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4. EEPMETRICAL AND BEAM POINTING CONSIDERATIUNS

Thig section develops the MBTA 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
geosynchronous 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 POINTING

For a geosynchronous satellite, all MBTA antenna mount-
ing and pointing parameters may be expressed® in terms of two
independent variables {v, i}, where

v = MBTA (north) latitude (4-1la)
A = MBTA (east) longitude - satellite (east) longitude (4-1b)

6.61 = satellite radius/earth radius.
The local elevation of the beam pointing direction is

and m

e = tan‘l{ mcos (v) cos () - 1 ] (4=2)
m YL - cos2 (v) cos? (A)

Several special cases of interest are as follows:

l. If A = 0° then

|

a. € = 0° when m cos (v) cos (A)

cos (v) = 1/m and v = 81,3°, (Note that v and A are interchange-
able.) If X = v, then cos? (v} = 1/m and v = 67.1°,
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"b. & = 5° when cos (v) cos (A) = 0.2363, If A = 0°, then
v = 76.,332°; if A = v, then v = 60,915¢%,

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

81.3° < (e + v) < 90° (4-3)

as shown in Figure 4-2,

The local azimuth of the beam pointing direction is mea-
sured clockwise from a north reference, as shcwn in Figure 4-3.
The equations for the northern and southern hemisphere local azi-

muth differ by 180°:

AZy . = 180° + tan~l [-‘-S‘—%’:—C] (4-4a)
' i

AZg gz, = tan! [E3E (4-4b)
elde Lsifi v

where AZy y, = 180° and AZg yz = 0° if XA = 0°, Also shown in
Figure 4-3 is the satellite angle (relative to the subsatellite

axis) to the MBTA:

o = tan-1 [/E_; cos? (v) cos? (A)] (4=5)

m - cos (v) cas (A)

Figure 4-4 shows several additional angle relationships
that exist when the MBTA and satellite position have been speci-
fied. The following are derived from the identities for a right

spherical triangle:

a. Cos Yy = CcosS A cos Vv,
b. cos Q' = sin v/sin vy,
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mounting and pointing of the MBTA:

= MBTA scan “plane® vector, and
horizon vector in the aperture plane.

(-

b.

Mo Rial

"

Both of thesc unit vectors lie in the aperture plene, as shown in

Figure 4-6., The local horizon vector a can be derfined as

gl toR; gE=0 (4=6)
] toF; geF = 0 (4=7)

where T is the radius vector from the earth center to the MBTA
locatiorn and R ig the beam poilnting vector from the MBTA to the
satellite position {in this case, assumed to be at the centgr of
the defined field of view), ag shown in Figure 4-7.

Iy
o !
| T
5 Multiple Beam Torus : | ' COMSAT Labs if
L Antenna Study ' : i
iy
c. sin (AZ') = sin )/sin w,' ;&
de tan o = r sin.w/(h - r cos %) = sin y/(m - cos V), *ﬁ
e. tan Q' = sin A/tan v, and 7?
£. 90° = ¢ = (y + «a). !
f Figure 4~5 shows the;geometrical basis for d and £. -Qf
g
, } , 4.2 MBTA LOCAL HORIZON AND SCAN YPLANLE® VECTCRS
Two additional unit vectors are used to describe the
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H = SCAN PLANE VECTOR OF TORUS

§ = HORIZON VECTOR IN APERTURE PLANE

Figure 4-6. Horison Vector q and
Scan “Plane" Vector p in MBTA
Aperture Plane

The vector relationships are

F = r(l cos v cos on + j cos v sin op % sin v {d-8Ba)
%= hii cos ¢s + 3 sin ¢sl (4-8L)

ﬁ = =T {4-8c)

(Rl =z vm? + 1 - 2m cos v cos A {4-84d)

T = hi~i sin ¢g + J cos ¢g) (4-8e)

~ - a2
The scan “plana® vector p is defined as

pltoR; pER=0 (4=9)

where ;; 1ies in the plane of K and T, and p+R x T = 0.
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The last important geometrical relationship can now be

given as

i - 1
tan @ = tan Q' cos a = (szn A)( 2 - cos Y (4-10)
tan v/\vm2 - 2m cos y + 1

This relationship is derived by noting that

i tan o E(&;g%gﬂ) (4-11)
o q+p
_; further, noting that
GarxR=—-(Ex D (4=12a)
BE (ExT xK==-(RxRxT (4~12K)
, : gives
. tan 0 = IR x ) x (RxRx T}
- S (RxD+*R» Rx T
D LExT) x (BB F - (TR Rl
: (R x ®) [(R-R) T - (T+R) RI
s _JRR@® 2T x T - (T-R)IMR x ¥ x )
= e = — {4~13)
~-(R'R}[R x r*T] + (T«R) (R x ¥«R}
=0

and since
ERxTrx = (RR) ¥ = (YR} R
RRY (K%Y F « (T R} - (TR {RKR ¥ - (F'H) KY
- (R*R) (R = T+F)

. JR! [('i‘-?i) (£+K) - (R-R) (;.-,5]
IR 2 - (R x £+T)

tan & =
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i - ' then

K x T+T = -h?r sin v

R

T = =T+R (since T-h = 0) = hr cos v sin )\

Sk
all

Y*h - ¥+¥r = {m cos v cos x = 1) r?

ST
Lot
*
o]
0

Thus,

. o (T-R)

i f tan § = e T

W [K] h2c sin v

: . « [{mcos v cos A ~ 1) r2

RO ¥ - -

) by, + r2(m? + 1 - 2m ¢cos v cos i)}

i L R

I T . . : ~ S

- . by cos v sin 1} (m” - m cos v cos i)
T ] =

L (8% sin v) rfa? + 1 - Im cos v ces )

if;:f 1

i -14)

3

sin (})J foe - cos ()] (&

i f

TR tan (V)] vm® + 1 - 2 cos (9}

/

B 14 The local horizon vector may be determined Ly applying
no A . A . i . .

7{% o equations (4-5) and (4=7} or (4-~12) (normalized) as follows:

A

R >

N \ . “ - . . R . ~

23 i ~ =gan (¢, 1+ cos {4 ) 3 - cotan (v} sin (X} X )
£ 3 = {4-15)
;i V1 ¢ cotan? () )

- P - [l . . - . ) .
The azimuth angle of g 4iffers from that of the beam pointing

1 {e.g., eguation (4~4)) by 90°, The local r.rth vector at an MBTA

! site, shown in Figure 4-8, is given by

i ﬂn = 1 sin v cos }, - J sin v sin e ¥ k cos {4-16)

g and the loecal azimuch angle detfined by " s

" ces § = Np-q = o2 2L IN (4=17)
R - .

