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Effect of Multipath on the Height-Finding
Capabilities of a Fixed-Reflector

Radar System

Part 3: Effect of Radome

Lo INTRODECTION

In Parts 1 and 2 of this report we studied the effect of multipath on the height-
finding capabilities of an air-search radar. In this portion, we will consider the
effects of a radome on the radiation pattern.

We showed previously that, in the absence of any radome or multipath, the
magnetic field in the Fraunhofer zone of an arbitrary reflector can be written as

--'k . ;_.:af_%)i‘ !
H8 f#ﬁ;ffdhdy [(6 "Tx y"!)?))(!ii]
.
3]

X | % sin 0 cos 0+ y sin 08ln 6+ 2 cos 0] enp (=jkR) , (1)

where the reflector surfaee gatisfies the equation 2 = {(x, y), I_!‘ is the field incident
on the reflector from the feed horn, and 8, the projection of the reflector on the
x=y plane. The quantities RQ. R, @ ond ¢ are shown on Figure 1,

Now let ug suppose that the reflector {8 pluced instde o CW-396A radome.
It has been demonstrated elsewherel that, for this type of radome, only the radome

(Received tor publication 10 Dee 1976)

Lo Blank, €M, (1861) Effegts of CW-3067 Radome on AN FPS-6 Performunee.
Rome Alr Development Conter Report RADUCTN=R1-To4,
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Figure 1. Assumed Reflector Geometry. Note that ¢ lies in the x-y plane

ribs significantly influence the radiation pattern, and the effect of the radome
panels and bolts can be neglected. For purposes of calculation, we have found it
convenient to approximate the rib structure by one which is periodic, as shown in
Figure 2. The coordinates ¢ and n are defined in Figure 3.

In order to caleculate the effect of the radome on the radiation field we employ
the equivalent current mothod. 2 In this method, we calculate the field scattered
by each radome rib and then spproximate that rib by a current sheet which produces
the sane radiation field. This current sheet is then projected back oento the
reflector, so that the net reflector surface current is the original surface current
plus the surface currents due to all the radome ribs projectoed onto the uperture.
Therefore, in place of Eq. (1) we get

- k - » ~ f >
H, » ‘a.{ﬁ ffdx dy [(z-x%{z - y%) xgi] (1+K(x, y) exp (kh cos o)
8o

X [ x8in0cosd +ysinbsind+zcos 6] exp (=jkR) , (2)

2. Kennedy, P.1. (1058) An Analysis of the Blectrical Characteristics of Strue=
turally Supported Rademog, Oblo State University, Anteana Laboratory
Keport 7224,
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Figure 2. Radome Structure Figure 3. Radome Geometry. Note that
v les in the x'~2z plane and »n lies in the
y'=2 plane

where K{x, y) is the (complex) equivalent surface current which yields the same
far field as the scattering by the rademe rib and kh cos 4 is the phase correction
between the actual location of the radome ribs and their equivalent projection on
the aperture surface. If the radome radius is denoted by r and x3, ya, 29 are the
coordinates of the center of the reflector in the coordinate system of Figure 3, we
can easily show that

hulrg-(x*-xa)g-(y+y2)a]1/2-(z+za) . {3)
In the next section, we will discuss the caleulation of the equivalent current
density K.

4 CALCULATION OF THE EQUINALENT RIB CURRENT

Let us eonstder a radome rib and agsume that {due te the reflector) there is
some field E {netdent upon it, which we can decompose onto components k" and 4
which are respectively parallel and trangverse to the long dimension of the riv,




FART R Ty

as shown in Figure 4. The long dimen- v (DIRECTION OF PROPAGATION)

sion of the rib is normal to the paper y 4/
{Figure 4) and we have chosen the coordi- .—d \/ ’
nate system (u,v) so that the v axis lies — i
along the direction of propagation of the TT N i
incident wave. We should like to solve /\> > ?ADOME RI8
for the electric field scattered by this ri., S .
for mathematical convenience we shall
. . e 3 En@ €,
uae the approximation that the rib is
infinitely long in the direction normal to
the paper. In order to solve for the T0 REFLECTOR

scattered field, we must first obtain the

field inside the rib; if we divide the rib Figure 4. Geometry Assumed for
into N small cells as shown in Figure 4, Calculating the Scattering by the

