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4. GEOMETRICAL AND BEAM POINTrNG CONSIDERATIONS

This section develops the M BTA mounting and beam point-
ing parameters and derives the optimum rotation axis angle for

matching the conical scan surface capability of the MBTA to the

goosynchronous arc. The derived results are a function of the
latitude and differential longitude of the antenna. The effect

of fixing the rotation axis angle to one value independent of

antenna location for a DCSC system deployed worldwide is also
evaluated.

4.1 LOCAL ELEVATION AND AZIMUTH ANGLES FOR BEAM POiNmING

For a geosynchronous satellite, all MBTA antenna mount-
ing and pointing parameters may be expressed 9 in terms of two

independent variables (v, X), where
?4

v = MBTA (north) latitude (4-1a)

X = MBTA (east) longitude - satellite (east, longitude (4-1b)

and m E 6.61 = satellite radius/earth radius.

The local elevation of the beam pointing direction is

i-m .... (AIos

e tan- 1  m cos (v) cos (X) (4-2)
M/- cos 2 (V) cos 2 (X)

Several special cases of interest are as follows:

a. e = 00 when m cos (V) cos (X) = 1. If X = 00 then

cos (M) = 1/m and v = 81.30. (Note that v and X are interchange-
I able.) If X = v, then cos 2 (v) 1/m and v 67.10.

/i 4-1

-'- --.-- I'i ,... 'V T.. .r l... . 'i ... '
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*b. c = 5e when cos (v) cos (A) - 0.2363. If A - 00, then

v = 76.332*; if A = v, then v - 60.9150.

Figure 4-1 shows the local beam elevation angle for the MBTA as a

function of its latitude and differential longitude. When the

differential longitude, A, is zero, then '

81.30 < (C + V) < 900 (4-3)

as shown in Figure 4-2. 1:
The local azimuth of the beam pointing direction is mea- .

sured clockwise from a north reference, as shown in Figure 4-3.

The equations for the northern and southern hemisphere local azi-

muth differ by 1800: !I
AIN 1800 + tan-[tan XA (4-4a)

AZ.. = ta tan X (4-4b)

i
where AZ ,H" = 1800 and AZ& 1 . = 0O if A =Q0O Also shown in

Figure 4-3 is the satellite angle (relative to the subsatellite 2
axis) to the MBTA. ,

= tan-1 [?) cos2 (4-5) jla CsMCosW

Figure 4-4 shows several additional angle relationships

that exist when the MSTA and satellite position ha-re been speci-
fied. The following are derived from the identities for a right
spherical triangle:

a. cos cos A cos v,

b. cos 1 = sin v/sin ,

4-2 LI
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Figure 4-2. Surn of Beam Elevation and Latitude Angles
81.30 < E + V< 900 at Cc-longit--de Position

-jiL

L

Figure 4-3. Local RBTA Beam
Pointing Azimuth AngleL
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c. sin (AZ') sin X/sin p,

d. tan a a r sin p/(h - r cos p) sin p/(m - cos '),
e. tan Q' sin A/tan v, and

f. 900 - = + c).

Figure 4-5 shows the geometrical basis for d and f.

4.2 MBTA LOCAL HORIZON AND SCAN "PLANE" VECTORS

Two additional unit vectors are used to describe the
l /I mounting and pointing of the MBTA: "

a. p = MBTA scan plane" vector, and OF

b; q = horizon vector in the aperture plane.
4

ok oftc unit vncnr, Z Uie i n the aperture plane, as shoxYM in
Figure 4-6. The local horizon vector q can be deiined as --

qjto ; (4-6)

A

where F is the radius. vector from the earth center to the MBTA
location and R is the beam ',potinting vector from the MBTA to the
satellite position (in this case, assumed to be at the cent"tr of

the defined field of view), z.Ns shown in Figure 4-7.

F

4-64

• .,-.-
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p SNO

I

AA

ri. ...-... .;' = SCAN PLANE VECTOR OF TORUS . . .i2

= HORCON VECTOR IN APERTURE PLANE "iv (3a

Th Scana *Plane Vector p in MBTA

Fi Pe46 t ro n VRto q 9)

L Aperture Plane x 0.

= hi cos 4S + j sin ] (4-b).

UI;. 1=." hE- sn g - j c"4~ ( 4-Be c)-

:[ I1 = r (in + 3. -- -2r cos v cos X (4-'Bd)

],: Ii . . ' .The scan "planea vector iS defined p'as---0(-1i

i ; ! . ! . : .where p lies ,in the plane of R and T, and p~ x T-0.

It =" 4-8 -._.
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The last important geometrical relationship can now be

given as

tan SI tan cos a~ /si x~~2 m Cosp (4-10)
(!anj/M 2 2MCOS + I

This relationship is derived by noting that

tan Z(4-11)

rurhar, noting that

gives

ta 2_Fxx x x

F x~ if ( ( x K) (413

=0

and- since

tan (tI)j-('.) ') -
x

W ~ (f~f (F'.)-ft -~

- Fx
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&1! then

'T-- -TR (since T-F = 0) = hr cos v sin X.
-= FK-F-F =(m cos %i cos X 1 r2

tan QS' " h2j" Sin V

[(m cos v cos A - ) r 2

,- r 2 (n 2 + 1 - 2m co v cos A)]
• ,r2}

.:O( r os v sin ") (m -m COE. Cos .

07. ' sin v) rym2  1 - m cos cs,

, ,:~a + 2m [ cos 1

. Thw iocal horizrn vector may be determined I y a.pplying

equation4 (4-6) and (4-7) or (4-12) (normalized) as follows-"I

-ain (Qi + cos (~)j-cotan Mv sin ()k
"::co an (i1 + ' " "

.T,he a-zimuth angle of q iff zz fxo, tht of the beam ointinq

[ e.g., equation (4-411b 0.Telclrflhvco ta i3T
site, shown in Fiqure 4-8, is given by

1n: 'A sn sin +  co4'6)

A

and the lccal nzimuth angle definod by IS

si. - s sn
(4-17)

-~c S: + O S x i .-. 2
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Thus, ,H

4= AZ - 90 °  "

6% 
i}A . z goo

I'.

NLi! ,I I

VII 
"

Figure 4-8. MBTA Local North
'i'I Vector-

The orientation of the q an. p vectors is shown in Fig-

ure 4-9. Note thit the angle il is nekgative:, ttr a U.S, tTA

torus position viewing an AtlantiP region. satellite.

The unit scan "plane" vector p is derived from

Ai _ _ _ _ _ _ _ _ _ (4-18)

H! 4-12

- -,-
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Figure 4-9. Local. orientation of p and q
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