&_ ;@in* o+ g8t v gin? A

5]

=
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ure 4-0. Note that the angle & is negative for a U.S8, NBTA
torus position viewing an Atlantic region satellite.
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The unnormalized vector expression is

P = i[— gin ¢5(m2 + 1 - 2m cos v cos A) + cos ¢, (m cos v sin i)

- cos? v sin A cos ¢,] + jlcos ¢5(m?2 + 1 ~ 2m cos v cos }A)

+ sin ¢ (m cos v sin 1) -~ cos? v sin X sin ¢,]

+ ﬁ{- cos Vv sin v sin i) (4-19)

. A computer program (Program MBTA-l) for calculating the
pointing and geometrical parameters given v and A is included in

4.3 DERIVATION OF OPTIMUM ROTATION AXIS ANGLE, ¢

The beam of the MBTA scans over a conical surface, as
shown in Figure 4-10. The rotation axis angle, ¢4, is established
by

Reu
¢ = CDS_]‘ e ——— 4"20)
0 [iRI Iul] ‘

where R is the pointing vector {(beam axis) from the MBTA to the
satellite and u is the rotation axis for generating the spherical
portion of the MBTA. A given antenna system at a specific lati-
tude, v, and differential longitude, A, is defined by one fixed
¢p value. With the antenna support structure adjusted to place
the beam on the gecaynchronous arc at one lccation, exact beam
pointing with scan {(or equivalently satellite motion) would xe-
quire all derivatives of $g with respect to ¢g (satellite

motion along the geosynchronous arc) to be zero,

4-14
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{ fi - ROTATION AXIS

CONICAL BEAM
SCAN LOCUS

Figure 4~i0, Conical Beam Scan
Locus

The MBTA geometrical degrees of freedom permit the
first two derivatives to be set at zero for an optimum

solution:

Y 529
o2 0% .09 (4-21)

2
6¢S 6¢S
The rotation axis u is specified as
T =al +bj +ck (4=22)

Then

alm cos ¢g ~ €O V cos o) + bim 8in §, -~ COS vV Sin ¢p) = & ain v° (4-23)
l T+ 1 - dm cos v cos ) Yas 4 b+ c*

1

$p = cos~”

4-15
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Application of the derivative conditions {equaticn {(4~21)] and
the normalization condition ‘ B

(gl = 1; VaZ + b2 + ¢t =1 (4-24)

is sufficient to determine W = (a, b, ¢) and the resulting opti-

mum generating axis angle

%, = cos~? (a, b, ¢ (4-25)
A useful identity is
L (ccs"l w) el W - (4-26)
A% V1 - w? 8%

Thus, in general éw/éx = 0 unless we = 1.
7 By symmetry, the first derivative of ¢y is equal to
zero for the co-longitude case (X = 0). Appiicaticn of the first

derivative condition yields

a{- sin ¢ (m? + 1L - 2m cos v cos A)

2

+ m cos ¢g cos v sin X - ©o8” vV co8 bp Sin k}

+ b{cos 6sm? + 1 = 2m cos v cos A)
1
+m sin ¢4 cos v sin A

- cos? v sin ¢, sin x} + c{~ sin v oo8 v sin A} =0 C{(4=27)

4-16
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while application of the second derivative condition yields

!
] s 1
), a{- cos ¢gim? + 1 -~ m co8 v cos A) ?
- ]
j;:,»_ i + sin ¢g(m cos v sin A) + cos? v cos ¢a cos A} i
f g l' *b{‘ sin ¢g(m? + 1 -= m cos v cos 1) i
i - ¢cos $g(m cos v sin A) 3
+ cos? v sin ¢, cos A} + c{sin V COS V COS k} =0 (4=28) : g
i i : 4
: : ! Then ;g
: 1 ax; + bx, + ¢cx3 = 0 (first derivative) (4-29a) L
1 axyg + bg + cxg = 0 (second derivative) (4-29b) j!
| I
E ! a2 + b2 + ¢2 = 1 (normalization) (4-29c) -j g
iy ¥
- { Since |
: |
oy E X3 = = tan X xg (4-30)
o ]
\§ i solving yields '
} : = “———HTXG (4-31a) é‘g
3 I c T T T+ xs a E
S g
"-'ig i 4
b h _ |
5 T T "¥e (xgh + x4) (4-31D) 3%
3y i
| Qb i c = & X4 + Xgh _ (4-31c) X
i § /%2 (1 + h?) + (x4 + xgh)*
I -
\\\\)

4-17
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- where ' g L

| b o L% = g |
_3 (X3X5 = X2Xg) .-

Program MBTA-3 in the appendix provides the optimum generatinyg L
axis angle and the corresponding rotation axis unit vector compo=
nents as a func“‘on of the antenna longitude and the MBTA lati- an
tude and differential longitude. ;
ij E Figure 4=11 is a map of the optimum MBTA generating
angle as a function of differential longitude and latitude coor=-
dinates. Results for the northern and southerr. hemisplieres are o
the same. The spacvecraft position is at the center of the map.
The optimum ¢¢ angle is essentially a function of only the antenna 4
latitude. The optimum MBrA generating axis angle at the co- i
longitude point, shown in Figure 4-12, varies from 90° at the

) equateor to 97.8° over the present latitude range of DSCS antenna g
71; ‘ locations., The rotation axis inclination angle relative to the

o s e e m L .

s

polar axis is 1‘;

§; = cos™1(k-U) = cos™i(c) (4-32)

as shown in Figure 4-13. The magnitude of the inclination angle
is shown in Figure 4-14. At latitudes of 0° ard 90°, U is iden- ,
K_ tical to the polar axis; at intermediate latitude positions it
departs only slightly from this orientation.

Worldwide deployment of the MBTA antenna to view syn-
chronous satellites from all elevation angles 250 requires iden-
?VV tification of the minimum number of different reflector designs
(defined by the angle ¢g5 between the beam pointing direction and !
the axis of rotation) and their corresponding region of appiica- l
L bility. 1If the angle ¢p is fixed for a multitude of MBTA loca- |
SN tions, soime amount of orthogonal plane (parabolic) beam scan loss B
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is required to gcan and reposition the beam along the gepstation-
ary arc¢. The antesinia mount positiony the beam exactly at the
centar of the field of view or at two symmetrically displaced
angular positions about the center of the fidld of view, as shown
in Figure 4-15. The scanned beam position(s) will then depart
samewhaﬁgfram the locus of pointing dircctions defining the gec-

“QYnchrwnbus arc. The beai is repositicned onto the geosynchro-
'nouy arc by scanning the beam in the parabolic plane of the MBTA.

