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

Radar System
Part I~ Effect of Radomo

In Parts I and 2 of this report we studied the effect of multipath on the height-
finding capabilities of an air-search raidar. In this portion. we will consider the
effects of a radonme on the raditnition pattern.

We showed previously that, in the absence of tiny radome or niultipath, the
magnetic field in tWe Frauaihoter zone of an arbitraryrfetrcn ewitna

on the ~ ~ ~ ~ ~ ~ ~ ~ ~~- reflectrfo h e hrad tepoet on can bee werletoten the

(Hc e Io pubi$aion 0 1 i) 0 Dnc+co l0?S 1~- Q P rforni Ma

1.Y plank" . 'Me quantitiefeIt P of d q.3~t Urv6ownOil o iur AN

itonve Alir Wvlpi~i4ie I K
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Figure 1. Assumed Reflector Geometry. Note that 0 lies in the x-y plane
A

ribs significantly influence the radiation pattern, and the effect of the radorne

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 v, and n are defined in Figure 3.

In order to calculate the effect of the radome on the radiation field we employ

the equivalent current method. 2 In this method, we calculate the field scattered

by each radome rib and then approximate that rib by a current sheet Miich produces

the same radiation field. This current sheet is then projectet' back onto the

reflector, so that the net reflector surface current Is the original surface current

plus the surface currents due to all the radome ribs projedted onto the aperture.

Therefore, in place of Eq. (1) we get

IH ;JW ffdx dy[ :i X11] (I+Mx:y) e c 0))

X s ist 0 cos + sin 0 sin40+ cos 01 exp (-jkl) e (2)

2. Kennedy, 1. 1), (10508) An AwAlysis of the Eleetrical Chararteristics of Stru,-

Report 722-8.
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Figure 2. Radome Structure Figure 3, Radome Geometry. Note that
4' lies in the x'-z plane and n lies in the

y -z plane

where K(x.y) is the (complex) equivalent surface current which yields tile same

far field as the scattering by the radome rib and kh cos 0 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 x 2 , Y2- z2 are tile
coordinates of the center of the reflector in the coordinate system of Figure 30 we

can easily show that

- uhw r 2 -(x+x 2) - (y+y 2 )%1/2 (z+z (3)

In the next section, we will discuss the calculation of the equivalent current

density K.

Let us consider a radome rib and assume that (clue to the reflector) there is

somle field E incident upon it, which we can decompose onto components 0: and I -
whch are respectively parallel and transverse to tie long dimension of tile rib.

.... .. ...



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

sion of the rib is normal to the paper - /

(Figure 4) and we have chosen the coordi-

nate system (u, v) so that the v axis lies -

along the direction of propagation of the d 7'

incident wave. We should like to solve / /
RADOME RIB

for the electric field scattered by this ri:. ..L
for mathematical convenience we shall

use the approximation that the rib is E1 (@--- Ej
infinitely long in the direction normal to

the paper. In order to solve for the TO 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

it can be shown that the field e at the Radome Ribs

center of each cell satisfies 3

N

e ll 1Cmnen m m 1,I2.3... N 0(4)

N

Ac' em 1,2,3...N , (5)

whereC11111 • +4 Or - 1) 1 .ka H (I NO - 2j 1 .

C 314A (k I) J NO H (2) NP1 I

A ItoM + (1 I) H NO + I oI

-A ---------q I J k 14(2)( 1I. - nn UPInin 11111n 0 Rill 1" i

If ' relative per'miltivity of the rib,
fit ,,I

S3. ltchtnoct, J. II. (It.4Il S tetn' bo a diplectrle cylinder of Urbitraury Vro
emltiO IIshIpe, IEI•' PEr. A P All- k- 1t334-341.40-4614.++ -

bU
'45
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a (did/nr)/2 and

H = Hankel function of the second kind.
q0

If we assume that the incident field proplagates along the v axis we can write
1

-jk(m-) d-
Ell U e 2 (6)

m ii

-jk(m - 1) d
"El =U e 2 (7)m

We have solved Eqs (4) and (5) for the quantities

e

n= =U exp jk(in~4d-~. 8

p ex jk(m- d -d(9)

for the case when the rib depth T = 3 inches, its width d 0. 4 inches, f 4. 1 and

th~e frequency is 1,350 (Hs. The results for P' and P t are shown in Tables 1 and 2.n n
Although we will not use them in this report we hiave also calculated Pn and Pn for
a frequency of 3 GH,. These results are in Tables 3 and 4.

