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A new antenna type is described which
combines the low noise temperature character-
istics of the horn-reflector antenna with the
more attractive mechanical features associated
with the paraboloidal reflector. Cassegrain
optics used in an off-set feed configuration
enables a virtual source to be formed without
sub-reflector blockage. An exiremely compact
structure is realized with a concave hyper-
boloid which mirrors the actual feed located
on the paraboloidal surface. Except for the
aperture, the antenna is completely shielded,
The design approach is outlined and measure=-
ments on an experimental model are presented.
Ground noise confribution from minor lcbes is
about 2°9K.

Intreduction

Ultimate sensitivity of many present day
receiving systems is determined by the antenna
temperature rather than the receiver noise
figure. Noise temperature and noise figure
are related by T = (NF = |)Te; To is a ref-
erence temperature usually taken to be 290°9K.
With reference to other writers we shall simply
state that the effective antenna noise tempera-
ture is a function of antenna gain and the
spatial distribution of thermal sources. |
More precisely,

Ta =;'ﬂ—'[.sta, @ T (8, 6) d2
7]

where d& = sin 8dedd, the element of solid
angle. Gain and temperature are specified in
terms of polar coordinates and the integration
is performed over all space.

For our purposes, the distribution of
thermal noise sources can be considered almost
independent of the azimuth angle. The varia-
tion with frequency is indicated in Figure |
for several elevation angles. A reasonably
low noise temperature over a wide range of
frequencies is suggested by this figure for an
antenna admitting no side or back lobes and
pointed at elevation angles higher than 10
degrees. Afmospheric absorption causes a sharp
increase in this level at lower angles and fin-
ally, the noise temperature of the earth is
nominal ly 2409K for a typical emmisivity of
0.85. From This distribution and the above
equation, it is appareni that a zenith oriented
narrow beam antenna operating at, say 2 Gc,
could have a noise temperature ranging from
less than 5 degrees to greater than 00K de-
pending upon its average backlobe level; this

backiobe component of noise temperature is
graphed in Figure 2. In many antennas this
level is largely determined by feed spillover,

Because signal-to-noise ratio is the
factor indicating system performance, it is
clear that aperture efficiency is also of para-
mount impor‘l‘ance.2 A reduction in antenna
temperature with a concomitant reduction in
gain is usually of lifttle practical inferest
since this leaves the ratio unchanged. Using
this criterion, the comparative performance of
three reflector +ype antennas is next outlined.

Feed spillover is the most serious dis-
advantage of focal point fed paraboloids be=-
cause this is directed at the earth for even
moderately high elevation pointing angles.
Figure 3-a illustrates this schematically. A
compromi se between under illumination of the
reflector and relatively high spillover is
always required with a (cosine)d type primary
pattern; optimum gain is realized with an edge
illumination on the order of -10 db for most
reflector shapes. Shaped primary feed patterns
providing almost uniform aperture 1llumination
with a sharp reduction in spillover energy have
however, improved this situation.2:3 Trans-
mission line losses in the feed system are not
treated in this paper but it may be noted that
a practical system requires the preamplifier fo
be situated at the focal point in order to
minimize this source of noise.

A conventional Cassegrain antenna is
sketched in Figure 3-b. Here, feed spillover
past the sub-reflector is usually directed
into a relatively cool region of the sky. Con-
sequently, its effect on antenna noise is not
so severe as with the focal point feed system.
Also, the preamplifier can be mounted conven-
jently on the rear of the reflector in close
proximity to the primary feed. Apertfure block=-
ing by the sub-reflector does, nevertheless,
resirict recommended use of this system to re-
quirements for half power beamwidths not
greater than 2 degrees.

Another antenna type used in space com-
munications is the horn-reflector shown in
Figure 3-c., Several of its electrical advan-
tages are apparent. First, the metallic horn
flares prevent spillover from the feed so an
extremely low antenna temperature is possible.
Second, the off-set feed avoids aperture block-
ing and reasonably high aperture efficiencies
can be realized.

Reprinted froms
1963 IEEE INTERNATIONAL CONVENTION RECORD

Part 1



From an R-F standpoint the horn-reflector
then seems a most attractive chcice. Its
mechanical features, however, are frequently
not as satisfying as those of the paraboloid.
The relatively long horn throat necessitates
a large and awkward size for the entire
structure compared with the useful aperture.
An application of Cassegrain optics described
next has eliminated the horn throat and re-
tained the R-F characteristics of the horn
ref lector.