P

[P

T
>

LAT/

Figure 4»13‘7 Rotation Axils Inmlinaticﬁ Angle

_ In terns . of uconumy, it is important to minimize the
nuder ni dlrturLut reflector gecmecries required for a system.
Ore major mbjuctiwe of this study program was to verify that a
riagle reflector guometry would provide sufficient performance
marginy for LSCS appllcathna. ‘Use of a gsingle reflector geom-
etry for all DSCS:MHTA locatimnsy with only the ceflector support
structuras varylng £ accemmudatu different latitude and differ-
ential langitude pu;xtluuu, rebp*Ls in considerable simplifica-
tlan fax the ovwrdll ﬂntmmmm sybtnm and minimizes the regsultant
nntenna 1abrmuatiaﬁ »@stu.;
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4.4 POINTING EFFEC™ OF A SINGLE FYRED ¢4 GEOMETRY

\ .

when the reflector geuéirating axis angle, $g, 4 fixed,
the amount of wointing error with beam stan iy '

{(desired = actual) beam ﬁoimting = Glog) - fo(ey) (433

as shown in Pigure ¢-16. The:anqle Plog) is the oxast angle
between the fixed Wp r~4ation axis and the R pointing vegtor be-
tween the MB1TA and the geosynchronous satelliic posibtion.  The
antenna geometry fixes ¢ = ¢p incdependent of thwe gatellite posi-
tion 3g as the beam or satellite angle changes. Hence, the dif-
ference between the two is essentially the beawm pointing error
-hat must be corrected by providing some amount of Lmar scan in
the parabolic plane of the MBTA, Pixing %p wesults in the fol-
lowing zet of defining eguations for the MBTA reflector rotatinn
axis. Por the first derivative condition {equation (4~27311,

ax; + b, + cx3 = 0 {4-34a}

for a fixed ¥g design [equation (4-23)1,

axy + bxg + oxg = CO3S 9, Vm? + 1 - 2m cos v CoS A = Ryp (d=34d)
and for the normalization condition {equation (4-24)1}.

al +b% 4 ¢? =1 {4=34c)
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“This set of equations specifies the rotation axis parameters
(ags Ly, o) &ﬁ.a'ﬁuﬁq@ian_cf antenna and satellite positious.

they are returned to the expression .

N\ ' ‘.l.‘ FE \ Ty

. II ' . \
L . .
.

L S oo

. 1[ﬁ(¢s)-ﬁo] | (4-35)

:ta'evaluate.thgtﬁﬁﬁﬁglw associated with exact beam positioring

over the geosynchjonous arg. .

. i ot [ '
g ke preceding set of equations as follows:
N / R ot

Tfﬂl Qxxxﬂf+;px2k5 + cxyxg = 0

a,ﬁl&#gk?*+ bH2Xa‘+ CXyzXg ¥ Xp¥X31p

;o !

' apd/jsubtracting yields

[

fo Jalxixg = Xgx7) * c{xang = X2Xo) = =X3X1o
' - T o :

ﬁli "'7 awyy + bxy, = ¥4 (4~36a)
axyX; .+ bxoxy + cX3xy = 0 (4-36Db)
axqxy + bxgXj * CXgXj = X;0¥] (4-36C)

_Putther subtraction yielés

b{x,%x; = X1xg) + clxzxy = X1Xg) = =X31X30

b:»:l‘5 + CXqyg =

>
-
[}
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t Therefore,
i _
oo - 13 £ W
i { a = x_ll) - Q(’?ﬁ") = ‘X';'? '+. CXig {4-38)
O b=f—]-c¢ci—} = x15 + ox (4-39}
| | i
#
:] To £ind =, i
0o . !
g‘} E a? +p? +c?=1
13 ) .
E where
no—- B
i S -
8wy 2 = x2 2 o2 -
é n a iy * 2K 5% .0 + X7C (4-40a)
RIS
.
i .
10 b? = %2, + 2Xy9%X19C + X2402 2 4~-40b
| L Io 19%10 20 | { )
i
A
i Thus, :
{ 2( g 2 L4 2 2 -
I Gl + xjy ¥ xzo) + 2°("17"18 * "‘19"20) + ("17 MRS T l) |
= = ¢t uau) + 2¢c(vv) + rr ‘
g F = 0 ‘
.v.’r' -
3 I and
'8 - “""2 =
i c = [-vy < VVX 4uu(rr)] (4-42)
'y PEAS Y
bl i
i
The two solutisns obtained above both satisfy the first deriva-

=z pes

7= B

tive conditions. Although the antenna scan performance over a.

- limited range (<20° field of view) is virtually identical, the

"+" golution provides a better optimum over a wide field of view,

{427
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The beam pointing angle ¢(¢g) is plotted in Fig=-

ures 4-17 through 4-21 as a function of ¢g at fixed latitudes fcr
fixed genevating axis angles of 90°, 93°, 93.5°, 94°, and 95.5°,
reSpectively,-with:exact pointing at A = 0°, The difference be-
tween ?($g) and &gy ic the error between the actual ard desired
heam pointing cirections, This error is compensated by scanhing
the beam in the parabolic plane of the MBTA., A reflector surface
defined by '

¢o = 93.5° (4-43)

which symmetrizes the orthcgonal plane scan errcr characteristics
for antenna locations at 0° and 70° latitude, is chosen as tha
cptimum solution for the D3CS application. A fiéld of view of
+20° requires less than 0.3° of parabolic plane beam scan {(no
mere than one beamwidth of scan at 54-dB gain,land no more than
two beamwidths of scan at 5%-4B gain) for v = £° and 70° lati-
tudes. Neogligible beam scan error occurs for v = 20°-30°
latitudes.

The scanned beam pointing error characteristics for the

optimum ¥y = 93,.5° geometry with exact beam pointing at A = +40°
and -70° are shown in Figures 4-22 and 4-23. The scan character-
istizs as a function of differential longitude are nearly iden-
tical in each case. Note that when A = =70° the lkeam can be
scanned only in one direction to satisfy the constraint that the
local elevation angle must be greater than 5%, This constraint
alsc affects the range of useful latitude positions {0° to ~#44°
for i;r #70°). Table 4-1 summarizes the scanned beam pointing
errar (in degrees) as a function of latitude and field of view
for the ontimum ¢y = 93.5° geometry. Foi fields of view up to
40* and entenna beamwidths corvesponding to gains up to 60 4B,
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Table 4=-1. Summary of Opherical Scan Beam Pointing
Errors vi Field of View and Latitude ($p = 93.5°%)
Field of Latitude, v
View 0 10° 20° xge | 40° ] s0° | 60° | 70°
10° "*0.019° -0.01°} 0,003°30.004° 0.01%}0,01° 0.02°10.02°
20° ~0,07° —0,04°7v0.01“ 0.92° {0.04°00.06%0.07° 0.07°
30° -0.16° |=0,09%¢=~0.02° Q.037°%10.08° 0.135 0.16°10.17°
40° -0.29% {=-0.18°|=-0.04° |[0.07° 0.16°‘0‘23“ 0.28°{0.30°
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the pequrm&nce.impact:qf'orthoqonal-(par&balia% plang scan tra=-

quirements is negligible. The narrower beamwidths associated

with the 20/30-GHz bands require three to five bermwidths of

orthogonal plane scan and some performance impact is noted. If
. the antenna reflector surface is mounted to provide twe exact

