standard focus.
Standar d height
above tilted plane

0.86 iater ~l trough, 150 ft. sides, al 0.86° angle

1.72 lateral trough , 150 ft. sides , at 1.72° angle

3.44 lateral trough, 150 ft. sides , at 3.44~ angle

6.88 lateral t rough, 150 ft. sides , at 6.88° angle

SIDEBAND REFERENCE, 1—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

3.44 lateral tro ugh , 150 ft. sides , at 3.44~ angle - 
-

6.88 lateral trough, 150 ft. sides, at 6.88° angle

CAPTURE EFFECT, 1—23 0 standard reference
standard focus.
Sta ndard height -

above tilted plane

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

1.72 latera ] trough , 150 ft .  sides , at 1.72° angle

3.I~4 lateral trough , 150 ft. sides, at 3.44~ angle

6.88 lat er al trough , 150 ft. sides , at 6.88° angle

D. TERRAIN: LAT~R~L ~ )GE — 21 RUNS

Antenna F1g~.re ~~~~~~~~ Description

NULL REFERENCE, 1—24. 0 lateral edge 0 ft. from antenn a
standard heigh t
u~d focus

5 lateral edge 5 ft. from antenna

10 lateral edge 10 ft. from antenna

20 lat,eral edge 20 ft. frcm ant enna

30 lateral edge 30 ft. from ant enna

40 lateral edge 40 ft. from antenna

—65—
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Arttenn Figure Run Description

NULL. REFERENCE , - 1—25 50 late ral edge 50 ft. from antenna
standard height
and focus

- 100 lat eral edge 100 ft. from anter.na

200 lat eral edge 200 ft. from antenna

SIDEBAND REF EREN CE, 1—26 0 lateral edge 0 ft. from antenna
standard height
arid focus

5 lat eral edge 5 ft. from ant enna

10 lateral edge 10 ft. from antenna

20 lateral edge 20 ft. from antenna

30 lateral edge 30 ft. from ant er.na

40 lateral edge 40 ft. from ant enna

CAPTURE EFFECT, 1—27 0 lateral edge 0 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 ant~nrta

40 18t-eral edge 40 ft. from antenna

E. TERRAIN: p~~T AND ~~0PING LATERAL ~~~ JND — 33 1~JNS

Ant enna Fi~~~e Run Des crip~~on

NULL REFERENCE, 1— 28 0 standard reference. Infinite plane , standard height
standard and and focus. 00 azimuth
modified focus

OP. standard refeSence. Infinite plane , standard height
and focus. —8 azimuth.

OD standard reference. Infinit.e plan e, standard height
and focus. 8~ azimuth.

1 infinite plane , standard height , modified focus , 0°

1A infinite plane , standa rd height , modified focus , ~_g
O -

lB infinite plane, standard height, modified focus, 8°
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Ant enna Figure Run Description 
-

NULL REFERENCE, 1— 29 0 standard reference
standard ar.d
!nc~ified focus

ft. lateral strip, standard height and focus

4 l0~ ft. lateral strip, modified focus, 0~
io6 ft. lateral strip, modified focu s, —8°

4B :io6 ft. lateral strip, modified focus, 8°
SIDEBAN D REFERENCE, 1—30 0 standard reference
modifi ed focus and
height

1 in.finite plane , standard height , modified focus

2 ~o6 ft. lateral strip, modified height and focus

3 io~ ft. lateral strip, same height and different
focus

4 io6 ft. lateral strip, same height and different
focus

5 io6 f t .  lateral strip, same height and different
focus

~I~ EBAE D REFERENCE, 1—31 0 standard reference
modified focus and -

height

1 infinite plane, standard height , rncdified focus ,
0 azimut h

l.A ini~inite plane, standard height , modified focus ,
—8 azimuth

lB infinite plane, standard height , modifi ed focus ,
8 azimuth

4 sloping ~o6 ft. lateral st.rip, modifi ed height and
- focus, 0 azimuth

4A sloping io6 ft. lateral strip, modified height and
focus, _gO azixrutl:

46 s]opinig ~o6 ft. lateral strip, modified height and
focus, 8 azimuth.
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Antenna Figure Run Description

CAPTURE EFFWT, 1—32 0 standard reference
mcdified focus
and height

1 sloping io6 ft. lateral strip, modified height and
focus

2 sloping ~o6 ft. lateral strip, modifi ed height and
focus

3 sloping ~o6 ft. lat eral str ip, modified height and
focu s

4 saoping i06 ft. lateral strip, modified height and
focu s

CAPTURE EFF]~ T , 1—33 0 standard reference
modified focus
and height

- i. sloping ~o6 ft. lateral strip, modified height and 
-

focus, 0 azimuth

lÀ sloping ~o6 ft. lateral strip, modified height and - -

focus, —8° azimuth

lB s].oping ~o6 ft. lateral strip, modified height and
focus, 8 azimuth
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TABLE 1—2

CAT
~~

O
~

( I AND Ii GLIDE SLOPE DDM TOLERANCE

H— ZONE ~ + --- ZONE 2 ZONE 1

THRESHOLD C B A LIMIT OF
COVERAGE

A — 4 nautical miles from threshold
B — 3500 feet from threshold
C — distance at which coninissioned glide path is 100 feet

above the threshold horizontal plane (901 feet for
glide slope an~~e of 2.86°)

CATK CRY ZONE T (~ a) t O.~a)

( Leviation of the average (Peak deviation from
from the ideal focused , average, + or — )
infinite plane glide path ,
+ or

I 1,2 37.5 3D

II 1 31.5 3)
2 37.5 30 at A, 20 at B

3 37.5 at B to 48.75 at C 20
to 75 at threshold
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