Development of the Design

The Cassegrain configuration is derived
from the horn-reflector type antenna shown in

Figure 4. A parabclic curve with vertex at
the origin and focal length f = OF (Figure
4-a) is given by y© = 4 fx. Rays emerging

from the point F are collimated upon reflec-
tion from any section of the parabola. For
our purposes, this curve is more usefully ex-
pressed in terms of r, the radius vector
drawn from F +to the curve, and a, the angle
of this vector from the line FF'. Counter-
clockwise angles are taken zs positive and FF'
is perpendicular to OF for reasons of aper-
ture blocking which will later become more
apparent. In ferms of these parameters, the
parabolic section is wriften,

2F

ol S -3l E— + agp<a<-qa (1)
I+ sina ’ 02827 %
+dp and -a, define the section of this para-

bola forming the horn-reflector. Three condi-
tions are of special interest: r = r|, when

@ =+ag; r=rp when a = -Gg3 and r = FF?'
whena = 0. From Equation (1):

rp=s —2 )
I + sin ag
= 2f
r2 I - sin a, =3
and, FF' = 2f (4

Rotation of the parabolic section about the OX
axis generates the parabolic surface. Figure
4-b is a front view for a symmetrical rotation
angle, ag.

Conventionally, the horn-reflector appears
in the form of Figure 4 with metal flares
guiding waves from the feed point, F, until
they emerge as a parallel beam at the aperture,
D. Now, from Figure 4, D = y2 = y| where
y| = rj cos (+ap ) and yp = rp cos (~ap ).
With appropriate substitutions, this becomes,

D=4f tan ag (5
The focal length of the paraboloid from which
the reflector may be imagined to be taken, and

12

the horn flare angle thus define the aperture
dimension of the horn-reflector.

The new design employs Cassegrain optics
to form a virtual source at the focal point of
the paraboloidal section, F, when the actual
feed is situated at F'. |A concave hyperbola
with foci at F and F' |is defined in Figure
5 by

£-p =2,

(6)
Alsc, from the figure,

1/2
E=[(p sian)z + (2f = pcosq;)z:l

which substituted in Equation (6) yields,
- HE AR

= (7
P™ 3% F dos Y
Equation (7) represents a family of curves
satisfying our focusing requirement. In order

to define the surface for our design we must
specify "a", which is in turn dependent upon
the maximum angle intercepted by the hyperbola,
¥ o. The angle 2¥, is the actual feed angle,
This consideration, as well as a desire fo
realize a relatively short overall length,
dictates an hyperbola intercepting the para-
bolic section at the point normally made by
the horn of flare angleaeo. This is sketched
in Figure 6; from this figure we may write,

ry sin ao

(8)
2f - rj cos a4

tan ¥ o =
Substituting the value of r| given by Equation

(23,

sin ao ](9)
I + 8in @ 45 -~ cos ag

¥ 5= +an~!

At ¥ =¥ ,, Equation (6) becomes,

2a = rl - p| (10)
Where r; is given by (2) and from the geo-
metry of Figure 6,
_ r| sinag (n
Pf B—T
sin &‘3
Substitution of Equations (2) and (I1) in
(10) yields,
a= f(sin 'PO - sin ao] (12)

sin Yo (1 + sinG )

with ¥ 5 given in (9) as a function of @o.
The desired hyperboloid is generated by rota-
tion about FF! of the hyperbolic section



hT

108

g0t
% ANTENNA
("]
£ 1wt
g
E 4 90* /
a=
&,
] o
WKt R T—‘fm
w N
8 N\ g=80°
- A VT
\1 \| ¢ =0° /
1.0
0.
ool 003 ol 03 10 30 10 30 100
FREQUENCY IN GIGACYCLES, Gc
Fig. 1. Summary Plot of Environmental
Noise Temperature Characteristics.
HO BPILLOVER
SPILLOVER SPILLOVER
BALLOVER
ASLLERER /"“ HYPERBOLOID APERTURE FEED
\/ PARABOLOID PARABGLOID
S~ reen
PARABOLOID METAL FLARES
FOCAL POINT FEED CASSEGRAIN FEED HORN REFLECTOR

Fig. 3.

Spillover for Several Antenna Types,

ANTENNA TEMPERATURE CONTRIBUTION (N DEGREES KELVIN (%K)

300
Canditian
Maln Baam Pointed at th
200 N Zenith SRS
\ 4 = Eminnivity
N
o \
L1
40
20
\ €=0.88 T, 240°K
ond
L] \
L]
4
f A
+5 +3 Q -8 =10 =i =20 -26

BACK LOBE I.IV!L.GDL‘ IN DB RELATIVE TO ISOTROPIC

Fig., 2. Antenna Noise Temperature
Contributions Calculated from Average
Backlobe Level (Bgp).



SECTION A-A FRONT

Fig. 5. Hyperbola Gecmetry.
Fig. 4. Horn-reflector Geometry

(Side and Front Views).
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Fig. 6. Ewvolution of Cassegrain
Horn-Reflector.
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SECTION A-A FRONT
Fig. 8. Typical Ray (Side ard
Front Views).

Fig. 9. Geometry for Space Attenuation.
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