. pointing positions over the field of view, as shown in Pig- |
ure 4-15, the maximum beam pointing errors are halwed. The
choice between the two antenaa mounting arrangements which pio=~
vide either of the beam scanning loci shown in Figure 4-15 de-
pends upon tho system definition, i.e,, a systesm in which ail
satellite positions over the field of view are sgually likely or
& system in which the wid-point of the field of view represents a
faforaa beam pointing direction. )

B 'f‘u“c rotatlion axis inclination in the co-longitude plane
{x = 0) is shown in Figure 4-24 as a fuaction of latitucde for
£ixed ¢¢ angles, The components of the rotation axis vector 4 are
shown in ?igure 4-25 as a function of v and » for an anteana at
¢n = 0° witn ¢g = 93.5°, Program META~{ in the appendix provides
the beam pointing ¢{¢s) and rotation vewtor % characteristics as

a function of %5, ¢5, Vv, and A,

The important conclusions are that, for DSCS applica-
tions with a field of view up to 40%, a single reflector surface
geometry (¢g = 93.5°) is sufficient for a systen deployed world-
waL, and that begam pointing eryors associated with scan huve a
negliglblu impact on R¥ pexformance.
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This section develops and details the electrical par-
formance cvharacteristics Df the MBTA. The aajor part of the
studr analysis focuses on the front-fed offset geametxy that Iis

W

not compensated for spherical aberration. However, phase cor-
rected MBTA zystems utilizinc either an aberration-correcting

subreflector or an aberration-correcti:g I2ed avray ars addressad

in the latter part of this section.

5.1 BASIC FREQUENCY CONSIDERATIONS

The Govesnment Y-band freguencies are coensidered tu be

e

the primary freguencies for optimizing the MBTA design. The

X-band up~ and down~link bands are summarized in the following.

For the up~iink X-baud:

e e

7.9 < frequency (GHz) - 8.4

——

1]

LE = 500 Mz
LE/F = 6.13%
1.494 > X {in.) > 1,408
3.785 > ) (cm) > 3.569

=13

and for the down-link N-band,

ﬁ 7.25 ¢ freguency (GNz) < 7.7%
Af w 500 Mz
HE/E = 6,670
X g 1.629 % ' (in.) > 1,523

o
L]
F

L %
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The minimum separation between the transmit and receive -

frequency bands is

Afy;y, (TRANSMIT - RECEIVE) = 150 Miz {5=1)

This zaspardtion imposes special requirements on the necessary
filtering and isolation between the transmit and rzceive fre-

'quency bands. In addition, as a result of this separation, any

nenlinear junction effects in the feed or antenna systein can give
rigse to 'ntermodulation products that cause transmit band energy
to appeax in the receive frequency band smectrum, The total
X-band frequency rarje gives a design bandwidth of '

Bimsy
eIt 2 14.27% (5-2)
ave

ravelength over the X~htd frequenc': range is

+3
it
s
4]
9]
<4
[
+
[0
[19]
o
-

L
1

L

-

rave (X=band) = 1.5 in, (

The d signs are also evaluated at *Me commercial frequency
band. 1/6, 11/14, and 20/30 GHz. The ..aracteristics of these

frequen. Hands ars summarized in Table 5-1,

5.2 BASZIC APERTUXE DIAMETER, GATN, AND

ETAMWIDTE CUNSLILEFPATIONS

Figure 5-1 summarizes the illumination gain and beam-

width of a refarence circular aperture antenna syvstem as a funec-

tion of the ¢ meter-tu-wavelength ratioc (D/A). 7The gain curves
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correspond to 65- and 100-percent aperture efficiency. %The illu-
mination gain curves do not include feed or reflector rms suriance
tolegrance losses. In this study two cases at the X-band frequen-

cies are ol particular interest:

12

54 4B, (D/A) = 220, and 3¢ 0.35°; and
59 dB, (D/A) = 380, and &y = 0,18°.

[

a, G
b, G

[}

The diameter, D, verzsus D/X 3t the minimum down-link
and maximum up-link X-band frequencies is shown in Figure 5-2.
Figure 5--3 shows D wversus D/XA at the minimum down-link and maxi-
murt up~-link frequenuies for all the freguency bhands of interest

in the study.

5.3 SYMMETRICAL MBTA FIELD OF V1EW, ICCUSING,
AND FEED ILLUMINATION ANGLE PARARMETERS

A symmetrical MBTA geometry with a 90¢ angle between
the rotation axis and beam peointing direction provides an excel-
lent starting point for deriving several) basic relationships.
Figure 5~4, which is a cross section through the center of the
MBTA, indicates the derivation of the MBTA field of view or scan
range in terms of the width, W, of the reflector aperture. In
this figure, :

. Le o0\
a = sin~* (—éi (5-4)

ig half the included angle from the rotation avis to the edge of
the fcod illuminated area of the reflector and
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§ = sin-l (E%E) (5=5)

is half the included angle from the rotation axis to the edge of
‘the reflector aperture. The maximum scan angle is-

8gmax = (8 - a) = sin-% ("giﬁ) - sin-! (g’ﬁ) (5-6)

'The symmetrical MBTA field of view is then

: - W . D E:
FOV = 20gpax = 2[8:.:1 1 (-2—§> - sin-1 (-i-ﬁ)] (5-7)

{5-8)

e it e A e i i MR e e D
i Ao 4 f s o S T e T o S ' BRI i
B Y ReE L e e, P B L TR dle S L S Ie AT

EMP Sdatart i 550

FOV :
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f
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Figure 35-3 shows thé field of view versus the ratic of aperture i
plane dinensions (W/D) for fixed D/R ([normalized radius of
curvaturel=l) values. 8pherical aberration phase errors decrease
with a larger radius of curvature (decreasing D/R}, but the field
of view also decreases if W/D remains fixed.

The paraxial focus of a spherical reflector is defined

as

R B BME ek Pent et EE st

Foaraxial = 0.5R (5-9)

This spherical reflector focal position is shown in Figure 5-6.

i Using ray optics, the problem is to determine the feed position,
F, which is required to provide an axially directed ray. The
solution depeids upon the rays position in the aperture plane.
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?- 4 - The digtasce x = £ (o) which providies a % directed re- 1
51 - flected wave from the spherical »eflector is determined by 1
\( ("' 2 ) ’ , ) - g
zix: {J.u R* = 2x°[l ~ cws (1849 - 2a)l = xc{l + cus (2a)] {5-10) }‘
Thus, ;}
== 1 {511} ’
R /201 + cos (2a)]
or ,

(5=12]
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‘Thug, the best it focal position for a feed in the spherical

(5-15)

‘where the exact nuaber depends upon the particular geometry and
feed ¢dge taper. Thus, for the spherical reflastor,

(5-18)

The feed illuminoation half angle -ds can be determiuned from
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ohereiore,

6 = sin-t [B2Y o sin=d [ AR (5-18)
x / 2/8/4 « cos a

Since
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A5 the reguized feed illwmination angle for the aprrture diam-
eter, D. Figure 5-7 shows the feecd iiluwnination angle for the
symmetrical MBTA as a function of /R,
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For che symuetrical MBETA, the projected length of tne

4 _
B feed arce, L o., the length ¢f the window size in the feed house,
8 5 is
;;V
v i%' ---L--—~— R —-l
ﬁ&ﬁ . o :
o l,‘ A “ .
i ',‘h .
T ﬁ - where
r = 2{R - ¥F) sSin Hopax {5-20)
<r

2 (mv\) - ;
- — S-21 ]
%f 3=D;’RSln\2, {(5~21) i
. Figure 5-8 shows thio proieeved length of the feed arrm with a
ﬁ 27-ft aparture diameter as a function of the field of view for
‘ fixed D/R values. !