Table 1. Values of P for T • 3. 0". d 0 1. 4 c 4. 1,
N 7 7. d, U. 42611'. and f • 1,35 GHz

a I Pn Phase of P It (degrees)

" 0.919) 95,0

2 0.9 57 -102.8

"3 1.OP3S -110.1

4 1.10W1 -114. 1

Si .1.2029 -114.

. 1.3073 -113.3

"* 1.39045 -110.2

.i9
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Table 2. Values of P 1 for T 3.0", d 0.4", c 4. 1,nJ

N = 7, d1 =0. 4286", and f 1.35 GHz

n I P 1 I Phase of P1 (degrees)Sn n

1 0. 3338 -84.5

2 0. 2782 -89.2

3 0.2755 -89.4

4 0.27r5 -92. 9

5 0.2805 -94.2

6 0.2867 -95.3

7.-. 0.3452 -99. 0

Table 3. Values of P11 for T 3", d 0.4". c 4. 1.
n

d 0, 4286". N 7. and f 3.0 GHz

n p I Phase of P n (egrees)

1 1, 0364 - 3. 1
2 0. 8293 -132,5

3 1. 6219 -146.7

4 1. 805f; -131;. 3
5 1. 27,-0 - 14 5,

1, 5763 -00. 4

7 150 -176.5

PTable 4, Values of p r 3"* d 0. 4* • 4. 1.

d I v 0. 4206", N " 7. und f 3, 0 Gilz

Itn Pý phos Of P, (degrevs)

ti n, 30A• -4, 1

•: 30.3392 05p, 1,

¢: • .• ,3 24 6 8 - 0l

4 0ý 40

I: -101A

~ ~ ~~~~~~~O .. .. . .. . . . . .. . . ..;A. .
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Once the quantities P i and P 1 are known it can be shown that the scatteredn n
electric field E is given by

N U11 1(10[ee] upon eu(kp) ex [ak(n)d (1w -costa)i n 1i
1U 000

E -L 1i12CO1'

n n i

where

c -- a ( E- a ) J, (ka)

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

E= H (21i)p)

Therefore upon equating Eqs (11) and (10) we can obtain the equivalent current

which results in the scattered field E s We get

~~1 l U1•

... j (n - j') d1 (i -0 [,) (12)

2 Ja (4 1) J" (NaOtIjj!L=

2/

wka •(c -1)%) (13)

The last step In Lq. (13) followts because Ita <'- 1, Thle equivalent surface current
li'. Trefore upon using the definition a2 * Oidr we got

ewp - A n-) d I- Cos Y) 114

* \where
112

il 11

C "
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For small values of y, Eq (14) takes the very simple form

[;c; 23 (15)

n 1

We now must express the electric field components UII and U. 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 electric field reflected by the dish. This is the

negative of the electric field which is incident on the reflector from the feed horn.

Therefore

-reflected -incident /2 incident

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

Therefore we can use Eq (1i6) in Eq (15) to write

S 9 N P" (kid - (17)

inally, upon realizing that Eq (1) represents the scattered field by a reflector

with surface current 2 (6iH ) and using Eq (17) we can identify K as

N IA

it01

Now since the air-seare1i reflector system is horizontally polarized. we

therefore set

Sron the horitontul ribg and

12
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K = cos 0R K11 + sin 0R K1

"l�(- 1) x; [0.53P"1 + 0.85 P1 ] (20)

2 n1 n

on the diagonal ribs in Figure 2.

Before closing this section, we should note that the quantities

kd1  
N

2 -nS~n=ln

and

kd I N

K 2 -d (-1) n (22)

n=l

are sometimes called4 the induced current ratios for parallel and perpendicular

polarization, respectively. The values calculated from Eqs (21), (22) and Tables

1 and2 forl K,, I and IK I are consistent with the results in Figures 38 and 39

in Chapter 5 of Ref 4.

3. IWE TI'S

By using the results derived in the previous sections, we have modified the

computer program discussed in Parts 1 and 2 of this report. so as to include the

effect of the radome, Figure 5 shows the effect of the radome or; the element

pattern of the reflector, that is, no multipath and secondary horn absent. The

reader will note that, over the angles of interest (that is. -10 - 10°) for the

studies done in Part 2, there is a negligible change in the radiation pattern. Using

this now program, we have recomputed some of the results for altitude error

presented'in Part 2, and have found that for the L-band system there is no dis-

cernihle rhangs in the altitude error, that is, the altitude error plots with and

without the radome are approximately the same.

4.. Vdale. J.A. (P0114) Mitrowave- Scanning Antennas&. It.C. MAn~evi Ed.Y
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Figure 5, Effect of the Radome on
the Radiation Pattern of the Air-
Search Radar (L-band)
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