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NOTICES 1

When Government drawings, specifications, or other data are 1
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation 1
whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.
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I. INTRODUCTION

The prolate spheroid will be used to simulate a wide class of
aircraft fuselage in the future. The far-zone and near-zone radiation

patterns of a prolate spheroid mounted antenna have already been studied

[1,21. It is obvious that if one wishes to simulate an aircraft, one

must allow the flat plates (model used for wings) to attach to the
fuselage which was modeled by the prolate spheroid in our study. There-

fore, the object of this study is to study the curved junction edge

resulting from attaching the plates to the prolate spheroid.

(For the future development of the computer program to simulate

the aircraft antenna, it is assumed that all corners of the plate are

outside of the prolate spheroid.

Our approach to this problem is first to find the intersection
point between a line (i.e., one edge of the plate) and the prolate

spheroid. Then one can follow the same idea to find the curved junc-

tion edge between a flat plate and the prolate spheroid. The method
is described in detail in the following sections.

I. INTERSECTION POINT BETWEEN A LINE AND THE PROLATE SPHEROIDI
Using the geometry as shown in Figure 1, the spheroid surface

is defined by A(v *) = a cos v cbs € x + a cos v sin * y +
w b sin v z (1)
where

I v =tan 1 (bcffo) (2)

I The line direction is given by

e(xl'Y1'z) ' 1(xlyl,z1 ) - P2(x2,Y2,Z2)

IJ!X1,y1,z1) - 2(x2,y2,z2)I
=ex + e yy + ezZ (3)

I
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Figure i.Licometry of spheroid.
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where 1(xlZl) and P2(x2,y2,Z2 ) are the position vectors of two
points with respect to the origin of the coordinate system. From
Figure 1, one observed that the position vector of the intersection

point h(Xh,YhZh) with respect to the origin of the coordinate system

Ican be easily defined by

P h(xh,yh,zh) =P 1 (xl,yl,z) + 2. e(x,y,z) (4)

From Ecut-'rf, f.), 0) ane (4), one obtains tt e fllow!jii euuations:

a cjsv (:is = + ex  (5a)

a CC' v sin € = y,+ ley (5b)
a b sin v = Zl+te z  (5c)

From EquitIors (F,, "!,D), and (1c), one finds

(x + e) 2 2 (z + iez)2

a + b1 (6)

Defining 2 2 e2 2 2
(ex + ) + a ez  (7a)

B = b2(x1ex+ yley) + a2zle z  (7b)

C b2(x2 + y2) + a2z2 _ a2 b2  
(7c)

and employing Equations (6) and (7), one obtains the distance between
the points P1 and PH such that

Si -B + VB-AC and
A (8a)

_ A 
(8b)

The smaller one of (t1, J2.) will be used in equation (4) to define
the position vector h (xh-yh'zh).

I3I



Il1. CURVED JUNCTION EDGE BETWEEN A PLATE AND THE PROLATE SPHEROID

Using the geometry as shown in Figure 2, $1' P2 1 P3 and P4 are

the position vectors of the corners of the plate, then one can define

the unit vectors of the plate edge as follows:

ei (xi,yi,zi) = Pi+l(Xi+1,Yi+li+l )  (9)

If i+l(Xi+iYi+izi+i) - i(xi'yi'zi) 9

J with i = 1, 2, 3.

The plate normal unit vector is given by

N (X, y, z) = e1(xl,Yl,zl) x e2(x2,y2,z2 )

I 1e1(xl,yl,z1 ) x e2(x2,y2 ,z2)(

Using the procedure described in Section I, one can determine the

position vectors of the intersection points H and H between the

prolate spheroid and two plate edges el and e3, respectively. Then

one can define the unit vector

I eFI (x ,y,z) = H(XzHF F) - HIXHI'Y1HI (11)

I HF(XHFYHF,ZHF) - HI(xHI,yHIzHI)I

II and the binormal unit vector

I tb(x,yz) = eFI(x,y,z) x N p(x,y,z). (12)

I According to the variation of the spheroid surface, one can divide

the line P HFH into N-1 unequal length segments, LR,with i=1,?,...n-1.

I Then one can get N-2 position vectors i(x,y,z) along PHFPHI by using

the recursive 
equation,

I ~xyz 1 1 xyz ~' e^ (x ,y,z) (13)Pi(x 'y 'z ) = Pi-I (x 'y 'z ) + Zi (13)

with

w 2 (x,y,z) = ['HI(X,y,z) + F ^(x,y,z) and i ?,3,. .N-1

1 4
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~Fiqure 2. Intersection between a plate and the prolate spheroid.
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By using the position vectors Pi(x,y,z) just found, one can get N posi-

tion vectors along the curved junction edge or

CEi(x,y,z) ='i(x,y,z) + t-" tb(x,y,z), i = 2,3,...N-1 (14)

with

rCE1(x,y,z) = HI(X,y,z) , and (14a)

I CEN(X,Y,Z) = PHF(x,y,z) (14b)

note V' can be found by using the same idea employed in Section II.
Therefore, the curved junction edge was found by connecting all N posi-

I tion vectors PCEi(xy,z). Note that this approach provides a piecewise-

linear approximation for the curved junction edge resulting from the

intersection of the flat plate and the prolate spheroid.

!V. CONCL USION

The process of attaching the flat plate to the prolate spheroid

(aircraft fuselage) and finding the curved junction edge has been

studied in this report. The diffraction associated with the curved

junction edge will be studied later. A computer sub-routine for the

curved junction edge had already been developed and incorporated into

the general aircraft program. The complete numerical solution of the

aircraft antenna problem will be studied later. The results will be

verified by comparing them with the numerous experimental radiation

patterns taken at various organization.

I
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