5.4 QFFEET REFLECTOR FEED POINTING AND ,
TLLUMINATION ANGLES

L ot

Thae feed illumination angles and pointing directions
{directivn cosines) for the offset META geometry are shown in

Q s < E s -
b g RS S T gERES,
1
o
Tie Radraitiosd

[ o2
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Figure 5-9. The angle to the bottan portion of thﬁ.unyPu sec-

tion is

= -2 d ' ’ -
61 tan {F - d2/4F] o ‘(5 22}

and the angle to the top portion of the offset section ie

_ -1 d+ D S ey
= ta v - .
b2 = tan [F g n)ﬁxar]_- - (523
Using the relationship
F =~ 0,5R
yields
[ loten) |
6y = tan=} | DL S (5-24)
—) =1
(D/R x d/D)
[7 Z
6, = tan-t |LDZR X (1 * d/D) (5-25)

1 2
[D/R X (1 + d/D)] -

Note that &/D = ~«0.5 yields the symmetrical MBTA geometry. The
feed illumination angle is defined as

8i0e = (6, = 0y) (5-26)

as she m in Figure 5-10,
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j The feed offset angle, 654¢, can be defined in two dif- i
By 81
B ferent but useful ways. The first definition is A
i (67 + B64)

x bopf = st (5-27)

i 2

{

viiich is shown in Figure 5-11. Alternatively, 6855y may be de-
fined to che center of the projected aperture plane as shown in

Fignre $-12. Then,

[l ! - \ -‘

o)
Bagf ™ tan~* ' w D/? {5

[(aem) -

28}

v . . i a1 ——— o = At ot W s vt
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' utne incréased 'Spgce7taper' attenuation to the top edge of the
“reflector suggests, that an angle slightly larger than that given
'by eguation (5-26) would yield optimum gain., The angle defined

by eduation (5-1B) is closer to optimum although the differences

are aiall.

5,5 . FEED' CHARACTERISTICS AND MINIMUM BEAM SPACINGS

The minimum spacing between adjacent beans in the

front-fed MBTA configuration is determined by the diameter of

the feed horn:

N AMsoin
.~y
. e nea T
T R-F=R/2
where :
2dy, 360° fdy
ABgmin = tan-i (-Tr) = '?—"(ﬁ") {5w29)
which can be expressed as
{360° /%) (dn/A2) {(D/R)
ABgmin ~ / D/'}):/ / {(5-30)

The reguired feed horn aperture diameter to wavelength
ratioc (dp/X) is determined from the desired edge of reflector
illumination taper. VYor a simple circular aperture TE;; mode
feed, the =-10~-dB E« and Heplane beamwidths are related to the
feed horn diaweter as follows:
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[
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Gop (=10 aB) = 1ad°(%g . (5-31a)
oy (=10 4B} =v130°(%§)' (5-31b)

For corrugated horn feeds,

8g(-10 dB) = 160°(%;) (5-32)

Assuming a -10-aB edge illumipation with a corrugatéd
feed horn and a feed illumination angle

\/p\ ....{ - :
20f = (E%Qf)(%) = 15°°&%E) {5-33)

and given that the half-power beamwidth of the MBTA is

70° R
9 W ’ 5"34
yields
ABgpin = 2.3 Oyp (5-35)

Allowance for different feed types and extra structural material
arcund the feed horn aperture yields

BBgmin = (2 = 4) Oyp (5-36)

The minimum beam spacing for the front-fed MBTA as a function of
D/X with =10~ and ~20-dB edge Eapers from a corrugated horn is

shown in Figure 5-123,
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T

The measured complex radiation patterns of a well~
designed corrugated horn are rotationally symmetric and provide
an excellent feed illumination for the MBTA.'!+'? fhe apertuve
diameter of the corrugated horn is typically oversized ralaktive
to that of a conventional conical horn for a specified reed illn-
minarinn angle, but the winimum beam spacings achieved are a0~
ceptable for most applications.

Meagured E- and H-olane radiation patterns fur a cor-
rugated feed horn at 3,95 GHz are shown in Figure 5-14., The
Gaussian~-shaped pattern has virtuaily no sidelobes, waich helps
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The e=lagcrivas crnaracteristics of the MBTA have been
evaluated using conventiopal circular and square aperture fpeds
as will as corrusated horns A gonvenjiont gathematical feed pat-
tern descripsicn for the coryugated horn is
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where x; and x, are thosen to provide tie desired applitude waper
l - at a4 specified off-axis ‘anwlu 9. The edge of reflector dmpli-
X tude taper in terms of parameter (xy) is shown in Flgure %-1%5.
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o

g ~“he gain losy asgocrated with MBTA surface taieuanCE;

E. N ¢, measured norpal o the reflecting surtace is given byt? |
& ' ' 84
gy 2 ' . : Lﬂﬁ
x G, = 10 lngy, exp[~ 85 cos (Yogs)| (5=41) 1
y This equation accounts for an effecrive tolerance in the beam ;d
' direction of ' o é%
¥ {i
& Ferf 7 ¢ CO8 (8ogp) (5-42) LE
a ﬁ%
i’ % Thus, with the same rms surface tolerance specification, the cain Eé
b logs associated with an offset MBTA 15 reduced somewhat relasive 5
2 & to that for a symmetrical MBTA coenfiguration, as shown in Fig- é;
:Q ) ure 5-16. The gain loss of an offset MBTA geometry (8ggz¢ = 25°) gé
. 1 is shnwn in Flgure 5-1% 25 a function of the rms surface toler- iy
i ance, ¢ (mils}, in each of bthe specified freguency bands. §f
B l Program MBTh-§ caloulalos tha gain loss versus normal- ?;
'% v ized surface tolerance (&,/\) for fixed feed offset anyles. Pro- ﬁ%
Q?' I gram MBTA-6 calculates the gain loss of the MRTA versus mms ;i;
i surface tolevanee, ¢ (milsg), for the fined feed offset angles. “g
& i