; ) , Radome Ribs

it can be shown that the field e at the

center of each cell satisfiesd

N
- n [ a .
mntn ° Em m=123..N, @)
n=1
N
‘-’ = 4'1 -
ZAmneu Em m=123..N, 5)
n=}
where o)
N . - 2 o
Conm ““%‘ le-DlrkaH " (kad =25}

Coum * I3 (- DI, kad B (ke )

A * 1+ =D B u® 0 vy

mm
mn —3p mo H() “mmn) RPN L JR )
mn
€ s pelative permittivity of the rib,
R ime-n iy

3. Richmond, J.H. (1968) Seattering by a dieleetric eylinder of arbitrary cross
soution shape, EEE Ty, AP AP-14:334-341;460-464,
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a = (da/m?, and

ng) = Hankel function of the second kind.
If we assume that the incident field propagates along the v = axis we can write

. 1
-jk{m=~5)d
E" =y e 21 . (6)

. 1
-jk(m - 5) d
= Ul e ¢' 1 . (7)
We have solved Eqs (4) and (5) for the quantities

I"
e

Pl'; s »—é‘— exp[.]'k(m-'%-)d1 -j%l , (8)
1
!
) “n . 1 Ny 3
P = -g— exp [Jk(m-é-) d =izl (9)
1

for the case when the rib depth T = 3 inches, its width d = 0.4 inches, € = 4.1 and

the {requency is 1. 350 GHz. The results for Pr‘; and P‘i are shown in Tables 1 and 2.

Although we will not use them in this report we have also calculated P'; and Pé for
a frequency of 3 GHz, These results are in Tables 3 and 4,

Table 1. Values of P"] for Tv3.0", dwo.4", e n 4,1,
N=17, d, =0 4286", and f » 1,35 GHz

n Ip | Phase of P (degrees)
1 0. 9189 = 85,0
2 0. 9378 «102.8
3 1. 0398 =110, 1
4 1,161 1141
5 1.26380 114,79
] 1. 36873 «113.3
] 1. 3845 »110.2
.
9




Table 2. Values of P! for T =3.0", d=0.4", € =4.1,
N =17, d, = 0.4286", and f = 1. 35 GHz

n | Pi’] | Phase of PII] (degrees)
1 0. 3338 -84.5
2 0.2782 ~89.2
3 0.2755 -89.4
4 0.2765 -92.9
5 0.2805 -94, 2
3 0.2867 «085.3
7. 0. 3452 -99.0

Table 3. Vahmsongfor1‘=3".d = 0.4", € 54.1,
d, =0,4286", N =17, andf = 3.0 GHz

1

n | Pg | Phase of Pg (degrees)
1 1. 0364 - 83.1

2 0. 8293 -132.5

3 1. 6219 -146. 7

4 1. 8054 -136. 3

5 1. 3758 «3145. 3%

i 1. 3TR] '135‘4

i 2.1850 =176, 5

Table 4. Values of P;; for T=3" d=0.4", e #4.1.,
dlea4ww3N-7,mmfz&ocﬁz

n | Pé { Phase of P:‘ (dogrees)

1 0. 3625 C - 84,1

2 0. 3362 , - §5. ]

3 0. 3468 TN

4 4. 9400 « 59,5 ‘
3 0. 3248 -101. 8

f 0. 33648 «106. %

9 0. 4106 “114. 6 |
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Once the quantities Pr’l and Pé are known it can be shown that the scattered

electric field Es is given by

Ell PH U
s (9) N 1 n 1]
- ¢ 1 o ) g;eXp [-jk(n-?) d, (1-cos 'y)] (10)

i i
ES Pn Ul cos v

- rka
c, = ( X >(£-1)J1(ka) .