MATEEMATICAL EXPRESSION FOR ROTATLD
FAREBDETT BECTLON

(%,
L3
]

Pigure 5-20 sheows the coordinate system used to derive

the mathematical expressicn fix,v.2) = 0 or £{u,v,w} = C for the

e

BTN Jer;wunur surface,

BPN  EBR e ek it

{H : 5-29
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The equation of the parakoclic szctiou in the (k-z)

=%
e

plane is

(K3 - 4F(z + rv5—-) = f(x,2) = 0. ' (5~43)
\ gin 95

S The transformations hetween the (X,v,2) and (u,v,w) coordinates
g are
i

] f sin ¢ ¢ cos QOW[R]
= 0 i G ¥
-cos &g 0 sin ontzJ

-~
[{;]
'S
in

-~

CICHE)

L
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and

% sin &y - 0 =cas ¥, uﬁ i

: N §

vi= ‘ 0] X v {5-45) 1

| sin % | i

; z jcos ¢o sin éo,Lw ,é

énf . g

% %: The equation of the parabolic EE"L10H expressed in the (u-w) B

plane becomes i

| o

. .z 3: -

(u.$1n.®0 - w cos ¢g)° . 3

i | | - 4F(u ¢05 bg + W Sin 0g) - bR = Q (5-44)

: - sin ¢p "

g 5‘ The equation of the rotated curve is generally

vi + w? - trr)?2 =0 15=47)

where rr is thé radius from the 4 axis [determined from equa~
tion (5~46)]. Note that

rXr = w 15-48)

when v = 0, When ¢g = 90°, the equations are vomewhat simplified

to result in
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 then, since Ilx,y,2) = lu.v,w), -

E(x,y,2) = % « Bx¥(FR) ~ 160%{y% + 22} % 16FER? = 0 (5-51)
¥ - \ | J , |

ncta that tha rct&teducurva:dEEGriptiQn is néﬁ:éguiValant to a
genaral second-crder poiynumial, o ':

o Fox the general aagle ¢o caﬁ@}'the eguation of the
reflector surface is obtained by using the some derivation
procedure, but the reaulting equation

f(x,y,z) z 0 (gemeral &g) (5=-52}

is cumkersome.

APERTURE PLANE SPHERICAIL ABERRATIOR
PHASE ERRORS

[&4]
.
W

Inspection of the aperture plane phase error character-
istics provided a arecat deal 6f,in$ight inteo the R¥ characteris-
tics of theo MBTA. In fact, the antenna system focal position
(F/R) as a function of offset and U/R is most economically opti-
mized . © inspecting the aperture plane phase error magnitudes for
various F/R pusitions.

First consider the path length differences over the
aperture of a symmetrical spherical section shown in Figure 5-21.
The path length firom the feed, F, to the center of the reflector
anu bhack to the center of the aperture plane is a reference:

Lg = FO + OF = 2F (5=53)
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Figure 5-21, Symmetrical Spherical
Reflector Geometry
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& i The path length to an arbitrary positicn P on the spherical pé= LT
: lector and back to the aperture plane at A is ) ‘ 3}
i+ ’ ' : !
' B : LN
L(y) = ¥% + PA (5-54)
' _ : Loy
} It is assumed that reflected rays arrive normal tc the azerture ‘,k
' plane, which is very néarly exact for the range of geomretrical o
! ¢ % |5 % ‘ s ‘ o - . 2 ! - ] £ !
‘ parameters congidered in this study. The equation of the reflec- = ?
O tor is . X ;g\g
‘ 2
__‘ y2 + [z - (R - F)]2 = p2 (5=8%5) i
| Y B
S
FP = Jy? + y2 (5«56)
FX = |z (5-57)
- :
b j
1 z = {R-TF) - /RS =~y (5=-58)
1o
\“-'(.
T Thus,
FE = y2+ (R~ P2+ (R2 - y2) - 2(R - F) /RE - y2 !
= '/RZ + (R - F)2 « 2(R = ¥) V/R? = y? {5-59)
. and |
« 3
_ ;
2 PA = VR2 - y2 - (R - F) (5~80G) ‘
f 1
. 3
5-36
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_?he phase path.length difference between the‘genepal and central
.. rays, convevted into degrees, is

fedy)

v{0,y,0) = 360°

(G

() ' -
V- e

'~ For the offset MBTA yeometry shown in. Figure 5-22 with
¢g = 90°, the path length to the app&oxzmate ~enter (xg,0,08) of
the projected aperture plane,

L9 = FC + TRy (5-62)

is taken as a reference. The equation of the parabolic curve
gection described in a coordinate system caentered at F is

x2 = 4F{z + F) = 0 (5-63)

2 ]
V%2 + z2 = '/;2 + (%E - F) (5-64)
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L '.j | 37 n,“ (‘"'3 xg' I, . : L
dy b, 0,0) = g/;§.+ (a? - P\' + {w;& wb>-'- {888

-i‘v. which yields S L e

LR AT
- ZERT TEpdrn T

At the cenber of the aperture, R T :ﬁﬁ

(28
i
aan

.- '1i,fW o o me (d.& w83y

R 5 b

The eguation of tha surfacs iv detegmined Trom- 0 . ;

e T I AR R f
oz

Aot

4

Yelz - R-ENZ a0 e

§ gl

e L I 0 A

R{x) = ku - if) | - (5-69;' i

"ji

P2

5

Solving yields ' S o . S 2‘

z{x,y} = QR - F) ~ /RZ (%) = yE  S C O {5=70) i

o | | ;

which is the egquation of the surface expresgssed in aperiure plane
coordinates,

The path length to an arbitrary aperture plane location

i

t{x,y) = FP + PAz : (5-71)

PSS g et pead g

FP o= V%2 + y2 + z2 (5-72)

and

B

PR, = |z] (5=73)

=
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Thz path length diiicrence between the aperture reference posi-
ction (%g 0,0 and an arbitrary aperiure locatfon (x,y,0) con=-
verted to degiees becoze:s

o
ViN, ¥, 8} = Eﬁﬂ*(;
.

yk(hy,m - g, 9,97
i
4

L 5

. 360*(:)
-
|

L (u_‘rn}; hd - [ o
4F/R x R/D

\ { {xe /D)2
'q¥/R » R/D B I SF/R * R/D

For a generalized feed location (xp,vp,2yp} measured from the
parabelic focus,

FC = /(% ~ xp)é + (2 - zp)?t (5~76)

-

and the generalized expression for the aperture plane phase erro
becomes
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gives the ugnter of the ofiset projected aperture.

' Pigure 5«23 shows the calculated aperture plane phase
errors fmrfm syrametrical MBTA geometry with different focus=ing
parameters (F/R). BSince the feed horn would place a specified
awplitade distribution over the aperture rlane, an F/R ratio be-
tween 0.495 and 0.5 would minimize the amplitude welghted phase
errprs over the aperture plane. Figure 5~24 represents the cal-
culated peak qgain of the same symmetrical MBTA (from COMEAT's
GAP Program'') as a function of ¥F/R with a specified feed illiu-
wination, P(f). As expacted from the phas# error diagrams, peak
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Figure 5~25 shows the center of aperture plane phasze
errors for an offset MBYA geometry (D/R = 0.4, &/D = 1/%
= 11 percent) as a function of the feed position (F/R). Again,

-

when feed amplitude weightings are considered, the manimum gain

)
1
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(minimum weighted phase error) is expected for 0.48 < F/R < 0.485.
In Figure 5-26, which shows the calculated gain of an offset MBTA
with a specified feed amplitude taper, the middle curve (D/R

= 0.4) indicates a maximum gain at F/R = 0.483. The generating
axis angle, ¢4, is slightly different for the antenna geometries
(99 = 90 » 93.5°) compared in these two fiqures. The conclusion,
which will also be demonstrated later, is that small changes in
¢g9 do not markedly affect the aperture plane phase error

R e

distribution,

Figure 5-27 shows the center of aperture plane phase
errors when the offset distance, d, is increased to 6 ft (d/D
= 22 percent). A comparison of Figures 5-25 and 5-27 indicates
that the F/R optimization is quite sensitive to the offset
distance. Figure 5-28 shows the center of aperture plane phase
errors for the D/R = 0.3 geometry. Comparison with Figure 5-25
again demonstrates that the feed positioning (F/R) can be opti-
mized on the basis of a relatively simple aperture phase errocr
expression. ;
The full aperture plane phase errors for the baseline
MBTA configuration are shown in Figure 5-29., The phase error

distribution is symmetrical in y, but the offset configuration
gives rise to an asymmetrical distribution in x (except at the
center of the aperture, since the feed is at the focus of the
parabolic section). The effective radius of the curvature is
changing as a function of x [equation (5~69)] over the aperture.

The path lengths to positions on the top portion of the aperture
are shorter than those to the bottom portion of the aperture. ‘
Hence, the parabolic plane pattern tends to be scanned somewhat
in the (-8) direction.

The aperture plane phase errors can be directly scaled
by D/A. As the frequency increases the edge of aperture phase
errors increase in magnitude until voltage contributions from the

edge of the aperture actually cause a decrease in peak gain.
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Figure 5-29. Offsget (11%) MBTA (D/R = 0.4) Aperture
Plane Phase Errors with Optimum Focusing
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{ Maximum gain is then achieved by illuminating only an inner por-
; tion of the puywical aperture, D, Figure 5-30 shows the cal-
L culated gain of the baseline offset MBTA geometry at 30 GHz as a
§ function of the ~«10~dB feed heamwidth. Maximum gain occurs when
: the -10~dB feed illumination angle is 2 x 13° = 26°. If the full
§ physical aperture is illuminated with a feed illumination angle
? of 2 x 21° = 42°, the peak gain is reduced by 0.9 dB.
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Figure 5-30. Gain vs Feed Illumination Angle f.
at 30 GHz (baseline MBTA) s
The full aperture plane phase erxor distribution for a j
D/R = 0.5 offset geometry is shown in Figure 5-~31, Peak gain e
1

occurs when the ~10-dR feed illumination angle projects to the




] 4

pa Jo in
B3 g
[

Eo .”“”H._..“ w 4 H - u
. §d DR tH S RS DS & Snsa N ]
ﬂ [ o] e Lt de ‘ 4- FEINEP SN )i
, ¥ s R e Re RRRER RN SRS RqERpEE D ST
' mg SEERE : | Hik T
| ] N S mLE 3 B RE Y ppen B

eM ,# ! ki ] R 12250 sty sunay sase.
J m. e — i . ,ﬂﬁ - - +H|1.r1§lv.\(llln . H.L +' 4+
: P ‘. ‘- ! DG G &
W o4 . b I J B el St B L L.
;e Ceed £ - -]
I el P -
3 ¥
i M -4 ol
1 [ S R

; s
+ e

1]

1

: T

+
L

7777

D.41¢

Offset (11%) MBTA (D/R = 0.5) Aperture

Plane Phase Errors with Optimum Focusing

|

AF(R

)
1
4
-
1
4
rJ—
-
1
i

'
4
—_—

i
s o U S . Tu
e RN C I AR ERS EECEE FEREY FEZ S8 Ervet oy o8 w:
NGl Yoy e T MJ;%%
SR N R R S ( FE Ry R R RS B i wﬁ .

fi'.-f,.‘-r..
o
'1’f

b

B Aegﬁwné Prase

:
'E.f.-;l%‘*"
e

-4 4

TR,
ps
+—

-

i

Jl_ dece e

JaEeet:

P
Figure 5=31,

1

—
N
H

|
Lol oLl
4L
HLII;

7

e

+

T

i

"

H

T
*‘iﬁ
1
l
i

COMSAT lLabs

@B S St sl el el ped eed bl RS 25D D A e d eed el ol Gl SR

_gﬁuu_ Bk Te BT R S T R e i | B A Iulofn:il.rt.u_tf‘.
oo Pl

1 R . : . ) o .
- K B . [ | 1




K Multiple Beam Torus COMSAT Labs
' Antenna Study

i dashed circular aperture shown in the figure. The average edge

, cf aperture phase error on the dashed optimum aperture is = 120°,
- | The peak gain versus the -~10~-dB beamwidth is plotted in Fig-

ure 5-32, If the full aperture is illuminated, the peak gain is
reduced by 1.4 dB.
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y Figure 5~32, Gain vs Feed Illumination Angle at 30 GHz
' (D/R = 0.5 geometry)

TR The aperture plane phase error expression for an MBTA
( with a general ¢, angle is derived by using the geometry shown in
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Figure $-33. The description of the central path length ray Lgp
is identical to the previous results derived for the special case
of ¥g = 90° [equation (5-66)). The equation of thc rotated para-

bolic section is

v + w? - R¥(u) =0 (5~-81)
or
2 : . R 2 2
ye o+ [- cos $gx + Sin éo(f alierey °0"1£ﬂ = Re{u) ({53-82}
and

R{u) = w . (5-83)
(when“é =y = 0)~is obtained from the equation for the parabolic
section:

x2 - 4F(z + F) = 0 (5-84)

orx

(sin égu - c_os‘-é'ow)2 - 4F(cos %gu + gin dgw + F) = 0 (5-85)

as the general equation of the MiTA rotated. surface,
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Figure 5-33. Geometry for General ¢ Reflectnr Surface

i
e VT

The general aperture plane phase error expression for
arbitrary ¢p and feed position (xp,yp,2p) relative to the para-
bolic focu referenced to the phase at (x¢,0,0) in the aperture

is
{ z 2 - 2
| of 2 X - Xe\ o, (22 s 4 lf,
vix,y,0) = 360 <T)i‘[(_—6——> . ( S ) +( S ) * 13