Now the scattered electric field due to a current element I is

W
E = -2 Hf)Z) ko )T . (1)

Therefore upon equating Eqs (11) and (10) we can obtain the equivalent current
which results in the scattered field Es' We get

i
L N 1 Ph Uy
= (, Z exp [-jk (n-?) dy {1 - cos 'y)] (12)
“ n=1 i ,
ll Py Ul CO8 3y
where -
Cp = =2ma (e~ 1 J, (kalg) —2
2 1 V TN
L\ 1/2
" ‘a
= - rka® (€ =~ )| —= . (13)
Ho

. The last step tn Bq. (13) follows because ka << ). The equivalent surface eurrent
J% = 1/¢. Therefore upon using the definition al dld/ » we get

g8 N P’ v,
e LS enp ! gk )y d, (1- ) v (14)
P DY cxpi-jk(n--._;‘ {(1-cos v N

3 3+ oy, .
| nel }n Ul cos ¥

where
¢ 1/2

e h . o
Qa = ‘kd! (f 1)(‘;7:) .

11




For small values of v, Eq (14) takes the very simple form

Js p' U

1] n It

. > C4 nZl oy . (15)
I n ol

We now must express the electric field components U” and U.l which are
incident at the leading edge (v = 0) of the rib in terms of the fields on the reflector.
If the rib is in the near zone of the aperture, it is reasonable to approximate the
electric field at the rib by the eleciric field reflected by the dish. This is the
negative of the electric field which is incident on the reflector from the feed horn.
Therefore

u\1/2
U=E _9) (i XH ), (16)

Ereflected = "Eincident '(so ~incident

where H, = H, is the quantity which appears in the integral in Eq (1).

incident
Therefore we can use Eq (16) in Eq (15) to write

] It ~
Jll N pn (n xgi)n
= kd, (€ = 1) Z . an
J8 ! P! G xH)
1 n n ~i't

Finally. upon realizing that Eq (1) represents the scattered field by a reflector
with suriace current 2 (i XHi) and using Eq (17) we can identify K as

N P

0 kd, te-1) N n
B UALA . na)

. 3!

]\l nvl pu

Now sinee the air-search reflector system is horizontally polarized, we
therefore set

. X kd (e - N ‘
K=K, » ---§=-— Z (18)

n=|

on the horizontal ribs and

» . L. . L ety
 reeba B . i T T R e T SR S AR M 1+ TS SRl L e T a Lo Laali AENES & 2, » e




=
n

cos GR KIl + sin BR K

1
N
kd
. =1 . h [ 1
K 3 (c-1) n§=1 {0.53 P +0.85 P ] (20)

on the diagonal ribs in Figure 2.
Before closing this section, we should note that the quantities

. kd, N
| K,=—= (-1 ) P} 21
l n=l
and
kd, N L
K == € - 1) Z P (22)
n=1}

are sometimes called4 the induced current ratios for parallel and perpendicular

P polarization, respectively. The values calculated from Egs (21), (22) and Tables
1 and 2 for | K, | and | K I | are consistent with the results in Figures 38 and 39
in Chapter 5 of Ref 4.

3 RESLLTS

By using the results derived in the previous sections, we have modified the
computer program discussed in Parts 1 and 2 of this report, 8o as to include the
effect of the radome. Figure 5 shows the effect of the radome or the element
pattern of the reflector, that ig, no multipath and secondary horn absent. The
reader will note that, over the angles of interest (that is, -10° < 4 - 10°) for the

o studies done in Part 2, there ig a negligible change in the radiation pattern. Using
- this new program, we have recomputed some of the results for altitude error
' v presented in Part 2, and have found that for the L-band system there {8 no dig-
: : _ cernible change in the altitude errop, that is, the altitude ervor plots with and
' ' “without the radome are approximately the same.

4. Vidale, J. A, (1964) Micrownve Scanning

Avademie Press, New York.
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the Radiation Pattern of the Air-
Search Radar (L.-band)
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