- ‘K(xc - xF>2 + [ (xc/D)2 _FR_ fﬁ]z
' D |3%¥/R » /D RD D

pd
- [f g _(_"E.'ff'_)__” (5-86)

RD 4F/R x R/D
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where 2z 18 found from tha reflector surface equation f(x,y,2)
- g,

5.9 . PARABOLIC BLANE SCANNED BEAM FLED POSITIONS
AND SCAN GAIN LOSS

The aperture plaine phage error expressions derived in
the previous subsection can be utilized to determine to a first
order the feed positions iXgg,0,2¢,) required to scan vhe para-
bolic plane pattern. The swa of the phasc errors at the top and
bottom of the aperture plane in the y = 0 (parabolic) plane is
equated to zero:

Err(xsg,Zgg) ™ vi{x = d +~ 0,0,0) r y(x = 4,0,0) =0 {5-87)

A family of (Xgg,2f5) feed positions which satisfy this equation
iz obtained. FEarh set is asscciated with an absolute phase errox
difference across the aperture piane that corresponds to the
scanned beam location., If the aperture phase errors at the top
and bottom of the aperture are &y and =-&,, respectively, the
scanned beam position is

-1 Ay -
6, = tan (180° - D/)\) {5-88)

Since the expresnion for Ay is directly proportional to D/, the
scanned beam location is independent of fregquency.
For small scan angles,

av (d2g) = 6y (deg) = % (5-89)

5-35%
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Program MBTA-9 calculates the scanned beam feed positions and
aggociated scan angle,

Figure 5-34 shows the locus of scanned beam feed posi-

tions calculated by using equation (5-87) and the corresponding
paraholic plane scan angle for the baseline MBTA geometry. The
calculated scan beam feed positions were then verified using
COMSAT's GAP program. The full aperture integration (GAP) in-
cludes the effects of feed amplitude weighting. The peak gain as

“
ot

E: ;ﬂr‘L“Y‘:}i.r;' s H‘k:,.':

i avc LIRS o b AR o L B L il L R D

! a function of parabolic plane beam scan is shown ir: Figure 5~35 §§

s for the baseline MBTA. Note that the scan gain loss characteris~ o
- k-4
tic is not symmetrical as a result of differential feed amplitude {

| 2 o

weighting effects.
The space taper amplitude varies differentially with

Scan. The maximum iloss at +#2.5° is 2 4B at D/A = 223,

3 oo B niine B}

5,10 SPHERICAL GENERATING CURVE MBTA

B LT DL gl o L I S e

For applications which require a considerable amount of
scan {(or beamwidths of scan) in a plane perpendicular to the geo-
synchronous arc, the use of a spherical generating curve for the
MBTA may prove useful, The reflector system can then be designed
to have a constant gain for a specified out-of-plane scan re-
guirement. This constant gain will be lower than the gain
achieved with the parabolic grnerating curve whern there is no

Ot T Bt T VI - SR

scan. In addition, it requires the reflector diameter to be in-
creased to provide a full aperture illumination with the maximum

W icoss IR Ssows JE v RV it P pvion N

scan angles. The geometry of an offset MBTA using a spherical
generating section with a generating axis angle, ¢p5 = 90° is
shown in Figure 5-36.

]
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The equation of the spherical cross section in the
y = 0 plane is

x2 + {z = (R - F)]% = R? (5-90)
or

2= (R-F) - /RZ - x% (5-91)
The radius of curvature about the rotation axis, 4, is

R(x) = /RZ - %2 (5~92)

The general rotated plane curve is described by

z= (R=-F) - /RZ = x2 - y2 (5-93)

The path length for a ray from a general feed position (Xp,Ypr2f)
relative to F into the aperture plane (x,y,0) is

2(x,y,0) =‘/(x - xp)® + (y = yp)? + [(R ~ F) = VR2 - 32 - y2 - zF]2

+ VR2 = x2 = y¢ - (R - F) (5-94)

and the aperture plane phase error expression is

(5-93)

D)[ﬂ.(x,y,O) - z(xo,o,o)]

Y(x,y,0) = 360°(-): 5

The aperture plane phase errors in the y = 0 plane, are plotted in

Figures 5-37 and 5-38 for two geometries that are gimilar to
those considered Zor the MBTA baseline configuration.
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Figure 5-38.
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5.11 ILLUMINATION GAIN OF FRONT-FED MBTA

The illumination gain of the front~fed cffset reflector
MBTA, excluding feed system or reflector rms surface tolerance
losses, is summarized in Figure 5-39. The gain for a l0-percent
offset (d/D = 0.1) and a 93.5° generating a. is angle is shown as
a function of D/) for fixed D/R values. Gain increases as the
radius of curvatuie increases., Because of edge-of-aperture phase
errors, the tradeoff between peak gain and feed illumination
taper is slower for the MBTA than for a conventional parabola.
The aperture illumination gain verxsus feed edge taper is shown in
Figure 5-40 for the baseiine MBTA geometry. A feed edge taper of
=15 dB virtually eliminates feed spillover past the reflector
with little impact on peak gain.

The aperture illumination gain versus errors in the
feed offset angle, 945¢, is shown in Figure 5-41 for the baseline
antenna. Variation of 8g,5¢ produced no changes in the beam point-
ing direction. A *2° variation about the calculated 6,54¢ angle
is required bhefore a decrease in gain is noted.

The iilumination gain of the baseline 27-ft-~diameter
META as a function of frequency from 3.7 to 31 GHz is shown in
Figure 5-42. An ll-percent offset is utilized tc ensure that the
aperture plane is unblocked by the feed (or feed house) at the
extreme parabolic plane scan positvion, The horn diameter must be
used in conjunction with Figure 5-34 to determine the minimum
offset distance. In addition, an allowance for the roof of the

5-63
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room housing-thé'feed/rail structure must be included. 7The D/R

ot

= 0.4 geametry provides an optimum 54-dB X-band gain solution for

a 20°—40° field of view. [The solution is optimum in the sense

PEE T

of minimizing the overall reflector area and ratioc of reflector
aperture dimensions (W/D) and ultimately cost.]
The relative projected aperture area of the MBTA is

area = WD (5-96)

\
1

if the corner panels are not rounded. Since

_ m /D\(wW
FOV = (’i’a‘F)\E)(’ﬁ 1) (5=97)

ol

b

then

area _ (m/180°)

2
D {D/R)

\

FOV + 1 {5-93)

el !' “—; _;!

The projected aperture area'® of the MBTA as a function of D/R
for fixed field of view requirements is shown in Figure 5-43.

Contours of equal projected aperture areas can be placed on the
illumination gain curves for a fixed field of view requirement,

T . LR S TS

as shown in Figure 5-44. The relationship between D/) and D/R,

———

given a fixed area and field of view, is

i ol

(area/)2)

D _ ]
A ‘/(“ﬂ/laow(n/nn Fovg + 1] (5-99)
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